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SCHLUSSBERICHT – KURZE DARSTELLUNG 

 

Aufgabenstellung des Vorhabens 

Hauptaufgabe des Vorhabens war es, die Wissenschaftskooperation zwischen Deutschland 

und Russland im Bereich der Polar- und Meeresforschung über gezielte Nachwuchsförderung 

durch das Stipendienprogramm „Klimawandel im arktischen Raum“ des Otto-Schmidt-

Labors für Polar- und Meeresforschung (OSL) und den Masterstudiengang für Polar- und 

Meereswissenschaften POMOR zu intensivieren. Mit dem Stipendienprogramm sollten 

laufende Projekte im Rahmen der Fachvereinbarung zur Zusammenarbeit auf dem Gebiet der 

Meeres- und Polarforschung zwischen dem russischen Ministerium für Bildung und Wissen-

schaft (Minobrnauki) und dem Bundesministerium für Bildung und Forschung (BMBF) 

wissenschaftlich flankiert werden, um die bilaterale Wissenschaftskooperation zu stärken und 

systematisch weiterzuentwickeln.  

Folgende übergeordnete Ziele hatte sich das Vorhaben deshalb gesetzt:  

• Nachwuchsförderung; 

• weiterführende fächer- und projektübergreifende Auswertung von Forschungsergebnissen 

der bilateralen Vorhaben; 

• Förderung der Wissenschafts- und Forschungskooperation zwischen Russland und 

Deutschland; 

• nachhaltige Vernetzung der Forschung beider Länder über gezielte Nachwuchsförderung. 

 

Voraussetzungen des Vorhabens 

Bereits seit Beginn der 1990er Jahre entwickelte sich die deutsch-russische Meeres- und 

Polarforschung durch gemeinsame Forschungsprojekte, insbesondere „System Laptewsee“. 

Auf der Basis einer immer engeren Zusammenarbeit zwischen Wissenschaftlern beider 

Länder wurde im Jahr 1999 das OSL eröffnet. Seine Aufgabe ist es, der deutsch-russischen 

Forschung eine Plattform für die Analyse von Proben mit bis dahin in Russland nicht vor-

handener Ausrüstung zu bieten und logistische Unterstützung bei gemeinsamen  Expeditionen 

in die russische Arktis zu leisten. Das im Jahr 2000 eingeführte OSL-Stipendienprogramm bot 

russischen Wissenschaftlern die Möglichkeit, durch eigene Forschungsarbeiten gezielt zu den 

laufenden deutsch-russischen Projekten beizutragen. Durch die Bildung von Stipendiaten-

teams mit einem leitenden Wissenschaftler und zwei Nachwuchswissenschaftlern wurde dem 
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wissenschaftlichen Nachwuchs in Russland eine weitergehende Ausbildung und Förderung 

innerhalb der russisch-deutschen Projekte ermöglicht. 

Der Masterstudiengang für Polar- und Meereswissenschaften POMOR wurde im Jahr 2001 

mit Mitteln des Programms „Export Deutscher Studienangebote“ des Deutschen Akademi-

schen Austauschdiensts initiiert und bildet seit 2002 sorgfältig ausgewählte Studierende im 

Bereich der Polar- und Meereswissenschaften praxisbezogen aus. Unter Federführung der 

Universität Hamburg (bis November 2009 der Universität Bremen) und der St. Petersburg 

State University (SPbU) wird POMOR durch ein Netzwerk von Universitäten und For-

schungseinrichtungen in Deutschland und Russland getragen. Dazu gehören die Universitäten 

Bremen, Kiel und Potsdam, die Technische Universität Hamburg (TUHH), das GEOMAR 

Helmholtz-Zentrum für Ozeanforschung Kiel, das Alfred-Wegener-Institut Helmholtz-

Zentrum für Polar- und Meeresforschung (AWI), das Leibniz-Institut für Ostseeforschung 

Warnemünde (IOW), das Arctic and Antarctic Research Institute (AARI) und das OSL. Der 

Studiengang schließt mit einem Doppelabschluss an der Universität Hamburg und an der 

Universität Sankt Petersburg ab.  

 

Planung und Ablauf des Vorhabens 

Im Rahmen des Vorhabens wurden vier OSL-Stipendienprogramme mit einer Laufzeit von je 

zwölf Monaten durchgeführt (2012, 2013, 2014 und 2015; s. Anhang A bis E). Zur Ein-

führung in die Forschungsarbeiten und zur Berichterstattung fanden sechs Arbeitstreffen am 

OSL in Sankt Petersburg statt (Januar 2012, Januar 2013, Januar 2014, Dezember 2014, 

Februar 2015, März/April 2016). Zur Aus- und Weiterbildung der OSL-Stipendiaten wurden 

68 Forschungsaufenthalte am AWI, GEOMAR, Helmholtz-Zentrum Potsdam Deutsches 

GeoForschungsZentrum GFZ und an den Universitäten Hamburg und Jena (s. Anhang I) 

finanziert.  

Im Rahmen des Masterstudiengangs POMOR wurden der 5. und der 6. Studienjahrgang 

mit Dienstreisen der deutschen Dozenten an die SPbU jeweils im 1. und 2. Fachsemester, die 

Berufspraktika auf Forschungsschiffen und Polarstationen zwischen dem 2. und 3. Fach-

semester, Stipendien für das Deutschlandsemester im 3. Fachsemester sowie Forschungs-

aufenthalte im Rahmen der Masterarbeit an den deutschen Partnereinrichtungen  im 4. Fach-

semester unterstützt.  

Über die ursprünglich beantragte Projektlaufzeit vom 1.1.2012 bis zum 31.12.2014 hinaus 

wurde für den Zeitraum vom 1.1.2015 bis 31.12.2015 ein Aufstockungsantrag gestellt und be-
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willigt. Im Rahmen dieser Aufstockung wurden die Forschungsarbeiten im OSL-Stipendien-

programm für zwölf Monate fortgesetzt und der 6. Studiengang POMOR abgeschlossen.  

 

Wissenschaftlicher und technischer Stand bei Projektbeginn 

Das OSL wurde 1999 gegründet. Betrieben und finanziert wird es auf russischer Seite vom 

AARI und Minobrnauki, auf deutscher Seite vom BMBF, AWI und GEOMAR. Darüber 

hinaus arbeiten mehr als vierzig Universitäten und Forschungseinrichtungen in Russland und 

Deutschland am OSL zusammen (s. www.otto-schmidt-laboratory.de). Der Betrieb des OSL 

ist in einem Vertrag zwischen dem AWI und dem AARI geregelt. 

Das OSL ist ein Forschungslabor für die Fachgebiete Meteorologie, Ozeanographie, 

Meereschemie, Biologie und Geowissenschaften. Es ist ausgestattet mit zertifizierten Labor- 

und Messgeräten und einem Computerlabor. Jährlich werden Fort- und Weiterbildungskurse 

zu neuen Messmethoden und aktuellen Themenschwerpunkten in der Meeresforschung 

angeboten. Darüber hinaus finden Konferenzen und Arbeitstreffen statt. Von 2000 bis 2011 

waren bereits zehn OSL-Stipendienprogramme erfolgreich durchgeführt worden (s. 

www.otto-schmidt-laboratory.de). Die Arbeiten der Stipendiaten trugen maßgeblich zur 

Forschung im Rahmen der deutsch-russischen Polar- und Meeresforschung bei, was sich 

insbesondere in mehr als fünfhundert Publikationen und fast 1.500 Tagungsbeiträgen zeigt. 

Die deutschen Partnerinstitutionen der Stipendienprojekte zeigt Abbildung 1. 

 
Abb. 1: Die deutschen Partnerinstitutionen der OSL-Stipendienprojekte 2000 bis 2015.  
 

Um die Nachwuchsförderung über das OSL hinaus zu intensivieren, wurde mit dem 
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Masterstudiengang POMOR auch die universitäre Ausbildung enger in die russisch-deutsche 

Zusammenarbeit eingebunden. So sollten Ausbildungskomponenten wie das Berufspraktikum 

und das Deutschlandsemester sowie die Deutschlandaufenthalte für die Vorbereitung der 

Masterarbeit im Rahmen des Studiengangs über das OSL in die laufenden bilateralen Projekte 

integriert werden. Bei Antragstellung waren vier Jahrgänge des Masterstudiengangs erfolg-

reich abgeschlossen worden. Viele der Absolventen hatten Promotionsstellen in der deutsch-

russischen Polar- und Meeresforschung angenommen und blieben so als wissenschaftlicher 

Nachwuchs dem bilateralen Forschungsnetzwerk erhalten.  

 

Zusammenarbeit 

Das OSL-Stipendienprogramm und der Masterstudiengang POMOR werden in enger 

Zusammenarbeit zwischen dem GEOMAR, AARI, AWI, den Universitäten Hamburg, Sankt 

Petersburg, Bremen, Kiel, Potsdam, der TUHH und dem IOW durchgeführt. 

Mit dem OSL-Stipendienprogramm konnte darüber hinaus die Wissenschaftskooperation 

zwischen russischen und deutschen Universitäten und Forschungseinrichtungen auf dem 

Gebiet der Polar- und Meeresforschung maßgeblich vertieft werden. So haben sich Stipen-

diaten von dreiundzwanzig Forschungseinrichtungen aus Russland beteiligt: 

• A.M. Obukhov Institute of Atmospheric Physics of the Russian Academy of Sciences 

(RAS), Moskau 

• A.V. Zhirmunsky Institute of Marine Biology Far-Eastern Branch of the Russian Academy 

of Sciences (FEB RAS), Wladiwostok 

• Centre for Ecological and Productivity Research in Forests RAS, Moskau 

• Earth Cryosphere Institute of the Siberian Branch of the Russian Academy of Sciences (SB 

RAS), Tjumen 

• Herzen State Pedagocial University, Sankt Petersburg 

• Institute of Volcanology and Seismology of the FEB RAS, Petropawlowsk-Kamtschatski 

• Institute of Water Problems RAS, Moskau 

• Kazan State University 

• Melnikov Permafrost Institute SB RAS, Jakutsk 

• Moscow State University 

• Northern Branch of Polar Research Institute of Marine Fisheries and Oceanography 
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(SevPINRO), Archangelsk 

• Novgorod State University 

• Orel State University 

• P.P. Shirshov Institute of Oceanology RAS, Moskau 

• Paleontological Institute RAS, Sankt Petersburg 

• Russian State Hydrometeorological University, Sankt Petersburg 

• Siberian State University, Krasnojarsk 

• State Hydrological Institute, Sankt Petersburg 

• V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Moskau 

• V.N. Sukachev Institute of Forest of SB RAS, Krasnojarsk 

• I.S. Gramberg All-Russian Research Institute of Geology and Mineral Resources of the 

World Ocean (VNIIOkeangeologia), Sankt Petersburg 

• White Sea Biological Station, Zoological Institute RAS, Sankt Petersburg 
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SCHLUSSBERICHT – EINGEHENDE DARSTELLUNG 

 

Eingehende Darstellung der erzielten Ergebnisse 

 

OSL-Stipendienprogramm 

Im Berichtszeitraum wurden im Rahmen des OSL-Stipendienprogramms 64 Forschergruppen 

und Doktoranden von insgesamt 23 russischen Institutionen aus Archangelsk, Jakutsk, Kasan, 

Krasnojarsk, Moskau, Nowgorod, Orjol, Petropawlowsk-Kamtschatski, Sankt Petersburg, 

Tjumen und Wladiwostok unterstützt. Eine Darstellung der Forschungsprojekte mit den 

wichtigsten Ergebnissen findet sich in Anhang A: „Liste der OSL-Stipendienprogramme 

2012, 2013, 2014 und 2015“, Anhang B bis E: „Kurzfassungen der Projekte“ und Anhang J 

bis M: „Abschlussberichte“. Die wissenschaftlichen Arbeiten der Forscherteams wurden 

durch insgesamt 68 Gastaufenthalte an deutschen Forschungseinrichtungen und Universitäten 

unterstützt (vgl. Anhang I: „Forschungsaufenthalte in Deutschland“). 

Die Stipendiaten publizierten im Berichtszeitraum 172 Fachartikel bzw. bereiteten deren 

Veröffentlichung vor.  Mit insgesamt 403 Vorträgen und Posterpräsentationen stellten sie ihre 

Forschungsergebnisse auf Konferenzen vor (vgl. Anhang F: „Veröffentlichungen der OSL-

Stipendiaten“). Drei Bachelor-. drei Master-, sechs Diplom- und sieben Doktorarbeiten 

wurden erfolgreich verteidigt (vgl. Anhang G: „Liste der Bachelor-, Master- Diplom- und 

Doktorarbeiten von OSL-Stipendiaten“ und Anhang H: „Kurzfassungen der Bachelor-, 

Master- Diplom- und Doktorarbeiten von OSL-Stipendiaten“). Darüber hinaus wurden 22 Sti-

pendiaten für ihre Tätigkeiten ausgezeichnet (vgl. Anhang W: „Ehrungen und Auszeich-

nungen der Stipendiaten “). Hervorzuheben ist hier insbesondere die Ehrung von Ekaterina 

Taldenkova, die eine persönliche Auszeichnung des Rektors der Moscow State University für 

die Publikation von Artikeln in internationalen Zeitschriften aus der Top-25%-Impact-Factor-

Liste gemäß Thomson Reuters Science Citation Index erhielt. 

Insgesamt wurden sechs Stipendiatentreffen am OSL durchgeführt, deren Ziel die Ein-

führung der Stipendiaten in die Laborausstattung des OSL, die Vorstellung der OSL-Projekte 

im Stipendienprogramm und die Präsentation der Ergebnisse der Forschungsarbeiten sowie 

der gegenseitige Austausch zwischen den Stipendiaten waren: 

• 30. bis 31. Januar 2012, Teilnehmerzahl: 34; 
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• 29. bis 30. Januar 2013, Teilnehmerzahl: 45;  

• 27. bis 28. Januar 2014, Teilnehmerzahl: 49; 

• 15. bis 16. Dezember 2014, Teilnehmerzahl: 36; 

• 2. bis 3. Februar 2015; Teilnehmerzahl: 37; 

• 31. März bis 1. April 2016, Teilnehmerzahl: 47. 

Darüber hinaus wurde die Teilnahme an internationalen Fachkongressen für viele der 

Stipendiaten durch eine Teilfinanzierung über das OSL-Stipendienprogramm gefördert, was 

eine Voraussetzung für die Beantragung der restlichen Reisekosten über russische Mittelgeber 

(Russischer Fond für Grundlagenforschung etc.) war. 

 

Masterstudiengang POMOR 

Im Berichtszeitraum wurden der fünfte und der sechste POMOR-Studienjahrgang durch-

geführt. Elf Studierende schrieben sich jeweils für POMOR V und VI ein. Außerdem nahmen 

zwei Gaststudie¬rende von den Universitäten Utrecht (Wintersemester 2013/2014) und Hel-

sinki (Winter¬semester 2013/2014 und Sommersemester 2014) das Lehrangebot in Anspruch.  

Für den Unterricht im ersten und zweiten Semester an der SPbU wurden Reisen der 

deutschen Dozenten nach Sankt Petersburg organisiert und durchgeführt. Im Rahmen des 

Berufspraktikums nahmen die Studierenden u.a. an folgenden Expeditionen teil (Anhang P 

und S): 

• Yamal-Arktika 2012 mit RV PROFESSOR MOLCHANOV; 

• TRANSDRFIT XXII mit RV VIKTOR BUYNITSKIY in die Laptewsee; 

• EUROFLEETS-2 mit RV G.O. SARS in die Region westlich von Spitsbergen; 

• PS87 (ARK-XXVIII/4) ALEX 2014 mit RV POLARSTERN in die Region des Alpha- und 

Lomonossowrückens; 

• Expedition „Spitsbergen 2014“. 

Eine Studentin wurde eingeladen, ihr Praktikum am Mock Research Lab der University of 

East Anglia  zu machen. 

Das dritte Semester absolvierten die Studierenden an den deutschen Partneruniversitäten. 

Sie konnten dabei wählen zwischen den Masterstudiengängen „Integrated Climate System 

Sciences“ der Universität Hamburg (drei Studierende), „Marine Biology“ und „Marine 

Geosciences“ der Universität Bremen (sechs Studierende), „Marine Geosciences“ der 
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Christian-Albrechts-Universität zu Kiel (zehn Studierende) und „Geosciences/Geology“ der 

Universität Potsdam (zwei Studierende) einschreiben (s. Anhang P und S).  

Im Rahmen der bewilligten POMOR-Stipendien für den ein- bis zweimonatigen 

Aufenthalt der Studierenden in Deutschland zur Vorbereitung ihrer Masterarbeiten führten 

achtzehn Studierende im vierten Semester die Laborarbeiten für ihre Masterarbeiten am AWI, 

GEOMAR, IOW, an den Universitäten Hamburg und Kiel bzw. an der TUHH durch (Anhang 

M, O, Q und R). 

Folgende Arbeitstreffen wurden mit Unterstützung des Projektes durchgeführt: 

• 14. bis 18. Dezember 2012: Arbeitstreffen am GEOMAR, um die von der Akkreditierungs-

behörde angeforderten Nachbesserungen am Akkreditierungsantrag zu erstellen. In diesem 

Rahmen berichteten die POMOR-Studierenden über ihre Feldpraktika; 

• 6. und 7. Februar 2013: POMOR-Arbeitstreffen an der Universität Hamburg, an dem sieb-

zehn Vertreter der beteiligten deutschen und russischen Universitäten und Forschungsein-

richtungen teilnahmen. Während des Treffens wurden die für den Abschluss der internatio-

nalen Akkreditierung aktuellen Themen wie z.B. die Zulassungsbedingungen für Studie-

rende an den Universitäten Hamburg und Sankt Petersburg, die Anerkennung der an 

anderen Universitäten erbrachten Studienleistungen im Sinne der Lissabon-Konvention, 

die Abstimmung des Modulhandbuchs sowie die Ausschreibung des sechsten Studienjahr-

ganges einschließlich Öffentlichkeitsarbeit behandelt; 

• 27. Februar 2014 und 28. November 2014: Dozententreffen an der SPbU bzw. an der 

Universität Hamburg zur Abstimmung der Lehrveranstaltungen durchgeführt, an dem auch 

der stellvertretende Rektor der SPbU teilnahm; 

• 22. Dezember 2014: Studierenden-Konferenz am GEOMAR. Die Studierenden berichteten 

in Vorträgen über ihre Berufspraktika.  

Im Berichtszeitraum wurden zwei POMOR-Newsletter publiziert (Anhang T und U). 

Neben der Vorstellung der Studierenden finden sich hier insbesondere Berichte von Absol-

venten über ihre Erfahrungen und Forschungsarbeiten nach Abschluss des Studiums sowie 

statistische Angaben über ihren weiteren Karriereweg. 

Einem breiten Publikum vorgestellt wurde der Studiengang bei folgenden Anlässen: 

• Großes Geographisches Festival an der SPbU; 

• Deutsche Woche in Sankt Petersburg im April 2013; 

• erste Deutsch-Russische Woche für Bildung, Wissenschaft und Innovationen im Fernen 
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Osten an der Föderalen Fernöstlichen Universität in Wladiwostok und in der Fernöstlichen 

Abteilung der Russischen Akademie der Wissenschaften in enger Zusammenarbeit mit der 

Deutschen Botschaft in Moskau; 

• auf Einladung des Jugendforums des Petersburger Dialogs vom 7. bis 11. Oktober 2013 in 

Repino (Russland).  

 

Voraussichtlicher Nutzen,  Verwertbarkeit der Ergebnisse 

Das Vorhaben fördert die Zusammenarbeit im Forschungs- und Bildungsbereich beider 

Länder und führt damit zur weiteren Vertiefung der guten Beziehungen. An den OSL-Stipen-

dienprogrammen 2012, 2013, 2014 und 2015 waren insgesamt 155 Studierende, Doktoranden 

und Wissenschaftler von dreiundzwanzig Universitäten und Forschungseinrichtungen der 

Russischen Föderation beteiligt. Hervorzuheben ist, dass im Rahmen des Stipendienpro-

gramms sieben Doktor-, sechs Diplom-, drei Master- und drei Bachelorarbeiten abge-

schlossen wurden (s. Anhang G und H). Die Ergebnisse der Stipendienprojekte wurden in 172 

Fachpublikationen und mit 403 Beiträgen auf Fachtagungen der internationalen Wissen-

schaftsgemeinde vorgestellt. 

Mit den Absolventen des Masterstudiengangs stehen gut ausgebildete junge Wissenschaft-

ler für die bilaterale Forschung zur Verfügung. Von den zehn Absolventen des Jahrgangs 

POMOR V haben neun Promotionsstellen an folgenden Institutionen angenommen: am 

VNIIOkeangeologia (Sankt Petersburg, Russland; zwei Absolventen), am A.P. Karpinsky 

Russian Geological Research Institute (Sankt Petersburg, Russland), beim Mosvodokanal Ltd. 

Center of Water Quality (Moskau, Russland), am MARUM Zentrum für Marine Umwelt-

wissenschaften (Bremen), an der Senckenberg Forschungsstation für Quartärpaläontologie 

(Weimar), an der Universität Zürich (Schweiz), an der Uni Research Climate (Bergen, 

Norwegen) und an der Australian National University (Canberra, Australien). Acht der neun 

Absolventen von POMOR VI haben Promotionsstellen angetreten am Southern Scientific 

Center RAS (Rostow am Don, Russland), an der Immanuel Kant Baltic Federal 

University/Atlantic Branch of the P.P. Shirshov Institute of Oceanology RAS (Kaliningrad, 

Russland; zwei Absolventen), an der Universität Bremen, an der Universität Potsdam, am 

Mediterranean Institute of Oceanography (Marseille, Frankreich), an der Universität Liège 

(Belgien) bzw. bei Veeam Software (Sankt Petersburg, Russland) (Abb. 2). 
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Abb. 2: In den Jahren 2004 bis 2015 haben 87 Studierende den Masterstudiengang POMOR erfolgreich 
abgeschlossen. Ein Großteil der Absolventen ist weiterhin in der Polar- und Meeresforschung tätig.  
 

Fortschritt auf dem Gebiet bei anderen Stellen 

Es ist kein Fortschritt auf dem Gebiet bei anderen Stellen bekannt. 

 

Veröffentlichungen  

Eine Liste der Veröffentlichungen der Stipendiaten ist in Anhang F aufgeführt. 
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ERFOLGSKONTROLLBERICHT 

 

Beitrag der Ergebnisse zu den förderpolitischen Zielen des Förderprogramms 

In der Erdsystemforschung zum globalen Klimawandel des BMBF widmete sich das Vor-

haben den Zielsetzungen des deutschen Rahmenprogramms „Forschung für nachhaltige 

Entwicklung“ / „Erdsystem und Geotechnologien“ in der Schlüsselregion arktischer Raum. 

Auf russischer Seite war das Vorhaben in das Föderale Zielprogramm „Prioritäre Ent-

wicklungsrichtungen der Wissenschaft, der Technik und der Technologien“ / „Rationelle 

Naturnutzung“ des Minobrnauki eingebunden. 

Generell förderte das Projekt die Zusammenarbeit im Forschungs- und Bildungsbereich 

beider Länder und führte damit zur weiteren Vertiefung der bilateralen Forschungs-

kooperation. Durch die logistische und inhaltliche Unterstützung der bilateralen BMBF-

Vorhaben auf dem Gebiet der Meeres- und Polarforschung wurde die wissenschaftlich-

technische Zusammenarbeit auf eine breite Basis gestellt und die Forschungslandschaft 

weiterentwickelt. Im Zentrum stand dabei, Studierende und Nachwuchswissenschaftler beider 

Länder gemeinsam auszubilden und ihre Zusammenarbeit mit europäischer Perspektive zu 

fördern. Langfristig bedeutet dies eine wichtige Investition für die wissenschaftliche 

Kooperation zwischen Russland und Deutschland. 

 

Wissenschaftlicher und technischer Erfolg des Vorhabens und wesentliche Erfahrungen 

Mit dem Stipendienprogramm „Klimawandel im arktischen Raum“ wurde das deutsch-

russische Netzwerk in der Meeres- und Polarforschung weiter ausgebaut. Intensiviert wurde 

die Zusammenarbeit im Bereich der Ausbildung von Studierenden durch die Einbindung und 

Förderung des Masterstudiengangs POMOR. So wurden Ausbildungskomponenten wie das 

Berufspraktikum und das Deutschlandsemester sowie die Deutschlandaufenthalte für die 

Vorbereitung der Masterarbeit im Rahmen des Studiengangs in die laufenden bilateralen 

Projekte eingebunden. Viele Studierende haben im Anschluss über das Netzwerk des OSL 

Doktorandenstellen in Russland oder in Deutschland bekommen.  

Durch die enge Verknüpfung des Masterstudiengangs POMOR mit dem OSL wurde eine 

nachhaltige Ausbildung von Nachwuchswissenschaftlern gewährleistet. Die POMOR-Absol-

venten und die OSL-Stipendiaten stehen in engem Kontakt zu den Wissenschaftlern der 

bestehenden bilateralen Projekte, wodurch der Anschluss an die deutsch-russische Forscher-
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gemeinde deutlich erleichtet wird. Damit bleibt für ihre weitere Karriere die deutsch-russische 

Meeres- und Polarforschung attraktiv. Dies zeigen vor allem zahlreiche gemeinsame inter-

national begutachtete Publikationen (s. Anhang F) sowie die Auszeichnungen, die den Stipen-

diaten in der Projektlaufzeit verliehen wurden (Anhang W). Bemerkenswert ist auch, dass 

sich die erfolgreichsten Stipendiaten in der Zwischenzeit zu international begehrten 

Kooperationspartnern entwickelt haben. 

Dass das Hauptziel des Projektes, die Förderung des wissenschaftlichen Nachwuchses, 

erreicht wurde, zeigt sich insbesondere in dem erfolgreich absolvierten Studium vieler OSL-

Stipendiaten. So wurden drei Bachelor-, drei Master-, sechs Diplom- und sieben Doktor-

arbeiten abgeschlossen. Von den zehn Absolventen des Jahrgangs POMOR V haben neun 

Promotionsstellen an folgenden Institutionen gefunden: am VNIIOkeangeologia (Sankt 

Petersburg, Russland; zwei Studierende), am A.P. Karpinsky Russian Geological Research 

Institute (Sankt Petersburg, Russland), beim Mosvodokanal Ltd. Center of Water Quality 

(Moskau, Russland), am MARUM Zentrum für Marine Umweltwissenschaften (Bremen), an 

der Senckenberg Forschungsstation für Quartärpaläontologie (Weimar), an der Universität 

Zürich (Schweiz), an der Uni Research Climate (Bergen, Norwegen) und an der Australian 

National University (Canberra, Australien). Acht der neun Absolventen von POMOR VI 

haben ebenfalls bereits Promotionsstellen angetreten: bei Veeam Software (Sankt Petersburg, 

Russland), am Southern Scientific Center RAS (Rostow am Don, Russland), an der Immanuel 

Kant Baltic Federal University/Atlantic Branch of the P.P. Shirshov Institute of Oceanology 

RAS (Kaliningrad, Russland; zwei Studierende), an der Universität Bremen, an der 

Universität Potsdam, am Mediterranean Institute of Oceanography (Marseille, Frankreich) 

und an der Universität Liège (Belgien). 

Mit dem Vorhaben läuft das OSL-Stipendienprogramm in der Form, in der es seit dem Jahr 

2000 bestand, aus. Zwischen 2000 und 2015 wurden vierzehn Stipendienprogramme durch-

geführt. Insgesamt wurden 211 Projekte gefördert, an denen 517 Stipendiaten von 37 russi-

schen Forschungseinrichtungen und Universitäten teilnahmen. Die Ergebnisse ihrer For-

schung wurden in 543 Publikationen veröffentlicht und mit 1.472 Vorträgen und Postern auf 

Konferenzen vorgestellt. Für 254 Stipendiaten wurden Gastwissenschaftleraufenthalte an 

einer deutschen Partnerinstitution ermöglichst. Insgesamt wurden eine Habilitation, 31 Dok-

torarbeiten, dreizehn Diplomarbeiten, zwanzig Masterarbeiten und sechs Bachelorarbeiten im 

Rahmen der Stipendienprogramme fertiggestellt.  
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Fortschreibung des Verwertungsplans 

Das Konzept des OSL-Stipendiums, junge russische Wissenschaftler mit Arbeits-

möglichkeiten auf hohem internationalen Niveau im eigenen Land durch gemeinschaftliche 

Forschungsprojekte im Rahmen des OSL-Stipendienprogramms zu fördern, hat sich bewährt. 

Die Forschungsergebnisse der Stipendiaten wurden vor allem im Rahmen der bilateralen 

Fachvereinbarung zur Zusammenarbeit auf dem Gebiet der Meeres- und Polarforschung 

zwischen dem Minobrnauki und dem BMBF genutzt. So wurden die Arbeitsprogramme der 

bilateralen Forschungsprojekte deutlich erweitert und Bereiche, vor allem die 

Nachwuchsförderung, abgedeckt, die nicht über die laufenden Vorhaben von deutscher und 

russischer Seite gefördert wurden. 

Mit POMOR wurden Masterstudierende in das Netzwerk einbezogen. Über ihre Berufs-

praktika und ihre Masterarbeiten bekamen sie nicht nur Einblicke in die russisch-deutsche 

Polar- und Meeresforschung, sondern trugen selbst in nicht geringem Maße dazu bei. Auch 

nach Abschluss des Studiums blieben viele Studierende dem Netzwerk als Doktoranden und 

als Wissenschaftler erhalten. 

 

Arbeiten, die zu keiner Lösung geführt haben 

Das Projekt ist sehr positiv verlaufen, und die geplanten Arbeiten konnten insgesamt 

erfolgreich durchgeführt werden.  

 

Wissenstransfer auf weitere Nutzer 

Das OSL und POMOR sind ein wichtiger Baustein auf dem Weg der gemeinsamen Polar- 

und Meeresforschung beider Länder. Mit dem OSL-Stipendienprogramm und dem 

Masterstudiengang wurde das bilaterale wissenschaftliche Netzwerk deutlich intensiviert. So 

konnten die wissenschaftlichen und logistischen Synergieeffekte der laufenden bilateralen 

Projekte besser genutzt und ausgebaut werden.  

Das Interesse am Kooperationsmodell über die Anwender hinaus spiegelte sich in zahl-

reichen Besuchen nationaler und internationaler Persönlichkeiten und Delegationen am OSL 

wider. Unter diesen sind insbesondere die folgenden zu nennen: 

• 19. April 2012: Matti Anttonen, außerordentlicher und bevollmächtigter Botschafter Finn-

lands in der Russischen Föderation, und Riitta Hemmi, Konsulin für Umwelt im General-

konsulat Finnlands in Sankt Petersburg; 
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• 19. Juni 2012: Delegation der Deutschen Forschungsgemeinschaft unter Leitung der 

Generalsekretärin Dorothee Dzwonnek; 

• 10. Oktober 2012: S.Ye. Donsky, Minister für natürliche Ressourcen und Ökologie der 

Russischen Föderation, A.I. Bedritsky, besonderer Vertreter des Präsidenten in Fragen des 

Klimas, A.N. Chilingarov, Abgesandter des Staatsduma der Russischen Föderation, und 

A.V. Frolov, Leiter des Föderalen Dienstes für Hydrometeorologie und Monitoring der 

Umwelt der Russischen Föderation (Roshydromet); 

• 29. Oktober 2012: Delegation der Abteilung für Angelegenheiten der Völker der Republik 

Sacha (Jakutia); 

• 4. Februar 2013: Professor Keith Beven von der Lancaster University; 

• 23. April 2013: Delegation der Universität Tromsø; 

• 13. September 2013: Viktor Elbling, Abteilungsleiter für Wirtschaft und nachhaltige Ent-

wicklung im Auswärtigen Amt, und Dr. Heike Peitsch, Generalkonsulin der Bundes-

republik Deutschland in Sankt Petersburg (Abb. 2); 

• 4. Oktober 2013: Studierende der Finnischen Marineakademie; 

• 2. Dezember 2013: Dr. Heike Peitsch, Generalkonsulin der Bundesrepublik Deutschland in 

Sankt Petersburg; 

• 23. März 2014: Alexis Michel, Rat für Wissenschaft und Technologie, und Fanny Saada, 

Attachée für akademische Zusammenarbeit, Französische Botschaft in Russland; 

• 14. April 2014: Delegation des National Institute of Polar Research, Tokio, Japan; 

• 18. Dezember 2015: Michel Fayette, Generalkonsul der Schweiz in Sankt Petersburg. 

 

Einhaltung der Kosten- und Zeitplanung 

Die Kostenplanung wurde eingehalten. Über die ursprünglich beantragte Projektlaufzeit vom 

1.1.2012 bis zum 31.12.2014 hinaus wurde für den Zeitraum 1.1.2015 bis 31.12.2015 ein 

Aufstockungsantrag gestellt und bewilligt. Im Rahmen dieser Aufstockung wurden die For-

schungsarbeiten im OSL-Stipendienprogramm für zwölf Monate fortgesetzt und der 6. Stu-

diengang POMOR abgeschlossen.  

Der Betrieb des OSL konnte von Januar bis Juli 2015 nur eingeschränkt durchgeführt wer-

den, weil der Vertrag über die Fortführung des OSL für den Zeitraum 1.1.2015 bis 31.12.2015 

zwischen dem AARI und AWI aufgrund schwieriger Vertragsverhandlungen erst am 1.7.2015 
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unterzeichnet wurde. Die Verlängerung des Projektes bis zum 31.5.2016 wurde beantragt, um 

den Stipendiaten des OSL-Stipendienprogramms 2015 zu ermöglichen, ihre Forschungs-

arbeiten erfolgreich abzuschließen. 
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Anhang G) 
12-01 Substantial flows 

transformation 
processes in the Lena 
River Delta 

Alexeevsky, 
Nikolay 
Chetverova, 
Antonina 
Kuksina, 
Lyudmila 

Moscow State 
University 
St. Petersburg 
State University 
Moscow State 
University 

1/0 9/7 1 

12-02 Potential impact of 
methane emission from 
the East-Siberian arctic 
shelf on global climate: 
from conceptual model 
to quantitative 
assessment 

Anisimov, Oleg 
Reneva, Svetlana 
 
Kokorev, Vasiliy 

State Hydrological 
Institute, St. 
Petersburg 
St. Petersburg 
State University 

3/3 7/5 1 

12-05 Variability of the North 
Pacific inflow along 
south-west Kamchatka 
and its influence on the 
Okhotsk Sea 
paleoceanography 
during the marine 
isotope stages 1 and 5e 

Bubenshchikova, 
Natalia 
 
 
Brovina, 
Ekaterina 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 
Moscow State 
University 

2/2 3/3 1 

12-06 Glacial/Interglacial 
paleoenvironmental 
variability and 
sedimentary regimes at 
the Mendeleev Rudge 
during the last 200 ka 

(Cherkashov, 
Georgy) 
 
(Bazhenova, 
Evgenia) 
 
 
 
Kostygov, Sergey 
 
Novikhina, 
Elizaveta 

VNIIOkeangeolo-
gia, St. Petersburg 
 
Alfred Wegener 
Institute for Polar 
and Marine 
Research, 
Bremerhaven 
St. Petersburg 
State University 
VNIIOkeangeolo-
gia, St. Petersburg 

 4/4 2 

12-07 A comparison of 
microbial community 
structure and activity 
of Siberian arctic and 
sub-arctic permafrost-
affected soils 

Evgrafova, 
Svetlana 
Kholodilova, 
Valentina 
Vorozhtsova, 
Ekaterina 

V.N. Sukachev 
Institute of Forest 
SB RAS, 
Krasnoyarsk 
Siberian Federal 
University, 
Krasnoyarsk 

1/1 7/7 1 

12-11 Estimation of methane 
release processes in the 
Kara Sea and their 
impact on climate 
change in the Arctic 

Krylov, Alexey 
Semenov, Petr 
Portnova, Daria 

VNIIOkeangeolo-
gia, St. Petersburg 
St. Petersburg 
State University 

2/1 8/5 1 

12-12 Extension of Pacific 
summer waters in the 
Arctic Ocean caused by 
large-scale atmospheric 
circulation 

Makhotin, 
Mikhail 

Arctic and 
Antarctic Research 
Institute, St. 
Petersburg 

 1/1  

12-13 Acoustic anomalies on 
high-resolution seismic 
data from NE Kara 
Sea: are they 
permafrost-related? 

Matveeva, Tatiana 
 
Portnov, Alexey 
 
 
 
Logvina, 
Elizaveta 

VNIIOkeangeolo-
gia, St. Petersburg 
VNIIOkeangeolog
ia, St. Petersburg/ 
St. Petersburg 
State University 
VNIIOkeangeolo-
gia, St. Petersburg 

3/3 12/9  

12-15 The Late Pleistocene-
Holocene history of 
paleoenvironmental 
variability in the 
western Bering Sea 

Ovsepyan, 
Ekaterina 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 

2/1 3/3 1 
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12-16 Reconstruction of the 

Late Pleistocene and 
Holocene 
environmental 
evolution of the Laptev 
Sea continental margin 
inferred from high-
resolution records of 
benthic and planktic 
foraminifers 

Ovsepyan, 
Yaroslav 

Moscow State 
University 

1/0 12/4 1 

12-18 Interannual variation of 
abundance and spatial 
distribution of 
phytoplankton in the 
Laptev Sea: a 
comparison of three 
autumnal 
investigations: 2008, 
2009 and 2010  

Polyakova, 
Yelena 
Kryukova, Irina 
 
 
 
Man'ko, Natalya 

Moscow State 
University 
Institute of Water 
and Environmental 
Problems RAS, 
Moscow 
Orel State 
University 

2/2 8/7 1 

12-19 Modelling and 
observation of the 
atmospheric boundary 
layer processes in the 
Arctic 

Repina, Irina 
Chechin, Dmitry 
Aniferov, Artem 

A.M. Obukhov 
Institute of 
Atmospheric 
Physics RAS, 
Moscow 

4/1 7/7 1 

12-23 WHISDOM: Studying 
White Sea colored 
DOM (CDOM) 
properties, distribution 
and seasonal dynamics 

Semushin, Andrey 
 
 
 
 
 
 
Pavlov, Alexey 
 
 
 
Yavlovskaya, 
Vera 

Northern Branch 
of Polar Research 
Institute of Marine 
Fisheries and 
Oceanography 
(SevPINRO), 
Arkhangelsk 
Arctic and 
Antarctic Research 
Institute, St. 
Petersburg 
Russian State 
Hydrometeorologi
cal University, St. 
Petersburg 

1/0 1/1  

12-24 The role of aerosols in 
the climate change in 
the Arctic 

Shevchenko, 
Vladimir 
Starodymova, 
Dina 
Kashchenko, 
Viktoria 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 

4/5 9/9  

12-26 High-resolution record 
of postglacial 
environmental changes 
at the eastern Laptev 
Sea continental margin: 
lithology, microfossils, 
stable isotopes 

Taldenkova, 
Ekaterina 
Stepanova, Anna 
Chistyakova, 
Nataliya 

Moscow State 
University 
Paleontological 
Institute RAS 
Moscow State 
University 

2/1 15/7 1 

12-29 Lithological and 
geochemical studies of 
core sediments from 
Lake El'gene-Kyuele 
under the Russian-
German project 
"Laptev Sea System" 

Vakhrameeva, 
Polina 

St. Petersburg 
State University 

1/0 6/3  
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13-02 Enhanced methane 

emission from East-
Siberian Arctic shelf: 
explanation hypothesis 
based on the analysis 
of bottom sediments, 
geological and paleo 
river morphology data 

Anisimov, Oleg 
Zaboykina geb. 
Strelchenko, Julia 
Kokorev, Vasily 
 

State Hydrological 
Institute, St. 
Petersburg 
St. Petersburg 
State University 
 

1/0 2/2  

13-05 Climatic forecast of the 
Arctic Ocean surface 
layer salinity in winter 

Chernyavskaya, 
Ekaterina 
 
 
Sudakov, Ivan 

Arctic and 
Antarctic Research 
Institute, St. 
Petersburg 
Novgorod State 
University 

4/4 2/2  

13-06 Transformation of 
geochemical flows in 
the Lena River delta 

Chetverova, 
Antonina 

Arctic and 
Antarctic Research 
Institute, St. 
Petersburg 

3/1 7/2  

13-09 Linking microbial 
community features 
and biodegradability of 
organic matter in 
Siberian arctic and sub-
arctic permafrost-
affecred soils 

Evgrafova, 
Svetlana 
Kholodilova, 
Valentina 
Vorozhtsova, 
Ekaterina 

V.N. Sukachev 
Institute of Forest 
of SB RAS, 
Krasnoyarsk 
Siberian State 
University, 
Krasnoyarsk 

1/0 3/3 2 

13-10 A sub-fossil Cladocera-
based regional 
assessment of 
environmental and 
climate change in lakes 
and ponds of Arctic 
Russia 

Frolova, Larisa 
Tumanov, Oleg 
Gafiatullina, 
Liliya 

Kazan State 
University 

5/4 6/3 1 

13-11 Foraminiferal-
dominated benthic 
community from the 
eastern Kara Sea 

Korsun, Sergey 
 
 
 
Voltski (geb. 
Kuznetsov), Ivan 
Knyazeva, Olga 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 
St. Petersburg 
State University 

1/1 1/1  

13-12 Sources of the large-
sized (>1cm) 
dropstones and history 
of the ice/iceberg 
regime in the Arctic 
Ocean during the 
Quaternary time 

Krylov, Alexey 
Ermakova, Liviya 
Kashirtseva, 
Kseniya 

VNIIOkeangeolo-
gia, St. Petersburg 
St. Petersburg 
State University 

1/1 4/4  

13-13 KuramBio (Kurile 
Kamchatka 
Biodiversity Study) – 
exchange for progress 

Malyutina, Marina 
Alalykina, Inna 
Lavrenteva, Anna 

A.V. Zhirmunsky 
Institute of Marine 
Biology FEB 
RAS, Vladivostok 
 

 6/5 2 

13-14 Biogeochemical 
behavior of toxic heavy 
metals in subarctic 
marine ecosystems: 
natural transport and 
accumulation in a chain 
"aerosols – ice/snow – 
water – biota – 
sediments 

Martynova, Daria 
 
 
 
 
Goryunova, 
Natalia 
Bud'ko, Dmitry 

White Sea 
Biological Station, 
Zoological 
Institute RAS, St. 
Petersburg 
P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 

1/1 8/7 2 
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13-17 Spring sea-ice algal 

and ice-edge 
phytoplankton 
communities from the 
southern Laptev Sea in 
2012 

Polyakova, 
Yelena 
Kryukova, Irina 
 
 
Man'ko, Natalya 

Moscow State 
University 
Institute of Water 
Problems RAS, 
Moscow 
Orel State 
University 

2/1 5/3  

13-18 Tephra links for the 
terrestrial and marine 
deposits in the 
northwestern Pacific, 
northeastern Asian 
mainland and arctic 
regions 

Ponomareva, Vera 
 
 
 
 
 
Plechova, 
Anastasia 
Krasheninnikov, 
Stepan 

Institute of 
Volcanology and 
Seismology FEB 
RAS, 
Petropavlovsk-
Kamchatsky 
V.I. Vernadsky 
Institute of 
Geochemistry and 
Analytical 
Chemistry RAS, 
Moscow 

3/2 8/4 3 

13-22 Postglacial short-term 
vegetation and climatic 
oscillations in the 
Laptev Sea region 
reconstructed from 
high-resolution pollen 
records 

Rudenko, Olga 
Petrova, 
Nadezhda 

Orel State 
University 

 6/6 1 

13-25 Assessment of forest 
fire effects on the 
hydrological regime in 
permafrost landscapes 

Semenova, Olga 
Lebedeva, 
Lyudmila 
Volkova, Nina 

State Hydrological 
Institute, St. 
Petersburg 

10/9 11/10 1 

13-30 Past environmental 
transformation of the 
Laptev Sea continental 
margin since last 
deglacial times 

Taldenkova, 
Ekaterina 
Chistyakova, 
Nataliya 
Ovsepyan, 
Yaroslav 

Moscow State 
University 

2/1 9/8  

14-03 Quantifying the 
potential impact of 
methane emission from 
East-Siberian Arctic 
shelf region on global 
air temperature und 
current and projected 
for the 21st century 
climate 

Anisimov, Oleg 
 
 
Kokorev, Vasily 

State Hydrological 
Institute, St. 
Petersburg 
St. Petersburg 
State University 

3/3 6/6  

14-04 Provenance 
discrimination in 
sediments from the 
Mendeleev Ridge 
(Central Arctic Ocean): 
implications for 
reconstructions of 
sediment sources and 
pathways over the last 
200,000 years 

Bazhenova, 
Evgenia 
Kostygov, Sergey 

St. Petersburg 
State University 

1/0 4/3 3 

14-05 Substantial flows 
transformation 
processes in the Lena 
River delta 

Chetverova, 
Antonina 

Arctic and 
Antarctic Research 
Institute, St. 
Petersburg 

3/0 12/4  
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14-07 Tracking 

environmental and 
climate changes in 
Siberian Arctic lakes 
and ponds using 
bioproxy 

Frolova, Larisa 
Nigamatzyanova, 
Gulnara 
Mukhametgaliev, 
Nafis 

Kazan State 
University 

6/4 9/7 2 

14-09 Comparison of 
millenial 
environmental changes 
in the Barents and 
Bering seas over the 
Termination I 

Ivanova, Elena 
Ovsepyan, 
Ekaterina 
 
Seitkalieva, Elvira 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 
Moscow State 
University 

3/2 7/7 1 

14-10 How much 
anthropogenic factors 
affect the emission of 
greenhouse gases in 
tundra ecosystems at 
local scale 

Karelin, Dmitry 
Pochikalov, 
Alexandr 
Kaganov, 
Vladimir 

Centre for 
Ecological and 
Productivity 
Research in 
Forests RAS, 
Moscow 

2/2 4/3  

14-11 Subpolar salt-marsh 
foraminifera 

Korsun, Sergei 
 
 
 
Golikova, Elena 
Mikhailov, 
Dmitry 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 
St. Petersburg 
State University 

4/1 5/5 1 

14-14 Cenozoic ice/iceberg 
history of the central 
Arctic Ocean (based on 
IODP-302 data) 

Krylov, Alexey 
Ermakova, Liviya 
Valdaev, Igor 

VNIIOkeangeolo-
gia, St. Petersburg 
St. Petersburg 
State University 

4/2 4/4 2 

14-15 Biodiversity of the 
dominant benthic taxa 
of the abyssal Kuril-
Kanchatka Trench area 

Malyutina, Marina 
Alalykina, Inna 
Lavrenteva, Anna 

A.V. Zhirmunsky 
Institute of Marine 
Biology FEB 
RAS, Vladivostok 

10/5 6/5 3 

14-16 Reconstruction of 
Holocene 
environmental history 
in the north-western 
part of Beringia 

Palagushkina, 
Olga 
Syrykh, Lyudmila 

Kazan State 
University 
Herzen State 
Pedagocial 
University, St. 
Petersburg 

2/0 4/4 1 

14-17 Phytoplankton in the 
Laptev Sea: 
composition, 
distribution and 
environmental forcing 
(autumnal season 
2013) 

Polyakova, 
Yelena 
Kryukova, Irina 

Moscow State 
University 
Institute of Water 
Problems RAS, 
Moscow 

5/4 5/5  

14-18 Volcanic record in the 
Arctic sedimentary 
archives 

Ponomareva, Vera 
 
 
 
 
 
Plechova, 
Anastasia 
 
 
 
 
Bubenshchikova, 
Natalia 

Institute of 
Volcanology and 
Seismology FEB 
RAS, 
Petropavlovsk-
Kamchatsky 
V.I. Vernadsky 
Institute of 
Geochemistry and 
Analytical 
Chemistry RAS, 
Moscow 
P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 

7/2 3/3 4 
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14-20 Postglacial short-term 

environmental changes 
in the eastern Laptev 
Sea region inferred 
from pollen case study 
of the core sequences 
from the continental 
slope and Lena-Yana 
paleochannel 

Rudenko, Olga 
Yenina, Viktoria 

Orel State 
University 

5/3 6/6 1 

14-21 Impacts of climate 
change on hillslope 
erosion in permafrost 
landscapes and 
suspended sediment 
transport to the Arctic 
Ocean (by the Lena 
River basin as an 
example) 

Semenova, Olga 
Lebedeva, 
Lydumila 
Volkova, Nina 

State Hydrological 
Institute, St. 
Petersburg 

8/7 6/6  

14-26 Limnology of 
thermokarst lakes and 
polygonal ponds in the 
Indigirka-Kolyma 
Lowland 

Sitalo, Viktor Herzen State 
Pedagocial 
University, St. 
Petersburg 

2/1 4/4 1 

14-27 Deglacial to early 
Holocene 
environmental 
variability in the 
eastern Fram Strait 

Taldenkova, 
Ekaterina 
Chistyakova, 
Nataliya 
Ovsepyan, 
Yaroslav 

Moscow State 
University 

5/2 6/4 2 

14-29 Periodic elimintation of 
foraminiferal 
assemblages at the 
mouths of the great 
Siberian rivers 

Yudina, Anna St. Petersburg 
State University 

1/0 2/2  

15-01 Synergy of field 
observations and 
laboratory analysis for 
examination of 
parametrizations 
linking the atmosphere 
and soil thermal regime 
in permafrost regions: 
accounting for the 
effects of climate 
change 

Anisimov, Oleg 
 
 
Kokorev, Vasily 
 
Zhirkov, Alexandr 

State Hydrological 
Institute, St. 
Petersburg 
St. Petersburg 
State University 
Melnikov 
Permafrost 
Institute SB RAS, 
Yakutsk 

4/4 4/3  

15-02 Late Quaternary 
circulation of surface 
currents in the central 
Arctic Ocean: insights 
from study of ice-
rafted debris 
composition 

Bazhenova, 
Evgenia 
Kudryavtseva, 
Anna 
 
 
Voronovich, 
Evgeniia 

St. Petersburg 
State University 
St. Petersburg 
State 
University/POMO
R 
St. Petersburg 
State University 

2/2 4/4 3 

15-04 Process of organic 
matter transport in 
lakes of the Yamal 
region (POLYAR) 

Dvornikov, Yury 
 
 
Skorospekhova, 
Tatiana 

Earth Cryosphere 
Institute (ECI) SB 
RAS, Tyumen 
Arctic and 
Antarctic Research 
Institute, St. 
Petersburg  

7/6 11/9  
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15-06 Climatic and 

environmental 
conditions changing in 
the New East-Siberian 
Islands and in the 
Laptev Sea coast 

Gafiatullina, 
Liliya 
Mukhametgaliev, 
Nafis 
Mukhametshina, 
Azaliya 

Kazan State 
University 

2/1 4/4 1 

15-08 The Holocene 
foraminiferal 
assemblages, 
sedimentology and 
environments in the 
Barents and Bering 
seas: a comparative 
study 

Ivanova, Elena 
Ovsepyan, 
Ekaterina 
 
Seitkalieva, Elvira 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 
Moscow State 
University 

3/2 9/7 3 

15-09 The production-
destruction 
characteristics of 
cryogenic shrub 
communities on the 
northern limit of the 
spread of northern 
taiga 

Pochikalov, 
Alexandr 

Moscow State 
University/Centre 
for Ecological and 
Productivity 
Research in 
Forests RAS 

   

15-12 Cenozoic history of the 
perennial/seasonal sea 
ice in the Central 
Arctic 

Krylov, Alexey 
Ermakova, Liviya 
Valdaev, Igor 

VNIIOkeangeolo-
gia, St. Petersburg 
St. Petersburg 
State University 

5/2 8/5 2 

15-13 Suspended sediments 
transportation by rivers 
of the Kamchatky Krai 
into surrounding seas 

Kuksina, 
Lyudmila 

Moscow State 
University 

6/5 3/3  

15-14 Middle-Late 
Pleistocene terrestrial 
palaeoenvironmental 
changes at the New 
Siberian Islands and 
Laptev Sea coast 

Kuznetsova, 
Tatyana 
Prilepskaya, 
Natalia 
Felker, Anastasia 

Moscow State 
University 

4/2 3/3 1 

15-17 Investigations of 
fossilized organisms 
from modern sediments 
of high-latitude water 
bodies of Beringia 
(New Siberian Islands, 
Russia, and Bathurst 
Island, Nunavut, 
Canada) for identifying 
the leading 
environmental factors 
for palaeo-
environmental 
reconstructions 

Palagushkina, 
Olga 
 
Syrykh, Lyudmila 

Kazan State 
University 
Herzen State 
Pedagocial 
University, St. 
Petersburg 

 3/2 1 

15-18 New evidence of 
variability in species 
composition and 
biomass of polar 
phytoplankton: a case 
study in the Laptev Sea 
in autumn 2014 

Polyakova, 
Yelena 
Kryukova, Irina 

Moscow State 
University 
P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 

7/1 11/6 1 
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15-19 Ultra-distal 

correlations of tephra 
layers across the 
Eurasian Arctic 

Ponomareva, Vera 
 
 
 
 
 
Bubenshchikova, 
Natalia 
 
 
Vakhrameeva, 
Polina 

Institute of 
Volcanology and 
Seismology FEB 
RAS, 
Petropavlovsk-
Kamchatsky 
P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 
St. Petersburg 
State University 

11/7 9/7 3 

15-21 Holocene land-sea 
interactions in the 
Laptev Sea inferred 
from the inner shelf 
pollen records: 
implications for 
paleoreconstructions 

Rudenko, Olga 
Enina, Viktoria 

Orel State 
University 

12/7 16/13 1 

15-22 Isotope and 
hydrochemical data in 
the study of climate 
change effects on 
runoff sources and 
flow pathways in 
continuous and 
discontinuous 
permafrost 

Semenova, Olga 
 
 
Lebedeva, 
Lydumila 
 
Nesterova, Natalia 

State Hydrological 
Institute, St. 
Petersburg 
Melnikov 
Permafrost 
Institute, Yakutsk 
St. Petersburg 
State University 

7/7 22/21 1 

15-23 Aeolian matter in the 
environment of the 
White Sea coastal area 

Starodymova, 
Dina 

P.P. Shirshov 
Institute of 
Oceanology RAS, 
Moscow 

4/3 4/3  

15-24 Environmental 
variability in the 
eastern Fram Strait 
since early deglacial 
times 

Taldenkova, 
Ekaterina 
Chistyakova, 
Nataliya 
Ovsepyan, 
Yaroslav 

Moscow State 
University 

16/12 11/9 3 

15-25 Climate  change and 
zooplankton 
composition variations 
in freshwater Arctic 
lakes: current trends 

Zhulay, Irina St. Petersburg 
State University 

1/0 3/3  
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Substantial flows transformation processes in the Lena River Delta 
 
N. Alexeevsky1, A. Chetverova2, L. Kuksina1 
1Moscow State University, Moscow, Russia 
2St. Petersburg State University, St. Petersburg, Russia 
 
This proposal is based on results obtained from expeditions to the Lena Delta by scientists 
from the Arctic and Antarctic Research Institute, St. Petersburg State University, Moscow 
State University and the Alfred Wegener Institute for Polar and Marine Research. The 
scientific work of interpreting the data was supported with OSL (2008-2011) and DFG (2009) 
grants. The main idea of the project is to determine how the channel branching of the Lena 
Delta influences the transformation of different kinds of flows (water flow, flows of 
suspended particulate matter, dissolved components and heat flow). The majority of the Lena 
Delta channels have not been studied with respect to hydrological and geochemical 
parameters. The relationship between morphometric characteristics and water discharges is 
investigated for subsequent usage of the results in the solution of the determination of water 
content for as yet studied deltaic water channels through their width, obtained from satellite 
data processing. The research within the framework of this proposal will be concentrated on a 
detailed study of the structure of the delta’s channel network and different kinds of flows in 
the Lena Delta using satellite images, field measurements and laboratory analysis. As a result 
of the study a GIS project of the delta is planned to be created. 
 
 
Potential impact of methane emission from the East-Siberian arctic shelf on global 
climate: from conceptual model to quantitative assessment 
 
O. Anisimov1, S. Reneva1, V. Kokorev2 
1State Hydrological Institute, St. Petersburg, Russia 
2St. Petersburg State University, St. Petersburg, Russia 
 
The project objective is to quantify the impact of enhanced methane emission on the shelf of 
the East Siberian Arctic seas (ESAS) on the global climate through analysis of available hy-
drographic, atmospheric and climatic data and mathematical modelling. The dydrographical 
data will be analyzed in collaboration with the research team of the GEOMAR | Helmholtz 
Centre of Ocean Research Kiel. Together with the research team of the Alfred Wegener 
Institute of Polar and Marine Research, Potsdam, we will develop a conceptual model of sub-
sea permafrost dynamics, gas hydrate stability, and methane emission in the ESAS that 
accounts for different methane sources and is consistent with available observations. We will 
develop a new comprehensive mathematical model of sub-aquatic permafrost dynamics that 
accounts for the effect of salt diffusion during thawing of bottom sediments, and perform 
retrospective and predictive calculations forcing the model with paleoclimatological data 
(starting at 8 KY b.p.) and GCM (Global Climate Model)-based climate projections for the 
21st century. We will use a parametrized model of microbial methane production in the layer 
of organic sediments for calculating methane emissions under different bottom water 
temperature regimes. Ultimately, we will estimate the global temperature rise associated with 
enhanced methane emissions in the ESAS and evaluate the range of uncertainty. 
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Variability of the North Pacific inflow along south-west Kamchatka and its influence on 
the Okhotsk Sea paleoceanography during the marine isotope stages 1 and 5e 
 
N. Bubenshchikova1, E. Brovina2 
1P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
2Moscow State University, Moscow, Russia 
 
In the modern Okhotsk Sea, the inflowing East Kamchatka surface current and the 
intermediate Deep Pacific Water (DPW) along southwest Kamchatka prevent an expansion of 
the sea-ice cover and contribute to the intensity of marine productivity and the oxygen 
minimum zone (OMZ). We plan to reconstruct variations of the East Kamchatka current 
during marine isotope stages (MIS) 1 and 5e, based on surface temperature estimates from 
planktic foraminiferal assemblages and the Mg/Ca ratio of planktic foraminifers. To 
investigate changes of the DPW inflow during MIS 1 and 5e, we will provide reconstructions 
of the OMZ through benthic foraminiferal assemblages with Mg/Ca temperatures on benthic 
foraminifers. We selected three sediment cores located on the Kamchatka slope in the main 
pathway of the North Pacific water inflow. We will extend our paleoreconstructions on core 
MD01-2415, studied within the framework of the our OSL grant 2011 and focus on a 
composite record of the cores LV28-43-3/LV29-108-5. The study will be performed by using 
the equipment of the P.P. Shirshov Institute of Oceanology in Moscow, GEOMAR in Kiel 
and the OSL in St. Petersburg. 
 
 
Glacial/Interglacial paleoenvironmental variability and sedimentary regimes at the 
Mendeleev Rudge during the last 200 ka 
 
G. Cherkashov1, E. Bazhenova2, S. Kostygov3, E. Novikhina1 
1VNIIOkeangeologia, St. Petersburg, Russia 
2Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany 
3St. Petersburg State University, St. Petersburg, Russia 
 
The proposed research will be focused on reconstructions of paleoenvironmental conditions 
and depositional processes in the Amerasian Basin of the Arctic Ocean during late Quaternary 
times. We will utilize marine sediment cores recovered at the Mendeleev Ridge and on the 
adjacent shelf and deep-sea areas during the ARK-XXIII/3 expedition of RV “Polarstern” in 
2008 and the cruises of RV “Akademik Fedorov” in 2007 and 2008. We plan 1) to study the 
role of different transport agents in the sediment deposition with the help of sedigraph grain-
size analysis, 2) to determine the provenance of terrigenous material by means of counting 
and classification of ice-rafted debris under the microscope, and 3) to make paleo-
environmental reconstructions based on foraminiferal analysis. To interpret our proxy records, 
we will use the stratigraphic framework that has been constrained for our cores based on the 
paleomagnetics, radiocarbon and amino acid racemization ages, as well as oxygen stable 
isotope composition. We plan to improve this age model using the new biostratigraphic data 
expected to be obtained from the foraminiferal analysis. To summarize, we plan to provide 
new records of late Quaternary paleoenvironmental changes in the Arctic Ocean with 
improved stratigraphy for the Mendeleev Ridge sediments. 
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A comparison of microbial community structure and activity of Siberian arctic and sub-
arctic permafrost-affected soils 
 
S. Evgrafova1, V. Kholodilova1, E. Vorozhtsova2 
1V.N. Sukachev Institute of Forest SB of the Russian Academy of Sciences, Krasnoyarsk, Russia 
2Siberian Federal University, Krasnoyarsk, Russia 
 
Arctic tundra and boreal forest soils have globally relevant functions that affect the 
atmospheric chemistry and climate. However, the microbial communities as the drivers of 
carbon decomposition in Siberian permafrost-affected soils have been little studied so far. In 
this study we propose to investigate the microbial community structure and activity of two 
Siberian regions: arctic (72°N, 126°E) and sub-arctic (64°N, 100°E) as representative areas of 
tundra and boreal forests. Phospholipid fatty acid analysis and phospholipid ether lipids 
analysis will be used to assess the biodiversity of the active part of the microbial soil 
community in both regions. The basal respiration of microbial soil populations will be 
analyzed for assessment of heterotrophic respiration rates. This study comprises a comparison 
of geographically distant microbial soil communities in order to answer the question of how 
the structure and activity of specific microbial populations depend on C-content and C\N ratio 
as well as temperature, freeze/thaw cycle and moisture conditions. The data obtained will help 
us to better understand the carbon dynamics in permafrost under global climate change. 
 
 
Estimation of methane release processes in the Kara Sea and their impact on climate 
change in the Arctic 
 
A. Krylov1, P. Semenov1, V. Dedyukhin2 
1VNIIOkeangeologia, St. Petersburg, Russia 
2St. Petersburg State University, St. Petersburg, Russia 
 
The Quaternary history of the Arctic shelf features multiple dramatic changes associated with 
glaciations and deglaciations of the Arctic periphery and sea level fluctuations. The 
considerable amount of organic matter delivered to the Arctic shelves from the different 
sources and buried in sediments serves as potential material for in situ methane generation. 
Numerous oil and gas deposits discovered in the Kara Sea are important sources for methane 
leakage upwards along faults and weak zones in the sediments. Under certain pressure/ 
temperature conditions methane in the sediments of the Kara Sea is able to form gas hydrates. 
Hydrocarbons including methane stored in sediments represent a potentially important agent 
affecting the climate when the hydrocarbon gases are released to the atmosphere due to 
permafrost destruction, dissociating hydrates and decomposition of organic sedimentary 
matter under global warming. Methane might be an important driving force for global 
warming since it is a powerful greenhouse gas 25 times more potent than carbon dioxide. 
Emission of the methane from the sediments is potentially a strong climate feedback 
mechanism. The central objective of this project is to advance our understanding of the 
processes of gas release from the seafloor of the Kara Sea. 
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Extension of Pacific summer waters in the Arctic Ocean caused by large-scale 
atmospheric circulation 
 
M. Makhotin 
Arctic and Antarctic Research Institute, St. Petersburg, Russia 
 
Due to hydrostatic imbalance and atmospheric circulation, water from the North Pacific flows 
through the Bering Strait, transits the upper levels of the Arctic Ocean, and penetrates to the 
North Atlantic. Pacific Summer Water (PSW) (flows through the Bering Strait in summer) is 
a main freshwater source in the Canadian Basin and influences the thermohaline structure of 
the whole Arctic Ocean. Our previous study revealed a significant interannual variability of 
PSW characteristics such as area extent, volume and heat content. Based on the recent data 
obtained during the International Polar Year 2007/2008, we found an anomalously wide 
extent of PSW in 2009. This anomaly is likely associated with a 2009 shift in the large-scale 
atmospheric circulation. Using reconstructed annual oceanographic data for a period from 
1950 to 1989 and data obtained during numerous expeditions from 1991 to 2011, we plan to 
investigate how atmospheric processes, associated with changes in atmospheric climate 
modes (i.e., Arctic Oscillation, Pacific Decadal Oscillation etc.), influence the circulation of 
PSW in the Arctic Ocean. 
 
 
Acoustic anomalies on high-resolution seismic data from NE Kara Sea: are they 
permafrost-relasted? 
 
T. Matveeva1, A. Portnov1,2, E. Logvina1 
1VNIIOkeangeologia, St. Petersburg, Russia 
2St. Petersburg State University, St. Petersburg, Russia 
 
To determine the subsea permafrost distribution in the Arctic shelf region as a whole (and the 
Kara Sea, in particular) is one of the key questions for understanding the climate changes of 
the past and future. As most climate models predict a rapid climate change of the Arctic 
within the next few decades, the release of methane from marine permafrost and shallow 
marine sediments is likely to increase. At present, it is still unclear whether methane 
anomalies in the Arctic shelf region as a whole (and the Kara Sea, in particular) reflect the 
natural variability in background emissions, or whether they really represent a new methane 
source (induced by the thawing of permafrost). The main goal of the proposed project is to 
understand the current state of subsea permafrost in the NE Kara Sea and the time scale of its 
evolution in the context of climate change in the Arctic. In particular, detailed mapping of 
permafrost distribution in the NE Kara Sea is one of the targets of the proposed project. This 
will be done through a comparison of new original geophysical data obtained during cruise 59 
of Russian RV “Akademik Mstislav Keldysh” to the Kara Sea (September 17-October 7, 
2011) with those already available for the study area. 
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The Late Pleistocene-Holocene history of paleoenvironmental variability in the western 
Bering Sea 
 
E. Ovsepyan 
P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
 
The present proposal deals with high-resolution investigation of the millennial-scale 
variability of the paleoceanographic conditions in the western Bering Sea during the Late 
Pleistocene/Holocene. The results of this project will be a major contribution to the PhD 
thesis of the principal investigator. The core SO201-2-85KL was retrieved from the Shirshov 
Ridge, western Bering Sea, during the RV „Sonne“ cruise 201 Leg 2 in 2009 within the 
framework of the Russian-German KALMAR project. This core covers the last ca. 170 kyr 
according to the stratigraphy provided by the Russian and German partners. This project 
mainly aims to complete the first high-resolution micropaleontological study in the poorly 
investigated subarctic western Bering Sea. Based on the continuous micropaleontological and 
sedimentological record in core SO201-2-85KL, we intend to develop a detailed paleo-
environmental history of the region from the Late Pleistocene through the Holocene. The 
research will include the available published results on the same core, a comparison of 
benthic foraminiferal data with planktic foraminireral and diatom records, and independent 
geochemical proxies (e.g., oxygen and carbon isotope measurements), as well as interregional 
correlation of long and short-term events in the western Bering Sea with those in the North 
Pacific and Sea of Okhotsk in the context of regional and global climate changes. 
 
 
Reconstruction of the Late Pleistocene and Holocene environmental evolution of the 
Laptev Sea continental margin inferred from high-resolution records of benthic and 
planktic foraminifers 
 
Ya. Ovsepyan 
Moscow State University, Moscow, Russia 
 
The project deals with foraminiferal distribution in surface sediments and marine sediment 
cores from different parts of the Laptev Sea aimed to extend the reliability of 
paleoreconstructions of the Late Glacial to Holocene history of this region. Analysis of 
modern foraminifers will enlarge the existing scarce database of their distribution in the 
Laptev Sea depending on river runoff influence, water depth, bottom sediment composition 
and food supply. This will support the high-resolution investigation of fossil assemblages of 
planktic and benthic foraminifers from six AMS14C-dated cores from the inner, mid and outer 
shelf, and upper continental slope, which represent a transect from 21 to 270 m water depth. 
The core from the slope dates back to >15.4 cal.ka (extrapolated basal age 17.6 cal.ka) and 
contains the longest marine record in this area including the evidence of past Atlantic-derived 
water inflows to the Laptev Sea continental margin. Fossil assemblages from the mid/outer 
shelf cores reflect periods of Holocene transgressive changes from impoverished nearshore 
environments to the present outer shelf settings. Cores from the inner shelf display late 
Holocene changes in estuarine shallow water circulation. This review is planned to be 
published and defended as a PhD thesis. 
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Interannual variation of abundance and spatial distribution of phytoplankton in the 
Laptev Sea: a comparison of three autumnal investigations: 2008, 2009 and 2010  
 
Ye. Polyakova1, I. Kryukova2, N. Man'ko3 
1Moscow State University, Moscow, Russia 
2Institute of Water and Environmental Problems of the Russian Academy of Sciences, Moscow, Russia 
3Orel State University, Orel, Russia 
 
The Laptev Sea polynya is a major area of sea-ice production in the Arctic Ocean, and this is 
one of the key elements of the environmental system of the Laptev Sea because of the high 
level of biological activity in this region during the spring and early summer time. The main 
goals of our proposed investigations within the framework of the current proposal are the 
study of species composition and abundances of microalgae communities (diatoms, 
dinoflagellates, chrysophytes, chlorophytes) in the ice cores and the upper water column, 
using sea-ice cores and phytoplankton samples obtained during the TRANSDIFT XIII 
expedition to the Laptev Sea polynya area in April, 2008. Sea-ice algae from three levels will 
be studied: bottom (10 cm), middle and surface layers, and phytoplankton will be studied 
from the water depths 1 m, 5 m, and 10 m. The following analysis will be applied in this 
study: 1) measuring total algal biomass and their species composition, 2) detailed 
investigations of diatoms and dinoflagellates (living forms and cysts) as the major component 
of the Arctic sea ice and phytoplankton bloom during the spring, and 3) in order to be useful 
as an indicator of former sea ice conditions, a new chemical biomarker will be studied from 
the bottom sea-ice communities in combination with diatom records as a methodological 
basis. We suppose to reveal the regional peculiarity in species composition and productivity 
of sea-ice algal communities and ice-edge phytoplankton in the Laptev Sea polynya area 
during the spring, and the relationship between these two types of the Arctic marine coenosis. 
 
 
Modelling and observation of the atmospheric boundary layer processes in the Arctic 
 
I. Repina, D. Chechin, A. Aniferov 
A.M. Obukhov Institute of Atmospheric Physics of the Russian Academy of Sciences, Moscow, Russia 
 
Weather forecasts in the Arctic are often unreliable, and the global climate models show a 
large uncertainty in the scenarios. One of the reasons is that processes in the Arctic 
atmospheric boundary layer are often poorly implemented in these kinds of models. This is 
why mechanisms directly responsible for the exchange between the surface and the 
atmosphere must be studied in detail. The Arctic Atmospheric Boundary Layer (ABL) 
structure depends mostly on the stability condition of the atmosphere, the surface processes 
and the orography of the site. The complex interactions between turbulence and radiation due 
to the presence of the Arctic clouds, haze and sea ice variation, make the parametrization of 
the different ABL processes even more difficult. The project covers themes relevant for the 
Arctic ABL such as the theory of the boundary layer with special emphasis on the stable 
boundary layer, turbulence, local climate processes, air/ice/sea interaction, data analysis, and 
numerical modelling. The proposed research activities include the collection and synthesis of 
meteorological data covering Arctic regions with different stratification, tests of various ABL 
models properties, the design of new parametrization schemes for turbulent exchange in the 
surface layer, and computation of the ABL structure over different polynyas and leads. 
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WHISDOM: Studying White Sea colored DOM (CDOM) properties, distribution and 
seasonal dynamics 
 
A. Semushin1, A. Pavlov2, V. Yavlovskaya3 
1Northern Branch of the Polar Research Institute of Marine Fisheries and Oceanography, Arkhangelsk, Russia 
2Arctic and Antarctic Research Institute, St. Petersburg, Russia 
3Russian State Hydrometeorological University, St. Petersburg, Russia 
 
Colored Dissolved Organic Matter (CDOM) of terrestrial origin plays a key role in the 
biogeochemistry and upper layer physics of the Arctic Ocean and is of relevance for many 
interdisciplinary studies. Over the past decade, the properties and distribution of CDOM were 
well documented in all Arctic shelf seas except for the White Sea, despite previous reports on 
a particularly large amount of organic material being transported into the White Sea by large 
rivers. The overall goal of the proposed study is to fill the gap in the knowledge on CDOM 
properties, distribution, and seasonal dynamics. For this purpose three comprehensive 
sampling programs will be carried out in the estuaries of two large rivers, the Northern Dvina 
and Onega, throughout the year 2012 (May-October). Along with the CDOM samples, 
salinity and temperature of the water will be measured. The properties of CDOM will be 
assessed with the spectrophotometric technique using the OSL laboratory facilities in St. 
Petersburg. The obtained results will contribute to a better understanding of the DOM state in 
the White Sea and the Arctic Ocean in the light of the projected increase in freshwater runoff, 
and hence, DOM flux to the Arctic. 
 
 
The role of aerosols in the climate change in the Arctic 
 
V. Shevchenko, D. Starodymova, V. Kashchenko 
P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
 
We plan to study the role of aeolian transport of chemical elements and compounds (including 
black carbon and pollutants) in the Arctic Ocean and surrounding land under the climate 
change. We would like to estimate the changes in delivery and accumulation of different 
types of particulate matter. A multidisciplinary approach is necessary. Our work will be 
focused on samples from the Eurasian Arctic seas and their catchment areas, and the Central 
Arctic Ocean. We plan to study the composition of aerosols, snow, and ice. We will compare 
our results with literature data from the other Arctic regions. this project could link the laptev 
sea system, polar regions and coasts in a changing earth system, land-ocean interactions in the 
coastal zone, arctic monitoring and assessment program with active Russian-German 
cooperation. 
 
 
High-resolution record of postglacial environmental changes at the eastern Laptev Sea 
continental margin: lithology, microfossils, stable isotopes 
 
E. Taldenkova1, A. Stepanova2, N. Chistyakova1 
1Moscow State University, Moscow, Russia 
2Paleontological Institute of the Russian Academy of Sciences, Moscow, Russia 
 
The project deals with the reconstruction of the postglacial environmental history of the 
eastern Laptev Sea continental margin in the context of regional changes and overregional 
climate variability based on high-resolution records of lithological characteristics, ice-rafted 
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debris (IRD), microfossils (benthic and planktic foraminifers, ostracods) and stable isotope 
composition of calcareous foraminifers from the AMS14C-dated marine sediment cores 
PS2458 and PS51/118-3. It is a continuation of the project OSL-11-22 originally planned for 
2 years, as both cores are more than 8 m long and are investigated continuously in 1 to 2-cm 
thick slices. The results so far obtained revealed important findings concerning such issues as 
1) continuous eastward propagation of Atlantic-derived waters along the Laptev Sea 
continental slope since early deglacial times, 2) a 13 cal. ka freshwater event in the Arctic 
reflected in core PS2458 by the simultaneous occurrence of a negative peak in δ18O record of 
planktic foraminifers, scarcity of benthics, and extreme abundance of vivanite concretions 
indicative of anaerobic conditions at the seafloor probably due to water stratification, a 
situation that needs further investigation and explanation, and 3) peaks in IRD input in the 
upper parts of the cores likely indicative of the late Holocene climate cooling, southward 
migration of the average seasonal drift ice limit and growth of ice caps in the western Laptev 
Sea. 
 
 
Lithological and geochemical studies of core sediments from Lake El'gene-Kyuele under 
the Russian-German project "Laptev Sea System" 
 
P. Vakhrameeva 
St. Petersburg State University, St. Petersburg, Russia 
 
The proposed project is aimed to recover information about past environmental and climatic 
changes of Holocene age from the sedimentary record of Lake El’gene-Kyuele, lower Lena 
River, by means of lithostratigraphic (structure, texture, mineralogy) and geochemical 
(organic and inorganic indicators) methods. The study material is a part of the field material 
jointly collected with German colleagues during the expedition LENA-2010 and will be 
analyzed in collaboration with them. This research will be carried out within the framework 
of the applicant’s master program studies at the Faculty of Geology, St. Petersburg State 
University. 
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Enhanced methane emission from East-Siberian Arctic shelf: explanation hypothesis 
based on the analysis of bottom sediments, geological and paleo river morphology data 
 
O. Anisimov1, J. Zaboykina1, V. Kokorev2 

1State Hydrological Institute, St. Petersburg 
2St. Petersburg State University, St. Petersburg 
 
In this project we develop a conceptual model that consistently explains the enhanced 
methane emission on the shelf of the East Siberian Arctic seas. We suggest a hypothesis 
according to which methane venting is not related to recent climate-induced changes in 
permafrost, but instead is bound to unfrozen bottom sediments surrounding fault zones and 
paleo river beds, while elsewhere on the inner East Siberian Arctic seas shelf, sediments have 
remained frozen and impermeable for gases since the last glacial maximum. To test this 
hypothesis we constructed a high-resolution digital map of the fault zones and paleo river 
beds in the East Siberian Arctic seas and performed a spatial statistical analysis. We provide 
support for our hypothesis by demonstrating that the observed concentrations of methane in 
the waters reach their maximum in proximity of the fault zones and paleo river beds, and that 
the probability of concentrations to be above average decreases sharply with the distance to 
these zones. 
 
 
Climatic forecast of the Arctic Ocean surface layer salinity in winter 
 
E. Chernyavskaya1, I. Sudakov2 

1Arctic and Antarctic Research Institute, St. Petersburg 
2Novgorod State University, Novgorod 
 
The main goals of this project were to create a statistical model of interannual variability of 
the Arctic Ocean surface layer salinity in winter and to use this model as a tool for predicting 
the Arctic Ocean surface salinity field in winter 2013-2014. 
The statistical model that was obtained is based on equations of multiple correlations for the 
time series (principal components, PC) associated with the first five leading modes of the 
Empirical Orthogonal Function (EOF) analysis applied to the salinity fields. Each equation 
includes a set of predictors that simulate both effects of atmospheric (atmospheric indices and 
air temperature) and hydrological processes (ice processes, river runoff and water exchange 
with the Pacific and Atlantic oceans). It was found that the hydrological processes have a 
dominant influence on the formation of the interannual variability of principal components (in 
the ratio of 64:36%).  
According to our projections for 2013-2014, we have got salinity fields which correspond to 
the observed trends in recent years. They show a significant freshening in the Canadian Basin 
as well as big spatial gradients between the Eurasian and Canadian basins. 
 
 
Transformation of geochemical flows in the Lena River delta 
 
A. Chetverova 
Arctic and Antarctic Research Institute, St. Petersburg 
 
The project was dedicated to estimating and understanding the processes of the unique, poorly 
studied water object of a river estuary zone. The main interest of the principal investigator 
was focused on the Lena River (East Siberia, Russia) as the biggest delta in the Arctic. The 
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study was based on multiyear data from literature and field data from Russian-German 
expeditions to the delta carried out regularly. The results show different sources and the role 
of different factors in the formation of the geochemical flow of the Lena River delta. 
But some questions are still unanswered. The processing of water, suspended particulate 
matter and bottom sediment samples is not finished yet due to laboratory problems.  
 
 
Linking microbial community features and biodegradability of organic matter in 
Siberian arctic and subarctic permafrost-affecred soils 
 
S. Evgrafova1, V. Kholodilova1, E. Vorozhtsova2 

1V.N. Sukachev Institute of Forest of the Siberian Branch of the Russian Academy of Sciences, Krasnoyarsk 
2Siberian State University, Krasnoyarsk 
 
Two Siberian regions are investigated, the Arctic (Samoylov, an island in the central part of 
the Lena River delta, 72°N, 126°E) and the Subarctic (the settlement of Tura along the 
Tunguska River connected to the Yenisei, 64°N, 100°E) as representative areas of tundra and 
boreal forests, formed under continuous permafrost. Soil samples were collected during the 
field season in summer 2012 (July in the Tura region; August in the Lena Delta). 
It was shown in previous investigations that the basal respiration rate and soil microbial 
biomass within the active layer soil profile, both on the southern exposition slope and the 
northern exposition slope at the Tura site, decreased with depth and strongly correlated with 
the C-content.   
In this part of the investigation, we assessed the quantity and quality of soil carbon and 
complemented the data of microbial community abundance with information about DNA-
fragment copies within the active layer soil profiles at the Tura site. Elemental carbon and 
nitrogen analyses of all samples were carried out in the OSL.  
Microbial abundance in active soil layer profiles at the Tura site appeared quite high but not 
actively metabolized at deeper soil layers (which was shown using the heterotrophic 
respiration rate). In this connection, a quality of soil organic matter was investigated. In Clab 
composition, dissolved organic carbon (DOC) formed 4-9% on the northern exposition slope 
and 8-19% on the southern exposition slope. Alkali-dissolved organic carbon prevailed in the 
labile fraction of soil organic matter and it accounted for up to 16% of Ctot in the upper 20 cm 
soil horizons. Labile humic compounds were characterized by fulvate composition (humic/ 
fulvate ratio does not exceed 0.5). A Cstab accumulation on the northerm exposition slope up to 
30-40 cm of mineral soil depth, and on the southern exposition slope up to 20-30 cm of 
mineral soil depth was observed. The main accumulation part of carbon stocks on the 
northern exposition slope was humic acids (Cstab) while Clab here was uniformly distributed to 
a depth of 30-40 cm. It is possible that high water content in the northern exposition slope soil 
favors the migration of Clab down to the active layer and contributes to Clab and Cstab 
accumulation there in contrast to the soil of the southern exposition slope. 
We carried out an incubation experiment of soil heterotrophic microbial biomass and potential 
basal respiration rate of a typical ice-wedge polygon in Samoylov Island. In addition, the 
organic carbon and nitrogen content in soil samples was determined. It was shown that the 
aboriginal heterotrophic microorganisms of the permafrost soil in Samoylov Island are 
psychro-tolerant. For organic-matter decomposition, both the initial microbial pool and the 
C/N ratio are important. To predict the microbial ability to fully decompose organic matter in 
the case of temperature increase, longer incubation experiments are needed. 
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A sub-fossil Cladocera-based regional assessment of environmental and climate change 
in lakes and ponds of Arctic Russia 
 
L. Frolova, O. Tumanov, L. Gafiatullina 
Kazan State University, Kazan 
 
The major structural characteristics of zooplankton and sub-fossil Cladocera communities 
from 46 Arctic and subarctic lakes along a temperature gradient in the Chokurdakh region, in 
the Northern Ural and in the New Siberian Islands were sampled and examined. The struc-
ture-forming abiotic factors that have the greatest influence on the formation of zooplankton 
and sub-fossil cladocera communities have been revealed using the indirect ordination me-
thod. Investigations of sediment cores from the lake Big Kharbey (Bolshezemelskaya tundra) 
show that noticeable changes took place in the state of sediments and the communities of 
hydrobionts. Changes in sub-fossil Cladocera assemblages in the Northern Ural indicate the 
growth of a littoral zone and spreading of near-water vegetation and reflect warming climatic 
conditions.  
The obtained results encourage further work to create a regional cladoceran-based tempe-
rature model appropriate for the Arctic regions of Russia as a whole and Yakutia in particular. 
 
 
Foraminiferal-dominated benthic community from the eastern Kara Sea 
 
S. Korsun1, I. Kuznetsov2, O. Knyazeva2 

1P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow 
2St. Petersburg State University, St. Petersburg 
 
The large naked foraminiferan Toxisarcon taimyr sp. nov. is described from the eastern Kara 
Sea. Its abundant populations with biomasses of 16 to 40 g/m2 dominate the benthic commun-
ities. This is the first example of a protist dominating in terms of biomass on well-oxygenated 
shelves. It is not yet clear what makes the foraminiferan thrive in this oligotrophic area. 
 
 
Sources of the large-sized (>1cm) dropstones and history of the ice/iceberg regime in the 
Arctic Ocean during the Quaternary time 
 
A. Krylov1, L. Ermakova1, K. Kashirtseva2 

1I.S. Gramberg All-Russia Research Institute for Geology and Mineral Resources of the World Ocean 
(VNIIOkeangeologia), St. Petersburg 

2St. Petersburg State University 
 
570 large-sized stones were collected at 23 sites during two expeditions onboard R/V 
POLARSTERN to the Central Arctic (ARKXXIII/3, Mendeleev Ridge, and ARK-XXVI/3, 
Alpha Ridge) and during ACEX (Arctic Coring Expedition) drilling.  
The stones are mainly composed of carbonates (dolomite 44.9% and limestones 21.6%) and 
sandstones (22.4%). Igneous rocks (granites, diorites and basalts – 5.4%), chert (2.7%) and 
schist (1.5%) are infrequent. The concentration of carbonates decreases in the direction of the 
Lomonosov Ridge. The dolomites often contain traces of fossils. Despite the poor 
preservation of the fossils, the set of indirect characteristics allows assuming that the 
dolomites are of Early Paleozoic age and that their origin is in platform environments. Ten 
different lithological types were distinguished among the dropstones.     
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The absence of outcrops and the considerable thickness of the Quaternary sediments in certain 
places of stone sampling suggest the transport of the stones with ice/icebergs. 
The possible source areas for the studied carbonates are the Victoria and Banks islands 
(Canadian Arctic Archipelago), and the Eastern Mackenzie Platform. However, in part the 
samples could be transported by ice from Siberian sources. 
 
 
KuramBio (Kurile Kamchatka Biodiversity Study) – exchange for progress 
 
M. Malyutina, I. Alalykina, A. Lavrenteva 
A.V. Zhirmunsky Institute of Marine Biology of the Far-Eastern Branch of the Russian Academy of Sciences, 
Vladivostok 
 
The joint German-Russian expedition KuramBio (Kuril-Kamchatka Biodiversity Study) in 
summer 2012 was aimed to study deep-sea benthic communities in the area of the Kuril-
Kamchatka Trench. Within the framework of the OSL grant, our investigations were focused 
on biodiversity and distribution of the dominant groups of the benthic macrofauna: 
Polychaeta, Isopoda and Cumacea. The studied groups were indentified to family, genus and 
species level. The performed studies revealed the number of species, the taxonomic structure 
of the taxa, the dominant families, genera and species in each taxon. About 50% of the 
identified species of the isopod family Munnopsidae, 80% of the Cumacea and around 30% of 
Polychaeta are new for science. The analysis of distribution of the studies taxa shows that the 
maximum numbers of specimens were found at the stations 3-9, on the western slope of the 
Kuril-Kamchatka Trench. Descriptions of the most abundant new species and analyses of the 
distribution of the taxa are being prepared for publications. 
 
 
Biogeochemical behavior of toxic heavy metals in subarctic marine ecosystems: natural 
transport and accumulation in a chain "aerosols – ice/snow – water – biota – sediments 
 
D. Martynova1, M. Goryunova2, D. Budko2 

1White Sea Biological Station, Zoological Institute of the Russian Academy of Sciences, St. Petersburg 
2P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow 
 
The qualitative and quantitative composition of aerosols and particulate matter in snow in the 
studied region is comparable to "clean" Arctic regions. The concentrations of the studied 
elements in seston, zooplankton organisms, their pellets, and bottom sediments do not exceed 
the maximal concentration limit or quarks, so we conclude that the study area is a pristine 
environment. 
Under the experimental approach, the key components of the foodwebs of the White Sea 
ecosystems tend to accumulate the heavy metal differently. This is explained by the natural 
variability of the biochemical and geochemical properties and abilities of the studied 
elements. The data might be used later for evolving the local standards of metal pollution. 
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Spring sea-ice algal and ice-edge phytoplankton communities from the southern Laptev 
Sea in 2012 
 
Ye. Polyakova1, I. Kryukova2, N. Man'ko3 

1Moscow State University, Moscow 
2Institute of Water Problems of the Russian Academy of Sciences, Moscow 
3Orel State University, Orel 
 
The main goals of the project were to establish the peculiarity in species composition and 
biomass of sea-ice algal communities and ice-edge phytoplankton in the Laptev Sea polynya 
area and under fast ice conditions during the early spring, and to determine the dynamics and 
time-scale of the spring sea-ice algae and phytoplankton bloom depending on environmental 
changes. Microalgae were studied in 28 water samples, 90 sea-ice samples and 10 net 
samples, collected during the TRANSDRIFT XX expedition to the southern Laptev Sea in 
spring (March 26-April 19) 2012. The results of the microalgae study revealed that diatoms, 
represented mainly by sea-ice species, are the predominant group of algae both in sea-ice 
communities and phytoplankton in the Laptev Sea during the time of observation. Single cells 
of heterotrophic dinoflagellates were reported mainly in the phytoplankton communities. 
Detailed investigations of the microalgae allowed us to infer the distinctive regional features 
of the algae assemblages and theirs development during the time observation:  
• at Camp North located in the southernmost part of the Laptev Sea polynya in the vicinity 

of  the Lena River delta, sea-ice bottom diatom communities are characterized by the 
greatest algal abundances and biomass, which gradually increased during the observation 
period and reached their maximum at the end of this period (total number of algae was up 
to 18,869 cells/ml and the value of biomass up to 121,2149 µg C/ml); 

• at the Camp Central and Camp South located eastward of the Lena Delta under fast-ice 
conditions, the total algal abundances did not exceed 70 cells/ml, and the total biomass 
value reached 17,647 µg C/ml, which was by 70 times lower than the maximal algal 
biomass defined in the sea ice from the polynya area (Camp North).  

The concentrations of microalgae at the ice-edge and in the sub-ice water column were 
extremely low. The highest abundances and biomass value of algae were restricted to the 
upper 2-10 m of the water column and reached their maximum (up to 5,600 cells/ml and 
432,760 µg C/ml) in the polynya area at Camp North. At Camp Central and Camp South 
under fast-ice conditions in the water column, total algal abundances did not exceed 1 cell/ml 
and algal biomass was usually less than 222-550 µg/ml. 
 
 
Tephra links for the terrestrial and marine deposits in the northwestern Pacific, 
northeastern Asian mainland and arctic regions 
 
V. Ponomareva1, A. Plechova2, S. Krasheninnikov2 

1Institute of Volcanology and Seismology of the Far-Eastern Branch of the Russian Academy of Sciences, 
Petropavlovsk-Kamchatsky 

2V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS of the Russian Academy of Sciences 
Moscow 

 
Numerous tephra layers, derived from the North Pacific volcanic arcs, are buried in marine 
and terrestrial deposits over Arctic and subarctic Asia. We geochemically fingerprint 
proximal and distal tephra in order to reconstruct past explosive eruptions and provide direct 
correlations between disparate marine and terrestrial paleoenvironmental archives. Highlights 
of our research include: 
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• the identification of an MIS 6.5 tephra, which covers an area of >1,500,000 km2 and 
directly links terrestrial sediments from East Arctic Asia with the NW Pacific marine 
cores; 

• first ever findings of cryptotephra (scattered volcanic glass) in the Chukchi and Bering sea 
sediments; 

• geochemical studies of cryptotephra resulting in the identification of several earlier 
unknown eruptions from the Kurile-Kamchatka arc; 

• geochemical characterization of proximal pyroclastic deposits in order to provide a 
reference for correlations with distal tephra. 

 
 
Postglacial short-term vegetation and climatic oscillations in the Laptev Sea region 
reconstructed from high-resolution pollen records 
 
O. Rudenko, N. Petrova 
Orel State University, Orel 
 
The high-resolution 844 cm-long core PS51-118-3 from the eastern Laptev Sea continental 
slope (77º 53.54 N; 132º 11.92 E; water depth 122 m) was studied for pollen, spores and non-
pollen palynomorphs continuously in 1-cm-thick slices in the upper 80 cm and in 2-cm-thick 
slices with 5 cm interval in the remaining 764 cm allowing for obtaining a centennial-to-
decadal record of past events. The main objective of the study was to evaluate the potential of 
both pollen and non-pollen palynomorph records from the continental slope, where no 
palynological work has been carried out to date, for reconstructing the Holocene environ-
ments, climate and vegetation dynamics on the adjacent land. The data obtained were inter-
preted using the quantitative method of biome simulation. A detailed dating of the core 
facilitated the inter- and intra-regional correlation of the biome records and reconstructed 
events and a comparison with the NorthGRIP2 δ18O profile.  
Distinct changes in marine pollen spectra and reconstructed vegetation on land generally 
reflect large-scale climatic events, such as the early Holocene thermal event since ca. 11 kyrs 
BP, the early Holocene optimum termination ca. 9.5 kyrs BP, and the cooling event since 8.3-
8.2 kyrs BP.  
Changes in pollen and non-pollen palynomorph concentration give evidence for three 
dramatically enhanced river-loaded organic influxes coeval to 10.6, 10.5 and 10.3 kyrs BP. 
After that, the influxes likely became less dramatic and more extended in time with the peaks 
centered at 9.8, 9.6 and 8.7-8.5 kyrs BP. 
 
 
Assessment of forest fire effects on the hydrological regime in permafrost landscapes 
 
O. Semenova, L. Lebedeva, N. Volkova 
State Hydrological Institute, St. Petersburg 
 
The return period for wildfire is strongly influenced by current climate changes and human 
activities and is supposed to decrease in the future. Though profound effects of fire on snow, 
soil and landscape characteristics driving hydrological processes in cold regions have been 
documented, considerable efforts are still required to advance our understanding of wildfire 
effect on catchment hydrology in permafrost environments. The goal of the project was the 
assessment of fire-induced short- and long-term impacts on the hydrological regime and its 
components in the Lena River basin.  
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The key objectives of the research were completed, such as the selection of the fire-affected 
watersheds within the Lena River basin, detection of the fire-induced hydrological changes by 
hydrometeorological data analysis, analysis of the remote-sensing data on vegetation in the 
post-fire period, development of dynamic sets of model parameters according to two 
scenarios and dynamic modelling of the post-fire runoff generation processes. 
The developed dynamic modelling approach has shown a strong potential for investigation 
and forecast of the non-stationary hydrological response to basin disturbance. The application 
of remote sensing data for the investigation of basin conditions and model parametrization 
was shown to be essential in the vast regions of Eastern Siberia. 
 
 
Past environmental transformation of the Laptev Sea continental margin since last 
deglacial times 
 
E. Taldenkova, N. Chistyakova, Ya. Ovsepyan 
Moscow State University, Moscow 
 
The project was devoted to the reconstruction of the postglacial environmental history of the 
Laptev Sea continental margin based on high-resolution records of lithological characteristics, 
ice-rafted debris, microfossils (benthic and planktic foraminifers, ostracods), and stable 
isotope composition of foraminifers. Time-slice reconstruction revealed several periods 
generally coinciding with those established in the North Atlantic area: Late Glacial-Early 
Deglacial (17.6-14.9 cal.ka), Bølling-Allerød (12.9-14.9 cal.ka), onset of Younger Dryas 
(12.7-12.9 cal.ka), Younger Dryas (11.5-12.7 cal.ka), Early Holocene (9-11.5 cal.ka), and 
Mid-Late Holocene (<9 cal.ka). The input of ice-rafted debris in the eastern Laptev Sea in the 
Late Glacial (>16 cal.ka) and Mid-Late Holocene (<8 cal.ka) is considerably smaller 
compared to the iceberg-producing western Laptev Sea and is largely related to climate 
cooling, an extensive sea-ice cover and a southward shift in the seasonal drift-ice margin. 
Atlantic-derived waters were constantly present at the eastern Laptev Sea continental slope 
during the last approximately 17.6 kyrs, though the manifestation of their influence was 
different depending on the interaction with local freshwater and variability of Atlantic waters 
in the upstream regions in the North Atlantic and Barents Sea. The prominent freshwater 
event at the very onset of the Younger Dryas at 12.7-12.9 cal.ka – expressed in abrupt 
negative excursions of planktic and benthic δ18O combined with positive planktic and 
negative benthic δ13C excursions, drastic decrease in abundance of all microfossil groups, 
turnover in benthic foraminiferal composition, TOC decrease, increase in sea-ice and decrease 
in plankton-productivity biomarker records, anaerobic conditions at the seafloor and 
formation of authigenic vivianite – was of glacial meltwater origin and could be provisionally 
related to the Lake Agassiz outburst. Warmest surface water conditions and a reduced sea-ice 
cover extent as manifested by high phytoplankton productivity and maximum total abundance 
of planktic and benthic microfossils existed in the Early Holocene at 9-11.5 cal.ka. The Mid-
Late Holocene time period with a general cooling trend also featured 3 vivianite-formation 
events in the deeper core PS2458 related to certain minor freshwater events, likely of riverine 
origin, although the mechanism of vivianite formation needs further investigation and 
understanding as no concretions were found in the Holocene sequence of the more shallow 
core PS51/118. 
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Enhanced methane emission from East-Siberian Arctic shelf: explanation hypothesis 
based on the analysis of bottom sediments, geological and paleo river morphology data 
 
O. Anisimov1, J. Zaboykina1, V. Kokorev2 

1State Hydrological Institute, St. Petersburg 
2St. Petersburg State University, St. Petersburg 
 
In this project we develop a conceptual model that consistently explains the enhanced 
methane emission on the shelf of the East Siberian Arctic seas. We suggest a hypothesis 
according to which methane venting is not related to recent climate-induced changes in 
permafrost, but instead is bound to unfrozen bottom sediments surrounding fault zones and 
paleo river beds, while elsewhere on the inner East Siberian Arctic seas shelf, sediments have 
remained frozen and impermeable for gases since the last glacial maximum. To test this 
hypothesis we constructed a high-resolution digital map of the fault zones and paleo river 
beds in the East Siberian Arctic seas and performed a spatial statistical analysis. We provide 
support for our hypothesis by demonstrating that the observed concentrations of methane in 
the waters reach their maximum in proximity of the fault zones and paleo river beds, and that 
the probability of concentrations to be above average decreases sharply with the distance to 
these zones. 
 
 
Climatic forecast of the Arctic Ocean surface layer salinity in winter 
 
E. Chernyavskaya1, I. Sudakov2 

1Arctic and Antarctic Research Institute, St. Petersburg 
2Novgorod State University, Novgorod 
 
The main goals of this project were to create a statistical model of interannual variability of 
the Arctic Ocean surface layer salinity in winter and to use this model as a tool for predicting 
the Arctic Ocean surface salinity field in winter 2013-2014. 
The statistical model that was obtained is based on equations of multiple correlations for the 
time series (principal components, PC) associated with the first five leading modes of the 
Empirical Orthogonal Function (EOF) analysis applied to the salinity fields. Each equation 
includes a set of predictors that simulate both effects of atmospheric (atmospheric indices and 
air temperature) and hydrological processes (ice processes, river runoff and water exchange 
with the Pacific and Atlantic oceans). It was found that the hydrological processes have a 
dominant influence on the formation of the interannual variability of principal components (in 
the ratio of 64:36%).  
According to our projections for 2013-2014, we have got salinity fields which correspond to 
the observed trends in recent years. They show a significant freshening in the Canadian Basin 
as well as steep spatial gradients between the Eurasian and Canadian basins. 
 
 
Transformation of geochemical flows in the Lena River delta 
 
A. Chetverova 
Arctic and Antarctic Research Institute, St. Petersburg 
 
The project was dedicated to estimating and understanding the processes of the unique, poorly 
studied water object of a river estuary zone. The main interest of the principal investigator 
was focused on the Lena River (East Siberia, Russia) as the biggest delta in the Arctic. The 
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study was based on multiyear data from literature and field data from Russian-German 
expeditions to the delta carried out regularly. The results show different sources and the role 
of different factors in the formation of the geochemical flow of the Lena River delta. 
But some questions are still unanswered. The processing of water, suspended particulate 
matter and bottom sediment samples is not finished yet due to laboratory problems.  
 
 
Linking microbial community features and biodegradability of organic matter in 
Siberian arctic and subarctic permafrost-affecred soils 
 
S. Evgrafova1, V. Kholodilova1, E. Vorozhtsova2 

1V.N. Sukachev Institute of Forest of the Siberian Branch of the Russian Academy of Sciences, Krasnoyarsk 
2Siberian State University, Krasnoyarsk 
 
Two Siberian regions are investigated, the Arctic (Samoylov, an island in the central part of 
the Lena River delta, 72°N, 126°E) and the Subarctic (the settlement of Tura along the 
Tunguska River connected to the Yenisei, 64°N, 100°E) as representative areas of tundra and 
boreal forests, formed under continuous permafrost. Soil samples were collected during the 
field season in summer 2012 (July in the Tura region; August in the Lena Delta). 
It was shown in previous investigations that the basal respiration rate and soil microbial 
biomass within the active layer soil profile, both on the southern exposition slope and the 
northern exposition slope at the Tura site, decreased with depth and strongly correlated with 
the C-content.   
In this part of the investigation, we assessed the quantity and quality of soil carbon and 
complemented the data of microbial community abundance with information about DNA-
fragment copies within the active layer soil profiles at the Tura site. Elemental carbon and 
nitrogen analyses of all samples were carried out in the OSL.  
Microbial abundance in active soil layer profiles at the Tura site appeared quite high but not 
actively metabolized at deeper soil layers (which was shown using the heterotrophic 
respiration rate). In this connection, a quality of soil organic matter was investigated. In Clab 
composition, dissolved organic carbon (DOC) formed 4-9% on the northern exposition slope 
and 8-19% on the southern exposition slope. Alkali-dissolved organic carbon prevailed in the 
labile fraction of soil organic matter and it accounted for up to 16% of Ctot in the upper 20 cm 
soil horizons. Labile humic compounds were characterized by fulvate composition (humic/ 
fulvate ratio does not exceed 0.5). A Cstab accumulation on the northerm exposition slope up to 
30-40 cm of mineral soil depth, and on the southern exposition slope up to 20-30 cm of 
mineral soil depth was observed. The main accumulation part of carbon stocks on the 
northern exposition slope was humic acids (Cstab) while Clab here was uniformly distributed to 
a depth of 30-40 cm. It is possible that high water content in the northern exposition slope soil 
favors the migration of Clab down to the active layer and contributes to Clab and Cstab 
accumulation there in contrast to the soil of the southern exposition slope. 
We carried out an incubation experiment of soil heterotrophic microbial biomass and potential 
basal respiration rate of a typical ice-wedge polygon in Samoylov Island. In addition, the 
organic carbon and nitrogen content in soil samples was determined. It was shown that the 
aboriginal heterotrophic microorganisms of the permafrost soil in Samoylov Island are 
psychro-tolerant. For organic-matter decomposition, both the initial microbial pool and the 
C/N ratio are important. To predict the microbial ability to fully decompose organic matter in 
the case of temperature increase, longer incubation experiments are needed. 
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A sub-fossil Cladocera-based regional assessment of environmental and climate change 
in lakes and ponds of Arctic Russia 
 
L. Frolova, O. Tumanov, L. Gafiatullina 
Kazan State University, Kazan 
 
The major structural characteristics of zooplankton and sub-fossil Cladocera communities 
from 46 Arctic and subarctic lakes along a temperature gradient in the Chokurdakh region, in 
the Northern Ural and in the New Siberian Islands were sampled and examined. The struc-
ture-forming abiotic factors that have the greatest influence on the formation of zooplankton 
and sub-fossil cladocera communities have been revealed using the indirect ordination me-
thod. Investigations of sediment cores from the lake Big Kharbey (Bolshezemelskaya tundra) 
show that noticeable changes took place in the state of sediments and the communities of 
hydrobionts. Changes in sub-fossil Cladocera assemblages in the Northern Ural indicate the 
growth of a littoral zone and spreading of near-water vegetation and reflect warming climatic 
conditions.  
The obtained results encourage further work to create a regional cladoceran-based tempe-
rature model appropriate for the Arctic regions of Russia as a whole and Yakutia in particular. 
 
 
Foraminiferal-dominated benthic community from the eastern Kara Sea 
 
S. Korsun1, I. Kuznetsov2, O. Knyazeva2 

1P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow 
2St. Petersburg State University, St. Petersburg 
 
The large naked foraminiferan Toxisarcon taimyr sp. nov. is described from the eastern Kara 
Sea. Its abundant populations with biomasses of 16 to 40 g/m2 dominate the benthic commun-
ities. This is the first example of a protist dominating in terms of biomass on well-oxygenated 
shelves. It is not yet clear what makes the foraminiferan thrive in this oligotrophic area. 
 
 
Sources of the large-sized (>1cm) dropstones and history of the ice/iceberg regime in the 
Arctic Ocean during the Quaternary time 
 
A. Krylov1, L. Ermakova1, K. Kashirtseva2 

1I.S. Gramberg All-Russia Research Institute for Geology and Mineral Resources of the World Ocean 
(VNIIOkeangeologia), St. Petersburg 

2St. Petersburg State University 
 
570 large-sized stones were collected at 23 sites during two expeditions onboard R/V 
POLARSTERN to the Central Arctic (ARKXXIII/3, Mendeleev Ridge, and ARK-XXVI/3, 
Alpha Ridge) and during ACEX (Arctic Coring Expedition) drilling.  
The stones are mainly composed of carbonates (dolomite 44.9% and limestones 21.6%) and 
sandstones (22.4%). Igneous rocks (granites, diorites and basalts – 5.4%), chert (2.7%) and 
schist (1.5%) are infrequent. The concentration of carbonates decreases in the direction of the 
Lomonosov Ridge. The dolomites often contain traces of fossils. Despite the poor 
preservation of the fossils, the set of indirect characteristics allows assuming that the 
dolomites are of Early Paleozoic age and that their origin is in platform environments. Ten 
different lithological types were distinguished among the dropstones.     
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The absence of outcrops and the considerable thickness of the Quaternary sediments in certain 
places of stone sampling suggest the transport of the stones with ice/icebergs. 
The possible source areas for the studied carbonates are the Victoria and Banks islands 
(Canadian Arctic Archipelago), and the Eastern Mackenzie Platform. However, in part the 
samples could be transported by ice from Siberian sources. 
 
 
KuramBio (Kurile Kamchatka Biodiversity Study) – exchange for progress 
 
M. Malyutina, I. Alalykina, A. Lavrenteva 
A.V. Zhirmunsky Institute of Marine Biology of the Far-Eastern Branch of the Russian Academy of Sciences, 
Vladivostok 
 
The joint German-Russian expedition KuramBio (Kuril-Kamchatka Biodiversity Study) in 
summer 2012 was aimed to study deep-sea benthic communities in the area of the Kuril-
Kamchatka Trench. Within the framework of the OSL grant, our investigations were focused 
on biodiversity and distribution of the dominant groups of the benthic macrofauna: 
Polychaeta, Isopoda and Cumacea. The studied groups were indentified to family, genus and 
species level. The performed studies revealed the number of species, the taxonomic structure 
of the taxa, the dominant families, genera and species in each taxon. About 50% of the 
identified species of the isopod family Munnopsidae, 80% of the Cumacea and around 30% of 
Polychaeta are new for science. The analysis of distribution of the studies taxa shows that the 
maximum numbers of specimens were found at the stations 3-9, on the western slope of the 
Kuril-Kamchatka Trench. Descriptions of the most abundant new species and analyses of the 
distribution of the taxa are being prepared for publications. 
 
 
Biogeochemical behavior of toxic heavy metals in subarctic marine ecosystems: natural 
transport and accumulation in a chain "aerosols – ice/snow – water – biota – sediments 
 
D. Martynova1, M. Goryunova2, D. Budko2 

1White Sea Biological Station, Zoological Institute of the Russian Academy of Sciences, St. Petersburg 
2P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow 
 
The qualitative and quantitative composition of aerosols and particulate matter in snow in the 
studied region is comparable to "clean" Arctic regions. The concentrations of the studied 
elements in seston, zooplankton organisms, their pellets, and bottom sediments do not exceed 
the maximal concentration limit or quarks, so we conclude that the study area is a pristine 
environment. 
Under the experimental approach, the key components of the foodwebs of the White Sea 
ecosystems tend to accumulate the heavy metal differently. This is explained by the natural 
variability of the biochemical and geochemical properties and abilities of the studied 
elements. The data might be used later for evolving the local standards of metal pollution. 
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Spring sea-ice algal and ice-edge phytoplankton communities from the southern Laptev 
Sea in 2012 
 
Ye. Polyakova1, I. Kryukova2, N. Man'ko3 

1Moscow State University, Moscow 
2Institute of Water Problems of the Russian Academy of Sciences, Moscow 
3Orel State University, Orel 
 
The main goals of the project were to establish the peculiarity in species composition and 
biomass of sea-ice algal communities and ice-edge phytoplankton in the Laptev Sea polynya 
area and under fast ice conditions during the early spring, and to determine the dynamics and 
time-scale of the spring sea-ice algae and phytoplankton bloom depending on environmental 
changes. Microalgae were studied in 28 water samples, 90 sea-ice samples and 10 net 
samples, collected during the TRANSDRIFT XX expedition to the southern Laptev Sea in 
spring (March 26-April 19) 2012. The results of the microalgae study revealed that diatoms, 
represented mainly by sea-ice species, are the predominant group of algae both in sea-ice 
communities and phytoplankton in the Laptev Sea during the time of observation. Single cells 
of heterotrophic dinoflagellates were reported mainly in the phytoplankton communities. 
Detailed investigations of the microalgae allowed us to infer the distinctive regional features 
of the algae assemblages and theirs development during the time observation:  
• at Camp North located in the southernmost part of the Laptev Sea polynya in the vicinity 

of  the Lena River delta, sea-ice bottom diatom communities are characterized by the 
greatest algal abundances and biomass, which gradually increased during the observation 
period and reached their maximum at the end of this period (total number of algae was up 
to 18,869 cells/ml and the value of biomass up to 121,2149 µg C/ml); 

• at the Camp Central and Camp South located eastward of the Lena Delta under fast-ice 
conditions, the total algal abundances did not exceed 70 cells/ml, and the total biomass 
value reached 17,647 µg C/ml, which was by 70 times lower than the maximal algal 
biomass defined in the sea ice from the polynya area (Camp North).  

The concentrations of microalgae at the ice-edge and in the sub-ice water column were 
extremely low. The highest abundances and biomass value of algae were restricted to the 
upper 2-10 m of the water column and reached their maximum (up to 5,600 cells/ml and 
432,760 µg C/ml) in the polynya area at Camp North. At Camp Central and Camp South 
under fast-ice conditions in the water column, total algal abundances did not exceed 1 cell/ml 
and algal biomass was usually less than 222-550 µg/ml. 
 
 
Tephra links for the terrestrial and marine deposits in the northwestern Pacific, 
northeastern Asian mainland and arctic regions 
 
V. Ponomareva1, A. Plechova2, S. Krasheninnikov2 

1Institute of Volcanology and Seismology of the Far-Eastern Branch of the Russian Academy of Sciences, 
Petropavlovsk-Kamchatsky 

2V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS of the Russian Academy of Sciences 
Moscow 

 
Numerous tephra layers, derived from the North Pacific volcanic arcs, are buried in marine 
and terrestrial deposits over Arctic and subarctic Asia. We geochemically fingerprint 
proximal and distal tephra in order to reconstruct past explosive eruptions and provide direct 
correlations between disparate marine and terrestrial paleoenvironmental archives. Highlights 
of our research include: 
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• the identification of an MIS 6.5 tephra, which covers an area of >1,500,000 km2 and 
directly links terrestrial sediments from East Arctic Asia with the NW Pacific marine 
cores; 

• first ever findings of cryptotephra (scattered volcanic glass) in the Chukchi and Bering sea 
sediments; 

• geochemical studies of cryptotephra resulting in the identification of several earlier 
unknown eruptions from the Kurile-Kamchatka arc; 

• geochemical characterization of proximal pyroclastic deposits in order to provide a 
reference for correlations with distal tephra. 

 
 
Postglacial short-term vegetation and climatic oscillations in the Laptev Sea region 
reconstructed from high-resolution pollen records 
 
O. Rudenko, N. Petrova 
Orel State University, Orel 
 
The high-resolution 844 cm-long core PS51-118-3 from the eastern Laptev Sea continental 
slope (77º 53.54 N; 132º 11.92 E; water depth 122 m) was studied for pollen, spores and non-
pollen palynomorphs continuously in 1-cm-thick slices in the upper 80 cm and in 2-cm-thick 
slices with 5 cm interval in the remaining 764 cm allowing for obtaining a centennial-to-
decadal record of past events. The main objective of the study was to evaluate the potential of 
both pollen and non-pollen palynomorph records from the continental slope, where no 
palynological work has been carried out to date, for reconstructing the Holocene environ-
ments, climate and vegetation dynamics on the adjacent land. The data obtained were inter-
preted using the quantitative method of biome simulation. A detailed dating of the core 
facilitated the inter- and intra-regional correlation of the biome records and reconstructed 
events and a comparison with the NorthGRIP2 δ18O profile.  
Distinct changes in marine pollen spectra and reconstructed vegetation on land generally 
reflect large-scale climatic events, such as the early Holocene thermal event since ca. 11 kyrs 
BP, the early Holocene optimum termination ca. 9.5 kyrs BP, and the cooling event since 8.3-
8.2 kyrs BP.  
Changes in pollen and non-pollen palynomorph concentration give evidence for three 
dramatically enhanced river-loaded organic influxes coeval to 10.6, 10.5 and 10.3 kyrs BP. 
After that, the influxes likely became less dramatic and more extended in time with the peaks 
centered at 9.8, 9.6 and 8.7-8.5 kyrs BP. 
 
 
Assessment of forest fire effects on the hydrological regime in permafrost landscapes 
 
O. Semenova, L. Lebedeva, N. Volkova 
State Hydrological Institute, St. Petersburg 
 
The return period for wildfire is strongly influenced by current climate changes and human 
activities and is supposed to decrease in the future. Though profound effects of fire on snow, 
soil and landscape characteristics driving hydrological processes in cold regions have been 
documented, considerable efforts are still required to advance our understanding of wildfire 
effect on catchment hydrology in permafrost environments. The goal of the project was the 
assessment of fire-induced short- and long-term impacts on the hydrological regime and its 
components in the Lena River basin.  
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The key objectives of the research were completed, such as the selection of the fire-affected 
watersheds within the Lena River basin, detection of the fire-induced hydrological changes by 
hydrometeorological data analysis, analysis of the remote-sensing data on vegetation in the 
post-fire period, development of dynamic sets of model parameters according to two 
scenarios and dynamic modelling of the post-fire runoff generation processes. 
The developed dynamic modelling approach has shown a strong potential for investigation 
and forecast of the non-stationary hydrological response to basin disturbance. The application 
of remote sensing data for the investigation of basin conditions and model parametrization 
was shown to be essential in the vast regions of Eastern Siberia. 
 
 
Past environmental transformation of the Laptev Sea continental margin since last 
deglacial times 
 
E. Taldenkova, N. Chistyakova, Ya. Ovsepyan 
Moscow State University, Moscow 
 
The project was devoted to the reconstruction of the postglacial environmental history of the 
Laptev Sea continental margin based on high-resolution records of lithological characteristics, 
ice-rafted debris, microfossils (benthic and planktic foraminifers, ostracods), and stable 
isotope composition of foraminifers. Time-slice reconstruction revealed several periods 
generally coinciding with those established in the North Atlantic area: Late Glacial-Early 
Deglacial (17.6-14.9 cal.ka), Bølling-Allerød (12.9-14.9 cal.ka), onset of Younger Dryas 
(12.7-12.9 cal.ka), Younger Dryas (11.5-12.7 cal.ka), Early Holocene (9-11.5 cal.ka), and 
Mid-Late Holocene (<9 cal.ka). The input of ice-rafted debris in the eastern Laptev Sea in the 
Late Glacial (>16 cal.ka) and Mid-Late Holocene (<8 cal.ka) is considerably smaller 
compared to the iceberg-producing western Laptev Sea and is largely related to climate 
cooling, an extensive sea-ice cover and a southward shift in the seasonal drift-ice margin. 
Atlantic-derived waters were constantly present at the eastern Laptev Sea continental slope 
during the last approximately 17.6 kyrs, though the manifestation of their influence was 
different depending on the interaction with local freshwater and variability of Atlantic waters 
in the upstream regions in the North Atlantic and Barents Sea. The prominent freshwater 
event at the very onset of the Younger Dryas at 12.7-12.9 cal.ka – expressed in abrupt 
negative excursions of planktic and benthic δ18O combined with positive planktic and 
negative benthic δ13C excursions, drastic decrease in abundance of all microfossil groups, 
turnover in benthic foraminiferal composition, TOC decrease, increase in sea-ice and decrease 
in plankton-productivity biomarker records, anaerobic conditions at the seafloor and 
formation of authigenic vivianite – was of glacial meltwater origin and could be provisionally 
related to the Lake Agassiz outburst. Warmest surface water conditions and a reduced sea-ice 
cover extent as manifested by high phytoplankton productivity and maximum total abundance 
of planktic and benthic microfossils existed in the Early Holocene at 9-11.5 cal.ka. The Mid-
Late Holocene time period with a general cooling trend also featured 3 vivianite-formation 
events in the deeper core PS2458 related to certain minor freshwater events, likely of riverine 
origin, although the mechanism of vivianite formation needs further investigation and 
understanding as no concretions were found in the Holocene sequence of the more shallow 
core PS51/118. 
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Synergy of field observations and laboratory analysis for examination of para-
metrizations linking the atmosphere and soil thermal regime in permafrost regions: 
accounting for the effects of climate change 
 
O. Anisimov1, V. Kokorev2, A. Zhirkov3 

1State Hydrological Institute, St. Petersburg, Russia 
2St. Petersburg State University, St. Petersburg, Russia 
3Melnikov Permafrost Institute of the Siberian Branch of the Russian Academy of Sciences, Yakutsk, Sakha 

Republic, Russia 
 
The project goal is to examine parametrizations linking the atmospheric and ground thermal 
regime through field observations and laboratory analysis. They wereconstructed in the early 
1970s using data under the "pre-global warming" climate, and many may have become 
invalid under the new climatic conditions with the consecutive effect on the accuracy of 
permafrost modelling. In the course of the project we will perform field observations at 
permafrost experimental plots in Yakutsk, soil sampling, and laboratory analysis. We will 
construct the full set of site-specific input forcing and edaphic parameter data, as well as 
actual data on the permafrost thermal regime that are needed for the critical evaluation and 
update of the existing empirical parametrizations in permafrost models. 
Field work and soil sampling will be performed in Yakutsk on the basis of the Melnikov 
Permafrost Institute and the research station of Spasskaya Pad (30 km from Yakutsk), which 
represent two different types of permafrost landforms. Laboratory analysis of the soil columns 
will be done in the OSL. Ultimately, we will update the existing and develop new 
parametrizations for comprehensive permafrost modelling that will be adjusted to modern 
climatic conditions. In collaboration with the German partner, these results will be later 
accounted for in the development of the permafrost components in the Earth System Models 
and utilized in the on-going projects such as FP7 PAGE21 and the CarboPerm project. 
 
 
Late Quaternary circulation of surface currents in the central Arctic Ocean: insights 
from study of ice-rafted debris composition 
 
E. Bazhenova1, A. Kudryavtseva2, E. Voronovich1 

1St. Petersburg State University, St. Petersburg, Russia 
2St. Petersburg State University/POMOR, St. Petersburg, Russia 
 
The proposed study will be based on core sediment records from the central Arctic Ocean 
spanning the last two glacial/interglacial cycles (ca. 200,000 years). Over this time period, 
paleoceanographical settings will be reconstructed based on the composition of ice-rafted 
debris (IRD) found in sediments. 
The sediment cores were recovered during the PS72 (2008) and PS87 (2014) expeditions 
aboard the German research vessel POLARSTERN: PS72/340-5 and PS72/344-3 at the 
Mendeleev Ridge, and PS87/023-1, PS87/030-1 and PS87/056-1 at the Lomonosov Ridge. 
The study area is located in the frontal zone between the two major systems of surface 
currents in the Arctic Ocean, the Beaufort Gyre and the Transpolar Drift Stream. Therefore, 
these sites can be used to study changes in the ocean circulation. This research will be focused 
on petrographic analysis of coarse grains (> 0.5 mm). It is planned to use the optical binocular 
Olympus SZX-12 at the Otto Schmidt Laboratory to perform identification of grains re-
presenting variable rock clasts. 
Our research activities will be carried out in cooperation with the AWI (group of Prof. Dr. 
Ru?diger Stein). The obtained results on the IRD composition will be compared to the grain-
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size composition, mineralogy and geochemistry of the bulk sediments which were investi-
gated at the AWI. 
 
 
Process of organic matter transport in lakes of the Yamal region (POLYAR) 
 
Yu. Dvornikov, T. Skorospekhova 
1Earth Cryosphere Institute (ECI) of the Siberian Branch of the Russian Academy of Sciences, Tyumen, Russia 
2Arctic and Antarctic Research Institute, St. Petersburg, Russia 
 
Climatic and environmental fluctuations in the permafrost zone lead to the activation of 
various cryogenic processes. This activation results in a strong impact on the redistribution of 
substances and changes in the biochemical composition of the water bodies. Lakes in the 
Arctic are good indicators of changing natural conditions. 
In this regard, the main purpose of the study is to establish the number of processes in-
fluencing the cDOM concentrations in lakes based on in-situ measurements, remote sensing 
and topographical data. To reach this purpose, the participants of the project plan to study the 
biochemical composition of water samples, as well as optical properties of the water samples 
collected at several different key sites of Yamal and the central Lena Delta. 
The key sites where water samples were previously collected and more sampling is planned 
are: the coastal zone of Yamal and Gydan, Central Yamal. As Yamal Peninsula is a very 
specific territory, comparison with data, collected from the Lena Delta and analyzed due to 
cooperation with partners from the Alfred Wegener Institute, Potsdam, and the Environmental 
Research Company FIELAX, Bremerhaven, is planned as well. 
The work is the joint research of staff from the Arctic and Antarctic Research Institute, the 
Alfred Wegener Institute and the Earth Cryosphere Institute. 
 
 
Climatic and environmental conditions changing in the New East-Siberian Islands and 
in the Laptev Sea coast 
 
L. Gafiatullina, N. Mukhametgaliev, A. Mukhametshina 
Kazan State University, Kazan, Russia 
 
The main idea of our work in the New Siberian Islands region (Bol'shoy Lyakhovsky Island 
and Faddeyevsky peninsula) is using the record of bioindicators such as pollen and cladocera 
for the qualitative characteristics of assemblages,for understanding the background of the 
natural climate variability, underlying anthropogenic influences on climate change, and using 
further co-operation data of other researchers' related fields of palaeolimnology, a 
multidisciplinary study of Arctic regions. 
Our study is aimed at supplementing the existing knowledge based on various palaeoproxies 
from frozen deposits useful for reconstructions of late Quaternary palaeoenvironments and 
palaeoclimate in the Laptev Sea region (Northeast Siberia). 
Research will focus on three main tasks: 
• using the biological methods, alternative for others, allows us to trace the actual events of 

the past; preserving evidence of the encountered investigated organisms in the form of 
microphotos;  

• improving the data of the acquired knowledge about the Arctic region, for later use by 
interested researchers, using sub-fossil Cladocera, and pollen; 

• constructing a picture of the stratigraphy of pollen and cladoceran species in sediment 
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layers; providing science-based conclusions about the changing boundaries of the 
investigated species, if there are any, in connection with the global warming processes. 

 
 
The Holocene foraminiferal assemblages, sedimentology and environments in the 
Barents and Bering seas: a comparative study 
 
E. Ivanova1, E. Ovsepyan1, E. Seitkalieva2 

1P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
2Moscow State University, Moscow, Russia 
 
The target of the proposed research is to assess and compare the millennial to centennial 
changes in benthic and planktonic foraminiferal assemblages, sedimentology and 
environmental conditions in the Barents and Bering seas during the Holocene in relation to 
global and regional climatic and paleoceanographic changes. We plan to carry out a high-
resolution multi-proxy study of the Holocene intervals from three sediment cores and one 
mini core with rather high sedimentation rates applying micropaleontological, geochemical 
and sedimentological methods and using the age models already developed. We expect to 
define the timing of the Holocene climatic optimum and highlight its manifestation in the 
regional environments to infer the meridional changes in benthic assemblages, sea-ice 
conditions, bottom hydrodynamics and sedimentation in the northwestern Barents Sea along 
the Atlantic water pathway, and to reconstruct variations in bioproductivity, sedimentation, 
foraminiferal preservation and bottom-water oxygenation in the western Bering Sea. We will 
also focus on the comparison of benthic foraminiferal fauna from the Barents and Bering seas. 
The results of the project will provide new insights into the mechanisms of the regional 
paleoceanographic changes and ecological preferences of indicative species. 
 
 
Cenozoic history of the perennial/seasonal sea ice in the Central Arctic 
 
A. Krylov1, L. Ermakova1, I. Valdaev2 

1All-Russian Scientific Research Institute for Geology and Mineral Resources of the World Ocean, St. Peters-
burg, Russia 

2St. Petersburg State University, St. Petersburg, Russia 
 
The Cenozoic ice/iceberg history of the central Arctic will be reconstructed based on the 
study of the large-sized (>0.5 cm) psephitic fraction and heavy minerals obtaining in ACEX-
IODP-302, Polarstern (2008, 2011 and 2014) and Akademik Fedorov (2000) cores. The study 
of these samples might help to solve the following important issues: 1) precise the source for 
ice/icebergs and their changes with time; 2) reveal the Cenozoic history of the ice/iceberg 
regime in the central Arctic; 3) check the idea of Dennis Darby about the first appearance of 
perennial sea-ice in the Central Arctic in the Middle Eocene. For reliable solutions of these 
issues, petrographic and chemical composition of rock fragments and their morphology 
(shape, roundness, and surface), as well as the mineralogical composition of the heavy 
fraction will be studied. 
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Suspended sediments transportation by rivers of the Kamchatky Krai into surrounding 
seas 
 
L. Kuksina 
Moscow State University, Moscow, Russia 
 
This proposal is based on results obtained from expeditions to Kamchatka in 2008-2013. 
Scientists from Moscow State University (MSU) and the Institute of Volcanology and 
Seismology (IVS FEB RAS) participated in those field works. 
The main idea of the project is the determination of the amount of suspended sediments 
transported into the surrounding seas (the Bering Sea and the Sea of Okhotsk) and the Pacific 
Ocean by rivers in the Kamchatsky Krai. The ratio between potential sediment washout in the 
river basins and true sediment yield in their outlets will be estimated. 
The Kamchatsky Krai is a hydrologically poorly studied territory. The total suspended 
sediment yield of rivers in their outlets has never been studied. The interest in this research is 
also connected with the natural conditions in Kamchatka because a lot of active and extinct 
volcanoes are situated there. And they are the source of a huge amount of suspended 
sediments. 
The research will be concentrated on the estimation of the suspended-sediment yield of the 
rivers, including non-studied territories. The main sources of sediment inflow will be 
examined. The ratio between potential washout of sediments and its real values will be 
estimated. The research is based on field measurements, laboratory analysis of sediment 
samples, satellite-image analysis, and stationary observation data. A GIS project of the the 
distribution of suspended-sediment yield in the Kamchatsky Krai territory will be created. 
 
 
Middle-Late Pleistocene terrestrial palaeoenvironmental changes at the New Siberian 
Islands and Laptev Sea coast 
 
T. Kuznetsova, N. Prilepskaya, A. Felker 
Moscow State University, Moscow, Russia 
 
A multidisciplinary study of different sections on the New Siberian Islands and Laptev Sea 
coast provides the most complete record of the Middle and Late Pleistocene environment in 
the East Siberian Arctic. Compiling and synthesizing all received palaeoecological 
information and factors, we will determine the changes of the terrestrial ecosystem and reveal 
the time lags of the palaeoenvironmental changes of the different Laptev Sea regions. The 
main part of the material was collected during the Russian-German expeditions LENA 
DELTA and NEW SIBERIAN ISLANDS (1998-2007) with the active help of all team 
members. 
The m ain goal of the proposed project is to reconstruct terrestrial palaeoenvironmental 
changes of the Laptev Sea surroundings – the New Siberian Islands and the mainland during 
the end of the Middle Pleistocene and the beginning of the Late Pleistocene. It is based on 
high-resolution analyses of the Middle-Late Pleistocene spore-pollen and diatom 
assemblages, morphological investigations of the mammals combined with geological, 
geochronological and isotopic data. 
The research will be focused on: 
• reconstruction of the terrestrial ecosystems in different regions of the Laptev Sea sur-

roundings during the end of the Middle Pleistocene and the beginning of the Late 
Pleistocene; 
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• analysis of the dynamic palaeoenvironmental changes in different regions of the New 
Siberian Islands and the southeast coast of the Laptev Sea during the Middle-Late 
Pleistocene. 

All data on the Middle-Late Pleistocene reconstruction and the dynamic terrestrial 
palaeoenvironmental changes in this region are new. 
 
 
Investigations of fossilized organisms from modern sediments of high-latitude water 
bodies of Beringia (New Siberian Islands, Russia, and Bathurst Island, Nunavut, 
Canada) for identifying the leading environmental factors for palaeo-environmental 
reconstructions 
 
O. Palagushkina1, L. Syrykh2 

1Kazan State University, Kazan, Russia 
2Herzen State Pedagocial University, St. Petersburg, Russia 
 
Modern sediments of high-latitude water bodies of Beringia (New Siberian Islands, Russia 
and Bathurst Island, Nunavut, Canada) will be studied for diatom and chironomid 
assemblages with special emphasis on the specific ecological conditions and their influence 
on diatom flora and chironomid fauna. The results of this study will contribute to a calibration 
dataset and a transfer function for palaeoenvironmental reconstructions using diatoms and 
chironomids for a future monitoring study tracing general changes in lakes ecosystems 
development. 
Within the proposed project, the variations of the taxonomic composition of diatom and 
chironomid assemblages of modern sediments of high-latitude water bodies will be examined 
with respect to environmental gradients, and the type and morphological characteristics of the 
water bodies. A comparative analysis of diatom and chironomid compositions in the high-
latitude water bodies of the New Siberian Islands, Russia, and Bathurst Island, Nunavut, 
Canada, will refill regional databases. The proposed work is part of a multi-proxy study. 
 
 
The production-destruction characteristics of cryogenic shrub communities on the 
northern limit of the spread of northern taiga 
 
A. Pochikalov 
Moscow State University/Centre for Ecological and Productivity Research in Forests of the Russian Academy of 
Sciences, Moscow, Russia 
 
Our investigations are to be organized at our monitoring field station "Talnik" (Vorkuta, 
Centre for Ecological and Productivity Research in Forests of the Russian Academy of 
Sciences; 67°20'N, 64°44'E, 120 m a.s.l.). There we plan to proceed our long-term monitoring 
observations of permafrost active-layer thaw depth, soil temperatures, volumetric soil 
moisture, phytomass reserves and soil CO2-fluxes. Also we plan to resume the estimations of 
the C:N content (using OSL equipment for preparing and analyzing the samples) in above-
ground phytomass, different soil layers and decomposed tundra litter from litter-bags which 
we laid out in 2014. Thus, our study is one of the major phases of the research on south tundra 
sites. 
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New evidence of variability in species composition and biomass of polar phytoplankton: 
a case study in the Laptev Sea in autumn 2014 
 
Ye. Polyakova1, I. Kryukova2 

1Moscow State University, Moscow, Russia 
2P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
 
The present project is a logical continuation of our previous researches of the Laptev Sea 
phytoplankton for the autumnal seasons since 2008, which we carried out within the frame-
work of joint Russian-German multidisciplinary project "Laptev Sea System". The special 
intention of this study is to assess the influence of the environmental and biological factors on 
the structure and function of phytoplankton communities in the context of the ongoing 
environmental changes. The obtained results are expected to provide a large-scale and long-
term monitoring of the Arctic pelagic ecosystem. The focus of the proposed researches is the 
study of phytoplankton communities collected during the TRANSDRIFT XXII expedition to 
the Laptev Sea in September 2014. Specifically we aim to 1) characterize marine phytoplank-
ton regimes in the Laptev Sea in terms of algal abundance, biomass, community composition, 
and temporal and spatial distribution of phytoplankton assemblages, and 2) to assess the 
influence of abiotic factors on algal communities in the context of the ongoing environmental 
changes. 
 
 
Ultra-distal correlations of tephra layers across the Eurasian Arctic 
 
V. Ponomareva1, N. Bubenshchikova2, P. Vakhrameeva3 

1Institute of Volcanology and Seismology of the Far-Eastern Branch of the Russian Academy of Sciences, 
Petropavlovsk-Kamchatsky, Russia 

2P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
3St. Petersburg State University, St. Petersburg, Russia 
 
During explosive eruptions, tephra is transported over land and sea, and settles on the surface 
forming a marker layer, which may cover millions of square kilometers. Geochemical iden-
tification of an individual tephra in different sedimentary archives provides direct links 
between disparate stratigraphies and allows checking the synchronicity of their paleoenviron-
mental records. The goal of our interdisciplinary project is to explore the previously untapped 
potential of tephrochronology for correlating and dating various sediments in the Eurasian 
Arctic. We propose to extract tephra particles from a suite of terrestrial and marine cores 
along the Eurasian Arctic coast, from the White Sea in the west to the Chukchi Sea in the east, 
geochemically fingerprint the glasses and correlate those to their source volcanoes and to 
other paleoclimate archives. The tephra samples will be characterized with the help of 
electron-microprobe and single-shard LA-ICP-MS analysis in GEOMAR and Kiel University. 
Density separation, optical mineralogy and imaging of tephra particles will be performed in 
the OSL analytical lab. These data will be compared to our extensive database of tephra 
compositions from Kamchatka and the Kurile islands as well as to other available regional 
databases. This study will also allow evaluating eruption magnitudes and the frequency of 
volcanic impacts on the Arctic environment. 
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Holocene land-sea interactions in the Laptev Sea inferred from the inner shelf pollen 
records: implications for paleoreconstructions 
 
O. Rudenko, V. Enina 
Orel State University, Orel, Russia 
 
The peculiarities of marine fossil pollen and non-pollen palynomorphs (NPP) spectra in cores, 
which we had already studied within the framework of our previous OSL projects in 2013-
2014 (PS51/118-3, PS80/302, PS80/299, PS80/296), gave clear evidence for the Lena River 
runoff predominance over aeolian transportation in pollen transportation both onto the outer 
shelf and continental slope of the Laptev Sea. Therefore, using variations in the abundance 
and taxonomic composition of pollen and NPP from bottom sediments as a proxy, we aim 
now to reveal the climate-induced temporal variability in the Lena River (LR) discharge onto 
the Laptev Sea shelf during the Holocene along an "LR Delta – LR paleodelta – eastern 
Laptev Sea continental slope" transect. To fill the gap in data from the inner shelf, we plan to 
study for pollen and spores: 
• the AMS14C-dated cores PS51/80-13 (73.27'56N 131.38'0E), obtained east from LR Delta 

in 1998, and PM9482-2 (74.00N 128.11E), obtained just north from LR Delta from a depth 
of 21 and 27 m in 1994, respectively; 

• undisturbed surface sediments from a multicore, obtained during the TRANSDRIFT XXI 
expedition right in the LR paleovalley and outside in 2013, to enlarge the dataset and 
provide a more reliable actualistic basis for reconstructions.  

Besides, the response of coastal vegetation to climate changes will be reconstructed on a 
regional scale through biome curves and indices of moisture and heat supply inferred from 
pollen data. The "highlight" of the research is a high-resolution study combined with biome 
reconstructions inferred from marine pollen data from AMS14C-dated cores. 
 
 
Isotope and hydrochemical data in the study of climate change effects on runoff sources 
and flow pathways in continuous and discontinuous permafrost 
 
O. Semenova1, L. Lebedeva2, N. Nesterova3 

1State Hydrological Institute, St. Petersburg, Russia 
2 Melnikov Permafrost Institute of the Siberian Branch of the Russian Academy of Sciences, Yakutsk, Sakha 

Republic, Russia 
3St. Petersburg State University, St. Petersburg, Russia 
 
The hydrological response in permafrost regions is sensitive to the effects of climate 
warming, which may trigger pronounced changes in water-sources and runoff-pathways 
phenomena just by a slight additional ground heating. In this project based on laboratory 
analysis of watershed water samples and end-member mixing analysis we aim 
• to study the sources of river water and flow pathways under the changing climate for 

different permafrost environments; 
• to improve the hydrological model based on the results of water-origin and age assessment; 
• to make projections of possible transformations of permafrost-hydrology interactions in the 

future and their effects on Arctic terrestrial biogeochemical cycle. 
For the analysis, water samples of runoff, precipitation, and active layer will be collected in 
the field (Graviyka River, near Igarka and Shestakovka River, near Yakutsk) in the zones of 
discontinuous and continuous permafrost by the member of the project team who is currently 
working in the Melnikov Permafrost Institute in Yakutsk. We will use the facilities of the 
OSL for chemical analysis, which will allow examining the processes of storage and mixing 
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water in different compartments of permafrost watershed systems and evaluating their 
vulnerability to climate change. 
 
 
Aeolian matter in the environment of the White Sea coastal area 
 
D. Starodymova 
P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
 
I plan to study the role of aeolian transport of chemical elements and compounds (including 
black carbon, organic carbon and heavy metals) in the White Sea coast and catchment area. I 
would like to estimate the changes in delivery and accumulation of different types of par-
ticulate matter. 
My work will be focused on samples from the coast and catchment area of the White Sea. I 
plan to study the composition of aerosols, snow and lake sediment collected in the vicinity of 
the White Sea Biological Station of Moscow State University and in the Arkhangelsk Region. 
I will compare my results with my earlier data from the White Sea catchment area and with 
literature data from the other Arctic regions. Hence I plan to study the composition of aeolian 
matter in different compounds of the Arctic environment. 
This project could link Polar Regions and Coasts in a Changing Earth System, Land-Ocean 
Interactions in the Coastal Zone, Arctic Monitoring and Assessment Programme, and the Pan-
Eurasian Experiment with active Russian-German cooperation. 
 
 
Environmental variability in the eastern Fram Strait since early deglacial times 
 
E. Taldenkova, N. Chistyakova, Ya. Ovsepyan 
Moscow State University, Moscow, Russia 
 
The project is a prolongation of the high-resolution multi-proxy investigation of core 
MSM5/5-723-2 (79°09.66 N, 5°20.27 E, 1359 m water depth) from the western continental 
margin of Spitsbergen, which started in 2014. It deals with the reconstruction of the deglacial 
to Holocene environmental variability in the eastern Fram Strait in relation to the influence of 
Atlantic water, ice sheet decay and meltwater input, surface polar water distribution and sea-
ice cover shifts. In 2014 we obtained a continuous IRD record for the upper 677 cm of the 
core section, which allowed stratigraphically subdividing the deglacial part of the sequence 
that lacks sound AMS14C chronology, and we analyzed taxonomic composition of benthic 
foraminifers and ostracods from the early Holocene-deglacial section (200-677 cm) with 
10 cm resolution. The first results allowed for time-slice reconstruction of deglacial to early 
Holocene environmental changes based on correlation with the existing regional data. Our 
research is part of the ongoing investigation of lithology, planktic foraminifers, and bio-
markers carried out on this core by other research groups. In 2015 we plan to enlarge the 
resolution of benthic records (taxonomic composition of benthic foraminifers and ostracods, 
benthic isotope record on Cassidulina neoteretis) by investigating samples with 5-cm 
intervals, and to extend the records to the top of the core to cover the whole Holocene period 
and deglaciation back to Pre-Bølling times. Additional AMS14C datings of the deglacial part 
of the sediment sequence will help to develop a sound age model and to access the past 
environmental variability on a centennial to decadal timescale. 
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Climate change and zooplankton composition variations in freshwater Arctic lakes: 
current trends 
 
I. Zhulay 
St. Petersburg State University, St. Petersburg, Russia 
 
Zooplankton is especially sensitive and reactive to external perturbations and is a good 
indicator of environmental change, i.e. ,of the possible impacts of phenomena such as global 
warming. Recent climate warming is expected to support biological invasions. Southern 
pelagic species will shift northward with warm river waters, and are likely to compete with 
northern species. The expansion of the boreal species into the more northern areas in the 
Laptev Sea region is mostly caused by the increasing influence of Lena River runoff during 
the past decades. Due to river water, the zooplankton species composition is very changeable 
and may vary from year to year very strongly in the lakes of the Lena Delta. We plan to 
analyze and compare zooplankton diversity, ecology, population structure and phenology in 
the different lakes of Samoylov Island in 2013 (low spring water level) and 2014 (very high 
spring water level). Preliminary results confirm that the changes in the distribution and 
phenology of the pelagic fauna are faster and greater than those observed among other groups 
of water organisms. 
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Pseudocalanus minutus in the White Sea (taxonomy, distribution and ecology) 
Diploma thesis 
 
A. Abramova 
St. Petersburg State University, St. Petersburg, Russia 
 
Pseudocalanus species are one of the most dominant constituents of the zooplankton 
communities throughout the Northern Hemisphere and they play an important role in the 
marine food web. Despite its wide distribution and obvious ecological significance, the genus 
is taxonomically poorly defined. According to B. Frost's revision, it consists of seven 
morphologically very similar species, some of which co‐occur in certain habitats. Based on 
the literature data, there is only one Pseudocalanus species in the White Sea – P. minutus. 
However, there is permanent confusion in the identification of Pseudocalanus from this region 
to species level, and it was considered necessary to clear up the taxonomic status of its 
representatives. Our detailed taxonomic analysis of Pseudocalanus from the White Sea 
revealed the presence of two species – P. minutus and P. acuspes. The presence of P. acuspes 
was proved for this sea for the first time. The characteristics, proposed by B. Frost for 
distinguishing the Pseudocalanus species, can be well applied to distinguish between the 
White Sea specimens of P. minutus and P. acuspes. A key diagnostic characteristic is the P4 
coxopod to basipod ratio, which is more than 1.5 in P. minutus and less than 1.5 in P. 
acuspes. Additional characteristics are the size of spiniform processes on postero‐ventral 
margins of pedigerous somites 2 and 3, the prosome to urosome ratio, and the shape of 
cephalon in anterior lateral view. In females, a detailed morphological analysis of the oral 
parts did not reveal any differences between the species. 
 
 
Reconstruction of Late Quaternary sedimentary environments at the southern 
Mendeleev Ridge (Arctic Ocean) 
PhD thesis 
 
E. Bazhenova 
University of Bremen, Bremen, Germany 
 
The late Pleistocene history of the Arctic comprised cyclical changes in the extension of the 
land-based ice sheets and sea-ice cover which affected sedimentary the environments of the 
Arctic Ocean. This PhD thesis focuses on sediment records from the Mendeleev Ridge span-
ning the last 200 ka. Over this time period, variable sedimentation patterns were described 
and possible implications for the reconstruction of glacial/interglacial paleoenvironments 
were provided. One of the main goals of this study was to identify mineralogical and 
inorganic-geochemical tracers in marine sediments which could be used for discrimination of 
sediment provenance and consequently for the reconstruction of sediment pathways. 
In Chapter 5 the possibility of provenance discrimination based on bulk mineral composition 
of surface sediments is discussed. This study compares the results from two software 
packages, RockJock and QUAX, for the quantification of mineral assemblages from the X-
Ray diffraction (XRD) data. A comparison with published overviews on the mineral com-
position of Arctic Ocean surface sediments demonstrates that in provenance studies bulk 
mineral composition of sediments should be used along with other indicators for source areas. 
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In Chapter 6 the stratigraphy for 4 cores, recovered along a transect at ca. 77°36’N across the 
Mendeleev Ridge during the RV POLARSTERN expedition ARK-XXIII/3, was revised using 
paleomagnetic parameters (inclination, paleointensity) supported by AMS14C datings and 
micropaleontological evidence. Changes of sedimentary settings from the Mendeleev Ridge 
towards the East Siberian Sea margin were documented for the past 200 ka. As evidenced by 
grain-size and mineralogical data, there were several events of intensified sediment discharge 
at the Mendeleev Ridge possibly linked to paleoenvironmental changes in North America and 
Eurasia. 
Chapter 7 describes provenance studies using the isotopic composition of radiogenic lead (Pb) 
and neodymium (Nd) of the detrital fraction in core PS72/340-5 from the eastern flank of the 
Mendeleev Ridge. The obtained results were compared with marine surface sediment data and 
values for the circumarctic subaerial provinces. Late Quaternary sediment supply variability 
was analyzed using the mixing model constrained by two tracers: 207Pb/206Pb and εNd. Our 
results confirm that over the past 200 ka the dolomite-rich pink layers at the southern 
Mendeleev Ridge were deposited during events associated with intensified iceberg transport 
from North America. On the whole, sedimentation was mostly controlled by terrigenous input 
from the Chukchi and East Siberian seas whereas sediment supply from the Laptev Sea area 
remained less important and relatively constant at the studied location. 
 
 
Features of recent sedimentation in the East Siberian Sea 
PhD thesis 
 
A. Charkin 
V.I. Il'ichev Pacific Oceanological Institute of the Far Eastern Branch of the Russian Academy of Sciences, 
Vladivostok, Russia 
 
The shelf of the East Siberian Sea (ESS) is still unstudied from the viewpoint of litho-dyna-
mics and biogeochemistry of the sedimentation material. This work focuses on the East Sibe-
rian shelf, which receives substantial inputs of terrestrial organic matter both from the large 
Russian rivers and from eroding coastlines. At the same time, the sedimentation material is 
provided by various and powerful sources of allochthonous (terrigenous mineral and organic 
material from the river runoff and the alteration products of the ice complex) and autoch-
thonous origin (terrigenous material remobilized from the bottom and planktogenic material). 
The interannual variability of suspended particulate matter (SPM) and bottom sediment 
features is investigated based on oceanographic studies in the years of 2000 and 2003-2005. 
During the investigation period the variation of SPM amounted to 0.1-289 mg/l, particulate 
organic matter content (POC) to 1-49%, and δ13С to -32.4 to -21.2‰. The pool of terrigenous 
POC in the total organic carbon contribution (TOC) amounted to 99% (min=1%). The distri-
bution of values of these properties of the suspended material is extremely heterogeneous in 
interannual and spatial scales. Thus, in the waters of the shallow western part (WP) of the 
ESS, as compared to the eastern part (EP), SPM content and TOC was 5.5 and 4 times higher, 
respectively. The suspended matter of the EP was distinguished by its POC (5.5 times higher 
than in the WP), and also by the pool of the marine planktogenic carbon (2 times higher).  
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The processes of thermodenudation in cryolithozone and the dissolved organic matter as 
their indication 
PhD thesis 
 
Yu. Dvornikov 
Earth Cryosphere Institute RAS, Tyumen, Russia 
 
The past years have witnessed a strongly increasing influence of cryogenic processes on the 
topography of the Yamal Peninsula, which necessitates the development of methods for 
monitoring these processes. The current methods of field measurements and the comparison 
of the records with satellite images are very expensive due to the high costs both of the field 
works and high-resolution satellite imagery. Creating relatively reasonable methods for 
monitoring cryogenic processes and for other measurements, therefore, is of great importance. 
Lakes are natural reservoirs, in which material from the surrounding areas accumulates. The 
lakes of the Yamal Peninsula, therefore, are considered as useful indicators of changes in the 
surface that are caused by cryogenic processes and the dynamics of topography. 
One of the components of lake water is dissolved organic matter (DOM). The amount of 
allochthonous DOM depends on relatively stable and moderately changeable factors, as, for 
example, relief, and vegetation), as well as very active factors, in particular thermal erosion. 
There are several methods for studying DOM: field measurements, laboratory study, and 
remote sensing. Applying several methods in the same study allows using DOM for a 
quantitative assessment of thermal erosion. 
Thermal erosion and the formation rate of thermocirques are georisks and monitoring with 
remote sensing significantly improves the possibility of  assessment and prevention. Our 
study aims to establish the link between the formation of thermal erosion processes and the 
concentration of DOM in the lake water and to assess in how far this factor is influenced by 
climate changes, the vegetation cover, and the geomorphology and morphometric features of 
the lake basins.   
 
 
Constructing optimal ensemble climate projection for the regional assessment 
assessment of regional climate change impacts in Russia 
Diploma thesis 
 
V. Kokorev 
St. Petersburg State University, St. Petersburg, Russia 
 
Mathematical models have been used extensively to assess the impacts of meteorological 
factors and climate change on the environment. Examples of such studies for Northern Eura-
sia include, but are not limited to, the evaluation of agroclimatic parameters, distribution of 
vegetation, river runoff, and state and distribution of permafrost. Results differ substantially 
due to uncertainties in the forcing data, particularly with respect to data projected for the 
future climate. This study is aimed at the evaluation of the quality of Global Climate Model 
(GCM)-based climatic projections in the specific context of predictive environmental model-
ling in Northern Eurasia. To accomplish this task, we used the output from 21 GCMs from the 
IPCC AR-4 data base for the control period of 1960-1999 and calculated several climatic 
characteristics and indices that are most often used in the impact models, i. e., the summer 
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warmth index, duration of the vegetation growth period, precipitation sums, dryness index, 
thawing degree-day sums, and the annual temperature amplitude. The results were compared 
with observations at Russian weather stations to evaluate the skills of the individual models 
and to rank them in the specific context of predictive regional environmental modeling. 
Ultimately, we identified top-end models that “better than average” reproduce the behavior of 
the selected meteorological parameters and climatic indices and eliminated the outliers. 
Selected climatic models with “better than average” skills were used to compose several en-
sembles, each combining results from the different number of GCMs. The ensembles were 
ranked using the same algorithm, and outliers were eliminated. We then used data from top-
end ensembles for the 2000-2100 period to construct climatic projections that are likely to be 
“better than average” in predicting climatic parameters that govern the state of environment in 
Northern Eurasia. These projections were used as input to several impact models for predict-
ing the shifts in bioclimatic zones and changes in the distribution, temperature, and seasonal 
thaw depth of permafrost.   
The ultimate conclusions of our study are the following.  
• high-end GCMs that demonstrate excellent skills in conventional atmospheric model inter-

comparison experiments are not necessarily the best in replicating climatic characteristics 
that govern the state of environment in Northern Eurasia, and independent model eva-
luation based on the specific criteria is necessary to identify “better than average” GCMs; 

• each of the ensembles combining results from several “better than average” models repli-
cate selected meteorological parameters and climatic indices better than any single GCM. 
The ensemble skills are parameter-specific and depend on the models the ensemble con-
sists of. The best results are not necessarily those based on the ensemble comprised by all 
“better than average” models; 

• comprehensive evaluation of climatic scenarios, using specific criteria, narrows the range 
of uncertainties in environmental projections. 

 
 
Suspended-matter transport of the rivers of the Kamchatka region 
PhD thesis 
 
L. Kuksina 
Moscow State University 
 
We investigated the spatial-temporal regularities of the variability of suspended-matter trans-
port of the rivers in the Kamchatka region. 
The variations of suspended-matter transport of the Kamchatka rivers are determined mainly 
by the diversity of climatic conditions in this region. Given the regional variations in litholo-
gy, topography, soil, vegetation, hydrological factors,  and the local influence of anthropoge-
nic activities, the varying quality and amount of precipitation (in the form of snow and rain), 
the intensity of its accumulation, and the differences in the depth of permafrost soil cause a 
peculiar long-term regime of suspended-matter flux. This is also linked to the volcanic 
activity in this region, which is a source of mineral-particle input into the water bodies of this 
area. The input of unconsolidated volcanic material determines the peculiarities of the 
suspended-matter transport – the rivers in volcanic territories are characterized by maximum 
values of turbidity and suspended-matter runoff in the Kamchatka region. 
We determined areas with mainly similar conditions for the formation and variability of 
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suspended-matter flux of the Kamchatka rivers. New maps (as compared to those of the 
1970s) of average long-term turbidity and suspended-matter flux were obtained. They show 
18 regions with a characteristic range of variability of these parameters of matter flux. They 
correspond to the variability of average long-term turbidity in the range of less than 10 g/m3 
up to 1,000 g/m3 and more. There are only 13 areas with relatively similar values of sus-
pended-matter flux. The spatial variability of the investigated values ranges from 5-10 t/km2 
up to 500 t/km2 and more. 
Suspended-matter flux is only part of the total erosion in catchment areas. In order to estimate 
the interrelation between matter flux and the amount of erosion in catchment areas, we 
estimated the potential erosion, using the Wischmeier-Smith equation. The results were used 
for a comparison with the matter flux at locations of hydrological monitoring. It was shown 
that the coefficient of the export of matter varies from less than 1% to 80% of the volume of 
potential erosion. All other products of erosion by water re-settle along their pathways to the 
receiving water bodies. The minimum values of the export coefficient are characterized for 
rivers, influenced by ash input in the areas of active volcanic activity. 
 
 
Cladoceran communities of Faddeevsky Peninsula (New Siberian Islands) 
Diploma thesis 
 
A. Mukhametshina 
Kazan State University, Kazan, Russia 
 
Cladocera are small planktic invertebrates of the phylum of Branchiopoda (Szeroszynska, 
2007). Recently, their fossilized remains have been used successfully as indicator groups in 
paleoecology and paleolimnology, as well as in terms of the paleoreconstruction. Arctic 
research is of great importance in the scientific and economic field. The climatic changes that 
occurred in the past decade have prompted a lot of scientific debates, coupled with the 
importance of human impact on this process. The New Siberian Islands are eroding rapidly – 
the shoreline in some places loses 10 m and sometimes 30 m a year. The aim of this study is a 
qualitative and quantitative assessment of the composition of this group of organisms and the 
formation of ideas about the species richness of the studied waterbody, and environmental 
and climate change in the region for a certain period of time. Due to poor knowledge of the 
reservoirs, the hydro-biological indicators are of particular interest. Based on this goal, we 
obtained a  concept of the changing structure of the Cladocera community, and found domi-
nant and rare species. The relative number of taxa such as Alona affinis, Chydorus sphaericus, 
and Acroperus harpae is higher than that of other taxa. Among subdominants may be 
mentioned Alonella excise, Bosmina sp., Eurycercus sp., and the Daphnia pulex group. Rarely 
found were Alona quadrangularis and Graptoleberis testudinaria. Littoral species of 
Holarctic and Cosmopolitan distribution dominated. In the past 100 years a change of the 
community in which Chydorus sphaericus prevails for a community in which Alona affinis 
and Acroperus harpae prevail was observed. This change is undoubtedly due to the 
fluctuations of the climatic and environmental parameters. 
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Simulation and prediction of changes in the hydrological regime in unsteady 
environmental conditions in the Russian permafrost zone 
Bachelor thesis 
 
N. Nesterova 
St. Petersburg State University, St. Petersburg, Russia 
 
The aim of the works is to model and project changes of the hydrological regime in a non-sta-
tionary environment in the permafrost zone. Two watersheds of different areas were selected 
as the objects of study: the Suntar River basin (7,680 km2) and the Sakharyniya River basin 
(84.4 km2). The Hydrograph model was used in the study as it explicitly describes hydro-
logical processes in different permafrost environments. Based on the observations (meteorolo-
gical data, ground temperature at various depths, soil profile descriptions, characteristics of 
vegetation, snow measurements, etc.) the model parameters were verified for four main land-
scapes of the studied watersheds. At the first step, simulations of individual processes, such as 
snow formation and melting, soil thaw/freeze and evaporation for the Suntar-Hayata site were 
conducted. The modeling results were considered satisfactory. Runoff modelling was carried 
out for several time periods depending on the availability of meteorological data. The results 
were also considered satisfactory. The Nash-Sutcliffe criterion reaches 0.9 in selected years. 
Insufficiency of precipitation data is considered as the main reason for discrepancies between 
the observed and the simulated flow. The developed conceptual climate-change scenarios 
were used for calculations of flow characteristics in a changing environment. Increased air 
temperatures and rainfall increase the active-layer thickness and river flow. 
 
 
Zooplankton communities of Arctic tundra lakes of the north of Sakha Rebuplic 
(Yakutia) 
Master thesis 
 
G. Nigamatzyanova 
Kazan State University, Kazan, Russia 
 
This master's thesis is devoted to the study of structural and quantitative characteristics of 
zooplankton communities of different types of water bodies of the Northern part of the Re-
public of Sakha (Yakutia). In work the analysis of morphological, hydrochemical and hydro-
biological characteristics of the studied water objects, the assessment of species composition 
and quantitative characteristics, zoogeographical structure of zooplankton, the analysis of eco-
logical and faunistic features of the dominant species, comparative analysis of zooplankton 
communities in aquatic object, and assessment of water quality in the studied  
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Correlation of paleoceanographic events between high and low latitudes in the Pacific 
Ocean over the last glacial-interglacial cycles 
PhD thesis 
 
E. Ovsepyan 
P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia 
 
The aim of the PhD thesis is to correlate paleoceanographic events in the Subarctic (Bering 
Sea) and Eastern Equatorial (EEP) Pacific over the last glacial-interglacial cycles. The short- 
and long-term variability of sea-surface bioproductivity, intermediate-water oxygenation and  
sea-ice conditions are inferred from the high-resolution multi-proxy study based on benthic  
foraminiferal (BF) assemblages and sedimentary record of the 18-m-long core SO201-2-
85KL (Western Bering Sea), which recovered the past 180 kyr. Early MIS 6 is characterized 
by a very low bioproductivity, moderate bottom-water oxygenation, and expanded seasonal 
sea-ice conditions. Several short-term events of enhanced sea-surface bioproductivity are 
detected at the middle MIS 6, which might be related to the retreat of the sea-ice margin 
northward due to decrease in seasonality. Strong dissolution of calcareous microfossils is 
revealed for MIS 5.5-5.1 when the Bering Strait was open. The dissolution might be caused 
by an excess of carbon dioxide in the bottom-water due to both abundant organic-matter 
decay and influence of the old CO2-rich deep water. MIS 4 – early Termination I is character-
ized by a dominance of glacial BF assemblages, which implies low bioproductivity condi-
tions, moderate bottom-water oxygenation and intensive sea-ice rafting. The well-known 
productivity spikes and corresponding weakening of the bottom-water oxygenation are recon-
structed for the Bølling/Allerød and Early Holocene intervals, which might be caused by an 
intensified advection of nutrients by the surface currents from the gradually flooded 
northeastern Bering Sea shelf during the glacio-eustatic sea-level rise. The second part of the 
PhD thesis is focused on the multi-proxy study of the IMAGES giant Core MD02-2529 from 
the Eastern Equatorial Pacific. The correlation of reconstructed paleoceanographic conditions 
in the Subarctic and Equatorial Pacific, supported by the available published data, allowed the 
author to identify synchronous intensification of calcareous microfossils dissolution during 
MIS 5.4-5.4, most likely related to a strong influence of corrosive bottom water of mainly 
Southern origin. A simultaneous increase in sea-surface bioproductivity during the Heinrich 1 
interval in both regions might be explained by enhanced upwelling of nutrient-rich bottom 
waters formed in the Southern Ocean. A synchronous increase in bottom-water oxygenation 
during the several short-term intervals during the late MIS 6 seems to be related to expansion 
of oxygen-rich intermediate water mass from the Subarctic Pacific. 
 
 
Late Quaternary Foraminifera of the Laptev Sea and paleoecology-based 
reconstructions of past environmental changes 
PhD thesis 
 
Ya. Ovsepyan 
Moscow State University, Moscow, Russia 
 
The thesis deals with the study of modern and fossil foraminifers from the Laptev Sea 
sediments and subsequent reconstruction of the Late Pleistocene through Holocene history of 
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the basin. The following tasks were set: 
• compilation of a database on the distribution of modern foraminifers in the Laptev Sea 

surface sediments in order to determine ecological preferences of single species and 
species groups; 

• detailed description of fossil foraminferal assemblages from marine sediment cores and 
application of paleoecological and statistical approaches for distinguishing periods of past 
environmental changes in different parts of the Laptev Sea; 

• correlation of the data based on foraminifera with published data on other groups of 
microfossils from the same sections in order to enhance the reliability of paleo-
environmental reconstructions; 

• reconstruction of past environmental changes in the sea (productivity, temperature and 
salinity, ice conditions, influence of river runoff and different currents) in the context of 
general climate variability in the Arctic during the past 17.6 kyrs; 

• revision of the paleoecologically significant Arctic foraminiferal species Islandiella 
norcrossi (Cushman, 1933). 

The obtained results led to the following conclusions: 
• benthic calcareous foraminifers from the Laptev Sea surface sediments form three 

ecological groups of species in relation to changes in water depth and river runoff 
influence: (1) species of the freshened inner shelf, (2) species of the middle shelf with 
minor river-runoff influence, (3) species of the outer shelf and upper continental slope with 
normal marine salinity; 

• the postglacial history of the western Laptev Sea continental slope, reconstructed from the 
records of core PS51/154-11, could be subdivided into 6 major periods: (1) 14.7-
17.6 cal.ka – early deglacial cold-water environment with heavy sea-ice conditions, (2) 
13.2-14.7 cal.ka – surface water warming, decrease in sea-ice cover extent, enhanced flu-
vial influence during the Bølling-Allerød interstadial, (3) 12.0-13.2 cal.ka – freshening and 
cooling event of the early Younger Dryas epoch, (4) 10.2-12.0 cal.ka – climate warming 
and sea-ice retreat at the Pleistocene-Holocene boundary accompanied by active flooding 
of outer and middle shelf, (5) 5.4-10.2 cal.ka – maximum surface water warming and mini-
mal seasonal sea-ice extent during the Holocene climatic optimum, (6) 0.6-5.4 cal.ka – 
establishment of modern conditions, climate cooling, and increase in sea-ice cover extent 
during the second half of the Holocene; 

• variability in the representation of planktic foraminifers and the benthic index species 
Cassidulina neoteretis allowed identifying periods of enhanced Atlantic-derived water 
inflow: 12.0-14.7 and 0.6-5.4 ka; 

• on the middle and outer Laptev Sea shelf, fossil foraminiferal assemblages replace each 
other in accordance with the stages of postglacial transgression and specific water depths 
of studied core sites. The estuarine assemblage, occurring in the sediments dated back to 
10.7-12.4 cal.ka, corresponded to the early stage of shelf flooding, the shallow-water 
assemblage corresponded to the second stage of shelf flooding 9.2-11.8 cal.ka, and the 
middle-shelf assemblage of the third stage of shelf flooding occurred on the outer shelf 
7.3-10.2 cal.ka when it was replaced by the modern-like assemblage whereas on the 
middle shelf it has existed since 9.6 cal.ka. The foraminiferal assemblage from the inner 
shelf cores corresponds to the modern assemblage, and subtle variations in its species 
composition reflect changes in the intensity of estuarine circulation on the shelf. 
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The Evolution of vegetation coast of the Barents Sea in the Holocene 
Diploma thesis 
 
N. Petrova 
Orel State University, Orel, Russia 
 
The thesis is a synthesis of literary materials and practical findings in pollen analysis of 
bottom sediments of the Barents Sea. The data, obtained by spore-pollen analysis, provide the 
opportunity to analyze the natural process in the Holocene and can later be used to predict and 
correlate natural phenomena occurring not only in the study region, but also the world at 
large. 
The object of the study were the sediments of the southeastern part of the Barents Sea, studied 
for microfossil spores and pollen. The main objective was to determine the stratigraphy of 
Upper Cenozoic deposits on the southern Novaya Zemlya shelf by pollen analysis. The 
following tasks were carried out: 
• investigating the physiographic features of the study area; 
• investigating the characteristics of a natural process in the global, regional (Arctic) and 

local (Barents Sea region) levels; 
• sample preparation of 79 samples for the spore-pollen analysis (we used the technique of 

maceration of V.P. Grichuk); 
• calculating "densities" of major biomes according to spore-pollen spectra with 

biomization; 
• calculating heat and moisture for the period of precipitation with the Pollen Index; 
• describing the stratigraphy of the Holocene sediments; 
• reconstructimg the history of vegetation at the coast of the southeastern Barents Sea during 

the Holocene;  
• reconstructing major climatic events in the region; 
• preparing guidelines and creating a geography lesson on the topic of "Natural areas" for 

secondary school. 
 
 
Development of recommendations to reduce the acoustic influence of civil aviation on 
the population of aerodrome territories 
Diploma thesis 
 
D. Portnova 
St. Petersburg State University, St. Petersburg, Russia 
 
Air traffic intensification as well as aging of aircrafts and city growth significantly increase 
the problem of excessive noise nuisance through civil aviation. The aim of the graduation 
project is to develop recommendations to reduce the acoustic impact of civil aviation on the 
population of aerodrome territories. The goals of the project were: 
• to analyze the acoustic impact of civil aviation on the population of aerodrome territories; 
• to develop an expert decision-making support system on the reduction of noise levels; 
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• to make recommendations for reducing the acoustic influence of civil aviation. 
The problem of excessive noise nuisance of civil aviation is of very daunting character due to 
the absence of accurate solving algorithm. The present state of the problem is the following: 
• double standards of allowed noise levels; 
• disregard of the building legislation; 
• inaccuracy of calculative noise-level methodics; 
• impossibility of health risk assessment. 
Following the algorithm of data collection, given in the structure of the expert decision-
making support system and taking into account the basic ICAO, recommendations will 
provide reasonable decisions on the reduction of noise levels near a particular airdrome. 
 
 
Mathematical modeling of permafrost–atmosphere interaction 
PhD thesis 
 
I. Sudakov 
St. Petersburg State University, St. Petersburg, Russia 
 
In my Ph.D. thesis I applied the methods of dynamical-system theory and phase-transition 
theory to investigate permafrost-related climate tipping points. I have suggested a nonlinear 
model for phase transitions in permafrost lakes (based on the Ginzburg-Landau theory). I 
have applied this nonlinear model to study abrupt permafrost methane emission. Moreover, I 
have found new bifurcation regimes of atmospheric dynamics related to greenhouse-gas 
emission and radiative effects (based on the modified Rayleigh–Bénard problem for the 
planetary atmosphere). 
 
 
The evolution of the organic matter of rocks during the formation of higher 
anthraxolites (on example of high-carbon rock of Lyudikoviy age, Onega structure, 
Karelia) 
Bachelor thesis 
 
I. Valdaev 
St. Petersburg State University, St. Petersburg, Russia 
 
Anthraxolite is a group name for the solid anthracite-like bitumen which has a high degree of 
metamorphism. Anthraxolite is fragile black shiny material, not soluble in organic solvents. In 
this work, we studied the chemical and isotopic compositions of anthraxolite selected in the 
Onega structure, Karelia. We propose models describing the possible mechanisms of their 
formation. 
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Late Quaternary sedimentation on the Mendeleev Ridge (Arctic Ocean) 
Bachelor thesis 
 
E. Voronovich 
St. Petersburg State University, St. Petersburg, Russia 
 
Late Quaternary history of the Arctic Ocean includes glacial times alternating with 
interglacial and intermediate deglaciation periods. These changes in climatic conditions are 
reflected in the characteristics of the Arctic Ocean sediments. The study of marine sediments 
in the basin is important for the reconstruction of depositional mechanisms and 
paleogeographic environments. 
This study aims to reconstruct depositional environments on the slopes of the Mendeleev 
Ridge. The objectives of this work are to investigate  
• sedimentation modes (gravity flows versus normal pelagic sedimentation) and their change 

over time; 
• stability/instability of sedimentation through a study of the structure of fractional 

precipitation.  
This study is based on statistical processing of the grain-size and mineralogical data obtained 
for several sediment cores. 
 
 
Structural features of microbial communities of cryogenic soils in natural and disturbed 
status 
Master thesis 
 
E. Vorozhtsova 
Siberian State University, Krasnoyarsk, Russia 
 
The restoration of the North Siberian territories, where deposits of natural resources are 
concentrated, leads to an increase in cases of fires in this territory. No irreversible changes 
happen, but physico-chemical indices change, and they cause a lot of changes in the  
functioning of microbal communities of post-fire soils. 
The researches were carried out in cryogenic soils in larch forests of Central Evenkia. The 
subjects of our research were burnt 3-, 15- and 18-year-old sites, which formed after lower 
fires, and appropriate control plots as well as test plots on slopes of southern and northern 
exposition. The mineral soil layers of 0-5 and 5-10 cm depth and litter (moss and lichen 
sinusia) were examined. 
According to the researches oligotrophic and copyotrophic groups of microorganisms 
predominated in the structure of all microbocoenoses of the cryogenic soils of this region. 
Mineralization processes proceeded more intensively in the upper mineral layer because 
organic matter was washed out from the litter. This occurred as a result of the changing 
hydrothermic conditions after the fire, which caused more intensive melting of the seasonally 
melting horizon. Oligotrophic coefficients increased after the fire and progressed eventually. 
The value of the microbial metabolic coefficient showed a high level of disturbance of the 
microbial communities' ecological-trophical state, therefore, only a small part of the microbial 
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communities was active.  
The comparison of all microbial indices of inviolate and disturbed soils in Central Evenkia 
allowed assuming that the main part of the microbial biomass of the investigated soils were 
psychrotolerant species which were incapable of switching to the development of r-selected 
species when favorable conditions arose.   
 
 
Postglacial history of vegetation changes in the Laptev Sea region 
Diploma thesis 
 
V. Yenina 
Orel State University, Orel, Russia 
 
The thesis presents environmental paleoreconstructions for the Laptev Sea region since the 
beginning of the Holocene based on both published data and new pollen records from the 
shelf and continental slope of the Laptev Sea. The motivation was to evaluate the potential of 
pollen data from marine sediment cores in providing reliable information on climatic 
variability and related changes of coastal vegetation during the Holocene using biome 
reconstructions and calculation of pollen indices of heat and moisture supply according to the 
method described in detail in Demske et al. (Demske, D., Heumann, G., Granoszewski, W., 
Nita, M. Mamakowa, K., Tarasov, P.E. and Obeharnsli, H., 2005. Late glacial and Holocene 
vegetation and regional climate variability evidenced in high-resolution pollen records from 
Lake Baikal. Global and Planetary Change, 46: pp. 255–279). The biome-taxa matrix, 
successfully validated using modern pollen vegetation data from the Laptev Sea region, was 
also applied in the study. 
The first chapter comprises a brief description of the Laptev Sea modern environments, 
including bottom relief, geological structure, hydrological conditions and water masses as 
well as the peculiarities of the coastal plant cover. The specific features of the Holocene as the 
youngest period of the Earth’s geologic history are featured in the second chapter. A brief 
overview of applied methods can also be found in this chapter. Both the peculiarities of 
marine pollen spectra from surface sediments of the outer shelf and continental slope layer 
and variability of moisture and heat supply available for coastal plants as reflected in pollen 
indices are discussed in the third chapter. In the fourth chapter, the regional history of 
palaeoenvironmental change is interpreted for the past 10.8 cal. ka using pollen counts and 
variations in concentration of pollen and non-pollen palynomorphs from 844-cm long kasten 
core PS51/118-3 from the uppermost slope of the eastern Laptev Sea shelf edge.  
 
 
Low-diversity foraminiferal assemblages in the Great Siberian River mouths 
Master thesis 
 
A. Yudina 
St. Petersburg State University, St. Petersburg, Russia 
 
Benthic foraminifera are abundant and diverse in all marine habitats. But desalinated water of 
estuaries is a marginal habitat for them. We study foraminiferal fauna of estuaries to figure 
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out how a community of foraminifera is organized in this kind of biotope. The aim of our 
work is to understand whether the mosaic distribution of the dominant species in the estuarine 
areas of the Ob, Yenisei and Lena are stable over time or not. We examined seven sediment 
cores, which were taken from stations in the estuaries of the rivers Ob, Yenisei and Lena. 
Foraminiferal fauna, except Elphidium albiumbilicatum, in the studied area is represented by 
common species of the Arctic shelf. E. albiumbilicatum usually occurs in the intertidal and 
upper subtidal zone in the seas of northern Europe. There is only one known population in the 
high Arctic of E. albiumbilicatum from the estuary of Yenisei. What limits the range of this 
species in the Arctic is unknown. Community of foraminifera from the estuarine areas are 
characterized by low species richness and lower taxonomic alignment. The main dominant 
species are Haynesina orbiculare and Elphidium excavatum. We found that the dominant 
foraminifera are almost unchanged with the time scale of years or decades. That means the 
spatial mosaic of modern distribution of dominate species is stable in estuarine areas on the 
time scale of years or even decades. 
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SUBSTANTIAL FLOWS TRANSFORMATION PROCESSES IN THE LENA RIVER 
DELTA 
 
N. Alekseevsky1, A. Chetverova2, L. Kuksina1 
1Moscow State University, Moscow, Russia 
2St. Petersburg State University, St. Petersburg, Russia 

 
Introduction 
All river flow components (water flow, sediment yield, dissolved substances, living material, 
heat) are transformed in river deltas. This is connected with continual channel bifurcation into 
smaller streams. The description of these changes under the conditions of flow deconcentra-
tion is complicated by the absence of observations in most parts of the delta channels. In these 
conditions the role of structural approaches to study substantial flow transformations, methods 
of indicative hydrology, analysis of processes taking into account conventional order changes 
increases. On this basis the scale effects of changes of hydrographic, hydrological and mor-
phodynamic characteristics of unstudied rivers can be revealed, and the degree of substantial 
flow transformations from the base of the Lena Delta to its sea edge can be estimated.        
The project objective is to estimate the degree of substantial flow transformation in conditions 
of delta flow deconcentration, to develop techniques for determining flow characteristics and 
processes for unstudied channels on the basis of satellite images. To reach the goal we have to 
• implement a spatio-temporal analysis of water flow, dissolved substances and water 

temperature distribution on the basis of data from satellite images with high resolution – 
Landsat, Spot-4 (period of 2007-2011); 

• collect and process the observation data in the studied channels of the delta; 
• carry out laboratory analysis of water samples, suspended sediments and bed load; 
• reveal correlations between hydrological data on studied channels and determining factors;    
• create the GIS-project “The Lena River Delta”, containing thematic maps, characterizing 

the processes of the transformation of river flow components.   
 
Research activities 
The objectives were solved on the basis of river flow genetic analysis in river deltas, 
hydrological river flow study, channel deformation, statistical methods, methods of indicative 
hydrology, GIS techniques, and analysis of satellite images data with high resolution. The 
scientific conception of the project is based on the substantial flows and energy 
transformation theory in arborescent river networks. The characteristics of substantial flows in 
systems deltoid channels were determined on the basis of pioneering work in the field of flow 
deconcentration in channel and deltoid branching (Alekseevsky & Chalov, 2009; Alekseevsky 
et al., 2012). These changes depend on longitudinal and cross water flow deconcentration. 
The characteristics of the deltoid branch structure were calculated and used for estimation of 
substantial flows transformation scales. On the basis of satellite-image decoding during the 
low-water period, the number of streams forming the delta channel network and their 
conventional orders (depending on water content and deltoid channels width) were 
determined. Water flow changes in the studied deltoid channels and in the head of the delta 
were estimated for a long-term period on the basis of the observed data and previous studies. 
The relations between deltoid channel width and water discharges were studied. This correla-
tion is necessary for solving the inverse problem of water content estimation in unstudied 
channels with widths known from satellite-image processing. The genetic linkage of data to 
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the phases of the water regime and to deltoid streams in the process of disappearance or 
activation or in a stable phase was carried out. The changes in grain-size of mineral particles 
in the deltoid channels in various distances from the head of the delta was analyzed. 
The multi-zonal images Landsat 5 and Landsat 7 were used for the analysis of flow 
deconcentration processes in the Lena Delta during past 10 years (15 images). We used 
images from the web-interface of the US Geological Survey satellite images archive 
(http://earthexplorer.usgs.gov). On the Geoportal of MSU SPOT 2/4 and SPOT 5, images 
were selected for the period of past three years (10 images). The main part of the selected 
satellite images characterize the Lena Delta in May-July, i.e., during the flood period.      
The non-channel flow distribution on the Lena Delta surface during the flood period was 
studied on the basis of satellite-image decommutation. An uncontrolled classification of 
multi-channel images with subsequent automatic land and water pixel vectorization was 
implemented. After that the vectorial layers were processed with the special programs of 
MultiSpec, ScanMagic and Scanex Image Processor.       
The content of various chemical elements in water, bed load and suspended sediments was es-
timated on the basis of published materials and results of analysis of samples from the expe-
ditions “Lena-2010” and “Lena-2011”. These samples were processed in the OSL and AWI.  
The concentration of major ions in the water samples was estimated with the ion-chromic 
method on a 761 Compact IC Metrohm instrument. The concentration of biogenic elements 
will be assessed on the automatic analyzer (SAN++, Skalar) in the OSL. Grain-size analysis 
of the bed load columns was carried out on a SediGraph 5100, Micromeritics. The 
concentrations of organic carbon and total carbon (TOC, TC) and also of total nitrogen and 
sulphur (TN, TS) were measured with the C/N/S analyzer Vario EL III, Elementar in the 
OSL. The geochemical analysis of the bed load was carried out on an atomic emission 
spectrometer with inductively bound plasma (CIROS VISION ICP-OES, Spectro), which 
allows measuring the concentration of petrogenic elements, microelements and heavy metals. 
 
Results 
The scientific concept of substantial flow transformation in the system of deltoid channels in 
the Lena Delta was implemented. It is based on determination of conventional orders, which 
are a dimensionless criterion of water content in river channels, and average water discharge, 
sediment yield, dissolved substances, and water temperature in deltoid branches depend on it. 
Conventional orders provide the opportunity to compare separate stream systems in the Lena 
Delta. Similarity criteria of these systems were compared under the conditions of longitudinal 
deconcentration of the water flow. To get them for the actual system ,the difference was 
determined:     

∆N=Nsh–Nmу,i , 
where Nsh is order in the head of the delta, Nmy,i is the minimum conventional order of 
stream appearing during continual division of the channel into smaller branches. For the Lena 
Delta it is equal to 9. The difference ∆N depends on river size. It increases with the growth of 
Nsh. That is why, to compare deltoid branching, the difference ∆N was standardized: 

∆N1= ∆N/Nsh. 
Two systems of branches are similar, if ∆N1 = const for them. 
Criteria of flow deconcentration in the systems of the Bykovsky, Oleneksky, Trofimovsky, 
Tumatsky and Sardakhsky channels are equal to 0.36, 0.28, 0.38, 0.31, and 0.46, respectively. 
That means that the maximum deconcentration in the Lena River occurs to the direction of the 
Sardakhsky channel. On the contrary, it is least along the length of the Oleneksky and 
Tumatsky channels. The Bykovsky and Trofimovsky channels are characterized by average 
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conditions of water flow deconcentration. For the whole delta ∆N1 = 0.48. 
Water flow in the head of delta and in its branches depends on long-term fluctuations of credit 
and debit components of the Lena River water balance. These fluctuations can be revealed on 
the basis of difference-integral flow-curve analysis:    

𝑆! = 𝐾! − 1 ,
!

!!!

 

where 𝐾 is the modular ratio, 𝐾! =
!!
!!
,  𝑄! is the average value for the observation period, and 

𝑆! is the curve of flow accumulation in oblique coordinates with the scale 𝑄! = 1. The sum of 
positive values of the difference 𝐾! − 1  corresponds to heightened water flow, and the sum 
of negative values to low water flow. If the difference is equal to zero for some time period, 
the average value of flow in this period coincides with the average water discharge during the 
whole observation period.  
The analysis of the St function for the head of the delta and main channels showed that long-
term flow fluctuations in the Lena River delta head (station of Kyusyur) and in the main 
channels are synchronous. Water flow fluctuations are characterized by three large cycles: a 
low-water period (1938-1957), an average-water period (1958-1987), and a high-water period 
(1988-2006). Within the large-scale cycles of flow fluctuations there are phases of heightened 
and low water content which are of shorter duration. For instance, the average-water period 
(1958-1987) includes three high-water, three low-water and four average-water phases.    
According to B.D. Zaykov's classification (Zaykov, 1946) the Lena River regime is of the 
eastern Siberian water regime type. It is characterized by a high flood period, summer-fall 
flash floods (during these periods about 90% of the river annual flow is discharged), and low 
winter flow (Fig. 1a).   

 
Fig. 1: Flow distribution in the Lena River, station of Kyusyur: а) hydrograph in 1999; b) water flow distribution 
during various water content periods; c) temporal variability of water flow distribution within the year; d) sus-
pended sediment yield distribution within the year for a long-term period. 
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During high-water periods winter flow (January-April, November-December) is higher than 
the winter flow in the average-water period by 20-30%. The flow of the month (June) with 
maximum flow is only 2-3% higher. The low-water period is characterized by lower flow (in 
comparison with average-water period) during all months of the year (Fig. 1b). 
Flow distribution within the year changed in the period from 1935 to 2006 due to a 
continuous increase in winter flow. Thus, the water flow in some months of 1991-2006 
increased by 20-50% in comparison with 1935-1970 (Fig. 1c).  
Cyclicity also characterizes the fluctuations of suspended sediment yield. Average annual 
changes of suspended sediment yield in the Lena River (station of Kyusy) and in the main 
channels are synchronous. An exception is the Oleneksky Channel, where in the period from 
1981 to 1996 sediment yield fluctuations are asynchronous to its change in the head of delta 
and in other deltoid channels. The sediment yield fluctuations in the head of delta show two 
periods: with low suspended sediment yield (1967-1987) and with a heightened one (1988-
2004). A comparison of low and heightened water flow and sediment yield periods shows that 
they are of different duration. This fact indicates significant water turbidity fluctuations and 
their influence on changes of the suspended sediment yield. A definite trend of increase or 
decrease in average monthly suspended sediment yield in 1960-2005 could not be found.  
The analysis of annual sediment yield distribution indicates that the main part of suspended 
material (>90%) comes to the delta during the flood period and summer-fall flash floods (Fig. 
1d). 
The analysis of maps and satellite images helped us to ascertain that the spatial extent of 
flooding of the delta during flood period is a characteristic feature of the vertex and eastern 
parts of the Lena Delta (Fig. 2). The maximum width of the spatial extent of flooding of the 
delta is 6-8 km, and the greater part of sands in the low and middle flood plains are 
submerged. The territory which is situated closer to the delta sea edge is flooded less than 
areas in the vertex part. Flooded areas are least along Oleneksky and Tumatsky channels. This 
fact coincides with the flow distribution in the channels.     
The water level regime and spatial extent of flooding in the delta most of all depend on water 
content changes in the river. The river close to the delta and upper part of the delta are a 
transitional zone where the typical river regime changes to delta one. In this zone the 
spreading of flood wave starts. Level changes decrease by 2.5 times in the section of the 
station of Kyusyur/Stolbovoy Island. In the head of the delta (station of Kyusyur) the water 
level varies in the range of 23 m, in Tit-Ary in the range of 15 m, and at Stolbovoy Island in 
the range of 9 m. A more intense spreading of the flood wave characterizes the deltoid 
channels (Ivanov, 1963; Polonsky et al., 1992; Estuarial-deltoid systems…, 2007).   
The largest areas of flooding in the Lena Delta were recorded in 2010 and especially in 2009. 
During these years flood levels in the head of delta reached their maximum.   
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Fig. 2: Map-scheme of the territories which were flooded during the peak (May 30) and abatement (June 24) in 
2008. 

 
Suspended material in the delta is mostly transported into the Trofimovsky and Bykovsky 
channels. The least amount flows into the Oleneksky and Tumatsky channels. In this direction 
water turbidity also changes. At this stage of our study, processing satellite images allows us 
to only qualitatively estimate its transformation from the head of delta to its sea edge (Fig. 3). 
The Lena Delta is characterized by a decrease of water-surface spectral radiance in the deltoid 
channels. It is estimated as amounting to 20-40% in the section from the deltoid channel 
sources to their mouths. The strongest decrease in water turbidity characterizes the smallest 
channels. A significant decrease of turbidity in the large channels occurs only in coastal 
waters. In the upper stream, sediments are transported. In some channel sections turbidity 
increases, which is probably connected to erosion there.      
 
The total heat flow at the head of the Lena Delta is estimated as 15.5·105 kJ. The total flow of 
dissolved substance in the head of the delta is 46.1 million tons per year. Unit area discharge 
of dissolved substance is 33 t/km2 per year, and of organic substance 0.9-7.3 t/km2 per year. 
The relation between ionic unit area discharge and water content during the year is linear for 
the Lena River. An analogous regularity characterizes the flow of organic substance and 
contaminants. 

Trofimovsky Channel

Trofimovsky Channel

Bykovsky Channel

Bykovsky Channel
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Fig. 3: Water turbidity variability zones in the eastern part of the Lena Delta. 

 
On the basis of data, collected in the main deltoid channels during expeditions in 2010-2012, 
the variability of several hydrochemical parameters (main ions, microelements, biogenic 
elements, main hydrochemical characteristics), geochemical parameters of suspended 
sediments and bedloads were determined. The concentrations of dissolved substances and the 
diapasons of their changes do not exceed maximum permissible concentrations. The content 
of chemical elements, which are sorbed on suspended sediments, and the main petrogenic 
elements, and microelements is in good correspondence with contents provided in published 
materials (Table 1).      
The behavior of the chemical elements in the different water objects of the delta is complex 
and defined by features of redistribution of water flow, sediment load and heat. For most 
dissolved chemical elements, bifurcation of the delta channels delta does not lead to 
significant changes in their value. Transit transport along the systems for the delta streams 
shows a small range of concentrations of major elements in suspended particulate matter in 
streams of different sizes. Dissolved nutrients and trace elements are characterized by 
controversial changes due to the bifurcation of the channel. The content of nitrate nitrogen, 
for example, increases from the head to the sea edge of the delta, which can be explained by 
sedimentation of fine particles and adsorbed nitrates, as well as its transformation as a result 
of biochemical processes. Dissolved barium decreases on the way to the sea edge of the delta. 
This is probably a result of the influence of biochemical processes. We observe an increase in 
mineralization from the edge of the delta to the sea, which could be the result of inflow of 
more mineralized groundwater or the erosion of the marine sediments of the delta. 
 
 
  

Lena 
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Table 1: Geochemical characteristics of suspended particulate matter of channels and bottom sediments of lakes 
in the delta in comparison with published data 

Component Mean values for lake 
bottom sediments 

Range of concentration 
(mean) for river channels 

Savenko, 
2006 

Hölemann et 
al., 2005 

Gordeev, 
2009 

Cu 16 - 26 19 34 

Ni 29 43-64 (53) 52 28 47 

Pb 28 - 29 38 28 

Sr 238 147-221 (182) 195 - 194 

V 80 97-127 (113) 84 - 97 

Zn 75 - 160 85 145 

TN 0.2 <0.1 0.63 - - 

TC 3 0.58 - - - 

TS 0.1 0.07 - - - 

TOC 1.3 0.4 4.4 - - 

Al2O3 14 11.9-15.9  (14.2) 13.91 - - 

CaO 1.3 0.8-1.5 (1.2) 1.57 - - 

Fe2O3 4.4 4.9-6.4 (5.7) 5.43 - - 

K2O 2.8 2.2-3.0 (2.6) 2.82 - - 

MgO 1.5 1.5-2.1 (1.8) 2.25 - - 

MnO 0.1  0.128 (Mn) - - 

Na2O 2.5 1.4-1.9 (1.7) 2.15 - - 

TiO2 0.6  0.28 (Ti) - - 

 
The formation of the geochemical runoff in the delta is greatly influenced by local factors (ice 
complex, which causes a decrease in temperature and an increase in conductivity in the small 
channels). This is confirmed by measurements of conductivity and temperature, and a 
comparison of these values with the values of conductivity (285 mg/L) and temperature (6°C) 
of inflows from the ice-complex (Fig. 4). Together with colder and more mineralized water, 
large volumes of suspended matter are transported to the channels, characterized by the grain 
size and geochemical composition of modern river sediment, which defines the local 
geochemical conditions of formation of the river runoff. 
 
Conclusion 
Water and sediment inflow to the Lena Delta is characterized by temporal variability. Water 
flow fluctuations have three large cycles: a low-water period (1938-1957), an average-water 
period (1958-1987), and a high-water period (1988-2006). In suspended sediment yield 
fluctuations there are two periods: a low-yield (1967-1987) and a high-yield period (1988-
2004). Substantial flow transformation occurs downstream from the head of the delta. The 
main part of substances is transported into the Trofimovsky and Bykovsky channels, and the 
least part into the Oleneksky and Tumatsky channels. The main flow is distributed in the 
direction of the Sardakhsky Channel. Bykosvky and Trofimovsky channels are characterized 
by medium conditions of flow distribution. Spatial flooding of the delta during the flood 
period is a characteristic feature of the vertex and eastern parts of the Lena Delta. The 
maximum width of spatial flooding in the delta amounts to 6-8 km. The territory which is 
situated closer to the sea edge is flooded less than areas in the vertex part. The Lena Delta is 
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characterized by a decrease in water surface spectral radiance in the deltoid channels and, as a 
consequence, by a decrease in water turbidity. This is estimated as amounting to 20-40% in 
the section from the deltoid channel sources to their mouths. The strongest decrease in water 
turbidity characterizes the smallest channels. A significant decrease in turbidity in large 
channels occurs only in coastal waters. In the direction of the channels’ mouths, dissolved 
matter flow also changes. In dependence on chemical element types, its content increases, 
decreases, or remains stable in connection with the rivers’ conditional characteristics. 

 
Fig. 4: Scheme of simultaneous point measurements of temperature and conductivity in the head of the Lena 
Delta, August 2012. 
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Introduction    
 
Scientific background 
Recent observations indicate high concentrations of methane over the East Siberian Arctic 
seas (ESAS), up to 7-8 ppm at selected locations over the Laptev Sea, while the latitude-mean 
atmospheric methane concentration equals 1.85 ppm. Following the high-impact publication 
by Shakhova et al. (2010), the scientific discussion still continues on whether or not this fact 
is related to recent changes in climate, which may have caused thawing and increased gas 
permeability of the permafrost. If this is the case, continuing warming can lead to further 
degradation of sub-aquatic permafrost, opening new pathways through taliks for venting of 
methane from hydrates deposited in the deeper sediment layers to the atmosphere. This may 
feed back to climate by amplifying global temperature rise. Interestingly, the history of 
methane fluxes could not be traced back even to the mid-20th century due to absence of 
observations in the ESAS. This makes the statement about “enhanced” methane fluxes 
questionable, if not speculative, because the baseline level of regional emissions has not been 
defined. An alternative hypothesis suggests that enhanced methane emissions in the ESAS are 
not related to the recent climatic changes and are attributed to other factors which are yet to be 
identified and studied. If these factors, which so far remain unknown, do not change with 
time, or change slowly at geological time scales, there are no reasons to expect significant 
changes in regional methane emissions in the following decades.  
Another open question is the contribution of methane fluxes in the ESAS to global 
temperature rise. It has not been quantified even for the current conditions, while under the 
climate projected for the future it remains largely unknown. Some authors discuss the concept 
of a “methane bomb” in the ESAS, which suggests that not only will the methane emission 
from the ESAS rise quickly and significantly, but also the additionally released amount of 
methane can lead to an abrupt increase of the global temperature with dramatic impacts on 
climate and environment.  
In this study we carried out a comprehensive analysis of the observational data on methane 
concentration over the ESAS, developed a dynamical model of sub-aquatic permafrost, and 
used a combination of data analysis and modeling to access the past, present and future 
regional methane emissions and to evaluate the feedback to the climate system.   
 
Goals and objectives of the project  
The ultimate goal of the study was to quantify the potential impact of enhanced methane 
emission from ESAS on the global climate, particularly to understand, whether it is related to 
recent warming. Specific project objectives are the following. 
• to collect and analyze the available observational hydrographical and atmospheric data 

over the ESAS; 
• to put it into the context of the past, current and projected climate change by developing a 
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conceptual model of methane emission on the shelf of the ESAS (in collaboration with the 
research team of AWI, Potsdam); 

• to develop a mathematical model of sub-aquatic permafrost dynamics under changing 
climatic and hydrographical conditions at a variety of time scales; 

• to use a parametrized model of microbial methane production in the near-bottom layer of 
organic sediments for calculating methane emissions under different bottom water 
temperature regimes; 

• to perform retrospective and predictive calculations with a coupled permafrost/methane 
emission model using paleoclimatological data and Global Climate Model (GCM)-based 
climate projections; 

• to analyze published results from atmospheric models and evaluate the sensitivity of the 
global air temperature to methane emissions; 

• to estimate the global temperature rise associated with enhanced methane emissions on the 
ESAS and evaluate the range of uncertainty; 

• to evaluate the likelihood of the “methane bomb” concept in association with the ESAS. 
All project goals have been achieved successfully. 
 
 Research activities  
 
Approach 
The project methodology is based on the analysis of hydrographic and climate observations 
over the ESAS, comprehensive mathematical modeling of sub-aquatic permafrost under past 
(at a geological time-scale of up to 18 KY bp), present, and projected climatic conditions, and 
on the synthesis of findings coming from observations and modeling. 
We collected hydrographical (bottom temperatures, salinity, bathymetry of the study region) 
and atmospheric methane concentration data for the ESAS from various published archives 
and combined them into a single database. The database includes observations in Tiksi and at 
2011 ship-based observations along the Arctic coast on the route from Murmansk to the East 
Siberian Sea carried out by the Voeikov Main Geophysical Observatory. Atmospheric and 
hydrographic data were taken from recent publications by the International Arctic Research 
Center (IARC) in Fairbanks and by the Arctic and Antarctic Research Institute in St. 
Petersburg. Bathymetric data were taken from the digital atlas of the Intergovernmental 
Oceanographic Commission and International Hydrographic Organization at their web site 
www.gebco.net. We analyzed the data attempting to find a correspondence between methane 
concentrations over the land (Tiksi) and sea at different bathymetric zones characterized by 
zone-specific hydrographical conditions, as well as to understand the seasonal features using 
continuous year-round observations at Tiksi.  
We developed a comprehensive dynamical model of sub-aquatic permafrost. It is based on the 
heat transfer equation and explicitly accounts for the effect of salt diffusion in the bottom 
sediments by coupling the thermal and mass fluxes.   
We analyzed paleo and modern climatic data and constructed a schematic scenario of 
temperature changes at the upper permafrost boundary to force the permafrost model. The 
scenario suggests that at the time of inundation (ca 8 Ky bp) the top sediment layer warmed 
by ca. 12°C from -13.5°C (mean annual air temperature at the time of the Holocene climatic 
optimum) to -1.5°C (bottom water temperature). Temperature was set to this constant value 
until 1985. Since then in accord with modern observations we imposed an 0.09°C/year trend 
until 2100, and afterwards took temperature as a constant value of 11.5 °C. The rate of 



 J-17 

temperature change in the 21st century in this schematic scenario by far exceeds all IPCC 
projections. This was done intentionally to explore the likelihood of the so-called “methane 
bomb” concept under most favorable, though highly unrealistic, climate conditions. 
 
Accomplishments 
Our research was carried out as planned. 
The results of the project were reported at the EGU conference (Vienna, May 2-7, 2012, O. 
Anisimov), at the 16th International Conference of Young Scientists on Composition of the 
Atmosphere, Atmospheric electricity, Changing climate (Zvenigorod, May 28-June 2, 2012, 
presented by J. Strelchenko), at the Alexander von Humboldt Regional Colloquium (May 30-
June 2, presented by O. Anisimov), at the Tenth International Permafrost Conference 
(Salekhard, June 25-29, 2012), at the Annual Conference on Polar Regions organized by the 
Institute of Geography RAS (October, presented by J. Strelchenko), and at the AGU Fall 
Meeting (December, presented by O. Anisimov). Vasily Kokorev visited the AWI, Potsdam, 
for one week (November), presented all project results and discussed the potential 
contribution to the EU-funded project on carbon fluxes in permafrost regions, which is led by 
AWI. One paper “The dynamics of the sub-aquatic permafrost and methane emissions in the 
eastern Arctic shelf seas in the context of past and future climate changes” was published in 
the journal “Ice and Snow” of the Russian Academy of Sciences (in Russian). 
 
Results 
We analyzed the consistency between different published data on methane emissions and 
concentrations in the ESAS. Since August 2010 the Main Geophysical Observatory (MGO) 
jointly with the Finnish Meteorological Institute has performed year-round observations of 
methane concentrations in Tiksi. Ship-based observations were carried out by the MGO in 
summer 2008 during a cruise along the coast of Eastern Siberia.  Independent observations in 
the ESAS region from a helicopter and ship were carried out by the IARC team headed by I. 
Semiletov and showed generally higher concentrations of CH4 than those obtained by the 
MGO (Fig. 1).  
Comparing the data in Figure 1 we conclude that the IARC observations along a west-east 
profile, carried out in September (Fig. 1A), fall into the period of the seasonal maximum in 
CH4 emission (Fig. 1B), and thus can not be indicative of the annual mean concentrations, 
which are typically twice smaller. 
Our main conclusion is that the maxima in the curve in Figure 1A could be attributed to the 
effect of geological factors, such as fault zones, anomalous heat flux, and paleo river beds that 
may have resulted in the absence of permafrost at certain localities. Although it is yet to be 
proved, many arguments support this hypothesis, including geological data on paleo river 
beds by M.L. Holmes. We checked the consistency between the locations of the maxima in 
Figure 1A and paleo river beds, and found a very good qualitative agreement between them. 
In particular, the first maximum is located over the paleo beds of the Lena and Yana rivers 
where permafrost never existed even under much more severe climatic conditions than now. 
Apparently, pathways for local methane venting to the atmosphere from the deeper layers of 
the bottom sediments should exist in such locations with unfrozen bottom sediments, and they 
may explain the maxima in Figure 1A identified by the IARC team. This hypothesis will be 
studies in more detail during the second period of the project when we collect more 
cartographic data on the locations of the paleo river beds. 
Our third conclusion is that the accuracy and the methodology of the IARC methane 
observations from the helicopter may be questioned. The good agreement between the 



 J-18 

observations in Tiksi in Figure 1B, which were conducted by two independent methods 
(automated gas analyzer and flask probes), demonstrate that the MGO data are robust. It is 
illustrative that while the IARC data indicate the existence of up to 8 ppm CH4 concentrations 
over large areas in close proximity to Tiksi (first maximum in Fig. 1A), the MGO data do not 
support these observations indicating 2 ppm concentrations at maximum.  

 
Fig. 1: A – Atmospheric CH4 concentrations along an east-west profile in 2009 (Shakhova et al.,  2010). 
Numbers show: 1 – Lena Delta, Buor-Khaya; 2 – Dmitry Laptev Strait; 3 – Oyayosskiy Yar; 4 – Indigirka; B – 
CH4 observations in Tiksi, 2010-2011. The solid curve indicates continuous observations by an automated gas 
analyzer, triangles indicate flask measurements. 

 
The goal of the modeling experiments was three-fold: 
• to simulate the dynamics of permafrost in the study region over the time scale from the last 

glacial maximum 18 KY bp to the present; 
• to carry out a sensitivity analysis and to estimate how the thermal state of sub-aquatic 

permafrost in the ESAS depends on variations of key governing parameters; 
• to carry out predictive calculations of sub-aquatic permafrost in the ESAS and to compare 

depths to permafrost boundaries with the margins of the hydrate stability zone (HSZ). 
We forced the permafrost model with a schematic scenario of temperature changes at the 
upper sediments boundary, which was constructed using the following considerations. In the 
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period between the last glacial maximum 18 KY bp and until inundation during the Holocene 
climatic optimum 7,000-8,000 years bp, the study area was exposed to the atmosphere. The 
mean annual temperature at the upper boundary was only slightly higher than that of the air 
due to the warming effect of the snow cover. The air temperature in this period changed from 
-20°C … -26°C to -11°C …-15°C, as follows from paleodata analysis. Inundation by ocean 
waters in itself resulted in a warming effect at the seafloor boundary by as much as 9°C-14ºC 
relative to subaerial temperatures. Beginning from the inundation and up to 1985 the 
temperature of the seafloor in the ESAS was set to -1 to -2°C. Since 1985 an 0.09°C/year 
trend was superimposed until 2100, in accord with the observed changes in the past 3 decades. 
In the period from 2100 and until 3000 the temperature was set to the constant value of 
11.5°C. This highly unrealistic setting was made intentionally to explore the likelihood of the 
so-called “methane bomb” concept under most favorable hypothetic climate conditions. 
The model took into account the effect of salt diffusion from water into the bottom sediments, 
which resulted in enhanced thawing of permafrost. An important parameter governing this 
process is water salinity, which was set at 20.9 psu in summer and 26.6 psu in winter, in 
accord with hydrographic data. 
Our model results with such settings are illustrated in Figure 2. Blue curves correspond to the 
vertical axis on the right, which shows the temperature range. The different curves illustrate 
changes of the sediment temperature in time at the near-bottom level (T0), as well as at the 
200 and 1000 m levels under the seafloor (T200 and T1000, respectively). Red curves 
correspond to the depth vertical axis on the left, and show depths from the seafloor to the 
upper (Zpf1) and to the lower (Zpf2) permafrost boundaries, and the upper (ZH1) and the lower 
(ZH2) boundaries of the methane hydrate stability zone. The horizontal axis (time) is centered 
on the contemporary period (0), and is scaled logarithmically in both directions from the 
center. Depths to boundaries of the methane hydrate stability zone have been calculated 
through the sediment temperature under the assumption of the hydrostatic distribution of 
pressure using the following equation: 

T0 + k Z = TD0 + TD1 ln((p0 + ρ g Z) / pD0).     (1) 
In this equation T0 and p0 aretemperature (°C) and pressure (atm) at the seafloor, respectively; 
k – temperature gradient, °C/m; Z – depth, m; ρ – water density, kg/m3; g – gravitational 
acceleration. Empirical constants are set to TD0=283 °C; TD1=10 °C; pD0=50.3 atm. 
Model results indicated that by 1985 the uppermost 10 m layer of the bottom sediments has 
thawed, although the annual-mean near-bottom water temperature remained slightly below 
zero. Thawing occurred due to the salt diffusion in the pore space, which led to the gradual 
conversion of the ice into unfrozen saline water. This mechanism resulted in a fuzzy boundary 
between the frozen and unfrozen sediments. Depth to permafrost varies in the range of a few 
meters, depending on the local conditions and on the interplay between the salinity in the pore 
space, and the temperature. According to hydrographical data, in the past 25 years since 1985 
the near bottom water temperature has increased in summer by 2.1°C. This has led to a further 
deepening of the upper permafrost boundary by 6-8 m down to the level of 16-18 m under the 
seafloor. This result does not support the hypothesis of recent increase in permafrost 
permeability due to formation of taliks, since the bulk of the sediments below this level 
remains frozen and impermeable for gases.  
Our predictive calculations under the schematic climate scenario described above indicated 
that thawing can propagate down to 20 m, 28 m, and 90 m below the seafloorby 2050, 2100, 
and by 3000, respectively. In all cases the upper boundary of the methane hydrate stability 
zone remains deeper than the upper permafrost boundary. This implies that even if methane is 
released from hydrates, it will be sealed by the overlaying impermeable permafrost except for 
localities where permafrost is absent, such as fault zones or paleo river beds. 
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Fig. 2: Permafrost and HSZ dynamics over a geological time scale. Blue curves correspond to the temperature 
vertical axis on the right – modeled changes of the sediment temperature in time at near-bottom level (T0), 200 
and 1000 m levels under the seafloor (T200 and T1000, respectively). Red curves correspond to depth vertical axis 
on the left – depths to upper (Zpf1) and lower (Zpf2) permafrost boundaries, and upper (ZH1) and lower (ZH2) 
boundaries of HSZ. Horizontal axis (time) is centered on the present (0), and shows a logarithmic scale in both 
directions from the center. 

 
We performed a sensitivity analysis to evaluate the uncertainty of our results associated with 
variations of the governing parameters. To accomplish this task, we perturbed the following 
parameters of the model: 
• initial permafrost thickness at the beginning of calculations Zpf(t0) – varied from 100 m to 

500 m; 
• temperature changes at the upper boundary T(t) – varied in the range ± 3°C from the 

average schematic scenario described above; 
•  time of inundation, ti – varied from in the range 9-6 KY bp; 
• temperature of the near-bottom water at the time of inundation, Т(ti) – varied in the 

range -1.5±1.0°C; 
• temperature trend from 1985 to 2100,  ΔТ – varied from 0.09 to 0.18°C/y   
• geothermal heat flux, Fg – varied from 0.035 to 0.07 W/m2; 
• thermal conductivity of sediments, λ - varied from 1.7 to 2.2 W/(m °C); 
• porosity of sediments, η - varied from 0.2 to 0.25.  
 
The results are presented in Table 1. Numbers in the table indicate the range of uncertainty in 
each of the calculated parameters associated with variations of the governing parameters 
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listed above. Different lines correspond to upper and lower boundaries of permafrost and 
HSZ. A single number in a cell indicates that the boundary is not sensitive to a specific 
parameter. This is exemplified by the calculated depth to the upper permafrost boundary in 
1985, Zpf1 (1985) , which stays the same at 9 m, except for the two cases where it varies in the 
range of 8-9 m in response to variations of Т(ti) and η. If the depth to the boundary depends 
on the variation of the specific governing parameter, this is indicated by the range in the 
corresponding cell. For example, the calculated depth of the lower permafrost boundary in 
1985, Zpf2(1985), falls into the range of 216-25 m, depending on the temperature at the 
seafloor at the time of inundation, Т(ti).   
 
Table 1: Sensitivity of the calculated depths to permafrost boundaries and to boundaries of methane hydrate 
stability zone to variations of the governing parameters (ee further explanations in the text) 

Permafrost 
and HSZ 

boundaries 

Varying governing parameters 

Zpf(t0) Т(t) ti Т(ti) ΔТ Fg λ  η 

Zpf1 (1985), m 9 9 9 8-9 9 9 9 8-9 
Zpf2(1985), m 236 199-273 236-297 216-255 236 236-414 197-236 236-260 
Z pf1 (2100), m 31 31 31 31-35 31-38 31 31 30-31 
Z pf2 (2100), m 233 196-270 233-294 215-253 233 233-412 195-233 233-258 
Z pf1 (3000), m 90 88-91 86-90 84-100 90-130 86-90 80-90 79-90 
Z pf2 (3000), m 216 180-253 216-276 192-239 216 216-402 179-216 216-244 
ZH1(tЗ) m 129 126-152 109-138 129 129 125-129 129 129-130 
ZH2 (1985), m 142 140-169 120-159 110-159 142 136-142 142-145 142-144 
ZH1 (2100), m 142 140-169 120-160 112-160 142 136-142 142-145 142-144 
ZH2 (3000), m 147 146-173 127-164 126-164 147-150 143-147 147-149 147-151 

 
The sensitivity analysis did not change our main conclusion that at least until 3000, the 
MHSZ will be located lower than the upper permafrost boundary and thus will remain sealed. 
And finally, we evaluated the impact on global air temperature. According to the estimate by 
Shakhova et al. (2010), the methane flux from the ESAS totals ca. 7.9 Tg/y. Given the 12 
years average lifetime, it may increase the atmospheric concentration of methane by ca. 
96 Tg, or 0.04 ppm. Our estimates, based on the analysis of the greenhouse gas potential, 
indicated that if the current conditions persist for the following decades, the associated 
radiative forcing will lead to less than 0.015°C global temperature rise, which is insignificant 
compared to the effect of other factors governing the modern climate change. 
 
Conclusions 
There is a general consistency between the different data showing that the ESAS are 
characterized by enhanced venting of methane to the atmosphere from the bottom sediments. 
There is little agreement between different authors in attributing it to the effect of various 
processes. While some authors of the IARC team suggest that the enhancement in emission is 
associated with the modern climatic change and is likely to increase further, others, including 
our project team, suggest that they are disconnected and high emissions are related to the 
long-lasting geological factors, such as the existence of permafrost-free zones underneath the 
paleo river beds, in fault zones and in locations with anomalous geothermal heat flux.  
Our model results indicated that recent climatic changes did not have a significant impact on 
sub-aquatic permafrost in the ESAS. Thus enhanced methane fluxes are caused by factors 



 J-22 

other than climate change. The hypothetical enhanced gas permeability of permafrost in the 
ESAS due to climatic warming has not been confirmed by the results of our study, which 
suggests that the emissions of methane in the ESAS remain relatively stable in the historical 
time and in the near future. The estimated global temperature rise due to the methane flux 
from the ESAS is small. 
Our main conclusion is that in the following 1000 years the permafrost layer, characterized by 
near-zero gas permeability, will remain above the HSZ in the ESAS, thus preventing the 
massive escape of methane to the atmosphere except for the fault zones, where it seeps 
already under the current conditions. Apparently, more studies are needed to better understand 
and identify the mechanisms that are responsible for methane concentrations in the ESAS 
noticeably above the latitude-mean value.  
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Introduction 
 
Scientific background 

The reconstructions of past ocean hydrological conditions are crucial for understanding the 
global climate changes. Marine isotope stage (MIS) 5e has been the warmest interglacial over 
the past 250 kyr because the Earth’s orbital parameters caused increased summer insolation 
throughout the Northern Hemisphere (CAPE Project Members, 2006). To date, hydrological 
conditions during the MIS 5e in the Okhotsk Sea remain little investigated because of a 
limited number of recovered cores older than the last glacial/interglacial sediments (Liu et al., 
2006; Seki et al., 2009; Khim et al., 2012). 
The Mg/Ca-paleothermometry on planktic (PF) and benthic foraminifera (BF) is widely used 
to investigate past variations of sea surface temperature (SST) and bottom water temperature 
(BWT), respectively (e.g., Nürnberg et al., 1996; Mashiotta et al., 1999; Lear et al., 2002; 
Bryan & Marchitto, 2008; Marr et al, 2011). However, this method has not been given much 
attention in the paleoceanographic studies of the Okhotsk Sea. The only scarcely core top data 
on the Mg/Ca ratios on Uvigerina spp. are available (Lear et al., 2002).  
The SST estimates from the PF counts have originally been developed for the North Atlantic 
(Pflaumann et al., 1996). In the Okhotsk Sea, SST estimations from the PF counts are absent 
due to the almost monospecies PF assemblages (i.e., Neogloboquadrina pachyderma sinistral 
and Globigerina bulloides), essential influence of terrigenous dilution and carbonate 
dissolution in sediments, and the absence of a relevant surface database for the high-latitude 
North Pacific. The recently developed database for the Pacific (Kucera et al., 2005) also does 
not contain a sufficient number of data points for the high latitudes to calculate SSTs in the 
Okhotsk Sea. It was shown, however, that the general trend and magnitude of the past SST in 
the Northwest Pacific can be obtained using the North Atlantic database (Kiefer et al., 2001; 
Sarnthein et al., 2004).  
The East Kamchatka Current (EKC) and Deep Pacific Water (DPW) entering the Okhotsk Sea 
prevent expansion of the sea ice cover, induce upwelling of nutrient-enriched deep water 
along the Kamchatka margin and contribute to the development of an oxygen minimum zone 
(OMZ). Within the framwork of grant OSL-12-05, we reconstructed changes of the EKC and 
DPW during the Termination (TI) – MIS 1 and TII – MIS 5e by means of planktic and 
benthic foraminifera of core MD01-2415.  
 
Scientific objectives 
The scientific objectives of the project were: 
• to reconstruct changes of the East Kamchatka Current during the TI – MIS 1 and TII – 

MIS 5e by using sea surface temperatures (SST) derived from planktic foraminiferal 
counts and measurements of the Mg/Ca ratio in G. bulloides tests.  
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• to investigate variations of the intermediate Deep Pacific Water inflow during the TI – MIS 
1 and TII – MIS 5e by using he benthic foraminiferal assemblage compositions and bottom 
water temperatures (BWT) derived from the Mg/Ca ratio in Uvigerina spp. tests. 

 
Research activities 
 
Approach 
January-August and October-December 2012 (IORAS, Moscow): 
• planktic foraminiferal counts in 134 samples (by N. Bubenshchikova); 
• picking of G. bulloides and Uvigerina spp. from 162 samples for the Mg/Ca and δ18O 

analyses (by E. Brovina); 
• reconstructions of the SSTs on the PF data using the Modern Analogue Technique (MAT; 

Prell, 1985) and the updated North Atlantic data base (Kucera et al., 2005) (done with help 
of Dr. E. Kandiano);  

• reconstructions of the SSTs and BWTs using the Mg/ Ca ratio in G. bulloides and 
Uvigerina spp.  

September 2012 (GEOMAR, Kiel): 
• discussion of the results and preparation of a paper: “Variations of productivity and oxygen 

minimum zone of the Okhotsk Sea: comparison of the high-resolution records during the 
termination I - MIS 1 and termination V – MIS 11c”; 

• weighing of the G. bulloides and Uvigerina spp. tests (for the Mg/Ca analysis); 
• measurements of the SO2 contents in sediment samples;  
• measurements of the δ18O in Uvigerina spp.;   
• picking of G. bulloides and Uvigerina spp. from the core tops of the MUC stations from 

the LV27 and 29 cruises of RV “Akademic M.A. Lavrentiev”; 
• measurements of the Mg/Ca ratios in G. bulloides and Uvigerina spp. 
January, September 2012 (OSL, St. Petersburg): 
• samples preparation (washing, sieving, weighing) for the foraminiferal analysis (by E. 

Brovina);  
• samples were analyzed with the Elemental Carbon and Nitrogen Analyzer (Vario EL III, 

Elementar) by V.N.  Churun (OSL). Previously samples were grounded (by E. Brovina). 
 
Accomplishments 
According to the working program, changes of the EKC and DPW during the T – MIS 1 and 
TII – MIS 5e were reconstructed.  
In developing the working program, we sampled the core tops of MUC stations collected 
during the LV27 and 29 cruises of RV “Akademic M.A. Lavrentiev” (in total 12 stations). 
Picking of G. bulloides and Uvigerina spp. for the Mg/Ca measurements was carried out (in 
total 24 samples). These data are planned to be used for the calibration of the core-top Mg/Ca 
data to the modern SSTs and BWTs. 
We did not sample core LV28-43-5/ LV29-108 because the core tops of the MUC stations 
had been sampled. It is planned for 2013. 
The Mg/Ca ratio in Uvigerina spp. from samples of the TII-MIS 5e  and the core tops of the 
MUC stations were not measured in 2012 due to the large amount of samples in the 
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GEOMAR laboratory. They will be analyzed at the beginning of 2013.   
Our scientific results were presented at the APEX VII International Meeting and Workshop, 
Oulanka, Finland, 13-18 May 2012 and the 2nd Russia-China Symposium on Marine Science 
Marine Environment and Resources in the 21st Century, Vladivostok, Russia, 10-13 October 
2012.  
Our scientific results are published in the paper: “Variations of productivity and oxygen 
minimum zone of the Okhotsk Sea: comparison of the high-resolution records during the 
termination I - MIS 1 and termination V – MIS 11c”. It will be submitted in February 2013 to 
Marine Micropaleontology. The delay is explained by the necessity of producing additional 
data: AMS 14C dates, benthic δ18O, SiO2 contents and counts of IRD from the core MD01-
2415 under study. 
 
Results 
 
Variations of the East Kamchatka Current during the TI-MIS 1 and TII-MIS 5e indicated by 
planktic foraminifera of core MD01-2415 
The polar species Neogloboquadrina pachyderma sinistral dominates in both the >125 and 
>150 µm sediment size fractions during the MIS 5e and MIS 1, where it reaches up to 50-
95% (Fig. 1a). The temperate-to-subpolar Globigerina bulloides increases its abundance up to 
25-40% during the TI warm events and up to 40-50% during the TII warm events (Fig. 1b).  

 
Fig. 1: Comparison of the TI – MIS 1 and TII – MIS 11c in the core MD01-2415 records of: a-b) relative 
abundances (%) of Neogloboquadrina pachyderma sinistral and Globigerina bulloides in fr. >125 and >150 µm; 
c) summer and winter sea surface temperatures (SST) calculated on counting data for fr. >125 µm with Modern 
Analogue Technique (Prell, 1985) using the updated North Atlantic database (Kucera et al., 2005). The reference 
curve of: d) June insolation at 60ºN (Berger & Loutre, 1991) is shown. T – Termination; MIS – Marine Isotope 
Stage; YD - Younger Dryas; EKC – East Kamchatka Current. During the TI, gray bands mark the pre-Bølling, 
Bølling, Allerød, Preboreal warm intervals during the TI and six supposedly warm intervals during the TII.  
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The summer (August-October) SSTs account for 3-7.7 and 3-8.0°C during the TI-MIS 1 and 
TII-MIS 5e, respectively (Fig. 1c). The measured modern summer SSTs vary from 7.6 to 
2.6°C at 0-40 m of water depths (Fig. 1c) (after Rostov et al., 2001), which is in general 
agreement with our paleo-estimates made on faunal counts with the Modern Analogue 
Technique (Prell, 1985) and the updated North Atlantic data base (Kucera et al., 2005). 
Relatively high SSTs are found during both deglaciations with slightly higher values during 
the TII between 7 and 8°C than  during the TI between 4 and 7.7°C (Fig. 1c).  
The weight of G. bullloides test can be used as a proxy of carbonate dissolution starting to 
occur in the water column (Barker et al., 2006). Variations of the G. bullloides test weight are 
relatively high during the TI-MIS 1 and low during the TII-MIS 5e (Fig. 2a), which indicates 
a probable enhanced carbonate dissolution in some intervals of the present interglacials.  

 
Fig. 2: The core MD01-2415 records of: a) average weight of G. bulloides tests (mg); c) Mg/Ca ratio of G. 
bulloides (mmol/mol); d) Mg/Ca SST (°C) derived from equations of Mashiotta et al. (1999) and Marr et al. 
(2011). See Figure 1 for further explanations. 

 
The Mg/Ca ratio in the G. bulloides tests account for 0.85-1.4 mmol/mol during both studied 
intervals (Fig. 2b). The Mg/Ca-based SSTs vary from -2 to 5°C and from 6 to 10°C depending 
on the applied calibration equations (Fig. 2c; after Mashiotta et al., 1999; Marr et al, 2011). 
The calibration equation of Mashiotta et al. (1999) gives SSTs values similar to the modern 
summer SSTs and reconstructed faunal SSTs (Fig. 1c) and accepted as the most relevant here.  
During the TII-MIS 5e, the Mg/ Ca-based SSTs are markedly higher during the TII up to 9-
10°C as compared to MIS 5e up to 7-8°C (Fig. 2c). These estimates are in good agreement 
with variations of the faunal SSTs and planktic foraminiferal assemblages (Fig. 1a-c). Thus, 
both micropaleontological and geochemical data indicate increased SSTs during the TII and 
decreased SSTs during the MIS 5e, which seems to be controlled by variations of summer 
insolation at 60°N in the Northern Hemisphere (Fig. 2d) (Berger & Loutre, 1991).  
During the TI – MIS 1, the increases in the Mg/Ca-derived SSTs during the early and late 
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MIS I (at 9-6 and 3-0 ka) (Fig. 2c) were not recorded in increases of the percentages of G. 
bulloides and faunal SSTs (Fig. 1b-c), which is likely the result of in carbonate dissolution. 
The Mg/Ca-derived SSTs, which were accepted as the relevant ones, do not indicate essential 
temperature differences between the TI and MIS 1 (up to 9-10 °C) (Fig. 2c). 
 
Variations of OMZ and Deep Pacific Water inflow during the TI-MIS 1 and TII-MIS 5e 
indicating by benthic foraminifera of core MD01-2415 
Maxima of Uvigerina akitaensis and Takayaynagia delicata characterize the TIa, while a 
maximum of Bolivina spissa marks the Tb (Fig. 3a-b, d). It indicates a gradual intensification 
of the OMZ. A maximum of Cassidulina carinata marks the TII – early MIS 5e suggesting a 
less pronounced intensification of OMZ (Fig. 3b). We suppose that a lower sea level before 
the TI (-120 m at 18 ka; Fairbanks, 1989) than before the TII (-80-90 m at 134 ka; Miller et 
al., 2005) (Fig. 3g) could be responsible for a larger amount of terrestrial organic matter (OM) 
transported from shelves into the Okhotsk Sea during the TI. This explains higher export 
productivity, more intense oxygen consumption via the OM decay and a stronger OMZ during 
the TI.  

 
Fig. 3: Comparison of the TI – MIS 1 and TII – MIS 11c in the core MD01-2415 records of: a-f) relative 
abundances (%) of the dominant benthic foraminiferal species in the sediment size fr. >125. The reference 
curves of: f) global sea level (blue solid line after Fairbanks, 1989; blue dashed line after Miller et al., 2005) and 
g) June insolation at 60ºN (Berger & Loutre, 1991) are shown. 

 
The Mg/Ca ratio in the Uvigerina spp. tests shows values between 0.75 and 1.2 mmol/mol 
during the TI-MIS 1 in core MD01-2415 (Fig. 4a). The calculated BWTs vary from 0 to 6°C 
(Fig. 4c; after Lear et al., 2002; Bryan & Marchitto, 2008), which is overall larger than the 
anticipated interglacial variations of BWTs in the Okhotsk Sea. The calibration equation of 
Lear et al. (2002) yields values similar to the modern BWTs of 2.25-2.46°C at 822 m of water 
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depth near the studied site (Fig. 4b) and accepted as the relevant ones here. The Mg/ Ca-based 
BWTs suggest a warming of the DPW at 15-16 ka (up to 3.7°C) and 8-10 ka (up to 2.7°C ) 
(Fig. 4b), which is likely a result of reduction of vertical water mixing at times of melting of 
the Okhotsk Sea ice cover and enhanced inflow of warm waters from the North Pacific.  

 
Fig. 4: Comparison of the TI – MIS 1 and TII – MIS 5e in the core MD01-2415 records of: c) Mg/Ca ratio of 
Uvigerina spp. (mmol/mol); d) Mg/Ca SST (°C) derived from equations of Lear et al. (2002) and Bryan & 
Marchitto (2011). See Figures 1 and 3 for further explanations. 

 
 
Conclusions  
Both the faunal and Mg/Ca-based SSTs indicate relative warming within the East Kamchatka 
Current during the TII (up to 8-10°C) and its cooling (up to 7-8°C) during MIS 5e, which is 
suggested to be controlled by variations of insolation in the Northern Hemisphere.  
The increases of Mg/Ca-based SSTs during the early and late MIS I were not recorded in the 
percentages of G. bulloides and faunal-based SSTs. This is likely the result of enhanced 
carbonate dissolution during the TI – MIS 1. The Mg/Ca-derived SSTs, which were accepted 
as relevant ones, indicate comparable surface temperature conditions between the TI and 
MIS 1 (up to 9-10°C).  
The Mg/Ca-based BWTs indicate warmings of the DPW at 15-16 ka (up to 0°C) and 8-10 ka 
(up to 0°C ). The warmings within the DPW were likely a result of the stabilization of the 
water column at times of melting of the Okhotsk Sea ice cover and enhanced inflow of warm 
waters from the North Pacific.  
A gradual intensification of the OMZ is reconstructed by increases in U. akitaensisi and T. 
delicata during the TIa, replaced bya  maximum of B. spissa during the TIb. The 
reconstructed warmings of DPW at 15-16 ka and 8-10 ka seem not to have contributed to the 
intensification of the OMZ.  
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Introduction 
 
Scientific background 
This study aimed to reconstruct glacial/interglacial changes in sedimentary paleoenvironments 
in the Arctic Ocean. Due to the existence of a perennial sea-ice cover, the biological producti-
vity in the Arctic Ocean is relatively low as compared to lower latitudes. Therefore, the sedi-
ments largely lack biostratigraphically useful calcareous and siliceous microfossils. Where 
they exist, they are poorly preserved, also due to low sedimentation rates and common diage-
netic changes in sediments (e.g., Backman et al., 2004). Micropaleontological evidence such 
as foraminiferal abundance counts and biodiversity can be used for reconstructions of paleo-
environmental settings such as bioproductivity, inflow of Pacific vs. Atlantic water masses 
etc. Foraminiferal assemblages can be also used for biostratigraphic correlations and improve-
ment of the age model for the cores. In general, high planktic foraminiferal abundances 
indicate interglacial/interstadial periods with restricted sea ice cover and open water leads at 
least during summer. However, foraminiferal preservation in the Arctic Ocean is influenced 
by diagenetic factors such as long-term pore water dissolution and the diluting effect of the 
dominant terrigenous material flux, therefore making the preservation effect dependant on 
sedimentation rates. Consequently, the faunal abundance cannot be taken alone as a proxy for 
planktic productivity and sea-ice conditions (e.g., O'Regan et al., 2008). Therefore, a 
biostratigraphic correlation between cores from different water depths should be done cau-
tiously, taking into consideration different environmental settings (including depth and water 
mass circulation) at the studied locations (Polyak et al., 2004, and references therein). 
 
Goals and objectives 
Our research activities were focused on reconstructions of paleoenvironmental conditions in 
the Amerasian Basin of the Arctic Ocean during late Quaternary times. Foraminiferal abun-
dance and benthic assemblages were studied at coring sites characterized by different environ-
mental settings (including depth and water mass circulation): at the crest (study site 
PS72/342-1) and at the eastern flank of the Mendeleev Ridge (study site AF07-31). To 
provide a stratigraphic framework, a mineralogical analysis was carried out that improved the 
correlation between the studied cores. 
 
Research activities 
 
Approach 
Within the framework of this project, we focused on microscopic analysis of benthic 
foraminifera assemblages which may reflect certain alterations in paleoproductivity and 
paleocirculation in the intermediate ocean layer including Atlantic or Pacific water inflows, 
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related to changes in glacial/interglacial regimes in the Arctic Ocean. 
The microscopic analysis followed the following conventional procedure: 
• sample preparation: core PS72/342-1 was sampled as 1-cm slabs at 5-10 cm intervals and 

additionally at changes in lithology and/or color; core AF07-31 was sampled as 4-cm slabs 
at 4-10 cm. Bulk samples were frozen and freeze-dried followed by weighing, isolation of 
the >63 µm fraction by wet sieving and dry sieving of the 125-250 µm fraction, which was 
then used for microscopic analysis; 

• microscopic work: fractions of 125-250 µm in core PS72/342-1 and >125 µm in core 
AF07-31 were analyzed with the help of the optical binocular Olympus SZX-12 in the 
OSL. Samples were split into 2 to 32 parts when needed to get enough material for 
counting a statistically significant number of foraminifera shells (300 to 600 individuals); 

• analysis of faunal data: the foraminifera shells found in the samples were determined to 
genus and species level using the available rangers and atlases. Data containing counted 
species were plotted against depth and analyzed to distinguish dominant species and faunal 
groups associated with certain lithological units identified previously. 

A mineralogical analysis was performed to improve the lithostratigraphic correlation of cores 
by means of abiogenic sediment properties. All the measurements were run at the AWI 
(Bremerhaven) on dry powder bulk sediments by the X-ray diffraction (XRD) method using 
the Philips PW 3020 diffractometer equipped with Co kα-radiation, graphite monochromator 
and automatic divergence slit. XRD patterns were obtained in the range of 5 to 65 degrees 
two-theta with 0.02 two-theta steps and 2 seconds count time per step. For core AF07-31, all 
diffractograms were checked using the Match! software to calculate relative intensities for the 
characteristic peaks of the most common minerals in the Arctic Ocean. The obtained 
intensities were multiplied by corrective factors (in brackets) for the following range of d-
values: quartz 3.34 Å (x1), K-feldspar 3.21-3.25 Å (x4.3), plagioclase 3.16-3.21 Å (x2.8), 
calcite 3.01-3.04 Å (x1.65), dolomite 2.88-2.90 Å (x1.53), pyroxenes 2.98-3.00 Å (x5), 
amphiboles 8.27-8.59 Å (x2.5); clay minerals 4.47 Å (x20) (Cook et al., 1975). Corrected 
values were normalized to 100% and the contents of minerals were recalculated. For core 
PS72/342-1, XRD analysis followed the preparation and experimental setup developed for 
usage of the RockJock software Vers. 11 (Eberl, 2003). Dry powder samples were mixed 
together with internal standard (corundum) in the proportion 4:1, which made possible the 
further quantification of individual mineral contents. 
 
Accomplishments 
A micropaleontological analysis was carried out on 65 samples from core PS72/342-1 and 43 
samples from core AF07-31. The output datasets represent benthic foraminifera shell counts, 
normalized per gram of dry sediment weight. For core AF07-31, planktic foraminifera shells 
were counted as well. Obtained data were further processed to reveal results described in the 
chapter "Results". 
Mineralogical data were used to improve the lithostratigraphic correlation of cores. These data 
can also be used to help identify the sediment source areas in addition to the initially planned 
petrographic study of rock clasts.  
 
Results 
The piston core AF-0731 was recovered during the 26th cruise of RV “Akademik Fedorov” 
from the eastern flank of the Mendeleev Ridge (78°37’49”N, 171°56’52”W, 2,280 m, core 
recovery 350 cm). The size fraction >125 µm in all samples was used for planktic and benthic 
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foraminiferal abundance counts, and benthic species identification. 
Foraminiferal analysis reveals five abundance maxima of benthic foraminifera throughout the 
core, which correspond to brown sediment layers (Fig. 1). The same intervals are marked by 
planktic abundance maxima. The fauna is totally dominated by calcareous forms. 
Agglutinated forms show rare occurrence (0.2-5%), mostly as fragments. 

 
Fig. 1: Cores AF07-31 and PS72/342-1: lithology, planktic and benthic foraminifera absolute abundances (shells 
per gram dry sediment), and relative abundances of the most common benthic foraminifera (shells/g). Brown 
bars indicate brown sediment units which are consistent with foraminifera-rich intervals. Dolomite-rich layers 
are shown in pink color. Dashed lines mark the last occurrence of benthic foraminifera. Diamicton interval in 
core PS72/342-1 is hatched.  

 
The most abundant species throughout the core are the deep-water foraminifers Oridorsalis 
tener (40-100%) and Cibicides wuellerstorfi (3-66%). Accessory species belong to the genus 
Miliolidae. The richest assemblage of benthic foraminifers occurs at 0-15 and 20-50 cm core 
intervals and counts up to 116 and 236 shell/g, respectively. Oridorsalis tener (26-230 
shell/g) and C. wuellerstorfi (14-82 shell/g) dominate; accessories are Ioanella tumidula (up 
to 18 shell/g) and different Miliolidae species such as Quinqueloculina akneriana, 
Quinqueloculina weaveri, Miliolinella irregularis, Miliolinella subrotunda, Triloculina 
tricarinata, and Pyrgo spp. 
The interval at the section of 61-112 cm, which separates two foraminifera abundance peaks, 
is almost barren of both benthic and planktic fauna and contains black-colored particles. Part 
of them appear to be foraminifera shells which are completely replaced by ferric compounds. 
The last benthic abundance peak, located at the 195-199 cm interval, is represented only by 
the dominant species O. tener (95%). This is its last occurrence in the core. Below this level 
benthic foraminifera are nearly absent (less than 5 shell/g), but there are two planktic peaks 
found at 234-243 cm (6·103-11·103 shells/g) and 323-249 cm (up to 4,000 shells/g). 
The gravity core PS72/342-1 was taken from the top of the Mendeleev Ridge (77°36.01’N, 
177°20.62’W, water depth 820 m) and recovered 320 cm of bottom sediment. The core 
contains only calcareous forms of benthic foraminifera, which are generally well preserved in 
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the studied intervals. The average number of shells in most samples fits the requirements of 
statistical significance (300-600 individuals in split sample). Some samples, (92, 207-215 cm) 
containing very few shells (11-26 individuals per whole sample), were discarded from further 
statistical analyses.  
The absolute-abundance graph shows four peaks well correlated with brown layers in the 
sediment core (Fig. 2). The most notable abundance maximum of 441 shells/g was observed 
at 52-62 cm with Cassidulina teretis (376 shells/g) clearly dominating and increased amounts 
of the accessory species Nonion sp. (10 shells/g) and Triloculina tricarinata (15 shells/g). The 
second significant maximum of 398 shells/g is found in the 136-152 cm depth interval. Here 
we observe the first occurrence of the dominant species Bulimina aculeata (128 shells/g) 
which dominates together with Oridorsalis tener (95 shells/g), clearly marking the third 
brown layer. Among accessory species we can distinguish Quinqueloculina sp. (42 shells/g) 
and Melonis barleeanum (4 shells/g), which is very rare throughout the core and here reaches 
its maximum.  

 
Fig. 2: Stratigraphic correlations of cores from cruises of RV “Akademik Fedorov” (AF07-31) and RV 
“Polarstern” (PS72/340-5 and PS72/342-1): lithology and contents of dolomite (wt%). Light bars mark the most 
prominent dolomite-rich pink layers. Note the diamicton interval below 250 cm in core PS72/342-1. Two age 
models are shown as discussed by Stein et al. (2010) and Bazhenova (2012). The map shows the locations of the 
coring sites. 

 
The upper part of the core is marked with another abundance peak of 195 shells/g at 2-12 cm 
depth. Relative abundances are not as high as in previously mentioned intervals but the faunal 
composition looks very similar to the one of the most prominent maximum of the 52-62 cm 
interval. Cassidulina teretis and O. tener dominate here, comprising 144 and 26 shells/g 
respectively. The assemblage also includes the accessory species T. tricarinata (6 shells/g), 
Nonion sp. (4 shells/g), Cassidulina reniforme (3 shells/g) and Pyrgo murrhina (3 shells/g). 
The last observed abundance peak corresponds to the depth 162-182 cm and shows quite a 
high abundance of the three dominating species C. teretis (68 shells/g), O. tener (37 shells/g) 
and B. aculeata (23 shells/g) with almost no accessory species. The last occurrence of very 
rare benthic foraminifera shells was found at 272 cm depth inside the vast diamicton unit. 
To provide a stratigraphic framework for cores PS72/342-1 and AF07-31, we used correlation 
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based on shipboard lithological descriptions and color cyclostratigraphy (Fig. 2). According 
to the commonly used stratigraphy for the Arctic Ocean cores, we identify ‘brown’ units 
which are generally associated with interglacials (Jakobsson et al., 2000). However, 
commonly used counting of manganese-rich brown should be used along with other sediment 
proxies for correlation purposes because of possible diagenetic overprints (März et al., 2011). 
In this case, a good proxy for stratigraphic correlation is terrigenous sediment composition as 
it is not much affected by diagenetic processes (Polyak et al., 2009). In marine sediment cores 
from the Amerasian Basin of the Arctic Ocean, especially at the Northwind and Mendeleev 
ridges, distinct pink and pink-white carbonate-rich layers with common occurrence of rock 
clasts are used as lithostratigraphic boundaries (Clark et al., 1980). Here we used dolomite 
contents to correlate cores PS72/342-1 and AF07-31 to the close core PS72/340-5 (Fig. 2). 
The stratigraphy for core PS72/340-5 was recently revised using paleomagnetic parameters 
(inclination and paleointensity) supported by AMS 14C datings and micropaleontological 
(foraminiferal) evidence. However additional age constraints are needed to locate MIS 6/5, 
5/4 and 4/3 boundaries (Stein et al., 2010; Bazhenova, 2012). 
Benthic foraminifera, found as dominant species in studied cores, appear to reflect certain 
changes in underwater condition and thus in paleocirculation. Cibicides wuellerstorfi is 
described as common in the Mendeleev Ridge area at depths from 1500 to 2400 m, which 
could be the reason why it is not present in the shallower PS72/342-1 core but shows distinct 
maxima in the possible MIS3 section of AF07-31 (B2 unit). As this species is associated with 
Atlantic water inflow, we may presume the influence of this water on the core site region 
during the last half of MIS3. Within the same unit in AF07-31 we observe another dominant 
species, O. tener, which is found to be one of the most common modern arctic species very 
abundant in the Mendeleev Ridge at around 1,500 meters water depth. It is also shown to be 
tolerant to low food supply and so may reflect more oligotrophic conditions probably 
connected to the extension of ice-cover just before MIS2 at PS72/342-1 site. Cassidulina 
teretis dominates in the B2 unit of the PS72/342-1 core showing a possible influence of 
Atlantic Intermediate Water at depths of 500-110 m, which is the common depth interval for 
this species at present time.  
Another benthic dominant species that is not shown in the deeper core is B. aculeata. This 
species' occurrence is commonly used as a stratigraphic marker of MIS5.1 in Central Arctic 
cores. Since this species shows a high abundance only in one core, we cannot use it for any 
correlation, but it may be considered that together with two other dominant species described 
for PS72/342-1 core B. aculeata indicates warmer conditions. A B. aculeata peaks is found in 
unit B4 in cores NP26-5 (Polyak et al., 2004) and HLY0503-8JPC (Adler et al., 2009) where 
it is assigned to MIS 5a. However, in core HLY0503-8JPC, unit B4 could be also correlated 
to MIS 4 as suggested by Backman et al. (2009) based on the coccolith assemblages. In core 
PS72/340-5, only a single B. aculeata specimen was found in B4. In core PS72/342-1, there 
are two prominent peaks in the B. aculeate abundances corresponding to B3 and B4 (Fig. 1). 
At the same time, the dominant species in PS72/340-5 and AF07-31 – C. wuellerstorfi – is 
almost absent in the PS72/342-1 samples and agglutinated shells. On the other side, a good 
correlation was achieved between PS72/342-1, PS72/340-5 and HLY0503-8JPC using 
inorganic sediment proxies. Therefore, a biostratigraphic correlation between cores from 
different water depths should be taken cautiously, taking into consideration different 
environmental settings (including depth and water mass circulation) at the studied locations 
(Polyak et al., 2004, and references therein). 
 
Conclusion 
In this study we investigated benthic foraminifera assemblages in two sediment cores taken 
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from the crest and the eastern flank of the Mendeleev Ridge. The results of the microfaunal 
analysis revealed four to five abundance peaks in both cores consistent with the distinguished 
brown sediment units corresponding to MIS 5, MIS 3 and MIS 1. In faunal composition 
certain differences were observed as follows. The dominant species of the deeper core AF07-
31 – C. wuellerstorfi – is almost absent in the PS72/342-1 samples as well as agglutinated 
shells while species B. aculeata and C. teretis dominante only in the latter one. The 
foraminiferal diversity supports the fact that the Mendeleev Ridge provides a demarcation 
between water masses, i.e., Atlantic and Pacific components of the Arctic Ocean circulation 
(Macdonald et al., 2000), which is strongly coupled to bathymetry and sea-level changes (e.g., 
Jakobsson, 2002). 
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Introduction 
 
Scientific background 
The northern circum-polar permafrost region contains 1,672 Pg of organic carbon, of which 
1,466 Pg (88%) occurs in perennially frozen soils and deposits (Tarnocai et al., 2009). This 
globally significant carbon reservoir is vulnerable to climate warming through permafrost 
thawing and may thus become a future source of a large amount of CO2 and CH4 to the 
atmosphere (Zimov et al., 2006). Also, it was reported for tundra soils that more recalcitrant C 
compounds are utilized at higher temperatures (Davidson & Janssens, 2006). 
According to the last technical paper on climate change and water resources (www.ipcc.ch), 
the arctic zones are subject to the strongest temperature increase (approximately 2°C of aver-
age increase between the periods 1951-1980 and 2001-2005). These environments, therefore, 
are susceptible to effects of global warming processes (Kellomäki et al., 2000). Changes in 
climate may affect vegetation, soil properties, active-layer dynamics, and permafrost in diffe-
rent ways and these environmental components may interact through complex mechanisms, 
activating both positive and negative feedbacks (Cannone et al., 2008; McGuire et al., 2009). 
Various climatic scenarios indicate that global warming might be associated with dramatic 
changes in soil water regime including both soil flooding and temporary drying as well as a 
general destabilization of the water regime. On the other hand, long-term effects of alterations 
in the water regime are associated with aerobic-anaerobic transition and might cause dramatic 
changes in the quality of many reactions controlling the exchange between the biotic and 
abiotic surfaces within the permafrost soil system, e. g., in the transfer between soil, surficial 
fluids and vegetation and in the composition of the microbial community. The establishment 
of anaerobic conditions due to a decrease in the mass-transfer of O2 to submerged soil layers 
initiates new microbial processes – denitrification, sulfate reduction, acetogenesis and 
methane formation (Panikov, 1999). 
Climate change effects, especially of increasing temperatures on ecosystem structure and 
function, have been addressed by numerous laboratory studies and field-based experiments 
(for a review see Shaver et al., 2000). In general, there are strong positive correlations 
between temperature and soil respiration (Peterjohn et al., 1993), soil net N mineralization 
(Lükewille & Wright, 1997; Schmidt et al., 2002) and plant productivity (Jonasson et al., 
1999), at least initially. In the longer term, however, many of the processes return to pre-
disturbance levels, indicating that short-term reactions to warming may be different from 
long-term effects (Arft et al., 1999; Shaw & Harte, 2001). In the N-limited ecosystems in the 
north (taiga and tundra), increasing temperatures may change N mineralization rates leading 
to enhanced N availability and plant productivity (Oechel et al., 2000). This may also lead to a 
change in litter quality due to changes in plant species composition, e. g., if the latitudinal tree 
line and shrub cover changes. On the other hand, the organic C pools in the northern soils are 
more vulnerable to decomposition than those in the south, at least in the organic soil horizons, 
because of their high C/N ratios, which may cause a nitrogen limitation for the microbial 
decomposer community. A recent study in a tundra ecosystem indicated that in the longer 
term, increasing nitrogen availability may also lead to a loss of carbon in the mineral horizons 
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(Mack et al., 2004). 
The carbon decomposition or accumulation rates in climate change conditions will depend on 
the presence of a stable microbial community in the ecosystem, which is capable of using 
organic matter released as a result of permafrost thawing. The northern ecosystems are 
characterized by extreme climatic conditions and low productivity during the short growing 
seasons. Low soil temperature regimes and partially water saturation of large areas lead to a 
diminished microbial activity and a long turnover time for organic materials. As a result 
accumulation of organic matter is favored in cold climate soils (Rodionow et al., 2006). 
In particular, arctic tundra soil has been poorly studied, and its microbial communities are 
commonly assumed to be species poor (Heal, 1999; Hodkinson & Wookey, 1999). However, 
recent results have suggested that polar environments may contain a substantial microbial di-
versity (Wagner et al., 2007; Liebner et al., 2008). Schadt et al. (2003) used biomass mea-
surements and fungal sequence libraries to describe an unexpectedly high fungal diversity and 
activity in snow-covered tundra soils. Furthermore, DNA reassociation analysis from a varie-
ty of soils indicated that genetic diversity in high arctic tundra was similar to that in temperate 
soils. Zhou et al. (1997) screened 43 clones from the Siberian tundra by using restriction 
fragment length polymorphism. Neufeld and Mohn (2005) showed that the bacterial diversity 
estimated by serial analysis of ribosomal sequence tags (SARST) and denaturing gradient gel 
electrophoresis (DGGE) was greater for undisturbed arctic tundra soil samples than for boreal 
forest soil samples, with the highest diversity assoiated with a sample from an extreme 
northern location (82°N). 
 
Goals and objectives 
The aim of this study is to investigate the soil microbial community structure and activity of 
two Siberian region, arctic (N 72°, E 126°) and sub-arctic (N 64°, E 100°), in order to answer 
the question of how the structure and activity of specific microbial populations depends on C-
content and C\N ratio as well as temperature, freeze/thaw cycle and moisture conditions. The 
data obtained will help to better understand the carbon dynamics in permafrost under global 
climate change. The study sites are located at the Evenkian forest research station of Tura 
along the Tunguska River connected to the Yenisei River (N 64°, E 100°), a permafrost-af-
fected taiga ecosystem, and in Samoylov Island in the central part of the Lena Delta (N 72°, E 
126°), a permafrost-affected tundra ecosystem. Soil samples were collected during the sum-
mer 2011 (July in the Tura region; August in the Lena Delta). The goals of the project are: 
• to compare the biodiversity of active soil layer microbial populations of Siberian arctic and 

sub-arctic regions; 
• to assess heterotrophic respiration rates of soil microbial populations of Siberian arctic and 

sub-arctic permafrost-affected soils; 
• to search for dependences between structure, density and respiration activity of soil 

microbial populations under contrasting environmental characteristics and C-content. 
 
Research activities 
 
Soil sampling and preparation 
The permafrost microrelief leads to a small-scale variability in soil characteristics of the study 
sites. The soil layers were sampled for different cryogenic microrelief elements (Table 1). 
Subsamples for heterotrophic respiration rate and microbial biomass estimation were stored at 
4ºC before analysis. Subsamples for phospholipid analysis were immediately frozen at -18°C. 
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Microbial biomass and heterotrophic respiration rate 
Basal soil respiration was estimated from the CO2 emission rate from soil samples incubated 
at 23ºС and 60% moisture content. The biomass of the heterotrophic microorganisms was 
determined by adding into the substrate an excess of D(+)glucose and (NH4)2SO4. The CO2 
released during the first two hours was converted to microbial carbon: µg CO2-C g soil-1 h-1 

(Anderson & Domch, 1978; Sparling, 1995).  
 
Table 1: Sample description 

No. Place of sampling Description Soil horizon (cm) 

1 Central Evenkia, Tura (N 64°, E 100°) Northern exposition slope 0-5 
2 Central Evenkia, Tura (N 64°, E 100°) Northern exposition slope 5-10 
3 Central Evenkia, Tura (N 64°, E 100°) Northern exposition slope 10-20 
4 Central Evenkia, Tura (N 64°, E 100°) Northern exposition slope 20-30 
5 Central Evenkia, Tura (N 64°, E 100°) Northern exposition slope 30-35 
6 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 0-5 
7 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 5-10 
8 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 10-20 
9 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 20-30 

10 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 30-40 
11 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 40-50 
12 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 50-60 
13 Central Evenkia, Tura (N 64°, E 100°) Southern exposition slope 60-65 
14 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon moss 
15 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon litter 
16 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 0-5 
17 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 5-10 
18 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 10-15 
19 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 15-20 
20 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 20-25 
21 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 25-30 
22 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 30-40 
23 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 40-50 
24 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 50-60 
25 Lena River delta, Samoylov (N 72°, E 126°) Rim of ice-wedge polygon 60-65 
26 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 0-5 
27 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 5-10 
28 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 10-15 
29 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 15-20 
30 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 20-25 
31 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 25-30 
32 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 30-40 
33 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 40-50 
34 Lena River delta, Samoylov (N 72°, E 126°) Center of ice-wedge polygon 50-55 
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Lipid extraction from soil samples 
Lipids were extracted from freshly frozen soil samples equivalent to a dry weight of 50 g, 
according to the Bligh-Dyer method as described by Zelles and Bai (1993). The resulting lipid 
material was fractionated into neutral lipids, glycolipids and phospholipids on a silica-bonded 
phase column (SPE-SI; Bond Elute, Analytical Chem International, CA, USA) by elution 
with chloroform, acetone and methanol, respectively. 
 
Determination of PLFA and PLEL 
Both assays are based on the determination of phospholipid side chains. An aliquot of the 
phospholipid fraction equivalent to 12.5 g soil dry weight (dw) was taken for phospholipid 
fatty acid (PLFA) analysis. After mild alkaline hydrolysis, the lipid extract was separated into 
OH-substituted ester-linked PLFA, non-OH substituted esterlinked PLFA and non-
saponifiable lipids following the procedures described by Zelles and Bai (1993). 
Another aliquot of the phospholipid fraction equivalent to 25.0 g soil dw was used for 
phospholipid ether lipid (PLEL) analysis according to Gattinger et al. (2003). After the 
formation of ether core lipids, ether-linked isoprenoids were released following ether-bond 
cleavage with HI and reductive dehalogenation with Zn in glacial acetic acid.  
 
GC-MS analyses of PLFA and PLEL structure  
The fraction of unsubstituted ester-linked PLFA was reduced to dryness under nitrogen and 
dissolved in 100 µl hexane supplemented with non-adecanoic methyl ester as internal 
standard. The analyses of the fatty acid methyl ester (FAME) extracts were performed by GC-
MS as described by Lipski and Altendorf (1997). The position of double bonds of mono-
unsaturated fatty acids was determined by analyzing the dimethyl disulfide (DMDS) adducts 
(Nichols et al., 1986).  
The resulting isoprenoid hydrocarbons were dissolved in 100 µl internal standard solution 
(nonadecanoic methyl ester) and subjected to GC/MS analysis at operating conditions 
described Gattinger et al. (2003).  
 
Results 
The basal respiration rate of microorganisms in the rim and the center active layer soil profiles 
of the ice-wedge polygon (Lena Delta, Samoylov, 72°N, 126°E) was accumulated linearly 
and evenly in all studied horizons. In the green-mosses horizon the highest respiration activity 
of heterotrophic microorganisms was observed. Also two zones of actively respiring microbes 
were indicated in the rim profile: the litter and five-centimetric soil layer above the permafrost 
table. Respiration activity in the center part of the ice-wedge polygon ranged uniformly within 
the active layer with one maximum in the 0-5 horizon. Biomass distribution of heterotrophic 
microorganisms of both soil profiles fully corresponded to the activity distribution of basal 
respiration rates (Fig. 1).  
The data obtained allow to assume that the specific soil conditions of the center and hte rim of 
the ice-wedge polygon form two various pools of heterotrophic microorganisms. In the con-
ditions of the polygon center, the microbes are almost uniformly distributed on the soil profile 
while the moisture outflow from the top to the bottom horizons at the rim leads to an accumu-
lation of microorganisms directly over the permafrost, which is comparable to the top hori-
zons of higher oxygen. The microbial biomass (MB) of heterotrophs was very low (except for 
BM of the moss layer and the soil horizon near the permafrost of the rim). The extraordinary 
heterotrophic activity at such a low biomass is probably a consequence of an intensification of 
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the metabolic activity due to temperature increase. At the same time, it is not unlikely that in 
the aboriginal microbial community some heterotrophs did not use glucose. Nevertheless, 
irrespective of the heterotrophic community structure of the aboriginal microorganisms, it is 
possible to speak about a strongly pronounced ability of microbiocoenoses to consume of the 
organic matter stored in the ecosystem at increased environmental temperature. 
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Fig. 1: Basal respiration and microbial biomass (MB) of the active layer of an ice-wedge polygon (Samoylov). 
 
The basal respiration rate within the active layer of the soil profile both of the southern 
exposition slope and the northern exposition slope at the Tura site decreased with depth (Fig. 
2) and strongly correlated with C-content (Table 2). The heterotrophic microbial biomass 
correlated with C-content as well and was 2-8 times higher than at the Samoylov site.    
Elemental carbon and nitrogen analyses of all samples were carried out in the OSL. The data 
are presented in Table 2. It was shown that the nitrogen content in “Tura” soils varied from 
0.05% to 0.19% and in “Samoylov” soils from 0.09% to 0.97%. Total organic carbon content 
in “Tura” soils ranged between 0.38% and 8.27%, in “Samoylov” soils between 1.99% and 
30.2%. The soil of the northern exposition slope at the Tura site was characterized by a higher 
carbon and nitrogen content than the soils of the southern exposition slope, and for these 
parameters were very similar to the soils of Samoylov Island. Despite the narrow C/N ratio in 
the southern exposition slope soils, these soils are very poor except for the upper horizon of 0-
5 cm.  
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Fig. 2: Basal respiration and microbial biomass (MB) of the active layer of the southern exposition slope (SS) 
and northern exposition slope (NS) at the Tura site. 

 
In order to determine the microbial communities structure, the PLFA and PLEL analyses of 
samples indicated in Table 1 were carried out. MUFAs (monounsaturated fatty acids), PUFAs 
(polyunsaturated fatty acids), SATFAs (saturated fatty acids) as well as PLELs were extracted 
from the soil and analyzed using GC-MS. Unsaturated fatty acids (MUFAs and PUFAs) 
detected in the soils at the investigated sites are presented in Table 3. PLEL biomarkers 
detected in the soils at the investigated sites are presented in Table 4. 
In the Samoylov samples in the polygon center, the concentration of total phospholipid bio-
markers (MUFAs and PUFAs) ranged between 15.2 and 651.6 nmol g-1 dw. The highest va-
lues were found in the depth of 0-5 cm, in contrast to the polygon rim where the highest con-
centration of total phospholipid biomarkers was between 25 and 30 cm soil depths. In the 
polygon rim total phospholipid biomarker concentration varied between 20.5 and 
105.5 nmol g-1 dw. In the Tura samples, the concentration of total phospholipid biomarkers 
ranged between 10.2 and 535.8 nmol g-1 dw. The highest concentration was detected in the 
depth of 0-5 cm both in the southern and northern exposition slopes.  

SS	

NS	
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Table 2: Elemental carbon and nitrogen content in the soils of the investigated sites 
No. Place of sampling Description N [%] TC [%] C/N 
1 Tura (N 64°, E 100°) North. exp. slope 0-5  0.19±0.15 8.27±5.80 43.75±6.47 
2 Tura (N 64°, E 100°) North. exp. slope 5-10 0.11±0.03 2.30±0.24 21.88±5.75 
3 Tura (N 64°, E 100°) North. exp. slope 10-20 0.12±0.03 2.07±1.04 17.25±5.19 
4 Tura (N 64°, E 100°) North. exp. slope 20-30 0.13±0.02 2.25±0.05 17.06±1.85 
5 Tura (N 64°, E 100°) North. exp. slope 30-35 0.17±0.04 2.43±0.20 15.16±3.24 
6 Tura (N 64°, E 100°) South. exp. slope 0-5 0.16±0.09 2.21±0.89 14.99±2.32 
7 Tura (N 64°, E 100°) South. exp. slope 5-10 0.08±0.03 0.79±0.08 10.14±2.23 
8 Tura (N 64°, E 100°) South. exp. slope 10-20 0.06±0.02 0.46±0.01 8.78±3.21 
9 Tura (N 64°, E 100°) South. exp. slope 20-30 0.10±0.07 0.38±0.02 5.20±3.42 

10 Tura (N 64°, E 100°) South. exp. slope 30-40 0.06±0.02 0.41±0.04 7.53±2.31 
11 Tura (N 64°, E 100°) South. exp. slope 40-50 0.05±0.02 0.17±0.01 3.45±1.12 
12 Tura (N 64°, E 100°) South. exp. slope 50-60 0.06±0.03 0.21±0.01 3.77±1.84 
13 Tura (N 64°, E 100°) South. exp. slope 60-65 0.06±0.02 0.22±0.01 3.66±1.44 
14 Samoylov (N 72°, E 126°) Rim of polygon moss 1.60±0.10 33.71±3.48 21.06±2.85 
15 Samoylov (N 72°, E 126°) Rim of polygon litter 0.41±0.04 14.80±0.31 36.5±3.48 
16 Samoylov (N 72°, E 126°) Rim of polygon 0-5 0.09±0.02 2.27±0.15 26.64±5.09 
17 Samoylov (N 72°, E 126°) Rim of polygon 5-10 0.10±0.01 2.20±0.12 21.96±2.82 
18 Samoylov (N 72°, E 126°) Rim of polygon 10-15 0.10±0.01 1.69±0.10 16.42±11.55 
19 Samoylov (N 72°, E 126°) Rim of polygon 15-20 0.11±0.01 2.39±0.09 22.04±2.54 
20 Samoylov (N 72°, E 126°) Rim of polygon 20-30 0.18±0.07 2.54±0.39 15.96±4.66 
21 Samoylov (N 72°, E 126°) Rim of polygon 30-40 0.11±0.01 2.27±0.19 20.61±2.14 
22 Samoylov (N 72°, E 126°) Rim of polygon 40-50 0.17±0.01 3.30±0.16 19.80±1.87 
23 Samoylov (N 72°, E 126°) Rim of polygon 50-60 0.18±0.02 4.80±0.17 26.66±3.14 
24 Samoylov (N 72°, E 126°) Rim of polygon 60-64 0.20±0.06 5.12±0.20 25.60±5.21 
25 Samoylov (N 72°, E 126°) Center of polygon 0-5 0.97±0.15 30.2±4.97 31.13±2.48 
26 Samoylov (N 72°, E 126°) Center of polygon 5-10 0.50±0.07 14.1±0.98 28.20±4.99 
27 Samoylov (N 72°, E 126°) Center of polygon 10-15 0.42±0.04 12.4±3.25 29.52±5.70 
28 Samoylov (N 72°, E 126°) Center of polygon 15-20 0.14±0.02 4.8±1.12 34.29±5.50 
29 Samoylov (N 72°, E 126°) Center of polygon 20-30 0.10±0.01 3.1±1.84 31.00±3.82 
30 Samoylov (N 72°, E 126°) Center of polygon 30-40 0.21±0.04 5.3±3.42 25.29±2.58 
31 Samoylov (N 72°, E 126°) Center of polygon 40-55 0.20±0.06 5.5±2.31 27.50±5.00 

 
The marker lipid for the type I methanotrophic family Micrococcaceae (16:1ω7c) was clearly 
detectable in the soils of both sites (Table 3). Cis-10-octadecenoic acid (18:1 ω 9c), which is a 
marker lipid for the family Methylocystaceae (type II), was not detected in the polygon center 
but in the upper two horizons (0-5 cm and 5-10 cm) of the polygon rim as well as in the soils 
of both slopes in Tura. The fungal marker 18:2ω6,9c (Frostegard & Bååth, 1996) was detected 
in all investigated samples. The highest percentages of this PLFA were detected at 10-15 cm 
soil depth in the polygon center (zone of maximum plant root growth) with 10.4% and in the 
first 5 cm of the polygon rim with 9.2%. A shift of the overall composition of the microbiota 
with depth at both sites was indicated by an increasing portion of iso- and anteiso-branched 
fatty acids related to the amount of straight-chain fatty acids. 
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Table 3: Unsaturated fatty acids (MUFAs and PUFAs) detected in the soils of the investigated sites 
PLFA Tura soils (nmol g-1) Samoylov soils (nmol g-1) Biomarker 

14:1ω9 2.3   

br15:1 19.9 18.9  

i15:1 6.5 7.7 Gram(+) bacteria 
15:1ω11 8.7  Gram(-) bacteria 
15:1ω10 2.1  Gram(-) bacteria 
15:1ω8 2.0  Gram(-) bacteria 
15:1ω6 2.9  Gram(-) bacteria 
i16:1 12.3 14.0 Gram(+) bacteria 
16:1ω12 10.0  Gram(-) bacteria 
16:1ω11c 15.6 7.9 Methane-oxidizing bacteria (I type) 
16:1ω9c  10.5 Methane-oxidizing bacteria (I type) 
16:1ω8c  36.0 Methane-oxidizing bacteria (I type) 
16:1ω7c 100.5 186.1 Methane-oxidizing bacteria (I type) 
16:1ω6c 7.9 13.4 Methane-oxidizing bacteria (I type) 
16:1ω5c 25.8 27.7 Methane-oxidizing bacteria (I type) 
16:1ω5t  22.5 Methane-oxidizing bacteria (I type) 
i17:1 3.3 12.5 Gram(+) bacteria 
17:1ω8br 20.4  Gram(-) bacteria 
17:1ω13 4.1  Gram(-) bacteria 
17:1ω8 10.7 23.2 Gram(-) bacteria 
17:1ω7 2.0  Gram(-) bacteria 
17:1ω6 3.3 5.9 Gram(-) bacteria 
18:1ω9c 91.7 126.7 Methane-oxidizing bacteria (II type) 
18:1ω9t  1.4 Methane-oxidizing bacteria (II type) 
18:1ω8c  1.0 Methane-oxidizing bacteria (II type) 
18:1ω7c 119.3 95.4 Methane-oxidizing bacteria (II type) 
18:1ω7t  2.6 Methane-oxidizing bacteria (II type) 
18:1ω6 11.4  Microeukaryotes, bacteria 
18:1ω5c 8.8 2.3 Microeukaryotes, bacteria 
19:1ω14 9.2  Microeukaryotes, bacteria 
19:1ω10 5.3  Microeukaryotes, bacteria 
19:1ω8 3.1  Microeukaryotes 
20:1ω9 3.0  Microeukaryotes 
20:1ω7 1.9  Microeukaryotes 
22:1ω9 1.5  Microeukaryotes 
18:2ω6c 18.2 59.3 Fungi 
18:2ω9c 2.1 75.2 Fungi 
PLFAtot 535.8 750.2  

 
The abundance of total microbial PLFAs decreased at all sites from the surface to the bottom 
of the active layer and correlated with soil organic carbon and total nitrogen. The highest 
amounts of PLFAs were present in the surface horizon of the rim and center of the ice-wedge 



 J-47 

polygon and lowest at the rim, where the PLFA abundance decreased by one order of 
magnitude between the surface peat horizon and the underlying mineral horizons. The 
biomarker PLFAs for methanotrophs (16:1ω7 and 18:1ω7) contributed up to 4.6% of the total 
PLFAs in the peat soil of polygon center and up to 1.2% in the organic-rich mineral soil of the 
polygon rim in Samoylov. At the Tura sites, the abundance of the biomarker PLFAs for 
methanotrophs showed the same depth distributions. The methanotrophic communities at all 
sites were clearly dominated by bacteria containing the 16:1ω7 and 18:1ω7 biomarkers. 
Phospholipid ether lipid-derived isoprenoids (biomarker for Archaea) were detected in all 
samples and were highest in the soil depths 5-10 cm (4.0 nmol g-1) for the polygon center and 
20-25 cm (3.8 nmol g-1) for the polygon rim in Samoylov, and in the soil depths 0-5 cm 
(1.5 nmol g-1) at both slopes in Tura (Table 4). Most of the Samoylov samples contained only 
the two ubiquitous Archaeal markers phytane and biphytane (i20:0 and i40:0). Only in the soil 
depth 5-10 cm from the polygon center, the side-chain i20:1 was found, indicating the 
presence of acetoclastic methanogens (Gattinger et al., 2002). The PLEL biomarker in relation 
to the total phospholipid concentration increased in both vertical profiles with increasing soil 
depth and reached a maximum of 3.4% near the bottom layer of the center and 3.6% in 20-
25 cm soil depth of the rim. In the Tura samples, phytane (i20:0) and the side-chain i20:1 was 
detected in very low concentrations. 
 
Table 4: PLEL biomarkers detected in the soils of the investigated sites 

Detected in Samoylov soils Detected in Tura soils 
i20:0 i20:0 
i20:1 i20:1 

i40:0x  
i40:0  

i40:0cy  

 
The microbial community composition (PLFA and PLEL) showed a clear difference between 
microbiocoenoses of the two investigated soil ecosystems (the “forest” ecosystem of the Tura 
site and the “tundra” ecosystem of the Samoylov site). At the Samoylov site the diverse soil 
biomarkers of methane-oxidizing bacteria I and II types prevailed while at the Tura site 
biomarkers of Gram (+) and Gram (-) bacteria as well as biomarkers of microeukaryotes 
dominated. This demonstrates the different ways of soil organic carbon decomposition by the 
microbial communities of the investigated sites.  
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ESTIMATION OF METHANE RELEASE PROCESSES IN THE KARA SEA AND 
THEIR IMPACT ON CLIMATE CHANGE IN THE ARCTIC 
 
A. Krylov, P. Semenov, D. Portnova 
I.S. Gramberg All-Russia Research Institute for Geology and Mineral Resources of the World Ocean 
VNIIOkeangeologia, St. Petersburg, Russia 

 
Introduction 
 
Scientific background 
Numerous changes have occurred in the Arctic over the last few decades, e.g., Arctic surface 
air temperature has increase rapidly (Martin et al., 1997; Rigor et al., 2000) with a warming 
trend that has been very strong since about 1980 (Alley et al., 2003; Johannessen et al., 2004; 
Zhang, 2005). In this regard, attention should be paid to one of the most effective greenhouse 
gases – methane –, which might be among the most important factors responsible for global 
warming (e.g., Shine & Sturges, 2007; Isaksen et al., 2011). A methane molecule is 20-60 
times more efficient than CO2. According to current estimates methane contributes to global 
warming with up to about 15%. The study of methane distribution on the Kara Sea shelf is 
important for understanding the carbon cycle in the Arctic. The estimation of methane release 
processes in the Kara Sea and assessment of their impact on climate change in the Arctic are 
the scientific objectives of this project. 
A significant number of proven hydrocarbon deposits in the Kara Sea as well as the presence 
of permafrost suggest the existence of the prerequisites for high methane contents in the 
sediments and water column. Studying the molecular composition of gases and their 
concentrations in the sediments and water column in different parts of the Kara Sea, we will 
evaluate the importance of this region as a supplier of methane into the atmosphere.  
Studying the spatial distribution of methane and its homologies along the Yenisey and 
Taymyr/St. Anna Trough transects as well as the distribution of methane in the sedimentary 
section is important for evaluating the levels of methane concentration in the Kara Sea. 
Finally we will draw conclusions about the importance of the Kara Sea as a methane supplier. 
 
Goals and objectives of the project 
The main goal of the proposed study is to estimate whether the Kara Sea can be considered as 
an important source of methane to the Arctic environment as it was suggested earlier for the 
Laptev and East Siberian seas. The results of our study will contribute significantly to 
understanding the carbon cycle in the Arctic, as well as to the assessment of the proportion of 
methane emitted to the atmosphere. The program is certainly very important for the 
assessment of climate change. 
To meet the goal of the project, it is necessary to consider the sources of methane in the Kara 
Sea and to trace its generation, migration, and possible export to the atmosphere. The study is 
focussed on: 
• analyzing the molecular composition of the gases retrieved from the sediments and water 

columns during the cruise of RV “Akademik Mstislav Keldysh” to the Kara Sea with the 
aim to estimate the background methane concentration; 

• analyzing – if the amount of methane is high enough – stable isotopes (δ13C and δD) for 
elucidating biogeochemical processes occurring in the sediments and water column with 
respect to the methane cycle; 



 J-52 

• measuring the content of total organic carbon (TOC) in sediments and and analyzing its 
isotopic composition for understanding the potential possibility of near-surface sediments 
generating methane. 

 
Research activities 
 
Approach 
Gas-chromatographic measurements of the molecular composition of gases in water and 
sediments were carried out using a SHIMADZU 2014 apparatus equipped with PID and 
capillary column Widw Bore Restek Rt-Aluminia bond/Na2SO4 50 m x 0.43 mm x 10 µm. 
The following components were detected: CH4, C2H6, C3H8, i-C4H10, C2H4, C5H12, C2H4, and 
i-C4H8. 25 samples of gas in the water column and 137 samples of gas in sediments were 
measured. All gas samples were degassed and separated from the sediments and sea water 
onboard of RV “Akademik Mstislav Keldysh”. Samples were delivered to St. Petersburg and 
measured at VNIIOkeangeologia. 
60 samples of sediments were prepared (ground and treated) to determine the amount of total 
organic carbon and nitrogen using OSL equipment. The dried sediments were ground for 3 
minutes using an electronic 2-camera miller. After that the samples were boxed and from each 
box 4 new samples were formed: 2 samples were packed in a tin trough to evaluate the 
amount of non-organic carbon; 2 other samples from each box were placed into a silver 
trough, treated with 5% HCl (5 drops) and placed in a sand-oven for 24 hours. Then they were 
treated once again with 5% HCl (3 drops) and returned into the oven for 24 hours. After 
eliminating all acids these samples were packed in the same way as the ones in  tin and put in 
special boxes with 24 cells each. The average weight of one sample is 53 mg. Now all 
samples are ready for analyzing on the Elemental Carbon and Nitrogen Analyzer (Vario EL 
III, Elementar).  
The sediments samples were also checked using a microscope for estimating the dispersed 
authigenic carbonates. For smear-slides preparation a small amount of sediment (~ 1 g) was 
located on the object-plate and a thin layer smeared onto its surface. After drying the sediment 
the glass was put on an electric heater and heated up to ~80-90°С, then a small amount 
(~0.5 g) of fir balm was added on its surface. After the latter was fused, the object-plate was 
covered with a cover glass which nestled for some seconds. After cooling to room 
temperature the smear-slide was ready for microscopic research. 
 
Accomplishments 
The following research activities were planned to be carried out during the accounting period 
according to our proposal: 
• gas-chromatographic measurement of the molecular composition of gases in water and 

sediments using the SHIMADZU 2014: all proposed measurements were done; 
• determination of the isotopic composition of gases using the mass-spectrometer Finnigan 

Delta plus XP (Moscow State University) and of the isotopic composition of organic 
carbon: the amount of methane in all samples was too small for isotopic measurements, 
therefore measurements could not be done; 

• determination of the amount of total organic carbon in sediments: all samples were 
prepared for measurements and measured with the Elemental Carbon and Nitrogen 
Analyzer at the OSL; 

• microscopic study of the sediment samples using the Olympus BX-50 microscope 
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available at the OSL: this work was done at VNIIOkeangeologia. 
 
Results 
Our studies provided data on the content of hydrocarbon gases in several profiles crossing the 
critical zone of the Kara Sea (Fig. 1). Our preliminary analysis of the data showed that the 
methane content is very low at all studied sites. The concentration of methane dissolved in 
pore water varies between 5 and 147 ppm. The concentrations of methane degassed from sea 
water reach maximal values of 50 ppm. Elevated concentrations (anomalies) of methane were 
not found.  

 
Fig. 1: Location of coring stations during the cruise of RV “Akademik Mstislav Keldysh” (12.09.-8.10.2011). 

 
Figures 2 and 3 show the vertical and horizontal distribution of concentrations of methane and 
heavy hydro-carbon gases. Figure 2 illustrates the gradual decrease in the concentration of 
methane in the direction from the Yenisey River to the Kara Sea. However, the most southern 
site 5013 is an exception. This site is characterized by sandy sediments, not holding gases. We 
also noted a sharp decrease in the concentration of methane in the direction to the surface 
sediments (3-7 cm) to values close to equilibrium (5 ppm, total headspace gas). A relatively 
high concentration of this component in the subsurface layer (7.5 cm), reaching 64.5 ppm of 
“total head–space–gas,” is found only at site 5015. The maximum concentration of methane 
for this section, reaching 147 ppm “total head–space–gas,” is also marked at this site. The 
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total concentration and distribution of heavy hydrocarbon gases along the section is not so 
obvious and logical as the distribution of methane despite the fact that the maximum values of 
heavy hydrocarbon gases are also detected at site 5015 (Fig. 2). 

 
Fig. 2: Distribution of methane and heavy hydrocarbon gases along the Yenisey River/Kara Sea profile. 
 
A similar situation with respect to methane can be traced in section 2 (Fig. 3). The anyhow 
insignificant concentrations of methane become even smaller in the direction off the estuarine 
zone and with increasing depth. Site 5042 with the maximum coring depth (285 cm) is of 
greatest interest. The concentration of methane is almost unchanged or slightly increases 
down the section, but forms a sharp peak on the horizon of 250 cm below seafloor (cmbsf), 
which corresponds to a significant admixture of sandy-gravel material. 
It should be noted that in all cases the observed decrease in methane concentration with 
distance from the estuaries is due to a decrease in the amount of organic matter transported by 
river runoff. Products of biological degradation of organic matter (carbon dioxide, acetate) 
serve as a source for the generation of methane by anaerobic methanogenic archaea. In this 
case, a sharp decrease in methane concentration in the direction of the surface sediments is 
probably due to the activity of sulfate-reducing bacteria competing with the methanogens for 
reducing equivalents or the indirect use of the methane for anaerobic sulfate reduction. Due to 
the very small concentration of methane close to the seafloor in the studied area, we assume a 
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very insignificant inflow of methane to the water column (and later to the atmosphere). These 
data contradict results of studies of methane distribution on the Eastern Arctic shelf, where 
significant amounts of methane anomalies were detected (Shakhova et al., 2010). 

 
Fig. 3: Distribution of methane and heavy hydrocarbon gases along the Taimyr/St. Anna Trough profile. 
 
Heavy hydrocarbons are traditionally regarded as markers of thermogenic migration, but the 
possibility of their microbial production in trace amounts is also proven. Quite possibly, the 
absence of a clear correlation of the distribution of heavy hydrocarbons (concentrations are in 
general small) and methane, observed in our case, is also associated with the deep source of 
these gases, taking into account that the studied area is located within the detected 
hydrocarbon reservoirs.   
The distributions of organic carbon and nitrogen were studied along the sedimentary sections 
and in the area of the Kara Sea. Organic carbon content varied between 0.35 and 1.85%, while 
the amount of nitrogen ranged from 0.062 to 0.234%. A very high positive correlation 
between organic carbon and nitrogen was detected (R2= 0.85). As it was noted for methane, 
the content of organic carbon and nitrogen naturally decrease with the distance from the coast. 
The C\N ratio varies between 5.6 and 12.6. This shows the predominance of marine (algal) 
organic matter in marine sediments. 
Sediments samples were also checked using a microscope for estimating the dispersed 
authigenic carbonates. It is well known that authigenic carbonates can be formed as a result of 
intensive anaerobic/aerobic oxidation of methane. Even if gas does not escape from the 
sediments at the present time, the presence of authigenic carbonates containing light δ13C 
isotopes can be used as evidence of gas-bearing fluids in the past. However, authigenic 
carbonates were not found in our samples. This result is in accordance with the low amount of 
methane dissolved in pore water and, as a consequence, testifies to the low intensity of 
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processes of anaerobic oxidation of methane. 
 
Conclusion 
During the accounting period the following research activities were carried out:  
• measurement of hydrocarbon gases degassed from the sediments and sea water;  
• preparation of sediment samples for measurements of total organic carbon and nitrogen;  
• checking the dispersed authigenic carbonates in the sediments using a microscope.  
It was established that the concentrations of methane and heavy hydrocarbon gases are low in 
both sediments and sea water. The content of methane varies between 5 and 147 ppm in the 
sediments and reaches 50 ppm in sea water. We found a gradual decrease in methane 
concentration in the direction from the Yenisey River to the Kara Sea. Sites with anomalies of 
methane concentrations were not detected. Thus, the main conclusion is that methane is not 
escaping to the atmosphere at the studied sites. Therefore, our data contradict with results of 
studies of methane distribution on the Eastern Arctic shelf, where significant amounts of 
methane anomalies were detected (Shakhova et al., 2010). 
The content of heavy hydrocarbons in sediments and sea water samples is also low. The 
absence of a clear correlation between distribution of heavy hydrocarbons and methane most 
likely testifies to a deep source of the heavy hydrocarbon gases. 
Authigenic carbonates were not found in the sediments, which is in accordance with low 
methane concentrations and, as a consequence, low intensity of processes of anaerobic/ 
aerobic oxidation of methane. 
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EXTENSION OF PACIFIC SUMMER WATERS IN THE ARCTIC OCEAN CAUSED 
BY LARGE-SCALE ATMOSPHERIC CIRCULATION 
 
M. Makhotin 
Arctic and Antarctic Research Institute, St. Petersburg, Russia 

 
Introduction 
In the last decade we observed fast climatic changes. These changes are well expressed in the 
polar region, which is more sensitive to all environmental shifts. Temperature and salinity 
anomalies were observed not only on the surface (Frolov et al., 2009) but also in the halocline 
layer of Pacific origin. 
Pacific water enters the Arctic Ocean from the Chukchi Sea, after passing through Bering 
Strait from the North Pacific Ocean. A subsurface local temperature maximum within a low-
salinity layer (roughly, 31<S<33) marks the Pacific summer water (PSW), which lies below 
the fresher mixed surface layer in the Arctic Basin (Fig. 1) (Gudkovich, 1955; Coachman & 
Barnes, 1961; Shimada et al., 2001; Steele et al., 2004). 

 
Fig. 1: Vertical profiles of temperature and salinity in the Canada Basin. 

 
Pacific water (S<33.5) comprises about two thirds of the Canadian Basin halocline in 
thickness, provides on third of Arctic freshwater inflow (Woodgate & Aagaard, 2005), and 
affects the Atlantic overturning circulation (e.g., Wadley & Bigg, 2002). Finally, PSW is one 
of the major sources of heat in the Arctic Ocean. According to Woodgate et al. (2010) heat 
fluxes through the Bering Strait doubled between 2001 and 2007. It is enough to account for 
one third of the 2007 seasonal Arctic sea-ice loss. 
Our previous study, based on historical oceanographic data from 1950 to 1989, revealed the 
high interannual variability in PSW and the area of its extent in the Arctic Ocean (Fig. 2) 
especially in the region between Lomonosov, Mendeleev and Alpha ridges (Makhotin, 2010, 
2011). The PSW is permanently present in the central and southern parts of the Canada Basin 
and northern part of the Chukchi Borderland. The median boundary of PSW runs roughly 
over the Mendeleev Ridge. In this study we focused on the investigation of the area of PSW 
extent over a time period from 1991 to 2012 and revealed the role of atmospheric circulation 
in its variability. 
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Numerous previous works investigated the influence of atmospherical circulation on the upper 
ocean layer and changes of the freshwater balance in the Arctic Ocean. Gudkovich (1961 a, b) 
was one of the first to explain both seasonal and year-to-year variations in the surface (water 
and ice) circulation by variability in wind fields. Subsequently, numerous studies have shown 
the link between the changes in the major shifts of the upper ocean circulation in the Arctic 
wind forcing regimes that occur on time scales of several years to decades (e.g., Morison et 
al., 1998; Steele & Boyd, 1998; Anderson et al., 2004; Morison et al., 2006; Alkire et al., 
2007; Newton et al., 2008; Proshutinsky et al., 2009). Recently Timmermans et al. (2011) 
demonstrated that the changes in the prevailing wind field were the most likely cause of the 
surface freshening in the Eurasian Basin of the Arctic Ocean. The observed changes in the 
upper ocean layer suggest an evident correlation between atmospheric and oceanic circulation 
in the Arctic. According to Nikiforov and Shpaikher (1980), the correlation coefficient 
between ocean and atmospheric circulation may reach 80% for the upper 200 m layer of the 
ocean. Contrary to the surface layer not so many works studying halocline layer circulation in 
the Arctic Ocean include Pacific waters. All these studies are based on relatively short time 
periods from several years to a decade. For example, Steele et al. (2004), using oceanographic 
data over a period from 1991 to 2001, found the circulation of Pacific halocline water to be 
strongly influenced by changes in the Arctic Oscillation. 
We believe the circulation of Pacific halocline water to be strongly influenced by surface 
stress forcing. We will examine this issue using a variety of hydrographic data sets collected 
from 1991 to 2012. 
 
Goals and objectives 
The main goal of this project is to find out how the atmospheric processes influence the 
circulation of PSW in the Arctic Ocean. 
The following key objectives will be considered to specify the role of atmospheric circulation 
in the interannual variability of PSW: 
• to analyze temperature, salinity and nutrient datasets in order to define the  extent of PSW 

and their main characteristics from 1991 to 2012; 
• to examine the interannual variability of the extension and boundary position of PSW from 

1991 to 2012; 
• to reveal the mechanism of these variabilities and to figure out the role of atmospherical 

forcing. 
 
Research activities 
To address these objectives we analyzed the temperature and salinity profiles obtained from a 
variety of sources since 1991, when accuracy and high vertical resolution CTD (conductivity-
temperature-depth) data appeared. The data from 1991 to 2006 were mostly obtained by 
numerous expeditions and programs such as SCICEX (Submarine Arctic Science Program), 
SHEBA (Surface Heat Budget of the Arctic Ocean), JOIS (Joint Ocean Ice Study), NPEO 
(North Pole Environmental Observatory), RV "Polarstern" and RV "Akademic Fedorov" 
cruises, the drift station "Severnyy Polyus" etc. The coverage of the deep Arctic Ocean over 
the entire period is reasonably good, although individual years exhibit large gaps. 
The most recent data since 2007 were obtained through the ‘Ice-Tethered Profiler’ (ITP) 
program (http://www.whoi.edu/website/itp/overview). This program supplies commonly 
accessible high accuracy data on temperature and salinity with good spatial resolution over 
the entire Arctic Ocean. 
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Totally about 30,000 oceanographic stations were analyzed for a period of 1991-2012. 
In the deeper part of the Arctic Ocean, the PSW are identified by the presence of a local 
temperature maximum within a specified salinity range (31-33) in the upper halocline layer 
(Fig. 1). The maxima were identified using an automated algorithm with no subjective user 
modifications. Our algorithm also identifies the depth and salinity of the upper and lower 
boundaries of the PSW for each temperature maximum. Finally the extent of the PSW was 
defined in the Arctic Ocean from 1991 to 2011. A caveat of the thermal mark method is that 
the temperature maximum may diffuse away and as a result the true extent may be larger than 
our estimation. 
For a comprehensive study of PSW extension in the Arctic Ocean, modeling data, calculated 
with a coupled atmosphere/ocean model (ECHAM5/MPIOM), were used. The data were 
courteously presented by Dr. Dmitry Sein from the Max Planck Institute for Meteorology, 
Hamburg. A comparison of our and model results showed that computing simulations do not 
reproduce the presence of the PSW local temperature maximum in the Canada Basin. Based 
on model data, tracers of Pacific origin waters move from the Chukchi Sea westward towards 
the East Siberian Sea, and the Amundsen and Nansen basins. This contradicts our results and 
present views. One of the main reasons for the contradiction is an incorrect reproduction by 
the model of the position of Beaufort Gyre anticyclonic circulation, which was shifted from 
the Canada Basin to the center of the Arctic Ocean. In spite of the impossibility to use the 
simulated data due to the reason described above, our results obtained through field data can 
be used for model verification. 
 
Results 
Based on our results the PSW demonstrates a high interannual variability in the area of its 
extension for the period 1991-2011. Figure 2 shows the extent and geographic variations of 
the PSW. Starting from 1991 the area of PSW decreased (Fig. 2b) and the eastern boundary 
sequentially shifted from the Lincoln Sea to the Canada Basin until 1995. In 1996 a rapid 
extension of the PSW boundary towards the northeast was observed (Fig. 2c). From 1996 
until 2000 the area of the PSW continued to decrease as from 1991-1995. The boundary of the 
PSW shifted to the Beaufort Gyre (Fig. 2d). In 1999-2000 the area of PSW distribution 
reached a minimum value as in 1984 (Makhotin, 2011). Due to the lack of time series for 
2001-2006, it is impossible to represent the PSW location for this time period. In 2007 the 
PSW boundary was observed roughly over the median position. The downstream limit of 
summer Pacific influence lies roughly along the 180°E meridian (i.e., Mendeleev Ridge) 
northward to about 87°N, where it turns eastward towards Northern Greenland (Steele et al., 
2004; Makhotin, 2010) as it was observed also in 2007, 2009 and 2010 (Fig. 2e, f). However, 
in 2008 the boundary of the PSW shifted rapidly towards the northwest (Fig. 2e) and was very 
close to the Lomonosov Ridge. 
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Fig. 2: Extent and geographic variations of the PSW boundaries: (a) over the period 1950-1989; (b-f) over the 
period 1991-2012. Red and blue arrows indicate extension and narrowing of the PSW boundaries, respectively. 
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Data on the spatial and temporal distribution of oceanographic data near the Canadian 
Archipelago and Greenland are not enough for precise determination of the PSW boundary 
especially for the period 2002-2006. Nevertheless, the results presented in Falck et al. (2005) 
and Morison et al. (2006) confirmed our conclusions about the shifts of the PSW boundaries. 
For instance, in 2000-2001 when the PSW boundary shifted to the Canada Basin and the area 
reached the minimum extent, salinities of the upper 150 m near the pole and in the northern 
Makarov Basin were higher than the climatological average by 1-2; and the temperatures in 
the Atlantic Water core along Lomonosov Ridge were higher by 1-2°C (Morison et al., 2006). 
The increase in salinity evidences the shift of the Atlantic/Pacific front towards the Canada 
Basin. Moreover, in 2004 Falck et al. (2005) did not observe Pacific Water in the Fram Strait, 
while the data from 1984, 1990, and 1997 all showed considerable amounts of Pacific Water 
above the shelf and slope northeast of Greenland. Their evidence also confirmed our 
observations that the Pacific Water was stored in the Beaufort Gyre and/or drained through 
the passages of the Canadian Archipelago in the early 2000ies. 
Using the 4 years from 2007 to 2010 as an example we showed the influence of atmospheric 
circulation on the PSW distribution (Fig. 3). Sea-level pressure and modeled annual sea-ice 
motion, calculated by Proshutinsky (see Timmermans et al., 2011), demonstrate the strong 
interannual variability of the large-scale circulation, changing conditions which impact upper-
ocean circulation and PSW distribution. The most intense annually averaged anticyclonic 
circulation in the past 60 years was seen in 2007 (Proshutinsky & Johnson, 2010), which led 
to an anomalous extension of the PSW towards the Lomonosov Ridge in 2008. Based on the 
obtained results, the time lag between wind forcing and PSW circulation response is one year. 
In 2008 water pathways from the Makarov Basin were directed to the Fram Strait. The 
boundary of the PSW distribution in 2009 extended far to the east towards Greenland, and the 
stream of the PSW outflow was very wide. The Beaufort Gyre was significantly reduced in 
strength in 2009 and 2010 as compared to 2007 and 2008. The Transpolar Drift Stream was 
much weaker, and effectively absent in 2009. The years of 2009 and 2010 exhibit a northward 
surface flow from the Beaufort Gyre region off the coast of Ellesmere Island (joining the flow 
off the coast of Greenland towards the Fram Strait), which was not observed in 2007 and 
2008. In 2010 the outflow of the PSW was weaker as compared to 2009. And in 2011 and 
2012 the eastern boundary of Pthe SW did not spread to the east of Ellesmere Island. 
To prove the influence of atmospheric circulation on the PSW extension we demonstrated the 
correlation between the shifts of the PSW boundary and differences of sea-level pressure 
along the way of the PSW extension (Fig. 3, graph). The shift of the PSW boundary was 
defined in reference units of distance along the line (Fig. 3, upper panel, black dashed line), 
extending from the mean position of the sea-level pressure maximum in the Beaufort Gyre 
(defined based on 1985 – 2012 SLP data) toward the maximum PSW boundary extent 
observed in 2008. The difference of sea-level pressure was calculated between both ends of 
line. An increase in the sea-level pressure difference corresponds to an intensification of 
winds, and leads to shifts of the PSW boundary towards the Makarov Basin and Lomonosov 
Ridge in the Russian sector of the Arctic Ocean. The time lag of the response of the PSW 
boundary shifts to the changes of atmospheric circulation is one year. It perfectly matches the 
anomalous extension of the PSW boundary in 2008 and the strong anticyclonic circulation in 
2007. 
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Fig. 3: Map of model domain showing annually averaged ice drift (blue small arrows) and sea level pressure 
(blue contours, hPa) for 2007, 2008, 2009, and 2010 (Timmermans et al., 2011); red lines indicate the positions 
of the PSW boundaries for 2008, 2009, 2010 and 2011; black dashed lines are plotted from the center of the 
Beaufort Gyre anticyclonic circulation towards the position of the maximum extension of the PSW observed in 
2008 (see details in text) and characterize the extension of the PSW boundaries; arrows indicate the shifts of the 
PSW boundaries. The graph shows the time series of sea-level pressure differences (blue curve) at the ends of 
the black dashed line (see map) and shifts of the PSW boundaries (black curve) along its line. 
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In contrast to Steele et al. (2004) we did not find a clear correlation between the PSW 
distribution and the Arctic Oscillation, which is the first component of an empirical 
orthogonal function of Northern Hemisphere sea-level pressure, explaining 52% of the 
variance over the wintertime Arctic Ocean (Rigor et al., 2002). Falck et al. (2005) also found 
no indications for a direct relationship between the presence of Pacific Water north of the 
Fram Strait and the Arctic Oscillation. Alkire et al. (2007) found that Pacific origin waters are 
not clearly linked to the Arctic Oscillation suggesting that the circulation of the upper and 
deeper water column can be decoupled and responds on a different timescale. According to 
our results the circulation of the PSW is strongly influenced by wind fields over the Canada 
Basin whereas the Arctic Oscillation represents the atmospheric circulation over the whole 
Arctic. 
 
Conclusion 
Our results revealed a higher interannual variability of the PSW extent from 1991-2012. Since 
1991 the boundary of the PSW shifted towards the Canada Basin and the area of the PSW 
extent reached its minimum in 2000. Approximately (due to the lack of data) from early 2000 
to 2007 the boundary of the PSW returned back to its median position over Mendeleev Ridge. 
In 2008 we found an anomalously high extent of the PSW towards the Lomonosov Ridge. 
This anomaly is likely associated with the strong 2007 anticyclonic circulation over the 
Canada Basin. According to our results the circulation of the PSW is strongly influenced by 
wind force over the Canada Basin and depends on the position and intensity of the Beaufort 
Gyre anticyclonic circulation. We found the time lag of the PSW circulation response on wind 
activity to be one year. 
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Introduction 
 
Scientific background 
The Arctic is a key area in our warming world as massive releases of methane, currently 
locked up in permafrost and gas hydrates, could increase atmospheric concentrations of this 
greenhouse gas much faster than predicted. As most climate models predict a rapid increase in 
Arctic air and surface-water temperatures within the next few decades, the release of methane 
from free-gas or as gas-hydrate reservoirs in marine permafrost and from wetlands, tundra and 
shallow marine sediments is likely to increase.  
Numerous publications were devoted to permafrost distribution and evolution in the eastern 
and western Russian Arctic (Antipina et al., 1981; Are, 1976; Zhigarev et al., 1982; Grigoriev, 
1993; Soloviev et al., 1987; Zhigarev, 1997; Kassens et al., 2000; Leibman et al., 2000; 
Gataulin et al., 2001; Vasiliev et al., 2005; Bondarev et al., 2002; Hubberten & Romanovskii, 
2001, 2003; and others). However, the scale of sub-sea permafrost distribution as a whole and 
within the shelf area of the Kara Sea, in particular, is still under discussion. Sub-sea perma-
frost within the Kara Sea has been recovered at shallow depths in drill cores around the Ya-
mal Peninsula and the Yenisey (Rokos et al., 2001), and has been observed in high-resolution 
seismic profiles (Rekant et al., 2005a ; Rekant & Vasiliev, 2011) (Fig. 1A). In particular, 
there are several scenarios of sub-sea permafrost evolution within the Kara Sea and adjacent 
Arctic shelf. It should be noted that some of these scenarios contradict each other (i.e., Polyak 
et al., 2008 and Stein et al., 2004). This is due to the lack of direct observations of permafrost 
and its indirect evidence within the study area. No detailed geophysical information related to 
acoustic permafrost table distribution were obtained during the past several years over the NE 
Kara Sea. In this connection new high-resolution seismic data obtained during cruise 59 of the 
Russian RV “Akademik Mstislav Keldysh” into the Kara Sea (Septmber 17-October 7, 2011) 
are of primary importance for understanding sub-sea permafrost distribution and evolution. In 
this study original high-resolution seismic data, obtained during the 2011 cruise of RV “Aka-
demik Mstislav Keldysh”, were used in order to reveal signs of both permafrost- and metha-
ne-induced anomalies. During the cruise, 366 km of seismic profiles were obtained by using a 
SONIC 4M high resolution seismic system (sparker) (designed by VNIIOkeangeologia). The 
data obtained during the cruise have allowed identifying both weak and high-amplitude re-
flectors that may result from local submarine permafrost submersion and possible gas pre-
sence in the sediment, respectively. Special attention was given to the identification of sub-sea 
permafrost degradation signs. Besides this, all the available geophysical data and geological 
information on sub-sea permafrost distribution within the study area were considered.  
 
Goals and objectives of the project  
The general goal of the project was to understand the current state of sub-sea permafrost 
within the NE Kara Sea and the time scale of its evolution in the context of climate change in 
the Arctic. In particular, detailed mapping of the outer boundary of the permafrost distribution 
in the northeastern Kara Sea was the main goal of the project. 
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Fig. 1: (A) Sub-sea permafrost distribution in the southern Kara Sea (Rekant & Vasiliev, 2011); the outer boun-
dary of the sub-sea permafrost is indicated by the dashed line. (B) Seismic data set processed and interpreted du-
ring this project; the color of high-resolution seismic profiles corresponds to the expedition where the data were 
obtained; dashed line – outer boundary of the sub-sea permafrost (Rekant & Vasiliev, 2011). (C) APF table 
(indicated by pink) on the fragment of the seismic line 2011_7 and modern position of the sea level. (D) APF 
table distribution on the seismic line 2011_7 (indicated by pink) and location of this line within the study area. 
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The objectives were:  
• processing and interpretation of high-resolution seismic (HRS) data obtained during cruise 

59 of Russian RV “Akademik Mstislav Keldysh” into the Kara Sea;  
• revelation of acoustic permafrost (APF) tables and gas-related anomalies along the 

obtained seismic profiles;  
• reinterpretation of high-resolution data available over the study area (Murmansk Arctic 

Geological Expedition (MAGE) and VNIIOkeangeologia long-term surveys) aimed at APF 
table identification;  

• consideration of background information (offshore drilling, gas seepage indications) on the 
geological history of the NE Kara Sea with respect to sub-sea permafrost evolution;  

• mapping of the outer boundary of the sub-sea permafrost within the NE Kara Sea based on 
our original seismic data and those available for the study area;  

• presentation of the obtained results at international scientific conferences with further 
publication. 

 
Research activities 
 
Approach 
Generally methods used to investigate sub-sea permafrost include probing, drilling, primarily 
seismic, and geological and geophysical modeling. During this study, the interpretation of 
seismic records was the basic approach to sub-sea permafrost identification. Drilling results 
and published sub-sea permafrost models were used to verify the obtained results. As it was 
established by Rogers and Morack (1985), the appearance of prominent seismic reflection at 
the boundary of frozen and unfrozen sediments is due to a considerable jump-like increase of 
interval velocities inside the frozen sequence. The difference between acoustic impedance at 
this boundary is so much so that the acoustic signal does not get through the frozen sediments 
(Niessen et al., 1999). This leads to formation of special seismic facies represented by a bright 
reflector underlain by acoustically transparent sediment. Other features, characterizing the 
submarine permafrost-related seismic section, are unconformability of the bright reflector in 
respect to the initial sedimentary bedding and its overlapping by non-deformed sediments 
(Bondarev et al., 2002; Rekant et al., 2005b). Beside this, cryogenic and postcryogenic 
sediment structures and gas-charged sediments, often disturbing seismic images, can be used 
for understanding the current state of sub-sea permafrost (Rekant & Vasiliev, 2011). 
 
Accomplishments 
The research was fully carried out in accordance with the working program. In order to fulfill 
the objectives of the project, the following studies were carried out: 
• all available HRS profiles for the study area were processed by means of Kingdom Suite 

8.3 (by Seismic Micro-Technology, Inc., Texas USA) and then interpreted with respect to 
both APF table and gas-seepage indication identification. An overview of the HRS data set 
used in this study is represented in Figure 1B; 

• anomalies resulting from gas seepage and APF tables were mapped by using ArcView GIS 

version 3.2; 
• all the available data on sub-sea permafrost within the Kara Sea (i.e., Bondarev et al., 

2002; Rekant et al., 2005b; Rekant & Vasiliev, 2011; Rokos et al., 2001) were considered 
in order to improve seismic data interpretation; 
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• a juxtaposition of the obtained results with published scenarios of APF distribution over 
the Kara Sea was carried out; 

• the original map of sub-sea permafrost distribution within northeast Kara Sea was further 
developed; 

• the results of the studies were presented at international and Russian scientific meetings; 
• general conclusions on the current state of sub-sea permafrost in NE Kara Sea were drawn. 

In particular, our investigations have allowed predicting the main factor controlling sub-sea 
distribution, which is apparently water depth in the studied area of the Kara Sea. Gas-
induced anomalies, detected at the studied HRS profiles, correspond to water areas both in 
and outside of the inferred sub-sea permafrost occurrence areas. 

 
Results 
 
Acoustic permafrost table identification and mapping 
As a result of our interpretation of the original HRS images, a wide zone, characterized by a 
bright reflector underlain by acoustically transparent sediment, was recognized. The limit of 
this zone was confidently enough identified at the isobaths 130-150 m in most of the studied 
HRS images (Fig. 1C). A detailed interpretation of closely located seismic profiles allowed 
establishing an extension of this zone and drawing conclusions about its origin. In particular, 
the coincidence of the zone with sub-sea permafrost was established. Reinterpretation of all 
available marine HRS profiles within the area has allowed us to establish two seismic units 
(SU-1 and SU-2) separated by a clear seismic reflector A (SR-A). A similar feature was 
revealed by P. Rekant along the HRS profiles at water depths of up to 30-40 m in the southern 
Kara Sea (Fig. 2A) (Rekant et al., 2005a). The considerable difference of the seismic image of 
SU-1 and SU-2 leads to a reliable correlation of the SR-A boundary separating the profiles. 
There are two typical zones observed in the larger part of the HRS profiles. The first is a zone 
with a clear APF sign (smoothed zone "SZ", see Fig. 2A and 2B). The second is a zone with 
well laminated sediment layers (laminated zone "LZ", Fig. 2B). Therefore, the contrast range 
of the seismic records permits to separate these into two different zones (LZ and SZ; Fig. 2B) 
distributed over the study area. Seismic-acoustic markers indicate the presence of sub-sea 
permafrost at 130-150 m water depth in the study area of the Kara Sea. High amplitude 
reflectors just under the seafloor suggest an APF table position as shallow as a few meters 
below seafloor with average subbottom depths of occurrence of about 10-20 m.  
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Fig. 2: Examples of APF table topography along the HRS profiles located (A) at the Shpindler area and (B) in 
the study area (see Fig. 1B for location) showing the: SR-A – seismic reflector A, corresponding to APF table; 
SU-1 and SU-2 – seismic units; HZ – hummocky zone, and SZ – smooth zone of SR-A according to Rekant et 
al. (2005a); LZ – laminated zone (our data). 
 

The APF identified was mapped by using ArcView GIS version 3.2 (see results in Fig. 3, 4B). 
An occurrence of the permafrost at the water depths deeper than 120 m (130-150 m according 
to our results) was not reported before. However, a comparison of the compiled sub-sea 
permafrost distribution map with the one most resent published (Rekant & Vasiliev, 2011) for 
the southwestern Kara Sea and drilling results show a good agreement. Therefore, the 
significance of the research is the extension of the permafrost distribution along an area 
previously characterized by a data gap. Finally, the studies allowed developing the most 
recent map of possible sub-sea permafrost distribution within the NE Kara Sea. 
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Fig. 3: Results of APF table identification in the study area: HRS profiles characterized by APF table presence 
are marked by solid pink lines and the outer boundary of sub-sea permafrost by a dashed pink line. 

 
 
Gas-induced anomalies along the HRS profiles and their possible relation to sub-sea 
permafrost degradation 
Several anomalies which could be associated with degrading permafrost were found during 
our interpretation of the obtained HRS data. In particular, evidence of thawing permafrost 
(talik?) was identified on the seismic profile 2011_1 (Fig. 4A). A weak-amplitude reflector in 
the central part of the profile (raspberry lines in Fig. 4A) may also result from local submarine 
permafrost submersion. High-amplitude reflectors (yellow lines in Fig. 4A) suggest the 
presence of gas in the sediment. Beside this, some seismic profiles were characterized by 
remarkable bright spots testifying to gas presence in the uppermost sediment section. As a 
whole, indications for gas-charged sediment were identified both in and outside the zones of 
permafrost occurrence, whereas evidence of thawing, occurring close to its outer boundary, 
may result from modern processes of permafrost degradation.  
 
Conclusions 
The interpretation of new data, obtained during the RV“Akademik Mstislav Keldysh” cruise, 
allowed revealing both sub-sea permafrost signs in sediments at water depths of 130-150 m 
and evident gas-related seismic features. A reinterpretation of the available seismic data from 
previous expeditions has shown the presence of APF tables in the study area, which is in good 
agreement of our original data. The studies performed under this project allowed compiling 
the most recent map of possible sub-sea permafrost distribution within the NE Kara Sea. 
According to our data, the main factor, controlling sub-sea permafrost distribution within the 
studied area of the Kara Sea, is water depth. Gas-induced anomalies, detected at the studied 
HRS profiles, correspond to water areas both in and outside of the zones of inferred sub-sea 
permafrost occurrence, suggesting different origins of these anomalies. It is reasonable to 
believe that some of the anomalies resulted from permafrost degradation, which leads to gas 
emission from the thawing sediments. On the other hand, those anomalies located outside of 
the mapped permafrost occurrence zones evidently result from gas seepage from deep sources 
or testify to in situ methane generation. Evidence of thawing, occurring close to outer 
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permafrost boundary, may result from modern processes of permafrost degradation. 

 
Fig. 4: A: Map of sub-sea permafrost distribution within the Kara Sea based on both data from Rekant & 
Vasiliev (2011) (black dashed line) and results of our study (red dashed line). B: Fragment of the seismic profile 
2011_1 representing talik, and gas-related anomalies.  
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THE LATE PLEISTOCENE-HOLOCENE HISTORY OF PALEOENVIRON-
MENTAL VARIABILITY IN THE WESTERN BERING SEA 
 
E. Ovsepyan 
P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow 

 
Introduction  
 
Scientific background  
At present, the investigation of global teleconnection mechanisms is one of the most 
important challenges in paleoceanography. Therefore, the correlation of short-term events 
(less than 1,500 years) in remote areas of the world has been extensively developed during the 
past decades. The current proposal is devoted to the reconstruction of the millennial-scale 
variability of environmental conditions at the intermediate depths in the subarctic western 
Bering Sea over the last ca. 180 kyr. It represents a major contribution to the PI`s PhD thesis. 
An 18-m-long piston core SO201-2-85KL (57°30.30'N, 170°24.79'E, water depth 968 m) was 
recovered from Shirshov Ridge during the RV "Sonne" cruise 1 Leg 2 in 2009. 
The Bering Sea is being extensively studied because of our poor knowledge about the 
paleoceanography of the basin. Such questions as the influence of a periodical closure of the 
Bering Strait to heat and water mass transport from the North Pacific into the Arctic, the 
intermediate water formation in the Bering Sea, and in-phase or anti-phase sea-surface 
temperature (SST) changes in the region relative to those in the North Atlantic still remain 
unsolved. The western part of the Bering Sea, where the North Pacific Intermediate water 
presumably forms, represents a key region for detailed paleoceanographic investigations. 
SO201-2-85KL is a very representative core in this area in terms of available calcareous 
microfossils and covered time interval. The results, obtained within the framework of our 
previous OSL projects, provide us with the first paleoceanographic reconstructions for the 
western Bering Sea based on foraminiferal assemblages and sedimentological data over MIS 
3-1 and Termination II. However, to complete the paleoceanographic history of the western 
Bering Sea region over ca. 180 kyr, we need to study MIS 5d-4 and MIS 6 intervals. 
The age model of the core SO201-2-85KL was developed by the German-Russian team from 
AWI, GEOMAR, the Il`ichev Pacific Oceanological Institute FEB RAS, and North-East 
Interdisciplinary Science Research Institute FEB RAS. As mentioned above, millennial-scale 
environmental changes were reconstructed for the last 50 kyr and Termination II within the 
framework of previous OSL projects. The distribution of planktic and benthic foraminiferal 
assemblages demonstrates rapid significant changes in paleoproductivity and bottom-water 
ventilation during MIS 3-1 (Ovsepyan et al., in press). Our data on coarse fraction distribution 
point to millennial variations in the IRD (ice-rafted debris) supply mainly occurring in cold 
stages and with a few short-term events during warm stages. By now, some similar features 
have been revealed between Terminations I and II (Ivanova et al., 2011; Ovsepyan et al., 
2011). The early phases of both terminations are characterized by strong bottom-water 
ventilation, drifted sea ice and/or icebergs, and relatively low productivity, with short-term 
events of enhanced primary production due to the reorganization of thermohaline circulation. 
The late phases are characterized by dissolution of calcareous microfauna (especially strong at 
MIS 5e), enhanced production of siliceous phytoplankton and intensification of terrigenous 
input. 
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Goals and objectives of the project 
The goal of this project was to complete the first high-resolution micropaleontological study 
in the poorly investigated subarctic western Bering Sea. The objectives were the following: 
• to estimate the millennial to centennial variability in paleoenvironments (i.e., 

paleoproductivity and bottom-water ventilation) inferred from benthic foraminiferal 
assemblages during MIS 5.4-4 and MIS 6 using statistical programs and the Kaiho index; 

• to create a continuous high-resolution history of the western Bering Sea in the Late 
Pleistocene to Holocene with the support of the previously obtained results; 

• to estimate the amplitudes and trends of faunal and environmental changes during MIS 5.4-
4 and MIS 6; 

• to compare the results of benthic foraminiferal data with the planktic foraminiferal and 
diatom record obtained by the Russian colleagues from the P.P. Shirshov Institute of 
Oceanology RAS (SIO) and the Pacific Ocean Institute FEB RAS in the same core; 

• to correlate the changes in benthic assemblages with independent geochemical proxies 
measured by the German partners from AWI and GEOMAR to support the reconstructions 
of paleoproductivity changes in the Bering Sea; 

• to correlate the paleoceanographic changes in the western Bering Sea with the southern 
part of the basin (Bowers Ridge), Sea of Okhotsk and North Pacific region. 

 
Research activities 
 
Approach 
The samples for this study were washed at the SIO and GEOMAR in 2010 using 63 and 
100 µm sieves. Thus, the fractions 63-100 and >100 µm were available for this study. 
Quantitative and taxonomic studies of benthic foraminiferal assemblages in the 6-12 and 14-
18 m intervals were carried out with an average 5-cm sampling range. For reliable 
paleoceanographic reconstructions, 250-300 specimens of benthic foraminifers were counted 
overall in both 63-100 and >100 µm fractions of each sample. Samples containing less than 
100 specimens were excluded from the paleoceanoraphic analysis. Samples with 100-250 
tests were used to reconstruct paleoenvironmental changes but the author paid special 
attention to the reduced reliability of these interpretations. However, some authors believe 
that this quantity is enough for qualitative paleoceanographic analysis (Fatela & Taborda, 
2002). Mineral grains and rock fragments were counted in the fraction >1000 µm. Benthic 
foraminiferal abundance and the percentage of indicative benthic species were used to 
reconstruct sea-surface bioproductivity. Bottom-water ventilation was evaluated by means of 
oxygen-related benthic foraminiferal groups previously distinguished by Kaiho (1994) and 
corrected by Bubenshchikova et al. (2010) for the Sea of Okhotsk. 
 
Accomplishments 
The quantitative analysis of benthic foraminiferal assemblages was carried out on 195 
samples: 120 samples in the interval of 6-12 m (MIS 5d-early MIS 3) and 75 samples in the 
interval of 1,440-1,813 cm (late MIS 6). The changes of paleoproductivity, intensity of 
bottom-water ventilation and sea-ice conditions were evaluated for the studied intervals. 
Benthic foraminiferal data were compared to planktic foraminiferal results provided by the 
PI`s scientific advisor Dr. E.V. Ivanova. 
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Results 
According to the preliminary age model (Riethdorf et al., 2011), the studied sediment sections 
cover the early marine isotope stage (MIS) 3, MIS 4 to 5a-d and the late MIS 6. 
In the late MIS 6 the main feature of benthic foraminiferal assemblages is the presence of 
Epistominella arctica throughout the sequence (Fig. 1). This species is absent during MIS 3-2. 
This tiny benthic foraminifer was previously described for a high arctic environment with 
perennial sea-ice cover and poor food supply to the bottom (Polyak, subm.). Its presence in 
the MIS 6 sediments can be explained by severe conditions with more extensive sea-ice cover 
and lower sea-surface bioproductivity during MIS 6 as compared to MIS 3-2 in the western 
Bering Sea. A strong dissolution during the studied interval, especially in the lower part, is 
inferred from the scarcity of planktic foraminifers and corroded tests of benthic ones. This 
might be caused by a high amount of corrosive CO2 preserved in the western Bering Sea 
waters by a sea-ice cover preventing gas exchange between ocean and atmosphere. 
The studied sequence is represented by alternation of grey sandy clayey silts, dark grey sandy 
clayey silts, diatomaceous sandy clayey silts and olive-grey diatomaceous oozes (Fig. 1). The 
taxonomic composition and abundance of benthic foraminifers demonstrate a strong 
dependence on these lithological units. Four intervals were distinguished in the sequence. 
 
Core interval 1,813-1,671 cm 
The interval is strongly bioturbated except the lowest part of the sequence (1,807-1,813 cm). 
The bioturbated sediments are composed of sandy clayey silt, dark grey ("transitional 
sediments"), sandy clayey silt, and sandy clayey silt with a high portion of diatoms (Fig. 1, 
Dullo et al., 2009). Preservation of calcareous microfossils is not good. The low abundance 
(100-250 specimens per sample) and scarcity of benthic species in most of the samples does 
not allow us to evaluate the paleoceanographic conditions correctly. The data obtained from 
several samples with a sufficient amount of benthic foraminifers (>300 specimens per sample) 
reveal the followed features. Grey and dark grey sandy clayey silts contain a suboxic group of 
benthic foraminifers and the seasonal-productivity proxies Alabaminella weddellensis and E. 
arctica. This indicates active bottom-water ventilation and low productivity conditions, 
respectively. A band of sandy clayey silt with a high portion of diatoms contains high 
percentages of Bulimina tenuata and a dysoxic group of benthic foraminifers, thus implying 
high productivity and oxygen-depleted conditions in the bottom waters. The lowest part of 
this interval is represented by diatomaceous ooze and characterized by the absence of 
calcareous microfossils. 
 
Core interval 1,671-1,603 cm 
This interval is represented by sandy clayey silt with lenses of whitish-gray volcanic ash and 
angular dropstones (diameter ~2 cm) in the lower part (Dullo et al., 2009) and is characterized 
by the strongest dissolution of calcareous microfauna inferred from corroded tests and 
scarcity of planktic and benthic foraminifers. This might be caused by a high amount of 
corrosive CO2 preserved in western Bering Sea waters by the sea-ice cover preventing gas 
exchange between ocean and atmosphere. The high concentration of gravel grains in the 
upper part and the presence of angular dropstones in the lower part reflect a seasonal sea ice 
cover with a close position of the sea-ice margin to the site location. The diverse petrology 
and shape of the gravel grains suggest both icebergs and sea ice as the transporting agents. 
 



 J-78 

 
Fig. 1: Multi-proxy time series during MIS 6 in core SO201-2-85KL. Gaps mean intervals of excluded samples 
where benthic foraminiferal abundance is not sufficient for paleoceanographic analysis, i.e., <100 specimens per 
sample. Vertical grey lines represent intervals of low abundance of benthic foraminifers (100-250 specimens). 
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Core interval 1,603-1,498 cm 
This interval is composed of sandy clayey silt, dark olive-grey with black streaks and mottles, 
and is bioturbated and intercalated by bands of more greenish/brownish sandy clayey silt 
(diatomaceous?) (Dullo et al., 2009). The distribution of benthic foraminiferal assemblages 
demonstrates very well the correlation with lithological units (Fig. 2). the benthic forami-
niferal assemblage, characterized by a dominance of A. weddellensis–Islandiella norcrossi, is 
typical for dark olive-grey sandy clayey silt with black streaks and mottles whereas the 
prevalence of Bolivina sp.–Bulimina sp. characterizes more greenish/brownish sandy clayey 
silt (diatomaceous?). Benthic foraminiferal abundance is high throughout the more greenish/ 
brownish bands. The concentration of gravel grains increases in the greenish/brownish inter-
vals as well. The interval of intercalation (~155-163 kyr according to Riethdorf et al., 2011) in 
the SO201-2-85KL coincides with an increase in precessional forcing, which increased both 
the Northern Hemisphere summer insolation and the seasonality between 163 and 151 ka 
(Laskar et al., 2004). Therefore, we deduce a succession of numerous huge river Yukon 
discharges probably due to retreat of the western edge of the Laurentide ice sheet and glaciers, 
which supplied a high amount of nutrient to the eastern Bering continental slope. Nutrients, 
transported to the western part by means of surface currents, were incorporated into the 
cyclonic gyre. The similar so-called “Heinrich-like” events were documented in sediment 
cores from the Bay of Biscay where laminated intervals of the mid-MIS 6 were associated 
with seasonal massive ‘Fleuve Manche’ discharges (Toucanne et al., 2009).  
 
Core interval 1,498-1,400 cm 
This interval is represented by sandy clayey silt with a high portion of diatoms in the lower 
part (Dullo et al., 2009). In general, the sequence mostly contains the benthic foraminiferal 
assemblage typical for glacial conditions, except in the upper and the lower parts. The 
dominant glacial benthic foraminiferal species in the middle part is A. weddellensis. Its 
relative abundance ranges between 21 and 68%. As this species is known to be related to 
periodical pulses of labile organic matter to the seafloor, its prevalence as well as the low 
absolute abundance of benthic foraminifers imply a low seasonal bioproductivity during the 
glacial interval probably due to an extensive sea-ice cover over the Shirshov Ridge during the 
insolation minima in the Northern Hemisphere. I. norcrossi, the second dominant species in 
the assemblage of the middle part, lives in the arctic seas and prefers fresh organic matter 
produced by phytoplankton in the ice-marginal zone. High values of the suboxic group of 
benthic foraminifera (including A. weddellensis, I. norcrossi, Islandiella californica, Uvige-
rina akitaensis etc.) point to a rather strong ventilation of the bottom waters during the time 
when the sandy clayey silt of the middle part was deposited. The upper and lower parts of the 
interval are characterized by a dominance of high productivity species, such as B. tenuata, 
Bolivina decussata, and Bolivina pacifica. The dysoxic group of benthic foraminifers prevails 
in these parts and suggests oxygen-depleted conditions at the bottom. It is interesting that no 
lithological changes correlate with the spike of the dysoxic group in the upper part of the 
interval whereas a shift to more diatomaceous sandy clayey silt is documented in the lower 
part. By now, this fact is not clear, so further investigations are necessary. A low concen-
tration of gravel grains and high terrigenous material content in the coarse fraction suggest sea 
a ice cover over the Shirshov Ridge. 
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Fig. 2: Multi-proxy time series in core SO201-2-85KL. The horizontal green line on the lowest plot is the 
present-day depth of the Bering Strait. RSL – relative sea level (according to Waelbroeck et al., 2002). The age 
model is according to Riethdorf et al. (2011). 
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General results 
Findings revealed for the late MIS 6 are unique to characterize paleoceanographic conditions 
at intermediate depths and sea surface in the Bering Sea during the late part of the penultimate 
glacial cycle. There is only one core, retrieved from the southern deep (3060 m w.d.) part of 
the basin, that covers MIS 6 (Gorbarenko et al., 2005, 2010; Khusid et al., 2006). Another 
core, covering the penultimate glacial cycle, comes from the North Pacific area (Gebhardt et 
al., 2008). 
The MIS 5a-d interval, as the previously studied late part of termination II and MIS 5e as 
well, is characterized by a very strong dissolution. Only several samples contain enough 
benthic foraminifers for correct paleoceanographic interpretations. The intensive dissolution 
began simultaneously with the rapid sea-level rise and opening of the Bering Strait ~133 kyr 
according to the global sea-level curve of Waelbroeck et al. (2002, Fig. 2). The opening of the 
Bering Strait led to massive freshwater input from the Arctic into the Bering Sea. This 
freshwater input induced a more stably stratified upper ocean, which prevents the occurrence 
of deep convection (Hu et al., 2012) and the release of corrosive CO2 to the atmosphere. An 
excess of carbon dioxide is favorable for calcium carbonate dissolution.  
The period of MIS 4-early MIS 3 is characterized by glacial assemblages of benthic 
foraminifers with the dominance of A. weddelensis and I. norcrossi (Fig. 2). This implies low 
bioproductivity conditions. High values of the suboxic group of benthic foraminifers point to 
a strong ventilation of bottom water. The predominance of rock fragments and mineral grains 
over biogenic components in the >63 µm size fraction suggests terrigenous sedimentation 
intensified by ice rafting. In general, there are no principal differences between the 
paleoceanographic conditions reconstructed for MIS 4 and early MIS 3 and those of the later 
part of the MIS 3-LGM.  
The distribution of A. weddellensis percentages during the last 180 kyr demonstrates a trend 
opposite to the relative sea level curve (Waelbroeck et al., 2002). Sea level rise led to partial 
flooding of the eastern shelf, thereby increasing the nutrient supply to the Bering Sea surface 
waters. The resulting higher productivity promotes the displacement of A. weddelensis by 
other benthic species. 
Diatoms were studied by colleagues from Vladivostok. Their results are still unpublished. A 
high abundance of diatoms is observed in MIS 1 and MIS 5 (especially in MIS 5e) and 
correlates with intervals of strong dissolution of calcareous microfossils (Cherepanova, pers. 
comm.). 
A comparison of benthic foraminiferal data from core SO201-2-85KL with data from the 
surroundings shows that low productivity conditions occurred in the southern Bering Sea, Sea 
of Okhotsk and the North Pacific region during MIS 3-2 and high productivity conditions 
during the Bølling/Allerød and early Holocene. The slight productivity increase during the 
early Termination I is documented in our core only for the western Bering Sea (Ovsepyan et 
al., in press). 
 
Conclusion 
The data obtained during this study are unique because core SO201-2-85KL is the only core 
from the intermediate depths of the Bering Sea that contains sediments of the penultimate 
glacial cycle. A strong correlation was observed between different lithological horizons and 
the distribution of benthic foraminiferal assemblages. Four intervals were distinguished in the 
low part of the 18-m-long core SO201-2-85KL, covering the late MIS 6. A strong dissolution 
of foraminifers is documented in the first interval (1,813-1,671 cm). The second interval 
(1,671-1,603 cm) is characterized by a strong dissolution of calcareous microfossils as well. 
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The high abundance of gravel grains reflects a seasonal sea ice cover over the Shirshov Ridge 
and the close position of the sea-ice margin to the core location. Intercalation of high and low 
productivity conditions were reconstructed for the third interval (1,603-1498 cm) of the 
studied sequence and interpreted as a series of River Yukon discharges due to the increased 
insolation during mid-MIS 6. The sediments of the fourth interval (1,498-1,400 cm) are 
characterized by high-productivity proxies and the prevalence of the dysoxic group of benthic 
foraminifers in the upper and lower parts, pointing to a high amount of food and poor 
ventilation at the bottom. The middle part of the interval contains glacial benthic foraminiferal 
assemblages and a suboxic group, indicating low productivity conditions and rather intensive 
ventilation near the seafloor. The MIS 5a-d interval is characterized by the strong dissolution 
of benthic foraminifers probably induced by excess of carbon dioxide in bottom water due to 
strong halocline resulted from the penetration of a high amount of freshwater from the Arctic 
after the opening of the Bering Strait. Typical glacial conditions of low productivity and 
strong ventilation of bottom water are reconstructed for MIS 4-early MIS 3. The distribution 
of the percentages of A. weddellensis demonstrates a trend opposite to the relative sea level 
curve. 
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Introduction 
 
Scientific background 
Paleoecological research in the Laptev Sea is largely focused on investigations of microfauna 
and IRD (ice-rafted debris) distribution in the Late Pleistocene-Holocene marine sediments 
(Stepanova et al., 2007; Taldenkova et al., 2005, 2008, 2009, 2010; Pogodina et al., 2009). 
That is why it is very useful to describe in detail foraminifers as an important group of 
microfossil assemblages which has not yet been thoroughly studied in this region.  
Benthic foraminifers are sensitive environmental indicators. They have been widely used to 
describe modern as well as ancient marine environments in the arctic marginal seas (Korsun 
et al., 1994; Hald & Steinsund, 1992; Wollenburg& Mackensen, 1998; Polyak et al., 2002). In 
marine sediment cores benthic foraminifers represent the most abundant group of 
microfossils. They attract special attention also because of the poor representation of planktic 
foraminifers. 
Reconstructions of paleoenvironments are based on the time-dependent changes and 
variations in the relative abundance of species and ecological groups distinguished in the 
arctic marginal seas depending on offshore changes in water depth and river runoff influence 
(Polyak et al., 2002). 
In order to improve paleoreconstructions, it is of great importance to study the modern 
foraminiferal distribution in the Laptev Sea surface sediments and to apply statistical analyses 
aimed to enlarge the scarce data available so far on recent foraminifers from the Laptev Sea 
(Tamanova, 1971; Lukina, 2004).  
 
Goals and research objectives 
The goal of this research project was to reconstruct the environmental conditions and climate 
change in the Laptev Sea region from the Late Pleistocene to the present based on 
foraminiferal fauna distribution. The reconstructions are based on summarizing data on the 
modern distribution of foraminifers and their occurrence in marine sediment cores. This 
research is planned to be published and defended as a PhD thesis.  
 
Research activities 
 
Approach 
The modern distribution of foraminiferal fauna in the Laptev Sea was analyzed using the main 
environmental parameters (water depth, temperature, salinity). For this purpose we analyzed 
surface sediment samples that were obtained in different parts of the Laptev Sea shelf during 
the TRANSDRIFT V, XII and XIV-XVI expeditions (Fig. 1). We also included the 
previously obtained data on recent foraminifers from the TRANSDRIFT I expedition, which 
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were published by Sven Bude (master thesis, Kiel University, 1997). 

 
Fig. 1: Location of 42 surface samples taken during the Russian-German expeditions TRANSDRIFT I, V, XII, 
and XIV-XVI.  

 
It helps to enlarge the database of calcareous and agglutinated foraminiferal distribution in the 
Laptev Sea and apply it for paleoenvironmental reconstructions in 6 AMS14C-dated sediment 
cores from different parts of the Laptev Sea. Downcore distribution of fossil foraminifers in 
sediment cores PS 51/154, PS 51/159, PS 51/135, PS 51/138, PS 51/92, and PS 51/80 was 
investigated previously. 
The surface samples represent the upper 1-2 cm of sediment. For obtaining statistically more 
reliable data, sometimes 2 to 4 samples were collected from each boxcore. In order to identify 
the percentage of live and dead tests, Rose Bengal ethanol solution was added to the surface 
samples. Prior to washing, they were dried in the oven, and the weight of the dry bulk 
sediment was measured. Then the samples were washed over a 63 µm meshsize sieve and 
dried again in the oven. The weight of the dry residue was measured, and the weight 
percentage of the coarse fraction was estimated. All tests of foraminifers were picked from the 
dry residue and studied under a binocular for species identification.  
For our analysis of foraminifera distribution, samples with an abundance of less than 100 
specimens and less than 50 calcareous species were excluded from the database. 
 
Accomplishments 
The determination of the taxonomic composition of the benthic foraminifers from the 
available 42 coretop and boxcore surface samples has been finished. The research includes 
species composition analysis of live and dead foraminifera and the relative abundance of 
different ecological groups from >63 µm sediment fraction. 
Laptev Sea data were compared with the databases of the Barents and Kara seas, developed 
before (Korsun et al., 1994; Hald & Steinsund, 1992; Wollenburg & Mackensen, 1998; 
Polyak et al., 2002). This will be the basis for the mathematical clustering approach for 
modern and paleoreconstructions. 
The ratio of live (Rose Bengal stained)/dead foraminiferal specimens was calculated in 20 
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samples, to determine the possibility of calcite dissolution and agglutinated test destruction. 
Based on species distribution we distinguished three ecological groups as for the Kara Sea, 
depending on the offshore changes in water depth and river runoff influence: river-proximal, 
river-intermediate, river-distal (Polyak et al., 2002). We also separated the very important 
opportunistic species Elphidium clavatum, which lives in extreme environments with 
stratified and turbid waters, restricted food supply and heavy seasonal ice. 
The PAST software package (Hammer et al., 2001) was used to produce a dendrogramm for 
the 42 surface samples. We applied the unweighed pair-group average (UPGMA) using the 
Manhattan distance for R-mode clustering and obtained 4 groups of samples with similar 
ecological parameters of foraminifera distribution.  
In order to confirm the visual subdivision of the cores' foraminiferal record into time intervals 
we used cluster analysis. The PAST software package (Hammer et al., 2001) was used to 
produce a dendrogramm. We apply the unweighed pair-group average (UPGMA) using the 
basic Euclidean distance for stratigraphically constrained R-mode clustering. 
 
Results 
In the surface samples most benthic foraminifera tests are represented by live forms, 
maximum up to 90%. The average value of both calcareous and agglutinated Rose Bengal 
stained forms in the samples is 60%. Live foraminifera are abundant off the Lena Delta in the 
area of terrigenous sediment fluxes and nutrient supply. The high abundance of organic matter 
causes favorable conditions for microfauna, but it can produce carbonate dissolution 
environments. Also, benthic foraminifers are largely represented by agglutinated forms on the 
whole shelf. Their abundance can reach up to 87% in the surface sediments. But if we 
compare these data with the downcore distribution of foraminifers (core PS51/80), we will see 
a significant decrease of agglutinated species below 10 cm due to post-depositional 
destruction of agglutinated tests. When calcareous frequencies from the modern assemblages 
are calculated without the addition of agglutinated taxa to the sample sum, then we obtain 
closer faunal affinities to the fossil assemblages (Austin & Sejrup, 1994). Altogether the 
dominance of live foraminifera and agglutinated taxa (Dittert et al., 1999; Murray, 1989) 
testify to the poor preservation of foraminifers in the modern Laptev Sea sediment and 
possible dissolution. 
Planktic foraminifers were found in a single sample from the outer shelf. This indicates 
unfavorable conditions for this group of microfossils because of surface water freshening. 
In general, our data on the Laptev Sea foraminifera distribution correspond to the main trend 
in the distribution of species and ecological groups in the arctic marginal seas according to 
Polyak et al. (2002). Nearshore regions are largely inhabited by the typical river-proximal 
species: Hyanesina orbiculare, Elphidium incertum, E. bartletti, Elphidiella groenlandica, 
Buccella frigida and the opportunistic species Elphidium clavatum. The widely spread 
shallow-water marine species (river intermediate group) occur throughout the studied area 
with a maximum abundance in the mid-shelf region. River-distal foraminifers, represented by 
Islandiella norcrossi/helenae, Cibicides lobatulis, Astrononion gallowayi and Melonis 
barleeanus, are extremely rare on the shelf. 
The mathematical approach, applied to analyze the distribution of calcareous species, helped 
to distinguish six clusters (Fig. 2). These clusters correspond to four areas in the Laptev Sea: 
continental slope (cluster 1), outer shelf with >50 m water depth (clusters 3 and 5), inner shelf 
with <50 m water depth (clusters 4 and 6), the freshened area close to the Lena, Anabar, 
Olenek deltas (cluster 2). 
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Fig. 2: Distribution of foraminiferal complexes in the Laptev Sea. (A) The dendrogramm provided by cluster 
analysis subdivides the samples into four groups. (B) Mapping of the four areas with different foraminiferal 
composition: continental slope, outer shelf, inner shelf and the freshened shallow area. 

 
The taxonomic diversity of benthic foraminifers tends to increase in offshore direction, 
primarily due to the fact that different ecological groups occur on the outer shelf and upper 
continental slope, including those from the nearshore regions that are largely ice-rafted to the 
outer shelf and upper continental slope (Stepanova et al., 2007). In contrast, deep-water 
species are absent in the nearshore regions.  
The newly obtained data on the occurrence of modern foraminifers in surface sediments were 
applied for the complete high-resolution paleoreconstructions of 6 AMS14C-dated cores, 
which represent a transect from 21 to 270 m water depth. All previously obtained results will 
be discussed and summarized in the PhD thesis.  
The results of the downcore foraminifer distribution are shown in Figure 3. The core 
PS51/154 from the upper continental slope (270 m depth) dates back to >15.4 cal.ka 
(extrapolated base age 17.6 cal.ka) and contains the longest marine record in this area. The 
composition of foraminiferal assemblages reflects postglacial to Holocene environmental 
changes. It was combined with the cluster analysis dendrogram of 234 core samples based on 
the total abundance of benthic foraminifers and the relative abundance of 11 major species 
and 4 ecological groups (Fig. 3). Fossil assemblages from other cores from the shelf reflect 
the periods of transgressive changes from impoverished nearshore environments to the present 
settings.  
The preliminary defense of the PhD thesis "Reconstruction of the Late Pleistocene and 
Holocene environmental evolution of the Laptev Sea continental margin inferred from high-
resolution records of benthic and planktic foraminifers" took place at the Chair of 
Paleontology, Geological Faculty, Moscow State University, in September 2012. 
 
Conclusions 
The determination of the taxonomic composition of benthic foraminifers from available 
surface sediment samples was finished. The investigation of Rose Bengal stained foraminifera 
shows the dominance of living foraminifera in the assemblages. Together with the dominance 
of agglutinated taxa, this testifies to the poor preservation of foraminifers in the modern 
Laptev Sea sediments and possible dissolution. As suggested before, the analysis of the 
spatial distribution of modern Laptev Sea foraminifers in relation to water mass properties 
shows the relation to water depth change and river runoff influence. Cluster analysis allowed 
to define four zones in the Laptev Sea with special environmental conditions for microfauna: 
continental slope, outer shelf, inner shelf and the freshened area close to the Lena Delta.  
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Fig. 3: Distribution of benthic foraminifers in core PS51/154: time-dependent changes in the relative abundance 
of ecological groups and total abundance of benthic and planktic foraminifers combined with the cluster analysis 
dendrogram of 234 core samples. Shading corresponds to the time intervals of prominent changes in the 
composition of foraminifers. 

 
The environmental changes related to postglacial climate change and transgression-induced 
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transformation of the Laptev Sea continental margin were traced through analysis of fossil 
foraminifers from six AMS14C-dated cores from different parts of the shelf and continental 
slope. 
This review of modern and postglacial foraminiferal distribution will be published and 
defended as a PhD thesis in 2013. 
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Introduction 
 
Scientific background  
Increasing warming and associated ice loss in the Arctic during the past years are expected to 
impact the structure of marine planktic communities and an increase in primary production 
and organic carbon content in the Arctic seas (e.g., Wassmann et al., 2010, 2011; Vetrov & 
Romankevich, 2009, 2011; Agusti et al., 2010). In this context the repeated measurements of 
hydrological parameters and phytoplankton sampling carried out in the Laptev Sea during the 
autumnal TRANSDRIFT expeditions of 2008, 2009 and 2010 are of particular interest for the 
monitoring of the Arctic marine ecosystems under environmental changes. 
Our researches of autumnal phytoplankton in 2008-2010 are planned as a contribution to the 
environmental monitoring of the Laptev Sea ecosystem, which were carried out within the 
framework of the multidisciplinary program “Laptev Sea System”. The special intention of 
this investigation is the comparison of species composition of phytoplankton communities, 
and contribution of different algal groups and species to phytoplankton biomass.  
 
Goals and objectives 
The main goals of the proposal were:  
• to reveal regional peculiarities in species composition, abundances and biomass of the 

algal communities in phytoplankton of the Laptev Sea during the autumnal periods of 
2008, 2009 and 2010; 

• to establish the major interannual variability in distribution patterns of phytoplankton 
species composition, abundances and biomass and in the water column during the autumn 
of 2008-2010 and their dependence on the hydrological parameters and climate variability.   

To meet these goals successfully the following objectives were set:  
• to investigate abundances, biomass and species composition of the phytoplankton in the 

samples, obtained during the Laptev Sea expeditions in September 2009 (TRANSDRIFT 
XVI) and September 2010 (TRANSDRIFT XVII); 

• to determine the similarity of autumnal phytoplankton (2008-2010) on the basis of the 
relative contribution of algae to phytoplankton biomass at different stations and in 
individual regions; 

• to investigate phytoplankton communities in context of the major hydrographical 
parameters and climate conditions. 

 
Research activities 
Our research activities were carried out according to the plan of work and focused on the 
analysis of phytoplankton samples collected in the Laptev Sea in September 2009 and 2010.  
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Approach 
Phytoplankton samples were collected with a ring net (0.40 m diameter) with 0.2 mm mesh, 
lowered to 20-28 m below water surface (down to bottom) and down to the pycnocline, and 
then it was raised vertically. Phytoplankton samples (up to 500 ml) were preserved with 
neutralized formalin to a final concentration of 4%. After gentle mixing, part of the condensed 
sample was placed into a 0.05 ml counting chamber. The algae taxa were counted with a 
standard (non-inverted) light microscope with 400x magnification. Usually the total amount 
of cells was more than a few hundreds. The biovolume of algae was calculated from the 
volumes of appropriate stereometrical bodies (Hillebrand et al., 1999). Carbon content per cell 
was calculated from the formulas provided by Menden-Deuer and Lessard (2000). The 
similarity of phytoplankton at different stations was calculated from the relative contributions 
of algae to total biomass.  
 
Accomplishments 
According to the working plan, the participants of the project completed the investigations of 
the phytoplankton samples, collected in the Laptev Sea in September 2008 during the 
BARKALAV-2008/TRANSDRIFT XIV expedition (totally 52 samples), and studied the  
phytoplankton samples collected in September 2009 and 2010 during the TRANSDRIFT XVI 
and TRANSDRIFT XVII expeditions (in total 32 samples).  
 
Results 
 
Algal abundances and biomass in September 2008 
The overall abundance of algae cells in the water column ranged from 0.18x103 to 
5.04x103 cells l-1, and total algal biomass varied between 0.15 and 9.65 µg C l-1 (Fig. 1). The 
identified algal species are represented by diatoms (32 taxa), dinoflagellates (39 taxa), 
chlorophytes (1 taxa)  and silicoflagellates (1 taxa).  
North of the Lena Delta, in the area freshened by the Lena River outflow, in summer and 
September 2008 algal abundance and biomass in the studied phytoplankton samples were low 
(<1,000 cells l-1 and <1.5 µg C l-1, Fig. 1). In the eastern part of the Laptev Sea overall algal 
abundance reached 5.04x103 cells l-1 and it was higher than 1,000 cells l-1 at almost half of the 
stations. In this area total algal biomass reached 9.65 µg C l-1, and at two thirds of the stations 
biomass values were higher than 1.0 µg C l-1.  
Diatoms and dinoflagellates dominate the phytoplankton communities in the Laptev Sea. In 
September 2008 dinoflagellates were the most abundant group (>50% of the total number of 
cells) in the microalgae communities at approximately two thirds of the studied stations, and 
contributed >50% to the total algal biomass at 95% of stations. The dinoflagellate 
assemblages were largely formed by mixo- and heterotrophic species (58-100% of the total 
number of dinoflagellates), such as Dinophysis acuminate, D. acuta, Preperidinium 
meunierii, P. pallidum, P. pellucidum, P. granii, and Protoperidinium breve. Phototrophic 
species (Alexandrium ostenfeldii, Amilax triacantha, Ceratium longipes, Gonyaulax spinifera, 
Pentapharsodinium dalei, Prorocentrum compressum) are the most abundant in the western 
part of the studied area and in the northeastern part of the Laptev Sea.   
The diatom associations are dominated by marine mainly euryhaline planktic species of the 
genera of Chaetoceros and Thalassiosira (Chaetoceros holsaticus, C. socialis, C. diadema, C. 
wighamii, Thalassiosira hyperborea, T. baltica). The maximal relative abundances of diatom 
cells in phytoplankton communities (up to 98%) were revealed north of the New Siberian 
Islands, where the diatom associations were represented mainly by species of the genus of 
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Chaetoceros. The freshwater riverine species Aulacoseira italica and Asterionella formosa 
occurred in the area most freshened in September 2008  – in the vicinity of the Lena Delta and 
in the western part of the Yana Bay. Scarce occurrences of the green freshwater algae 
Pediastrum boryanum and Dichtyocha speculum were recorded in this area as well.  

 
Fig. 1: Total abundances (upper panel) in 103 cells l-1 and biomass (lower panel) in µg C l-1 of diatoms, dino-
flagellates and crysophyceae in the studied phytoplankton samples from the southern Laptev Sea in September 
2008, and their contribution to phytoplankton communities. 
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Algal abundances and biomass in September 2009 
The overall abundance of algae cells in the studied phytoplankton samples ranged from 
0.03x103 to 11.15x103 cells l-1, and total algal biomass varied from 0.049 to 1.254 µg C l-1. 
The identified algal species are represented by diatoms (41 taxa), dinoflagellates (23 taxa), 
chlorophytes (1 taxa) and silicoflagellates (1 taxa). Algal abundance and biomass were low 
(<0.3 x103, and <0.5 µg C l-1) at most of stations, and the highest values of algal abundance 
and biomass (>2.0 x103 cells l-1, and >0.8 µg C l-1) were observed only at 3 stations (Fig. 2).  
On the whole, in September 2009, the phytoplankton communities were dominated by 
taxonomically diverse marine and brackishwater-marine diatoms at more than half the studied 
stations. However, overall biomass of diatoms did not exceed 1.0 µg C l-1 at two thirds of the 
stations (Fig. 2) because of the predominance of the small-sized species of the Chaetoceros 
genus (C. decipiens, C. socialis, C. concavicornis, C. wighamii, C. borealis, C. diadema) and 
Cylindrotheca closterium in the diatom communities. Chaetoceros species dominated the 
diatom communities at stations 1, 18, 20, 25, 24, 28, 30, and 32. The euryhaline meroplanktic 
Cylindrotheca closterium, which is half-planktic, half-benthic, was reported with a high 
number of cells at stations 18, 20 and 28. In the area adjacent to the Lena Delta in the north, 
brackish-water diatoms of the genus of Thalassiosira (T. hyperborea, T. baltica) and Melosira 
nummuloides made up 98% of the diatom associations.  
The overall abundances of dinoflagellates in the phytoplankton communities varied between 
0.01x103 and 0.21x103 cells l-1, and their total contribution to the algal biomass did not exceed 
0.43 µg C l-1. Heterotrophic species (Protoperidinium pallidum, P. pellucidum, P. brevipes, 
Prorocenrtum minimum, Preperidinium meunierii) dominated the dinoflagellate communities 
at more than 60% of studied sites.    
The largest values of algal abundances and biomass (Fig. 2) was revealed north of the New 
Siberian Islands (station 25) and northeast of the Taymyr Peninsula (station 28) at a surface 
water salinity of approximately 30 psu, where the phytoplankton communities were largely 
formed by Chaetoceros species (C. concavicornis, C. convolutus, C. decipiens, C. socialis, C. 
borealis, C. diadema, C. wighamii and others) along with cold-water Thalassiosira species (T. 
nordenskioeldii, T. gravida). At station 1 northeast of the Lena Delta at a salinity of 
approximately 20 psu, the phytoplankton communities were dominated by euryhaline 
Chaetoceros wighamii (up to 67%). Dinoflagellates were represented at this site by single 
cells of heterotrophic Protoperidinium pallidum.   
 
Algal abundances and biomass in September 2010 
The overall abundance of algae cells in the studied phytoplankton samples ranged from 
0.149x103 to 75.36x103 cells l-1, and the total algal biomass varied between 0.104 and 
10.122 µg C l-1. In comparison with the composition of phytoplankton in the Laptev Sea in 
September 2009, the microalgae associations of September 2010 were more abundant and 
taxonomically divers. Overall abundances of microalgae were >1,000 cells l-1 at 
approximately three quarters of sites, and biomass values >1.0 µg C l-1 at more than half the 
sites (Fig. 3). The identified algal species were represented by diatoms (69 taxa), 
dinoflagellates (30 taxa), chlorophytes (2 taxa) and silicoflagellates (1 taxa). 
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Fig. 2: Total abundances (upper panel) in 103 cells l-1 and biomass (lower panel)in  µg C l-1 of diatoms, 
dinoflagellates and crysophyceae in the studied phytoplankton samples from the southern Laptev Sea in 
September 2009, and their contribution to phytoplankton communities. 
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Fig. 3: Total abundances (upper panel) in 103cells l-1 and biomass (lower panel) in µg C l-1 of diatoms, dino-
flagellates and crysophyceae in the studied phytoplankton samples from the southern Laptev Sea in September 
2010, and their contribution to phytoplankton communities. 

 
As in September 2009 diatoms dominated the phytoplankton communities (0.12 x103 to 
75.31x103 cells l-1) in September 2010 at approximately 90% of the studied sites (Fig. 3). 
Their contribution to the total algal biomass was also higher than in 2009 (0.07-
10.01 µg C l-1), and comprised >50% of the overall algal biomass at 56% of the studied 
phytoplankton sites. Extremely high abundances and biomass of diatoms (75.31x103 cells l-1) 
were revealed north of the Lena Delta at Station 28. At a salinity of 25-26 psu, taxonomically 
divers (12 taxa) marine and brackish-water-marine species of Chaetoceros genus (C. 
ingolfianus, C. furcillatus, C. simplex C. decipiens, C. socialis and others) were the most 
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abundant at this site (84% of number of diatom cells). Arctic-boreal, bipolar and cosmopolite 
species of the genus of Thalassiosira (T. nordenskioeldii, T. antarctica, T. gravida, T. baltica, 
T. hyperborea) were relatively abundant (12% of diatom associations). 
In the Arctic seas the genus of Chaetoceros is the most taxonomically divers group of 
diatoms, which appeared to maintain its population in the euphotic layer in the summer and 
autumnal periods. Chaetoceros associations, abundant in the Arctic and Subarctic, are 
indicators of highly productive waters in regions where dynamic physical regimes cause 
nutrient replenishment (Sancetta, 1981; Polyakova, 1997; Booth et al., 2002). In September 
2010 the phytoplankton communities were largely comprised of Chaetoceros species in the 
northwestern part of the studied area of the Laptev Sea at stations 41, 39, and 24.  
The euryhaline meroplanktic Cylindrotheca closterium also reached greater abundances in 
some restricted sites (stations 5, 13, 17, 33 and 41). Meroplanktic diatoms, which are planktic 
for only a part of their life cycles, are easily transported from the seafloor up into the water 
column during wind-induced upwelling events and then return to the sediments under calm 
conditions.  
Peculiar phytoplankton communities were revealed northward of the New Siberian Islands 
(Fig. 6, stations 19, 21, 23). They were dominated by marine planktic panthalassic diatoms 
Rhizosolenia hebetata and R. hebetata f. semispina (up to 90%) at a water salinity of >23-25 
psu. These species are typical for the Arctic Ocean, however, their abundances in the Siberian 
shelf seas are usually low (Polyakova, 1997). Single cells of freshwater diatoms (Aulacoseira 
granulata, A. italica, Asterionella formosa, Stephanodiscus huntzschii) were recorded in the 
vicinity of the Anabar and Khatanga rivers (stations 38 and 44), and their maximum 
abundances in the diatom associations (36%) were found eastward of the Lena River delta 
(station 5).  
The overall abundances of dinoflagellates in phytoplankton communities varied between 0.0 
and 0.21x103 cells l-1, and their total contribution to the algal biomass did not exceed 
2.99 µg C l-1. The lowest concentrations of dinoflagellates were observed in the  northern part 
of the investigated area (stations 21, 23, 24, 28, 38, and 39) at a water salinity of >28-29 psu. 
The highest abundances (up to 1.2x103 cells l-1) and biomass (up to 2.99 µg C l-1) of 
dinoflagellates are largely restricted to the area east of the Lena Delta (stations 3, 5, and 8).   
Heterotrophic and mixotrophic species (Dinophysis acuminata, Protoperidinium pallidum, P. 
pellucidum, P. brevipes, Prorocentrum minimum, Preperidinium meunierii) dominated the 
dinoflagellate communities at more than 60% of the studied sites. Maximum relative 
abundances of heterotrophic dinoflagellates (up to 92% of total number of dinoflagellate 
cells) were found at sites north of the Lena Delta (stations 13, 17, and 33).  
 
Conclusion 
As a result of our study of the phytoplankton samples collected in the Laptev Sea during the 
TRANSDRIFT XIV, XVI and XVII expeditions in September 2008, 2009, and 2010 (Figs. 1, 
2, 3), the total number of 139 species and varieties of microalgae were identified. Most of the 
identified species were diatoms (97 taxa) and dinoflagellates (39 taxa). Marine planktic 
silicoflagellates were represented by Dictyocha speculum, single cells of which occurred in 
phytoplankton communities from several regions during the time of observation. Freshwater 
chlorophytes (Pediastrum boryanum, P. kawraiskii) occurred north and east of the Lena 
Delta, indicating the distribution of riverine discharge onto the Laptev Sea shelf. The planktic 
protozoa found in the studied phytoplankton samples were representatives of the class of 
Spirotrichea (Ptychocylis obtuse, Tinthinnopsis levigata, T. tubulosoides). The maximal 
taxonomical diversity of phytoplankton communities was observed in September 2010 (102 
taxa).  
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More than 90 taxa were identified as typical marine and brackish-water-marine diatoms 
(Thalassiosira gravida, T. antarctica, Rhizosolenia hebetata, species of the Chaetoceros 
genus) with a taxonomically diverse group of euryhaline polyhalobous and mesohalobous 
diatoms, which are typical for the nearshore regions of the Eurasian Arctic seas (Thalassiosira 
hyperborea, T. baltica, Cylindrotheca closterium, Melosira nummuloides, Chaetoceros 
wighamii). Freshwater riverine diatoms (Aulacoseira granulate, A. italica, Asterionella 
formosa) occurred in the vicinity of the Lena Delta and Anabar and Khatanga rivers. Their 
maximum relative abundances (36% of diatom associations) were recorded northeast of the 
Lena Delta in September 2010 at a salinity of <15 psu.  
The dinoflagellate assemblages were largely formed by mixo- and heterotrophic species (24 
taxa), such as Dinophysis acuminate, D. acuta, Preperidinium meunierii, P. pallidum, P. 
pellucidum, P. granii, Protoperidinium breve. Group of phototrophic species dominated by 
Alexandrium ostenfeldii, Amilax triacantha, Ceratium longipes, Gonyaulax spinifera, 
Pentapharsodinium dalei, and Prorocentrum compressum. 
In general, the overall abundances of algae cells in the phytoplankton communities increased 
during the time observation: 2008 (0.18x103-5.04x103 cells l-1), 2009 (0.03x103-
11.15x103 cells l-1), 2010 (0.15x103-75.36x103 cells l-1) largely due to an increase in 
abundances of the diatom communities (up to 75.31x103 cells l-1). The role of dinoflagellates 
in autumnal phytoplankton gradually decreased in 2008-2010. In September 2008 
dinoflagellates dominated the phytoplankton communities at three quarters of the stations. In 
September 2009 only at half of the stations, dinoflagellates were more abundant than diatoms. 
In September 2010 diatoms dominated the phytoplankton communities at approximately 90% 
of the stations, comprising up to 100% of the total number of microalgae cells.  
The total value of algal biomass and the contribution of the dominant group of phytoplankton 
showed a high variability during the time of observation. The lowest values of biomass (0.05-
1.25 µg C l-1) were recorded in September 2009, and the comunities were equally composed 
of diatoms and dinoflagellates. In September 2008 and 2010 total values of algal biomass 
reached 9.65 and 10.12 µg C l-1. However, in 2008 dinoflagellates contributed up to 8.39 µg C 
l-1 at 95% of the stations, while in 2010 the total biomass of diatoms was higher than the of 
the dinoflagellates at approximately half of the stations and reached 10.01 µg C l-1.    
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Introduction 
 
Scientific background  
Weather forecasts in the Arctic are often unreliable, and the global climate models show a 
large uncertainty in scenarios. One of the reasons is that processes in the Arctic atmospheric 
boundary layer often are poorly implemented in these kinds of models. Arctic climate attracts 
a lot of attention from the society because of the predicted dramatic changes in the 21st 
century. These changes may have a significant impact not only on the Northern Hemisphere 
but also on the global climate. The main climate change signals in the Arctic are melting of 
the sea ice and thawing of permafrost, accompanied by changes in the vegetation and possible 
greater release of greenhouse gases. The steady shrinking of the Arctic sea-ice cover over 
recent decades has already changed local climate conditions and probably affected the global 
climate as well. The atmospheric boundary layer (ABL) is the place where the ocean or land 
interact with the air. This is why the mechanisms directly responsible for the exchange 
between the surface and the atmosphere need to be studied in great detail. When assessing 
how realistic present-day climate models are, it is vital to know the quality of how this 
exchange is parametrized. This is an across-the-disciplines problem because it requires an 
understanding of many various processes, both in terms of observations and modeling. The 
structure of the Arctic atmospheric boundary layer (ABL) depends mostly on the stability 
condition of the atmosphere, the surface processes and the orography of the site. The complex 
interactions between turbulence and radiation due to the presence of Arctic clouds, haze and 
sea-ice variability, make the parametrisation of the different ABL processes even more 
difficult. It is worth mentioning that the turbulent energy fluxes are larger in the marginal ice 
zones where the sea surface is partially covered by sea-ice floes. Under these conditions the 
surface temperature is extremely inhomogeneous and classical boundary layer schemes fail to 
describe the area's averaged turbulent fluxes adequately.  
The most common way to estimate the energy exchange between atmosphere and ocean 
above polynyas is to use the mosaic flux-aggregation approach (Vihma, 1995), which is 
traditionally used in climate models. However, this approach does not take into account the 
atmospheric boundary layer modification above polynyas. To include the effect of the 
boundary layer warming on the surface fluxes of heat and momentum as a function of fetch 
above polynyas, Renfrew and King (2000) proposed a simple slab-model of CBL (convective 
boundary layer) growth, which could be used for climatological studies. However, horizontal 
wind speed variability above polynyas is not taken into account in their model, which might 
lead to large mistakes in the calculated values of energy fluxes.  
The  goal of the project is to study the variability of horizontal wind speed above polynyas for 
a wide range of governing parameters in order to propose a method of estimating heat and 
momentum fluxes above polynyas which takes the variability of horizontal wind speed into 
account. Nonhydrostatic three-dimensional mesoscale model NH3D (Miranda & James, 1992) 
will be used. The model was validated for the case of an off-ice air flow in the marginal ice 
zone in the Arctic and the results of NH3D with regard to different simulated parameters de-
monstrated a very good agreement both with observational data and results of the METRAS 



 J-104 

model (Schlünzen, 1990), which was successfully used to simulate many different meteoro-
logical regimes in the Arctic (Lüpkes & Schlünzen 1996; Vihma et al., 2003). Preliminary 
model runs demonstrated a strong dependence of horizontal wind speed variability during off-
ice flows on the direction and absolute values of geostrophic wind, as well as on the tem-
perature difference between sea ice and open water surface. These results suggest that 
neglecting the variability horizontal of wind speed might lead to erroneous estimates of the 
energy exchange between atmosphere and ocean above polynyas. Based on the results of the 
proposed study, a new method of estimating energy fluxes above polynyas is proposed. 
 
Goals and objectives of the project 
The overall goal of the project was to investigate the dynamics and structure of the 
atmospheric boundary layer with different resolution models. The scientific objectives of the 
project were: 
• to determine the wintertime Arctic atmospheric boundary layer with the aid of numerical 

modelling and data analysis; 
• to develop parametrizations for the surface layer transports of heat and momentum under 

various sea ice conditions;   
• to parametrize turbulent  fluxes in the Arctic atmospheric boundary layer;  
• to study horizontal wind speed variability above polynyas for a wide range of governing 

parameters. 
 
2. Research activities 
 
Approach 
A series of idealized quasi-2D simulations of cold-air outbreaks and airflow above a polynya 
were carried out with the non-hydrostatic model NH3D. In the original version of the NH3D 
model, the Smagorinsky-Lilly turbulence closure was used to parametrize subgrid-scale 
mixing. However, this closure was originally designed for high-resolution models where the 
subgrid-scale fluctuations are in the inertial subrange of turbulence scales. The horizontal grid 
spacing of mesoscale models is, however, much larger, and energy-containing eddies are not 
resolvable. Therefore, the Smagorinsky-Lilly closure is not valid for mesoscale models and 
had to be replaced. Three turbulence closures were included in the NH3D model: 
• a first-order local closure based on the mixing length approach, as described in Lüpkes & 

Schlünzen (1996); 
• a nonlocal closure, as described in Troen & Mahrt (1986); 
• a nonlocal closure, as described in Lüpkes & Schlünzen (1996). 
The nonlocal closures were included in NH3D because in previous investigations by other 
authors, they proved to be adequate to model the convective boundary layer development in 
the Arctic as they allow a countergradient transport of scalars.  
The study of ABL above lead fields combines the analysis of unique cruise data collected 
during the NABOS-2008 expedition in September-October 2008 and the numerical 
simulations of the air-sea interaction and the planetary boundary layer dynamics with the 
turbulence resolving model LESNIC driven by those data. 
ENVISAR ASAR images and the database “Sea ice concentrations from Nimbus-7 SMMR 
and DMSP SSM/I passive microwave data” were used for the dynamic Arctic ice cover. The 
data were processed for assimilations in large- and meso-scale models.  



 J-105 

Accomplishments 
The following objectives were carried out: 
• this study compares the temperature trends in the Arctic region of several surface, satellite 

and reanalysis datasets; 
• modeling experiments with mesoscale NH3D and WRF models: different boundary 

conditions and parameters of parametrizations of turbulent mixing; 
• modeling experiment with the LES (large eddy simulation) model for atmosphere above 

leads; 
• utilization of the new parametrization schemes for turbulent exchange in the Arctic surface 

layer in a mesoscale model (development of parametrization for the depth of the arctic 
planetary boundary layer) . 

Our research was carried out in complete accordance with the proposed working program.  
 
Results 
The Arctic region is experiencing a strong warming and related changes in the state of sea ice, 
permafrost, tundra, marine environment and terrestrial ecosystems. These changes are found 
in every climatological dataset comprising the Arctic region. This study compares the 
temperature trends in several surface, satellite and reanalysis datasets. We show large 
differences in the 1979-2002 temperature trends. The datasets disagree on the magnitude of 
the trends as well as on their seasonal, zonal and vertical pattern. It was found that the surface 
temperature trends are stronger than the trends in the tropospheric temperature for each 
latitude band north of 50°N for each month except for the months during the ice-melting 
season. These results emphasize that the conclusions of climate studies, drawn on the basis of 
a single dataset analysis, should be treated with caution as they may be affected by artificial 
biases in the data. 
As a reference run serves the simulation of a cold-air outbreak (CAO) observed over the Fram 
Strait during the campaign REFLEX II (Kottmeier et al., 1994). The NH3D model is forced 
by setting a barotropic geostrophic wind, constant in space and time, whose absolute value is 
11.26 ms-1 and direction 33.4°. Previous researches showed a good comparison of the NH3D 
results and observations with regards to wind speed and vertical profiles of potential 
temperature for this case of CAO. It is shown that the characteristic feature of the off-ice flow 
regime is an ice-breeze jet (IBJ) – the wind speed maximum located in the ABL at a distance 
of about 150 km over open water. We show that the origin of the IBJ is due to the effect of 
baroclinicity related with the ABL heating. Wind speed within the maximum is often 
exceeding the large-scale geostrophic wind Vg and, thus, has a large impact on surface fluxes 
of heat and momentum.  
The characteristics of the IBJ were found to be strongly dependent on external parameters of 
the experiments. Our results show that the strength of the IBJ is largest (Vmax exceeding |Vg| 
by up to 80%) for moderate large scale geostrophic wind speed (|Vg|< 10 ms-1), large 
differences between surface temperature of open water and sea ice ( θΔ > 20 K) and north-
east direction α of large-scale geostrophic wind. The horizontal scale of the IBJ was found to 
be strongly dependent on |Vg| and α . It was found that for northwest directions of Vg the IBJ 
does not exist at all. The dependence of the IBJ magnitude on the external parameters can to a 
large extent be explained by considering the thermal wind in the ABL. 
The simulations of the flow above polynyas show little difference from the results for the off-
ice flow (Fig. 1). However, we found that the absolute wind speed above the polynya is 
dependent on the polynya width, decreasing with decreasing polynya width. 
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Fig. 1: Absolute wind speed averaged over the ABL depth as produced by NH3D for various polynya widths Lp. 
 

Also idealized simulations of the flow above the Laptev sea polynya were carried out. The 
sea-ice concentration was obtained from the SSM-R-based dataset of Bremen University and 
was used to prescribe the surface roughness and temperature. A large difference of 30 K 
between the surface temperatures of the sea ice and open water was prescribed. NH3D was 
forced by a large-scale geostrophic wind, constant in time and space, of 8 ms-1. Several 
directions of the large-scale geostrophic wind were used: from the southwest, from the south 
and from the southeast. The model was integrated until a stationary state was achieved.  
The simulations of the flow above the Laptev sea polynya are shown in Figure 2. The results 
demonstrate that the ABL is heated by more than 10 K above the polynya and heat fluxes 
exceed 450 Wm-2. This leads to an increase in ABL height and in wind speed above the 
polynya. The wind speed exceeds the large-scale geostrophic wind by more than 1 m even at 
10 m height above the polynya. The results show that the maximum heat fluxes, as well as the 
largest wind speeds are obtained for the southwest direction of the large scale geostrophic 
wind. The sensitivity of the results to the wind direction is both due to the different fetch 
distance and also due to the thermal wind effect. 
To summarize, the results obtained during this study demonstrate the importance of the 
thermally induced baroclinicity the open water for the ocean/atmosphere energy exchange 
during off-ice flows. The parametrizations of turbulent fluxes above the polynyas, when the 
latter are treated as the subgrid-scale objects, should include the effect of baroclinic wind 
speed acceleration. 
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Fig. 2: The simulated turbulent heat flux at the surface (upper panels), wind speed and direction at 10 m height 
(panels in the middle), potential temperature at 10 m height (lower panels) for different directions of the large-
scale geostrophic wind: from the southeast (left column), from the south (column in the middle), from the 
southwest (right column). 

 
The polar version of the Weather Research and Forecasting (WRF) Model was applied to 
simulate the ABL modification above the Laptev sea polynya in April 2008. Two model 
experiments were made (with polynya location in the area and without it), all of them 
receiving boundary conditions from the NCEP (National Centers for Environmental 
Prediction) reanalyses. The surface fluxes of heat and moisture and the ABL height were 
investigated along three cross-sections across the polynya. Additionally, an ice breeze from 
the sea ice surrounding the polynya towards the center of the polynya, and back to the sea ice 
at higher altitudes, was found in the WRF simulation. The following results were obtained: 
• wind speed increases above polynyas. This is associated with a decrease in the roughnesss 

of the surface and the development of convection above polynyas (Fig. 3); 
• the difference between the air temperature at a height of 2 m is 4-16 degrees, depending on 

the weather and the extent of open water in the ice (Fig. 3); 
• the polynya is a source of heat and moisture. Under certain weather conditions clouds can 

occur above it (Fig. 4). 
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a)           b) 

 
c)           d) 

 
Fig. 3: Differences between temperature (a, b) and wind speed (c, d) in ice conditions without polynya and with 
a real polynya; (a, c) – low wind speed, (b, d) – strong wind speed. 

 
a)        b) 

  
Fig. 4: The cloud formation above the polynya; a) cloud condition without polynya; b) the same with polynyas. 
 
The planetary boundary layer (PBL) is a part of the Earth's atmosphere where turbulent fluxes 
dominate vertical mixing and constitute an important part of the energy balance. The PBL 
depth, h, is recognized as an important parameter, which controls some features of the Earth's 
climate and the atmospheric chemical composition. It is also known that h varies by two 
orders of magnitude on diurnal and seasonal timescales. This brief note highlights the effects 
of this variability on the atmospheric near-surface climate and chemical composition. We 
interpret heat capacity parameters of a Budyko-type energy balance model in terms of quasi-
equilibrium h. The analysis shows that it is the shallowest, stably stratified PBL with the 
smallest h that should be of particular importance for climate modelling. The reciprocal 
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dependence between the PBL depth and temperature (concentrations) is discussed. In 
particular, the analysis suggests that the climate characteristics during stably stratified PBL 
episodes should be significantly more sensitive to perturbations of the Earth's energy balance 
as well as emission rates. On this platform, h from ERA-40 (European Centre for Medium 
Range Weather Forecasts) reanalysis data, the CHAMP (CHAllenging Mini-Satellite) satellite 
product and the DATABASE64 data were compared. DATABASE64 was used to assess the 
Troen-Mahrt method to determine h through available meteorological profile observations. As 
it has been found before, the shallow PBL requires better parametrization and better retrieval 
algorithms. The study demonstrated that ERA-40 and CHAMP data are biased toward deeper 
h in the shallow polar PBL. This, coupled with the scarcity of in situ observations might 
mislead the attribution of the origins of the Arctic climate change mechanisms. 
The 2008 NABOS (Nansen-Amundsen Basins Observational System) cruise was conducted 
rather late in the season (October). The unusually late timing provided a rare opportunity to 
collect observational data over the Arctic Ocean during the period of intensive sea-ice 
formation in the seasonally ice-covered area of Laptev Sea. This study presents 
meteorological and sea-ice observations during the intensive observation period in October 
2008. The work is focused on the state of the sea surface. We demonstrate that there is a 
rather loose correlation between the observed sea-ice fraction and the fraction determined 
from satellite products. Using numerical turbulence-resolving large-eddy simulations (model 
LESNIC), we assess the role of the fractured sea-ice cover in developing the PBL and vertical 
profiles of the turbulent fluxes and averaged profiles of temperature and velocity. Nudging 
simulations for the period of 16-17 October 2008 were conducted with the observed 
temperature and velocity profiles. The simulated turbulent fluxes were compared with directly 
observed ones. We demonstrate that the observations may exhibit a significant ship-based 
bias with fluxes not necessarily representative of the wider heterogeneous surface area of the 
marginal ice zone. 
 
Conclusions 
The results of this study revealed that magnitude, geographical and seasonal patterns of the 
surface and tropospheric temperature trends are considerably different in the considered 
climate datasets. The majority of data support the statement that the surface temperature 
trends are larger in the high latitudes but the surface temperature trends show also a larger 
seasonal and geographical variability. The surface melting processes over the Arctic Ocean 
considerably modify the surface temperature trends making them insignificant as compared 
with the troposphere temperature trends. 
The main goal of our research activity was to study the mesoscale variability of 
meteorological parameters above polynyas. A series of idealized quasi-2D simulations of 
cold-air outbreaks and airflow above a polynya were carried out with the non-hydrostatic 
model NH3D. The analysis of the results shows that the reason for the wind increase over 
open water is mainly a strong baroclinicity due to the heating of the ABL. Also an important 
role plays the decrease of the loss of mean kinetic energy due to turbulent friction with 
distance from the ice edge, which is due to increasing ABL height. A further decrease of wind 
speed after reaching maximal values is related primarily to the decrease in baroclinicity with 
distance from the ice edge and change of wind speed direction within the ABL. Moreover, it 
was found that there is a feedback between processes with the ABL and the upper atmosphere 
and that it has a significant impact on the characteristics of the IBJ. The results obtained 
during this study demonstrate the importance of the thermally induced baroclinicity over the 
open water for the ocean/atmosphere energy exchange during off-ice flows. The 
parametrizations of turbulent fluxes above the polynyas, when the latter are treated as the 
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subgrid-scale objects, should include the effect of baroclinic wind speed acceleration. The 
model experiments with the polar WRF model demonstrated the dependence of polynya ABL 
structure on synoptical conditions. 
This work is motivated by the fact that the planetary boundary layer depth, h, is important for 
the Arctic climate. The first step to understand the bulk PBL effect on the climate is to 
consider the energy-balance model. The model leads to reciprocal dependence between the 
temperature/concentration changes and h. The dependence can be summarized as: (a) the 
temperature response to a given flux perturbation has a larger magnitude in the shallower PBL 
where h is small; (b) the temperature variability should be larger in the shallow PBL; and (c) 
the temperature change is faster in the shallow PBL. This bias and the scarce in situ 
observations in the region make it difficult to describe the polar climate change pattern. 
Using numerical turbulence-resolving large-eddy simulations (model LESNIC), we assess the 
role of the fractured sea ice cover in developing of the planetary boundary layer (PBL) and 
vertical profiles of the turbulent fluxes and averaged profiles of temperature and velocity. 
 
References 
Kottmeier, C., Hartmann, J., Wamser, C. (1994) Radiation and Eddy Flux Experiment 1993 

(REFLEX II). Reports on Polar Research, 133, 62 pp. 
Lüpkes, C., Schlünzen, K.H. (1996) Modelling the arctic convective boundary-layer with 

different turbulence parameterizations. Boundary-Layer Meteorology, 79(1): pp. 107-130. 
Miranda, P.M.A., James, I.N. (1992) Non-Linear three-dimensional effects on gravity-wave 

drag: splitting flow and breaking waves. Quarterly Journal of the Royal Meteorological 
Society, 118(508): pp. 1057-1081. 

Renfrew, I.A., King, J.C. (2000) A simple model of the convective internal boundary layer 
and its application to surface heat flux estimates within polynyas. Boundary-Layer 
Meteorology, 94(3): pp. 335-356. 

Schlünzen, K.H. (1990) Numerical studies on the inland penetration of sea breeze fronts at a 
coastline with tidally flooded mudflats. Beiträge zur Physik der Atmosphäre, 63: pp. 254-
256. 

Troen, I., Mahrt, L. (1986) A simple model of the atmospheric boundary layer: sensitivity to 
surface evaporation. Boundary-Layer Meteorology, 37: pp. 129-148.  

Vihma, T. (1995) Subgrid parameterization of surface heat and momentum fluxes over polar 
oceans. Journal of Geophysical Research, 100(C11): pp. 22625-22646. 

Vihma, T., Hartmann, J., Lüpkes, C. (2003) A case study of an on-ice air flow over the arctic 
marginal sea-ice zone. Boundary-Layer Meteorology, 107(1): pp. 189-217. 

  



 J-111 

WHISDOM: STUDYING WHITE SEA COLORED DOM (CDOM) PROPERTIES, 
DISTRIBUTION AND SEASONAL DYNAMICS 
 
A. Semushin1, A. Pavlov2, V. Yavlovskaya3 
1Northern Branch of the Polar Research Institute of Marine Fisheries and Oceanography (SevPINRO), 

Arkhangelsk, Russia 
2Arctic and Antarctic Research Institute, St. Petersburg, Russia 
3Russian State Hydrometeorological University, St. Petersburg, Russia 

 
Introduction  
 
Scientific background 
The Arctic currently undergoes significant transformations related to climate change. The 
most pronounced changes are associated with diminishing sea ice (Serreze et al., 2003), 
melting permafrost (Osterkamp & Romanovsky, 1999; Walvoord & Striegl, 2007), enhanced 
rates of coastal erosion (e.g., Lantuit et al., 2011a, 2011b) and increasing freshwater discharge 
into the Arctic Ocean (Peterson et al., 2002). The latter three processes are of vital 
significance for the regional and global carbon cycle since frozen soils in the northern 
circumpolar areas are rich in organic carbon and are estimated to be a reservoir for up to 50% 
of the global subterranean carbon pool (Tarnocai et al., 2009). 
Colored or chromophoric dissolved organic matter (CDOM) is an optically active fraction of 
dissolved organic matter (DOM). Transported mainly by Eurasian and North American rivers, 
CDOM plays a key role in the biogeochemistry and physics (radiant heating) of the upper 
layer in the Arctic Ocean (Granskog et al., 2007; Hill, 2008). In addition, due to its effect on 
remotely sensed ocean color, CDOM must be properly taken into consideration when primary 
productivity is assessed in the Arctic Ocean (Arrigo et al., 2008; Matsuoka et al., 2011). 
Owing to its high significance, DOM (CDOM) properties and dynamics have been studied 
thoroughly in the vicinity of all major Arctic rivers during the past decade (Stedmon et al., 
2011). At the same time, the White Sea region is the last Arctic area where CDOM properties 
are not well documented. Total water discharge to the White Sea is comparable to that of the 
Ob River, and as indicated by previous studies is by far the richest in dissolved organic 
carbon (DOC) concentrations among all major Eurasian and North American rivers (Gordeev 
et al., 1996). However, previous studies were not accomplished according to recent 
methodological standards and could not directly be compared to modern studies.  
Therefore, basic observations of CDOM optical properties might be an essential step to assess 
and monitor the dynamics and loads of organic material discharged into the White Sea. This 
information becomes more valuable when different approaches appear to derive DOC 
concentrations (difficult to measure) from easily assessed CDOM absorption properties 
(Fichot & Benner, 2011). The aim of the present study, therefore, is to provide an overview of 
the spatial distribution and properties of CDOM throughout spring, summer and fall 2012, 
and to initiate regular observations of CDOM in the White Sea region. The use of recently 
developed standard techniques will allow providing a baseline for the scientific community 
working on other regionally relevant projects. 
 
Goals and objectives of the project 
The major goal of the proposed research project is a comprehensive quantitative description 
of CDOM properties, seasonal dynamics and spatial distribution in and close to the mouths of 
two large rivers discharging to the White Sea – the Onega and Northern Dvina. The primary 
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objectives were: 
• to carry out in situ sampling for CDOM and measurements of salinity and temperature in 

the vicinity of the rivers Northern Dvina and Onega throughout 2012; 
• to perform a spectrophotometric laboratory analysis of CDOM optical properties in the 

OSL; 
• to process and analyze all collected data. 
 
Research activities  
 
Approach  
All research activities of the proposed project are divided into three phases: (1) preparatory, 
(2) field campaign (responsible A. Semushin) and laboratory analysis (responsible A. Pavlov), 
and (3) synthesis of results. During the preparatory phase, the preparation for the field 
activities and laboratory work as well as a literature review were accomplished. During the 
second phase, the folowing main activities were done: in situ sampling and measurements, 
and laboratory analysis. During the final phase, the synthesis of all collected data was carried 
out, including preparations for a paper in a peer-reviewed journal to be submitted in 2013.  
Field sampling and subsequent measurements were done in the proximity of the Northern 
Dvina and Onega rivers (Figs. 1A, B, C and 2A, B) within the framework of the regular 
expeditions of SevPINRO. Sampling and measurements were conducted from small vessels, 
which guarantees the accessibility to the whole river mouth areas. Potential uncertainties 
caused by tidal currents were minimized by sampling only during high water conditions. In 
total, 15 stations per study area/campaign were visited, which provided a total number of 
samples of ca. 90 per sampling season of 2012.  
 
Sampling and in situ measurements 
The average depth in the estuaries of Onega and Northern Dvina rivers is about 2-3 m, with a 
maximum depth of 5 m encountered outside the Northern Dvina River. Thus, assuming that 
during the high tide the water column is well mixed, we collected one sample per station from 
the surface. Samples were collected in plastic bottles and were stored in a dark environment 
until filtration. Filtration was done with Pall Acrodisc® PF (0.8/0.2 µm pore size, with 
Supor® membrane) syringe filters into pre-combusted amber glass vials. The samples were 
kept in a dark environment at +4°C until laboratory analysis.   
Measurements of the salinity and temperature were performed in situ with a Cond 340i 
Conductivity Meter (WTW GmbH). 
 
Laboratory analysis 
The laboratory analysis of the CDOM properties was carried out using the facilities of the 
OSL. The absorbance of CDOM was assessed with a standard photometric technique (e.g., 
Stedmon et al., 2011) by means of a double beam UV-visible spectrophotometer Specord 200 
(Analytik Jena) equipped with a 10 cm quartz cuvette. Ultrapure Milli-Q water was used as a 
reference. Scans were done in the range 200-800 nm. The measured absorbance was 
converted to an absorption coefficient (m-1) according to the equation:  
𝑎!"#$ 𝜆 = 2.303×𝐴!"#$ 𝜆 /𝐿 
where A is the absorbance at wavelength λ and L is the path-length of the optical cell in 
meters (here 0.10 m). 
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Fig. 1A: Spatial distribution of CDOM absorption coefficient at wavelength 375 nm in the Northern Dvina River 
estuary in June 2012. 
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Fig. 1B: Spatial distribution of CDOM absorption coefficient at wavelength 375 nm in the Northern Dvina River 
estuary in August 2012. 
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Fig. 1C: Spatial distribution of CDOM absorption coefficient at wavelength 375 nm in the Northern Dvina River 
estuary in November 2012. 
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Fig. 2A: Spatial distribution of CDOM absorption coefficient at wavelength 375 nm in the Onega River estuary 
in June (upper panel) and July (lower panel) 2012. 

 



 J-117 

 
Fig. 2B: Spatial distribution of CDOM absorption coefficient at wavelength 375 nm in the Onega River estuary 
in October 2012. 

 
 
Data processing 
The absorption by CDOM at different wavelengths (e.g., 350, 375 and 440 nm) is 
summarized and reported in order to facilitate a comparison with other studies in the Arctic 
Ocean.  
The spectral slope coefficient S (nm-1) is another important characteristic. It is a measure of 
how rapidly the absorption increases with decreasing wavelength (Green & Blough, 1994) 
and was derived from the following equation describing the CDOM absorption spectra: 
𝑎!"#$(𝜆) = 𝑎!"#$(𝜆!)×𝑒!×(!!!!) 
Spectral slopes were obtained using a non-linear fit of the absorption spectra for different 
wavelength ranges (see discussion in Stedmon et al., 2011).  
 
Accomplishments 
In this report we present the preliminary results and summary of the project activities. The 
major part of the initially described project plan was fulfilled. New information on CDOM 
optical properties was collected during 6 field campaigns in the estuaries of the Onega and 
Northern Dvina rivers with a total amount of 90 stations. All samples for CDOM were 
analyzed in the OSL and summarized together with data on salinity and temperature measured 
in situ. This work could be considered as an essential and valuable addition to existing 
knowledge about marine optical properties in the Arctic Ocean recently summarized in the 
work of Stedmon et al. (2011).  
The final steps to accomplish the goals of the project will be undertaken in the coming month. 
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This will include a more thorough analysis of the relationships between absorption of CDOM, 
absorption slope spectra and salinity in both areas. In addition, the authors will attempt to 
access data on rivers runoff. This should result in a peer-reviewed publication to be prepared 
in 2013. 
 
Results  
The present project was designed to collect and analyze data from traditionally 
“undersampled” areas of the White Sea, the least studied sea among the Arctic shelf seas. The 
distributions of salinity, temperature, absorption by CDOM and CDOM absorption spectra 
slopes were considered. 
While the absolute salinity values ranged from 0.00 to more than 20.00 practical salinity 
units, the pattern of the spatial salinity distribution in the mouths of the Onega and Northern 
Dvina rivers was found to be different. In all seasons the major freshwater plume in the 
estuary of the Northern Dvina River propagated to the north and northeast as indicated by low 
salinity values. In contrast, the major river plume in the mouth of the Onega River did not 
deviate sideways and propagated mostly in the direction along the river bed. The salinity at 
the different stations is presented in Tables 1 and 2. Figures are not shown for the sake of 
brevity.  
 
Table 1: List of stations sampled in the delta of Onega River. Units are °C for temperature (T), m-1 for a350, 
a375, a440, and µm-1 for the absorption spectra slope (S) (continued on next page) 

Long, E Lat, E Sal T, C Time a350 a375 a440 S 
38.06 63.91 0.00 14.00 1/6/12 42.75 27.44 8.80 18.07 
38.00 63.93 0.00 13.50 1/6/12 43.24 27.62 8.86 18.12 
37.97 63.94 0.00 13.90 1/6/12 43.38 27.87 9.03 17.96 
37.93 63.96 0.00 13.60 1/6/12 43.07 27.86 9.05 17.82 
37.91 63.98 1.80 13.70 1/6/12 42.63 27.56 8.92 17.83 

37.70 63.91 21.20 8.00 1/6/12 41.02 26.56 8.57 17.83 
37.75 63.93 18.20 9.10 1/6/12 31.00 20.07 6.44 17.87 
37.79 63.95 19.30 8.30 1/6/12 12.51 8.11 2.54 17.99 

37.82 63.97 20.50 7.90 1/6/12 15.06 9.78 3.09 17.88 
37.86 93.99 21.80 7.50 1/6/12 15.85 10.31 3.26 17.85 
37.89 64.01 22.10 7.80 1/6/12 14.92 9.71 3.06 17.85 
37.92 64.02 21.80 8.70 1/6/12 13.81 8.97 2.82 17.91 
37.96 64.04 21.50 9.40 1/6/12 12.69 8.23 2.58 17.96 
37.99 64.06 22.50 7.60 1/6/12 11.57 7.49 2.33 18.06 
38.03 64.08 16.80 9.60 1/6/12 6.28 4.03 1.25 18.34 

         38.06 63.91 0.00 18.60 25/7/12 34.60 22.43 7.24 17.81 
38.00 63.93 0.00 18.70 25/7/12 29.95 19.51 6.30 17.70 
37.97 63.94 0.00 18.60 25/7/12 28.83 18.83 6.07 17.67 
37.93 63.96 1.30 18.20 25/7/12 27.44 17.89 5.76 17.69 
37.91 63.98 3.00 18.00 25/7/12 25.70 16.71 5.35 17.81 
37.70 63.91 24.20 17.70 25/7/12 25.73 16.76 5.40 17.71 
37.75 63.93 25.20 16.30 25/7/12 25.02 16.34 5.28 17.64 
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Table 1 (continued): List of stations sampled in the delta of Onega River. Units are °C for temperature (T), m-1 
for a350, a375, a440, and µm-1 for the absorption spectra slope (S) 

Long, E Lat, E Sal T, C Time a350 a375 a440 S 
37.79 63.95 25.20 16.10 25/7/12 23.56 15.43 4.99 17.57 
37.82 63.97 24.80 16.40 25/7/12 24.68 16.14 5.22 17.59 
37.86 93.99 22.40 17.10 25/7/12 25.97 16.97 5.51 17.59 
37.89 64.01 22.30 17.30 25/7/12 27.43 17.91 5.85 17.55 
37.92 64.02 19.10 17.40 25/7/12 29.20 19.04 6.19 17.62 
37.96 64.04 19.00 17.20 25/7/12 26.40 17.19 5.55 17.68 
37.99 64.06 18.40 17.10 25/7/12 18.92 12.35 3.95 17.70 
38.03 64.08 17.90 16.70 25/7/12 31.32 20.28 6.29 17.86 

         38.00 63.93 0.00 1.20 30/10/12 4.47 2.88 0.90 18.29 
37.97 63.94 0.00 1.20 30/10/12 7.91 5.13 1.61 18.07 
37.93 63.96 3.80 1.20 30/10/12 4.82 3.10 0.97 18.35 
37.91 63.98 11.10 1.10 30/10/12 7.77 5.03 1.59 18.04 
37.70 63.91 19.70 0.10 30/10/12 16.76 10.93 3.49 17.78 
37.75 63.93 20.20 0.70 30/10/12 8.01 5.18 1.63 18.09 
37.79 63.95 20.60 1.90 30/10/12 4.12 2.62 0.80 18.71 
37.82 63.97 20.10 2.90 30/10/12 5.11 3.27 1.00 18.51 
37.86 63.99 13.30 1.70 30/10/12 14.36 9.34 2.95 17.85 
37.89 64.01 15.70 2.30 30/10/12 14.08 9.16 2.90 17.83 
37.92 64.02 15.30 2.10 30/10/12 4.26 2.71 0.83 18.59 
37.96 64.04 13.20 1.70 30/10/12 14.14 9.17 2.88 17.93 
37.99 64.06 9.30 1.50 30/10/12 21.02 13.67 4.33 17.82 
38.03 64.08 5.30 1.20 30/10/12 24.91 16.21 5.15 17.77 

 
 
Table 2: List of stations sampled in the delta of the Northern Dvina River. Units are °C for temperature (T), m-1 
for a350, a375, a440, and µm-1 for the absorption spectra slope (S) (continued on next page) 

Long, E Lat, N Sal T Time a350 a375 a440 S 
40.50 64.56 0.00 14.30 7/6/12 37,01 23,97 7,73 17,85 
40.42 64.64 0.00 14.10 7/6/12 37,35 24,12 7,77 17,90 
40.41 64.73 0.00 14.10 7/6/12 39,10 25,21 8,09 17,99 
40.37 64.80 0.00 13.90 7/6/12 39,65 25,47 8,16 18,07 
40.22 64.86 2.40 12.80 7/6/12 38,78 24,94 7,97 18,05 

40.18 64.90 2.60 13.10 7/6/12 38,68 24,87 7,92 18,11 
40.11 64.87 8.40 11.00 7/6/12 38,42 24,74 7,87 18,10 
40.04 64.85 9.20 12.20 7/6/12 38,15 24,54 7,82 18,07 

39.97 64.82 11.10 11.40 7/6/12 25,14 16,28 5,19 17,91 
39.90 64.79 11.20 10.30 7/6/12 16,31 10,61 3,37 17,83 
39.84 64.75 13.20 11.10 7/6/12 11,71 7,58 2,37 18,04 
39.77 64.72 11.80 11.80 7/6/12 12,00 7,77 2,42 18,07 
39.70 64.70 10.50 11.10 7/6/12 12,02 7,79 2,42 18,08 
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Table 2 (continued): List of stations sampled in the delta of the Northern Dvina River. Units are °C for 
temperature (T), m-1 for a350, a375, a440, and µm-1 for the absorption spectra slope (S) 

Long, E Lat, N Sal T Time a350 a375 a440 S 
39.67 64.66 8.30 12.10 7/6/12 11,80 7,64 2,38 18,09 
39.69 64.62 9.90 9.90 7/6/12 6,35 4,08 1,26 18,38 

         40.50 64.56 0.00 19.80 3/8/12 31.28 20.28 6.29 17.84 
40.42 64.64 0.00 19.70 3/8/12 18.92 12.35 3.95 17.70 
40.41 64.73 0.00 19.20 3/8/12 31.24 20.31 6.30 17.80 
40.37 64.80 1.30 18.20 3/8/12 36.72 23.88 7.33 17.81 
40.22 64.86 4.70 18.40 3/8/12 35.51 23.06 7.04 17.88 
40.18 64.90 7.20 18.10 3/8/12 34.05 22.13 6.76 17.81 
40.11 64.87 17.30 17.60 3/8/12 31.44 20.47 6.23 17.79 
40.04 64.85 21.50 17.00 3/8/12 27.85 18.10 5.45 17.83 
39.97 64.82 19.00 16.90 3/8/12 17.04 11.02 3.14 18.04 
39.90 64.79 16.00 17.50 3/8/12 9.19 5.86 1.47 18.52 
39.84 64.75 20.40 16.60 3/8/12 4.27 2.61 0.44 19.65 
39.77 64.72 18.40 17.00 3/8/12 4.08 2.52 0.42 19.40 
39.70 64.70 11.30 17.00 3/8/12 4.26 2.65 0.46 19.17 
39.67 64.66 17.40 17.20 3/8/12 4.75 2.97 0.56 19.08 
39.69 64.62 19.10 17.00 3/8/12 10.26 6.59 1.70 18.32 

         40.50 64.56 0.00 0.60 2/11/12 41.06 26.37 8.07 18.06 
40.42 64.64 0.00 0.70 2/11/12 41.02 26.46 8.14 17.97 
40.41 64.73 0.00 0.80 2/11/12 40.67 26.36 8.12 17.90 
40.37 64.80 0.00 0.90 2/11/12 40.10 25.96 8.00 17.88 
40.22 64.86 1.40 0.90 2/11/12 37.43 24.29 7.47 17.82 
40.18 64.90 4.00 1.10 2/11/12 34.39 22.26 6.79 17.87 
40.11 64.87 12.60 1.70 2/11/12 30.71 19.84 5.95 17.97 
40.04 64.85 17.60 2.30 2/11/12 20.43 13.15 3.77 18.18 
39.97 64.82 13.70 1.90 2/11/12 13.59 8.70 2.33 18.44 
39.90 64.79 19.30 2.50 2/11/12 15.94 9.94 2.99 18.84 
39.84 64.75 19.50 2.60 2/11/12 14.26 8.80 2.55 19.39 
39.77 64.72 19.50 2.30 2/11/12 14.48 8.92 2.60 19.36 
39.70 64.70 19.50 2.30 2/11/12 14.58 9.00 2.63 19.32 
39.67 64.66 19.70 2.40 2/11/12 14.61 9.01 2.64 19.29 
39.69 64.62 19.70 2.40 2/11/12 14.98 9.23 2.70 19.34 

 
CDOM absorption was found to be very strong and comparable to the highest CDOM 
absorption previously reported for other Arctic rivers (Stedmon et al., 2011). CDOM 
absorption at 375 nm (a375), commonly used in literature, was highest in the Onega River in 
spring, reaching 27 m-1. In summer and fall, a375 was lower in the Onega estuary with values 
reaching 22 and 16 m-1, respectively. Thus, apparent seasonal dynamics of CDOM absorption 
in the Onega River outflow were found (Fig. 2): with maximum absorption in spring 
associated with spring freshet, CDOM absorption decreased in summer and fall. In contrast, 
seasonal dynamics of CDOM absorption in the estuary of the Northern Dvina River did not 



 J-121 

show a clear trend. Maximum values of a375 were found in spring and fall (25 and 26 m-1, 
respectively) and lowest absorption was detected in summer (up to 23 m-1). The absorption 
coefficients for other wavelengths are shown in Tables 1 and 2.  
A preliminary analysis of the relationship between water salinity and CDOM absorption 
coefficient shows generally an inverse relationship for both estuaries (not presented in the 
report). This finding is consisted with previous studies of CDOM in terrestrially dominated 
coastal environments. This observation is also apparent from a comparison of spatial 
distribution of salinity and a375 in both the Onega and Northern Dvina estuaries, where low 
salinities correspond to high CDOM absorption values. The inverse relationship between 
slopes and CDOM absorption coefficients is found to be different from the relationship for 
marine allochtonous CDOM (Stedmon & Markager, 2001), which is an additional indication 
for the terrestrial dominance of CDOM in the area. 
 
Conclusion 
For the first time to our knowledge, comprehensive field and laboratory studies (using modern 
spectrophotometric technique) of CDOM were undertaken in the deltas of the Onega and 
Northern Dvina rivers, White Sea. CDOM absorption at the wavelength 375 nm is found to be 
among the highest compared to previously reported data from the major Arctic rivers 
(Stedmon et al., 2011). Such a high load of dissolved organic material with relatively high 
runoff values add a complexity to biogeochemistry, physics and biology of the costal areas of 
the White Sea and, therefore, should be accordingly taken into account in ecosystem studies 
(including modeling efforts). On the other side, the White Sea is a semi-enclosed basin with a 
restricted water exchange with the adjacent Barents Sea. Thus, this poses the question of the 
fate of terrestrial CDOM in the White Sea including the relative importance of export to the 
Barents Sea vs. biogeochemical and bacterial degradation in the White Sea proper. In the 
future, potentially interesting findings could be revealed from a coordinated monitoring of 
CDOM in the major rivers as well as larger-scale studies of CDOM spatial distribution across 
the White Sea region with the use of additional characteristics such as stable oxygen isotope 
ratios to derive the exact origin (e.g., meteoric water vs. sea ice melt in spring) and to trace 
the CDOM dynamics. Another potential direction of work will be to look into fluorescence 
properties of dissolved organic matter (FDOM) and to distinguish the main types of organic 
compounds by means of, e.g., PARAFAC analysis. As a final note it is important to mention 
that the White Sea could be considered as a potentially interesting area for topical and 
interdisciplinary ecosystem case studies. 
Summing up, we would like to thank the OSL for the support of this small project. We hope 
that our analysis of collected data will result in a solid publication and will provide directions 
and perspectives for future projects in this scientifically interesting area. 
 
References 
Arrigo, K.R., van Dijken, G., Pabi, S. (2008) Impact of a shrinking Arctic ice cover on marine 

primary production. Geophysical Research Letters, 35, L19603, doi:10.1029/ 
2008GL035028. 

Fichot, C., Benner, R. (2011) A novel method to estimate DOC from CDOM absorption 
coefficients in coastal waters. Geophysical Research Letters, 38, L03610, doi:10.1029/ 
2010GL046152. 

Gordeev, V.V., Martin, J.M., Sidorov, I.S., Sidorova, M.W. (1996) A reassessment of the 
Eurasian river input of water, sediment, major elements, and nutrients to the Arctic Ocean. 
American Journal of Science, 296: pp. 664-691.  



 J-122 

Granskog, M.A., Macdonald, R.W., Mundy, C.J., Barber, D.G. (2007) Distribution, 
characteristics and potential impacts of chromophoric dissolved organic matter (CDOM) in 
Hudson Strait and Hudson Bay, Canada. Contemporary Shelf Research, 27: pp. 2032-2050, 
doi:10.1016/j.csr.2007.05.001. 

Green, S.A., Blough, N.V. (1994) Optical absorption and fluorescence properties of 
chromophoric dissolved organic matter in natural waters. Limnology and Oceanography, 
39: pp. 1903-1916. 

Hill, V.J. (2008) Impacts of chromophoric dissolved organic material on surface ocean 
heating in the Chukchi Sea. Journal of Geophysical Research, 113, C07024, 
doi:10.1029/2007JC004119.  

Lantuit, H., Overduin, P.P., Couture, N., Wetterich, S., Are, F., Atkinson, D., Brown, J., 
Cherkashov, G., Drozdov, D., Forbes, D., Graves-Gaylord, A., Grigoriev, M., Hubberten, 
H.-W., Jordan, J., Jorgenson, T., Ødegård, R. S., Ogorodov, S., Pollard, W., Rachold, V., 
Sedenko, S., Solomon, S., Steenhuisen, F., Streletskaya, I., Vasiliev, A. (2011a) The Arctic 
Coastal Dynamics database. A new classification scheme and statistics on arctic permafrost 
coastlines. Estuaries and Coasts, doi:10.1007/s12237-010-9362-6. 

Lantuit, H., Atkinson, D., Overduin, P.P., Grigoriev, M.N., Rachold, V., Grosse, G., 
Hubberten, H.-W. (2011b) Coastal erosion dynamics on the permafrost-dominated 
Bykovsky Peninsula, north Siberia, 1951-2006. Polar Research, 30: pp. 7341.  

Matsuoka, A., Hill, V., Huot, Y., Babin, M., Bricaud, A. (2011) Seasonal variability in the 
light absorption properties of western Arctic waters: parametrization of the individual 
components of absorption for ocean color applications. Journal of Geophysical Research, 
116, C02007, doi:10.1029/2009JC005594. 

Osterkamp, T.E., Romanovsky, V.E. (1999) Evidence for warming and thawing of 
discontinuous permafrost in Alaska. Permafrost Periglacial Processes, 10: pp. 17-37.  

Peterson, B.J., Holmes, R.M., McClelland, J.W., Vorosmarty, C.J., Shiklomanov, I.A., 
Lammers, R.B., Rahmstorf, S. (2002) Increasing river discharge to the Arctic Ocean. 
Science, 298: pp. 2171-2173.   

Serreze, M.C., Maslanik, J A., Scambos, T.A., Fetterer, F., Stroeve, J., Knowles, K., Fowler, 
C., Drobot, S., Barry, R.G., Haran, T.M. (2003) A new record minimum Arctic sea ice and 
extent in 2002. Geophysical Research Letters, 30: p. 1110, doi:10.1029/2002GL016406. 

Stedmon, C.A., Markager, S. (2001) The optics of chromophoric dissolved organic matter 
(CDOM) in the Greenland Sea: an algorithm for differentiation between marine and 
terrestrially derived organic matter. Limnology and Oceanography, 46: pp. 2087-2093.  

Stedmon, C.A., Amon, R.M.W., Rhinehart, A.J., Walker, S.A. (2011) The supply and 
characteristics of colored dissolved organic matter (CDOM) in the Arctic Ocean: Pan 
Arctic trends and differences, Marine Chemistry, 124: pp.  108-118, doi:10.1016/ 
j.marchem.2010.12.007.  

Tarnocai, C., Canadell, J.G., Schuur, E.A.G., Kuhry, P., Mazhitova, G., Zimov, S. (2009) Soil 
organic carbon pools in the northern circumpolar permafrost region. Global 
Biogeochemical Cycles, 23, GB2023. doi:10.1029/2008GB003327. 

Walvoord, M.A., Striegl, R.G. (2007) Increased groundwater to stream discharge from 
permafrost thawing in the Yukon River basin: potential impacts on lateral export of carbon 
and nitrogen. Geophysical Research Letters, 34, L12402, doi:10.1029/2007GL030216. 

  



 J-123 

THE ROLE OF AEROSOLS IN THE CLIMATE CHANGE IN THE ARCTIC 
 
V. Shevchenko, D. Starodymova, V. Kashchenko 
P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia 

 
Introduction 
 
Scientific background 
Atmospheric transport of particulate matter is a fast way of delivery of many substances 
(including black carbon and pollutants) to remote areas. This mechanism of matter transport is 
important for the Arctic environment (Lisitzin, 2002, 2010; Shevchenko, 2006; Shevchenko et 
al., 2009). The very fragile equilibrium between its physical, chemical and ecological 
parameters (depending on low rates of reduction of biological resources) makes the Arctic an 
indicator of global change. The Arctic Ocean and its vast and shallow marginal shelf seas are 
considered to be a significant component in understanding the modern global climate system 
(Stein & Macdonald, 2003). The climate changes in the Arctic have already manifested 
(IPCC, 2007; Steele et al., 2008; Forbes, 2011; Tietsche et al., 2011). These changes include 
unusual melting of glaciers, sea ice, and permafrost, and shifts in patterns of rain and snow 
fall, freshwater runoff, and vegetation growth.  
Black carbon (BC), or soot, is the part of carbon-containing aerosol particles which absorbs 
the sun light and a lot of pollutants (heavy metals, PAH, PCB, etc.). BC is a product of the 
incomplete combustion of various fuels (especially, coal and diesel oil), biomass (forest, 
grass, agricultural waste), and of biofuels. Persistent organic pollutants (POPs) are adsorbed 
on soot particles, sulfate radicals, and heavy metals, and they are dangerous for human health. 
They are transported by air masses for hundreds and thousands of kilometers, thus polluting 
the Arctic environment. Black carbon aerosols and particulate matter in snow are atmospheric 
constituents which are considered to be an important contributor to climate change in Arctic 
regions (Koch & Hansen, 2005; Eleftheriadis et al., 2009; Hegg et al., 2010; Jacobson, 2010). 
It has been shown that BC aerosols can decrease the albedo of snow/ice and heating of the 
atmosphere (Hansen et al., 2004; Hansen & Nazarenko, 2004; Vignati et al., 2010; Quinn et 
al., 2011). 
Much work has been done to reveal the pathways of sedimentary matter into the Laptev and 
Kara seas and to the study biogeochemical cycles of many elements in these basins, which is 
important for the Arctic environment (Hölemann et al., 1999; Kassens et al., 1999, 2009; 
Stein & Macdonald, 2003), but aerosol distribution and composition in the Russian Arctic and 
recent and long-term changes in aeolian transport and fluxes of matter in these seas are much 
less known. Less attention was paid to the role of particulate black carbon in changing Arctic 
environment.  
 
Goals and objectives of the project 
We studied the role of aeolian transport of matter in the climate change in the Arctic. We tried 
to estimate changes in aerosol composition and accumulation of different types of air-borne 
particulate matter. Special attention was paid to studies of black carbon and heavy metals in 
the Arctic atmosphere and snow cover. 
 
  



 J-124 

Research activities 
 
Approach 
Our work is focused on the study of material from archive collections (2001-2011, including 
aerosols collected in the White, Barents and Kara seas during the 59th cruise of RV "Aka-
demik Mstislav Keldysh") at the White Sea Biological Station of Moscow State University in 
the Kindo Peninsula (Kandalaksha Bay), and from material obtained during new expeditions 
in 2012. We studied the composition of aerosols and snow collected in different areas of 
Northern Eurasia and compared our results with literature data from the other Arctic regions.  
Scanning electron microscopy with an X-ray microprobe of aerosols and particulate matter 
from snow and ice cores was carried out in the P.P. Shirshov Institute of Oceanology, 
Moscow. The elemental composition of aerosols, snow and particulate matter from ice was 
determined with atomic absorption spectrometry and inductively coupled plasma mass 
spectrometry (ICP-MS) in Moscow. Black carbon content was measured in the Institute of 
Chemical Kinetics and Combustion of Siberian Branch of the Russian Academy of Sciences, 
Novosibirsk. Trace elements in snow were studied with the ICP-MS. Back trajectories of air 
masses, potential carriers of natural and anthropogenic tracers, were calculated. We used five-
day-travel time trajectories calculated with a discreteness of 6 h on the 925, 850 and 700 hPa 
isobaric surfaces. The methods are described elsewhere (Shevchenko, 2006; Shevchenko et 
al., 2009). 
In accordance with the working program, we carried out the following tasks: 
• in March, V. Shevchenko worked in the Kindo Peninsula collecting aerosols, snow, ice and 

bottom sediments of meromictic lakes. He organized continuous aerosol sampling by the 
technicians of the White Sea Biological Station; 

• at the end of March and at the beginning of April, we collected snow samples in the 
Arkhangels Region (including the mouth zone of the Northern Dvina River) together with 
other colleagues; 

• we processed the data on black carbon distribution in the in marine boundary layer in the 
White, Barents and Kara seas measured from September 12 to October 7, 2011 during the 
59th cruise of RV "Akademik Mstislav Keldysh" (Shevchenko et al., 2012) and in the 
Kindo Peninsula; 

• back trajectories of air masses to sampling sites of aerosols and snow, collected during 
expeditions to the seas of the Western Russian Arctic and in Northern Karelia (the coast of 
the Kandalaksha Bay of the White Sea), were calculated, which could help to identify the 
source of anthropogenic pollution using the NOAA HYSPLIT model 
(http://www.arl.noaa.gov/ready.html) (Draxler & Rolf, 2003); 

• the composition of snow, both in the dissolved phase and as matter, collected on the 
Russian North Pole stations in the Central Arctic, in the White Sea catchment area, in 
2009-2011 was investigated.  

 
Accomplishments 
New data on aeolian transport and fluxes of matter (including black carbon, influencing the 
Arctic climate change) were obtained. Field and laboratory studies were carried out. The 
research was generally in accordance with the working program. 
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Results 
In September-October 2011 the highest values of black carbon (BC) concentrations in the 
marine boundary layer over the western part of the Russian Arctic were recorded in the 
atmosphere near the port of Arkhangelsk (600-830 ng/m3). In the background areas the BC 
concentrations varied from 10 to 470 ng/m3 (120 ng/m3 on average, standard deviation is 110 
ng/m3, n=45 measurements) (Shevchenko et al., 2012). BC concentrations depend on both the 
site of sampling and meteorological conditions, and the way of air masses following. These 
values are at the level of background values for the Russian Arctic seas. The lowest values 
were recorded after rains and when air masses came from the Central Arctic (Fig. 1A). 
Relatively high BC concentrations in the Kara Sea were found in air masses which had come 
from NW Siberia and in the Barents Sea in air masses from the Arkhangelsk industrial area. 
The high BC concentration in air masses from NW Siberia are possibly related to gas flaring 
on fields of NW Siberia (Fig. 1B). Gas flaring refers to the burning of natural gas that is 
associated with crude oil when it is pumped up from the ground. Gas flaring not only wastes a 
potentially valuable natural gas, it also adds significant carbon emissions to the atmosphere. 
Flaring combustion is typically incomplete, releasing a substantial amount of black carbon 
(soot) and carbon monoxide, which contribute to air pollution and climate warming. 
46 samples of aerosol from the Kindo Peninsula were analyzed. These samples were collected 
in the periods from 27 MAy 2010 to 27 November 2010, from 18 March 2011 to 09 June 
2011 and from 10 August 2012 tо 21 September 2012. The time period of the collection of 
each sample was about a week. The maximum concentration of BC in the analyzed samples 
was 417 ng/m3. The mean content is 170 ng/m3, standard deviation is 99 ng/m3. The mean 
value is 2 times lower than that measured in Tiksi (Makarov & Ohta, 2004) and at the 
background for the White Sea level (Pol’kin et al., 2008) (Fig. 2). 
The highest concentrations of BC were measured in July/beginning of August 2010, when 
forest fires were active in the European part of Russia (Fig. 3). The mean content of BC in the 
air in July 2010 is 304 ng/m3. This value is almost twice higher than mean value in our 
database. Higher BC contents occurred when air masses came from the European parts of 
Russia (Fig. 4A). The lower BC content in July occurred when the air masses came from 
Europe (Fig. 4B). 
We have the possibility to compare BC contents in similar periods. The mean BC contents in 
August and September 2010 are 172 and 190 ng/m3, respectively, and BC contents in similar 
periods in 2012 are 61 and 132 ng/m3, respectively. 
At the end of March 2012 the concentration of particulate matter in snow in the Kindo 
Peninsula and in the adjacent ice of Kandalaksha Bay was low (from 0.84 to 1.68 mg/l, on 
average 1.28 mg/l). It was at the background level for the Arctic (Shevchenko, 2006). 
Biogenic and lithogenic particles dominated in these samples, the role of black carbon and ash 
was minor. The concentrations of dissolved heavy metals here are low in comparison with 
snow from many other Arctic areas (Shevchenko, 2006). 
The results of our studies of snow samples collected in the Central Arctic, Amundsen Gulf, 
and Northern Dvina Delta (Shevchenko et al., 2010) were summarized. The concentration of 
insoluble particles in snow on drifting ice in the vicinity of the North Pole in April 2008 
varied from 0.21 to 0.37 mg/l (0.29 mg/l on average), which corresponds to the background 
level for the Arctic. Scanning electron microscopy shows that these particles are mostly 
biogenic (pollens, plant fibres, diatoms) and lithogenic. In the Amundsen Gulf in December 
2007-January 2008, the concentration of particulate matter varied from 0.3 to 0.4 mg/l in most 
samples. The particles consisted of mineral grains, plant fibres, and black carbon. The 
concentration of black carbon in the snow here varied from 6 to 52 µg/kg (17 µg/kg on 
average), which is in line with the concentrations reported by Doherty et al. (2010). 
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Fig. 1: Backward trajectories from the end points of the sampling sites: A – sample 10-3, black carbon (BC) 
concentration 30 ng/cub.m; B – sample 3-2, BC concentration 330 ng/cub.m. 
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Fig. 2: Black carbon concentrations in the air at the White Sea Biological Station (Kindo Peninsula) and in other 
areas. 

 
 
Conclusions 
New data on aeolian transport and fluxes of matter (including black carbon) in the Arctic 
environment were obtained. Field (Arkhangelsk region and Karelia) and laboratory studies 
were carried out. The research was generally in accordance with the working program. The 
distribution of the insoluble particles in aerosols and snow (including black carbon) reflects 
the aeolian delivery of these particles. In general, the delivery of these climate forcers to the 
Arctic environment in large extent depends on anthropogenic pollution. 
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Fig. 3: Map of forest fires (orange) occurring in June-August 2010 (http://firms.modaps.eosdis.nasa.gov/ 
firemap/). 
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Fig. 4: A – Back trajectories of air masses from the European part of Russia on 31 July 2010 (BC content in the 
sample collected from 30 July-02 August 2010 400 ng/m3); B – Back trajectories calculated for 05 August 2010 
(BC content in the sample collected from 02-09 August 2010: 162 ng/m3). 
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Introduction  
 
Scientific background  
Understanding the ongoing environmental changes in the Arctic in the context of natural 
variability demands improved reconstructions of the extent and timing of past inflows of 
Atlantic-derived waters carrying heat and salt to the Arctic Ocean, freshwater input and sea-
ice and ice-sheet history. Important proxies to reconstruct these parameters are stable isotope 
composition of calcareous foraminifers, concentrations of index microfossils and coarse 
terrigenous ice- and iceberg-rafted material (IRD) in marine sediments, especially from 
continental margins, which comprise sediment records with increased temporal resolution 
(Darby et al., 2006; Stein, 2008; Polyak et al., 2010). This project is a continuation of the 
previous project (OSL-11-22) devoted to the high-resolution investigation of the two long 
AMS14C-dated sediment cores PS2458 and PS51/118-3 from the eastern Laptev Sea 
continental margin (Fig. 1; Spielhagen et al., 2005; Bauch et al., 2001) that was originally 
planned for 2 years. This investigation is aimed to extend our paleoreconstructions of the Late 
Glacial to Holocene history of the Laptev Sea region farther eastward compared to the 
previously obtained results from cores PS51/154 and PS51/159 in the western Laptev Sea 
(Fig. 1; Taldenkova et al., 2008, 2010, 2012; Stepanova et al., 2012). 
 
Goals and objectives of the project 
The goal of the project was the reconstruction of the postglacial environmental history of the 
eastern Laptev Sea continental margin in the context of regional changes and overregional 
climate variability. The reconstruction is based on high-resolution records of lithological 
characteristics, IRD, microfossils (benthic and planktic foraminifers and ostracods), and stable 
isotope composition of foraminifers from AMS14C-dated marine sediment cores PS2458 and 
PS51/118-3. The research tasks for 2012 were the following: 
• the high-resolution investigation of core PS2458 included analysis of the taxonomic 

composition of microfossils (planktic and benthic foraminifers, ostracods) and of the stable 
isotope composition of carbonate tests of the benthic foraminifer Cassidulina neoteretis 
supplementing the existing record of the planktic foraminifers Neogloboquadrina 
pachyderma sin.; 

• the high-resolution investigation of core PS51/118-3 included IRD counts (>500 µm) and 
analysis of the taxonomic composition of microfossils (planktic and benthic foraminifers, 
ostracods); 

• interregional comparison of the newly obtained data on the eastern Laptev Sea with the 
evidence from the western Laptev Sea in the draft of a relevant publication. 
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Fig. 1: Positions of the cores selected for the present study in the eastern Laptev Sea (PS2458 and PS51/118-3) 
and previously studied cores in the western Laptev Sea. Barents-Kara ice sheet limits from Svendsen et al. 
(2004). Pink arrows show the modern Atlantic-derived water pathways to the Arctic Ocean (FSBW – Fram Strait 
Branch Water, BSBW – Barents Sea Branch Water). 

 
Research activities  
 
Approach 
Both cores were subject to high-resolution complex investigation. Samples were taken 
continuously in 2 cm thick slices. They were freeze-dried, weighed, washed over a 63 µm 
sieve, and dried again. The weight percentage of the fraction >63 µm was estimated.  
Core PS/51-118 was sampled in September 2011, and the samples were stored and analyzed 
in Russia. The samples of core PS2458 were stored in GEOMAR. They were dry-sieved into 
five fractions: >1000, 500-1000, 250-500, 125-250, and 63-125 µm. All lithic grains and 
authigenic concretions were picked from the fractions >1000 and 500-1000 µm and counted. 
Their abundances were estimated per 100 g dry bulk weight. Finer fractions were taken to 
Russia and investigated for microfossils – planktic and benthic foraminifers, and ostracods. 
All ostracods were picked from the fractions >125 µm, identified and counted. Foraminifers 
were counted and identified in every sample in the fractions >500, 250-500,125-250, 63-125 
µm. Each fraction with abundant foraminifers was split to obtain a total statistically 
meaningful number of foraminifers for identification (>300) per sample. In the samples with 
low abundance of foraminifers, all tests were identified. Total abundance of microfossils was 
estimated per 100 g dry bulk weight. Relative abundances of species and ecological groups of 
foraminifers were estimated in the samples containing more than 100 tests, for ostracods, 
which are more rare, the limit was set at 20 specimens per sample. From all samples, tests of 



 J-135 

the benthic foraminifer Cassidulina neoteretis were picked for analysis of stable isotope 
composition of their carbonate.  
 
Accomplishments 
In 2012 we finished the lithological investigations of both cores, i.e., counted terrestrial grains 
and vivianite concretions in >500 µm fraction of the samples part (Fig. 2). We developed an 
age model for the whole core PS2458 (see chapter "Results"). Altogether, this gives us the 
possibility to compare IRD and concretion-formation events at the eastern Laptev Sea 
continental margin with its western part (Fig. 2).  

 
Fig. 2: Distribution of ice- and iceberg-rafted debris (IRD) and authigenic vivianite concretions in cores from the 
western and eastern Laptev Sea continental margin. The lower plot shows oxygen isotopic composition of the 
planktic foraminifers Neogloboquadrina pachyderma sin. from core PS2458 (Spielhagen et al., 2005). Mind the 
different Y-axis scale for IRD in the western and eastern Laptev Sea; gray shading corresponds to prominent 
IRD peaks, yellowsh shading marks main vivianite-formation events. 
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We have almost finished the analysis of core PS2458. Foraminifers and ostracods were 
identified in 80% of the samples, and the results on their abundance and taxonomic 
composition are shown vs age in Figures 3-5. For obtaining the benthic isotopic records of 
δ18O and δ13C, in December 2012 we submitted for analysis 87 samples of carbonate tests of 
the benthic foraminifer Cassidulina neoteretis from various parts of the core section.  

 
Fig. 3: Isotopic composition of planktic foraminifers (Spielhagen et al., 2005), taxonomic diversity and abun-
dance of planktic and benthic foraminifers and ostracods from core PS2458; gray shading shows main vivianite-
formation events. 

 
Microfossils from core PS51/118, which are relatively rare as compared to core PS2458, have 
been investigated in several samples throughout the core. This work will be finished in 2013. 
We also see from our pilot investigation of core PS51/118 that there are enough tests of the 
benthic foraminifer Islandiella norcrossi/helenae in the sediments for isotopic analysis. The 
benthic isotopic records might be helpful in understanding the mechanism of abundant 
vivianite formation under anaerobic conditions in the early Holocene sediments of the deeper 
core PS2458 (983 m) and their absence in coeval sediments of the shallower core PS51/118 
(122 m) (Fig. 2), which is one of the most enigmatic findings of our recent investigations. 
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Results  
Largely, our new results concern the lithology and microfossils from core PS2458. They are 
compared with the previously obtained evidence from the western Laptev Sea (Taldenkova et 
al., 2008, 2010, 2012; Stepanova et al., 2012).  
 
Age model for core PS2458 
Core PS2458 from 983 m water depth is located in front of the position of the former Lena 
and Yana river mouths on the shelf break (Fig. 1). It is well-dated from 201 cm down to 
625 cm. This sediment interval corresponds in time to 8.9-14.6 cal.ka (Spielhagen et al., 
2005). Originally the upper 100 cm of sediments were assumed to be extremely young, 
100 years old, based on 210Pb dating (Spielhagen et al., 2005). However, the recorded obvious 
differences in lithology and microfossils (Figs. 2-5), as well as TOC (total organic carbon) 
content, δ13Corg (Spielhagen et al., 2005) and biomarkers (Fahl & Stein, 2012), all suggest that 
the upper 2 m of sediment are rather a result of slow sediment accumulation during a long 
time period of several thousand years in the Holocene. Therefore, we developed an age model 
for this core by extrapolating the basal age from the lowermost dating at 625 cm (Spielhagen 
et al., 2005) to 17.6 cal.ka at 822 cm, excluding the dating on a wood piece from 201 cm 
(Spielhagen et al., 2005), and interpolating the age for the uppermost sediment section of 23-
252 cm by assuming the modern age for the sediment surface (0 cm) and linear sedimentation 
rates for this interval (also similar to Fahl & Stein, 2012). 
 
IRD, ice sheets, sea-ice conditions 
Similar to the western Laptev Sea, two periods of IRD input are recorded in the eastern 
Laptev Sea: one with the highest peaks in late-glacial times (extrapolated age of 16-17.6 ka) 
related to the decay of local ice caps on Severnaya Zemlya and the Barents-Kara ice sheet, 
and another one with smaller peaks in the mid-late Holocene sediments since about 7 ka 
which is related to Neoglacial climate cooling resulting in the growth of local ice caps and a 
southward shift of the seasonal drift ice margin (Fig. 2). IRD peaks in the western Laptev Sea 
core, located close to Severnaya Zemlya and the former Barents-Kara ice sheet, are 1-2 orders 
of magnitude higher than in the east, thus likely evidencing the dominant role of icebergs in 
delivering coarse-grained terrestrial material to marine sediment cores on the slope. 
Seemingly, only rare icebergs reached the eastern Laptev Sea continental slope, most likely 
because they were incorporated into the Transpolar Drift and evacuated from the Laptev Sea 
to the Arctic Ocean.  
There are also indications in the record of core PS2458 of the intervals when the site on the 
slope was located close to the seasonal drift-ice margin. This is evidenced by increases in the 
relative abundance of certain benthic foraminiferal ("phytodetritus") species taking advantage 
of the sea-ice marginal productivity pulses like Nonion labradoricum (Fig. 4). The first 
clearly pronounced time interval during the Younger Dryas-early Holocene transition 11-12.5 
ka when the seasonal drift-ice limit was located close to the site PS2458 was likely a result of 
a combined influence of sea-level rise and surface water warming during the times of highest 
summer insolation. The second one in the late Holocene coinciding with IRD peaks 2-4 cal.ka 
was rather a result of an "opposite development" – climate cooling and onshore shift of the 
seasonal drift-ice margin with further establishment of more severe perennial sea-ice 
conditions. 
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Fig. 4: Species composition of benthic foraminifers in core PS2458.  
 
 
Authigenic concretions, water stratification, freshwater influence 
In core PS51/154 from the western Laptev Sea, numerous vivianite and rhodochrosite/siderite 
concretions were found only in the same late-glacial sediments with an extrapolated age of 
more than 16 ka that are enriched in IRD (Fig. 2; Taldenkova et al., 2010). Their occurrence 
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was a result of anaerobic conditions at the seafloor as is also supported by the absence of 
benthic microfossils at the levels with concretions. These conditions were assumed to be 
produced by strong water stratification most likely due to meltwater influence since river 
runoff was low under cold and dry climatic conditions (Taldenkova et al., 2010). 
In core PS2458 no concretions occur in the late-glacial to early deglacial sediments, but there 
are several layers enriched in vivianite in the younger part of the record with the main 
vivianite-formation events corresponding to 12.8-13, 7-7.4, 5.2-5.4 and 2-2.2 cal.ka (Fig. 2). 
In the interval aging back to 12.8-13 ka the whole sediment has a bluish color because of 
vivianite. This very interval demonstrates a conspicuous negative peak in the δ18O 
composition of planktic foraminifers (Fig. 2). The extreme freshwater-induced stress on the 
environment is confirmed by very low abundance and diversity of all groups of microfossils 
(Fig. 3). So, indeed, freshening of the upper water layers as evidenced by the negative peak in 
the δ18O composition of planktic foraminifers is accompanied by the formation of vivianite 
concretions on the seafloor. However, the mechanism for such a water stratification at the 
depth of about 900 m needs to be explained. Probably the surface water freshening was a 
result of the Bølling-Allerød warming and growing fluvial influence, but its sudden character 
is now rather related to the outburst of the Lake Agassiz meltwater to the Arctic Ocean, as 
well as the changes of water circulation due to the sea-level rise, opening of the Bering Strait 
and ice evacuation to the Fram Strait (Bradley & England, 2008; Fahl & Stein, 2012).  
The younger vivianite-rich intervals in core PS2458 do not correlate with similar sharp 
negative excursions in δ18O composition of planktic foraminifers, but only with smaller ones 
(Fig. 2). But they also correlate with decreasing total abundances of all microfossils (Fig. 3). 
So, explanation of the observed occurrence of concretions is still a challenge. 
 
Planktic foraminifers 
Planktic foraminifers are continuously present in the core though with very low abundances in 
the basal and top meters (Fig. 3). They are largely represented by the polar species 
Neogloboquadrina pachyderma sin. However, their taxonomic diversity reaches highest 
values in the oldest sediments probably aging back to late glacial and early deglacial times 
(Fig. 3). Here, rare planktic foraminifers are largely represented by subpolar species. A 
similar situation has been previously recorded in core PS51/154 from the western Laptev Sea 
continental slope (Taldenkova et al., 2010, 2012). In core PS2458 subpolar species include, 
besides Neogloboquadrina pachyderma dex., Globigerina bulloides, Globigerinita glutinata, 
Turborotalita quinqueloba, Orbulina universa and Globorotalia inflata, also such exotic 
warm-water species as Globigerinoides ruber and G. sacculifer. Likely, the occurrence of 
these species gives evidence for a strong subsurface inflow of Atlantic-derived waters (ADW) 
along the Eurasian continental margin closely located to the former coast during times of low 
sea-level stand after or even during the LGM. 
 
Benthic foraminifers 
Benthic foraminifers are the main component of microfossil assemblages in core sediments 
(Figs. 3, 4). Similar to other microfossils, they are rare in the basal and uppermost intervals, 
where also agglutinated forms dominate over calcareous ones. This might be correlative with 
coarser sediment composition and increased IRD content.  
The ADW-indicative benthic species Cassidulina neoteretis (Lubinski et al., 2001) occurs 
throughout the record, giving evidence for the continuous presence of the ADW inflow onto 
the eastern Laptev Sea continental slope since presumably late-glacial times.  
Based on the changes in taxonomic composition and abundance of foraminifers, the core 
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sequence could be subdivided into several intervals. In the sediments older than 14.9 cal.ka 
low abundance and diversity of foraminifers (Fig. 2) indicate harsh environmental conditions 
with severe sea-ice cover and low productivity. The lowermost sediment unit with an 
extrapolated age of 17.2-17.6 cal.ka is distinguished by an increase in diversity and 
abundance of subpolar planktic foraminifers whereas benthic tests are rare and largely 
represented by C. neoteretis.  
During the warm Bølling-Allerød period (ca. 13-14.9 cal.ka) the inflow of subsurface chilled 
ADW was strongest as shown by the highest percentages of C. neoteretis and also subpolar 
planktic foraminifers. An increasing fluvial influence due to climate amelioration is indicated 
by a high abundance of the opportunistic species Elphidium clavatum.  
After the 13 cal.ka freshwater event (Spielhagen et al., 2005) assemblages corresponding to 
the Younger Dryas and the earliest Holocene demonstrate a considerable decrease in C. 
neoteretis, the predominance of C. reniforme and the first occurrence of Nonion 
labradoricum. This is very similar to the changes observed in core PS51/154 from the west 
(Taldenkova et al., 2012) and indicate such environmental changes as the development of 
shelf water mass due to the outer shelf flooding and resulting diminished influence of ADW 
masses on the Laptev Sea continental slope, as well as a shift of the average seasonal drift-ice 
margin close to the core site positions on the slope.  
The early Holocene time period is distinguished by an increasing representation of C. 
neoteretis and such relatively deep-water river-distal (Polyak et al., 2002) species as Melonis 
barleeanus and Islandiella spp. Altogether this indicates a gradual establishment of a modern-
like environment in terms of water depth, distance from the coast and decreasing fluvial 
influence. As a result, the influence of ADW increased. The absence of N. labradoricum 
might indicate a northward displacement of the seasonal drift-ice limit and surface water 
warming.  
The mid-late Holocene demonstrates some traces of climate cooling like the return of the 
seasonal drift-ice limit to the position of the core (re-appearance of N. labradoricum), increase 
in the percentage of E. clavatum and the river-proximal species Buccella frigida, which are 
probably ice-rafted from the inner shelf regions. The inflow of chilled subsurface ADW 
remained relatively strong as seen from the 30-40% relative abundance of C. neoteretis. 
 
Ostracods 
There are two peaks in the total abundance and diversity of ostracods, one is recorded right 
after the 13 cal.ka freshwater event and another, major one in the early Holocene part of the 
sediment sequence (Fig. 5). The first one shows a combination of all ecological groups of 
ostracods including euryhaline and brackish-water ones, which are almost absent elsewhere in 
the core. Likely, this is the result of fluvial influence in combination with the close location to 
the coastline, similar to the past environments previously reconstructed for core PS51/154 
(Stepanova et al., 2012). The major abundance and diversity peak clearly demonstrates a 
predominance of North Atlantic species, thus evidencing the strongest influence of ADW on 
the studied site during the early Holocene climate warming between 9.5 and 11 ka. This, 
however, contradicts the foraminiferal data. The explanation might be insufficient knowledge 
about the North Atlantic species, which are a group of relatively deep-water species which 
occur both in the Arctic and North Atlantic (Stepanova et al., 2007). It is possible that they are 
not as sensitive to the influence of shelf water masses as ADW-indicative foraminifers, but 
rather respond to more open-water conditions. After 9.5 ka in accordance with the onset of 
climate cooling, the species composition of ostracods changes, and the Arctic deep-water 
species Krithe spp. together with shallow-water shelf species (Cluthia cluthae, Eucythere sp.) 
become dominant.  
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Fig. 5: Distribution of ostracods in core PS2458. The relative abundance is calculated only for the samples with 
>20 valves per sample; gray shading marks the periods of abundance and diversity maxima in the early 
Holocene and right after the 13 cal.ka freshwater event. 
 

 
Holocene climate optimum 
The early Holocene climate warming during 9.5-11 ka is well manifested by the lowest, 
"background", IRD content in all cores (Fig. 2) and the highest total abundance of all 
microfossils in core PS2458 (Fig. 3). 
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Atlantic-derived water (ADW) inflows 
Microfossil evidence suggests that the ADW was continuously present at the Laptev Sea 
continental margin since late-glacial times (Fig. 6). Even when the overall environment was 
cold with a heavy sea-ice cover, the ADW-indicative benthic foraminiferal species C. 
neoteretis reached up to 30-40% of representation in the deep core PS2458. In the shallower 
core PS51/154 from the west, which was probably located above the average upper limit of 
the ADW, the ADW manifested itself through open-water coastal polynyas and associated 
upwelling events. In both cores the oldest time interval is characterized by the presence of 
rare, but taxonomically diverse subpolar and exotic planktic foraminifers. Sometimes also the 
abundance of these species is very high like the 17.2 ka event in core PS51/154 with extreme 
numbers of small-sized foraminifers (Fig. 6). In the younger sediments exotic species are 
absent. The reason for the observed findings is not yet known. Maybe this was a glacial-time 
phenomenon when Atlantic waters submerged in the North Atlantic farther in the south and 
thus incorporated and carried these species. 

 
Fig. 6: Microfossil indicators of Atlantic-derived waters (ADW) in the sediments of cores from the Laptev Sea 
continental margin and northern Spitsbergen (Ślubowska-Woldengen et al., 2008); gray shading corresponds to 
the changes in characteristics of the inflowing ADW and their interactions with local shelf water mass; for 
FSBW and BSBW see Figure 1. 
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ADW inflow was strongest during the warm Bølling-Allerød period since approximately 14.9 
ka and until about 12.7 ka. At this time the relative abundance of C. neoteretis reached highest 
values up to 40-60% and even 80% in core PS2458, which is very close to the record 
northward from Spitsbergen (Fig. 6). Even the outline of C. neoteretis percentages in these 3 
cores is very similar. This indicates it was a strong rather unmodified subsurface inflow of 
ADW with its northern branch (FSBW) prior to the times when the Barents-Kara ice sheet 
completely deglaciated and the pathway through the Barents shelf (BSBW) was re-
established. 
Since about 12.7 ka the Laptev Sea cores likely experienced the influence of both ADW 
branches (Fig. 6). In the eastern Nordic seas there is evidence for the appearance of warm 
Atlantic water at the surface (Ślubowska-Woldengen et al., 2008). However, at the Laptev Sea 
slope during the early Holocene times of surface water warming and active outer shelf 
flooding, the influence of freshened shelf water masses was strong, and this created 
conditions that were unfavorable for C. neoteretis as well as for planktic foraminifers. In core 
PS51/154 C. neoteretis is absent between 12 and 7 ka, and planktic foraminifers are 
diminished. However, this explanation for the observed changes in the composition of 
foraminifers contradicts the oxygen isotopic record of planktic foraminifers from core PS2458 
(Figs. 2, 3) and the composition of ostracods with the highest share of North Atlantic species 
(Figs. 5, 6). It could be that during the early Holocene times of surface water warming and 
diminished sea-ice cover, planktic foraminifers migrated to deeper water layers compared to 
the time intervals with heavier sea-ice conditions, which is similar to the modern situation in 
the Laptev Sea when in the regions with more severe sea-ice conditions they tend to dwell 
closer to the surface, and their oxygen isotopic composition gets lighter (Volkmann, 2000). 
As compared to foraminifers, the ecology of North Atlantic ostracods is less known. This is a 
group of relatively deep-water species which occur both in the Arctic and North Atlantic, and 
are probably less sensitive to the influence of shelf water masses..  
Since about 8 ka in line with climate cooling, we rather observe a growing influence of cool 
surface FSBW as expressed by an increasing representation of C. neoteretis in the Laptev Sea 
(Fig. 6). This is confirmed by the low abundance and diversity of subpolar planktic 
foraminifers in contrast with the earlier deglacial times when Atlantic Water upstream in the 
North Atlantic was also in the subsurface. The percentages of C. neoteretis much higher in the 
Laptev Sea than north of Spitsbergen might somehow be related to the influence of both 
ADW branches, FSBW and BSBW. 
 
Conclusions  
The reconstructed paleoenvironmental changes at the eastern Laptev Sea continental slope are 
generally consistent with those recorded in its western part (Taldenkova et al., 2010, 2012): 
• the oldest sediments of presumably late glacial-early deglacial age are characterized by a 

slightly increased IRD content (1-2 orders of magnitude less than in the west closer to 
Severnaya Zemlya and the former Barents-Kara ice sheet) and extremely low total 
abundance of microfossils, thus indicating cold-water environments with heavy seasonal 
sea-ice cover. However, constantly present rare tests of the Atlantic-water indicative 
benthic foraminiferal species Cassidulina neoteretis and planktic foraminifers including 
diverse warm-water subpolar species give evidence for a permanent subsurface inflow of 
Atlantic-derived waters to the eastern Laptev Sea continental margin; 

• the overlying sediments coeval with the Bølling-Allerød period contain evidence for the 
strongest subsurface inflow of chilled Atlantic-derived waters with the FSBW also 
recorded further west in the western Laptev Sea as well as north and west of Svalbard 
(Ślubowska-Woldengen et al., 2008; Taldenkova et al., 2010, 2012). The composition of 
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microfossils also reflects the growing fluvial influence upon the site likely as a result of 
climate amelioration; 

• probably as a result of the environmental development during the warm Bølling-Allerød 
period or a meltwater discharge in the Canadian Arctic (Bradley & England, 2008), a 
considerable surface-water freshening occurred around 13 cal.ka, which was recorded in 
core PS2458 (Spielhagen et al., 2005). It likely produced strong water stratification leading 
to predominantly anaerobic conditions at the seafloor as indicated by numerous vivianite 
concretions exactly in the same sediment layer and extremely low abundance of benthic 
microfossils. Similar vivianite-enriched sediment layers occur in the upper Holocene parts 
of the core (7-7.4, 5.2-5.4, 2-2.2 cal.ka), which also correlate with a slight negative trend in 
the oxygen isotope composition of planktic foraminifers and diminished abundance of 
microfossils; 

• between 10.5 and 12.5 cal.ka the seasonal drift-ice limit was located close to the positions 
of cores PS2458 and PS51/154 on the continental slope, and then shifted northward during 
the early Holocene surface water warming; 

• also between 10.5 and 12 cal.ka the decreasing abundance of C. neoteretis in core PS2458 
and its disappearance in core PS51/154 from shallower environments likely indicate a 
strong influence of freshened shelf water masses on the Laptev Sea continental slope that 
were formed as a result of the outer shelf flooding. These conditions are unfavorable for C. 
neoteretis. Another possible reason is the enhancement of another pathway of ADW with 
the BSBW during this time interval (Lubinski et al., 2001; Taldenkova et al., 2010, 2012); 

• the early Holocene surface water warming, northward migration of the seasonal drift-ice 
limit and probably enhanced inflow of ADW between 9.5-11 cal.ka are confirmed by the 
lowest IRD content, disappearance of N. labradoricum, and highest content of North 
Atlantic ostracods in core PS2458;  

• the observed IRD peaks in the upper part of core PS2458 likely correlate with the 
Neoglacial peaks in IRD supply previously recorded in the western Laptev Sea since ca. 7 
cal.ka (Taldenkova et al., 2010). This confirms the climate cooling trend and growing of 
ice caps on Severnaya Zemlya together with the southward shift in the position of the 
seasonal sea-ice margin; the latter is also supported by the increase in the share of ice-
rafted inner shelf microfossils. 
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Introduction 
 
Scientific background 
To understand the causes and mechanisms of climate change, careful monitoring of the 
present-day processes is required as well as in-depth study of the global climate system 
development during different-scale periods of the geological past. Such natural archives as 
lacustrine sediments often contain detailed and well-preserved palaeoenvironmental and 
palaeoclimatic information. Lakes are very widespread in the northern polar region.  
Northeastern Siberia is a region where palaeolimnological investigations have been carried 
out quite regularly during the past decades, mainly due to the cooperation of Russian and 
German scientists under the program “Laptev Sea System”. The principal investigator of this 
project has participated in these activities since 2009. Within the framework of the Russian-
German expedition “Lena-2009” the joint team investigated 11 lakes along a north-south 
transect (73.5°N-69.5°N) in the lower Lena River. Afterwards sediment cores from 3 lakes 
were analyzed with the support of the OSL (project OSL-10-22). One of the lakes, El’gene-
Kyuele, was found promising and studied more intensively during the subsequent expedition 
“Lena-2010”, also with participation of the principal investigator. 
Lake El’gene-Kyuele (71°17'42"N, 125°32'36"E, 157 m a.s.l., S=1.4 km2, max. depth 10.5 m, 
Fig. 1) of the erosion-thermokarst genesis is located in the lower Lena River directly south of 
the Lena-Olenek watershed, in the transition zone between tundra and forest-tundra. 
Five long and six short sediment cores were recovered from lake areas with different 
depositional setting during the field season in 2010. The geology and geomorphology of the 
lake basin were investigated, which included describing and sampling sections of the lake 
shore. 
From the core collection one long and one short core were studied in the OSL, the other ones 
in the AWI, Potsdam. The OSL with its analytical equipment was useful for some objectives 
of the project, while other objectives were worked on in other laboratories, mainly of the 
Saint-Petersburg University, where the principal investigator studies under the master 
program of the Faculty of Geology (2011-2013). The scientific results of the project will be 
taken as a basis for the future master theses.  
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Fig. 1: Lake El’gene-Kyuele with location of cores PG1975 (Lena-2009), PG2037, PG2039, and PG2042 (Lena-
2010). The correlation of PG2037 and PG2042 with magnetic susceptibility (after Biskaborn et al., 2012). 
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Goals and objectives 
The goal of the research was the reconstruction of Holocene environmental and climatic 
changes inferred from the sedimentary record of Lake El’gene-Kyuele by application of 
lithostratigraphic and geochemical analytical methods. The objectives were: 
• initial macroscopic description and subsampling of the cores; 
• study of lithostratigraphy (structural, textural, physical, mineralogical analyses); 
• geochemical analyses of the subsamples; 
• data-processing operations; 
• dating (by the colleagues), age-depth modeling and estimating sedimentation rate; 
• correlation of the multyproxy data including the spore-pollen analysis results (performed 

by colleagues), interpretation of the integrated data; 
• comparing the data with the data from the core PG1975-1 obtained from another site of the 

same lake and studied formerly (OSL-10-22). 
 
Research activities 
 
Approach 
We applied a multiproxy approach in this project. Only such a way can be reliable in 
palaeoenvironmental research. So several methods are employed in the core study. They 
relate to sedimentology and geochemistry. Biological indicators always should be applied in 
palaeolimnology. However, diatoms and other hard-shelled organisms were not found in the 
sediments of the Lake El'gene-Kyuele. Pollen analysis has proven not applicable for the core 
PG1975 but thisr method should be checked for the new core from the other site (and 
sedimentation environment). 
All used proxies were measured in subsamples that comparable in depth so that the results 
would be comparable as well. Some sedimentological proxies were measured with high 
resolution to obtain basic information and not to miss invisible but important things. If the 
data are not interpretable, further research is necessary using more special methods. However, 
that always should be done to support the interpretation. Statistical methods will be applied. 
Reliable dating results are the basis of palaeoenvironmental reconstruction. It is better to 
employ more than one method so that they supplement each other.  
 
Accomplishments 
The core investigation was started with the standard procedure of initial core treatment, which 
includes core splitting, cleaning, photography, visual macroscopic description, high resolution 
subsampling (1 cm), and freeze-drying. 
During the subsampling the subsamples for the physical analysis of a certain volume (1.5 ml) 
were taken and weighed immediately. Then the fresh samples were dried at 55ºC and weighed 
again. This procedure was repeated several times until a constant weight was reached. The 
same was done at the temperature of 105ºC. Thus, the content of the gravitational and the 
hygroscopic water was measured. With the known volume and the weight of the samples, 
their bulk density (BD) was calculated. The next step was heating at 550ºC by the same way, 
so that the content of organic matter through the loss on ignition (LOI) was measured. 
Totally, 178 subsamples were processed. The resolution of the physical analysis averaged 
2 cm (increased to 1 cm at the overlapping intervals of the core segments). 
After all these activities the complete correlation of the core segments was possible. The real 
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overlappings occurred rather differently during coring so that the length of the core increased 
and totaled 276 cm against the initial 225 cm. 
Grain size analysis was carried out in the OSL by the routine method. The fine fraction 
(<63µm) was measured by means of the analyzer SediGraph 5100, Micromeritics (X-ray 
sedimentation technique). A quality control of the analysis was provided by three test 
measurements of every subsample. A sieve analysis of the coarse fraction was not done 
because it consisted of particles that belong to the narrow size interval (fine sand) and, 
therefore, it is useless to sieve this material. However, it was preserved in order to accomplish 
microscopic measurements of some representative subsamples and obtain complete grain-size 
distributions for them. In total, 120 subsamples with the resolution of 2 cm were analyzed (it 
was increased to 4 cm in the 153-173 cm interval where the texture does not much vary). 
Several subsamples will have to be redone. 
The contents of total organic carbon and total nitrogen (TOC/TN analysis) were measured in 
the OSL using the elemental analyzer Vario EL III, Elementar. Two test measurements were 
done; the accepted precision was 10% if the element content was <1% and 5% if it was >1%. 
In total, 130 subsamples with a resolution of 2 cm were analyzed. Total inorganic carbon was 
not measured since it had been proven earlier for core PG1975 that it is negligible.   
All the analytical data allowed classifying the sediments of core PG2039 and identifying 5 
lithostratigraphic units (Fig. 2). For statistical verification of these units the Student t-test was 
carried out. It supported the significance of the differences between the units according to all 
or some proxies.  
For interpretation of the analytical data a factor analysis was carried out. The parameters were 
factor loadings – unrotated, extraction – principal components, N=95, r0.05≥0.202. 
Four factors were distinguished (Fig. 2; indices represent the factor loadings of variables 
multiplied by 100): 
• F-1 (62%): + BD83/Sand66/Silt35 – WC95/LOI95/ТОС90/TN87/Clay61  
• F-2 (20%): + Clay76/Sand27 – Silt93/LOI20  
• F-3 (9%): + Sand64/TN36/TOC34 
• F-4 (6%): + Sand28/WC23 – BD51  
PG2039-А (276 cm) was compared with other cores from Lake El’gene-Kyuele: the 
previously studied core PG1975 (136 cm) (project OSL-10-22, an article of B. Biskaborn et 
al., not yet published) and the cores PG2037 (486 cm) and PG2042 (270 cm) currently studied 
in the AWI, Potsdam (Fig. 1). In the case of PG1975 it was not successful to compare the 
cores directly by the common proxies (grain-size, TOC/TN). For two other cores only 
magnetic susceptibility (MS) scanning has been done so far, which allowed correlating them 
with each other. For PG2039 and PG1975 this proxy was not used. However, in PG1975 the 
Sr/Rb distribution according to the XRF scanning data (not shown in Fig. 1) is obviously 
close to the MS distribution in both mentioned cores. In PG2039 the BD distribution 
corresponds in general to the MS distribution in PG2037. This coherence in both cases is 
possible because all three mentioned proxies are positively dependent on the clastic 
component content in the sediments. According to the MS distribution, several units were 
identified in PG2037, the boundaries of which are compatible with the unit contacts in 
PG2039: section a (unit 5), section b (units 4 and 3), and section c (units 2 and 1). Some peaks 
inside the units can also be correlated. PG1975 corresponds to units 5 and 4 and the upper part 
of unit 3 of PG2039 though these units are not so evident in the first core. The MS 
distribution in PG2042 also has a more smoothed character than that in PG2037 in this 
interval.  
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Fig. 2: Core PG2039: lithology and downcore distributions of grain-size (clay, silt, sand), physical (bulk density, 
water content, loss on ignition (=LOI)), biogeochemical (total organic carbon (=TOC), total nitrogen (=TN)) 
proxies and factors 1, 2, 3. 
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The short core PG2039-B was split and subsampled with 0.5 cm steps for the upper 20 cm 
and 1 cm steps for the lower part. The dried subsamples were divided: part of the material was 
used for 210Pb dating, and part will be employed for heavy-elements analysis for identifying 
probable anthropogenic pollution. 210Pb dating was carried out in the Radium Institute, St. Pe-
tersburg. The 210Pb content in the core’s upper 20 cm decreases with the increase in depth and 
this trend bears a distinct exponential form (r = -0.992). The sedimentation rate in the sou-
thern subbasin of Lake El’gene-Kyuele for the last 86.7±8.1 years averages 2.25±0.21 mm/yr.  
A significant part of the project program was not accomplished. Mineralogical analysis is in 
the initial stage of realization. XRF geochemical analysis had to be postponed to the 
beginning of 2013. Pollen analysis has been started recently.  
Three samples are being processed in the AMS 14C dating in the Leibniz-Labor für 
Altersbestimmung und Isotopenforschung, Kiel. The results have not yet been forwarded. 
Some reasons for this fact are listed below: 
• it was planned initially, considering the number of employed methods, not to take a high 

average resolution of measurements – about 10 cm, which could be improved later. 
However, this strategy was not adhered to subsequently because the studied core is of very 
variable nature. The core-segment correlation and appropriate sedimentological study 
required much higher resolution – up to 1-2 cm; 

• the working program was drawn up without taking into account the real circumstances. It 
was unknown how much time would be taken by every new method applied. Therefore, 
planning was not accurate. The working program had to be limite.  

Nevertheless, the work based onthe  usage of the OSL equipment has been completed.  
 
Results 
The core PG2039-A segments have been correlated and integrated in a whole sequence.  
The main lithological features of the core have been determined: the proportion of principal 
sediment components (clastic, biogenic, chemical), texture, and structure.   
Five lithostratigraphic units have been identified in the core (Fig. 2) on the basis of visual 
core description and multiple sedimentological proxies distribution. These units have been 
statistically verified by means of the Student t-test.   
To interpret the analytical data, the factor analysis was undertaken. Three of four of the 
extracted factors were taken into account.  
Factor 1 is the one for which all used variables carry a significant factor loading. Its score is 
high – 62%. By all appearances, it represents the lake sedimentation environment – 
hydrodynamically more quiet (negative factor area) or active (positive factor area). The main 
clastic sediment source in the catchment area is the Ice Complex formation. Its thawing with 
following clastic sediment input should intensify when temperature and/or atmospheric 
precipitation increase and, vice versa, stabilize when these values decrease. Therefore, F-1 
can bear evidence of climate change. However, some other local mechanisms can be 
employed as well. 
F-1 supports the difference among the units but three intervals are distinguished most 
distinctly (Fig. 2): unit 1+2, unit 3+4, unit 5. Probably, they are not equal. A hypothesis of  
their palaeoclimatic nature is that units 1, 2 and 5 are relatively warmer.  
Factor 2 (20%) divides the sampled population into two granulometric groups – silt and all 
other types. Probably, the silt sediments’ genesis links with another source are a which has 
subordinate significance, or with differentiation of the main source material. 
By F-2 unit 1 is identified. Only single upper samples have a similar texture.  
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Factor 3 (9%) is not clear enough for now.  
The factor analysis helps to recognize and explain to some extent the relationship between 
different sedimentological proxies.  
210Pb dating of PG2039-B allowed determining the modern sedimentation rate in the southern 
subbasin of Lake El’gene-Kyuele. If we extend this value over the whole unit 5 where 
sedimentation rates should be close, this unit’s duration is 325-400 years. The next step for 
reliable age-depth modeling is to receive noncontroversial 14C dating results for the whole 
section.  
PG2039 has been correlated with other cores from the lake, which allows a comparison of the 
data. It has been recognized that the upper units of the sequence, identified in cores PG2039 
and PG2037 from the southern part of the lake with sedimentological and magnetic proxies, 
are not distinguished so distinctly in the cores PG1975 and PG2042 from the central part. This 
can be explained by the fact that the southern subbasin is more distant from the general clastic 
sediment input that is the Ice Complex, and so the sedimentation regime is less intensive 
there. At the more proximal environment (the central and especially northern subbasins) 
coarser sediments are accumulated, the section is complicated by rhythmic sandy interbeds 
that result from the natural development of thermokarst process (an article of Biskaborn et al., 
not yet published). The palaeoclimatic signal in such a record is obscured.  
This shows once again how important it is to choose an appropriate site for taking a core 
considering many factors if to aim at palaeoenvironmental research. However, in 2009, when 
the first core (PG1975) was obtained, there was no possibility to explore the sedimentation 
environment before drilling.  
 
Conclusion  
As a result of the analytical work on the core PG2039-A, valuable lithostratigraphic 
information has been recovered that allows identifying five units in the section. It has been 
shown that these units can represent the palaeoclimate behavior but that has not been proven 
since other mechanisms could also be causes (for instance, lake level fluctuations). For more 
definite results, further research is necessary employing mineralogical, geochemical, and 
micropaleontological methods. A reliable age-depth model is needed as well. The first step on 
this way has been done already: the modern lake sedimentation rate was determined with 
210Pb. However, it can be extended just over the uppermost unit of the section so 14C dates are 
necessary.  
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ENHANCED METHANE EMISSION FROM EAST-SIBERIAN ARCTIC SHELF: 
EXPLANATION HYPOTHESIS BASED ON THE ANALYSIS OF BOTTOM 
SEDIMENTS, GEOLOGICAL AND PALEO RIVER MORPHOLOGY DATA  
 
O. Anisimov1, J. Zaboykina1, V. Kokorev2 
1State Hydrological Institute, St. Petersburg, Russia 
2St. Petersburg State University, St. Petersburg, Russia 

 
Introduction 
 
Scientific background 
There is a lack of consensus in the scientific community with regard to the observed enhanced 
concentrations of methane in the East Siberian Arctic seas (ESAS). One group of scientists 
suggest that it is attributed to venting from the deep layers, and may dramatically increase in 
the coming decades due to thawing and increased perforation of permafrost, ultimately lead-
ing to a significant amplification of global warming. This standpoint has been formulated in 
publications by Shakhova et al. (2010a, b), followed by a series of publications in the media 
exemplified by N. Ahmed's review paper in The Guardian by (2013). The other group of 
scientists, including the project team members, refute this hypothesis and support the stand-
point that the observed enhanced fluxes are not related to recent changes in permafrost but are 
rather attributed to other mechanisms associated with the processes acting at geological time 
scales following the inundation of the area 9-6 ky b.p. (Anisimov et al., 2012; Dmitrenko et 
al., 2011; Petrenko et al., 2010). In this project we develop a conceptual model that explains 
methane observations in the ESAS in the context of the past, present, and future environ-
mental changes. We explore the hypothesis according to which enhanced concentrations of 
methane are associated with the geological history of the ESAS. We hypothesized that the 
observed enhanced methane venting is bound to unfrozen bottom sediments surrounding fault 
zones and paleo river beds, where permafrost never existed in the bottom sediments, while 
elsewhere on the inner shelf of the ESAS, sediments have remained frozen and impermeable 
for gases since the last glacial maximum. In this project we tested this hypothesis through 
analysis of the published geological and paleo data, constructing a digital high resolution map 
of the fault zones and paleo river beds, comparing it with locations of the hydrographic 
stations where enhanced methane fluxes have been observed, and performing spatial 
statistical analysis to demonstrate that the probability of methane concentrations being above 
the average decreases with the distance to the nearest fault zone or paleo river bed.  
 
Scientific objectives 
The project objectives were the following: 
• to collect published geological, bathymetric, and sediment core data from the fault zones, 

paleo river beds and paleo thermokarst lakes (designated further as Abnormal Shelf Zones, 
ASZ) in the ESAS; 

• to synthesize the collected data and develop a digital high-resolution regional map of the 
ASZ in GIS format; 

• to compare point locations and transects in the ESAS where methane venting has been 
observed, with the digital map of abnormal shelf zones, and to construct an empirical 
parametrization characterizing the intensity of methane fluxes as a function of the distance 
to the nearest ASZ element; 
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• to analyze the constructed empirical parametrization using statistical methods and to check 
our key hypothesis that the methane venting could be attributed to geological mechanisms 
rather than to recent thawing of permafrost;  

• to develop a conceptual model that consistently explains the observed methane venting in 
the ESAS in the context of the past, present and future changes of climate and permafrost; 

• to use the digital ASZ map and the empirical parametrization to extrapolate data on 
methane fluxes at selected locations over the entire area of the ESAS. 

All project goals have been achieved. 
 
Research activities  
 
Approach 
At the first project stage we collected published geological data, hydrographic measurements, 
paleoenvironmental maps as well as results from comprehensive models simulating the 
thermal state of the ESAS shelf in different time intervals, and constructed a digital map of 
fault zones and paleo river beds in the ESAS in GIS format. This work was detailed in the 
interim report on the first 6 months of the project. In the following stage we performed the 
comprehensive spatial statistical analysis of the collected data, and studied the distribution of 
the points with high concentration of methane in the waters in relation to the distance to the 
nearest ASZ. Details are given below. 
 
Accomplishments 
We developed the most complete and up-to-date digital database of the geological and paleo-
morphological structure of the ESAS combining all information that has been published so 
far. The data are stored in both ASCII and standardized GIS formats (shape files). We used 
these data to construct high-resolution maps of the ASZ, i.e., fault zones and paleo river beds, 
for the ESAS (Figs. 1, 2). 
We used the 2003-2007 observational data on methane concentration in the water column 
from 1,013 stations (data are available at http://research.iarc.uaf.edu/SSSS/data2010.php) to 
perform spatial statistical analysis. We constructed a probability-distribution function of the 
methane concentration in the study region and scatter plots illustrating the distribution of the 
number of stations with concentrations above the prescribed threshold by the distance to the 
nearest ASZ. The latter is exemplified by Figure 3, where data from all stations (corresponds 
to zero threshold) have been plotted. Analysis of results indicated that the model of the 
continuous field with smooth CH4 concentration as a function of lat/long coordinates poorly 
approximates the real spatial structure of methane concentration in the water column. This 
implies that the methodology of regression analysis that we planned to use for constructing 
the empirical function expressing the methane concentration at ESAS as a function of the 
distance to the nearest ASZ may not be applied, because CH4 concentration does not have a 
smooth continuous distribution. Instead, we have to use the mathematical formalism that 
accounts for random stochastic peaks, on one hand, and, on the other, corresponds to the 
conceptual model of methane emission in the ESAS. This is one major methodological 
deviation from our original research plan. The new methodology that we developed to achieve 
the project goals and the conceptual model are described below. 
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Fig. 1: Map of paleo river valleys at the shelf of the ESAS. Insert in the lower right shows the map of dissolved 
methane in the bottom water.  
 

 
Fig. 2: Map of the fault zones at the shelf of the ESAS.  
 



 K-8 

The other deviation from the project plan is the defense of the PhD thesis of J. Zaboykina (née 
Strelchenko) at St. Petersburg State University. The thesis summarizing the results of this and 
the preceding OSL projects has been completed and presented at the meeting of the scientific 
council of the State Hydrological Institute in July 2013. However, it will not be defended in 
2013 as J. Zaboykina went on maternity leave for a few months, at the same time still 
contributing to the project with analysis of the published cartographical data on abnormal 
fault zones and with the construction of a high-resolution map for the ESAS. 
There were significant accomplishments in the educational and outreach components of the 
project. Our results were presented at the conference of the European Geosciences Union 
(Vienna, 2-7 April), the annual conference “Problems of the Arctic Regions” of the Russian 
Council on Glaciology (Sochi, 7-10 October), the international seminar “Managed and 
Unmanaged Carbon Intensive Terrestrial Eco-Systems (Tundra, Wetlands, Steppes, Forests) 
and Polar Eco-Systems Under Climate Change and Climate Variability”, which was jointly 
organized by Roshydromet and the UK Embassy in Russia (Moscow, 29-30 October), and the 
EuRuCAS Second Workshop “Climate Changes in the Arctic and Northern Eurasia and their 
Regional and Global Implications” (St. Petersburg, 5-6 November). In October V. Kokorev 
gave a detailed presentation of the project results during his visit to the Institute of 
Biogeochemistry in Jena. This presentation raised substantial interest and stimulated a return 
visit of the institute’s director Prof. Dr. M. Heimann to St. Petersburg for a one-day workshop 
at the OSL (27 November) to discuss the project results and further developments of the 
methane-flux studies in the ESAS region, as well as a potential contribution to the larger EU-
funded project ENV.2011.1.1.3-1 “Vulnerability of Arctic Permafrost to Climate Change and 
Implications for Global GHG Emissions and Future Climate”, in which the Biogeochemical 
Institute of Jena takes part.  
The project results werre summarized in the section dedicated to carbon emissions from 
Russian permafrost regions in the edited volume “Second Assessment Report on Climate 
Change and its Impacts in Russian Federation”, chapter 4.5 “Carbon Balance”, which will be 
published in 2014. Similarly to the IPCC assessment reports, this document is highly visible 
at the level of Russian policymakers and the federal administration. It is our hope to point 
Russian officials to the Arctic coastal zone, particularly the ESAS region, where many of the 
potential environmental problems require their immediate attention and logistical support. 
On request of the Springer publishers, efforts have been made to organize an international 
authors' team under the auspices of the OSL for writing a joint monograph that summarizes 
the results of carbon studies in the permafrost region, with particular emphasis on the ESAS. 
This proposal was discussed by a group of authors at the AGU Fall Meeting in December 
2012, and a preliminary agreement was achieved with leading world experts, including T. 
Christenssen (Lund Univeristy, Sweden), G. Hugelius (Stockholm University, Sweden), P. 
Overduin (AWI Potsdam, Germany), N. Shakhova (International Arctic Research Center 
(IARC), Fairbanks, USA), I. Semiletov (IARC, Fairbanks, USA), and S. Zimov (Cherskiy 
Research Station, Russia). Regretfully, at a later stage, many of them refused to participate in 
such a joint paper due to other commitments, but also because of the divergent scientific 
standpoints with regard to the interpretation of methane observations in the ESAS. As 
demonstrated by the recent media publication in The Guardian by Ahmed (2013), there is still 
no consensus in the scientific community, which makes such a joint paper difficult, if at all 
possible at this time. 
One paper in Russian is in preparation for the journal “Ice and Snow”. We plan to submit it in 
January 2014. 
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Results 
The digital paleo-morphological (river valleys and beds) and geological (fault zones) database 
of the ESAS shelf and the high-resolution map have been detailed in the interim report on the 
first 6 months. Here we focus on the statistical analysis of the spatial features of this map in 
conjunction with observed concentrations of methane in the waters. The results of our spatial 
analysis are illustrated in Figure 3. They have been used to build the following conceptual 
model of methane emissions over the ESAS. 

 
Fig. 1: Map of the ESAS region indicating the observational stations (circle size is proportional to CH4 concen-
tration in the water column), fault zones (blue lines), and estuaries of the main rivers. The scatter plot in the 
insert illustrates the dependency of the measured CH4 concentration on the distance to the nearest fault zone or 
river bed. 

 
Methane emission from the bottom sediments is best characterized by the concentrations in 
the water column. The key feature, which is apparent in Figure 3, is a pronounced spatial 
heterogeneity over the ESAS. As was noted above, the model, representing the spatial field of 
dissolved methane as smooth continuum, poorly describes the reality, which is rather charac-
terized by the overlay of spatially continuous regional baseline concentrations (typically in the 
range 20-40 nM with an arithmetic mean of 34.4 nM) and sporadic peaks up to 500 nM in a 
few selected hotspots (with an arithmetic mean of 292.2 nM, see insert in Fig. 3). These 
peaks, or “hotspots” (we follow the terminology suggested in the paper by Shakhova et al., 
2010a), constitute a relatively small fraction of all observations, which is illustrated by the 
data in Table 1. 
Table 1 quantifies the relation between the observed concentration of dissolved methane and 
the distance to the nearest ASZ. Each line corresponds to the concentration above the 
prescribed threshold level, which is indicated in the first column. The numbers in columns 2-
11 indicate the number of observations falling into one of the 10 distance ranges from <1 km 
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to >50 km. The next column (Total) indicates the total number of points with observed 
methane concentrations above the threshold designated in the first column. The last two 
columns indicate the 60% and 95% quintile of the distance distribution for the given 
threshold, i.e., the distances from the ASZ within which 60% and 95% of points are located. 
 
Table 1: Distribution of the distances between the observational points and the nearest ASZ in relation to the 
methane concentration 

Concentration 
[nM] 

Distance range [km] 
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2-
3 

3-
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5-
10

 

10
-2

0 

20
-3

0 

30
-4

0 

40
-5

0 

50
+ 

0 16 36 31 60 132 206 83 63 46 340 1013 36 154 
20 10 25 21 37 73 109 36 30 11 55 407 15.6 125 
30 10 20 18 34 61 84 26 21 7 22 303 12 100.8 
50 8 14 9 18 33 55 14 15 4 6 176 11 40 

100 7 12 6 12 10 34 10 5 0 0 96 10 28 
150 7 11 5 12 5 16 7 3 0 0 66 9 26.8 
200 4 9 4 12 4 11 5 1 0 0 50 6 22.7 
250 4 7 4 12 4 7 3 0 0 0 41 4 21 
300 3 6 3 12 4 7 3 0 0 0 38 4 21 
350 3 6 3 11 4 6 3 0 0 0 36 4 21 
400 3 6 3 10 4 5 3 0 0 0 34 4 21 
450 3 6 3 6 4 5 3 0 0 0 30 4.8 21 
500 3 4 2 2 4 5 3 0 0 0 23 8.2 21 

 
 
Conclusions 
Our results demonstrated that the majority of stations with high concentrations of methane are 
located at a relatively small distance from the ASZ, which confirms our hypothesis and 
conceptual model of the processes on the shelf of the ESAS. There are few outliers, i.e., 
3 stations with concentrations above 500 nM are 20-30 km away from the ASZ, and 5 such 
stations are distanced from the ASZ by 10-20 km. Our analyses indicate that most of the 
outliers are located in the Dmitry Laptev Straight. In our study we considered only fault zones 
and paleo river beds as locations on the ESAS shelf where permafrost did not exist, and those 
are not available in the Laptev Straight. Meanwhile, thaw lakes were abundant on the Laptev 
Sea coastal plain before it was inundated, and open taliks may have been formed underneath 
them. Data on paleo thermokarst lakes are very limited, which is why it was difficult to 
account for their existence. The outliers, therefore, may be associated with paleo thermokarst 
lakes.  
While the project results confirm our hypothesis that consistently explains the observed me-
thane emissions on the ESAS shelf, at least two problems are yet to be studied. These are in-
terannual variations of methane concentrations in their relation to the climate-sensitive bioge-
nic component of methane production in the near-bottom layer, and the effect such variations 
may have on the global air temperature. Efforts will be made to address them in further 
research. 
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CLIMATIC FORECAST OF THE ARCTIC OCEAN SURFACE LAYER SALINITY 
IN WINTER 
 
E. Chernyavskaya1, I. Sudakov2 
1Arctic and Antarctic Research Institute, St. Petersburg 
2Novgorod State University 

 
Introduction 
The Arctic Ocean is known to be very sensitive to environmental conditions. Its surface layer 
is a key component of the Arctic climate system, which constitutes the dynamical and 
thermodynamical link between the atmosphere and the underlying waters. It is obvious that 
the significant decrease in the ice content of the Arctic Ocean over the recent years, as well as 
the air temperature increase in the Arctic affect the state of the Arctic Ocean surface layer. A 
considerable increase in the open water area in summer due to reduction of the sea-ice area 
would have led to an intensification of the interaction between the ocean and the atmosphere, 
and as a result, to changes of the thermohaline state of the Arctic Ocean surface layer. 
Large anomalies of the thermohaline characteristics of the surface layer have been observed in 
recent years. The largest anomalies have been observed in the Canadian Basin, where 
significant freshening and warming of surface layer waters have occurred.  
Due to substantial climatic changes, having recently occurred in the Arctic, the question about 
the scenarios for the future of the Arctic region arises. The purpose of this study is to develop 
a statistical model of interannual variability of surface layer salinity in the Arctic Ocean and 
the Arctic seas in winter and to obtain prognostic salinity fields for 2013-2014. 
 
Scientific background 
The Arctic climate system change has conspicuously switched onto a fast track since the 
beginning of the 21st century. In particular, the Arctic sea-ice extent averaged, for September 
2012, was the lowest in the satellite record, and was 16% lower than the previous low for the 
month, which occurred in 2007. The six lowest September ice extents over the satellite record 
all occurred in the past six years. Compared to the 1979-to-2000 average ice conditions, the 
September 2012 ice cover represents a reduction by 49% in the area of the Arctic Ocean 
covered by sea ice. It is 2.91 million km2, or 45%, below the 30-year average for 1981 to 
2010 (http://nsidc.org/arcticseaicenews/2012/). This retreat is faster than the expected value of 
sea-ice loss projected by climate models (Overland & Wang, 2007; Stroeve et al., 2007). 
At the same time, the thermohaline structure of the Arctic Ocean surface layer has also 
undergone significant changes. Of particular interest is the great freshening of the Canadian 
Basin surface layer that has never been observed in this region since 1950 (Timokhov et al., 
2011). Observations also indicated that the upper ocean in the Eurasian Basin was appreciably 
fresher in 2010 than in 2007 and 2008 (Timmermans et al., 2011).  
Considering all these facts, the question arises whether the thermohaline characteristics of the 
Arctic Ocean surface layer will return to its mean climatic values, and if so, how long this will 
take.  
It is known that the surface layer constitutes the dynamical and thermodynamical link 
between the atmosphere, sea ice and the underlying waters (Carmack, 2000). With the mixed-
layer thickness, the upper-layer salinity and the upper halocline state, the geographic 
distribution of sea ice and its climatic variability, as well as stability and development of the 
ice cover are often associated. In this context, the state of the Arctic Ocean surface layer can 
be a good indicator of climate change in the Arctic (Zakharov, 1996). 
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Main goals 
The main aims of this project were to work out a statistical model of interannual variability of 
the surface layer salinity of the Arctic Ocean in winter and to use the model obtained as a tool 
for predicting the surface salinity field of the Arctic Ocean in winter. 
 
Research activities 
This study is based on the collection of 13,300 instantaneous salinity profiles with data 
available at the standard levels (5, 10, 25, 50, 75, 100, 150, 200, 250, 300, 400, 500, 750, 
1,000 and so on every 500 m), collected between 1950-1993 and obtained from the Russian 
Arctic and Antarctic Research Institute (AARI) database. These are complemented by data 
available for 2007-2012 from the expeditions during the International Polar Year and after, 
consisting of CTD (conductivity – temperature – depth) and XCTD data, and from ITP buoys 
(Ice-Tethered Profiler). The working database is represented by grids with a spatial resolution 
of 200x200 km, covering the deep part of the Arctic Ocean (with depths of more than 200 m).  
The method of mean salinity decomposition with empirical orthogonal functions (EOF) was 
applied for two time series for the period of 1950-1993 (series 1) and for the same period plus 
2007-2011 (series 2). Thus two sets of EOFs and principal components were obtained in order 
to investigate whether the significant climatic changes, having occurred in recent times, 
influence the shape of the EOFs.  
Previously it was shown that the EOFs, obtained by decomposition of series 1, cannot take 
into account the essential features of the distribution of the surface salinity fields associated 
with the freshening waters of the Canadian Basin. Therefore, for further analysis we used the 
principal components and EOFs obtained upon decomposition of series 2. 
For further analysis the five initial EOF modes were used since they yield the largest 
contribution of the total dispersion of the original data (over 72%).  
The impact of external factors on the interannual variability of the mean surface-layer salinity 
was estimated using a correlation analysis of the first five principal components (PC) with 
indices of atmospheric circulation (Arctic Oscillation (AO), North-Atlantic Oscillation 
(NAO), Pacific/North American index (PNA), Pacific Decadal Oscillation index (PDO) and 
the Arctic Dipole Anomaly (DA)), the water exchange through the Bering Strait, Atlantic-
Water salt fluxes through the Faroe-Shetland Strait, river runoff and the area of open water of 
the Arctic seas in September and total ice extent in the Arctic Ocean in September. Since we 
could not get time series of data on the Arctic Ocean water exchange with the Atlantic Ocean 
which were long enough, the Atlantic Multi-decadal Oscillation (AMO) indices were used. 
The correlation coefficient of AMO with the salinity of water entering through the Faroe-
Shetland Strait is r=0.63 with a time shift of 7 years.  
Significant correlation coefficients of each principal component with a different set of 
external factors were obtained. 
The results of the correlation analysis were used in statistical model construction. The model 
is represented by a system of equations for the five principal components PC1-PC5, which 
were obtained by the method of multiple linear regression. The selection of predictors was 
based on the value of the correlation coefficient between PC and predictor. In addition, we 
sorted out the different predictors, guided by physical interpretation of the mechanisms of 
influence of these factors on the PC.  
The statistical model obtained was used for calculating the PC for 2013-2014 and 
reconstructing salinity fields for this period. 
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Results 
As a result of the approximation of PCs with sets of different external factors, we obtained the 
following equations, which compose our statistical model: 

PC1=–2.12×NAOI-IV(-1)–1.92×NAOXII-IV(-1)–3.56×AMO(-6)−4.53× 
AMO(-9)–5.67×BS(-3)−0.009×RIVEC(-6)−0.004×OWKL(-2)–0.004× 
OWKLEC(-1)+19.72  (1) 
 
PC2 =1.12×AOX-III(-2)+0.015×DAVII-IX(-1)+10.01×AMO(-4)−3.61× 
AMO(-8)−0.71×PDO(-4)+1.24×PDO(-6)+1.36×PDO(-9)+0.001×IceExt(-2) 
–0.006×RIVLEC(-4)–0.009×RIVLEC(-5)–0.014×RIVEC(-6)+12.37  (2)  
 
PC3=1.06×NAOXII-IV(-3)–5.41×AMO(-5)−6.06×AMO(-9)−3.66×TairII-IV(-1)     
+9.29×BS(-3)+0.007×RIVEC(-4)−0.002×RIVKL(-6)–5.16  (3) 
                                                                       
PC4=−0.92×NAOXII-IV(-1)−0.01×DAX-IV(-1)+5.32×TairII-IV(-1)–0.001× 
IceExt(-1)–5.35×BS(-6)−0.002×RIVKLEC(-5)−0.002×RIVKL(-6)–0.001× 
OWKLEC(-2)+22.10  (4)  
  
PC5=1.19×NAOXII-IV(-1)+0.01×DAX-IV(-1)+3.21×AMO(-6)–6.58× 
AMO(-9)−0.92×PDO(-7)+6.04×TairVII-IX(-1)+0.009×RIVLEC(-4)+0.004× 
RIVLEC(-6)+0.001×IceExt(-1)–19.21  (5) 

where AO, NAO, PNA, DA, AMO, PDO are the atmospheric indices, lower case indicates 
months of average period; RIV is the sum of annual river runoff for the Arctic seas, lower 
case indicating the first letters of sea name (K – Kara Sea, L – Laptev Sea, E – East-Siberian 
Sea, C – Chukchi Sea); BS is the inflow through the Bering Strait; OW is the total area of 
open water in the Arctic seas in September, lower case indicating the first letters of sea name; 
IceExt is the ice extent in the Arctic Ocean; Tair are the air temperature anomalies in the 
Arctic, lower case indicating months of average period. 
Each equation includes a set of predictors that simulate both effects of atmospheric and 
hydrological processes. In this case, hydrological processes have a dominant influence on the 
PCS (in a ratio of 60/40%).  
With equations (1) to (5) we have a continuous set of the first five principal components for 
the period of 1950-2014, which in the time interval of 1950-2011 are in good agreement with 
the PCs, directly derived from the EOF decomposition of salinity fields (Fig. 1). Salinity data 
for 2012 were not considered in the EOF decomposition so that they can be used as 
independent data for model verification. Since the trends of variation of all five PCs were 
reproduced correctly, the model can be used not only for obtaining a forecast but also for 
tracking the long-term processes of salinity-field structure transformations, which could have 
taken place in the period of 1994-2006 and lead to the anomalies observed in recent years. 
The model was validated by calculating an error of reconstruction of the surface salinity 
fields. The difference between the real and reconstructed salinity fields is determined as the 
percentage according the following formula: 

Inc = (σ(Sf – Sc)/σ(Sf))·100% (6) 
where σ is the standard deviation, Sf the actual salinity, and Sc is the calculated salinity. 
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Fig. 1: The real principal components (black line) and calculated principal components (red line), obtained with 
the help of the equations of linear regression. The correlation coefficients between the calculated time series of 
the PC and the real PC, obtained by the decomposition of the salinity fields with EOFs, are also shown. 

 
Using the obtained principal components, a reconstruction of the salinity fields showed that 
the average error calculated for 10 realizations of the reconstructed fields is 19.8% (Fig. 2). 
There may be several reasons for this.  
The first five EOF modes describe a bit more than 72% of the variability of the initial fields. 
It is possible that the characteristics of the salinity fields for 2007-2011 may reproduce higher 
order modes (Borzelli & Ligi, 1998). As with the order of EOFs the variance described by 
them decreases and difficulties of interpretation of the PCs by physical processes increase, we 
did not take into account the EOFs with an order higher than 5. Thus, the error of 
reconstructing salinity fields, initially incorporated to the model, is about 28%. 
In the past decade, significant changes in the thermohaline state of the surface layer were 
observed. It is quite possible that these critical transitions in this system (Timokhov et al. 
2011) can influence the structure of the PCs and, hence, factors that we used for modeling 
might not describe the currently observed changes in full. For example, we could not find a 
sufficiently long data series of river runoff in the Beaufort Sea, where a significant freshening 
of the surface layer is now occurring. 
Nevertheless, the model was applied for the reconstruction of salinity fields for 2013-2014. It 
should be noted that the time series of some predictors had insufficient length for obtaining 
PC values. Therefore, the extrapolation was made. 
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Fig. 2: The reconstructed salinity field for the layer of 5-50 m (a, c), and the difference between real and 
reconstructed fields (b, d) for 1955 (upper line) and 2007 (middle line). The reconstructed salinity field for the 
layer of 5-50 m in 2013 and 2014 (e and f, respectively).  
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As a result, we obtained the salinity fields, which correspond to the observed trends in recent 
years. That means the significant freshening in the Canadian Basin as well as high spatial 
gradients between the Eurasian and Canadian Basins. 
According to our projections for 2013-2014 (Fig. 2), the freshened water from the Beaufort 
Gyre will move up northward along the continental slope of the Canadian Archipelago, and 
further will probably come to the Fram Strait because of the Transpolar Drift Stream. More 
saline waters will spread eastward along the Siberian continental slope. In 2014 the spatial 
gradients of salinity in the Transpolar Drift frontal zone will increase, which may lead to an 
increase in the thermohaline component of the Stream's velocity and intensification of the 
freshwater transport into the North Atlantic. 
 
Conclusion 
All studies are performed in accordance with the research plan. A statistical model of 
interannual variability of the surface-layer salinity of the Arctic Ocean in winter was worked 
on and a forecast of the winter salinity fields for 2013-2014 was obtained. As model 
verification showed quite good results, it can be assumed that the forecast obtained has good 
chances for realization. On the basis of the results, obtained during the project, a paper was 
prepared. This paper is will be submitted to the Journal of Polar Research. 
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TRANSFORMATION OF GEOCHEMICAL FLOWS IN THE LENA RIVER DELTA 
 
A. Chetverova  
Arctic and Antarctic Research Institute, St. Petersburg, Russia 

 
Introduction 
 
Scientific background 
As far as we know, the distribution of water and suspended particulate matter (SPM) flows 
can be determined using satellite images and empirical methods. However, the distribution of 
geochemical flows in the Lena Delta is rather complicated.  
There are different parameters that have an influence on the formation of geochemical flows 
in the delta. First of all there is the runoff of the Lena River as the main source of water, 
sediments and dissolved substances for the delta. Then the flow separates into channels. After 
that, in the delta the geochemical flow is transformed by input from the Yedoma Ice Complex 
and erosional factors (river-bed and bank erosion), and also on its way through thermo-
erosion valleys (cracks). 
The large channels of the delta are mostly characterized by transit transport of dissolved 
components (major and trace elements, nutrients), and chemical components of SPM. But the 
outflows from the ice complex change the distribution in some river channels. The outflows 
from the ice complex carry colder (4°C), extremely muddy (up to 500 g/l) and more 
mineralized (up to 505 mg/l) waters. The small channels and estuarine zones with low water 
velocity are characterized by the accumulation of organic components at the bottom and 
suspended sediments.  
A detailed study of the geochemical situation in the Lena Delta allows understanding 
processes of geochemical-flow formation in the delta and the distribution of the components 
from the delta head to the sea to assess the amount of material transported by the river and 
accumulated in the delta. 
 
Goals and objectives 
The main goal of the project was to study changes of the hydrological and hydrochemical 
regimes of w the ater objects of the Lena Delta and to understand the transformation of matter 
flows and geochemical processes of the estuary and sea/river mixing zones. The objects of 
investigation are the small and big channels of the Lena Delta, the lakes of the river terraces 
and the mixing zone of the delta. The main scientific objectives were the following:  
• to continue the study and calculation of parameters of the structure of the delta’s channel 

network; 
• to survey all expedition data and published data; 
• to work iout a theory of flow transformation in the delta areas including physical, chemical 

and biological processes on the basis of the works by N.I. Alekseevskogo (1998), V.V. 
Ivanov et al. (1983), and V.V. Gordeev (1983); 

• to continue the field investigations of the delta to obtain new data on the mixing zone; 
• modeling of geochemical runoff transformation; 
• to prepare the PhD thesis entitled "Transformation of suspended and dissolved substances 

flows in the Lena river delta". 
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Research activities 
The content of various chemical elements, bed load and suspended sediments in water was 
extimated on the basis of published material and results of analysis ofsamples, obtained 
during the expeditions LENA-2011, LENA-2012 and LENA-2013. These samples were 
processed in the OSL and the AWI.  
The concentration of principal ions in the water samples was estimated with ion chromatogra-
phy on a 761 Compact IC Metrohm instrument. The concentration of nutrients was deter-
mined with an automatic analyzer (SAN++, Skalar) in the OSL and the laboratory of the 
scientific station of Samoylov Island. Grain-size analysis of bed-load columns was carried out 
on a SediGraph 5100, Micromeritics. The concentration of organic carbon and total carbon 
(TOC, TC) and also total nitrogen (TN) was measured with a C/N analyzer Vario EL III, 
Elementar in the OSL. Geochemical analysis of bottom sediments and SPM was carried out 
with the ICP-OES of the AWI (Potsdam), which allows to measure the concentration of 
petrogenic elements and trace elements.      
The field investigations play an important role for determining the geochemical features of the 
Lena Delta. Therefore, sampling and investigation of the small channels, outstreams and 
inflows from the 1st and the 3rd terraces of the delta as well as from the lakes connected with 
the channels were carried out in the summers (July-August) and winters (November and 
April-May) of 2011, 2012 and 2013. 
 
Results 
 
Hydrochemistry 
The spatial and temporal variability of the geochemical characteristics of the Lena Delta were 
investigated. First of all the variability of dissolved substances can be determined via a case 
study of different kinds of water objects of the delta. There are differences in the concentra-
tions of the main ions dissolved in the water, i.e., water mineralization. Thus the big channels 
are characterized by a range of mineralization of 92-180 mg/l whereas the small channels 
have a higher mineralization of water (192-256 mg/l). This can probably be explained by the 
stronger influence of thermoerosional processes and input of melt water from the Yedoma Ice 
Complex on some of the channels. The mineralization of the thermo-erosional streams varies 
in a wide range from 64 to 329 mg/l, depending on the intensity of the thermoerosional 
process. Mineralization of Yedoma melt streams is even higher up to 505 mg/l.  
A similar situation is observed for the lakes in the delta. Most of the lakes consist of waters of 
low mineralization. But the concentration ranges depend on the influence of thermo-erosional 
processes on those lakes that are subject to such input. Mineralization of such lakes is up to 
230 mg/l. All described water objects are characterized by the dominance of hydrocarbonates 
(HCO3

-) and calcium (Ca2+). The highest mineralization of water (1,027 mg/l) was observed 
for the lake located in the outlet zone of the Olenekskaya Channel. This can probably be ex-
plained with aerosol transport of mineral salts from the Laptev Sea. This fact is also confir-
med by the dominance of sodium (Na+ ) and chloride (Cl-) ions in the water of this lake while 
the outlet part is not influenced by salt water and water mineralization there is about 100 mg/l. 
This is why the most important factor of the irregularity of dissolved-component distribution 
throughout the delta channels is the additional input due to permafrost-degradation processes, 
which mostly influence small water bodies of the delta.  
The temporal variability was determined for the delta. The characteristics, stated above, des-
cribe the summer situation (July-August), i.e., open-water period. But there are significant 
differences in the hydrochemical characteristics of the water bodies in the ice-covered period. 
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Water of the low-water period (April-May) is characterized by higher conductivity values for 
in all the main channels and the lakes of Samoylov and Kurungnakh islands in comparison 
with the value of the summer period (Table 1). 
 
Table 1: Hydrochemical characteristics of the Lena Delta water objects (April-May 2013) 

Water object Date of 
sampling 

Conductivity, 
µS/sm рН О2, 

sat. % 
Ice 

depth, m 
Olenekskaya Channel (hydrological profile) 25.04.2013 535 7.4 78.5 1.7 
Bulkurskya Channel (hydrological profile) 25.04.2013 350 7.4 83 1.7 
2nd Banya Lake  24.04.2013 183 7.45 63.8 2.4 
Fish lake  25.04.2013 217 7.14 76.9 2.4 
3rd Banya Lake  25.04.2013 264 7.4 73.8 2.4 
Banya Lake 26.04.2013 1045 6.82 57.7 2.4 
East Lake  27.04.2013 189 6.8 52.3 2.5 
Molo Lake  27.04.2013 175 6.77 62.3 2.5 
North Lake  29.04.2013 94 6.6 54.3 2.5 
Lake No. 6  29.04.2013 1015 6.91 - 2.3 
Lake No. 1 on Kurungnakh Island 30.04.2013 288 6.41 23.8 2.4 
Lake No. 2 on Kurungnakh Island 30.04.2013 284 7.1 59.5 2.2 
Big Alas lake on Kurungnakh Island 30.04.2013 91 6.62 66.1 2.2 
Lake No. 3 on Kurungnakh Island 01.05.2013 246 7.2 71.2 2.3 
Bykovskya Channel (hydrological profile) 02.05.2013 531  - 2.4 
Main channel, 1 km downstream of Stolb Island 02.05.2013 422 7.35 73 2.3 
Tumatskaya Channel, 200 m upstream of 
hydrological profile 05.05.2013 434 7.37 80 2.2 

South Lake  04.05.2013 495 7.36 64.3 2.3 

 
 
Geochemistry of bottom sediments and suspended particulate matter (SPM) 
The average concentrations of the major and trace elements, determined for the big channels 
of the delta, are presented in Table 2.  
SPM is characterized by higher concentrations of Al2O3 and Fe2O3 compared to the bottom 
sediment content. This correlates with grain size (SMP is of finer size) and, in turn, is 
explained by higher concentrations of trace elements (Cu, Ni, Pb, V, Zn) in the SPM due to 
coagulation to Al2O3 and Fe2O3.  
Total carbon (TC), total organic carbon (TOC) and total nitrogen (TN) content in suspended 
and bottom sediments of the channels were analyzed. Figure 1 shows new data and 
summarized results. The ТОC/ТС ratio varies from 0.07 to 1. The smallest values of ТОC/ТС 
are typical for the bottom sediments of the big channels of the delta, e.g., Bykorskaya 
Channel has the smallest value with TOC/TC˂0.6. On the standard cross sections of the big 
channels, the average suspended ТОC/ТС  ratio equals 0.89. Slightly higher ТОC/ТС values 
(around 1) are typical for suspension in the backwaters at the mouth of the Olenekskaya 
Channel. Practically all carbon in the Angardam Channel cross section, the nearest to the sea, 
as well as for the Bulkurskaya Channel (with low velocity) is organic and reached 3% while 
for other channels TOC is ≤1%. That is can be explained with the hydrogynamic processes. 
ТОC/ТС makes up 0.46 in the water coming from the Kurungnakh Island ice complex.  
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Table 2: Major- and trace-element contents in bottom sediments and SPM of the big channels of the Lena Delta 
Element Bottom sediments SPM 

Al2O3, %  10.6 15.0 
CaO, %  1.5 1.4 
Fe2O3, % 2.4 5.9 
K2O, % 2.5 2.5 
MgO, % 0.9 1.9 
Na2O, %  2.2 2.0 
SiO2, %* 75.4 67.7 
Li, ppm 36.6 45.0 
MnO, % 0.0 0.2 
P2O5, % 0.1 0.3 
Sr, ppm 247.3 170.2 
Ba, ppm 704.9 658.3 
TiO2, % 0.4 0.7 
Cu, ppm 16.6 221.0 
Ni, ppm 22.4 55.4 
Pb, ppm 21.4 276.9 
V, ppm 47.4 110.1 
Zn, ppm 44.7 766.0 

*calculated values SiO2=88.1-0.974(Al2O3+Fe2O3) (Savenko, 2006) 
 
 

 
Fig. 1: Carbon and nitrogen content in suspended particulate matter (SPM) and bottom sediments of the channels 
(abscissa axis: ТОС/ТС, ordinate axis: TC/TN); light blue circle: SPM of the Angardam Channel; light blue 
triangle: bottom sediments of the Bulkurskaya Channel; red triangles: bottom sediments of the other Lena 
channels; green triangles: streams from the ice complex; dark blue circles: SPM of the Lena channels.   

 
The ТС/TN ratio has a large amplitude, from 0.7 to 29.3 in the bottom sediments of the 
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Bykovskaya Channel and suspended sediments of the Angardam Channel, respectively. The 
average ТС/TN value in suspended and bottom sediments for all cross sections is 9.6. The 
biggest amplitudes are typically found in bottom sediments; e.g., in the main channel and 
Bykovskaya Channel, pebbles are moved along the bottom throughout the major part of the 
profile and the ТС/TN value is less than 5. In the Bulkurskaya Channel, the ТС/TN value 
reached 20.9, which indicates transfer and sedimentation of large amounts of organic material, 
especially during high-water periods. ТС/TN values for suspended sediments are close to ave-
rage; ТС/TN did not exceed 4.7 in the melt water of the ice complex on Kurungnakh Island. 
The analysis of TOC, TC and TN in suspended and bottom sediments of the delta channels 
showed a rather wide range of values. The bottom sediments have usually a lower TOC than 
the suspended sediments. However, at the bottom of the Bulkurskaya Channel, where often 
water flows only during the high-water period, the value of TOC exceeds 2%, indicating a 
significantly higher organic-matter content in the sediments during the high-water period.  
Suspended ТОС in the Angardam Channel at the mouth of the Olenekskaya Channel equaled 
3.02%. This result is consistent with the hypothesis of Lisitzin (1988) about the marginal filter 
on the edge of the delta. Here carbon is present in much higher concentrations than is nitrogen 
(TC/TN=29.3). Unfortunately, sediment samples for determining carbon and nitrogen content 
in the other channels were not obtained. 
 
Conclusion 
Summarizing the results, the following conclusions can be drawn:  
• the big channels of the delta are mostly characterized by transit transport of dissolved 

components (major and trace elements, nutrients), and chemical components of SPM; 
• the most important factor of the irregularity in the distribution of dissolved components 

through the delta channels is additional input due to permafrost-degradation processes, 
which mostly influence small water bodies of the delta; 

• biogeochemical processes and additional input have an impact on the geochemical 
characteristic of the bottom sediments and SPM; 

• total carbon (TC), total organic carbon (TOC) and total nitrogen (TN) content in suspended 
and bottom sediments of the channels can vary in the delta due to differences in the 
hydrodynamical conditions of the channels especially in the estuarine zone and in channels 
with low water velocity.  

In order to draw conclusions about the qualitative and quantitative transformation of the 
substantial flow, however, more detailed studies are needed.  
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Introduction 
Two Siberian regions are investigated, the Arctic (Samoylov, an island in the central part of 
the Lena River delta, 72°N, 126°E) and the Subarctic (the settlement of Tura along the 
Tunguska River connected to the Yenisei, 64°N, 100°E) as representative areas of tundra and 
boreal forests, formed under continuous permafrost. Soil samples were collected during the 
field season in summer 2012 (July in the Tura region; August in the Lena Delta). 
It was shown in previous investigations that the basal respiration rate and soil microbial 
biomass within the active layer soil profile, both on the southern exposition slope and the 
northern exposition slope at the Tura site, decreased with depth and strongly correlated with 
the C-content.   
In this part of the investigation, we assessed the quantity and quality of soil carbon and 
complemented the data of microbial community abundance with information about DNA-
fragment copies within the active layer soil profiles at the Tura site. Elemental carbon and 
nitrogen analyses of all samples were carried out in the OSL.  
The goals of the project were: 
• to assess microbial processes and microbial community composition in subducted and 

regular horizons of cryoturbated soils; 
• to assess heterotrophic respiration rates of soil microbial populations of the Siberian Arctic 

and subarctic permafrost-affected soils; 
• to search for dependencies between structure, density and respiration activity of soil 

microbial populations under contrasting environmental characteristics and C-content. 
 
Research activities 
 
Soil sampling and preparation 
The permafrost microrelief leads to a small-scale variability in the soil characteristics of the 
study sites. The soil layers were sampled for different cryogenic microrelief elements. 
Subsamples for heterotrophic respiration rate and microbial biomass estimation were stored at 
4°C before analysis. Subsamples for DNA analysis were immediately frozen at -18°C. 
 
Microbial biomass and heterotrophic respiration rate 
Basal soil respiration was estimated from the CO2 emission rate from the soil samples 
incubated at 23°С and 60% moisture content during 80 hours. The biomass of the 
heterotrophic microorganisms was determined by addition into the substrate of an excess of 
D(+)glucose and (NH4)2SO4. The CO2, released during the first two hours, was converted to 
microbial carbon: µg CO2 – C g soil-1 h-1 (Anderson & Domsch, 1978; Sparling, 1995).  
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DNA extraction and Quantitative PCR  
The total genomic DNA was extracted using a Power Soil™ DNA Isolation Kit (Mo Bio 
Laboratories Inc., Carlsbad, California, USA), according to the manufacturer’s protocol. DNA 
templates for qPCR analyses were extracted from 3 biological replicates.  
Quantitative PCR was performed on an iQ5 thermocycler (Bio-Rad Laboratories, Inc., 
Hercules, USA). Each reaction contained iQ Mastermix (10 µl; Bio-Rad Laboratories, Inc., 
Hercules, USA), PCR primers (1 µl containing 10 pmoles µl− 1 each), sterile water (6 µl), 
SYBR® Green (0.2 µl per reaction of 100 × diluted from 10,000 × concentrate) and a DNA 
template (5 µl) added to the final volume of 20 µl. Primers targeting bacteria were used. The 
qPCR reactions comprised an initial denaturation (10 min at 95°C), followed by 39 cycles (for 
the bacterial primer pair) of 30 s at 95°C, 30 s at 57°C and 40 s at 72°C. The qPCR assays 
were calibrated using Quantitative PCR known amounts of PCR-amplified and cloned 16S 
rRNA gene fragments from corresponding taxa (107 Bacillus subtilis standard).  
Statistical comparisons between PCR efficiencies were done using t-tests implemented in 
Microsoft Excel. 
 
Results 
As was shown in our previous investigation (project OSL-12-07 "A comparison of microbial 
community structure and activity of Siberian arctic and sub-arctic permafrost-affected soils"), 
the basal respiration rate within the active-layer soil profile both at the southern exposition 
slope and the northern exposition slope at the Tura site decreased with depth and strongly 
correlated with the C-content. The heterotrophic microbial biomass also correlated with C-
content. We complemented the data of microbial community abundance with information 
about DNA-fragment copies within the active-layer soil profiles (Fig. 1) and found out that a 
number of the DNA-fragment copies in turn correlated with soil microbial biomass.  
The microbial abundance in the active-layer soil profiles appeared quite high but not actively 
metabolized in deeper soil layers (which was shown using the heterotrophic respiration rate). 
In this connection, the quality of soil organic matter was investigated.   
The quantity and quality of soil carbon at the Tura site were assessed. Elemental carbon and 
nitrogen analyses of all samples were carried out in the OSL. The data are presented in 
Table 1. It was shown that the soil of the northern exposition slope at the Tura site is 
characterized by a higher carbon and nitrogen content than the soils of the southern exposition 
slope. Despite the narrow C/N ratio in the soils of the southern exposition slope, these soils 
are very poor except for the forest floor, litter and the upper mineral soil horizon of 0-5 cm.  
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Fig. 1: DNA-fragment copies within the active-layer soil profiles at the southern (A) and northern (B) exposition 
slopes at the Tura site. 
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Table 1: Elemental carbon and nitrogen content in the soils at the Tura site (64°N, 100°E) 
Sample 

no. Description N, % TC, % C/N 

1 Southern exposition slope, forest floor  0.63±0.07 42.22±0.11 67.34±7.58 
2 Southern exposition slope, litter 0.63±0.02 19.73±0.46 31.52±1.63 
3 Southern exposition slope, 0-5 cm 0.12±0.01 2.63±0.06 22.65±0.33 
4 Southern exposition slope, 5-10 cm 0.03±0.01 0.48±0.01 14.20±0.34 
5 Southern exposition slope, 10-15 cm 0.03±0.01 0.30±0.03 9.59±2.89 
6 Southern exposition slope, 15-20 cm 0.02±0.01 0.22±0.01 10.11±0.76 
7 Southern exposition slope, 20-30 cm 0.04±0.01 0.44±0.01 12.34±2.57 
8 Southern exposition slope, 30-40 cm 0.03±0.01 0.41±0.02 13.82±1.12 
9 Southern exposition slope, 40-50 cm 0.02±0.01 0.24±0.02 11.96±1.99 

10 Southern exposition slope, 50-60 cm 0.02±0.01 0.25±0.12 10.38±0.55 
11 Southern exposition slope, 60-70 cm 0.03±0.01 0.41±0.01 15.20±1.20 
12 Southern exposition slope, 70-75 cm 0.03±0.01 0.52±0.08 15.35±2.83 
13 Northern exposition slope, forest floor 0.86±0.04 43.78±0.09 51.16±2.12 
14 Northern exposition slope, litter 0.77±0.03 35.81±0.18 46.41±1.29 
15 Northern exposition slope, 0-5 cm 0.09±0.01 1.49±0.02 17.02±0.45 
16 Northern exposition slope, 5-10 cm 0.07±0.01 1.08±0.01 15.40±1.32 
17 Northern exposition slope, 10-15 cm 0.08±0.01 1.20±0.03 15.16±0.20 
18 Northern exposition slope, 15-20 cm 0.11±0.01 2.04±0.06 19.62±0.41 
19 Northern exposition slope, 20-30 cm 0.11±0.02 1.74±0.03 16.17±0.04 
20 Northern exposition slope, 30-40 cm 0.10±0.02 1.57±0.04 15.55±0.24 
21 Northern exposition slope, 40-48 cm 0.12±0.01 2.16±0.01 17.41±0.64 

 
The carbon stock in the main fractions of the soil organic matter for both investigated slopes 
is represented in Table 2.  
At the northern exposition slope, the microbial-biomass (MB) fraction constitutes up to 3% of 
the total content of soil organic matter, while at the southern exposition slope the MB was 
determined only in the upper 0-5 cm layer of the soil and its contribution to the total content 
of organic matter was not higher than 0.9%. The main reason for the lack of activity of the 
microbial community in the deeper soil horizons of the southern exposition slope was 
probably the critically low soil moisture – only 10-12% due to the very hot and dry summer 
(at the northern exposition slope, soil moisture was 19 -42% at the same time). 
In the litter of both investigated slopes, labile organic carbon varied from 10-22% of Ctot. At 
the northern exposition slope, Clab made up 13-18% of Ctot. At the southern exposition slope 
up to 20 cm of the active-layer depth, Clab made up 20% of Ctot. Below the soil profile here, 
Clab made up from 48 to 90% of Ctot (Fig. 2).  
In Clab composition, dissolved organic carbon (DOC) formed 4-9% at the northern exposition 
slope and 8-19% at the southern exposition slope. Alkali-dissolved organic carbon prevailed 
in the labile fraction of the soil organic matter and it accounted for up to 16% of Ctot in the 
upper 20 cm soil horizons. Labile humic compounds were characterized by fulvate 
composition (humic/fulvate ratio does not exceed 0.5).  
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Table 2: Carbon stock in the main fractions of the soil organic matter 

Site Depth, cm 
Carbon stock, kg m2 

С tot* С lab* С stab* С MB* 
Northern exposition slope Moss 0.524 0.082 0.442 0.011 
 Litter 1.001 0.109 0.892 0.013 
  0-5 cm 0.489 0.086 0.403 0.016 
  5-10 cm 0.677 0.120 0.557 0.022 
  10-15 cm 1.019 0.136 0.882 0.031 
  15-20 cm 1.103 0.136 0.967 0.021 
  20-30 cm 0.893 0.145 0.748 0.020 
  30-40 cm 0.693 0.105 0.589 0.007 
  40-50 cm 0.277 0.038 0.239 0.000 
  50-60 cm 0.299 0.056 0.243 0.000 
  Total 6.975 1.013 5.962 0.142 
Southern exposition slope Moss 0.790 0.109 0.681 0.075 
 Litter 1.424 0.320 1.104 0.060 
  0-5 cm 0.801 0.086 0.715 0.007 
  5-10 cm 0.166 0.034 0.131 0.000 
  10-15 cm 0.217 0.041 0.176 0.000 
  15-20 cm 0.241 0.029 0.212 0.000 
  20-30 cm 0.370 0.094 0.276 0.000 
  30-40 cm 0.070 0.055 0.015 0.000 
  40-50 cm 0.091 0.044 0.047 0.000 
  50-60 cm 0.066 0.032 0.034 0.000 
  60-70 cm 0.057 0.022 0.035 0.000 
  70-80 cm 0.056 0.040 0.016 0.000 
  Total 4.350 0.906 3.443 0.143 

*С tot: total organic carbon, С lab: labile organic carbon, С stab: stable humus stock, С MB: microbial biomass 
 

 
Fig. 2: Clabile concentration within both investigated soil profiles. 
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Cstab accumulation at the northern exposition slope was observed up to 30-40 cm of mineral 
soil depth, and at the southern exposition slope it was observed up to 20-30 cm of mineral soil 
depth (Fig. 3). The main accumulation part of carbon stocks at the northern exposition slope 
was humic acids (Cstab) while Clab here was uniformly distributed to a depth of 30-40 cm.  

 
Fig. 3: Clabile and Cstabile distribution within both investigated soil profiles. 
 
It is possible that the high water content in the soil at the northern exposition slope promotes 
the migration of Clab down to the active layer and contributes to Clab and Cstab accumulation 
there in contrast to the soil of the southern exposition slope.  
During the research project OSL-12-07, an incubation experiment of soil heterotrophic 
microbial biomass and potential basal respiration rate of a typical ice-wedge polygon of 
Samoylov Island was carried out. In addition, during this project period, organic carbon and 
nitrogen content in the soil samples was determined (Fig. 4). 
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Fig. 4: Vertical profiles, measured at soil sampling, of temperature (a, d), organic carbon (b, e), and C/N ratios 
(c, f) of the active layer of an ice-wedge polygon. 

 
The soil MB of both the polygon rim and the polygon center strongly correlated positively 
with Corg content (r=0.81). Within the active-layer profiles, the distribution of the MB differed 
between polygon rim and polygon center. The main pool of the MB content was observed in 
the organic layers and above the permafrost table in the polygon rim. The MB distribution 
within the polygon-center soil profile was nearly uniform (Fig. 5).  
In the incubation experiment, all soil samples, placed in a temperature exceeding the ambient 
temperature by 1.2-20 times, showed an exponential basal heterotrophic respiration (HR) rate 
(Fig. 5). The initial HR rate depended on the MB content in the soil (r=0.95 for the active-
layer profile of the polygon rim and r=0.99 for the polygon-center samples after 8 hours of 
incubation). During the incubation period, the significance of the initial microbial pool 
declined whereas the Corg content and the C/N ratio in the soil showed an increase in 
correlations with the HR rate. Besides, after 80 hours of incubation, the Corg content was more 
significant for the polygon-rim samples HR (r=0.95) than C/N ratio (r=0.87), whereas for the 
polygon-center samples, the HR C/N ratio was more important (rCorg=0.93; rC/N=0.86).  
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Fig. 5: Basal respiration rate measured at 23°С and microbial biomass (MB) of the active layer of an ice-wedge 
polygon. 

 
Thus, the aboriginal heterotrophic microorganisms of the permafrost soil of Samoylov Island 
are psychro-tolerant. For organic-matter decomposition, both the initial microbial pool and the 
C/N ratio are important. To predict the microbial ability to fully decompose organic matter in 
case of a temperature increase, longer incubation experiments are needed. 
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A SUB-FOSSIL CLADOCERA-BASED REGIONAL ASSESSMENT OF ENVIRON-
MENTAL AND CLIMATE CHANGE IN LAKES AND PONDS OF ARCTIC RUSSIA 
 
L. Frolova, O. Tumanov, L. Gafiatullina 
Kazan State University, Kazan, Russia 

 
Introduction 
 
Scientific background   
Reconstruction of the dynamic elements of past environments is extremely important for 
understanding both the present state and evolutionary trends in future climate development. 
Since long-term measurements on climate variability very rarely go back more than about 100 
years, palaeoclimate and environmental reconstructions based on proxy indicators must be 
used to validate the output of global climate models. Especially important such recon-
structions are in climatologically sensitive and pristine regions such as polar areas, where any 
small global climate changes result in distinct regional variations of temperature, precipi-
tation, and other climate-induced changes. There are few examples of quantitative palaeo-
ecological studies in Siberia and these data have to be tested by quantitative studies from 
other sites in this region, inferred from other proxies and using regional calibration datasets 
and temperature models that were still lacking. With our present knowledge, biological 
indicators from aquatic and terrestrial environments are the most reliable proxies because they 
react sensitively to climate change and define different aspects of environments, which should 
be assessed together for reliable reconstructions. The basis, however, of all quantitative 
reconstruction approaches are regional calibration datasets, from which the empirical 
reconstruction model (i.e., the transfer function) will be established.  
Since the transfer function estimates a single variable of the physical-chemical characteristics 
measured in the calibration dataset, it is important to allow for a sampling intensity and 
frequency appropriate for obtaining reliable estimates of the variable to be reconstructed (e.g., 
Rühland & Smol, 1998; Bennion & Smith, 2000; Rühland et al., 2003). Our study is directed 
towards developing an empirical model based on the relationships between Cladocera taxa 
and abiotic variables (e.g., water chemistry, climate variables, etc.), particularly in terms of 
species optima to a measured variable. This inference model can then be used to reconstruct 
past changes of the abiotic variable of interest.  
Cladocera fossil assemblages in lacustrine sediments are increasingly important for recon-
structing past ecological and climate change (Lotter et al., 2000; Ammann et al., 2000; Kor-
hola et al., 2005) as these organisms are diverse, sensitive to limnological and climatic condi-
tions and represent different compartments of lake ecosystems (Frey, 1988). Furthermore, the 
remains of these organisms are well preserved in lake sediments, are identifiable and, 
therefore, are valuable indicators of past environmental change (Korhola & Rautio, 2001).  
Because of their integral role in freshwater ecosystems, Cladocera have long been recognized 
as useful ecological and paleolimnological indicators. Cladoceran microfossils have been 
applied to a wide variety of paleolimnological studies, ranging from the analyses of long-term 
ecological succession in lakes to tracking hydrology to changes in past fish communities and 
climate change (e.g., Hofmann, 2003; Sarmaja-Korjonen, 2003; Jeppesen et al., 2001; Duigan 
& Birks, 2000). Despite their potential, however, cladocerans have been relatively 
underutilized in paleolimnological studies, particularly in polar Siberia (Russia). Part of the 
reason for the paucity in cladoceran-based paleoecological research in Arctic and subarctic 
regions of Russia is that there is little quantitative ecological data describing the distribution 
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and occurrence of cladocerans.  
Cladoceran-based paleolimnological studies may provide important insights into the impacts 
of climate on northern aquatic ecosystems.  
 
Goals and objectives of the project 
The main objective of the study was to assess the relationship between environmental and 
climate change and subfossil Cladocera (Crustacea: Branchiopoda) distribution in space and 
time under the context of paleoecology and environmental-change ecology. Sub-fossil 
cladocerans and environmental variables from the Northern Ural and Northern Yakutia were 
used to extend the calibration data set using ordination techniques, for investigating the key 
environmental factor that is related with climate change, structuring cladoceran community 
composition. Our study is directed towards developing an empirical model based on the 
relationships between Cladocera taxa and abiotic variables (e.g., water chemistry, climate 
variables, etc.), particularly in terms of species optima to a measured variable. This inference 
model can then be used to reconstruct past changes of the abiotic variable of interest. To 
obtain empirical models (i.e., transfer functions), a calibration dataset is needed which 
consists of the water chemistry data, climatological data and the species assemblage 
distributions from about 75 to 100 lakes (for a review see Birks, 1995).  
Our researches were focused on three main objectives:  
• investigation of modern ecological transition in the course of global warming including 

occasional and monitoring studies and biodiversity screening; 
• investigation of palaeoecological responses to past climate change using lake-sediment 

archives with sub-fossil Cladocera; 
• provision of scientific consultation, expertise and prognosis concerning the ecological 

aspects of ecosystem conservation using the cumulative knowledge, obtained within the 
framework of the first two blocks of investigations.  

 
Research activities  
 
Approach 
Within the framework of the joint German-Russian research project "POLYGON: Polygons 
in tundra wetlands: State and dynamics under climate variability in Polar Regions, 2011-
2013” in summer 2011, 27 thermokarst lakes and small ponds, located in Chokurdakh region 
of Northern Yakutia, were sampled. Samples from Tiksi region were received for the sub-
fossil Cladocera analysis by researchers from the AWI (L. Schirrmeister, S. Wetterich). In 
summer 2012, a Russian expedition (Kazan Federal University) investigated 9 lakes located in 
Kharbey district in a Ygorskii and Yamal peninsulas in the northern part of the Republic of 
Komi, Northern Ural, Russia. The principal investigator L. Frolova and O. Tumanov took part 
in the expedition to the Northern Ural.  
In addition, in our researches, we included zooplankton and sub-fossil samples from 11 lakes 
and ponds of Faddeyevsky peninsula (Kotelny Island, New Siberian Islands), collected within 
the framework of the project "Palaeoecology and Paleogeography of Lakes of the New 
Siberian Archipelago" (Russian Foundation for Basic Research, 13-05-00327). Some 
morphometric parameters and chemical composition were identified for water reservoirs of 
the study area. First information about water invertebrates was obtained. 
Zooplankton, environmental measurements, and water and sediment samples were collected 
from the 46 study ponds and lakes in Northern Yakutia and the Northern Ural. Surface 
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sediments and 4 short cores were collected at approximately the deepest point in each lake 
using a gravity corer (Glew, 1989). The upper 1 cm of surface sediment from each core was 
sectioned using a Glew (1991) extruder and retained for subsequent analyses. In addition to 
sediment samples, data on the physical and chemical properties of each lake were also 
collected. At each site, measurements of surface water temperature, specific conductance, pH, 
dissolved oxygen and Secchi depth were made.  
 
Accomplishments 
Zooplankton was enumerated using a Sedgewick-Rafter counting cell on a compound 
microscope at 40-100 magnification. A minimum of 100 of the dominant species will be 
counted from a sub-sample. All individuals will be identified to species level where possible 
(Flössner 2000; Smirnov, 1974, 1996; Alonso, 1996). 
Cladoceran surface-sediment samples were prepared using standard methods (Frey, 1986; 
Prazakova & Fott, 1994; Korhola et al., 2001). The sediments are deflocculated using 10% 
KOH, heated (to approximately 70-80 ºC) for 0.5 h and subsequently sieved using 40 µm 
meshsize. The aliquots of the residue are examined using a microscope at 200x and 400x 
magnification and identified according to Frey (1958, 1959), Smirnov (1974, 1996) and 
Flössner (2000). As different fragments of the animals such as shells, head shields, and post-
abdomens are generally well-preserved, only the most abundant component, which in most 
cases is the shell, was taken into account (Frey, 1986) (Fig. 1). Densities are calculated as 
numbers per gram dry weight. A minimum of 200 individuals were enumerated per lake. For 
each species, the most abundant remains is used to calculate the number of individuals (Frey, 
1986).  
 
Data analysis  
The compilationn of a database of Cladocera assemblages from surface sediments of Arctic 
and subarctic lakes started in 2008 in collaboration with the Periglacial Research section of 
the AWI, Potsdam, under the supervision of U. Herzschuh. Investigations were continued 
with OSL projects (OSL-10-11, OSL-13-10). To obtain empirical models (i.e., transfer 
functions), a calibration dataset is needed which consists of the water chemistry data, 
climatological data and the species assemblage distributions from about 75 to 100 lakes (for a 
review see Birks, 1995). Before the researches carried out within this project (OSL-13-10), 
our database contained empirical data of bioindicator and abiotic parameters of 68 lakes. But 
now our database of Cladecera assemblages has been expanded for 114 lakes.  
 
Taxonomic work 
We examined: 
• the composition of the modern zooplankton fauna in lakes and ponds from Chokurdakh 

region, from the polar Ural and from the New Siberian Islands (92 samples); 
• the composition of sub-fossil cladoceran taxa in lakes and ponds from Chokurdakh region, 

from the polar Ural and from the New Siberian Islands (46 samples); 
• the composition of sub-fossil cladoceran (25) subsamples from the core from Bol'shoy 

Kharbey Lake (polar Ural). 



 K-36 

 
Fig. 1: Cladoceran diagram from Lake Bol'shoy Kharbey, northeastern European Russia. 
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Statistical and comparative analyses were carried out and the following results were obtained: 
• data from the 114 lakes and ponds were added to the dataset for the inference of the 

tatistical transfer function on the basis of cladocerans; 
• the relationship between environmental variables and spatial distribution of zooplankton 

taxa was tested using DCA, CCA and ANOVA analysis;  
• the pattern and classes of lakes defined on the basis of invertebrate remains were compared 

with the results of limnological classification of lakes (Kumke et al., 2007), and the results 
of diatom analyses;  

• reconstructions of past environmental variables and past climate change were obtained 
using sub-fossil Cladocera remains. 

 
Photo documentation 
Micro-photos of zooplankton and remains of Cladocera were made in the OSL by L. Gafiatul-
lina and G. Nigamatzyanova (Fig. 2). The microphotos will be included in the methodological 
book "Biological Indicators in Paleoecological Researchers: the Atlas”, which is being pre-
pared for publication in the Editorial of Kazan Federal University.  

A 

B 
Fig. 1: A – Eurycercus spp. Baird, 1843, postabdomen, B – Alona rectangula (photos L. Gafiatullina, G. Niga-
matzyanova, 2013).   
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The results of our joint work will be published in peer-reviewed journals. The data obtained 
during the work on this project, will be a part of L. Gafiatullina's PhD thesis. 
All scientific researches were successfully carried out in accordance with the working 
program. In addition in the dataset samples from the New Siberian Archipelago were included 
(11 lakes and ponds). 
 
Results 
In general, most of the lakes are small and shallow, and were formed by thermokarst pro-
cesses. Ion concentrations show that the cation compositions for lake waters are dominated by 
Ca2+ and Mg2+. The exploratory analysis has shown that the physical-chemical characteristics 
of the lakes are mainly influenced by vegetation and climate-driven changes, which provides 
the basis for paleoenvironmental studies.  
Environmental data included mean July, annual and water temperatures, altitude, vegetation, 
water depth, Secchi depth, conductivity, pH, dissolved organic carbon (DOC), chloride, 
organic carbon (DOC), total phosphorus (TP), chloride (Cl-), sulphate (SO42-), nitrite (NO2

-), 
carbonate (HCO3-), some metals (Al3+, Si4+, Ca2+, Fetotal, Mg2+, Mn2+, Na+). All calculations 
were carried out using the software STATISTICA 5.5 and ordinations were performed using 
the program CANOCO 4.5. Surface sediments were collected from the deepest point of each 
lake using an Eckman dredge (Blomqvist, 1990). 
Subfossil Cladocera were sampled and examined from the surface sediments of 46 Arctic and 
subarctic lakes and ponds along a temperature gradient in the Chokurdakh region, from the 
polar Ural and from the New Siberian Island. The lakes were distributed over three 
environmental zones: typical tundra, southern tundra and forest-tundra, which were all 
situated within the continuous permafrost zone. Our investigation showed that the cladoceran 
communities in the researched lakes are represented by diverse, abundant communities as 
reflected by the taxonomic richness and high diversity indices. CONISS cluster analysis 
indicated that the cladoceran communities in the three ecological zones (typical tundra, 
southern tundra and foresttundra) differed in their taxonomic composition and structure. The 
differences in the cladoceran assemblages were related to limnological and geographical 
position, vegetation type, climate and water chemistry. The constrained redundancy analysis 
(RDA) indicated that TJuly, water depth and both sulphate (SO4

2-) and silicium (Si4+) 
concentrations significantly (p≤0.05) explained the variance in the cladoceran assemblage. 
One of the most significant changes in the structure of the cladoceran communities in the 
investigated transect was the replacement of closely related species along the latitudinal and 
vegetation gradient.  
To discover the factors that are most significant for the structure of the zooplankton commu-
nities, 46 taxa were included in the statistical analysis with the use of the indirect ordination 
methods. CCA with the use of all ecological parameters (data on the abundance of taxa were 
converted by means of the square root, ecological parameters were obtained using forward 
sampling, the Monte Carlo test with 999 unbounded variations) demonstrated that they ex-
plain 66.8% of the variations in the taxonomic composition of the zooplankton communities.  
Using the CCA method, we demonstrated that pH, the average temperature of July in the 
region under study, depth, and the content of Si4+ ions constitute the minimal set of ecological 
parameters that is sufficient to most reliably explain the variation in the abundance of 
zooplankton organisms inhabiting the lakes under study. The major structure forming abiotic 
factors that have the most significant influence on the formation of the zooplankton commu-
nities were determined, either directly or indirectly, by climate change. 
In sub-fossil Cladocera assemblages from the Kharbey lakes (Bolshezemelskaya tundra) we 
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found for the first time the warm water species Camptocercus rectirostris Schoedler, 1862, 
which is new in the zooplankton of the northern Ural. The species has high (9.7°C) optima for 
their gamogenesis (Nevalainen, 2010). Camptocercus rectirostris lives on muddy sands, and 
occurs in vegetation (Flössner, 2000).  
Investigation of sediment cores from the lake Bol'shoy Kharbey (Bolshezemelskaya tundra) 
was performed using palaeobiological methods, in particular Cladocera analysis. It was shown 
that noticeable changes took place in the state of the sediments and the communities of 
hydrobionts.  
Taxa which are characteristic for big water bodies, mainly from the family Bosminidae, 
dominate the cladoceran communities. The most frequent zooplanktic taxa in the whole core 
were Chydorus cf. sphaericus, Eubosmina cf. longispina, and small forms of the genera Alona 
(Fig. 1). The Cladocera  communities are mainly represented by acid-tolerant, temperate, and 
littoral-sublittoral taxa. Starting from the depth of 10 cm in the cladoceran communities, the 
number of planktic taxa increases, which can point to an gradual lowering of the lake level, 
probably as a consequence of seasonal ground melting. At the same time a gradual succession 
in the local vegetation starts. The concentrations of the birch and larch pollen decrease, and 
that of Pinus s/g Diploxylon increase. This can indicate that the climate became warmer and 
drier. The communities of hydrobionts are becoming more diverse, and the number of the 
acidophilic, phytophylic taxa and of taxa, characteristic for eutrophication, increases. Changes 
in sub-fossil Cladocera assemblages indicate swamping, growth of the littoral zone and 
spreading of near-water vegetation reflect a warming of climatic conditions. 
The results obtained encourage further work to create a regional cladoceran-based tempe-
rature model appropriate for the Arctic regions of Russia as a whole and Yakutia in particular. 
 
Conclusion 
The results of the studies within the framework of the project will be used for further 
quantitative environmental reconstruction using transfer functions. Especially interested in 
our results are the scientists of the palaeobioindicator group at the AWI, Potsdam (leader U. 
Herzschuh, L. Nazarova, S. Wetterich), who work with other paleolimnological (pollen grains 
and spores, plant macrofossils, diatoms) data in the same areas. The data obtained during the 
work of this project will be used for the PhD dissertation of project participator L. 
Gafiatullina as well as for new lecture courses on “Paleoecology” and “Paleoclimatology” at 
Kazan Federal (L. Frolova).   
This project will help to integrate and standardize Russian research in this field with 
developments currently taking place in western Europe. This will put L. Frolova, O. Tumanov 
and L. Gafiatullina in a good position to develop projects using Cladocera as palaeo-
environmental indicators and to develop a Cladocera expertise at Kazan Federal University. 
At present there are few laboratories in Russia undertaking palaeoenvironmental research and 
no other laboratory which has any expertise in Cladocera analysis. The members of the 
research team will get the opportunity to meet leading scientists working in environmental 
research based at the AWI and the GFZ Helmholtz Centre Potsdam, and also the many 
scientists visiting these institutions. They will also have the opportunity to attend seminars 
and lectures held at these institutions.  
The results from this project will provide a better understanding of the vulnerability of the 
Russian Аrctic to global warming. 
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Introduction  
 
Scientific background  
In September 2011, we found rich populations of an identified amoeboid organism in the eas-
tern Kara Sea. These large amoebas were the most conspicuous component of the benthic fau-
na in the shallow waters (28-53 m) off Taimyr Peninsula (Fig. 1) but they were absent in our 
other samples collected during the expedition. The organism was similar to the poorly studied 
soft-shelled foraminiferan Toxisarcon, the two known species of which had been reported 
from the west coast of Scotland and from Skagerrak (Cedhagen & Pawlowski, 2002; Wilding, 
2002). A preliminary estimate of Toxisarcon biomass via volume approximation gave c. 40 
g/m2.  

 
Fig. 1: Live specimens of Toxisarcon (arrows) in a Ø 10-cm Petri dish. The specimens were isolated from the 
0.5-mm-mesh residue several days after collection. Each specimen held a veneer of sediment grains. Some 
specimens deployed pseudopodial trunks (arrowheads). 

 
The biomass of macrobenthos has never been measured for the eastern Kara Sea. For the rest 
of the sea, however, there is a fairly dense grid of biomass stations with the values ranging 
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consistently between 10 and 100 g/m2 (e.g., Filatova & Zenkevitch, 1957; Kuznetsov, 1976; 
Antipova & Semenov, 1989; Kucheruk et al., 1998; Jørgensen et al., 1999; Denisenko et al., 
2003; Kozlovski et al., 2011). It is likely that the shallow off Taimyr Peninsula, where we 
found Toxisarcon, has similar macrofaunal biomasses, and then Toxisarcon with its 40 g/m2 
dominates the benthic fauna in terms of biomass. Foraminifera have been shown to dominate 
benthic communities in areas of oxygen deficiency where the macrobenthos is scarce 
(Bernhard et al., 2008). The eastern Kara Sea seemed to be a unique region where a 
unicellular organism dominated the benthic community bathed by fully oxygenated waters. 
Therefore, we planned to measure Toxisarcon biomass, to compare it directly with macro-
benthic biomass, and to collect environmental data that could explain the abundance of the 
ameboid protist in this particular area. 
 
Goals and objectives 
We aim to demonstrate for the first time that a foraminiferal-dominated benthic community 
may exist in well-oxygenated shallow waters. We also hope to discriminate ecological factors 
or processes that set the eastern Kara Sea apart and that make the large foraminiferan 
Toxisarcon thrive in this particular area. The tasks are to:  
• measure the biomass of Toxisarcon in surface sediment samples from the eastern Kara Sea; 
• measure macrobenthic biomass in grab samples collected in the eastern Kara Sea and the 

adjacent waters during the RV AKADEMIK MSTISLAV KELDYSH cruise 59, Septem-
ber 2011 (Fig. 2); 

• compare the distribution of Toxisarcon and macrobenthos to the environmental data avail-
able for the study area. 

 
Fig. 2: Bottom sampling stations of RV AKADEMIK MSTISLAV KELDYSH cruise 59, September 2011. 
Toxisarcon was found in the eastern Kara Sea. 
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Research activities 
 
Approach 
We used the following approaches to carry out the project: 
• light microscopy imaging; 
• DNA sequencing; 
• foraminiferal biomass direct weighing; 
• macrobenthos biomass direct weighing. 
 
Accomplishments 
The research was carried out in accordance with the working program. The following tasks 
were fulfilled: 
• we composed a formal taxonomic description of the new species and it has been accepted 

by the journal “Marine Biodiversity” (Springer); 
• Toxisarcon biomass were measured; 
• the macrobenthos biomass was measured; 
• environmental data are being collected. 
Relevant datasets were obtained: 
• smaller foraminifera were counted for all stations of the AMK-2011 cruise; 
• meiobenthos was counted for the adjacent stations of the AMK-2011 cruise. 
 
Results 
The biomass-dominant species belongs to the poorly known monothalamid foraminifera and 
has the morphological characteristics of the two already known species of the genus 
Toxisarcon (Fig. 3). The molecular markers show that the amoeboid organisms from the Kara 
Sea form a separate branch within the Toxisarcon cluster (Fig. 4), and thus they represent a 
new species belonging to this genus. The species description is being published.  

 
Fig. 3: Toxisarcon taimyr sp. nov., crawling in a Petri dish. Note the halo of deployed pseudopodia and the half-
discarded cocoon of detritus. Scale bar 5 mm. 
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Fig. 4: The maximum likelihood phylogenetic tree of monothalamous foraminifera based on partial SSU rDNA 
sequences. Black circles represent 100% bootstrap support values. Clade C and Toxisarcon and T. taimyr 
subclades are highlighted.  

 
Unlike all previous reports on foraminiferal biomasses, we weighed directly the cytoplasmic 
body without any inorganic parts and waste products (Fig. 5). The ethanol-fixed biomass of 
the Toxisarcon foraminifera in the samples from the eastern Kara Sea was weighed to be 8 to 
53 g/m2 (Table 1), which is extremely high for any one species in this oligotrophic region.  
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Fig. 5: Ethanol-preserved cytoplasmic body of Toxisarcon taimyr washed gently on a 250-µm-mesh screen. The 
thin terminal braches are broken off. Scale bar 1 mm. 

 
Table 1: Ethanol-preserved biomass of Toxisarcon 

 Station 5028 Station 5029 Station 5031 
Water depth, m 28 54 51 
Sampler grab grab grab bc bc 
Replicate B A B A B 
Biomass, g/m2 39.7 53.1 8.1 12.1 20.0 
Averaged biomass 39.7 30.6 16.1 

 
Macrobenthic biomass was measured at the stations off Taimyr Peninsula and at the adjacent 
stations of the same cruise (Appendix 1). Macrobenthic biomass values were available for two 
stations where Toxisarcon occurred, stations 28 and 29. Toxisarcon and total macrofauna 
accounted for 40 and 74 g/m2, respectively, at the former station. and 31 and 41 g/m2 at the 
latter station. Thus Toxisarcon was the dominant population at both stations (Fig. 6). 
Additionally, we have obtained data on meiobenthos and smaller foraminifera at the AMK-
2011 stations (Table 2). These data will be processed later.  
The AMK-2011 data clearly show that Toxisarcon occurs in the eastern Kara Sea but is absent 
in the western regions of the sea. New data on foraminiferal distribution obtained during the 
TRANSDRIFT XXI expedition, including 15 multicorer stations in the Laptev Sea (only the 
three westernmost are shown in Fig. 7). Rich populations of Toxisarcon are apparently 
restricted to the eastern Kara Sea. The existing data do not give a clue why this large 
foraminiferan thrives in one particular area. We are collecting environmental data available 
for this region that could help to explain this phenomenon. 
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Table 2: Meiobenthos densities per 10 cm2 
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Fig. 6: Biomass of macrobenthos and Toxisarcon off Taimyr Peninsula and in the samples available from the 
AMK-2011 cruise. The relative diameter of the circles denotes differences in biomass between the stations.  

 

 
Fig. 7: New samples obtained during the TRANSDRIFT XXI expedition (marked VB13) indicate that Toxis-
arcon does not penetrate further east to the Laptev Sea.  
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Conclusion 
The large naked foraminiferan, Toxisarcon taimyr sp. nov., is described from the eastern Kara 
Sea. Its abundant populations with biomasses of 16 to 40 g/m2 dominate the benthic 
communities. This is the first example of a protist dominating in terms of biomass on well 
oxygenated shelves. It is not yet clear what makes the foraminiferan thrive in this oligotrophic 
area. 
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Appendix 1: Density and biomass of macrobenthos in the area off Taimyr Peninsula 
(stations 28, 29) and adjacent stations of the AMK-2011 cruise 

 
Station 5020: 73º42.9’N, 79º22.0’E; water depth 31 
Station 5021: 73º23.9’N, 79º49.8’E; water depth 34 
Station 5023: 73º17.5’N. 79º50.0’E; water depth 27 
Station 5024: 74º56.6’N, 77º54.1’E; water depth 37 
Station 5025: 75º35.1’N, 77º10.1’E; water depth 48 
Station 5028: 75º09.8’N, 86º36.4’E; water depth 28 
Station 5029: 75º22.0’N, 85º22.9’E; water depth 54 
 

 
Density, spec./0.1 m2 Biomass g/0.1 m2 

Station 5020 5021 5023 5024 5025 5028 5029 5020 5021 5023 5024 5025 5028 5029 

Polychaeta 
              

Polychaeta 
varia  0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 

Capitellidae 
sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Capitellidae 
sp. 2 0.2 0.4 2 1 0 2 2 0 0 0.01 0 0 0 0.01 

Phyllodoce 
(Anaitides) 
groenlan-
dica 

0 0 1 0 0 1 0 0 0 0.65 0 0 0 0 

Eteone 
barbata 0 0 0 2 0 0 0 0 0 0 0 0 0 0 

Eteone flava 0 0 3 0 1 5 0.5 0 0 0.01 0 0 0 0 
Marenzelle-
ria arctia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Scalibregma 
inflatum 0.8 0.4 6 6 2 1 0.5 0 0.01 0.03 0.03 0 0 0.02 

Artacama 
proboscidea 0.2 0.2 1 1 0 0 0 0.01 0.05 0.03 0 0 0 0 

Nephtys 
ciliata 0.6 0.2 0 1 2 2 0.5 0.11 0.05 0 0.78 0.33 0.66 0.04 

Microneph-
thys minuta 21.6 23.2 38 87 20 51 18.5 0.01 0.01 0.01 0.03 0.01 0.01 0.01 

Paraonidae 
sp. 0 0 1 0 0 2 0 0 0 0 0 0 0 0 

Aricidea 
nolani 22.4 21.8 5 6 5 12 0 0.02 0.01 0 0 0 0.02 0 

Cossura 
longocirrata 1.2 8.4 5 9 1 11 0 0 0 0 0 0 0 0 

Chaetozone 
setosa 13.4 12 94 48 40 129 0 0.05 0.05 0.24 0.13 0.08 0.22 0 

Cirratulidae 
sp. 0 0.8 0 0 1 0 8.5 0 0.01 0 0 0.01 0 0.02 

Prionospio 
cirrifera 0.2 0 2 1 0 0 0 0 0 0 0 0 0 0 
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Density, spec./0.1 m2 Biomass g/0.1 m2 

Station 5020 5021 5023 5024 5025 5028 5029 5020 5021 5023 5024 5025 5028 5029 

Levinsenia 
gracilis 13 15 34 66 35 0 0 0.01 0.01 0.01 0.0 0.01 0 0 

Trochochae-
ta carica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Amphareti-
nae sp. 0.2 0 0 1 1 0 0 0 0 0 0 0 0 0 

Ampharete 
sp. 0 0 10 0 0 0 0.5 0 0 0.02 0 0 0 0 

Ampharete 
finmarchica 0 0.4 0 0 0 11 0 0 0.15 0 0 0 0.06 0 

Ampharete 
acutifrons 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Anobothrus 
gracilis 0 0 2 0 0 0 0 0 0 0.47 0 0 0 0 

Lysippe 
labiata 0 0 4 2 3 0 0 0 0 0.06 0.03 0.03 0 0 

Melinna 
cristata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Pectinaria 
(Cistenides) 
hyperborea 

0.6 1.2 2 16 1 0 1.5 0 0.29 0.04 0.71 0 0 0.06 

Terebellidae 
sp. 0.2 0 0 0 0 10 0 0 0 0 0 0 0.12 0 

Terebellides 
stroemii  0 0.2 0 9 0 0 1.5 0 0.03 0 0.23 0 0 0.12 

Laphania 
boecki 0 0 0 0 4 0 0 0 0 0 0 0.07 0 0 

Scoletoma 
fragilis 0 0 4 4 21 0 0 0 0 0.02 0 0.04 0 0 

Brada 
rugosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Brada 
villosa 0 0.6 0 0 0 0 0 0 0 0 0 0 0 0 

Brada sp. 
juv 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diplocirrus 
longisetosus 0 0 1 0 0 0 0 0 0 0.01 0 0 0 0 

Sphaerodo-
rum gracilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Harmothoe 
sp. 0.2 0 0 0 0 0 0 0.01 0 0 0 0 0 0 

Pholoe sp.  0.2 0.2 9 0 2 0 0.5 0 0 0 0 0 0 0 
Chone sp. 0 0 4 0 0 0 0 0 0 0.05 0 0 0 0 
Sabellidae 
sp. 0 0 3 0 0 0 1 0 0 0 0 0 0 0.01 

Ophelina 
cylindri-
caudata 

0.2 0 16 6 8 0 0 0 0 0.03 0.01 0.01 0 0 
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Density, spec./0.1 m2 Biomass g/0.1 m2 

Station 5020 5021 5023 5024 5025 5028 5029 5020 5021 5023 5024 5025 5028 5029 

Scoloplos 
(Scoloplos) 
armiger 

0 0 11 6 2 0 0 0 0 0.05 0.01 0 0 0 

Maldane 
sarsi 0 0 29 8 18 11 0 0 0 1.01 0.18 1.01 1.01 0 

Praxillella 
praetermissa 0 0 1 1 0 0 0 0 0 0.05 0.2 0 0 0 

Praxillella 
affinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhodine 
gracilior 0 0 2 1 0 0 0 0 0 0.01 0.01 0 0 0 

Nicomache 
lumbricalis 0 0 0 1 0 0 0 0 0 0 0.4 0 0 0 

Owenia 
fusiformis 0 0 8 2 8 0 0 0 0 0.06 0.03 0.07 0 0 

Hesionidae 
sp. 0 0 6 0 0 0 0 0 0 0.01 0 0 0 0 

Nereis 
zonata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Polyphysia 
crassa 0 0 0 0 1 0 0 0 0 0 0 4.9 0 0 

Lumbrine-
reis fragilis 0 0 0 0 0 32 1 0 0 0 0 0 0.45 0 

Spionidae 
sp. 0 0 0 0 0 6 0.5 0 0 0 0 0 0.2 0.11 

Spio arctica 0 0 0 0 0 4 0.5 0 0 0 0 0 0.01 0 
Polydora sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Nicomache 
minor 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0.45 

Subtotal 75.6 85 304 285 178 291 38.5 0.22 0.66 2.89 2.82 6.58 2.76 0.84 

               
Bivalvia 

              
Astarta 
borealis 0 0 35.5 12 0 17 0.5 0 0 15.3 0.4 0 2.4 0.02 

Portlandia 
arctica 26.5 30 0 5 0 0 26.5 0.26 4.26 0 0.04 0 0 2.09 

Pandora 
glacialis 0.5 0 0 0 0 0 1 0.04 0 0 0 0 0 0 

Macoma 
balthica 0.5 0 0 1 0 0 0 0 0 0 0.36 0 0 0 

Macoma 
calcarea 0 0.5 2 12 1 1 0 0 0.36 1.78 0.09 0.15 0.03 0 

Macoma sp. 0 0.5 0.5 0 0 0 0 0 0.21 0.27 0 0 0 0 
Ciliatocardi-
um ciliatum 0.5 0 0 1 0 0 1 0.01 0 0 14.9 0 0 0.07 

Lyonsia 
arenosa 0 0 0.5 0 0 2 0.5 0 0 0.07 0 0 0.74 0.05 
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Density, spec./0.1 m2 Biomass g/0.1 m2 

Station 5020 5021 5023 5024 5025 5028 5029 5020 5021 5023 5024 5025 5028 5029 

Ennucula 
tenuis 0 0 0 2 10 1 3 0 0 0 0.01 0.18 0.13 0.12 

Axinopsida 
orbiculata 0 0.5 1 3 9 6 2 0 0.01 0 0.02 0.02 0.01 0.02 

Panomya sp. 0 0 1 0 0 0 0 0 0 0.72 0 0 0 0 
Musculus 
niger 0 0 0 0 0 0 1.5 0 0 0 0 0 0 0 

Nuculana 
pernula 0 0 0 0 1 0 0 0 0 0 0 0.5 0 0 

Mya 
truncata 0 0 0 1 1 0 0 0 0 0 0.0 0.01 0 0 

Subtotal 28 31.5 40.5 37 22 27 36 0.31 4.84 18.1 15.8 0.85 3.31 2.37 

               
Gastropoda 

              
Solariella 
obscura 1.5 0 1.5 1 0 0 0 0.05 0 0.06 0.04 0 0 0 

Diaphana 
minuta 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Cylichna 
alba 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Buccinum 
sp. juv. 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 

Oenopota 
sp. 0 0 0.5 0 0 0 0 0 0 0.01 0 0 0 0 

Onoba spp. 0 0 0 7 0 0 0 0 0 0 0.03 0 0 0 

Subtotal 1.5 0 2.5 9 0 0 1 0.05 0 0.07 0.07 0 0 0 

               
Crustacea 

              
Mesidotea 
entomon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mesidotea 
sabini 0 0.5 0 0 0 0 2 0 3.28 0 0 0 0 0.03 

Mesidotea 
sibirica 0 0 0 0 0 1 0 0 0 0 0 0 1.21 0 

Synidotea 
bicuspida 0 0 0 1 1 0 0 0 0 0 0.03 0 0 0 

Flabellifera 
sp. 0 0 0 0 3 1 0 0 0 0 0 0 0 0 

Ampelisca 
macroce-
phala 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Byblis 
gaimardi 5.7 0 24 5 1 3 0 0.079 0 0.24 0.01 0.02 0.02 0 

Haploops 
laevis 0 0 0 0 1 6 0 0 0 0 0 0.06 0.02 0 
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Density, spec./0.1 m2 Biomass g/0.1 m2 

Station 5020 5021 5023 5024 5025 5028 5029 5020 5021 5023 5024 5025 5028 5029 

Haploops 
sibirica 0 0 0 0 0 7 0 0 0 0 0 0 0.02 0 

Haploops sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Haploops 
tubicola 0 0 0 0 0 2 1 0 0 0 0 0 0.09 0.12 

Lembos 
longipes 0 0 2 0 0 0 0 0 0 0.01 0 0 0 0 

Aoridae gen. 
sp. 0 0 0 3 0 0 0 0 0 0 0.03 0 0 0 

Corophiidae 
gen. sp.  0 0 0 0 0 0 2 0 0 0 0 0 0 0.04 

Lysianassi-
dae gen. sp. 0 0 3 0 0 0 1 0 0 0 0 0 0 0 

Melita 
formosa 0.3 0 0 0 0 0 1 0 0 0 0 0 0 0.09 

Aceroides 
latipes var. 
robusta 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Arrhis 
phyllonyx 0 0 0 0 0 1 0 0 0 0 0 0 0.01 0 

Paroedice-
ros propi-
nquus 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Westwoodil-
la megalops 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Oediceroti-
dae gen. sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Photis 
reinhardi 0 0 38 0 0 0 0 0 0 0.01 0 0 0 0 

Protomedeia 
fasciata 0.7 0 2 0 0 0 0 0 0 0 0 0 0 0 

Pleustes 
medius 0 0 2 0 0 0 0 0 0 0.01 0 0 0 0 

Pontoporeia 
affinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pontoporeia 
femorata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stenothoidae 
gen. sp. 

0 2.5 12 7 2 3 1 0 0 0 0 0 0 0 

Brachydia-
stylis resima 0 0 7 2 0 0 0 0 0 0 0 0 0 0 

Diastylis 
edwardsi 0 0 2 0 0 0 0 0 0 0.01 0 0 0 0 

Diastylis 
glabra 
typica 

0 0 7 2 0 0 0 0 0 0.02 0.01 0 0 0 

Diastylis 
goodsiri 0 0 0 2 0 0 0 0 0 0 0.01 0 0 0 
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Density, spec./0.1 m2 Biomass g/0.1 m2 

Station 5020 5021 5023 5024 5025 5028 5029 5020 5021 5023 5024 5025 5028 5029 

Diastylis 
sulcata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Eudorella 
emarginata 0.3 0.5 0 1 2 4 0 0 0 0 0.01 0.01 0.01 0 

Leucon 
fulvis 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Leuconiidae  
gen. sp. 0 0 10 13 0 2 0 0 0 0 0 0 0 0 

Lepthogna-
thia gracilis 0 0 34 109 2 17 0 0 0 0.01 0 0 0 0 

Tanaidae 
gen. sp. 0 0 5 1 7 0 0 0 0 0 0 0 0 0 

Nymphon 
micronix 0 0 0 0 1 0 0 0 0 0 0 0.01 0 0 

Nymphoni-
dae  gen. sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Subtotal 7 3.5 150 146 20 48 8 0.08 3.28 0.31 0.11 0.1 1.38 0.28 

               
Priapulida 

              
Priapulopsis 
bicaudatus 0 1 0 0 0 0 0 0 0.01 0 0 0 0 0 

               
Sipunculida 

              
Phascoloso-
ma sp. 0 0 1 0 1 0 0 0 0 0 0 0.12 0 0 

Phascolion 
(Phascolion) 
strombus 
strombus 

0 0 0 0 1 0 0 0 0 0 0 0.13 0 0 

               
Nemertea 

              
Nemertea sp. 0 0 3 0 0 0 0 0 0 0.08 0 0 0 0 

               
Ophiuroid-
ea               
Ophiocantha 
bidentata 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0.64 

Total 112.1 121 501 477 222 366 84 0.7 8.8 21.5 18.8 7.8 7.4 4.1 
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Introduction  
 
Scientific background  
Evolution of the Earth was accompanied by global climate changes, which resulted in serious 
environmental reorganizations. These events are “encrypted” in the sedimentary record and 
can be reconstructed by detailed lithological, petrographic, geochemical and paleontological 
studies. A distinct positive feedback exists between climate changes and ice conditions in the 
Arctic segment of the Earth, which is a kind of climate “forge” for the Northern Hemisphere. 
The albedo of the Arctic Ocean, covered with sea ice, varies from 80 to 50% depending on the 
amount of snow and the presence of polynyas, and does not exceed 10% in ice-free areas of 
the oceans (Perovich et al., 2002). Shrinking ice allows the ocean to absorb the active solar 
energy, which shifts to a later date the beginning of the ice formation; as a consequence, the 
heat flow from the ocean to the atmosphere is increased. 
The observations in recent decades confirm the decrease and a significant thinning of the ice 
cover in the Arctic Ocean (Stroeve et al., 2008 and others), and the simulation results show 
that the Arctic Ocean may become seasonally ice-free even in 2040 (Wang & Overland, 
2009). The reduction in sea ice will provoke a significant warming in the Arctic due to the 
ice-albedo feedback mechanism, and can influence the weather outside the Arctic (Francis et 
al., 2009). Receding ice will accelerate coastal erosion through increased wave activity. 
Understanding the behavior of sea ice in the future depends largely on the knowledge about 
the ice cover of the past. However, the history of the ice/iceberg regime in the Arctic has been 
insufficiently studied. Conclusions of scientists on this problem are often contradictory (e.g., 
Bischof & Darby, 1997; Phillips & Grantz, 2001). The study of the paleoenvironment of sea 
ice is a new direction developing within the field of paleoclimatology (Polyak et al., 2010). 
This project should help to solve the fundamental scientific problems – the reconstruction of 
the Quaternary (or even Cenozoic) ice regime in the central Arctic on the basis of a 
comprehensive study of large-sized (>1 cm) rock-fragments (dropstones).   
 
Goals and objectives of the project 
Sediments (including rock fragments) contain the most complete “record” that characterizes 
the Quaternary history of sea ice. This is because the sea ice directly or indirectly affects 
sedimentation through a variety of geological and biological processes. These processes and, 
consequently, the characteristics of ice, can be largely reconstructed through a comprehensive 
analysis of sediments. The main emphasis during paleoreconstructions was placed on a 
detailed study of large-sized (>1 cm) rock-fragments (dropstones). The goal of this project 
was to establish a reliable nature of stones (local sources/ice rafting), and if they were 
delivered with the ice/iceberg, then the source and trajectory of the ice/icebergs drift during 
the last 500-600 Ka. 
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Objectives 
The proposed study focused on: 
• analysis of the petrographic composition of rocks using the polarizing microscope 

available at the OSL for identification of the different lithological/facial types of the rocks 
and comparison with rocks from possible source areas; 

• analysis of the isotopic composition of carbonates (δ13C, δ18O, Sr) for identification of the 
source areas; 

• XRD-analysis of carbonates to estimate the amount of Mg incorporated into the crystal 
lattice; this information is needed for reconstruction of the source areas; 

• reconstruction of the ice/iceberg drift during the last 500-600 ka. 
 
Research activities 
 
Approach 
The shape and roundness of the stones were measured on 570 rock samples. In accordance 
with a well-known classification developed by Zingg (1935), three mutually perpendicular 
axes (A≥ B≥ C) were measured and the ratios B/A (elongation) and C/B (degree of flattening) 
were calculated to characterize the shape of the samples. Based on this classification, the 
samples are divided into 4 types: 1) discoid/tabular, 2) rounded/isometric, 3) cylindrical/ 
elongated, and 4) plate/flattened elongated. The boundaries between the types, determined 
according to the axes' ratio, equal 2/3. The rounding of stones was determined visually using 
stencils linked to Wadell and Khabakov factors.  
The mineral composition of rock was determined using XRD analysis (128 samples), petro-
graphic study of thin-sections (120 samples), and visual examination. Rhe chemical composi-
tion of the stones was obtained by XRF analysis (70 samples). Stable isotopes in the carbon-
ates were measured with a Finnigan Mass-spectrometer (110 samples). 
 
Accomplishments 
As a result of measuring the shape and roundness, it was found that the samples generally 
take the form of types 1 (discoid/tabular) and 2 (rounded/isometric); roundness is usually low: 
mostly the stones are subangular or non-rounded. The results of investigation of sample shape 
can not be considered useful because this could not identify any specific groups: samples 
from different sites were grouped equally. 
The mineral composition of stones is different on the Lomonosov Ridge and the Mendeleev 
Ridge. On the Lomonosov Ridge dropstones are mainly represented by sandstones with very 
minor carbonates (only one limestone and several authigenic siderite found in the ACEX 
borehole), whereas at the Mendeleev Ridge, most samples are represented by carbonates 
(dolomite (prevail) and limestones). Based on the petrographic study of the thin-sections, ten 
different lithological types were distinguished among the dropstones. This can be explained 
by the different source areas for both ridges. Siberia is the most likely source area for the 
Lomonosov Ridge. Large stones can be delivered with the Transpolar Drift Stream. The most 
important source for the Mendeleev Ridge is the Canadian Arctic Archipelago. Probably the 
stones were delivered to the Mendeleev Ridge with icebergs during deglaciations in the past.  
We obtained and studied 9 dolomite samples from Victoria Island, which is the most 
promising source area for dolomites. A comparison of the petrographic compositions of the 
samples from the Mendeleev Ridge and Victoria Island shows their similarity. Unfortunately, 
the results of the isotopic studies of the dolomites from Victoria Island will only be ready in 
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January 2014 and, therefore, are not included in this report. 
Our investigations were in accordance with the working program. Moreover, we have 
expanded the studied “ice history” to the Eocene due to the inclusion to the project samples 
from the ACEX boreholes. The opportunity to work at the IODP repository in Bremen with 
the ACEX samples was obtained during a one-month stay in Germany (AWI) as part of this 
grant.  
 
Results 
535 stones, obtained during two cruises of RV POLARSTERN to the Mendeleev Ridge 
(ARK-XXIII/3 in 2008), and Alpha Ridge (ARK-XXVI/3 in 2011) are mainly composed of 
carbonates (dolomite 44.9% and limestones 21.6%) and to a lesser degree of sandstones 
(22.4%). Igneous rocks (granites, diorites, and basalts – 5.4%), chert (2.7%) and schist (1.5%) 
are infrequent. The concentration of carbonates decreases in the direction of the Lomonosov 
Ridge. The distribution of dropstones along the section crossing the Mendeleev Ridge is 
shown in Figure 1. 
On the other hand, 58 stones, selected during the IODP-302 (ACEX) drilling at the part of the 
Lomonosov Ridge close to the north pole, have a completely different composition. Samples 
are mainly composed by sandstones, mostly quartz-bearing. Basalt, shale, quartzite, dolerite, 
and siltstone were encountered as well and only one limestone was detected. Three authigenic 
siderite concretions were also found. 
Nine samples from Victoria Island, which is the most promising source for dolomites in the 
Amerasian Basin (e.g., Mendeleev Ridge), were analyzed to check this hypothesis. Besides, 
the composition of several carbonates from an East Siberian source were also studied. 
In order to reconstruct the source areas more accurately, thin sections were made from the 
selected stones for petrographic analysis. In addition, the following analyses of dropstones 
were carried out: morphological (roundness, shape&surface), XRD, isotopes (C&O, Sr), and 
XRF.  
The dolomites often contain traces of fossils. The main organic components observed in all 
samples are algae. Fragments of ostracods, corals (?), gastropods, trilobites, bryozoans, and 
brahiopods were also observed. Foraminifers were not identified. The poor preservation of 
fossils does not allow determining their exact age. However, a set of indirect characteristics 
allows assuming an Early Paleozoic age for the dolomites as well as their origin in platform 
environments. Ten different lithological types were distinguished among the dropstones: two 
various types of sedimentological dolomites, stromatolitic dolomites, dolomites and 
limestones containing fauna, silicified dolomites, sandy and silty dolomites, quartzitic 
sandstones, sandstones and siltstones with a basal cement, flints, and phosphates.  
The absence of outcrops and the considerable thickness of the Quaternary sediments in certain 
places of the sampling are at the Mendeleev/Alpha ridges suggest that the greater part of the 
stones was transported here with ice/icebergs. Possible source areas for the studied carbonates 
are Victoria and Banks islands (platform area of the Canadian Arctic Archipelago) and the 
Eastern Mackenzie Platform. This source of the carbonates "works" for about 300,000 years 
according to the stratigraphic scheme published by Stein et al. (2010) since the Beaufort Gyre,  
the main mechanism of carbonates delivery, obviously existed throughout the specified time 
period. Of course, its size and intensity changed, but the overall trend remained similar to that 
observed in the present time. However, it is possible that partly the samples could be also 
transported by “coastal ice” from Siberian sources.  
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Fig. 1: Distribution of dropstones along the section crossing the Mendeleev Ridge. 
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The samples, obtained from the uppermost 240 m of the borehole drilled at the Lomonosov 
Ridge (IODP-302), are likely to have been delivered from the Siberian source with the “paleo-
transpolar” ice drift. This is evidenced by their predominantly terrigenous composition and 
the presence of only one limestone sample in the whole 424-m-long section. This means that 
generally during the last 46 ma, the Siberian source was the most important one for the part of 
the Lomonosov Ridge close to the pole. This supports our previous findings (Krylov et al., 
2008) and contradicts with hypothesis of Darby (2008), who studied the composition of Fe 
oxide grains in the ACEX section and came to the conclusion that a significant amount of the 
IRD was derived from the northern Canadian islands and Ellesmere Island, with additional 
sources in the Eurasian Arctic. Three samples obtained from the bottom part of the ACEX 
borehole are most likely of local origin. 
The results of the roundness measurements, carried out on the ACEX pebbles, seem to be 
interesting since we can observe a general decrease in roundness from lithological subunit 1/6 
to 1/1. Of course, we can observe some local fluctuations (e.g., increase in the roundness in 
1/3 at 101-103 mbsf), however, the tendency is clear. What was the reason for the observed 
behavior? Ice which incorporated stones faster from the shore areas during the deposition of 
the younger sediments because the climate generally became colder with time? Or perhaps the 
reason was a long 26 million hiatus detected between 18.2 and 44.4 Ma, resulting in the 
dropstones coming into contact with active shallow-water environments? Or probably both 
mentioned factors occurred in the past. To solve this problem, additional studies are needed. 
 
Conclusion 
590 samples from different elevations of the central Arctic Ocean (Lomonosov Ridge, Alpha-
Mendeleev Ridge), as well as from possible source areas (Canadian Arctic Archipelago: 
Victoria Island, Barrow Strait between Somerset and Devon islands; Siberia; Kotelny Island) 
were studied during this project.  
The obtained results show that the main source for dropstones recovered from the Alpha-
Mendeleev Ridge was the platform area of the Canadian Arctic Archipelago. Most likely the 
stones were delivered from the source with icebergs during deglaciation epochs. In the case of 
the Lomonosov Ridge, coarse-grained material was delivered with coastal sea ice mainly from 
Siberian sources. It is assumed that these sources were fairly stable, which suggests the 
stability of the major systems of the ice circulation in the Arctic for a long geological time. 
The Beaufort Gyre in the Amerasian Basin existed for at least 300,000 years. Of course, scale, 
size, and intensity of the Beaufort Gyre fluctuated with time, but the overall trend remained 
similar to that observed in the present time. The transpolar drift appeared in the Miocene and 
was more or less stable for the past 13 million years, as was shown earlier (Krylov et al., 
2008). Of course, as in the previous case, the scale and intensity of this system changed over 
time, but the overall pattern remained close to the modern. 
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Introduction  
One of the main goals and objectives of the joint German-Russian expedition KuramBio 
(Kurile Kamchatka Biodiversity Study, 223 cruise of RV SONNE) was to study biodiversity 
and distribution of the deep-sea benthic fauna of the Kuril-Kamchatka Trench and the 
adjacent abyssal plain.  
Benthos was collected at 12 stations in depths of 4,830-5,780 m by the standard set of gears 
(camera-epibenthic sledge (C-EBS), Agassiz trawl, box-corer, MUC). The macrofauna 
sampled with the C-EBS was the most abundant and speciose component in the benthic fauna.  
In general, Polychaeta were the most abundant taxon in the sorted samples (33% of all 
individuals), followed by the crustacean superorder Peracarida (24%), which were dominated 
in species richness. Polychaeta and Peracarida are known to be dominant taxa in any deep-sea 
benthic communities (Hessler & Jumars, 1974; Brandt et al., 2013; Alalykina, 2013). Within 
the peracarids, the order Isopoda is the most important one (with the dominant family 
Munnopsidae) as well as Cumacea (Wilson, 1989; Lomakina, 1958; Malyutina & Brandt, 
2007). Therefore, the goals and objectives of the OSL-13-13 project were to investigate the 
biodiversity and distribution of these key macrobenthic groups of the KuramBio samples. M. 
Malyutina studies the dominant isopod family Munnopsidae, A. Lavrenteva Cumacea (subject 
of her PhD thesis) and I. Alalykina Polychaeta. The study is carried out in cooperation with 
German colleagues from the working group of A. Brandt from the Zoological Museum of 
Hamburg University. In 2013, the studied taxa were sorted, and then all available materials 
were indentified to family, genus and species level. The greater part of the sampled material 
had been sorted in the laboratory in Hamburg by September.  
The Kuril-Kamchatka Trench and the adjacent abyssal area was investigated in the past 
century during the RV VITYAZ expeditions in 1949, 1953 and 1966 (e.g., Zenkevitch, 1963; 
Levenstein, 1969; Belyaev, 1983, 1989). As a result of the previous investigations for the 
Kuril-Kamchatka Trench area, 36 species of Munnopsidae were known and about a third of 
all recorded isopods (Birstein, 1963, 1970, 1971). The order Cumacea has been much less 
studied and only 2 species have been described from this area till now. The fauna of Cumacea 
of the adjacent Japan Trench was studied in more detail with 14 described species (Gamo 
1984, 1985, 1987, 1988a,b, 1989). Since for Isopoda Birstein (1971) pointed out that the 
faunas of these neighboring trenches are very similar, it was planned to compare the 
cumaceans of the trenches. Several papers concerning some families of Polychaeta have been 
published from the VITYAZ abyssal materials. Ten new species, one new genus of 
phyllodocid Polychaeta and some worms from the family Polynoidae were described 
(Uschakov, 1958, 1972, 1982). Among the families Fauveliopsidae and Opheliidae, new and 
rare species were found (Levenstein, 1969, 1970a,b). In her review of data on deep-sea 
polychaete fauna of the Pacific, Levenstein (1969) mentioned 13 species inhabiting abyssal 
depths in the Kuril-Kamchatka Trench. 
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Results  
In the EBC samples of 12 stations, the order Isopoda was the dominant order within the 
superorder Peracarida (58% of all sampled peracarids), followed by Amphipoda (24%). The 
abundance of the order Cumacea was lower (9%) (Fig. 1). All sampled isopods besides a few 
specimens of the suborder Valvifera and the parasitic suborder Epicaridea belonged to the 
suborder Asellota, representing 11 primarily deep-sea families. Munnopsidae were the most 
abundant family (58% of all sampled isopod specimens), being the binding component of all 
macrofaunal communities at all sampled stations. From the checked samples 54 munnopsids 
species were identified. More than half of the species are considered as new for science. The 
preliminary analysis showed that 79 species (new and published data together) belong to 8 
subfamilies and not less than 22 genera. The dominant munnopsids subfamilies are 
Eurycopinae (Eurycope (10 species), Disconectes sp. (3), Dubinectes (1) Belonectes (1) and 
Tytthocope ? (1)), followed by Ilyarachninae (Ilyarachna (6), Echinozone (5), Aspidarachna 
(3)), Storthyngurinae (Rectisura (6), Vanhoeffenura (2), Microprotus (1)), Munnopsinae 
(Munnopsis (2), Paramunnopsis (2), Munnopsoides (1), Acanthamunnopsis (1)), Betamor-
phinae (Betamorpha (5)), Acanthocopinae (Acanthocope (3)), Syneurycopinae (Syneurycope 
(2)) and incertae sedis genera: Munneurycope (7), Munnopsurus (3), Munnicope (2).  

 
Fig. 1: Percentage of the ten most abundant classes (A) and the Peracarida (B) sorted from the C-EBS samples. 

 
The subfamily Lipomerinae (species of Lipomera (1 species), Coperonus (1) and Mimoco-
pelates (1)), found in the KuramBio material, was recorded for the North Pacific for the first 
time.  
Some species with unclear position between genera and even subfamilies have been found: 
“strange Eurycope”, “strange Munneurycope”, Munnopsurus-Tytthocope, Tytthocope-Mim-
ocopelates. 
In the studied samples 65 Cumacea species from 21 genera and 6 families were revealed 
(Fig. 2). The dominating families, collected at each station, are (Fig. 3): the most speciose 
family Nannastacidae (17 species, 216 specimens – Campylaspis (12 species), Styloptocuma 
(3 species), Procampylaspis and Platycuma (one species each)), Leuconidae, the most 
numerous family (410 specimens – Leucon (6 species), Hemileucon (2 species), Eudorella 
and Bytholeucon (one species each)), and the family Diastylidae (17 species, 268 specimens – 
Makrokylindrus (8 species), Diastylis and Leptostylis (four species each) and 
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Pseudoleptostyloides (1 species)). The family Bodotriidae is the smallest in terms of 
abundance (92) and of number of species: Bathycuma (6), Cyclaspoides (1), Atlantocuma (1). 
The family Lampropidae is represented most of all by singly found species (97 specimens of 
11 species from the genera Lamprops, Hemilamprops, Paralamprops, Mesolamprops, 
Bathylamprops and Platysympus). 

 
Fig. 2: The species diversity and abundance of cumaceans of the KuramBio 2012 expedition. 
 

 
Fig. 3: The most numerous cumaceans from the KuramBio expedition. 
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Three specimens, belonging to one species from the family Pseudocumatidae, was found. 
Before the KuramBio expedition only representatives of the genus Petalosarsia were 
collected in the north Pacific, but never found in depths of more than 3,000 m. The species 
belongs to a new genus, which we will describe in 2014. 
A preliminary analysis showed that about 80% of the cumaceans species are new to science. 
The descriptions of one new species of Cumacea from the genus Cyclaspoides and an adult 
male Bathycuma granulatum Gamo, 1989 from the family Bodotriidae unknown for science 
have already been prepared and will be published in the special volume of the journal “Deep-
Sea Research II” in 2014.  
In contrast to the high species endemism, almost every genus and all families are found in 
other regions of the World Ocean. From 14 cumaceans species described from the Japan 
Trench, 4 species were found in the Kuril-Kamchatka Trench. Except Paraleucon and 
Vemakylindrus, the other six genera known for the Japan Trench were recorded in the 
KuramBio material. From the 65 found species, 30% (19 species) were rare, occurring only at 
one station, which can indicate both a mosaic distribution and an insufficient covering of the 
studied area by stations. 
97 species of Polychaeta from 85 genera of 36 families were identified from the KuramBio 
samples collected by Agassiz trawl (AGT) and EBS. The results from the different gears are 
more or less similar in family-level diversity although some of them are represented with 
lower abundances or different diversity. The AGT with a mesh size of 1 cm seems to be the 
least effective gear to capture abyssal polychaetes (only 36 species from 34 genera and 20 
families were collected by AGT), however, some of these species, e.g., Nothria sp., 
Paradiopatra sp. (Onuphidae), and Rhodine sp. (Maldanidae), were collected only with this 
equipment. The most abundant species there were tube-building worms of the families 
Oweniidae and Onuphidae. The most speciose families are Ampharetidae (10 species), 
Spaerodoridae (8) and Maldanidae (6).  
The most diverse and abundant polychaete samples were obtained with the C-EBS. In the 
EBS samples, about 90 species from 80 genera of 36 families have been found. The most 
abundant species were from the families Fauveliopsidae (727 ind.), Spionidae (150 ind.), and 
Ampharetidae (113). Some of the sampled species are new for science. The most interesting 
genera are Macellicephala (Polynoidae), Laubieriopsis and Fauveliopsis (Fauveliopsidae), 
which include mainly bathyal and abyssal species. Little is known about these carnivorous 
and detritus-feeding species. Most fauveliopsids are worms less than 2 cm long, free-living or 
inhabiting the empty shells of scaphopod or gastropod molluscs, or the tubes of the sand-
agglutinating foraminiferans Bathysiphon.  
 
Conclusion 
The taxonomical composition of the faunas of the studied taxa and their distribution have 
were analyzed on the basis of part of the samples, but it is already clear that the number of 
collected species is several times higher than the number of species that were known before 
the KuramBio expedition. It was revealed that the fauna of the isopod family Munnopsidae of 
the Kuril-Kamchatka Trench area consists of not less than 79 species, the order Cumacea of 
not less than 65 species and the class of Polycheata of not less than 97 species. Most of the 
species of the sampled fauna are new for science. The results of the current work on the pro-
ject were submitted as extended abstracts for Proceedings of the Russian-German Workshop 
on Future Vision II – Deep-Sea Investigations in the Northwestern Pacific in Vladivostok on 
September 6-12, 2013 and were presented in the talks during the workshop. The main results 
will be published in a special KuramBio volume of Deep-Sea Research Part II in 2014. 
The descriptions of a new cumacean species of the genus Cyclaspoides, of an unknown male 
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of the species Bathycuma granulatum Gamo, 1989 and of isopods species of the genus 
Microcope are being prepared for publication according to the modern standard taxonomic 
procedure for these groups. The descriptions of the new species and some rare known species 
will shed light on some problematic points of the systematic and phylogenetic system of the 
studied taxa.  
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Introduction  
The routes and mechanisms by which heavy metals are delivered to the Arctic are strongly 
influenced by climate variability and global climate change (Macdonald et al., 2005). The 
other issue of primary scientific and socio-economic interest is the anthropogenic load. The 
metal load in the aquatic ecosystems has negative effects on the biota’s life patterns. Some 
heavy metals (Нg, Cd, Pb, Zn, Cu, Sb, Ni, etc.) are the most dangerous contaminants, having 
negative effects comparable to the effects of persistent organic pollutants and radionuclides. 
The aquatic organisms and sediments are among the most popular objects of biological 
monitoring of the load according to the bioaccumulation rates of the pollutants (Blackmore et 
al., 1998). Various groups of aquatic inhabitants are used in environmental monitoring. These 
objects show various reactions to certain pollutants due to their different bioavailability and 
bioaccumulation rates (Matishov et al., 2008). Investigations on these primarily important 
rates within the pristine environment are essential to understand the basic scheme, its further 
possible changes, and, finally, the global effect on the sub-Arctic biogeochemical system due 
to recent climate change.  
 
Scientific background 
In aquatic ecosystems, the accumulation and release rates of heavy metals and radionuclides 
are affected by both the geochemical features of the different metals and the peculiarities of 
the ecosystem components (species-specific or media-specific characteristics). It was found 
that the different groups of the organisms, inhabiting the White Sea, accumulate the elements 
differently. These are amphipods (Hyperiidae, carnivorous zooplankton species) and some 
benthic forms: macroalgae (Laminaria spp., Fucus vesiculosus, Zostera marina, Ahnfeltia 
plicata), sponges, and the bivalve mollusk Mytilus edulis. Macroalgae tend to accumulate Fe 
and Mn in an order of magnitude higher than is observed for the other organisms. Copper has 
the most affinity to form metalloorganic compounds (Ahalya et al., 2003), and that is why a 
high concentration of this metal was observed in several types of organisms: the red algae A. 
plicata, crustacean zooplankton, and in the amphipods. The latter species also actively 
accumulates Сd and Hg. Sponges tend to accumulate As. Despite elevated values of these 
elements in the studied organisms, these accumulation rates refer to a pristine environment 
(Demina et al., 2009). 
Studies of the snow and ice cover in the Arctic region are essential for better understanding 
the particle transport through the ecosystem and the processes that occur during ice formation 
(Goto-Azuma et al., 1995; Caritat et al., 2005). Atmospheric aerosol particles can significant-
ly influence the climate system. Analyses of observations and observation-based modelling 
data reveal that biogenic aerosol emissions soar in response to warming, exerting a cooling 
effect in a negative feedback loop (Paasonen et al., 2013). Particulate matter and trace 
elements in snow are extremely important and can change the characteristics and properties of 
the snow, such as the albedo and the resulting radiation balance or its chemistry (Hansen & 
Nazarenko, 2004).  
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Usually studies on the metal bioaccumulation are carried out for the total organism without 
any consideration of different tissues. However, in mollusks the shells usually comprise more 
biomass and are the substrate for different types of accumulation, both biological (bio-
mineralization) and physical and chemical (absorption) processes (Demina et al., 2009). We 
hypothesize that the heavy metals’ effects in the ecosystems depend significantly on certain 
ecosystem component and metal features (i.e., metal-specific and species/media/tissue-
specific accumulation and release rates). 
 
Goals and objectives of the project 
The major objective of the present project was to estimate the pathways of the metal load in 
sub-Arctic marine ecosystems. The goals of the project include: 
• measuring the concentrations of the heavy metals in different compounds of the food web 

– from particulate organic matter and phytoplankton through zooplankton to pellets, fish, 
benthos, and sediments; 

• studying the accumulation and release rates of major pollutants (heavy metals) through 
several key pathways of the ecosystem, including seston (=phytoplankton), zooplankton 
(copepod species), blue mussels, and sea stars with experiments;  

• numerical assessment of the fluxes of the heavy metals through the ecosystem. 
 
Research activities  
 
Approach 
The project was carried out both in the field (the White Sea expedition) and in the laboratory 
(OSL, AWI, Zoological Institute RAS, P.P. Shirshov Institute of Oceanology RAS):  
• the expedition to the White Sea in March 2013 allowed sampling the abiotic components 

of the White Sea ecosystem for the winter period. Several types of analyses were applied, 
including assessing the elemental composition (analytical chemistry), the particle 
composition (scanning electron microscope), and the metal composition (ion-plasma); 

• the samples of the biota, obtained during the previous years in the White Sea, were 
analyzed for the elemental composition and the heavy metal concentrations. The full range 
of the food-web elements were studied, from the producers (phytoplankton of different size 
classes, 0-20 um, 20-100 um, and 100-200 um) to higher trophic levels, including 
zooplankton (herbivorous and predators), planktivorous and benthic-feeding fish species, 
bivalves and sea stars. The deposition concentrations of the heavy metals were assessed for 
the soft bottom sediments; 

• the experiments on accumulation rates of some heavy metals within the White Sea food 
web was performed during the summer period of 2013 using the key species of 
zooplankton and benthic organisms. 

All the listed activities resulted in the assessment of the transport of the studied elements 
through the marine ecosystem, including both abiotic (precipitation, water, bottom sediments) 
and biotic (biota, faecal pellets) compounds. 
 
Accomplishments 
The expedition to the White Sea in March 2013 allowed sampling a series of the abiotic 
elements of the ecosystem (snow, ice, under-ice water). These samples were processed for the 
elemental composition (OSL, St. Petersburg). Elemental composition analysis was applied for 
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the filtrated sample to understand the concentration of dissolved elements, bulk composition 
of particulate matter on filters and the composition of each particle using scanning electron 
microscopy (AWI, Bremerhaven).  
Five-day backward trajectories were calculated using the Hybrid Single Particle Lagrangian 
Integrated Trajectory Model with isobaric surfaces of 925, 850 and 700 hPa (http://ready.arl. 
noaa.gov/HYSPLIT.php) (Fig. 1).  

 
Fig. 1: Backward trajectories of air mass transport to the studied area. 
 
The vertical fluxes were calculated according to the formula: 

F=C*d*V/S/T 
where C is the concentration of particulate matter (mg/l), d the density (kg/l), S the square 
(m2), and T the days. 
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Experiments, aimed at tracking the transport of the heavy metals through particular 
components through the food chains, were carried out at the White Sea Biological Station in 
June-July 2013. Two food chains were tested, the "sestonàzooplanktonàfaecal pellets" and 
"blue musselsàsea stars". The exposition was 120 hours for the first, and 21 days for the 
secon food chaind. The temperature and light regimes were close to natural. 
The concentrations of the heavy metals were measured with two methods in accordance to the 
method sensitivity: (1) inductively coupled plasma mass spectrometry for Cr, Co, Ni, Cu, Se, 
Cd, and Hg, and (2) atomic-absorption spectrometry for Zn, Fe, Mn, As*. The analyses were 
performed at the P.P. Shirshov Institute of Oceanology, Moscow. These data allow us to 
further calculate the coefficient of concentration of the studied elements in the components of 
the food web. After the experimental approach, the assessing of the accumulation rates (i.e, 
the coefficient of concentration in regard to the time unit) is possible. 
 
Results  
Particulate matter (PM) consists mostly of plant fibers, diatom valves, and mineral grains 
(Fig. 2). These fibers can be transported by wind to the distance of hundreds of kilometers, 
and their presence in ice testifies that th respective layer was formed as a result of freezing of 
melted snow. The upper segments of ice cores contain anthropogenic fly ash in minor 
concentrations and plant fibers up to several micrometers long. Medium-grain particles are 
characterized by the presence of the algae spores, which can be incorporated into the ice 
flakes during the freezing process. Biogenous particles (mostly diatoms) were found en masse 
in the bottom layer of the ice cores, which is common for the diatoms living at the ice-water 
interface (Fig. 3a). The concentrations of particulate matter in snow varied from 0.046 to 
0.182 mg/l (0.070 mg/l on average), in the ice from 0.08 to 0.23 mg/l (0.16 mg/l on average), 
and in under-ice water from 0.13 to 0.18 mg/l (0.16 mg/l on average) (Fig. 3b). PM 
concentration is very low in the samples. PM consists of plant fibres, diatom valves, mineral 
grains and small anthropogenic particles. Our data fall into the range observed in high Arctic 
regions, for example, by AIDJEX (Arctic Ice Dynamics Joint Experiment; Darby et al., 1974), 
where the concentration of PM in snow was 0.36 mg/l, 0.33 mg/l in the Central Arctic and 
0.15 mg/l in the East Siberian Sea (Goryunova, 2010). The vertical flux of PM in the Kartesh 
region during March 2013 was 0.14 mg/m2/day, which is significantly lower than in 
Barentsburg and its vicinity (61 mg/m2/day; Goryunova, 2010), in the Svalbard region (36 
mg/m2/day; Goryunova, 2010) and even in the Central Arctic (1.71 mg/m2/day; Shevchenko, 
2006). 
Several groups of organisms have been studied in the White Sea by now: crustacean 
zooplankton (Calanus glacialis – herbivore; consumers of primary production), the 
chaetognath Sаgitta elegans (carnivorous zooplankton species), as well as some components 
of the environment – seston, faecal pellets, and sediments. As it recent studies have shown, 
different organisms concentrate various metals to a different extent. The large carnivorous 
zooplankton species, chaetognath S. elegans, carries a significant amount of Zn and Pb (Fig. 
4). Such variability is explained by both the different geochemical properties of metals and 
the biological peculiarities of the acceptor organisms (Fraenzle et al., 2007). Although the 
concentrations of the elements were higher than expected, these rates refer to a pristine 
environment (Philips, 1977).  
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Fig. 2: Major particle types found in snow, ice, and under-ice water (Cape Kartesh, White Sea, March 2013): A, 
B – terrigenous particles; C, D – anthropogenous particles; E, F – biogenous particles. 
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Fig. 3: Particulate matter composition of the snow, sea ice, and under-ice water (Cape Kartesh, White Sea, 
March 2013): A – particle composition analyzed with scannin electron microscopy; B – concentration of bulk 
particulate matter, dry weight units. 
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Fig. 4: Concentrations of toxic elements in seston, zooplankton, faecal pellets, and bottom sediments (Cape 
Kartesh, White Sea). Please pay attention to the different scales of the Y-axis. 
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The transport and accumulation of the metals was studied for the food chain 
"sestonàzooplanktonàpellets". When analyzing the seston and zooplankton sampled in 
vicinity of the Chupa settlements ("polluted area"), elevated concentrations of most of the 
elements (except Zn and Cd) were found. When the "pristine" zooplankton, sampled close to 
Cape Kartesh ("pristine" area), was fed with the seston sampled at Chupa settlement, an 
obvious accumulation of Cr and Ni was observed in comparison to the control treatment 
(Table 1). These metals were then released with the faecal pellets, but to a lesser extent than it 
was accumulated in the zooplankton bodies. The metals most accumulated in both areas were 
Cr, Ni, Co and Mn, but surprisingly As was the least accumulated. 
The transport of the elements through the benthic system "musselsàsea stars" differed from 
the pattern observed for the pelagic system. The mussels, sampled in the "polluted" area, were 
enriched in Zn, Mn, and Co. However, the accumulation of Ni and Cd depended mostly on 
the size (age) of the mollusks rather than on the sampling site. The sea stars tended to 
accumulate Mn and Zn. The concentrations of the other elements fell into the range observed 
for the mussels at both sites. In addition, the sea stars were characterized by even lower 
concentrations of Cu, Se, and As compared to their food objects (mussels). 
 
Conclusion  
The qualitative and quantitative composition of aerosols and PM in snow in the studied region 
is comparable to "clean" Arctic regions. Ice works as a “pump” in the Arctic during ice 
formation and its further ageing. Ice collects PM from under-ice water (in the bottom layer) 
and from the atmosphere during freezing of snow on the upper layer of the ice.  
The concentrations of the studied elements in seston, zooplankton organisms, their pellets, 
and bottom sediments do not exceed the maximal concentration limit or quarks, so we 
conclude that the study area is a pristine environment. In the studied food chains, the 
accumulation of Fe, Zn, Mn, and some other biologically active elements depended on the 
species-specific and size-specific features rather than on the concentration of the studied 
elements in the food objects and environment.  
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Introduction 
 
Scientific background  
The wind-forced Laptev Sea polynya is considered as one of the most significant sites of net 
ice production in the Arctic Ocean and as a key element of the Laptev Sea environmental 
system with a high level of biological activity and significant contribution to primary pro-
duction (e.g., Zakharov, 1996; Kassens et al., 1999, 2009; Gukov, 1999; Lovejoy et al., 2002). 
Recent biological data, collected during the TRANSDRIFT XIII (2008) and TRANSDRIFT 
XV (2009) expeditions to the Western New Siberian coastal polynya within the framework of 
the Laptev Sea System Polynya project, revealed the regional peculiarities in species compo-
sition and productivity of sea-ice algal communities and ice-edge phytoplankton in the Laptev 
Sea polynya in spring. According to our data the phytoplankton bloom under the ice started in 
the Laptev Sea polynya region already in April. The main goal of our current research was to 
obtain more information about the question whether there is really a drastic trend in spring 
phytoplankton bloom in connection with regional climate shifts as well as range shifts and 
changes in the period of peak biomass on the Laptev Sea shelf (TRANSDRIFT XX 
expedition, March 19-April 24, 2012; Fig. 1). 
 
Goals and objectives 
The researches are a contribution to the joint Russian-German project "Laptev Sea System". 
The main goals of our project were:  
• to establish the peculiarity in species composition and productivity of sea-ice algal 

communities and ice-edge phytoplankton in the Laptev Sea polynya area and under fast-ice 
conditions during the spring;   

• to reveal the dynamics and time-scale of the spring sea-ice algae and phytoplankton bloom 
and its dependency on the environmental changes.    

To meet these goals successfully the following objectives were set:  
• to carry out investigations of species composition, abundances and biomass of phytoplank-

ton from the different layers of the water column in samples, obtained during the TRANS-
DRIFT XX expedition to the region north- and eastward of the Lena Delta in spring 2012; 

• to study the distribution of microalgae (species composition, abundances and biomass) in 
the ice cores, obtained during the TRANSDRIFT XX expedition and to estimate the 
possible influence of ice algae onto the spring phytoplankton bloom; 

• to compare the species composition of spring phytoplankton communities, and the contri-
bution of different algal groups and species to phytoplankton biomass in the Western New 
Siberian coastal polynya during the time of observations, and its dependency on the the 
major hydrological parameters and climatic conditions. 
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Fig.1: Location of stations sampled during the TRANSDRIFT XX expedition in 2012 (satellite data were 
provided by T. Krumpen). 

 
 
Research activities 
Our research activities were carried out according to the project plan and focused on the 
researches of spring phytoplankton and sea-ice samples collected between March 26 and 
April 19, 2012 during TRANSDRIFT XX to the southern Laptev Sea.   
 
Approach 
To implement the above outlined tasks we applied the following biological and 
hydrochemical methods. During the TRANSDIFT XX expedition, sea-ice cores and 
phytoplankton samples were obtained at 7 stations north- and eastward of the Lena Delta. 
Microalgae were studied in 28 water samples, 90 sea-ice samples and 10 net samples. Water 
samples of 1 liter each were collected with a Niskin water sampler at standard water depths 
(2 m, 5 m, 10 m, 15 m … under the ice and near the seafloor) and were poured into plastic 
bottles. Ice samples (every 10 cm of ice cores) were melted in excess of filtered sea water in 
dark laboratory at a temperature not higher that 4°C. The water samples were filtered through 
nuclear pore filters (1 micron pore size) by I. Kryukova. After that the filters were put in 
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plastic bottles and fixed with neutralized formalin to a final concentration of 4%. Material for 
phytoplankton investigation was also collected with an Apstein net having a diameter of 20 
cm and a mesh size of 20 µm. The samples were taken from the water column between the 
surface layer under the ice and the pycnocline as indicated by the respective CTD-cast 
performed before sampling, and between the surface layer and the seafloor. Samples were 
poured into plastic bottles and fixed with neutralized formalin to a final concentration of 4%. 
Further processing of all samples was carried out at the Laboratory of Pleistocene 
Paleogeography of the Geographical Faculty of the Lomonosov Moscow State University by 
the participants of this project. The enumeration of algae taxa was done by standard (non-
inverted) light microscope at 200x-400x magnification in a 0.05-ml counting chamber. The 
biovolume of the algae was calculated from the volumes of appropriate stereometrical bodies 
(Hillebrand et al., 1999). Carbon contents per cell were calculated with formulas provided by 
Menden-Deuer and Lessard (2000). Microalgae records were compared to the results of 
measurements of salinity, nutrients, and dissolved-oxygen concentrations, and chlorophyll a 
analyses, which were carried out for the same stations and samples. 
 
Accomplishments 
According to the working plan, microalgae were studied in 28 water samples, 90 sea-ice 
samples and 10 net samples, collected during the TRANSDRIFT XX expedition to the 
southern Laptev Sea in spring 2012. The results of the study were then calculated to the total 
number of cells in the water samples and algal biomass, and the relative abundances of the 
main algal classes and ecological groups.  
 
Results 
 
Northern stations  
Repeated measurements and sampling of sea-ice and phytoplankton at the northern stations 
were carried out on March 26 (St. 12 01), April 10 (St. 12 06), and April 17 (St. 12 09). These 
stations are located north of the Lena Delta, in the vicinity of the Tumatskaya Channel, within 
the southernmost part of the Laptev Sea winter polynya. The length of the sampled sea-ice 
cores varied between 70 and 90 cm, and the maximum water depth for the collected 
phytoplankton samples reached 17 m.  
In the studied sea-ice cores, maximum abundances of algae cells were restricted to the lower-
most 10 cm of the cores, where algae abundances ranged from 4,326 to 18,869 cells/ml. The 
highest total number of algae (18,869 cells/ml) and the value of biomass (1,212,149 µg C/ml) 
was found at the end of the observations on April 17 (St. 12 09). Upward in the sea-ice cores, 
algae cells occurred almost in every studied sample, their total abundances and biomass, 
however, sharply decreased in all studied sea-ice cores (Figs. 2, 3), and did not exceed 388 
cells/ml and 15,343 µg C/ml (St. 12 09). The microalgae assemblages from the sea-ice cores 
are represented mostly by diatoms (up to 100% of total abundances), which are dominated by 
sea-ice species: Fragilariopsis oceanica, F. cylindrus, Pauliella taeniata, Navicula 
septentrionalis, N. vanhoeffenii, Nitzschia frigida, N. neofrigida, Haslea vitrea, and Fossula 
arctica. Marine planktic cold-water diatoms (Thalassiosira nordenskioeldii, T. antarctica) 
occurred sporadically throughout the ice-core sections. 
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Fig. 2: Algal abundances in the sea-ice cores from the southern Laptev Sea in spring 2012. 
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Fig. 3: Algal biomass in the sea-ice cores from the southern Laptev Sea in spring 2012. 
 
Ice-edge phytoplankton samples were collected at stations 12 02 06 and 12 02 09 with a 
Niskin water sampler at standard water depth (2 m, 5 m, 10 m ... under the ice and near the 
bottom), and at stations 12 02 01, 12 02 06 and 12 02 09 with a ring net. The total algal 
abundances in the water samples ranged from single cells per ml to 595 cells/ml, and total 
biomass reached 22,692 µg/ml. This is lower than the algal abundances and biomass observed 
in the sea-ice bottom communities of the same stations. The maximum abundances of algae 
and their biomass were confined to the upper 2-5 m water depth, and sharply decreased below 
10 m (Figs. 2, 3). The ice-edge phytoplankton communities were dominated by the sea-ice 
group of diatoms, in species composition similar to sea-ice bottom assemblages (Pauliella 
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taeniata, Fragilariopsis oceanica, Navicula septentrionalis, Nitzschia frigida, Melosira 
arctica, and others). Single cells of dinoflagellates (Dinophysis acuta, Alexandrium 
ostenfeldii, A.tamatense, Prorocentrum lima, P. minimum, Gymnodinium sp., Gonyaulax 
digitale) occurred sporadically in the samples obtained mainly below 10 m water depth and in 
the net samples.   
 
Central stations  
Measurements and sampling of sea-ice and phytoplankton at the Central stations were carried 
out on March 27 (St. 12 02) and April 12 (St. 12 07). These stations are located northeastward 
of the Lena Delta under fast-ice conditions. The length of the sampled sea-ice cores was by 
two times longer than at Station North and comprised 135 and 180 cm, respectively. The 
characteristic feature of the Station 12 07 is an abundant particle entrainment into the bottom 
40 cm of sea-ice in the core 12 07. The maximum water depth for collected phytoplankton 
samples reached 25 m.  
The highest abundances of algae cells in the sea-ice samples were observed in the bottom part 
of the cores at approximately 0-70 cm, and reached 71-33 cells/ml. The total algal biomass in 
these sea-ice samples reached 17,647 µg C/ml, which was by 70 times lower than the maxi-
mal algal biomass in the sea ice from the Northern stations (Fig. 3). Microalgae assemblages 
from the Central sea-ice cores are represented mainly by diatoms (up to 100% of total 
abundances), which  are dominated by sea-ice species: Entomoneis kjelmanii, Pauliella 
taeniata, Navicula vanhoeffenii, Fragilariopsis oceanica, F. cylindrus, Nitzschia frigida, N. 
neofrigida, Haslea vitrea, Pseudogomphonema arctica, and Fossula arctica.   
Marine planktic cold-water diatoms (Thalassiosira nordenskioeldii, T. hyperborean, Chaeto-
ceros sp.) as well as freshwater species (Asterionella formosa, Cymbella affinis, Aulacoseira 
islandica, A. italica, Surirella ovata and others) occurred sporadically throughout the ice-core 
sections. The latter are most abundant and taxonomically diverse at the Station 12 07. Single 
cells of dinoflagellates (Dictyocha speculum, Protoperidinium bipes, Alexandrium ostenfeldii, 
Prorocentrum gracile) were recorded in several ice samples.  
Phytoplankton samples at the Central stations under fast-ice conditions were collected at 
stations 12 02 (March 27) and 12 07 (April 12) with a Niskin water sampler at standard water 
depths (2 m, 5 m, 10 m ... under the ice and near the bottom) and with a ring net. The total 
algal abundances and biomass in the water column at the Central stations were very low. At 
Station 12 02, the total number of algae cells did not exceed 0.2 cells/ml in most of the 
studied water samples. Only in the upper 0-10 m water layer algal abundances varied between 
0.2 and 0.5 cells/ml and total algal biomass reached 222-550 µg/ml. Repeated measurements 
and sampling of phytoplankton at the Central Station carried out on April 12 (St. 12 07) 
revealed an increase in algal biomass in the upper 0-15 m water column (up to 2,305 µg/ml). 
In the studied net samples, algal biomass was also low: the biomass values were 33.5 µg/ml 
(net 22-0 m) and 215 µg/ml (net 6-0 m) at Station 12 02, and at Station 12 07 total biomass 
values were 1.46 µg/ml (net 0-23 m) and 47.7 (0-6 m).  
On the whole, the species composition of the phytoplankton communities was similar to the 
bottom sea-ice communities at the Central stations. The predominant species belong to the 
group of sea-ice diatoms along with cold-water marine planktic diatoms (Fragilariopsis ocea-
nica. Pauliella taeniata. Melosira arctica. Thalassiosira nordenskoildii. Rhizosolenia hebeta-
ta. Thalassiosira hyperborea, Cylindrotheca closterium, Entomoneis kjelmanii, Nitzschia 
frigida, Haslea vitrea) and riverine freshwater species (Aulacoseira italica, A. islandica). The 
recorded dinoflagellates are represented mainly by cold-water heterotrophic species (Dino-
physis acuminate, Protoperidinium ovatum, Dinophysis acuminata, Dinophysis norvegica, 
Peridiniella catenata), which are more abundant and taxonomically divers in the net samples. 
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Southern stations 
The Southern stations are located east of the Lena Delta, in the vicinity of the Trofimovskaya 
Channel within the southernmost part of the Laptev Sea under fast-ice conditions (Fig. 1). 
Repeated measurements and sampling of sea-ice and phytoplankton were carried out on April 
4 (St. 12 05) and April 19 (St. 12 10). The length of the sampled sea-ice cores was approxi-
mately 170 cm at both stations, and the maximum water depth for the collected phytoplankton 
samples reached 10 m. The results of the core study revealed extremely low concentrations of 
algae cells in the sea-ice samples, which amount together to less than 5 cells/ml and 500 µg 
C/ml. The maximum value of algal biomass (up to 2,114 µg C/ml) was observed in the 
lowermost bottom layer (0-10 cm) of the ice core from Station 12 10 (Figs. 2, 3), and in the 
upper core section, algae cells are rather rare. The bottom sea-ice assemblages from this core 
are composed of the diatoms Nitzschia frigida, N.neofrigida, N. acrtica, N. promare, Fra-
gilariopsis oceanica, F. cylindrus, Navicula vanhoeffenii, and Stenoneis inconspicua, which 
are typical sea-ice species.  
In contrast to Station 12 10, the algae-distribution patterns in the sea-ice core from Station 
12 05 are quite different. Algae cells occurred almost in each of the studied sea-ice samples 
and their total biomass varied between 46 and 840 µg C/ml. Sea-ice diatom species (Nitzschia 
frigida, N. neofrigida, N. promare, Pauliella taeniata, Fragilariopsis oceanica, Entomoneis 
kjelmanii, Haslea vitrea, Navicula vanhoeffenii) dominated throughout the core section. 
Single cells of marine planktic diatoms (Thalassiosira nordenskioeldii, T. antarctica, T. 
hyperborea) and freshwater riverine diatoms were recorded in most of the studied samples.  
Phytoplankton samples at the Southern stations under fast-ice conditions were collected at 
Stations 12 05 (April 4) and 12 10 (April 19) with a Niskin water sampler at standard water 
depths (2 m, 5 m, 9-10 m under the ice) and with a ring net. The total algal abundances and 
biomass in the water column in the southern region under fast-ice conditions were extremely 
low at both studied stations. The total number of algae cells varied between 0.2 cells/ml and 
0.8 cells/m in the studied water samples throughout the water column. The identified algae 
cells belong to sea-ice diatoms (Navicula septentrionalis, Nitzschia frigida, Fossula arctica 
and others) and heterotrophic dinoflagellates (Protoperidinium pallidum, Dinophysis 
acuminate and others). 
 
Conclusions 
The results of our study of the sea-ice cores and phytoplankton samples, collected during the 
Russian-German TRANSDRIFT XX expedition to the southern Laptev Sea in the early spring 
of 2012, allowed us to establish the major regularities in algae species composition, abun-
dances and biomass as depending on sea-ice conditions and the time-scale of biological 
processes at the beginning of the vegetative period in the Arctic seas.   
Repeated measurements and sampling of sea ice and phytoplankton were carried out at three 
stations – Northern, Central and Southern (Fig. 1)  – during the time interval March 26-April 
19. The results of the microalgae study revealed that diatoms, represented mainly by sea-ice 
species (Nitzschia frigida, N. neofrigida, N. promare, Pauliella taeniata, Fragilariopsis 
oceanica, Entomoneis kjelmanii, Haslea vitrea, Navicula vanhoeffenii and others) are the 
predominant group of algae both in the sea-ice communities and phytoplankton in the Laptev 
Sea during the time of observation. Marine cold-water planktic species (Thalassiosira 
nordenskioeldii, T. antarctica, T. hyperborea) and freshwater riverine species (Asterionella 
formosa, Aulacoseira granulate, A. italica) occurred sporadically both in the sea-ice samples 
and phytoplankton. Single cells of heterotrophic dinoflagellates (Protoperidinium pallidum, 
P. ovatum, Dinophysis acuminata, D. norvegica, Peridiniella catenata) were reported mainly 
in the phytoplankton communities.   
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Detailed investigations of microalgae allowed us to infer the distinctive regional features of 
algae assemblages and their development during the time of observation. At the Northern 
stations located in the southernmost part of the Laptev Sea polynya, in the vicinity of the Lena 
River Delta, the thickness of the sea ice was relatively low (70-90 cm). Sea-ice bottom diatom 
communities are characterized by the greatest algal abundances and biomass, which gradually 
increased during the observation period and reached the maximum at the end of this period 
(April 17.04): the total number of algae was up to 18,869 cells/ml and the value of biomass up 
to 1,212,149 µg C/ml. The Central and Southern stations are located east of the Lena Delta 
under fast-ice conditions. The thickness of the obtained sea-ice cores from these stations in 
March 27-April 19 ranged between 170 and 190 cm, which was by more than two times larger 
than at the North stations. In comparison with the Northern stations, the sea-ice bottom 
diatom communities were less abundant and productive. The total algal abundances did not 
exceed 70 cells/ml, and the total biomass value reached 17,647 µg C/ml, which was by 70 
times lower than the maximal algal biomass defined in the sea ice from the polynya area 
(Northern stations).   
Concentrations of microalgae in the ice-edge and sub-ice water column were extremely low. 
The highest abundances and biomass of algae were restricted to the upper 2-10 m of the water 
column and reached their maximum (up to 5,600 cells/ml and 432,760 µg C/ml) in the 
polynya area at the Northern station. At the Central and Southern stations under fast-ice 
conditions in the water column total algal abundances did not exceed 1 cell/ml and algal 
biomass was usually less than 222-550 µg/ml.  
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Introduction  
 
Scientific background  
Establishing precise correlations between disparate paleoenvironmental records is important 
for understanding the spatial complexity and mechanisms of past climatic changes. Tephra 
(volcanic ash) is one of the main tools used to correlate different sites with remarkable 
precision and reliability. During large explosive eruptions, tephra is transported over land and 
sea, and settles covering areas of millions of square kilometers with a blanket of thin ash, and 
in this way directly linking various depositional successions. Studies of cryptotephra 
(scattered volcanic glass shards which do not form a visible layer) permit to extend the tephra 
horizon over a still larger area, thus enhancing its potential as a correlation tool. Some tephras 
have been recently found at distances of more than 8,000 km from their source (Jensen et al., 
2012), which attests to the potential of tephra for correlation of distant sites.  
A tephra layer, therefore, works as an isochrone even if its age is not known, permitting 
synchronization of distal paleoenvironmental archives (e.g., Davies et al., 2008). Once dated 
at one site, a tephra layer provides an opportunity to transfer this date to all the sections where 
it has been identified with the help of geochemical fingerprinting. One more benefit of tephra 
research is that marine-terrestrial correlations of 14C-dated ash layers permit assessing the 
reservoir age and reservoir correction values for different parts of the global ocean and for 
different time intervals (e.g., Ascough et al., 2004).  
In addition, both visible or cryptotephra layers in the marine cores signal large explosive 
eruptions, many of which cannot be identified in the terrestrial deposits because of erosion. 
Long-distance correlations of tephra layers permit the re-evaluation of the eruptive volumes 
and magma output estimated earlier based on terrestrial deposits. 
 
Goals and objectives of the project 
Our interdisciplinary project is focused on geochemical fingerprinting of the Quaternary 
tephra layers, detected thus far in the northwestern Asian mainland, and the correlation of 
these to sources in Kamchatka and to the marine cores from the Arctic and northwest Pacific 
seas. Because of the aeolian density separation of tephra during its transportation, distal tephra 
is dominated by low-density volcanic glass and has a subordinate amount of mineral grains. 
Tephra samples are characterized with the help of EMPA (Electron Microprobe Analysis) and 
single-shard LA-ICP-MS (Laser Ablation Inductively Coupled Plasma Mass Spectrometry) 
analyses of volcanic glass and minerals. These data are compared to the extensive database of 
tephra compositions from proximal volcanic deposits and marine cores around the Kurile-
Kamchatka volcanic arc obtained under the KALMAR project and projects funded by the 
Russian Foundation for Basic Research. Integration of tephras into the paleoclimate research 
will help to correlate and date distant paleoclimate archives and analyze a potential link 
between volcanism and climate change. A complementary aspect of this study is that it will 
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allow us to evaluate eruptive volumes and areas of ash dispersal for a number of large 
eruptions and thus contribute to the global record of explosive volcanism.  
 
Research activities  
 
Approach 
During the past year (2013) we have performed the following research actitivities. 
 
Sampling and sample preparation 
We met with oceanologists from GEOMAR (Germany), the Institute of Oceanology 
(Moscow), Moscow State University, and the Byrd Polar Research Center (USA), who were 
very responsive and shared their samples. In addition, V. Ponomareva gave talks in the 
Institute of Oceanology and Geological Institute (Moscow) explaining the significance of 
cryptotephra, which might be present in different deposits virtually in any place of the globe. 
Thanks to these meetings and talks we have obtained a suite of important terrestrial and 
marine samples from northeast Asia including those from the Vilyui and Kolyma rivers as 
well as from Laptev, Chukchi, Bering and Okhotsk sea cores. In addition, V. Ponomareva met 
with M. Melles and his colleagues in Cologne University (Germany) and negotiated studies of 
cryptotephra from the Lake El’gygytgyn core (East Russian Arctic). 
Then we picked glass shards from 115 samples from the terrestrial tephra deposits in 
Kamchatka and the northeastern Asian mainland, and from several marine cores from the 
Okhotsk, Bering and Chukchi seas. The terrestrial samples from Kamchatka were both distal 
ash layers and ignimbrites representative of proximal deposits of caldera-forming eruptions. 
The terrestrial samples from the Magadan area and the eastern Russian Arctic were fine to 
very fine distal ash. The samples from visible tephra layers in the eastern Asian Arctic 
included samples from the Lake El’gygytgyn core, Arctic coast and Maly Vilyui River. In the 
marine cores from the NW Pacific seas, we did not study the visible tephra layers (which ha 
been analyzed already by A. Derkachev and M. Portnyagin) but cryptotephra in the attempt to 
build a more dense tephrochronological framework for the marine sediments. In the Chukchi 
Sea core, no visible ash layers were present so we studied cryptotephra only. 
For terrestrial samples, the procedure of glass separation was tested during works within the 
framework of the KALMAR project. For the marine samples, the challenge was to identify 
sediment layers enriched in volcanic glass, so we had to elaborate an efficient method for 
identification and sampling of glass from the coarse and fine marine sediments. We started 
from 125-to-63-µm and <63-µm sieved fractions of sediments from the Bering and Okhotsk 
seas prepared for micropaleontological analysis and IRD (ice-rafted debris) studies by N. 
Bubenshchikova and E. Ovsepyan. Sixty samples from the marine cores were examined for 
volcanic glasses using Olympus optical microscopes in the OSL and Vernadsky Institute 
(GEOKHI). Scattered shards of volcanic glass were found in c. 35 samples of the marine 
sediments from the Bering and Okhotsk seas. High-resolution imaging of the selected tephras 
was done in the OSL.  
Our next step was to work on non-sieved very fine marine sediments of the core from the 
Chukchi Sea. We used the technique used by the marine tephrochronologists in the Atlantic 
domain (e.g., Abbott et al., 2011) and were able to find shards of volcanic glass in all the 36 
sampled levels in the core. The density separation of the sediments was done with the help of 
Sodium metatungstate hydrate powder [Na6(H2W12O40)H2O] at Swansea University (UK) 
in cooperation with the highly experienced researchers from S. Davies’s group.  
For further investigations we selected 28 samples of cryptotephra from the marine cores and 
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59 terrestrial samples from Kamchatka and the northeastern Asian mainland. In addition, we 
picked minerals from five samples of proximal pyroclastic deposits related to the Gorely 
caldera (South Kamchatka) including minerals with melt inclusions.  
 
Analysis 
We performed 1,811 electron microprobe analyses of individual glass shards from the 
terrestrial tephra deposits in Kamchatka and the northeastern Asian mainland, and from 
several marine cores in the Okhotsk, Bering and Chukchi seas. In addition, we carried out 394 
analyses of mineral phases. Also we analyzed 130 naturally quenched melt inclusions in these 
minerals. All the analyses were performed at GEOMAR in cooperation with M. Portnyagin 
and M. Thöner following the methods described in Ponomareva et al. (2013). Volcanic glass 
and minerals were analyzed using a JEOL JXA 8200 electron microprobe equipped with five 
wavelength dispersive spectrometers including 3 high-sensitivity ones (2 PETH and TAPH). 
The analytical conditions for glasses were 15 kV accelerating voltage, 6 nA current and 5 мm 
electron beam size. Counting time was 5/10 s (peak/background) for Na, 20/10s for (Si, Al, 
Fe, Mg, Ca), 30/15 s for K, Ti, Cl, S and 40/20 s for Mn and F. Basaltic glass (USNM 
113498/1 VG-A99) for Ti, Fe, Mg, Ca, P, rhyolitic glass (USNM 72854 VG568) for Si, Al, 
K, scapolite (USNM R6600-1) for Na, S and Cl, all from the Smithsonian collection of 
natural reference materials (Jarosevich et al., 1980), rhyolitic glass KN-18 (Mosbah et al., 
1991) for F and synthetic rhodonite for Mn were used for calibration and monitoring of 
routine measurements. All minerals were analyzed at 15 kV accelerating voltage. Other 
analytical conditions were 50 nA current and focused beam for Fe-Ti oxides, 20 nA current 
and focused electron beam for plagioclase, 20 nA current and focused to 1 mm electron beam 
for pyroxene, and 15 nA and focused to 5 мm electron beam for apatite. Counting time was 
40/20 (K in plag, F in Apatite), 30/15 (Mn, Ni, Fe in spinel, Cr, Ti in Px, Fe, S, Cl in Ap), 
10/5 (Ca, P in Ap) and 20/10 s (peak/background) for all other elements. Smithsonian 
standards of pyroxene (Kakanue Augite USNM 122142), chromite (Caledonia chromite 
USNM 117075), ilmenite (USNM 96189) (Jarosevich et al., 1980), and apatite (Durango 
Apatite USNM 104021) (Mason, 1966) were used for standardization and reference.  
 
Accomplishments 
In the result of our research activities we were able to geochemically characterize a suite of 
the near-source pyroclastic deposits related to the largest Kamchatkan eruptions in order to 
provide a reference for correlations with distal tephra. The main sequences included welded 
and non-welded tuffs of the Karymsky volcanic center as well as of the Gorely and Pauzhetka 
caldera complexes. These volcanic centers were chosen because distal tephras from their 
Quaternary eruptions have been preliminarily identified in the marine cores in the northwest 
Pacific and/or in the terrestrial deposits in Chukotka. These tephras may become excellent 
markers for correlations over large territories. We have also analyzed samples from terrestrial 
visible tephra layers in the eastern Asian Arctic. All of these samples are extremely precious 
because tephra layers are quite rare in this area and represent the largest eruptions in 
Kamchatka. We have performed the first ever survey of cryptotephra in the marine cores from 
the Bering and Okhotsk seas. Several major cryptotephra layers each, presented by several 
samples, have been characterized geochemically. In addition, a suite of minor tephras has 
been geochemically characterized, each presented by a few glass shards.  
In general, the research was run in accordance with the working program. We only had to 
postpone part of our work in the OSL because of the long procedure of ordering the necessary 
chemicals. For density separation of glass shards from the marine sediments we planned to 
use Sodium metatungstate hydrate powder [Na6(H2W12O40)H2O] and use OSL facilities for 
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this work. We contacted the OSL staff, then found and contacted Russian distributors, and the 
OSL staff is now working on the order. As soon as the chemicals will be available in the OSL, 
we will perform volcanic glass extraction from the Laptev Sea samples.  
 
Results 
A major result of our studies is that we were able to find and identify tephra in the eastern 
Asian Arctic: both on land, and in an Arctic marine core (Fig. 1). On land, we studied visible 
tephra layers (Ponomareva et al., 2013; van den Bogaard et al., 2013). In the ~330-cm-long 
Late Glacial-Holocene marine core HLY0501 from the Chukchi Sea, where no visible tephras 
are present, we found abundant shards of volcanic glass (cryptotephra) in all the 36 sampled 
levels. This core is one of the northernmost marine cores in the world having been examined 
for tephra thus far and yields only to a core in the Fram Strait where two Holocene tephras 
have been identified (Zamelczyk et al., 2012). For the first time, we demonstrate the potential 
of using tephra horizons to correlate marine and terrestrial sequences in the Asian Arctic and, 
more importantly, the possibilities for correlating Arctic and Pacific paleoclimatic records. 
Our work opens the way to new studies in the Asian Arctic domain that will hopefully allow 
us to build a solid tephrochronological framework for the palaeoclimatic sequences in this 
region. 

 
Fig. 1: Location of the Rauchua and Aniakchak tephra sites and their minimum outlines (solid lines); Kurile 
Lake (KO, ~8.4 ka) (Ponomareva et al., 2004) tephra outline (dashed) for comparison. The dark-green dotted 
line shows the direction of the KS2 tephra dispersal from Ksudach volcano (South Kamchatka) towards eastern 
Canada. Long axis of the Rauchua tephra outline is ~1800 km. 
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We identified a middle Pleistocene (marine oxygen isotope 6.5) tephra marker (“Rauchua 
tephra”), which covers an area of >1,500,000 km2 and directly links terrestrial 
paleoenvironmental archives from East Asian Arctic with marine cores in the northwest 
Pacific, thus permitting their synchronization and dating. This volcanic ash of unique 
composition was identified in three terrestrial sites in the East Asian Arctic and two marine 
cores in the NW Pacific (Fig. 1). The terrestrial samples were provided by O. Jushchus, P. 
Nikolsky, and A. Lozhkin, and the marine samples were obtained during the KALMAR 
cruises and analyzed in part by A. Derkachev. The Rauchua glasses have med-K rhyolite 
near-homogeneous composition. Coefficients of similarity for Rauchua glass and those from 
the other localities calculated for 7 major elements are 0.94-0.96, which confirms that all of 
them originate from the same eruption (Ponomareva et al., 2013). The dispersal pattern for the 
Rauchua tephra points to Kamchatka as the source.  
The age of the Rauchua tephra in the Lake El’gygytgyn core was estimated at ~177 ka 
(Nowaczyk et al., 2013), and it falls into the MIS 6.5 warm phase (Frank et al., 2012). This 
age can be applied to all other sites where this tephra is present. We propose the Rauchua 
tephra as a robust marker, which permits the identification of the middle Pleistocene deposits 
in northeastern Asia and the adjacent seas, and more specifically, pinpoints the deposits 
accumulated during the MIS 6.5 warming event. The Rauchua tephra ensures a direct 
comparison of the marine paleoenvironmental archives in the Bering Sea and NW Pacific 
with the well-studied record of the Lake El’gygytgyn (Melles et al., 2012), which may help to 
test the synchronicity of the MIS 6.5 warming event in marine and terrestrial environments. 
The presence of the Rauchua tephra as a visible layer along the Arctic coast and in the NW 
Pacific indicates that it may be found as cryptotephra (scattered volcanic glass) yet farther 
north and east, and thus help to recognize MIS 6.5 sediments in the Arctic and Pacific marine 
cores and, possibly, even in the North Atlantic, thus making large-scale inter-regional 
correlations of paleoclimatic records possible. 
The Rauchua tephra is one of only eight tephras that covered the eastern Asian Arctic with a 
visible layer during the last 3.6 Ma (Nowaczyk et al., 2013). This indicates that the Rauchua 
eruption was a relatively rare and significant volcanic event, likely comparable in size to the 
Earth’s largest eruptions, e.g., the Millennium eruption of the Changbaishan volcano (Horn & 
Schmincke, 2000) or the Kurile Lake caldera-forming eruption (Fig. 1) (Ponomareva et al., 
2004), and might have had a substantial climatic impact. 
Abundant shards of volcanic glass (cryptotephra) were found in all the 36 analyzed levels 
from the Late Glacial-Holocene core HLY0501 in Chukchi Sea (Fig. 1). The samples were 
provided by L. Polyak (Byrd Polar Research Center, USA). In collaboration with M. 
Portnyagin, we analyzed glass from the four main cryptotephra peaks in the core. Based on 
glass compositions, the major peak can be correlated to the famous Aniakchak tephra from 
Alaska, ~3.6 Kcal BP (Pearce et al., 2004). This finding immediately links the studied core 
with the other paleoclimate archives where this tephra was identified earlier, e.g., Greenland 
ice cores, peat cores in northern Alaska and eastern Canada, etc. A younger ash peak was 
preliminarily correlated to another eruption from Aniakchak ~0.4 Kcal BP. We are planning 
to analyze the rest of the HLY0501 samples in March, and actually we are looking for tephra 
from the Ksudach volcano (South Kamchatka) which has been found in Eastern Canada, 
exactly on the extension of its NNE dispersal axis on the Kamchatka Peninsula, and thus 
should be present in core HLY0501 as well (Fig. 1).  
Several earlier unknown large explosive eruptions from the Kurile-Kamchatka volcanic arc 
were identified. The identification was based on studies of visible and cryptotephra layers in 
the Bering and Okhotsk seas (Ponomareva et al., 2013). The first ever study of cryptotephra in 
the marine cores around Kamchatka have allowed us to identify three earlier unknown, 
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middle Pleistocene large explosive eruptions. Microprobe analysis of volcanic glass shards, 
extracted from core MD2415 (five layers from the 2,306-2,312 cm interval, 422-424 ka BP), 
showed that most of them form a tight cluster in all the geochemical diagrams and likely 
belong to a single eruption. We do not have an exact match in our database for this particular 
tephra. Based on the glass composition, however, we presume that this tephra might have 
come from one of the northern Kurile volcanoes. In core SO201-2-85KL (ten layers from the 
160-180 ka BP interval and five layers from the ~40 ka BP interval) at least five 
geochemically distinct tephras have been found, all likely of Kamchatka origin. Based on the 
large distance from the volcanic arcs (>600 km), all the newly identified tephras have been 
produced by large eruptions. All the tephras have a potential to become regional markers for 
the northwest Pacific marine sediments, and two of them have been correlated to known 
tephras from other cores. 
A ~40-ka-old tephra related to the Gorely caldera (South Kamchatka) was earlier found east 
(NW Pacific cores) and NNE (sub-Arctic Chukotka) of Gorely at distances of 700 and 
1,600 km, respectively (Ponomareva et al., 2012). The fact that this tephra was not found in 
the Bering Sea cores northeast of Gorely suggests two separate tephra lobes, which is 
consistent with the proximal stratigraphy. The Gorely tephra peak in the ODP core 883D 
coincides with the IRD peak (Bigg et al., 2008), which makes this tephra an important marker 
for paleoclimate research.  
We have characterized near-source Gorely deposits in more detail in order to provide a solid 
basis for distal correlations and understand the processes leading to the production of 
extraordinarily large magmatic chambers and subsequent catastrophic explosive eruptions. In 
addition to glass analyses, we have obtained electron microprobe data on minerals and melt 
inclusions from Gorely tephra. The mineral assemblage of the Gorely proximal pumice is 
presented by plagioclase (Pl), clinopyroxene, orthopyroxene, magnetite, ilmenite, and apatite. 
Pl phenocrysts are characterized by a large (3-7 mm) size and specific zoning that reflects the 
history of crystallization (Fig. 2). This zoning is a characteristic feature of Gorely 
plagioclases, which may be useful for correlations of distal Gorely tephra.  
Extensive research on the proximal pyroclastic deposits has allowed us to show that volcanic 
glass in pumiceous ignimbrites and pumice fall deposits is not altered and is representative of 
the geochemical makeup of the eruption, which makes it suitable for correlations with distal 
tephra. Volcanic glass in welded tuffs is in most cases altered and does not provide reasonable 
geochemical data. The signs of this alteration (various microcrystals) are not seen in the field 
or under the optical microscope during sample preparation, and are revealed only during the 
microprobe work.  
 
Conclusion 
The research activities within the framework of the OSL-13-18 project have allowed us to 
successfully start research on cryptotephra in the Arctic and NW Pacific marine cores as well 
as to continue our research on visible tephra layers in the Arctic and sub-Arctic Asian 
mainland. Volcanic glass from both visible and cryptotephra layers was geochemically 
fingerprinted with the help of state-of-the-art analytical techniques. In addition, we were able 
to geochemically characterize a suite of proximal tephra deposits in Kamchatka in order to 
provide a basis for identification of the source volcanoes for distal tephra. Further studies of 
both visible and cryptotephra layers will allow us to build a tephrochronological framework 
for the terrestrial and marine Quaternary deposits in the eastern Asian Arctic and sub-Arctic. 
This effort will help in the dating and correlation of paleoenvironmental archives which are 
thousands of kilometers apart. A complementary aspect of these studies is the reconstruction 
and dating of the largest explosive eruptions from the Kurile-Kamchatka and Aleutian arcs.  
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Fig. 2: Back-scattered electron images and compositions of plagioclase (Pl) phenocrysts and trapped melt inclu-
sions from the proximal pyroclastic deposits of the Gorely volcanic center. Shades of gray on the Pl images re-
flect different compositions of various zones within each crystal. Lighter zones contain more anorthite compo-
nent (i.e., are more Ca-rich), while dark zones have lower Ca contents. Analyses of Pl compositions along the 
profiles (e.g., A-B, left diagram) show dramatic changes of conditions during crystallization of the Pl crystals. 
Zones with oscillatory zoning (alternating light and dark thin lines, often in the cores and margins of the crystals) 
are separated by a wide patchy zone of resorption and healing, which we informally call a "turbulence zone". 
This compositional pattern is a characteristic feature of Gorely plagioclases, which may be useful for corre-
lations of distal Gorely tephra. Analyses of the melt inclusions in plagioclase (right diagram) show that the intra-
caldera Gorely volcano is being fed by two melts differing in K2O contents, which are close to those from the 
Plosky volcanic center.  

 
Long-distance correlations of tephra layers depend on collaboration with many researchers, 
who provide their samples from distant sites and cores. We are most grateful to all our 
collaborators mentioned in this report. All the results have been obtained thanks to 
cooperative analytical work and scientific discussions with M. Portnyagin (GEOMAR). Our 
research on tephra was initiated within the frameworks of the German-Russian KALMAR 
project, and now provides links to such projects as INOPEX, ICDP Lake El'gygytgyn project, 
and IODP cruises in north Pacific, and hopefully will provide links to the German-Russian 
"Laptev Sea System" project. We are sure that further studies of the marine cores in the Asian 
Arctic, e.g., from the Laptev Sea, will bring us more findings of tephra. 
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Introduction  
 
Scientific background  
Scientific investigations in the Arctic Ocean are carried out withing the framework of multi-
disciplinary international programs (e.g., PAGES, IGBP and those listed on the NOAA Arctic 
theme page http://www.arctic.noaa.gov/research.html), aiming at detailed analyses of the sea 
sediments and providing high-resolution records of the Arctic environments.  
The ongoing multidisciplinary environmental research of the Laptev Sea and adjacent areas 
includes pollen analysis as one of the basic proxies for understanding the past climates as 
plant remains are widely preserved in the geological records, including the marine, which are 
often poor in other groups of microfossils. Late Quaternary terrestrial sediments from lakes, 
peat lands and coastal sequences archiving pollen and spores as bioclimatic proxies are most 
commonly used to reconstruct local to regional environmental changes in the Laptev Sea 
region (e.g., Andreev et al., 2011; Andreev & Tarasov, 2007) and to discuss vegetation 
history (e.g., Pisaric et al., 2001), northern tree-line dynamics (e.g., MacDonald et al., 2000), 
tree cover changes and climatic fluctuations (e.g., Tarasov et al., 2013). By contrast to 
numerous terrestrial pollen records, marine ones are still rare and cover only part of the 
Holocene (e.g., Naidina & Bauch, 2011), highlighting the need for reconstructions from the 
north of the region, where it is more likely to receive continuous pollen archives due to higher 
sedimentation rates. 
By using the most continuous and adequately dated high-resolution marine pollen record from 
the longest marine sediment core PS51/118-3 recovered from 122 m water depth on the Lap-
tev Sea continental slope during the TRANSDRIFT V expedition aboard RV POLARSTERN 
in 1998, we sought to evaluate its potential for reconstructing the Holocene environments, 
climate and vegetation dynamics on land. The data obtained were interpreted using the 
quantitative method of biome simulation (Tarasov et al., 1999). Detailed dating for the first 
time allowed using this core together with others in reconstructing the chronology of the 
Holocene transgression at the northern Siberian margin (Bauch et al., 2001) and, in our case, 
facilitated the inter- and intra-regional correlation of the obtained biome records and 
reconstructed events and the comparison with the NorthGRIP2 δ18O profile (Vinther et al., 
2006).  
The pollen study was supplemented by the identification of non-pollen remains in the pollen 
slides. This group includes mainly freshwater green algae and marine cysts of dinoflagellates 
and rare acritarchs. This supplementary study allowed the temporal and spatial correlation 
with the published microalgological data from the Yana River paleochannel (Polyakova et al., 
2005) and contributed to understanding the paleohydrological changes inthe region of the 
coring site. 
Besides, we used the downcore variations of concentration and percentages of pollen of 
temporal deciduous plants and the heterotrophic species Operculodinium centrocarpum as a 
proxy to establish the influence of Atlantic-derived water masses (ADW) on the continental 
slope ecosystem.  
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Our research will contribute to the ongoing multiproxy research (foraminifers, ostracods, ice-
rafted debris and lithological characteristics) of the same core, carried out by the group of E. 
Taldenkova, and help to better understand the coherence of global climate changes and the 
Laptev Sea ecosystem feedback.  
 
Goals, objectives and research tasks of the project 
The goal of the project was to evaluate the potential of the first pollen records from the Laptev 
Sea continental slope for the reconstruction of vegetation and climate dynamics on the ad-
jacent land. For this, we used the longest AMS14C-dated marine sediment core, PS51/118-3, 
from the eastern part of the continental slope. The research tasks were the following: 
• sample processing and microscopic examination of pollen, spores and (non-pollen 

palynomorph (NPP) taxonomic composition, and diversity; 
• pollen-based zonation of the core section; 
• tracing the downcore distribution of indicative species of ADW inflow to the continental 

slope; 
• calculation of both the dominant biome scores and the pollen indices of moisture and heat 

supply; pollen-based reconstructions of climatic parameters with the help of BMA (best-
modern-analogues)-methodology. 

 
Research activities 
 
Approach 
The 844-cm-long core PS51/118-3 originates from the eastern upper continental slope, water 
depth 122 m. It was obtained during the RV POLARSTERN cruise in 1998. The age of 
sediments was determined with 12 AMS14C dates measured on bivalves at the Leibniz 
Laboratory in Kiel (Bauch et al., 2001). The dating showed an extremely high resolution for 
the Early Holocene as the main part of the sequence from the base of the core up to 125 cm 
was accumulated during 10.8-9.2 cal. ka with the highest average sedimentation rate in the 
Laptev Sea region of about 400 cm*kyr3 (Bauch et al., 2001). The uppermost 125 cm might 
be correspondent to the remaining part of the Holocene. 
3 g of dry sediment were treated at the chemical laboratory of Orel State University according 
to the standard technique for pollen concentration using separation in cadmium-iodine-heavy 
liquid with the specific gravity of 2.2 gram/cm3 (Grichuk, 1940; Berglund & Ralska-
Jasiveczowa, 1986). One Lycopodium spike tablet was added to each sample at the beginning 
of the processing for concentration estimates (Stockmarr, 1971), given as number of 
microfossil per g of dry sediment. 
Pollen, spores and NPP were identified using a Motic-B1-220A microscope with ×400 
magnification. Taxonomic identifications were made with the aid of published keys and 
atlases for pollen (Pyl’tsevoi…, 1950; Kupriyanova, 1965; Kupriyanova, Aleshina, 1978; 
Reille, 1992; 1995, 1998; Savelieva et al., 2013) and NPP (Kunz-Pirrung, 1999; 2001; 
Komárek J., Jankovská V., 2001).  
For each representative sample not less than 200-300 pollen grains were counted at x400 ma-
gnification. Spores, aquatic palynomorphs and reworked microfossils were tallied in addition. 
The relative frequency of pollen and spores of Holocene age was calculated based on the total 
sum of registered grains. Reworked palynomorphs were distinguished on the basis of the 
diagenetic alteration of their membrane and color differences. The percentage of obviously 
reworked taxa and NPP, as well, is based upon the total sum of identified microfossils.  
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Accomplishments 
 
Quantitative vegetation reconstruction 
For the purpose of quantitative reconstruction of the Holocene vegetational dynamics based 
on pollen signals from the Laptev Sea continental slope, we used the biomization procedure 
described in detail in Prentice et al. (1996) and Tarasov et al. (1998), but made some minor 
corrections taking into account low pollen diversity and local geobotanical characteristics. 
The biomization approach consists of several successive steps based on the assignment of 
each pollen taxon to one or more key plant functional types (PFTs) (Table 1). PFTs are broad 
classes of plants defined by stature (e.g., tree or shrub), leaf form (e.g., broad-leaved or 
needle-leaved), phenology (e.g., evergreen or deciduous), and climatic adaptations. The same 
taxa may be attributed to more than one PFT either because they can include several species 
with different biology and ecology (especially with regard to families, e.g., Asteraceae or 
Ericales), or because they comprise species that can adopt different habitats (tree or shrub) in 
different environments (in our case, for example, Betula). 
 
Table 1: Terrestrial pollen taxa identified in pollen records from the Chyosha Region (this study) and used in the 
biome reconstructions (biome-by-taxon matrix was arranged according to Tarasov et al., 1998). 

Biome Plant functional type (PFT) Pollen taxa included 
Tundra Arctic/alpine dwarf shrub + grass + heath 

+ sedge 
Betula nana-type, B. sect. Fruticosae, Salix, 
Alnaster, Cyperaceae, Ericales, Poaceae, 
Polygonum bistorta-type, P. cf. viviparum, 
Rumex, Rosaceae, Saxifragaceae 

Cold small-
leaved deci-
duous forest 

Cool-boreal conifer shrub + boreal 
summergreen + eurythermic conifer + 
heath 

Alnus, Betula sect. Albae, Larix, Juniperus, 
Pinus sylvestris (s/g Diploxylon), P. s/g 
Haploxylon, Urticaceae, Ericales 

Taiga Boreal evergreen conifer + cool-temperate 
conifer + eurythermic conifer + heath 

Abies, Larix, Picea, Pinus sylvestris (P. s/g 
Diploxylon), P. s/g Haploxylon, Juniperus, 
Ericales 

Temperate 
deciduous forest 

Cool-temperate conifer + boreal 
summergreen + eurythermic conifer + 
cool-temperate summergreen + temperate 
summergreen + heath 

Abies, Alnus, Betula sect. Albae,  Corylus, 
Carpinus, Ulmus, Urticaceae, Ericales 

Steppe Steppe forb + grass Artemisia, Apiaceae, Asteraceae, 
Brassicaceae, Caryophyllaceae, 
Chenopodiaceae,  Fabaceae, Papaveraceae, 
Poaceae, Polygonum bistorta, P. cf. 
viviparum, Pyrolaceae, Rumex, Rosaceae, 
Ranunculaceae  

Desert Desert forb Ephedra, Artemisia, Chenopodiaceae, 
Asteraceae 

 
 
Pollen indices 
The reconstruction of the regional climatic trend was reinforced by calculating pollen indices 
of moisture (Im) and heat supply (Ihs) according to the approach described in detail in Demske 
et al. (2005). A number of registered pollen taxa was assigned to various ecologic groups in 
concordance with the modern spatial and altitudinal distribution of plant communities 
(Table 2), whereupon the total percentage for each group was summarized. To equalize strong 
disproportion, caused in our case by exaggerated percentages of long-distant Pinus and Betula 
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pollen and, vice versa, low representation of Larix and some herbs pollen, we used the square-
root transformation for calculating the final ratio values as it is recommended by Demske et 
al. (2005) (Table 2). 
 
Table 2: Pollen subsums used for the calculation of the pollen indices that show the relative changes in the major 
vegetation types related to paleoclimatic conditions 

Summation index Dry vegetation types Pollen taxa included  
Σ1 Steppe-poium Artemisia, Asteraceae, Chenopodiaceae, Ephedra, 

Poaceae, Ranunculaceae undiff., Rosaceae undiff., 
Brassicaceae, Caryophyllaceae, Fabaceae, 
Papaveraceae, Polygonaceae 

Σ2 Light-needled taiga  Juniperus, Larix, Pinus sylvestris-type  
Σ3 Desert Artemisia, Asteraceae, Chenopodiaceae, Ephedra 
Summation index Moist vegetation types Pollen taxa included 
Σ4 Dark-needled taiga Picea obovata, P. abies, Pinus s/g Haploxylon, Abies 
Σ5 Subalpine and boreal 

shrubby elfin woodlands  
Alnaster, Betula sect. Nanae/Fruticosae, Ericales, Salix 

Σ6 Limnodium Cyperaceae, Poaceae, Salix, Empetraceae 
Symbol Pollen-based vegetation 

indices 
Formula for calculation 

PIm Moisture index Im = √ R, where R =  Σ4 + Σ5 + Σ6 / Σ1 + Σ2 + Σ3 
PIhs Index of heat supply Ihs  = √ R, where R = Σ2 + Σ4/ Σ5 

 
 
Results 
In the analyzed fossil spectra, we identified 74 terrestrial pollen and spores taxa, with 16 tree 
and shrub taxa, 40 herbaceous and dwarf shrub taxa and 18 spore taxa among them. The ma-
jority of the taxa are generally represented by only single grains or small frequencies (Fig. 1).  
We also differentiated two main ecological groups among the NPP including freshwater 
chlorococcalean algae with 5 taxa identified among them and marine cysts of dinoflagellates 
with 11 taxa identified among them.  
Besides, more than 100 taxa are classified as reworked microfossils, including pollen of an-
cient Mesozoic conifers, Taxodiaceae/Cupressaceae, Asaccites sp., Caytonia sp., Gingko sp., 
Entylissa cycadiformis Naum., Cycadaceae, and spores of ferns, such as Plicifera delicata 
(Bolch.) Bolch., Gleichenia laeta Bolch., G. umbonata Bolch. G. angulata Bolch., Osmunda 
sp. and some others. Pollen of Late Cretaceous to Paleogene age (Orbiculapollis globosus 
(Chlon.) Chlon., Wodehouseia spinata Stanley, Extratriporopollenites, Nudopollis, Trudopol-
lis) are also common. Myrica sp., Nyssa sp., Ilex sp., Rhamnus sp., and dark-brown Betula-
ceae pollen with thickened exine are identified among the Late Cenozoic group. The propor-
tion of reworked microfossils is more than tenfold higher than in the bottom sediments from 
the Yana paleochannel and inner shelf regions (Naidina & Bauch, 2001), ranging from 5 to 
20% at the lowest part of the core and increasing up to 40% in the upper 1 m, which points to 
enhanced slope and bottom erosion processes. 
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Fig. 1: Pollen percentage diagram of core PS51-118-3 (simplified; transparent contours mean ×10 exaggeration). 
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The NPP are identified in all studied samples. Taxonomic diversity is much lower than the 
diversity of pollen and spores, usually less than 10 taxa with the species of freshwater 
chlorococcalean algae Pediastrum kawraiskyi Schmidle being the permanently dominant 
species. The dinoflagellate cyst assemblage shows a species composition comparable to that 
of the modern Laptev Sea (Kunz-Pirrung, 1999, 2001) and is dominated by the euryhaline 
coldwater Islandinium minutum Head and related morphotypes (I. var. type A and B and 
Echinidinium karaense Head) in most of the studied samples. 
 
Abundance 
One Lycopodium spike tablet was added to each sample at the beginning of the processing for 
concentration estimates (Stockmarr, 1971), given as number of microfossil per g of dry sedi-
ment. The concentration of pollen, spores and NPP varies greatly through the section (Fig. 2). 
The topmost values feature the 700- and 540-cm intervals of the section, providing evidence 
for at least three dramatically enhanced river-loaded organic influxes coeval to 10.6, 10.5 and 
10.3 kyrs BP, respectively. After that, the influxes likely became less dramatic and more 
extended in time with the peaks centered at 9.8, 9.7 and 8.7-6.5 kyrs BP. 
 
Biomization procedure 
To confirm the interpretation of the pollen records we used the quantitative method of pollen-
based biome simulation according to Prentice et al. (1996) and Tarasov et al. (1998).  
The BIOME method means: 1) attributing each pollen taxon to one or several plant functional 
types (PFT), defined by stature (e.g., tree/shrub), leaf form (e.g., broad-leaved/needle-leaved), 
phenology (e.g., evergreen/ deciduous) and climatic adaptations, and 2) defining each biome 
as a combination of one or several PFTs. The biomization resulted in the calculation of the 
biome affinity scores for each pollen sample by a simple equation, where the score of a given 
biome is the sum of the square roots of the percentages of each taxon included in the biome, 
provided that the percentage is more than 0.5% (Fig. 3). Reconstructed biomes and pollen 
indices of moisture (Im) and heat (Ih) supply correlate with the NGRIP δ18O isotopic record 
(Vinther et al., 2006) and reflect large-scale climatic events, such as the early Holocene 
thermal event since c. 11 kyrs BP, the early Holocene optimum termination c. 9.5-9.6 kyrs 
BP, and the cooling event since 8.3-8.2 kyrs BP (Figs. 3, 4). 
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Fig. 2: Pollen, spores and NPP concentration in core PS51-118-3, grains×103/g of dry sediment: 10.6 is the 
corresponding time span. 
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Fig. 3: Reconstructed pollen indices of moisture (Im) and heat (Ih) supply (A) and biomes (C) plotted along with 
the NGRIP δ18O isotopic record (Vinther et al., 2006) (B). 

 

 
Fig. 4: Local pollen zones and pollen assemblage characteristics of the PS51-118-3 core (A); time series of 
individual vegetation types (biomes) dominating at the Laptev Sea coast since ~11kyr BP (B); summary of the 
reconstructed changes in coastal vegetation and climate (C). 
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ADW-inflow to the Laptev Sea continental slope 
Previous micropaleontologic investigations in the Russian Arctic seas provided ecological 
evidence for cysts of the marine heterotrophic species Operculodinium centrocarpum and 
pollen of water-transported temperate deciduous plants (Quercus, Carpinus, Corylus, Tilia 
and Ulmus) to be obvious markers of subsurface inflow of Atlantic waters to the arctic seas. 
We used these species as a proxy to establish the influence of Atlantic-derived water masses 
on the continental slope ecosystem. The first single species of Operculodinium centrocarpum 
appeared in the section since 10.7 kyr BP. The highest percentages characterize the 640-, 470- 
and 290-cm intervals of the section, which corresponds to 10.5, 10.2 and 9.7 kyr BP, 
respectively. This result goes well with the distribution of single pollen of temperate 
deciduous plants. The first single grains appear since 10.6 kyr BP. The highest values are 
characteristic for the 670-to-630- and the 250-to-290-cm intervals of the section, which 
correspond to 10.5-10.4 and 9.7-9.5 kyr BP, respectively. 
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ASSESSMENT OF FOREST FIRE EFFECTS ON THE HYDROLOGICAL REGIME 
IN PERMAFROST LANDSCAPES 
 
O. Semenova, L. Lebedeva, N. Volkova 
State Hydrological Institute, St. Petersburg, Russia 

 
Introduction 
 
Scientific background  
Fires in cold environments have both immediate and long-term impacts on the ecosystem. The 
return period for wildfire is strongly influenced by current climate changes and human 
activities and is supposed to decrease in the future. 
The hydrological impact of wildfire in permafrost environments has not been sufficiently 
investigated although there are some studies of the immediate and long-term wildfire impact 
on soil and vegetation properties, surface energy, water balance, and underlying permafrost 
(Iwahana et al., 2005). 
Fire affects the hydrological regime of the landscape in different ways. Thus, soil moisture 
content increases immediately following fires due to a decrease in evapotranspiration (Moore 
& Keeley, 2000). Wildfire is one of the most important agents controlling the thickness of the 
organic layer in permafrost environments, which has a profound effect on permafrost 
degradation or growth (Viereck, 1982). The changes of the active-layer thickness have been 
observed in numerous experimental studies as the changes in the surface material and thermal 
properties allow for increased heat flow (Bolton, 2006; Onodera & Van Stan, 2011; Owens et 
al., 2013). 
Though profound effects of fire on the snow, soil and landscape characteristics, driving 
hydrological processes, have been documented, considerable efforts are still required to 
advance our understanding of the wildfire effect on the catchment hydrology in cold 
environments. There are only very few such studies in the world (Seibert et al., 2010; Buttle 
& Metcalfe, 2000) and the authors are not taking into account the region of Siberia. 
 
Goals and objectives of the project 
The goal of the project was to assess forest fire effects on the hydrological regime in 
permafrost landscapes using ground-observation data, remote-sensing and a modelling 
approach. The objectives of the research were:  
• to analyze the remote-sensing data on fires and specify the watersheds within the Lena 

River basin which were the subject to forest fires during past years; 
• to establish a dataset containing historically observed hydrological and meteorological 

values and landscape characteristics for the chosen watersheds; 
• based on remotely sensed and ground-observation data, to derive physical characteristics of 

landscapes (soil and vegetation) in the post-fire period and their succession dynamics, and 
to compile a database of the model dynamic parameters describing the change of landscape 
properties in the post-fire period; 

• to simulate the processes of active layer dynamics and runoff generation for pre-fire and 
post-fire periods, and to verify the results using observational hydrometeorological data; 

• to assess possible changes of the hydrological regime and permafrost characteristics in 
different landscapes based on scenarios of fire rate and intensity increase (by the example 
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of the Lena River basin).  
 
Research activities  
 
Approach 
The scientific approach is based on two major components, namely process-based 
hydrological modelling and the usage of remote-sensing data. 
 
Process-based hydrological modelling 
Almost all hydrological and climate research that uses observational datasets, implicitly or 
explicitly assumes that the processes or properties, described by the data, are stationary. Such 
data-based studies produce region-specific structures of the models with narrow ranges of 
applicability. Furthermore, models that rely on extensive parameter calibration require data 
with a stationary condition that is no longer valid under a changing climate. This leads to the 
effect that the models calibrated against the observational datasets are not able to reproduce 
the processes in a non-stationary environment and are likely to fail to project future changes 
(Clarke, 2007). The development of process-based models with observational parameters, 
therefore, must cope with this problem. The advantage of such models is that they minimally 
resort to calibration procedures and may be used in the assessment of the impacts of 
environmental change on the hydrological cycle. Such models can use a dynamic set of 
parameters changing in time. 
In this project we used the deterministic hydrological model Hydrograph with physically 
observable parameters (Vinogradov et al., 2011; Semenova et al., 2013). It is a distributed 
model of runoff-generation processes initially developed at the State Hydrological Institute, 
(St. Petersburg, Russia). The model describes all essential components of the terrestrial 
hydrological cycle. The Hydrograph model combines a physical-process basis with certain 
strategic conceptual simplifications, which allow it to be applied successfully in remote, 
sparsely-gauged permafrost regions. The model has an important ability: it uses many 
parameters that can be observed in the field or estimated according to remote sensing. The 
model concepts and approaches were verified in numerous permafrost basins in Eastern 
Siberia and Canada (Semenova et al., 2013; Lebedeva & Semenova, 2012; Vinogradov et al., 
2011). 
 
Remote sensing  
Permafrost regions usually are not subject to ground observations. Remote sensing provides 
monitoring of permafrost landscapes and analysis of their conditions through different 
indicators. Relevant satellite-observational parameters can be found in the Siberian Earth 
System Science Cluster (http://www.sibessc.uni-jena.de/), developed by our German partner 
from Jena University, and include MODIS VCF (Moderate Resolution Imaging 
Spectroradiometer Vegetation Continuous Field), the fractional coverage of green vegetation 
(Fcover) and MODIS Burned Area. The remotely sensed data, used in the project, were 
prepared and analyzed in close cooperation with our colleagues from Jena University and the 
Max Planck Institute for Biogeochemistry (Jena, Germany) mainly during the visit of L. 
Lebedeva to Jena University in August-September 2014. 
 
Accomplishments 
The first stage of the project was devoted to the selection of study objects – the watersheds 
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affected by wildfires using the MODIS monthly Burnt Area Date data with 500-m spatial 
resolution for 2000-2012. It was found out that the most extensive fires occurred in April to 
June 2003 in the upper Vitim River basin. The database of hydrometeorological values for the 
historical period, compiled during the research under the OSL Fellowships 2009-2011, was 
completed with burned-area data. Twelve watersheds with areas from 694 to 18,200 km2 and 
a burned percentage from 6 to 78% were selected for further investigations. The watersheds 
are characterized by a mountain topography with elevations of up to 2,500 m, continuous 
permafrost and diverse landscapes, namely bare rocks, tundra, sparse larch forest, and wet 
larch forest. 
During the second stage of the project the analysis of fire impact on the flow regime of 
selected watersheds was carried out using the available hydrometeorological data. The paired-
watershed approach (Bosch & Hewlett, 1982) and rainfall-runoff analysis were used for 
detection of the fire-induced impact on the hydrological regime. An example of the analysis is 
shown in Figure 1A. The significant increase in the daily, monthly and seasonal flow in 2003 
and the slight flow decrease in 2004 were found in the Vitimkan River basin (Ivanovsky 
outlet, 969 km2, and burned-area percentage 78%). Further runoff simulations and the 
development of the dynamic modelling approach were focused on the Vitimkan River basin. 
As corresponding basin analog without any detected post-fire hydrological changes, we used 
the Vitim River (18,200 km2, burned-area percentage 49%). 

 
Fig. 1: A – relationship between runoff depth in the Vitimkan and Vitim river basins, for July-August 1958-
2004; B – fraction of the trees, shrubs and barren land within the Vitimkan River basin according to remote 
sensing data, 2000-2010. 

 
A dataset of landscape characteristics in the pre-fire period was compiled. The results of the 
Hydrograph model application to the Vitimkan and Vitim river basins were obtained for 
historic (1966-2002) and disturbed (2003-2004) periods with fixed pre-fire parameters. The 
comparison of the observed and simulated hydrographs of the Vitimkan River basin is shown 
in Figure 2. 
The analysis of the MODIS VCF and the fractional coverage of green vegetation (Fcover) 
showed that within-year vegetation dynamics had a large uncertainty in 2003 and could not be 
sufficiently described by the stationary approach usually applied in the Hydrograph model. 
The fractions of the trees, shrubs and barren land abruptly changed in 2003 and gradually 
recovered in the following years (2004-2008; see Fig. 1B).  
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Fig. 2: Observed and simulated hydrographs in the Vitimkan River basin – Ivanovsky outlet for the undisturbed 
period of 1991-1992 and the disturbed period of 2003-2004, m3/s. 

 
Two possible scenarios of the fire impact on landscape were developed based on remote-



 K-113 

sensing vegetation data and an extensive literature review. The first scenario suggests a 
significant reduction of albedo, interception and evaporation due to vegetation collapse and 
decrease of the water-holding capacity of the surface soil layer because of the soil pores being 
filled by ash. Besides the above-listed changes, the second scenario assumes the formation of 
a hydrophobic soil layer and the predominance of the overland flow, reported in several 
studies (Shakesby & Doerr, 2006; Neary et al., 2005). The Hydrograph model was advanced 
in order to conduct dynamic simulations. Two dynamic sets of model parameters were 
developed according to the scenarios and applied to the simulations of runoff and active-layer 
formation in post-fire period 2003-2004 in the Vitimkan River basin. 
 
Results 
The following results were achieved during the project: 
• twelve watersheds in the Lena River basin, strongly affected by the fire in 2003, were 

selected based on remote-sensing data; 
• the dataset of hydrometeorological and landscape characteristics for pre-fire period was 

completed with the burned area and vegetation-change data; 
• the paired-watershed approach, rainfall-runoff analysis and modelling with fixed 

parameters showed a significant increase in the daily, monthly and seasonal flow in 2003 
and a slight flow decrease in 2004 with a burned-area percentage of 78% in the Vitimkan 
river basin; 

• the time series of remotely sensed vegetation showed that the percentage of trees for the 
Vitimkan basin dropped down from around 0.30 in 2000-2002 to 0.15 in 2003. The mean 
percentage of barren land increased from 0.55 in 2000-2002 to 0.80 in 2003 (Fig. 1B); 

• two scenarios of fire impact on the landscape properties and the corresponding dynamic 
soil and vegetation parameter sets were developed according to remote-sensing data and a 
literature review. The Hydrograph model was enhanced in order to employ the developed 
dynamic parameter sets for the post-fire period; 

• the modelling of the runoff generation according to two developed scenarios resulted in a 
better agreement between the simulated and the observed hydrographs in 2003 and 2004. 

 
Conclusion 
The developed dynamic modelling approach and the analysis of remote-sensing data on 
vegetation were used to numerically estimate and simulate the hydrological change after the 
fire with the example of the Vitimkan River basin located in the permafrost zone of Eastern 
Siberia. 
The key objectives of the research were completed, such as the selection of the fire-affected 
watersheds within the Lena River basin, detection of the fire-induced hydrological changes by 
hydrometeorological data analysis, analysis of the remote-sensing data on vegetation in the 
post-fire period, development of dynamic sets of the model parameters according to two 
scenarios, and dynamic modeling of the post-fire processes of runoff generation. 
The project results could be considered as a preliminary estimate of poorly explored post-fire 
hydrological changes in a permafrost basin. The developed dynamic modeling approach has 
proved to have a strong potential for the investigation and forecast of the non-stationary 
hydrological response to basin disturbance. The application of remote-sensing data for the 
investigation of basin conditions and model parametrization was shown to be essential in the 
vast regions of Eastern Siberia. 
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TINENTAL MARGIN SINCE LAST DEGLACIAL TIMES 
 
E. Taldenkova, N. Chistyakova, Ya. Ovsepyan 
Moscow State University, Moscow, Russia 

 
Introduction  
 
Scientific background  
During several recent years our group has carried out out high-resolution investigations of 
AMS14C-dated sediment cores from the Laptev Sea continental margin (Fig. 1) based on 
lithological, geochemical and microfaunal proxies. The previously obtained results allowed us 
to reconstruct postglacial and Holocene environmental changes at the western Laptev Sea 
continental margin (Taldenkova et al., 2008, 2010, 2012; Stepanova et al., 2012). These 
concern such important climatically induced issues as variability in the size of local ice caps 
and iceberg production, shifts in the position of the seasonal drift-ice margin, timing and 
character of Atlantic-derived water inflows carrying heat and salt to the Arctic, and freshwater 
inputs due to meltwater and/or fluvial discharge.  

 
Fig. 1: Positions of the studied cores at the Laptev Sea continental margin.  

 
Within the framework of the two OSL projects, since 2011, we have performed similar high-
resolution investigations of the two long kasten sediment cores PS2458 and PS51/118-3 from 
the eastern Laptev Sea continental margin (Fig. 1). Within the current project, we planned to 



 K-116 

finalize analytical research of these cores including the preparation of the draft of a paper 
dealing with interregional comparison of postglacial environmental changes in the western 
and eastern parts of the Laptev Sea continental slope. We also planned to start investigation of 
8 multicores from the Laptev Sea continental margin and the adjacent part of the Eurasian 
Basin obtained in 2012 during the ARK27-3 expedition aboard RV POLARSTERN (Fig. 1). 
 
Goals and objectives of the project 
The goal of the project was the reconstruction of the postglacial environmental history of the 
Laptev Sea continental margin based on high-resolution records of lithological characteristics, 
ice-rafted debris (IRD), microfossils (benthic and planktic foraminifers, ostracods), and stable 
isotope composition of foraminifers. This project was aimed to finalize the research activities 
of the past 2 years and to start investigation of the newly obtained multicores from the Laptev 
Sea continental margin and adjacent part of the Eurasian Basin. The research tasks were: 
• preparation and submission of a paper dealing with the interregional comparison of 

postglacial environmental changes in the western and eastern Laptev Sea continental 
margin inferred from existing lithological and microfossil records of the AMS14C-dated 
cores PS2458 and PS51/154; 

• finalizing the ongoing analytical research of cores PS2458 and PS51/118: analysis of the 
stable isotope composition of carbonate tests of the benthic foraminifers Cassidulina 
neoteretis from core PS2458 and, probably, Islandiella norcrossi/helenae from core 
PS51/118, and of the taxonomic composition of microfossils from core PS51/118; 

• investigation of 9 multicore sediment sections obtained in 2012 during the ARK27-3 
expedition: sample processing, lithological characteristics (wt % >63 µm fraction, IRD 
counts in the >500 µm fraction), and describing the taxonomic composition of microfossils 
(planktic and benthic foraminifers, ostracods) (Fig. 2). 

 
Research activities  
 
Approach 
All cores, including both the long kasten cores and the short multicores, are subjected to com-
plex high-resolution investigation. Samples are taken continuously in 2-cm-thick slices. They 
are freeze-dried, weighed, washed over a 63-µm sieve, and dried again. The weight percen-
tage of the fraction >63 µm is estimated. All lithic grains and authigenic concretions are 
picked from the fraction >500 µm. Their abundances are estimated per 100 g dry bulk weight.  
Microfossils – planktic and benthic foraminifers, ostracods – are investigated under a 
binocular microscope. Ostracods are picked from the fraction >125 µm, identified and 
counted. Foraminifers are counted and identified in every sample in the fractions >500 µm, 
250-500 µm, 125-250 µm, and 63-125 µm. Each fraction with abundant foraminifers is split 
to obtain a total statistically meaningful number of foraminifers for identification (>300) per 
sample. In the samples with a low abundance of foraminifers, all tests are identified. Total 
abundance of microfossils is estimated per 100 g dry bulk weight. Relative abundances of 
species and ecological groups are estimated only in the samples containing more than 100 
microfossil specimens.  
From all samples of core PS2458, tests of µm benthic foraminifer Cassidulina neoteretis were 
picked for analysis of µm stable isotope composition of their carbonate. In core PS51/118 this 
species is rare, as are planktic foraminifers, therefore, tests of another benthic species – 
Islandiella norcrossi/helenae – are picked for this purpose. 
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Fig. 2: Lithology of the multicore sediment sections from the studied cores at the Laptev Sea continental margin. 
Left column: western Laptev Sea, right column: eastern Laptev Sea; black circles correspond to the cores for 
which analytical investigation has been finished and some results were published (Taldenkova et al., 2008, 2010, 
2012; Stepanova et al., 2012). the red circle corresponds to the core that is currently being investigated; blue 
circles correspond to the multicores sampled in 2012 during the POLARSTERN ARK27-3 expedition (processed 
at the end of 2013). 
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Accomplishments 
Most of the research tasks of the project have been fulfilled, this primarily concerns analytical 
research. Below is the description of the research activities following the project tasks. 
Our paper on the interregional comparison of postglacial environmental changes at the 
western and eastern Laptev Sea continental margin inferred from existing lithological and 
microfossil records of AMS14C-dated cores PS2458 and PS51/154 is in preparation. In fact 
we are preparing two papers, one with a detailed description of the foraminiferal assemblages 
from core PS2458 and another paper with the interregional comparisons. 
The stable isotope composition of carbonate tests of the benthic foraminifers Cassidulina neo-
teretis from core PS2458 was analyzed (Fig. 3). Tests of Islandiella norcrossi/helenae from 
core PS51/118 are being picked from the sediment samples for later analysis.  
The taxonomic composition of microfossils from core PS51/118 was investigated in 2/3 of the 
samples. 
The investigation of 8 multicore sediment sections obtained in 2012 during ARK27-3 
expedition has reached the following stage: 
• the samples were processed in October 2013; 
• lithological characteristics (wt % >63 µm fraction, IRD counts in >500 µm fraction) were 

obtained; 
• the taxonomic composition of microfossils (planktic and benthic foraminifers, ostracods) is 

currently being investigated. 
 
Results  
The most interesting and important results of the project concern the reconstruction of 
postglacial and Holocene environmental changes of the eastern Laptev Sea continental margin 
based on high-resolution multiproxy records of core PS2458 including lithological and 
geochemical characteristics, benthic and planktic fossil assemblages, an stable isotopic 
composition of carbonate benthic and planktic foraminifers (Fig. 3). Based on these records 
several intervals matching certain changes in past environments were distinguished. 
 
Late glacial-early deglacial period (17.6-14.9 cal.ka) 
This period is characterized by a very low total abundance of microfossils (Figs. 3d, e) 
indicating cold-water conditions with a heavy sea-ice cover and low food supply as is also 
evident from biomarkers records, high values of the PIP25 index, indicative of a strong sea- 
ice cover, and low productivity and low brassicasterol concentration, evidencing low marine 
primary productivity (Fahl & Stein, 2012; Fig. 3b). On the other hand, a relatively strong 
subsurface inflow of cool Atlantic-derived waters (ADW) along the Laptev Sea continental 
slope is suggested by the occurrence of subpolar planktic foraminifers (Fig. 3e) and the high 
relative abundance of the benthic foraminiferal species Cassidulina neoteretis indicative of 
Atlantic-water (Fig. 3i). The highest diversity of subpolar planktic foraminifers with single 
exotic species (Fig. 3f) is observed during the short sediment interval between the base of the 
core (822 cm) and 800 cm, which has an extrapolated age of 17.2-17.6 cal.ka. It coincides 
with the most pronounced negative spikes in δ18O and δ13C benthic records (Figs. 3g, h; 
planktic tests were not analyzed in this interval). The latter provide evidence for considerable 
surface-water freshening likely due to meltwater input, which reduced ventilation of the 
bottom water layers. 
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Fig. 3: Lithological, geochemical, isotopic and microfossil records of core PS2458. Dark grey shading: intervals 
with freshening events; yellow shading: periods with high productivity and reduced sea-ice cover; blue shading: 
periods when the average seasonal drift-ice bounary was located close to the core site; light grey shading: 
Holocene periods of vivianite formation. 
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A similar situation with meltwater input was reconstructed for this time interval at the western 
Laptev Sea continental margin (core PS51/154, Fig. 2), where strongly anaerobic conditions 
at the seafloor produced by water stratification led to formation of numerous authigenic 
concretions of vivianite and rhodochrosite (Taldenkova et al., 2010). Total organic carbon 
(TOC) concentration, which in the Laptev Sea is largely related to the input of terrestrial 
organic matter with river runoff and coastal abrasion (Fahl & Stein, 2012), is extremely low 
in the early deglacial sediments in the western Laptev Sea (Fig. 3c). This probably manifests 
reduced river runoff and coastal abrasion due to cold climatic conditions and a heavy sea-ice 
cover and suggests that freshwater input and stratification rather resulted from the outburst of 
glacial meltwater. In core PS2458 from greater water depth as compared to core PS51/154 
(about 880 vs 170 m for early deglaciation), which was located farther eastward from the 
melting ice sheets, the contrasts were less evident, and no concretions were formed. The 
negative oxygen-isotopic signal of benthic carbonates might be either transferred downwards 
with brines produced during sea-ice formation or could also result from a stronger influence 
of relatively warm ADW on the core site on the continental slope. After the meltwater-
induced freshening that ended around 17 cal.ka, environmental conditions became more 
stable, cold-water ones with good ventilation of bottom waters due to active sea-ice formation 
in the coastal polynya at the steep continental slope. 
 
Period generally coinciding with the Bølling-Allerød warming (12.9-14.9 cal.ka) 
As suggested by the increasing abundance and diversity of all fossil groups (Fig. 3e, f), this 
period is characterized by amelioration of the environmental conditions as compared with the 
preceding period. Warmer climate resulted in increasing fluvial influence as seen from the 
high representation of Elphidium clavatum and increasing TOC content. Biomarkers indicate 
a reduced sea-ice cover and high productivity (Fig. 3c; Fahl & Stein, 2012). The inflow of 
subsurface ADW remained strong as evidenced by a constantly high representation of C. 
neoteretis reaching 40-60% (Fig. 3i). Given similar proportions of C. neoteretis in the 
sediments from the eastern and western Laptev Sea, as well as northern and western Svalbard 
(Šlubowska et al., 2005; Rasmussen et al., 2007; Kristensen et al. 2013), this was a kind of 
unmodified inflow of ADW with its northern branch during times when the Barents Sea 
pathway was not yet established. 
 
Onset of the Younger Dryas period (12.7-12.9 cal.ka) 
We have obtained new interesting data about the surface water freshening event that occurred 
in the Arctic at the very beginning of the Younger Dryas time interval of 12.9-12.7 ka. It was 
first recognized in this core as a negative spike by about 1.2%o in the δ18O composition of the 
planktic foraminifers Neogloboquadrina pachyderma sin. and was related to the freshwater 
outburst from the Lena River (Fig. 3g; Spielhagen et al., 2005). Later we recorded a simul-
taneous, extreme paucity of benthic microfaunal assemblages with predominance of opportu-
nistic species of the Reophax genus among the forams (Fig. 3e) and extreme abundance of 
authigenic vivianite concretions exactly in the same core interval (Fig. 3b). Both facts point to 
close to anaerobic conditions at the seafloor. Recently we have obtained a benthic isotopic 
record (C. neoteretis) that shows a simultaneous negative δ18O excursion of 1.2‰ (Fig. 3g). 
At the same time, the δ13C composition of planktic foraminifers shows a positive spike of 
about 0.4‰, and the δ13C composition of bentic foraminifers a negative excursion of 
approximately the same range (Fig. 3h). The observed situation might have the following 
explanation. The abrupt surface water freshening was not produced by enhanced river runoff 
because this would have caused a negative excursion in the planktic δ13C record due to the 
strong depletion of the δ13C of the riverine dissolved inorganic carbon (Erlenkeuser et al., 
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1999). Reduced river runoff during this time interval is also supported by the drop in TOC 
content in both parts of the Laptev Sea continental margin (Fahl & Stein, 2012; Taldenkova et 
al., 2012; Fig. 3c). Exactly at the same time the biomarkers showed an immediate increase in 
sea-ice cover extent in response to the surface water freshening accompanied by a decrease in 
phytoplankton productivity (Fahl & Stein, 2012; Fig. 3c). Hence, the positive planktic δ13C 
and negative benthic excursions could not result from phytoplankton productivity growth. 
Likely the inflowing freshwater was of glacial origin related to the outburst of the glacial 
Lake Agassiz along the Mackenzie valley to the Arctic Ocean at about 12.9 cal.ka (Tarasov & 
Peltier, 2005; Murton et al., 2010; Teller, 2013). Freshwater input caused stratification of 
waters on the Laptev Sea continental slope as is evident by the drop in benthic δ13C record 
due to reduced ventilation of bottom waters and establishment of almost anaerobic bottom-
water conditions as manifested by the near-absence of benthic forams and formation of 
vivianite concretions. The outburst of meltwater from the Lake Agassiz in combination with 
evacuation of multi-year ice to the North Atlantic (Bradley & England, 2008) reduced the 
Atlantic Meridional Overturning Circulation and the inflow of ADW to the Arctic. This is 
also seen in the abrupt faunal change – reduction in the percentage of the species C. neoteretis 
indicative of Atlantic water and increase in the proportion of the Arctic opportunistic species 
Cassidulina reniforme (Fig. 3i). The same faunal change was also recorded in the western 
Laptev Sea (Taldenkova et al., 2012). The resulting cooling reduced river runoff in the Laptev 
Sea region and enhanced the sea-ice cover. Active ice formation and brine release were the 
likely reasons for the decrease in benthic δ18O (Fig. 3h). On the other hand, it might have been 
also produced by a certain increase in bottom-water temperature due to the thickening of the 
surface-water and halocline layers and subsequent enhanced influence of ADW on the studied 
core site located at the depth of about 900 m. Combined with reduced ventilation and water 
stratification, this could be an additional reason for the anaerobic bottom-water environment. 
At present, besides a slightly warmer temperature, the ADW are by 0.2-0.4 ml/l depleted in 
oxygen compared to the underlying and overlying water layers (A. Novikhin, unpublished 
data). Probably, during deglaciation when the ADW were largely represented by the Fram 
Strait branch with insignificant contribution of the Barents Sea branch water, this difference 
in oxygen content was even larger.  
However, the origin of authigenic vivianite in the sediments of core PS2458 is still difficult to 
explain because, besides the highest peak in its concentration at 12.7-12.9 cal.ka which 
exactly coincides with the freshening event, smaller vivianite peaks were recorded in the 
Holocene sequence aging back to 7.2-7.3, 5.4-5.5, and 2-2.3 cal.ka (Fig. 3b). All of them 
correlate with very low abundances of benthics, i.e., anaerobic bottom water conditions (Fig. 
3d). Of those Holocene peaks only the oldest peak at 7.2-7.3 cal.ka correlates with a certain 
small negative excursion in planktic δ18O record (by 0.4 ‰) and a very small negative 
excursion in δ18O benthic record (Fig. 3g). The peaks at 5.4-5.5 and 2-2.3 cal.ka do not 
correspond to surface-water freshening, but correlate with a pronounced negative excursion in 
the benthic δ18O record (by 0.6-0.7‰) (Fig. 3g). The δ13C record remains unchanged 
(Fig. 3h). Whether the enhanced influence of the ADW with slightly reduced oxygen content 
and higher concentration of phosphates was one of the factors that favored vivianite formation 
under anaerobic conditions, remains questionable. Vivianite formation could be just a local 
event related to specific geochemical conditions at the seafloor. For instance, in the Holocene 
sediments of core PS51/154, which is located in the western Laptev Sea at a water depth of 
270 m, i.e., in the core of the ADW, no vivianite concretions were found (contrary to the 
above-described early deglacial times). The vivianite peak in core PS2458 at 12.7-12.9 cal.ka, 
however, is twice higher than the early deglacial peaks in core PS51/154.  
 
  



 K-122 

Younger Dryas (11.5-12.7 cal.ka) 
The remaining part of the Younger Dryas period is characterized by gradual amelioration of 
environmental conditions after the freshwater event at 12.7-12.9 cal.ka as seen in the in-
creasing abundance and diversity of microfossils and biomarkers suggesting higher producti-
vity and less sea ice (Figs. 3d, c). High representation of the Arctic opportunistic species E. 
clavatum and C. reniforme, which together make up to 80-90% of the benthic foraminiferal 
assemblage (Figs. 3i, k), points to a cold-water environment with a strong fluvial influence. 
Active outer shelf flooding and coastal abrasion resulted in mixing of freshened shelf and 
open-water water masses and increased the turbidity of the waters. This time interval is distin-
guished by a constant occurrence of Nonion labradoricum, the benthic foraminiferal species 
indicative of high productivity at the sea-ice margin (Fig. 3l). This species is almost absent in 
the older and younger sediments besides the second peak at 3-4 cal.ka and its occurrence in 
the Younger Dryas interval allows assuming that the core site was located close to the 
summer sea-ice marginal zone with increased seasonal productivity.  
 
Early Holocene (9-11.5 cal.ka) 
This period of the summer-insolation maximum in the Northern Hemisphere is characterized 
by surface water warming and diminished sea-ice cover as suggested by the richest and 
diverse microfossil assemblages and corresponding changes in biomarkers (Figs. 3c, d, e, f). 
Highest brassicasterol content manifests highest phytoplankton productivity. Corresponding-
ly, the proportion of species taking advantage of the strong pulses of seasonal productivity 
like Islandiella spp. and Pyrgo williamsoni, Stainforthia loeblichi  (Figs. 3j, m) also in-
creased. The seasonal sea-ice margin likely shifted northward. The water column became less 
stratified (gradual disappearance of E. clavatum, Fig. 3k) and better ventilated (heavier δ18O 
δ13C composition of planktic and benthic carbonate tests, Figs. 3g, h).  
 
Mid-Late Holocene (<9 cal.ka) 
After the Early Holocene warming the further Holocene evolution was marked by growing 
cooling and sea-ice cover extension. Biomarker indices clearly show a decreasing phyto-
plankton productivity and growing sea-ice cover extent (Fig. 3c). TOC content decreased 
primarily due to shelf flooding and inland retreat of the coastline and river mouths. Total 
abundances of all microfossil groups drastically decreased (Figs. 3d, e). The IRD content 
increased, especially after 7.4 cal.ka, and showed a millennial-scale periodicity with the 
highest peak at 3-4 cal.ka (Fig. 3a). Interestingly, though a modern-like environment in terms 
of water depth and distance from the coast was established (as seen, for instance, by the 
growing relative abundance of Melonis barleeanus, Fig. 3m), the representation of shallow-
water river-proximal species (cf. Polyak et al., 2002) increased (Fig. 3k). Moreover, the peaks 
of their relative abundance coincide with IRD peak,s which is especially well demonstrated 
for the time period 3-4 cal.ka (Figs. 3a, k). This supports our previous assumption that these 
species are largely ice-rafted to the distant localities on the continental slope and outer shelf 
(Stepanova et al., 2012; Taldenkova et al., 2008, 2012), and that climate cooling and south-
ward migration of the seasonal drift ice-margin leads to more ice-rafted material (including 
shallow-water microfossils) settling in these regions instead of being transported farther to the 
Arctic Ocean and North Atlantic. The second peak of N. labradoricum at 3-4 cal.ka marks the 
time period when the seasonal drift-ice margin was located close to the core site (similar to 
the Younger Dryas period). In the late Holocene, it likely shifted further southward following 
the cooling trend. The influence of the ADW gradually increased as the influence of shelf 
water masses on the site decreased. At about 7.4 cal.ka another turnover in the composition of 
the benthic foraminiferal assemblages occurred. It was the the other way around as compared 
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to the change that took place during the 12.7-12.9 cal.ka freshening event – now C. neoteretis 
became dominant over C. reniforme (Fig. 3i). Although some slight increase in the proportion 
of C. neoteretis was also observed in core PS51/154 from the western Laptev Sea, it was 
much less than in core PS2458. This probably shows that C. neoteretis in the Arctic prefers 
relatively deep water conditions beneath the ADW water mass.  
New lithological and microfossil records were obtained on the sediment sequence of core 
PS51/118, which was retrieved from 122 m water depth (Fig. 4). The core spans the period of 
the past 10.8 kyrs with an extremely high resolution for the early Holocene interval (7 m for 
the time period 9-10.8 cal.ka). So far, the following major changes in lithology and 
microfossils, which are related to certain environmental changes, could be outlined. 
Until 7.4 cal.ka, sedimentation was uniform, and mainly fine-grained sediments were 
accumulated at the core site under conditions of proximity to the coast and former river 
mouths, while the paleo water depth increased from about 70 to 90 m given the established 
chronology of transgression in the Laptev Sea (Bauch et al., 2001). Correspondingly, the 
foraminiferal assemblage represents a mixture of the opportunistic Arctic species E. clavatum 
and river-proximal species together with a considerable proportion of the Arctic marine 
species C. reniforme, Islandiella spp., and single planktic foraminifers. The overall environ-
ment was cold-water marine with a stratified water column due to considerable fluvial input. 
The sea-ice cover was likely considerably reduced between 9.5 and 10 cal.ka as is indicated 
by the highest total abundance of benthic foraminifers and reduction in the representation of 
E. clavatum. Later the total abundance decreased but the marine influence on the composition 
of foraminifers increased.  
Between 7.4 and 8.2 cal.ka, however, all microfossils disappear from the sediment sequence, 
and the composition of sediments becomes especially fine-grained. We suppose this might 
have been caused by a considerable freshwater inflow, probably an enhanced river runoff 
event, which resulted in an increase in sea-ice cover extent. In core PS2458 at about the same 
time (7-7.6 cal.ka), a negative spike in δ18O planktic record is observed combined with 
vivianite formation, both indicative of freshwater input. It should be mentioned that the age 
model of core PS2458 for the Holocene is still under discussion. The ages that are used by us 
and Fahl and Stein (2012) represent a linear interpolation between the assumed modern 
surface age and the lowermost dating on marine bivalves at 252 cm. This age model differs 
from the original age model of Spielhagen et al. (2005), which also considered the age of 
8.8 cal.ka of a wood fragment found at 201 cm. According to our model, this wood fragment 
occurred in the sediment layer aging back to 7.4 cal.ka. Thus, it is possible to assume that the 
above-described indications of freshwater input in both cores could be correlated. 
After 7.4 cal.ka a drastic change in the sedimentation environment occurred in core PS51/118, 
when the percentage of the coarse-grained fraction started to abruptly increase up to 20% in 
the surface sample. Correspondingly, the proportion of agglutinated foraminifers also 
increased. The growth is largely associated with the input of IRD fragments as seen from five 
evident peaks (Fig. 4). The IRD peaks in cores PS51/118 and PS2458 from the eastern Laptev 
Sea continental margin resemble those that were found in the cores from its western part 
(Taldenkova et al., 2010). However, their magnitude is 1-2 orders less, likely due to 
inconsiderable input of iceberg-rafted material. Icebergs produced by the Severnaya Zemlya 
ice caps and discharged into the western Laptev Sea are probably incorporated into the 
Transpolar Drift Stream and evacuated to the Arctic Ocean and, therefore, do not reach the 
eastern Laptev Sea. This is confirmed by the distribution of IRD in the samples from the 
multicores from these two regions (Fig. 1). In most multicores from the western Laptev Sea, 
IRD content ranges between 10-100, while the weight percentage of the >63 µm fraction is 
rather low, between 1-2%. In the eastern Laptev Sea, IRD content is usually less than 10.  
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Fig. 4: Lithological and microfossil characteristics of core PS51/118. Light grey shading highlights prominent 
changes in the composition of foraminifers: period of the highest total abundance 9.5-10 cal.ka, period of 
complete absence of microfossils 7.4-8.2 cal.ka, and recent period of the predominance of agglutinated 
foraminifers 0-2 cal.ka. Dark grey shading highlights five IRD peaks. 
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Conclusions  
Time-slice reconstruction of the postglacial environmental evolution of the eastern Laptev Sea 
continental margin based on multiproxy high-resolution analysis of the AMS14C-dated 
sediment cores PS2458 and PS51/118 from different water depths on the continental slope 
revealed several periods generally coinciding with those established in the North Atlantic 
area: late glacial-early deglacial (17.6-14.9 cal.ka), Bølling-Allerød (12.9-14.9 cal.ka), onset 
of Younger Dryas (12.7-12.9 cal.ka), Younger Dryas (11.5-12.7 cal.ka), Early Holocene (9-
11.5 cal.ka), and Mid-Late Holocene (<9 cal.ka). 
IRD input in the eastern Laptev Sea in the late glacial (>16 cal.ka) and Mid-Late Holocene 
(<8 cal.ka) is considerably smaller compared to the iceberg-producing western Laptev Sea 
and is largely related to climate cooling, extensive sea-ice cover and a southward shift in the 
seasonal drift-ice margin. 
Atlantic-derived waters were constantly present at the eastern Laptev Sea continental slope 
during the past approximately 17.6 kyrs, though the manifestation of their influence was 
different, depending on the interaction with local freshwater and the variability of the Atlantic 
waters in the upstream regions in the North Atlantic and Barents Sea. 
The prominent freshwater event at the very onset of the Younger Dryas at 12.7-12.9 cal.ka – 
expressed in abrupt negative excursions of planktic and benthic δ18O combined with positive 
planktic and negative benthic δ13C excursions, a drastic decrease in abundance of all 
microfossil groups, a turnover in benthic foraminiferal composition, TOC decrease, an 
increase in sea-ice and a decrease in biomarkers records of plankton productivity, anaerobic 
conditions at the seafloor and formation of authigenic vivianite – was of glacial meltwater 
origin and could be provisionally related to the Lake Agassiz outburst.  
Warmest surface water conditions and a reduced sea-ice cover extent, as manifested by high 
phytoplankton productivity and maximum total abundance of planktic and benthic 
microfossils, existed in the Early Holocene at 9-11.5 cal.ka. 
The Mid-Late Holocene time period with a general cooling trend also featured three vivianite-
formation events in the deeper core PS2458 related to certain minor freshwater events likely 
of riverine origin, although the mechanism of vivianite formation needs further investigation 
and understanding as no concretions were found in the Holocene sequence of the shallower 
core PS51/118. 
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Introduction 
 
Scientific background 
The increase in methane emissions in the Artic due to thawing permafrost, enhanced transport 
of organic material by river runoff and coastal erosion, and the potential release due to 
dissociation of methane hydrates raise serious scientific and public concerns. In this report we 
present the results of the project that stems from and continues the research line of the two 
previous OSL-funded projects: "Potential impact of methane emission from East-Siberian 
Arctic shelf on global climate: from conceptual model to quantitative assessment" (OSL-12-
03), and "Enhanced methane emission from East-Siberian Arctic shelf: explanation 
hypothesis based on the analysis of bottom sediments, geological and paleo river morphology 
data" (OSL-13-02). In contrast to the previous two projects, in the current research we 
consider both the terrestrial and sub-aquatic permafrost. 
The topic of methane emissions in the Arctic is of major interest: many outstanding 
international scientists, including our German partners from the research institutes in 
Potsdam, Jena, and Hamburg, are working in this area studying the wide spectrum of impacts, 
which range from the chemistry of coastal waters and atmospheric composition, to permafrost 
and geomorphology. Our project team occupies a niche with the very specific goal of 
quantifying the changes in the Arctic carbon cycle in the context of the global climate change 
by using a single universal metric – the resulting effect on the global air temperature. We 
strive to obtain the most accurate estimate of the component of global temperature rise, 
projected for the future, that could be attributed to the enhanced methane emissions in the 
Arctic. To accomplish this task, we use a combination of observations and modelling.  
 
Scientific objectives 
The project objectives are: 
• to develop a more comprehensive permafrost model by combining dynamical permafrost 

and statistical vegetation models, which are already available in SHI, into a computational 
framework; 

• to develop a new block of organic sediment transport by river runoff and coastal erosion, 
and integrate this block with the existing methane-emission model; 

• to validate and calibrate all models using observational data; 
• to test the performance of 36 CMIP5 GCMs (Coupled Model Intercomparison Project 

Phase 5 Global Climate Models) in the study region and rank models according to their 
skills in replicating past changes of air temperature and precipitation over the period for 
which observational data are available; 

• to construct optimal climate projection for the study region using an ensemble of top-
ranked GCMs; 
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• to use models forced with optimal climate projection to calculate the cascade of changes in 
vegetation, permafrost, organic transport to the shelf, and biogenic methane production in 
the 21st century; 

• to calculate the effect that projected changes in the methane production in the study region 
may have on the global air temperature. 

 
Research activities  
 
Approach 
As illustrated in Figure 1, the predictive power of mathematical modelling depends on both 
the complexity of the models, and the availability of the data that are necessary to run them. 
The amount of actual observational data on the parameters, governing the methane emissions 
in the Arctic, is very limited. This is why large uncertainties exist in the extrapolation of 
findings from selected specific sites over the larger areas using spatial statistical methods, as 
well as in the validation of the mathematical models of permafrost, vegetation, organic 
transport, and methane emission. An important question is the appropriate selection of the 
level of complexity in the modelling component of the project. This is why we made a survey 
of the available data on 1) atmospheric meteorological parameters, such as air temperature 
and precipitation, that are used as forcing data in permafrost, vegetation, hydrological, and 
carbon models, 2) atmospheric methane concentrations, particularly the seasonal features, 
which could be used to indirectly validate the model-based emissions over large regions in the 
Arctic, 3) the dynamics of the vegetation and permafrost that are indicative of the large-scale 
landscape changes leading to potential changes in the availability of organic material and 
methane emissions, and 4) coastal erosion and river sediment transport that are indicative of 
the organic flux to the Arctic Ocean. The later component is also addressed in the OSL project 
"Impacts of climate change on hillslope erosion in permafrost landscapes and suspended 
sediment transport to the Arctic Ocean" (OSL-14-21), which is why we paid less attention to 
this point in our work, seeking collaboration with the other project team. We further selected 
the complexity of the permafrost, vegetation, carbon, and hydrological models in accordance 
with the available data necessary to run them. Such a selection provided the maximum 
predictive power of the models, i. e., the optimal balance between the level of details and the 
uncertainty of the predicted results. We then run the set of selected models of optimal 
complexity harmonized with available forcing data to calculate the effect that a potential 
enhancement of methane emissions in the study region may have on the global temperature. 
 
Accomplishments 
We used the permafrost and vegetation models already existing at the State Hydrological 
Institute (SHI) in Il'ichevo, Russia, and combined them into a single framework to allow fully 
coupled calculations. While the permafrost model had already been well developed and 
validated, the vegetation model was in need of additional tuning since it had never been used 
for the bioclimatic zones in the high North, for which observational data are very limited. This 
is why we used satellite data on the NDVI (Normalized Difference Vegetation Index), which 
characterizes the plant productivity, and meteorological data to check the performance of the 
model, i. e., how it simulates the interannual variations of plant biomass. Results of this part 
of the work have been summarized in a paper (Anisimov et al., accepted), which has been 
submitted to the Russian journal "Exploration of Earth from the Space" and accepted for 
publication in 2015. 



 L-7 

 
Fig. 1: Relation between the data availability, complexity of the model and predictive power. 
 
We also used results from 36 CMIP5 GCMs to evaluate the performance of the climate 
models by comparing their results with observational data and to develop the optimal climate 
projection for the study area, combining results from the best models into an ensemble. 
Ground-based data in the Arctic are sparse, which is why we also used the satellite 
observations. They provide a broad-scale pattern of interannual and seasonal variations of the 
studying parameters over the past 20+ years. We described the validation of the newly 
developed vegetation block of the coupled permafrost-vegetation model using the satellite 
data on the NDVI (Normalized Difference Vegetation Index) in the interim report. In the 
second reporting period, we collected and analyzed satellite data on methane concentrations in 
the Eurasian Arctic, and compared these data with results of methane-emission modeling. 
A significant project accomplishment is associated with the access to the fully coupled ocean-
atmosphere hydrodynamical climate model INMCM4 of the Institute of Numerical 
Mathematics of the Russian Academy of Sciences, which is part of the CMIP5 climate-model 
family. The institute was interested in validating the INMC4 model using observational data 
on the Arctic which was collected by our project team. They kindly agreed to perform 
dedicated model runs with the specific setup simulating methane emissions in the Eurasian 
Arctic enhanced by 50 and 100 Tg/y. As a result of such numerical experiments, we 
calculated the 3D temperature fields corresponding to such a setup. They were further 
compared with our independent estimate of the effect that methane emission may have on the 
global temperature. The estimates were in close agreement with each other, indicating that the 
complex synergistic methodology, used in our project, is robust. 
A significant accomplishment in both the scientific and the educational components of the 
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project is the invitation of Vasily Kokorev to serve in the capacity of the co-lead author in the 
preparation of the assessment report of the Arctic Council addressing the Arctic environment 
under the conditions of the changing climate, and in the update of the SWIPA (Snow, Water, 
Ice and Permafrost in the Arctic) report (hydrological section).  
With the results in connection with the optimal CMIP5-based climatic projection and of 
modeling changes in the methane emissions in Russian permafrost regions, the project team 
contributed to the German-Russian CarboPerm project. 
 
Results 
The SHI vegetation model is based on the statistical links between the distribution of the 
vegetation zones and climatic parameters such as the summer warmth index (temperature 
sums above 5°C), winter minimum temperature, and ratio of precipitation to summer warmth. 
To account for the increasing bio-climatic continentality from the West to the East, the model 
operates in 4 different spatial domains: in the European sector (1), West Siberia (2), East 
Siberia (3), and Far East (4), for which individual calibration was carriedo out. Model 
representation of the distribution of the vegetation zones under baseline (1960-1990 mean) 
climatic conditions is shown in Figure 1, which fits well with the vegetation maps that have 
been constructed using actual ground observations. 
 
Analysis of meteorological data 
We developed a state-of-the-art data set of air temperature and precipitation with daily and 
monthly resolutions. This task has been accomplished in cooperation with the Russian 
Institute of Hydrometeorological Information (Obninsk), which has records from the full set 
of ca. 1,500 Roshydromet weather stations up to 2013. We also included ground-temperature 
data from 420 weather stations. These data were used to empirically evaluate the sensitivity of 
Russian terrestrial permafrost to the changes of the air temperature and snow depth. We 
calculated the determination coefficients D2 , i. e.,  

,           , 
where indexes 1, 2 and 3 correspond to the ground temperature, air temperature, and snow 
depth, respectively, and ri,j are the correlation coefficients. The maps in Figure 2 show the 
percent of the variability of ground-temperature records associated with variations of the air 
temperature (A) and snow depth (B). They demonstrate that the effect of air temperature 
variations on permafrost decreases from the West to the East whereas variations of snow 
depth have the largest effect in the Central Siberia and in Yakutia. 
We also constructed a map showing a numerical index (Kpf) that characterizes the sensitivity 
of permafrost temperature to the atmospheric warming. It is calculated as the ratio of ground-
temperature trend to air-temperature trend. The map in Figure 3 indicates a very high 
sensitivity of permafrost to atmospheric warming in East Siberia. This might have 
strengthened concerns about the potential increase of methane emission from thawing 
permafrost in this region if there were enough organic-rich soils, which is not the case, 
indeed. At the same time, Figure 3 shows a very low permafrost sensitivity in West Siberia, 
including the greater part of the Lena River basin, and moderate sensitivity in Yakutia. 
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Fig. 2: Percent of variability in ground-temperature records associated with variations of the air temperature 
(upper panel) and snow depth (lower panel). The dotted line designates the permafrost boundary. The maps were 
constructed using 1966-2013 temperature and snow-depth data. 

 



 L-10 

 
Fig. 3: Sensitivity of permafrost to air temperature changes calculated using data for the period of 1966-2014. 
 
We used 2009-2013 data from the IASI-1 satellite (Infrared Atmospheric Sounding Inter-
ferometer) to create maps of the methane concentration in the lower troposphere (0-4 km) in 
the Eurasian Arctic at the end of the warm season (August to November; Fig. 4). These maps 
are very illustrative of the seasonal variations in the regional emissions. In August maximum 
concentrations are observed over the terrestrial permafrost, particularly in areas with wetlands 
and ponds. In September, when seasonal thawing reaches its maximum, satellites indicate the 
highest values of atmospheric methane over the terrestrial permafrost. The methane 
concentration over the Arctic seas begins to increase and reaches its maximum in October. At 
the same time, it drops down over the terrestrial part where the ground begins to freeze, 
trapping greenhouse gases under the impermeable upper layer of frozen soil. A comparison of 
the panels for October and November in Figure 4 demonstrates that the seasonal dropdown of 
the atmospheric methane concentration over the terrestrial permafrost develops from east to 
west, in accord with the freezing onset dates. Methane concentrations over the open waters in 
the East Siberian Arctic seas reach their maximum during these two months, which is yet to 
be explained. Damm et al. (2008) suggests that this fact could be associated with rapid ice 
formation, brine release, and concurrent convection to the seafloor, which cause enhanced 
turbulence, resuspension of sediments and subsequent release of methane from the seafloor. 
However, an explanation of the observed seasonal CH4 maximum over the East Siberian 
Arctic seas is beyond the scope of our project. Our ultimate conclusion is that the atmospheric 
methane concentrations at the peak of the thawing season are mostly governed by emissions 
from the terrestrial permafrost wetlands whereas at the end of the season, sources in the open 
waters play a more significant role. The latter depends on the accumulated amounts of organic 
material transported to the shelf through coastal erosion and river sediments.  
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Fig. 4: Methane concentrations in the lower troposphere (0-4 km) at the end of the warm period derived from the 
IASI-1 satellite (http://www.nsof.class.noaa.gov). 

 
We combined several models that have been developed at the SHI to calculate changes in the 
methane emission from permafrost wetlands. The complexity of the models was harmonized 
with the available forcing data to provide the maximum predictive power, in accordance with 
the principles illustrated in Figure 1. The combined model is driven by monthly air 
temperature and precipitation data, and calculates 1) changes in vegetation, 2) ground 
temperature and the depth of seasonal thawing of permafrost, through which we evaluate the 
volume of the organic-rich soil that is available for decomposition and biogenic methane 
production, and 3) changes in the methane fluxes relative to the baseline conditions under the 
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control climate. Calculations have been made using the optimal climate projection for the 
mid-21st century climate. Our results indicate that under the specified scenario by 2050, 
methane emissions from Eurasian terrestrial permafrost may increase by ca. 10 Tg/yr. This is 
a conservative estimate, which takes into account only the component of the total emission 
associates with the thawing wetlands, where increase is mostly due to deeper seasonal 
thawing. Emissions outside wetlands may also increase due to temperature rise, however, they 
are generally much smaller, and do not have a noticeable effect on the total flux. To account 
for these sources, we increased the changes, projected by mid-21st century, in methane 
emissions from Eurasian terrestrial permafrost up to 12 Tg/yr. 
It would be appropriate to compare our result with other studies. The direct output from the 
model, described by Zhang et al. (2013), predicts ca 15 Tg/yr increase in methane emissions 
from the hemispheric permafrost region, which is in good agreement with several other 
modeling studies. The study by Denisov et al. (2010) suggests that under the SRES A2 
scenario (Special Report on Emissions Scenarios), terrestrial methane emissions from the 
Russian wetlands may increase by 3 Tg/yr  by mid-21st century, and up to 7 Tg/yr by the late 
21st century. A study by Arzhanov and Mokhov (2014) suggests that the cumulative amount 
of carbon released by the end of the 21st century from the hemispheric permafrost regions may 
be as much as 48-100 Gt although this estimate is not differentiated for the carbon released as 
CO2 and methane. Another study by Denisov et al. (2011) concludes that methane emissions 
from the western Siberian region (55-65°N, 65-85°E) under the SRES A1B scenario will 
increase more than twofold until the end of the 21st century – from 9 Tg/yr to 21 Tg/yr. 
Changes of emissions from sub-aquatic permafrost are even more uncertain. In the preceding 
OSL-12-03 and OSL-13-02 projects, we demonstrated that the methane release from the deep 
gas hydrates underneath the East Siberian Arctic seas will not change noticeably in the 
coming one hundred years. A far more reactive component is the one associated with the 
biogenic methane production in the bottom sediment layer, which is constrained by 1) the 
amount of organic material and 2) temperature. Both of these factors will change under a 
warming climate.  
We evaluated the increase in emissions from the East Siberian Arctic seas due to these 
changes using the following model. The effect of temperature on the biogenic methane 
production was accounted for with the following exponential equation (Anisimov, 2007): 

F =  F0 exp 0.1(T – T0), 
where F and F0 are methane production rates under changed and control temperatures, T and 
T0, respectively.  
Published estimates of the current fluxes of organic material from coastal erosion and river 
sediments vary from relatively large values, 2.2 and 1.9 Tg C/yr, respectively (Rachold et al., 
2000), to values smaller by several times, such as 0.4 Tg C/yr, reported by Streletskaya et al., 
(2009) using extensive observations of the Kara Sea. It would be appropriate to note that our 
main German partner, P. Overduin, strongly supports the smaller estimates. He emphasizes 
the importance of the fact that most of the observed high rates of coastal erosion reported in 
the publications could not be extrapolated over time and/or space because they are often 
caused by single strong events rather than by gradual changes in the climatic conditions (P. 
Overduin, presentation at Potsdam summer school, 2014). 
An analysis of the published data indicates that the rate of organic transport to the ocean due 
to coastal erosion is roughly proportional to the duration of the ice-free period whereas the 
organic transport with river sediments is proportional to annual runoff. The duration of the 
ice-free period is increasing, as exemplified by a case study of the station of Varandey in 
Figure 5. We approximated further changes until 2050 using temperature data from the 
optimal climate projection. 
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Fig. 5: Dates of the beginning (lower curve) and end (upper curve) of the ice-free period derived from the ice 
maps of the Arctic and Antarctic Research Institute for the station of Varandey. Red lines indicate window 
filtering run for 11 years; dotted lines indicate trends over the period of 1975-2014. 

 
We used runoff projections to approximate the changes in organic transport with rivers. The 
results suggest that by 2050, organic transport to the Arctic Ocean due to coastal erosion and 
river sediments may increase by 0.7 million tons. Combining this projected increase of 
organic material with the projected temperature changes, we estimate the increase of biogenic 
methane production in the East Siberian Arctic seas by 2050 at 3.2 million tons. 
It would be appropriate to note that our estimates contain a large uncertainty, which is the 
intrinsic feature in any generalization of sparse observational data over large areas. 
Meanwhile, the ultimate goal of our project is to answer the question whether the effect of 
enhanced methane emission in the Arctic on the global temperature is significant or not. It 
implies that the upper bound of the emission uncertainty range could not be neglected. With 
this in mind, we made calculations with hypothetical increases of methane emissions by 50 
and 100 Tg/yr, which by far exceed the upper boundary of the uncertainty. The effect on 
global temperature was evaluated using two independent methods.  
The first is based on the sensitivity of the global temperature to atmospheric methane 
concentrations, which according to the Fifth IPCC Assessment Report (2014) is about 0.3°C 
for 1 ppm. We converted our hypothesized additional methane fluxes of 50 and 100 Tg/yr to 
additional atmospheric content by multiplying the flux by the effective residence time of CH4 
in the atmosphere (9 years), which yields extra 450 Tg and 900 Tg of atmospheric CH4. Given 
that 100 Tg CH4 corresponds to ca 0.04 ppm in the atmospheric volumetric units, the effect of 
50-100 Tg/y additional flux may lead to 0.05-0.1°C global temperature rise, which is small 
compared to the effect of other factors. If instead of the hypothetical 50-100 Tg/yr, we use the 
best estimate of less than 20 Tg/yr of projected CH4 emission increase, the effect would be 
less than 0.03°C. 
The second independent estimate was obtained using the INMCM4 earth system model, 
which was run with additional methane fluxes, enhanced by 50 Tg/yr, 100 Tg/year, and 
4,000 Tg/year, to study the effect on the 3D temperature field. The latter experimental setup 
with unrealistically high emissions was designed to simulate the “methane bomb” situation, 
which is broadly discussed in the publications. Results indicated that additional 50-100 Tg/yr 
CH4 emissions lead to a global temperature rise by ca. 0.018-0.037°C, which is approximately 
twice smaller than our first estimate. For each of the three CH4 forcing scenarios two types of 
experiments simulated the situation: with the extra sources located only in the Arctic, and 
with the extra sources equally distributed over the globe. The results indicated that only in the 
case of very strong additional emissions, the location of the sources matters. Under the 
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extreme scenario of additional 4,000 Tg/yr methane flux located in the Arctic, the temperature 
rises globally by approximately 1.5°C, and by 2-3°C in the Arctic. Interestingly enough, in the 
case of location of the sources in the Arctic, the same amount of additional methane produced 
a somewhat smaller effect on global temperature. For 4,000 Tg/yr extra flux in the Arctic, the 
difference is 0.2-0.4°C (Fig. 6). 

Fig. 6: The map shows the difference between the projected mean annual temperature changes (°C) due to 
additional emission of 4,000 Tg/yr from sources located in the Arctic only, and from sources homogeneously 
distributed over the Northern Hemisphere. 

 
 
Conclusions 
The ultimate conclusion of our study is that changes in the carbon cycle in Russian permafrost 
regions will not lead to a significant impact on the global air temperature. This is in accord 
with results of several other studies. The modeling study by Denisov et al. (2013) arrived to 
the general conclusion that by the end of the 21st century, the effect of enhanced methane 
emissions from all global sources will lead to an additional global temperature rise of less 
than 0.1°C, i. e., the methane sources are responsible for about 4% of the overall projected 
warming. This estimate updated the result of an earlier study (Eliseev et al., 2008), which 
suggested that the effect will be twice smaller.  
A very important question is whether the location of the methane source matters. It has direct 
implications for the policymaking, particularly to regional mitigation strategies. In our study, 
we demonstrate that the location matters only if the projected changes of emissions are 
unrealistically high. In this case, the Arctic is the worst place to make use of the CH4 
greenhouse potential, which has a clear physical interpretation. The physics of the greenhouse 
effect is that gases return part of the infrared radiation, emitted by the surface, back to the 
Earth. The infrared radiation strongly depends on the temperature of the emitting surface, and 
is proportional to T4. Thus the emitted infrared radiation in the Arctic is much smaller than 
elsewhere, and this is why the same amount of any greenhouse gas would produce a smaller 
effect in the Arctic compared to the case, when the sources are located in other latitudes.  
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PROVENANCE DISCRIMINATION IN SEDIMENTS FROM THE MENDELEEV 
RIDGE (CENTRAL ARCTIC OCEAN): IMPLICATIONS FOR RECONSTRUCT-
IONS OF SEDIMENT SOURCES AND PATHWAYS OVER THE LAST 200.000 
YEARS 
 
E. Bazhenova, S. Kostygov 
St. Petersburg State University, St. Petersburg, Russia 

 
Introduction 
 
Scientific background 
The Quaternary history of the Arctic Ocean is associated with cyclic variations in the extent 
of sea-ice cover and land-based glaciations. Consecutive sea-level fluctuations caused 
exposure of the shallow Arctic shelves partially covered by ice sheets, and reduced oceanic 
circulation and water exchange with the Atlantic and the Pacific Oceans. This affected the 
sedimentary environments in the Arctic Ocean (e. g., Spielhagen et al., 2004). The 
landmasses, surrounding the Arctic Ocean, comprise terrains of variable geological age and 
tectonic setting, therefore characterized by different mineralogical and chemical signature 
(e. g., Lisitzin, 2002). The identification of source areas for the material, transported from the 
North American and Eurasian hinterland, gives important information about the circulation 
patterns in the Arctic Ocean. Grain-size distribution in sediments can be studied to distinguish 
different agents of terrigenous sediment supply such as river discharge, oceanic currents, sea-
ice and iceberg transport, down-slope transport, and aeolian input. 
 
Goals and objectives 
The late Pleistocene history of the Arctic comprised cyclical changes in the extension of land-
based ice sheets and sea-ice cover, which affected the sedimentary environments in the Arctic 
Ocean. This study is based on a core sediment record from the Mendeleev Ridge spanning the 
past 200 ka. Over this time period, variable sedimentation patterns are described and possible 
implications for the reconstruction of the glacial/interglacial paleoenvironments are provided. 
This research is focused on the discrimination of sediment source areas and identification of 
ways of particle transport using inorganic-geochemical tracers and grain-size distribution in 
marine sediments.  
 
Research activities 
 
Approach 
The study is based on core PS72/340-5, recovered during the ARK-XXIII/3 (PS72) 
Expedition of RV POLARSTERN. The coring site is located at the eastern flank of the 
Mendeleev Ridge (77°36.31’N, 171°29.09’W). Water depth is 2349 m. The core was sampled 
at changes in lithology and/or color to represent all the lithostratigraphic units. Grain-size 
analysis was performed in several steps: 
• the coarse fraction (>63 µm) was isolated via wetsieving (mainly) at the Alfred Wegener 

Institute. Sand and gravel (grain sizes 0.063-2 mm and >2 mm, respectively) were 
separated via dry-sieving, weighed and kept for further microscopic studies; 

• the grain-size distribution in the fine fraction (<63 µm) was analyzed using the 
Micrometrics Sedigraph 5100 at the OSL. This technique is meant to determine the 
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particle-size distribution by measuring the gravity-induced settling rates in a liquid with 
known properties. Analytical details and errors of this method are described by Stein 
(1985), McCave et al. (1995), and Bianchi et al. (1999). 

Prior to the sedigraph measurements, the following sample preparation was carried out. The 
dried fine fraction (<63 µm) was put into 400-ml glasses filled with 100-200 ml of deionized 
water to dissolve the sediment. To oxidize the organic content, 10% H2O2 was added into each 
glass. For ideal dispersal, after this treatment, the sediment was put on a shaker for 48 hours. 
Additionally, before analysis, each glass was put into an ultrasonic bath for 15 minutes. After 
that, the sediment was mixed for homogeneity by means of a magnetic stirrer. 
In 2014, measurements were performed on very fine-grained samples comprised mostly of 
clay as was discovered during the previous analyses at the OSL in 2011-2013. Therefore, the 
lower measurement limit was set to 0.16 µm (previously fixed at 0.3 µm), which resulted in a 
very time-consuming workflow. It took approximately one working day to complete three 
tests on each sample to gain statistically significant data. 
The output grain-size dataset represents a number of mass concentrations for the grain sizes 
from 0.16 to 63 µm measured with increasing steps of 0.3 to 3 µm. The cumulative data were 
recalculated to get absolute weight percentages of the size classes: a total content of clay 
(<2 µm) is estimated by distracting the relative amount of the coarse-grained fraction 
(>63 µm) and silt (2-63 µm) from the bulk sampleб taking into account the measured clay 
(0.16-2 µm). The obtained grain-size data were added to the dataset of core PS72/340-5 
obtained before. 
 
Accomplishments 
All research activities, carried out in 2014, were in accordance with the proposed working 
plan. In the first half of 2014, our research was focused on laboratory work to finish the time-
consuming grain-size measurements on the clay fraction. During this period, 24 samples from 
sediment core PS72/340-5 were analyzed with the Micrometrics Sedigraph 5100. The output 
dataset, representing mass concentrations for the grain sizes from 0.16 to 63 µm, was further 
processed as described in section "Results". 
In the second half of 2014, we concentrated on processing the obtained grain-size data and 
statistical procedures, aiming to interpret the grain-size spectra. The obtained results were 
merged with the revised grain-size and other proxy data produced on core PS72/340-5 and are 
now being prepared for publication. We also had an opportunity to discuss the joint results 
and publication with colleagues from the Alfred Wegener Institute. This visit was supported 
by the OSL. 
 
Results 
This research is based on sediment core PS72/340-5 recovered at the eastern flank of the 
Mendeleev Ridge (central Arctic Ocean). Details on the coring location and onboard 
description of core lithologies can be found in the ARK-XXIII/3 Cruise Report (Jokat, 2009). 
For the grain-size and other analyses, the core was sampled at changes in lithology and/or 
color to represent all the lithostratigraphic units, described by Stein et al. (2010). This 
description can now be complemented with respect to the contents of the coarse-grained 
material (estimated by dry-sieving, reported by Bazhenova, 2012) and the results of the 
Sedigraph grain-size analysis of the <63-µm fraction (this project).  
The sedigraph measurements were carried out on the <63-µm fraction, isolated by wet-
sieving. Weight percentages of grain-size classes 0.16-63 µm were obtained, then merged and 
normalized together with the amount of the coarse fraction (>63 µm) to determine the 
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contents of silt (2-63 µm) and clay (<2 µm). After that relative proportions of these size 
classes were plotted against spliced core images obtained by digital line scanner (Fig. 1).  

 
Fig. 1: Core PS72/340-5: 1) spliced core images, brown units are indicated as B1-B7; 2) distribution of coarse 
fraction (> 63 µm), silt (2-63 µm) and clay (< 2 µm). Characteristics of the fine fraction (< 63 µm): 1) mean size 
plotted in phi values (clay: 10-8 Ø, silt: 8-4 Ø); 2) skewness (values from -0.43 to 0.43 indicate symmetrical 
distribution); 3) sorting (values lower than 1.62 indicate well-sorted distribution). 

 
Most of the sediments of core PS72/340-5 can be classified as clay, silty clay and clayey silt. 
The samples measured in 2014 appeared to be very fine-grained, as evidenced from the 
previous measurements, and represent pure clay. The stratigraphic position of the 
corresponding lithounits can be related to glacial periods (MIS 2 and MIS 4, according to the 
existing age model of Stein et al., 2010), but more discussion on the origin and timing of these 
intervals is needed.  
The mean size of the fine fraction (<63 µm) was recalculated into phi (Ø) values for 
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comparison with the other Arctic Ocean studies. The values for core PS72/340-5 (Fig. 1) are 
normally in the clay range (10-8 Ø) whereas the mean size of graines in the corresponding 
MIS 1-6 interval of the ACEX core (Lomonosov Ridge close to the North Pole) varies from 8 
to 6 (O’Regan et al., 2014), which belongs to silt (8-4 Ø) and is coarser than at our site. 
Blott and Pye (2001) use additional parameters such as sorting and skewness to investigate 
the grain-size distribution. Based on the sorting values of the fine fraction (<63 µm), 
calculated as the standard deviation, most of the PS72/340-5 sediments are moderately sorted 
(sorting values larger than 1.62). Skewness values allow us to estimate the asymmetry of the 
distribution, in our case changing from symmetrical (-0.43 to 0.43), probably corresponding 
to MIS 4, to very coarse skewed towards fine sizes (>1.43). 
To gain a better understanding of the grain-size distribution in sediments, principal 
component analysis (PCA) of the sedigraph data was undertaken (results are shown in Table 1 
and Fig. 2). This analysis aims to distinguish grain-size spectral components, which can be 
related to potential ways of sediment transport. Five principal components (PC) were chosen 
based on the statistically significant factor loadings greater than 0.7, explaining, cumulatively, 
84% of the total variance.  
 
Table 1: Results of the principal-component analysis performed on the sedigraph data (fraction <43,63 µm) 

PC Variance, % Variables (PC loadings >0.7) Size class 
Factor 1 43.46039 3.4-16.8 µm fine silt 
Factor 2 13.99519 >21.1 µm coarse silt 
Factor 3 11.37646 <1 µm negatively associated with clay 
Factor 4 9.85843 2-3.2 µm very fine silt 
Factor 5 5.65243 1.1-1.7 µm clay 

 
The first PC can be associated with fine silt, which is commonly transported in suspension by 
bottom currents (nepheloid transport; Darby et al., 2009). The second PC is linked to coarse 
silt, which is likely to be supplied by sea ice (Hebbeln, 2000). PCs 3-5 are related to the very 
fine grain sizes, which are believed to be brought by currents and anchor ice, formed in the 
shelf zones and containing entrapped clay particles (Darby et al., 2009). In general, results of 
the PC analysis indicate that there were several processes generating the grain-size 
distribution in core PS72/340-5. The most important feature of the <63-µm part of the spectra 
is the distinct separation between the silt- and clay-related modes, which can probably result 
from different mechanisms controlling the input of these two size fractions. Additional 
evidence for this hypothesis is provided by the moderate sorting of the fine fraction. 
Factor (PC) scores were plotted against depth to investigate the relationship between grain 
size and other properties of the sediments (Fig. 2). For further provenance studies, based on 
the radiogenic isotopic composition of Pb and Nd, we decided to extract the clay fraction for 
the isotopic analyses in order to avoid possible mixing of the source signals. Therefore, the 
results of the isotopic investigations should not be grain-size dependent. In addition to the 
clay fraction, we performed several measurements on the bulk samples to find out if the 
isotopic signal shows similar results and to make a guess about the isotopic fractionation and 
carriers of the obtained signature. In several tests, the results yielded a statistically significant 
difference in the Pb-isotope ratios when measured on clay and bulk fractions. This fact 
supports the preferential selection of the clay (or other separate) fraction for the isotopic 
analyses.  
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Fig. 2: Results of principal-component analysis performed on the fine fraction of core PS72/340-5. A) Principal-
component (factor) loadings versus particle size in µm (lg scale); statistically significant range of PC loadings 
>0.7 is marked with dashed lines. B) Factor (PC) scores plotted against depth. Annotations are given according 
to Table 1. 
 
 
Conclusion 
This project is based on marine sediment core PS72/340-5 from the Mendeleev Ridge (central 
Arctic Ocean) and carried out in cooperation with the AWI (Alfred Wegener Institute 
Helmholtz Centre of Polar and Marine Research; Bremerhaven). Research goals include the 
identification of sediment source areas and pathways over the last 200 ka using inorganic-
geochemical tracers and grain-size distribution in sediments. On the whole, it is important to 
distinguish between different grain sizes when interpreting the geochemical signal. 
All the grain-size measurements planned to be conducted at the OSL were completed. The 
obtained data are used in preparation of a joint publication to be submitted to Geochimica and 
Cosmochimica Acta at the beginning of 2015. 
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TRANSFORMATION OF GEOCHEMICAL FLOWS IN THE LENA RIVER DELTA	
 
A. Chetverova 
Arctic and Antarctic Research Institute, St. Petersburg, Russia 

 
Introduction 
The main goal of the project is to study changes of the hydrological and hydrochemical 
regimes of water objects in the Lena Delta and to understand the transformation of substantial 
flows and geochemical processes of the estuary and sea/river zones. The objects of 
investigation are small and big channels of the Lena Delta, lakes of the river terraces and the 
mixing zone of the delta. 
The main scientific objectives of our investigations were the following:  
• to finish laboratory analysis of the 2012 and 2013 water samples and suspended particulate 

matter (SPM), and 2013 bottom sediments samples; 
• to determine the specificity of the geochemical features in the mixing zone and estuarine 

part of the delta channels and during the low-water period in the delta; 
• to generalize all expedition and published data; 
• to work on theory foundation of flow transformation in the delta areas including physical, 

chemical and biological processes on the basis, e. g., of the works by Ivanov et al. (1983), 
Gordeev (1983), and Alekseevsky (1998) 

• to simulate geochemical runoff transformation; 
• to prepare the PhD thesis "Transformation of suspended and dissolved-substance flows in 

the Lena River delta". 
 
Techniques of research 
Most of the sediment (SPM, and bottom sediments) samples were processed in the OSL 
laboratory. Grain-size and TOC/TC/TN (total organic carbon/total carbon/total nitrogen) 
analysis were finished according to the working plan.  
The TOC, TC and also TN concentration were measured with the C/N analyzer Vario EL III, 
Elementar, in the OSL. 
 
Results 
 
Data analysis 
 
Database of field data of hydrogeochemical characteristics of the Lena Delta branches 
The  measurements were carried out in 2005, 2010, 2011, and 2012. The database contains: 
• hydrological and hydrophysical characteristics of big and small delta branches: gauging 

cross-section name, sampling/measurements date, coordinates, branch cross-section area, 
water discharge (measured), SPM discharge, TSS value, water velocity, water temperature; 

• hydrochemical characteristics: рН, Eh, water conductivity, Al, Ba, Ca, Fe, K, Mg, Mn, Na, 
Si, Sr, F, Cl, SO4, НСО3, TDS SiO2, PO4, NO2+NO3, NO2, NO3, Cu, Zn, Mo, Li, Hg, I, Ni, 
Pb, Ti, As, B, Br, Cd, Co, S, Cr, Sc, Se, V; 

• geochemical characteristics of SPM and bottom sediments: Al2O3, CaO, Fe2O3, K2O, 
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MgO, Na2O, SiO2, MnO, TiO2, P2O5, Cu, Pb, Sr, V, Zn, Ba, Li, Ni, Fe, Cd, Cr, TOC, C, 
TIC, N, C/N, TOC/TC. 

The sources were field data, laboratory analysis as well as published multiyear data from State 
Water Cadaster. The database includes hydrogeochemical parameters of 13 big and small 
Lena Delta branches. Quantitative characteristics of database are:  
• cell number with information (data): 7138; 
• strike number: 167; 
• column number: 745. 
 

Data statistical analysis  
The statistical method of data analysis was chosen for data interpretation. All other collected 
expedition and multiyear data, published in literature, were statistically analyzed. To 
characterize background values, the data were planned to be analyzed according to the 
guidelines of the Russian Hydrochemical Institute (Temporal Guidelines ..., 1983) and 
Methodical Guidelines (2002). 
We made a statistical analysis of the data series of hydrogeochemical characteristics using 
methods of parametric statistics to determine the representativity of the background data 
range. A histogram and curves of function distribution of hydrogeochemical characteristics 
were created. Normal distribution means that we can use the series for determination of most 
common values and that the confidence interval of the average values can be used for the 
characterisation of the hydrogeochemical background. In the other case, the average values 
and the range of concentration will be used for the characteristization.  
The confidence interval of the average concentration was calculated using the equation:  

Cav =  ± (t*s)√n, 
where Cav is the average concentration, n the number of series, t the student's statistical 
parameter for 95 and 99 % probability, and s the standard deviation.  
As it was underlined during our previous study, the changeability of dissolved mineral and 
organic components has only a narrow range through the delta channels during the summer 
period (July, August). The values of the dissolved components are close to the estimated 
background (1960-1976).  
 
Data interpretation 
 
Seasonal variability of geochemical fluxes in the delta 
Multiyear data analysis allows defining dissolved-component fluxes within three hydrological 
seasons which are typical for the Upper Lena River, and their portion in a year's flow. These 
are the flood period, the summer/fall low-water period, and the winter low-water or ice-
covered period. For some of the elements, differences in flow are significant. The greater 
portion of dissolved components passes through the gauging line at the station of Kyusyur 
over the flood period (from mid-May to the end of June). The winter low-water or ice-covered 
period (October to the first decades of May) is characterized by a high percentage of 
hydrochemical flux. And the smallest portion of dissolved elements passes through the 
Kyusyur cross-section in the summer (July-October).  
All collected information for the Lena Delta allows drawing conclusions about the specific 
hydrogeochemical conditions that are typical for the delta in different seasons.   
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Table 1: Percentage of hydrochemical flux in different seasons (estimated using multiyear data from 1960 to 
1976). 

Flux, % Ice-covered period Flood period Summer/fall low water period 
Са 36 42 21 
Mg 35 48 17 
Na+K 37 46 17 
HCO3 31 46 23 
SO4 38 46 16 
Cl 33 52 15 
NO3 41 45 15 
NO2 37 49 14 
NH4 8 90 2 
TDS 34 47 19 
PO4 25 61 14 
Si 28 50 22 
Fe 7 91 2 

 
The winter low-water period is characterized by high ice thickness, which is the reason for a 
specific hydrogeochemical condition over the period. River-water flow value increase, which 
leads to a higher concentration of dissolved elements. The long ice-covered period from 
October to May causes a decrease in biological activity and in the rapidity of biogeochemical 
processes.  
The powerful spring flood which is typical for the Lena River redistributes river sediments 
within the delta and dilutes the dissolved-component concentrations by spring meltwater. The 
stable conditions of the previous low-water period change during this time.  
After the flood is over, the summer low-water period starts. The most typical conditions over 
this time are sedimentation and accumulation of river sediments due to decreasing water 
velocity, predomination of local factors in geochemical-flux formation, and high biological 
productivity and active biogeochemical processes.  
All the seasons are specified by distinctive hydrogeochemical conditions. However, the most 
important season in case of our research is the summer-fall season. This is not only the case 
because it is easiest to investigate, but also because the geochemical processes are most active 
and the geochemical-flux transformation is highest in this period.  
 
Geochemical features of a (summer) season 
The long data series of hydrogeochemical characteristics of the Lena Delta, collected from 
2011 to 2014, allows drawing conclusions about the heterogeneity of the hydrogeochemical 
characteristics and geochemical fluxes transformation in different delta channels due to 
different reasons including river-bed and river-bank deformation, hydrodynamic conditions 
and input of terrigenous material from thermoerosional tributaries and ice-complex 
degradation. As a result of our analysis of expedition data, the main factors of geochemical-
flux transformation processes were determined for the delta:  
• differences in hydrodynamic condition: there are several types of areas with specific 

hydrodynamic conditions that differ from those of the main branches. This influences the 
transformation processes of 1) small branches not active during the low-water period, 
2) estuarine zones of the big branches, and 3) branch-bifurcation areas; 
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• additional input of material into the delta takes place in big and small branches due to 
1) river-bed and bank erosion/accumulation and 2) Ice-Complex degradation; 

• existence of geochemical barrier zones due to water/bottom-sediment interaction, and river 
water/ice-complex meltwater interaction. The following processes are typical for the delta: 
1) sorption/desorption, coagulation processes and 2) bioaccumulation. 

Geochemical barrier zones include 1) the mechanical barrier, in which sedimentation 
dominates, 2) the chemical barrier, which appears due to pH, Eh, oxygen and temperature 
condition contrasts, and coagulation, sorbtion/desorbtion processes as a result; and 3) the 
biological barrier, which is marked by plankton bioaccumulation and bacteria activity.  
 
Results 
A map of the Lena Delta with zones of geochemical-flux transformation processes, created 
with the ArcGIS 10.0 Software, are presented in Figure 1. The map combines the zones of the 
Lena Delta with the most active transformation of the geochemical flux as the reason for the 
factors mentioned in the report.   

 
Fig. 1: GIS of the Lena Delta with zones of geochemical runoff-transformation processes.  
 
 
Conclusion 
 Summarizing the results, the following conclusions can be drawn:  
• geochemical flux is variable over the seasons, which is connected to the hydrological 

conditions: dissolved elements (major ions and nutrients) are concentrating during low-
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water seasons and diluted during the flood period; 
• the summer season is the most important season for studying geochemical transformation 

processes;  
• the main factors of geochemical-flux transformation processes are hydrodynamic features, 

additional input of material into the delta, Ice-Complex degradation and the existence of 
geochemical barrier zones. 
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TRACKING ENVIRONMENTAL AND CLIMATE CHANGES IN ARCTIC LAKES 
AND PONDS USING BIOPROXY 
 
L. Frolova, G. Nigamatzyanova, N. Mukhametgaliev 
Kazan State University, Kazan, Russia 

 
Introduction 
 
Scientific background  
High-latitude regions have repeatedly been identified as important reference areas for 
environmental-change research as they are especially sensitive to even small climatic changes 
and are often the first to show signs of environmental shifts. Moreover, climatic changes, 
occurring at high latitudes, have profound effects on other regions. Unfortunately, long-term 
monitoring data are generally lacking for most regions, and this is especially true for the 
Arctic. Without these data, it is difficult to determine whether environmental conditions are 
changing, and if so, to specify the magnitude and direction of the change. 
Studies about the impacts of climate change and its impacts on ecosystems in the Arctic 
region mostly focused on Alaska, Canada, and Scandinavia (ACIA, 2005; McGuire et al., 
2007), and only few were reported in the Arctic Russia (Vaganov et al., 1999).  
There are few examples of quantitative paleoecological studies in Siberia and these data have 
to be tested by quantitative studies from other sites in this region, inferred from other proxies 
and using regional calibration datasets and temperature models that are still lacking. At the 
present state of knowledge, biological indicators from aquatic and terrestrial environments are 
the most reliable proxies because they react sensitively to climate change and define different 
aspects of environments, which should be assessed together for reliable reconstructions.  
Reconstruction of the dynamic elements of past environments is extremely important for 
understanding both the present state and evolutionary trends in future climate development. 
 
Goals and objectives of the project 
Here in this project, we concentrated on the impacts of environmental and climate changes on 
Arctic and subarctic biota and vegetation in the northern Yakutian region, NE Russia, during 
the past 200-300 years, based on pollen and Crustacea studies. As long-term environmental 
trends in lakes cannot be divorced from an understanding of present-day limnology, we 
studied the present-day limnological conditions and processes in the Arctic. 
Research was focused on the following main tasks:  
• investigation of modern ecological transition within the course of global warming, which 

includes occasional and monitoring studies and biodiversity screening; 
• investigation of paleoecological responses to past climate change using lake-sediment 

archives with respect to pollen, sub-fossil Cladocera and Ostracoda; 
• provision of scientific consultation, expertise and prognosis concerning the ecological 

aspects of ecosystem conservation using the cumulative knowledge, obtained within the 
framework of the first two blocks of investigations;  

• training and scientific involvement of young scientists. Within our project, the students 
were trained at the AWI in Ostracoda analysis, and at the OSL and at the AWI in 
interpretation of results of the pollen analysis. 
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Research activities 
Water samples were analyzed for hydrochemistry at the AWI (Bremerhaven). The method of 
210Pb has been used for dating of the sediment core. Dating was preformed in Sankt-
Petersburg University. The deepest part of the bigger core was approximately 200 years old.  
 
Zooplankton 
In the processing of samples, we used accepted methods of processing hydrobiological 
samples. The zooplankton samples were investigated under the microscopes “Micromed 1” 
and “Micromed MS-2 Zoom”, pictures of zooplankton species were made with an Olympus 
microscope with a digital camera. Different keys were used for identification of zooplankton 
species (Borutskyi, 1991; Manuylova, 1964; Kutikova, 1970 and others). 

 
Crustacea 
The remains of Cladocera and Ostracoda were processed by standard methods (Frey, 1986; 
Prazakova & Fott, 1994; Korhola et al., 2001). Sediments are deflocculated using 10% KOH 
and heated (approximately 70-80ºC) for 0.5 h and subsequently sieved using 40 µm mesh 
size. Aliquots of the residue are examined using a microscope at 200x and 400x magnification 
and identified according to Frey (1958; 1959), Smirnov (1974, 1996) and Flössner (2000). As 
different fragments of the animals such as shells, head shields, and post-abdomens are 
generally well-preserved, only the most abundant component, which in most cases is the shell, 
is taken into account (Frey, 1986). Densities are calculated as numbers per gram dry weight. 
For each species, the most abundant remains are used to calculate the number of individuals 
(Frey, 1986). Sample preparation and slide mounting of the Ostracoda followed standard 
techniques described in Brooks and Birks (2000). 

 
Pollen 
Sediment samples for pollen analysis were investigated with standard techniques. A known 
volume of the sample was prepared for pollen analysis in the laboratory according to standard 
protocols, which includes the treatment with HCL, KOH, HF, acetolysis sieving and 
mounting in glycerine. Pollen spectra were counted under a light microscope with 400x 
magnification. Magnification of 1000x was used for identification of unknown pollen types or 
small pollen types. Relevant literature, such as Beug (2004), Moore et al., (1991), Punt and 
Clarke (1980), and a comprehensive type slide collection, hosted at AWI Potsdam, were used 
for identifying unknown pollen types. 
  

Results  
 
Zooplankton 
We analyzed 88 samples of zooplankton, which were collected by G. Nigamatzyanova during 
the expedition LENA 2013. 42 samples were collected from channels of the Lena Delta. The 
zooplankton community of the channels is characterized by poor species diversity. 34 species 
were found: 17 Rotatoria species, 9 Cladocera species and 8 Copepoda species. Quantitative 
indicators of zooplankton were low. Rotatoria predominated in abundance. Kellicottia 
longispina (Kellicott, 1879) and Keratella cochlearis (Gosse, 1851) were most abundant. 
Bosmina obtusirostris (Sars, 1862), Cladocera and Mesocyclops leuckarti (Claus, 1857), 
Copepoda predominated in biomass. The water of the channels was close to pure according to 
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the species diversity index by Shannon-Weaver (2.87), olygosaprobic according to the 
saprobity index by Pantle and Bucca (1.5), with deviation in the β-mesosaprobity zone 
according to the saprobity index by Zelinka and Marvan, and oligotrophic according to the 
Kitaev index (0.01 g/m3). Faunistic structure of zooplankton of the channels the Lena Delta 
was presented by cosmopolitan species basically, eurytopic and planktic species prevailed in 
biotopical preferences. 
46 samples of zooplankton were collected during the monitoring of a thermokarst lake on 
Samoylov Island in the Lena Delta. 40 species were found: 25 Rotatoria species, 8 Cladocera 
species and 7 Copepoda species. Conochilus unicornis (Rousselet, 1892), K. longispina and 
K. cochlearis (Rotifera), Bosmina longispina (Leydig, 1860) (Cladocera) and Eudiacyclops 
graciloides (Lilljeborg, 1888) (Copepoda) were the most widespread species. Quantitative 
indicators of zooplankton were high. The Rotatoria K. longispina and K. cochlearis 
predominated in abundance. E. graciloides and Leptodiaptomus angustilobus (Sars, 1898), 
large Copepoda species, predominated in the biomass of zooplankton. The water of the lake 
was pure according to the species diversity index by Shannon-Weaver (3.1), olygosaprobic 
according to the saprobity index by Pantle and Bucca (1), with deviation in β-mesosaprobity 
zone according to the saprobity index by Zelinka and Marvan, and oligotrophic according to 
the Kitaev’s index (1.2 g/m3). The faunistic structure of zooplankton of the thermokarst lake 
was represented basically by cosmopolitan species, eurytopic and littoral species prevailed in 
biotopical preferences.  
We investigated short sediment cores (~200 years) from the lakes of the Kharbey lake system 
in the eastern part of the Bolshezemel’skaya tundra in northeast Europe (67°31-36′N, 62°51-
56′E and 129.8 m above sea level). We investigated the sediment cores from the Lake Big 
Kharbey (Bolshezemel'skaya tundra) with magnetic-mineralogical and paleobiological 
methods, including palynological and Cladocera analysis. It was shown that noticeable 
changes took place in the sediments and communities of hydrobionts.  
The zooplankton community from 33 thermokarst lakes and small ponds located in the 
Khatanga region, Northern Russia, were investigated. The taxa found are generally typical of 
Arctic zooplankton assemblages (Kellicottia longispina (Kellicott, 1879), Cyclops scutifer 
(Sars), Heterocope borealis (Fischer), Bosmina longispina Leydig, 1860). Besides three main 
groups of zooplankton, in some lakes we found quite a rare Conchostraca. Copepoda 
dominate the majority of the lakes. The group constitutes most of the zooplankton biomass. 
Rotatoria dominate in abundance. Although zooplankton abundance is not very high on 
average, the predominance of large-sized zooplankters (Heterocop, Cyclops, Daphnia) 
provides a biomass at the level of oligo-mesotrophic reservoirs in some lakes in July. The 
trophic structure of the investigated lakes is characterized by a high ratio of predators. This is 
characteristic for ecosystems with a low trophic level. The invertebrate/predator assemblage 
plays an important role in shallow Arctic lake ecosystems that are devoid of fish. Predatory 
copepods such as Heterocope and various cyclopoids are considered to be most important in 
structuring Arctic zooplankton communities. The absence of any significant anthropogenic 
influence on the lake ecosystems allowed us to classify the majority of the lakes as 
oligosaprobic, part of the lakes showed features of mesosaprobity.  
 
Crustacea  
The situation in a water ecosystem is reflected by zooplankton and benthos communities. 
Cladocera (Branchiopoda, Crustacea) fossil assemblages in lacustrine sediments are 
increasingly important for reconstructing past ecological and climate change (Korhola et al., 
2005; Korhola & Rautio, 2001; Rautio & Nevalainen 2013). Subfossil Crustacea  were 
sampled and examined from the 3 short cores collected at approximately the deepest points in 
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the lakes in the Tiksi and Khatanga regions. The results were similar. The changes in the 
structure of sub-fossil Cladocera assemblages towards modern time, the change in ratio of 
planktic and benthic species, and the increase of species abundance as indicators of the 
growth of the trophic status indicate a rise of the lake level, which is probably related to an 
increase of the depth of seasonal soil melting. 
The taxa, characteristic for big water bodies, mainly from the family Bosminidae, dominate 
the Cladoceran communities in both regoins. The most frequent zooplanktic taxa in the cores 
were Chydorus. cf. sphaericus, Eubosmina cf. longispina, and small forms of the genera 
Alona. Ostracoda communities are represented mainly by acid-tolerant, temperate, littoral-
sublittoral taxa (Fig. 1).  
 
Pollen  
In the sediment cores from the Arctic lakes 31 palynomorphs of different life forms of plants 
were identified: 10 of woody plants, 1 from shrub plants, 15 from herbaceous and 5 spore 
plants, including the genus Pediastrum. Throughout the core, pine pollen is dominant, its 
content hich varies from 25.5% to 56.25% of all woody plants. Among herbs, mainly the 
pollen of sedges occurs (up 62.2%), which probably reflects the local wetland vegetation. 
Among spore plants, we found most often the remains of freshwater algae of the genus 
Pediastrum, which are well preserved due to the deposition of the shell of complex polymers 
with similar properties as Sporopollenin. Their share of all spore plants varies from 30% to 
70%. From other taxa, pollen of the genus Betula L. stands out, which is well divided into the 
two sections Albae Rgl. and Nanae Rgl. The first section represents trees, the second section 
shrubs. Their definition is very important especially for the northern territories, as their 
relative balance in the diagram depends on the onset of the forest tundra and vice versa. In the 
sediments throughout the section pollen of Alnaster Spach is constantly found, in particular 
Alnaster fruticosus Ledeb. In some systems, this kind of higher plant is not allocated as an 
independent genus and is understood to belong to the genus Alnus Mill., or called Duschekia 
Opiz (Shemberg, 1992). But in palynology, it's more common name is Alnaster. This is done 
in order to show its relationship with alder, but at the same time to show its dwarf character. 
Also we noted the constancy of the family Ericaceae Juss., which – with Betula nana and 
Alnaster – form the shrub tundra. Constant high levels of these groups require a constant 
presence in tundra vegetation. In this way, the pollen spectra of Lake Big Kharbey 
characterized the overall decrease in the proportion of coniferous pollen and increase in the 
share of  birch. This may indicate a general digression of coniferous forests and increase the 
area of vegetation communities with birch. And an increase in the core of Sphagnum spores 
and Pediastrum indicates a warming of the lake. 
 
Photo documentation 
Microphotos of zooplankton, pollen and remains of Cladocera were taken in the OSL in St. 
Petersburg by L. Frolova, G. Nagamatzyanova, N. Mukhametgaliev. The microphotos, made 
during the research work within the framework of the project OSL-14-07 in the OSL will be 
included into the methodological book and the prepared publications (Fig 2). 
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Fig. 1: Cladocera diagram from a lake the Tiksi region (Lena Delta). 
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Alona affinis, postabdomen Acroperus harpae, head shild 

Fig. 2: Microphotos of remains of Cladocera from Arctic lakes (Frolova, OSL, 2014). 

 

 
Conclusion 

In the upper sediment layers in cladoceran communities, the share of planktic taxa increases, 
which indicates a lake-level rise as a result of seasonal ground melting. At the same time, a 
gradual succession in the local vegetation starts. The concentrations of the birch and larch 
pollen decrease, and Pinus s/g Diploxylon increase. This can indicate that the climate became 
warmer and drier. The communities of hydrobionts become more diverse, and the number of 
the acidophilic, phytophylic taxa and of taxa, characteristic for eutrophication, increases. In 
palynospectra, the concentration of ferns and sphagnum increases, which can indicate 
swamping, the growth of a littoral zone and spreading of near-water vegetation and can reflect 
warming climatic conditions. 
Our multiproxy study has shown that the major compositional changes in cladoceran, pollen 
and chironomid communities are synchronous. The chironomid-inferred summer temperature 
rises during the past 100 years, which can be related to the end of the Last Interglacial in the 
Arctic in the region and supports previous investigations. The results of our studies within the 
framework of the OSL-14-07 project will be used for further quantitative environmental 
reconstruction with transfer functions. The results from this project will provide a better 
understanding of the vulnerability of the Russian Аrctic to global warming. 
In our results, the scientists of the Paleo-Bioindicator Group at the AWI, Potsdam, are 
especially interested, as they work with paleolimnological (pollen grains and spores, plant 
macrofossils, diatoms) data in the same areas. The data, received during the work on this 
project, will constitute part of the PhD theses of G. Nigamatzyanova and N. Mukhametgaliev. 
This project will help to integrate and standardize Russian research in this field with the 
developments currently taking place in Western Europe. This will put L. Frolova, N. 
Mukhametgaliev and G. Nigamatzyanova in a good position to develop projects using 
bioproxies as paleo-environmental indicators and develop a bioindicator expertise at Kazan 
State University.  
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Introduction  
 
Scientific background  
The Barents and Bering seas are closely linked to the High Arctic by marine gateways as well 
as by land/sea and ocean/atmosphere interactions. The postglacial evolution of the seas 
differed significantly as the Barents Sea, unlike the Bering Sea, was mostly covered by the ice 
sheet during the last glacial. The wide northeastern Bering Sea shelf emerged due to a glacio-
eustatic sea level drop of about -120 m, forming the Beringia landmass during the last glacial, 
and the water exchange between the sea and ocean was strongly reduced. Therefore, both 
basins experienced dramatic changes during the deglaciation through a succession of 
paleoceanographic events strongly influenced by global and regional centennial-to-millennial 
climate changes. These events include the beginning of Termination I (T1), Heinrich-I (H-I), 
Bølling-Allerød (B/A) and Younger Dryas (YD) although not all of those are well represented 
in every sediment core. 
Along with their close linkage to the High Arctic, both the Barents and the Bering seas attract 
the increasing attention of paleoceanographers due to their being adjacent to two "end-
members" of the global ocean conveyor belt, the North Atlantic and North Pacific. In this 
context, some pivotal problems, unsolved by now, concern the in-phase or anti-phase 
behavior of the "end-members" over the millennial events of the last climatic cycle, and the 
role of the Bering Sea in the North Pacific Intermediate Water formation and in the CO2 
exchange with the atmosphere. The origin of the well-established low oxygenation of the 
intermediate to deep waters in the North Pacific during the B/A is still under discussion. The 
millennial changes in the Atlantic Water inflow into the Barents Sea, most likely related to the 
intensity of the meridional overturning, is not well-resolved, especially in the northwestern 
part of the basin. In both seas, paleoceanographic studies are limited by the shallow depth of 
the foraminiferal and carbonate lysoclines. Hence, new detailed multi-proxy time series from 
both basins are very demanding. 
Our team previously studied several sediment cores and published paleoceanographic 
reconstructions for the western Bering Sea, and the northeastern and southwestern Barents 
Sea in cooperation with Russian, German and other partners. We found some interesting 
features in the postglacial development of both basins, which were investigated in detail 
within the framework of the current project.  
 
Goals and objectives of the project 
The project is aimed at a comparatively high resolution study of the paleoceanographic 
changes in the high-latitude Barents and Bering seas over the last glacial termination. The 
objectives of the project include: 
• assessment of millennial to centennial variability in benthic and planktic foraminiferal 

assemblages, and paleoenvironments and Atlantic water inflow in the northwestern Barents 
Sea over the Termination I in relation to global and regional climatic and paleo-
ceanographic changes;  
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• study of IRD (ice-rafted debris) content, and grain-size distribution and composition to 
infer the timing and intensity of iceberg calving in the northwestern Barents Sea;  

• evaluation of millennial to centennial variability in benthic and planktic foraminiferal 
assemblages from the core SO 201-2-77KL in order to investigate its robustness in the 
Western Bering Sea considering our findings from the nearby core SO 201-2-85KL; 

• analyses of the deglacial-sediment composition, grain-size distribution, clay mineralogy, 
IRD content and accumulation rates to address the major sources of sedimentation, sea-ice 
extent and possible iceberg discharge in the Western Bering Sea; 

• correlation of bioproductivity changes in the Bering Sea and NW Pacific over the 
Termination I based on our own and published data;  

• correlation of paleoceanograpic changes in the northwestern parts of the Bering and 
Barents seas over the Termination I. 

 
Research activities  
 
Approach 
The multi-proxy scientific approach, applied within the project, includes: 
• sieving of 40 samples from the cores S-2528 and S-2519 (size fractions >50 µm and 

>100 µm); 
• sieving and counting of gravel grains (>2 mm) from the core S-2519, and study of their 

shape and rock types; 
• in addition, sieving and counting of gravel grains (>2 mm) from the previously studied 

core ASV-880 and examining of the shape and rock types from 5 samples selected within 
the deglacial interval;  

• picking 40 monospecific planktic and benthic foraminiferal samples for additional stable 
isotope measurements from the cores S 2528 and S 2519; 

• quantitative study of planktic and benthic foraminiferal assemblages and abundances in 60 
samples from the deglacial intervals of the cores S-2519, S-2528, and SO201-2-77KL; 

• wet-sieving of 26 samples from the deglacial Barents Sea sediments using a 63-µm-mesh 
sieve and preparation of suspension to analyze on the SediGraph 5100; 

• analyses of silt- and clay-fractions spectra in 26 samples from the Barents Sea deglacial 
sediments with the SediGraph 5100; 

• analyses of silt- and clay-fractions spectra in 18 samples from the Bering Sea deglacial 
sediments (core SO201-2-77KL) with a Laser analyzer SALD 2300; 

• sampling and sieving of the deglacial interval from the Bering Sea core SO201-2-77KL at 
GEOMAR; 

• clay-minerals determination by X-ray diffraction (XRD; 5 samples) and study of 10 smear 
slides from the deglacial interval of the core SO201-2-85KL; 

• in addition, counting volcanic-glass particles from 18 samples of the Core SO201-2-77KL;  
• developing a new semi-quantitative method to reconstruct the bioproductivity variations in 

the Bering Sea and NW Pacific using different published proxy time series,  
• collecting data and literature on paleoceanographic and micropaleontological studies in the 

Bering and Barents seas; 
• preparing two talks and two posters for international and Russian meetings; 
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• revision and finalizing of two papers for publication; 
• preparing a new paper. 
 
Accomplishments 
In the NW Barents Sea, we obtained deglacial IRD and benthic-foraminifera records from the 
cores S-2519 and S-2528, completed the mono-specific planktic and benthic foraminiferal 
samples for high-resolution oxygen-isotope records from the same cores, and examined the 
deglacial IRD petrography from the cores S-2519 and ASV-880. The age models based on 
lithology and AMS-14C dates ewre developed for the cores S-2519 and S-2528 in cooperation 
with our foreign partners. 
In the Bering Sea and subarctic Pacific, we developed a novel method to evaluate relative 
paleoproductivity changes using different proxy time-series, and applied it to reconstruct the 
paleoproductivity at six time-slices, from the last glacial maximum to the early Holocene 
(Ovsepyan et al., 2014a). In the Bering Sea, we partially studied the deglacial foraminiferal 
assemblages from the core SO201-2-77KL. 
We summarized the existing knowledge on the stratigraphy and on paleoceanographic events 
on the subarctic Pacific, Bering and Okhotsk seas, and on the Barents Sea and the nearby 
subpolar Atlantic during the deglaciation. 
As a result of our cooperation and discussions with the German partners from GEOMAR and 
AWI, and with the Russian colleagues, we continued the joint study of the reservoir-effect 
changes in the Bering Sea during the deglaciation using material from the core SO201-2-
77KL, and the investigation of an assumed hiatus at Termination 2 from the core SO201-2-
85KL. These studies will let us jointly improve the age models of the Bering Sea cores. 
We revised two papers, and prepared and submitted a new paper.  
The research was done according to the working program which has been completely 
accomplished. 
In addition, three series of analyses have been done including IRD composition from the core 
ASV-880, volcanic-particles count and analysis of silt- and clay-fractions spectra from the 
core SO201-2-77KL. 
E. Ovsepyan finished and pre-defended her PhD thesis partially including the results of the 
project (supervisor E. Ivanova). 
 
Results  
In the northern part of the Barents Sea, the age models were developed in cooperation with 
our foreign partners for the AMS-14C dated sediment cores S-2519 and S-2528, collected in 
the Kvitøya-Erik Eriksen troughs, to provide the basis for detailed proxy time series. 
However, due to the scarcity of calcareous fossils, only two dates are available from the core 
S-2519. Its age model, therefore, should be considered with caution. The paleoceanographic 
reconstructions within the project were based on the new foraminiferal and IRD time series 
from both cores and compared to the results from the previously studied core ASV-880 from 
the Franz Victoria Trough (Duplessy et al., 2001; Murdmaa et al., 2006) and core Psh-5159 
from the SW Barents Sea (Chistyakova et al., 2010, Risebrobakken et al., 2010, 2011).  
In the core S-2528 from the Kvitøya Trough, benthic foraminifers are abundant and rather 
well preserved through the deglaciation interval. In the core S-2519 from the Erik Eriksen 
Trough, the samples of the early deglaciation are almost barren whereas foraminiferal 
assemblages from the late deglacial interval contain abundant benthic and at some levels even 
planktic specimens. The state of their preservation varies significantly. The benthic fauna is 
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rather diverse in both cores while the planktic foraminifers are generally represented by the 
polar species Neogloquadrina pachyderma sin. In the Erik Eriksen Trough, the benthic 
assemblages are dominated by Cassidulina reniforme, a typical species of the Arctic shelf 
while the most opportunistic Elphidiun excavatum forma clavatum is surprisingly much less 
common, unlike in Kvitøya Trough where the species dominated the deglacial assemblages. 
Some levels of the dominance of the species Cassidulina teretis, associated with Atlantic 
Water, are identified at the end of the Bølling/Allerød and Younger Dryas, suggesting an 
increase in the input of this water mass into the Erik Eriksen Trough. 
Our results point to a subsurface Atlantic-Water penetration into the Franz Victoria and 
Kvitøya- Erik Eriksen troughs as early as 16 ka BP, which corresponds to the end of the 
Oldest Dryas and to the H-I event. Such an early advection of the Atlantic water was 
previously documented by Rasmussen et al. (2007) from the Storfjorden, Western Barents 
Sea, although a dense sea-ice cover characterized the area according to the dinocyst record 
from our core S-2528. A much stronger Atlantic-Water inflow into the NW Barents Sea 
occurred at the end of the Bølling-Allerød. In the north, a remarkable sea-surface warming 
and sea-ice retreat were documented around ~13 ka BP. The surface warming and strong 
Atlantic-Water inflow were followed by intense iceberg calving in the Erik Eriksen Trough as 
indicated by the high IRD content of core S-2519. It is noteworthy that iceberg calving ceased 
in the Kvitøya Trough in the early deglaciation whereas in the Erik Eriksen Trough, it 
continued until the Younger Dryas. A significant increase in Atlantic-Water inflow was 
inferred to have occurred in the northern troughs at the end of the Younger Dryas, from ca 12 
ka BP, as follows from our data and from Lubinski et al. (2001). These data are used to 
develop a scheme of paleoenvironments in the NW Barents Sea over the Termination 1 (Fig. 
1a) and to compare them with the simultaneous paleoenvironments in the NW Bering Sea 
(Fig. 1b).   

 
Fig. 1: Millennial events and paleoceanographic conditions in the (a) Barents and (b) Bering seas over the 
Termination 1 (modified from Ovsepyan et al., 2013; sea-surface temperatures from Max et al., 2012).  

 
In the Bering Sea, the results of clay minerals studies of several samples from the core 
SO201-2-85KL demonstrate rather equal contributions of the Alaskan margin and Yukon 
River to the mineral composition of the sediments on the Shirshov Ridge, Western Bering 
Sea, at the beginning of Termination 1. A prevalence of chlorite over smectite during H-I 
points to increased supply by the Yukon River whereas the higher smectite/chlorite ratio 
during the Younger Dryas indicates enhanced terrigenous supply from the Alaskan margin.  
In the core SO201-2-77KL from the Shirshov Ridge, shards are counted in each sample from 
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the ~20-cm bioturbated interval, which contains lenses of volcanic ash. Two peaks of shard 
abundance are distinguished. As the regional ash layers are rather well-dated on land, further 
analysis of volcanic particles from both these peaks at GEOMAR in cooperation with M. 
Portnyagin and V. Ponomareva will allow us to reveal the position of the tephra in the studied 
interval, and finally to improve the assessment of the local reservoir effect and calibration of 
the radiocarbon dates.  
Grain-size analysis of the deglacial sediments from the same core with the laser analyzer 
(with organic matter, carbonates and silica removed from the bulk sediments prior to 
measurements) revealed the dominance of clay and silt fractions within the studied interval 
except for a short episode in the early Holocene where the content of coarse (>63 µm) fraction 
increases up to 55% (Fig. 2). This peak is explained by the considerable supply of volcanic 
glasses (shards) to the Shirshov Ridge by sea-ice rafting and/or aeolian transport. As the terri-
genous part of coarse fraction is transported from the land only via sea-ice rafting (Lisitzin, 
2002), the rather high percentages of sand indicate an intensification of sea-ice supply to the 
Western Bering sea during the Last Glacial Maximum, Early Deglaciation, onset of H-I, end 
of Bølling/Allerød, Younger Dryas and Early Holocene intervals. It is interesting to note that 
an absence and a very low content of coarse fraction have been detected at the end of H-I and 
the beginning of the B/A, respectively. This might be related either to the absence of drifting 
sea ice above the Shirshov Ridge or, on the contrary, to its high density in the Western Bering 
Sea due to the cold conditions with a more southern position of the melting area.  

 
Fig. 2: Cumulative record of the distribution of fine grain-size fractions over the Termination-I interval in the 
core SO201-2-77KL. YD – Younger Dryas, B/A - Bølling/Allerød, ED – Early Deglaciation. 

 
The sea-surface bioproductivity changes over the past 25 ka were inferred from published 
data on 30 sediment cores from the open Northwest Pacific (NWP), Sea of Okhotsk, Bering 
Sea and Sea of Japan, accounting for the glacioeustatic sea-level changes (Ovsepyan et al., 
2014b). A novel method was developed to compare the variations of several independent 
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productivity proxies relative to the present-day values. They were applied to reconstruct the 
relative productivity changes through the Termination I. During the Last Glacial Maximum, 
the bioproductivity in the Sea of Okhotsk and the western Bering Sea was lower than at 
present whereas the southern and southeastern Bering Sea and the open NW Pacific are 
characterized by enhanced bioproductivity. During the early deglacial stage, an increase in 
bioproductivity was estimated only for the southeastern Bering Sea. High and fairly high 
bioproductivity was estimated for H-I in the open NW Pacific, above the Umnak Plateau and 
on the Shirshov and Bowers ridges in the Bering Sea. The high productivity in the Bering Sea, 
Sea of Okhotsk and NW Pacific during the B/A was caused by global warming and enhanced 
nutrient supply by melt water from the continent. During the Early Holocene, e. g., at the end 
of Termination I, a high productivity is assumed for almost the entire NW Pacific. The Late 
Holocene sea-surface bioproductivity was generally lower than that of the Early Holocene. 
The proposed factors which controlled the sea-surface bioproductivity during the past 25 ka 
include the location of the sea-ice margin, river runoff, gradual flooding of the shelf areas of 
the Bering Sea and the Sea of Okhotsk, water mass exchange between the marginal seas and 
the open NW Pacific, aeolian supply and deep vertical mixing of the water column. 
 
Conclusion  
The results of multi-proxy studies of the AMS-14C-dated sediment cores S-2519 and S-2528 
from the NW Barents Sea demonstrate significant variations in iceberg calving, foraminiferal 
assemblages and abundances, sea-ice extent and Atlantic-Water inflow via the Kvitøya-Erik 
Eriksen troughs against the background of a pronounced trend of increasing benthic oxygen-
isotope values during the Termination I. The persistent iceberg calving mostly from 
Spitsbergen seems to be over in the Kvitøya Trough prior to the B/A and in the Erik Eriksen 
Trough at the end of the Younger Dryas. The rather diverse benthic foraminiferal assemblages 
of the late deglaciation point to some intervals of increased Atlantic-Water inflow into the 
Kvitøya-Erik Eriksen troughs, and to severe Arctic conditions in-between. The new 
foraminiferal and grain-size data series as well as data on clay mineralogy and ash distribution 
were obtained from the cores SO201-2-85KL and SO201-2-77KL (Shirshov Ridge, Western 
Bering Sea). As a result, millennial paleoceanographic events have been identified and 
correlated between the NW and SW Barents Sea and the Western Bering Sea.  
The comparison of the proxy data from a total of 30 marine sediment cores shows strong 
variations of the biological productivity in the open NW Pacific and marginal seas over the 
past 25 kyr. These variations of the surface water productivity in the NW Pacific during the 
Last Glacial Maximum, early deglacial stage, and H-I event are interpreted to be associated 
with the variability of the sea-ice extent and the aeolian dust-supply of nutrients. During the 
B/A and Early Holocene, variations in the biological productivity were related to terrigenous 
nutrient supply by melting continental glaciers and by flooding of the shelf areas due to the 
glacioeustatic sea-level rise, as well as to strengthening of the vertical water-column mixing 
in the open NW Pacific and southern Bering Sea during the B/A. In the Late Holocene, the 
productivity was generally lower than in the Early Holocene.  
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Introduction 
 
Scientific background 
The study of interactions of cryogenic communities with the atmosphere at different spatial 
and temporal scales seems to be very important because they  
• form a so-called carbon "cold trap", which is a potential source of emission of C-

containing greenhouse gases, such as СО2 and methane; 
• are widespread (15% of the global land area) and, in contrast with other ecosystems, have 

hardly been affected by human activity;  
• contain up to 25% of terrestrial ecosystems carbon, substantially in form of plant litter and 

in permafrost;  
• exist at the tolerance limit for most ecological abiotic factors of terrestrial ecosystems, for 

example, soil temperature and accessibility of water and major biogenic chemical species, 
which makes the tundra biome highly sensitive to any climate change, especially under 
growing global and local anthropogenic impacts.   

Soil surface emission of greenhouse gases, such as СО2 and methane, of mainly biogenic 
origin, is an integral function of both biological and physical-chemical processes, and well 
reflects the state of an ecosystem in general, working as specific indicator. Particularly, 
variations of СО2 and methane soil surface fluxes may be caused directly by microorganisms 
and plant roots respiration activity due to change of their environmental conditions, or as a 
result of change of physical and chemical conditions of gas transportation in soil, including 
transport from deeper layers.  
In addition, complementary amounts of greenhouse gases, particularly methane (Karelin & 
Zamolodchikov, 2008), can be released into the atmosphere not only due to global permafrost 
degradation caused by anthropogenic climate changes, but also due to similar effects resulting 
from local human activity, such as fires. In turn, climatic changes, partly caused by human 
activity, such as global warming, surface albedo, or alterations in temperature or precipitation 
regimes, affect both the naturally intact and the anthropogenically disturbed ecosystems 
whereas the differences in their reactions or feedbacks are not clear. Using our long-term 
monitoring data in the tundra zone, we aim to find out to what degree and depending on 
which factors the observed anthropogenically disturbed communities are different in the rates 
of soil surface emissions of the main biogenic greenhouse gases as compared to control 
biotopes. 
 
Goals and objectives 
The goal of the research project is to find out and numerically estimate the factors of green-
house-gas emissions in anthropogenically disturbed northern boreal and tundra permafrost 
soils at the local spatial-temporal scale. For this purpose, we carried out the following 
research activities at selected biotopes in the field and in the laboratory: 
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• to measure CO2 emissions from soil in situ using the closed-chamber technique in 
disturbed (by different human activities) and control habitats;  

• to compare the rates of CO2 emissions in situ from soil in the same biotopes before and 
after addition of minimal (stimulation of only microbial, not root activity) sucrose 
solutions, as a measure of microbial activity in disturbed and control habitats;  

• to conduct in-situ measurements of CH4 and N2O emissions from soil using the same 
chamber technique in all the studied biotopes, including the control ones;  

• to estimate above-ground phytomass storage in all studied biotopes, including the control 
ones, using plant projective cover data;  

• to measure a number of supplementary soil-cover properties (pH, bulk density, C/N ratio 
and others). 

 
Research activities 
 
Approach 
Our investigations were carried out in the vicinity of the monitoring station "Talnik" 
(Vorkuta, CEPL RAS; 67°20’N, 64°44’E, 120 m above sea level) and included: 
• anthropogenically induced tundra burns (post-fire sites) with a known age and history 

(started in 1988, 1994, 2013);  
• a1-by-1 ha experimental plot with long-term monitoring of permafrost thaw depth, soil 

temperatures, volumetric soil moisture and above-ground phytomass reserves, which are 
supposed to be an estimate of long-term (heavy) (observers) trampling effects of humans;  

• former settlement territory and ruins, and tundra sites located in the immediate vicinity of 
the railroad bed (such as former summer and winter motorways and former (abandoned in 
1956) railroad, railroad embankment); 

• control sites of naturally intact tundra (meso-elevations and meso-depressions). 
Thaw depth measurements were made with a stainless-steel rod of 200 cm length. Phytomass 
reserves were estimated with the well-known method of above-ground plant biomass cuts at 
experimental plots of 40 by 40 sm each. There, data, collected during more than 20 years of 
long-term monitoring, were used for constructing regression equations calculating above-
ground phytomass storage vs. cumulative plant projective cover. These equations were used 
to estimate phytomass storage by projective cover in this study. Field measurements of CO2 
emission were carried out in situ using a specially made close-path portable system on the 
basis of an infrared CO2 analyzer AZ 7752 (Taiwan, China) with a resolution of 1 ppm, and a 
portable infrared close-path gas analyzer LiCor-6200 (LiCor Corp., Lincoln, Nebraska, USA) 
with high resolution (0.1 ppm). CH4 and N2O surface fluxes were estimated by putting gas 
samples with injectors into vacuum containers at known time intervals, followed by 
chromatographic analysis in the ILAN laboratory (Institute of Forest Science, Russian Aca-
demy of Sciences). Soil carbon dioxide fluxes were measured during 3 min. of exposure for 
every base. We also estimated a subset of the air and soil temperatures (at 0-1 cm and 10 cm 
depth) with a portable thermometer Checktemp-1 (0.1ºС sensibility; Hanna  Instruments,  
Germany), volumetric soil moisture with a field reflectometer HH2 Moisture Meter with  
Theta Probe ML2x sensor (1% sensitivity;  Delta-T  Devices  Ltd.,  GB)), soil or coat bulk 
density (g cm-3) in the 0-5-cm layer (by gravimetric technique)), thickness of organogenic 
and humic horizons (cm) and soil or coat type. Soil microbial activity was estimated in situ 
using a modified well-known method of the SIR (substrate-induced respiration) technique. 
We added 200 ml of the sucrose water solution (10 g of sucrose per 1 l of water for tundra 
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soils) to each PVC-base with subsequent measurements  (after 1, 3 and 24 hours) of the 
enhanced soil CO2 emissions. Sample processing and C/N analyses of soil and plant samples 
were conducted using the lab mill and C/N analyzer VARIO EL III Elementar at the OSL. 
Statistical treatments of our results were carryed out with MO Excel and SPSS v.15.0.  
 
Accomplishments 
We pioneered to include all major forms of anthropogenic effects on greenhouse-gas 
emissions into the analysis for the Arctic zone of the Russian Federation. The limiting impact 
of the anthropogenic factors on soil respiration was mostly compensated by microbial stimu-
lation due to the sucrose solution. This suggests that soil respiration under anthropogenic 
pressure is mostly diminished (if so) due to microbial (including rhizosphere), not only root, 
respiration. In spite of some positive anthropogenic impact on plant primary productivity (for 
example, in waterlogged areas along railroad embankments), and the reduction of CO2 
emissions by some anthropogenic factors, with high probability they cause an increased CO2 
flux to the atmosphere at local and regional scales. The research was in close accordance with 
the working program. 
 
Results 
CO2 soil emission measurements (N=138) in the southern shrub tundra showed that the local 
anthropogenic factors could considerably change soil carbon fluxes. Anthropogenic factors, 
depending on their nature, could result in either a significant increase, or reduction of soil CO2 
emissions. The mean rate of all measured types of anthropogenic emissions is in close 
concordance with analogous flux estimates in natural untouched tundra ecosystems. If we add 
to our tundra dataset the emission data from active settlement zones (0.168 g C m-2 hr -1; 
G.N. Kraev, unpublished data), this would significantly increase anthropogenic emissions, 
making them higher than natural rate. The waterlogged zones along both the active 
(0.220 g C m-2 hr -1) and abandoned (60 years ago) railroads (0.213 g C m-2 hr -1) are 
distinguished by the greatest CO2 emission level in tundra. However, the absolute maximum 
ever registered in the tundra zone were settlement territories "fertilized" with organic wastes 
(0.428 g C m-2 hr -1; G.N. Kraev, personal information), which is significantly greater than in 
fertilized vegetable gardens in the northern taiga (0.310 g C m-2 hr -1) or in waterlogged 
railroad zones in the tundra. Regression analysis revealed a positive influence on the emission 
by the total net duration of anthropogenic action, and a negative impact of time having passed 
after the start of self-recovery of the anthropogenically affected soils (coats). This indicates 
that anthropogenic factors in study promote emission increase in general, whereas in the 
course of ecosystem recovery, the emission rate comes down to its initial level. 
Gross primary production is as important as the gross-respiration (including soil emissions) 
component of the C-balance in natural ecosystems. Waterlogged railroad zones (both 
abandoned and active) along with fertilized areas are the only forms of anthropogenic impact, 
which stimulate an increase in biological productivity in the tundra while the other forms 
usually tend to diminish it, which occurs mainly through the direct destruction of the 
vegetative cover. If above-ground phytomass stock and primary production are close to zero, 
any small soil emission flux inevitably leads to CO2 emission to the atmosphere from the 
given area over the year. At this point, most significant appear those types of anthropogenic 
emissions which destroy the plant cover. In any case, the decrease of soil emission as 
compared to the background rate indicates some reduction of the normal production rate due 
to any damage. Even rather weak trampling effects ("moderate AP site"; "CALM (elevation)" 
and "CALM (depression)": 300-480 human-hours of trampling during 20 years of land use) 
lead to an increase in phytomass stocks and a reduction of soil emission. A special case are 
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the post-fire disturbances. Nevertheless, although the annual C-balance in this case reaches a 
equilibrium 7-8 years after the fire event (Karelin & Zamolodchikov, 2008), burned tundra 
territories are more sensitive to any (particularly anthropogenic) external impact. 
As a field estimate of potential microbial respiration in soils after specific types of 
anthropogenic impact, we used the well-known laboratory substrate-induced respiration me-
thod, which is rarely employed in the field. The stepwise multiple linear regression analysis 
with substrate-induced flux (gCm-2 hr -1) as dependent variable showed a high coefficient of 
determination (R2 = 0.75, P <0.001). The main difference from the similar equation for the 
summer season is the absence of significant variables, related to anthropogenic factors. This, 
probably, indicates that sucrose addition removes the limitations of anthropogenic impact on 
soil respiration. Moreover, this fact confirms that anthropogenic factors seriously diminish 
microbial respiration. There are positive relationships of the dependent variable with initial 
CO2 emission and organogenic level thickness and negative relationships with soil moisture, 
current thaw depth, and soil bulk density. The temporal pattern of soil microbial substrate-
induced respiration in anthropogenic biotopes shows substantial differences from natural 
biotopes, with the biggest differences in post-fire sites.  The microbiota respiration in the 
human-affected biotopes is negatively correlates with the initial soil respiration rate, which is 
evidently associated with changes of the soil microbial communities.  
We considered the methane and nitrogen dioxide sinks and sources in above-ground 
vegetation as insignificant and so their soil surface fluxes are supposed to be net fluxes. 
Measurements of soil methane flux showed that moist meso-depressions, which normally are 
CH4 sources for the atmosphere (+0.64 mg C-CH4 m-2 day-1), in human-affected hydromor-
phic sites become smaller sources (+0.1: +0.2) or weaker sinks of methane with an average 
value of -0.15 mg C-CH4 m-2 day-1. Automorphic meso-elevations, as compared with control 
areas, do not change the sign of the methane balance, remaining a sink at the same rates (-0.22 
and -0.16; Kolmogorov-Smirnov’s test; difference insignificant at P = 0.05), or even greater (-
0.4 g C; "post-fire site 2013"; "former railroad embankment") (Fig. 1). Methane fluxes did not 
significantly differ from zero, only in three biotopes out of 14. Anthropogenic factors affect-
ing soil methane fluxes are generally mediated via the soil water regime of the territory. Thus, 
the methane emission was diminished in hydromorphic anthropogenically affected biotopes, 
and the methane sink was increased in more automorphic biotopes, as compared to analogous 
controls. On average, anthropogenic factors shifted the methane fluxes either to a greater sink, 
or to a smaller source (positive environmental effect). The classical positive linear relation-
ship between soil moisture and methane fluxes (not shown) acts as complementary evidence 
of the obtained results. 
Almost in all cases, anthropogenic factors stimulated N2O emissions from tundra soils,  but in 
6 biotopes out of 14, the fluxes did not significantly differ from zero (in the automorphic 
control tundra, too). The most intensive N2O flux was observed in the automorphic area with 
a medium trampling impact. However, in one case (hydromorphic area with medium 
trampling impact), we observed a significant N2O sink. The data on nitrogen dioxide might 
become the subject to valid criticism because there is still a lack in information on the ways 
and mechanisms of N2O soil sinks.   
The spatial-temporal scale must take into account any regional or local estimates of soil 
emissions. We made a trial attempt here to estimate the minimal territory with an annual C-
balance at near equilibrium state. By our independent estimates, this area must comprise no 
less than 0.5 km2 for the European southern tundra (Karelin & Zamolodchikov, 2008). To 
include all necessary anthropogenic impacts in the study, we finally selected an area of 3 km2. 
Computation shows that the joint impact of all local anthropogenic factors on soil emission, 
compared to the control tundra, for the entire 3-km2 plot (Fig. 2) adds 11% to the natural rate 
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of CO2 emission in the height of summer season. This relative contribution of anthropogenic 
factors quickly increases (up to 48.4%) in September before the entry of the tundra 
communities into the winter season. With high probability, therefore, the effect, observed in 
the 3-km2 area, indicates the increase of the anthropogenic impact on soil CO2 emission in 
tundra landscapes in winter (and hence annual).  

 
Fig. 1: CO2 fluxes from soils and coats (g C m-2 day-1) in different anthropogenically affected biotopes and 
control sites in the southern tundra in the vicinity of the monitoring station "Talnik" in July-August 2014. The 
dotted line shows the average rate of the control tundra landscape. Means and their standard errors are presented. 

 

 
Fig. 2: The average soil CO2 flux per unit area estimated for the surveyed area of 3 km2 in the southern shrub 
tundra in different seasons (Vorkuta in 2014). Green bars: natural tundra without local human impacts; red bars: 
including all human impacts.  
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Conclusion 
Depending on its pattern and duration, local anthropogenic impact may result in either an 
increase (2-4 times greater) or reduction (2-12 times less) of CO2 soil emissions as compared 
to the flux rates in ecosystems unaffected by human activity. The most significant factors of 
CO2 soil emission in anthropogenically affected Arctic permafrost environments are in 
descending order: total period of anthropogenic activity, current permafrost thaw depth, soil 
bulk density, air temperature, live above-ground phytomass storage, and thickness of the 
organic soil layer. Furthermore, as anthropogenic factors also strongly affect all of the above-
mentioned "natural" controls of CO2 soil emission, they must be accepted as unconditional 
drivers of carbon dioxide emission in anthropogenically disturbed tundra habitats. 
Nevertheless, some anthropogenic factor (railway depressions, fertilized soils) can increase 
primary production or cause a decrease in CO2 emission (reindeer pastures, roads). Acting 
together, they will lead with high probability to increased carbon emission from the Arctic 
ecosystems to the atmosphere at local and regional scales. The most serious long-term 
destructive factors amongst the examined ones are the factors coupled with soil destruction. 
The second place took factors coupled with vegetation destruction. The pattern of substrate-
induced soil microbial respiration reveals an essential difference between these responses in 
anthropogenically affected biotopes, especially in post-fire sites, as compared to natural 
control habitats. Anthropogenic factors strongly affect the fluxes of all three main biogenic 
greenhouse gases (CO2, CH4 and N2O), but the respective influence is rather different. 
Anthropogenic factors more likely shift the CH4-balance in automorphic meso-relief habitats 
toward an increased methane sink, and in hydromorphic ones toward a decrease of emission. 
But with all anthropogenic factors, N2O emission appeared to be more pronounced. 
The input of the entire complex of anthropogenic factors, affecting the C-balance and CO2 
fluxes in Arctic communities, tend to increase toward the cold period. Thus, in fall it may 
increase the observed rate of soil emission in the meso-landscape up to 50%. 
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Introduction 
 
Scientific background 
Holocene sea-level change can be reconstructed using the fossil assemblages of intertidal 
foraminifera (Scott & Medioli, 1978; Scott & Medioli, 1980). This approach has been in use 
for more than 30 years. The fauna of salt marshes is considered to be the most sensitive 
indicator with a precision of ±5 cm (Horton & Edwards, 2006; Southall et al., 2006; Engelhart 
et al., 2011). Salt marshes are situated in the upper belt of the intertidal zone. Such locations 
are easily accessible, and the foraminiferal fauna of salt marshes has been scrutinized (see 
above references). Almost all studies have been performed at mid-latitudes.   
The saltmarsh foraminifera were thought not to occur in the high-latitude regions. No surveys 
had been carried out north of 60°N. Our study was planned to demonstrate that saltmarsh 
foraminiferal assemblages do exist at subpolar regions. We aimed to reveal the structure of 
these assemblages. The vertical sequence of the taxa, linked to the tide level, would provide a 
scale for sea-level reconstruction. 
Our earlier studies of White Sea intertidal foraminifera showed the presence of dead 
specimens of certain saltmarsh foraminifera, but their biotope remained unknown (Korsun et 
al., 2013, 2014). In the subarctic White Sea (Fig. 1), there are upper intertidal meadows that 
develop along the shores of sheltered inlets, straits and estuaries. Our reconnaissance and 
subsequent sampling of three such meadows in 2013 revealed a rich foraminiferal as-
semblage, which consists of typical saltmarsh taxa such as Balticammina pseudomacrescens.  
The intertidal foraminiferal fauna of the White Sea has been described to a certain extent 
(Stschedrina, 1948, 1955, 1962; Mayer, 1962, 1980; Lukina, 1985a, 1985b, 1988). The salt 
marsh assemblages, however, have never been surveyed. Moreover, the mere existence of 
such assemblages has been unknown.  
In the subpolar region of the South American continent, only occasional data on saltmarsh 
foraminifera exist. Chilean saltmarshes themselves are scarce. They have restricted 
geographical distributions and are among the least studied regions of the world (Idaszkin et 
al., 2010). The southernmost studies of intertidal foraminifera in South America were 
conducted at 54°40’S (Zúñiga-Rival, 2005) and 54°48’S (Lena, 1966). These studies included 
mainly shallow-water foraminifera with some notes on the littoral fauna. The data are scarce 
and incomplete, so further investigations needed to be done. 
 
Goals and objectives of the project 
The principal goal of this project was to understand whether the subpolar saltmarsh fora-
minifera can provide a tool for sea-level reconstruction. The ob 
jectives of the project were: 
• to characterize the White Sea saltmarsh foraminiferal fauna taxonomically; 
• to compare it to the well-studied saltmarsh foraminifera of mid-latitudes; 
• to describe and interpret the areal and downcore distribution of saltmarsh foraminifera on 
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three saltmarsh meadows in the western White Sea; 
• to characterize the Beagle Channel saltmarsh foraminiferal fauna taxonomically; 
• to describe an areal distribution of foraminifera of the Beagle Channel saltmarsh near the 

town of Puerto Williams.  

 
Fig. 1: White Sea. The study area is the Chupa Inlet (marked with a small box). 

 
 
Research activities  
 
Approach    
Saltmarsh foraminifera have been shown to occur within specific vertical zones of modern 
saltmarshes (Gehrels, 1994), which may correspond to tide levels and subsequently can be 
employed as tide-level indicator in paleoreconstructions. In order to find out the presence of 
living saltmarsh foraminifera and to estimate their spatial distribution across the saltmarshes, 
samples were collected along transects from high marsh to mudflat. Further processing of 
samples included wet-sieving, staining (when needed) and subdividing samples into aliquots 
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with a Retsch PT II splitter, counting and picking up the specimens. The first three treatments 
were done at the OSL.   
        
White Sea 
84 foraminiferal samples were collected in the White Sea (Kandalaksha Bay)during the 
summer of 2013. Three intertidal meadows were chosen for sampling, all situated in the 
Keret’ Archipelago of Chupa Inlet in Kandalaksha Bay (Fig. 1). The sampling design 
included surface sediments (to analyze areal distribution) and sediment cores (to analyze 
downcore distribution). The surface samples were collected along transects from the high 
marsh to the tidal flat in each plant formation in two replicates. A hard metal frame was 
pressed down into the surface layer and the top 1 cm (10 cm3) was placed in a bottle 
containing ethanol with Rose Bengal stain (1 g/l). Each sediment core was taken with a 10-cm 
length aluminum tube (ø 3.5 cm). The cores were taken in the middle marsh in two replicates. 
The core tube was pushed into the sediment by hand, plugged and pulled out. The cores were 
extruded in the field and were cut into 1-cm slices, which were further processed as sediment 
samples. The salinity of sediment pore water at each sampling site was measured at low tide. 
Plants were sampled from each vegetation belt on every studied meadow. The plant species 
were identified to species level. 
The samples were wet-sieved at OSL on the 0.5-mm and 0.125-mm sieves simultaneously. 
Afterwards, the large plant debris were removed from the 0.5-mm sieve. The 0.125-mm size 
fraction was used for subsequent foraminiferal analysis. The Retsch PT II splitter was used to 
subdivide the sample into equal subsamples for counting. The living and dead foraminifera 
were counted wet in a Petri dish using a Leica M205C stereomicroscope at St. Petersburg 
State University.   
 
Beagle Channel 
56 samples were collected on the high marsh and in the mudflats during low tide in February 
2014. Three replicate samples were collected at each of the three levels when possible. Not 
every station, however, could be completed in that way due to the presence of muddy 
sediments in some tidal channels. At each station, a standardized sediment volume of 10 cm3 
was collected for foraminiferal analysis. The samples were placed in plastic gripper bags with 
80° alcohol. In March 2013, all samples were processed at the OSL. Firstly, the samples were 
wet-sieved on the 0.5-mm and 0.125-mm sieves simultaneously. Large plant debris were 
removed from the 0.5-mm sieve as with the White sea samples. The 0.125-mm size fraction, 
used for foraminiferal analysis, was stained with Rose Bengal in 50% alcohol (2 g/l) for one 
week. Afterwards, it was wet-sieved on the 0.125-mm mesh and placed for 1 day in 30% 
alcohol to remove a stain. When the stain-removing procedure was completed, the samples 
were stored in 70% alcohol. Before counting, every sample was washed on a 0.125-mm mesh 
with tap water. The Retsch PT II splitter was used to subdivide the samples into equal aliquots 
for counting. The living and dead foraminifera were counted wet in a Petri dish using the 
stereomicroscope Leica M205C at St. Petersburg State University. The specimens were 
picked up into micropaleontological slides.  
  
Accomplishments 
The applied methods allowed us to complete the following steps: 
• staining helps us to identify living and dead foraminiferal specimens; 
• wet-sieving provides us with non-damaged saltmarsh foraminiferal specimens which are 

known to be not resistant to drying.  
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• the abundance of living foraminifera in surface samples can reach over 2,000 specimens 
per sample. Using the Retsch PT II splitter, we subdivided a whole sample into equal 
subsamples, one of them was counted during the study. This procedure makes the counting 
less time-consuming. After counting, foraminiferal abundances were re-calculated based 
on the aliquote size (Scott et al., 2001).  

Our research has undergone several changes during the process. These modifications were 
motivated by the reasons listed below.  
Initially we proposed to study only saltmarsh foraminiferal assemblages from the White Sea. 
By chance, we obtained saltmarsh foraminiferal samples from the eastern Beagle Channel 
(South America, Chile). These samples were in poor state of preservations due to 
transportation problem and needed to be processed quickly. The Beagle Channel lies in a 
subpolar region as does the White Sea. The foraminiferal fauna of the southernmost 
saltmarshes of South America are poorly studied. We believe that these two studies have lots 
in common. That is why we took the liberty to include our southern samples in the proposed 
research. As part of our research, we processed samples from South America at the OSL (wet-
sieving, staining with Rose Bengal, using the Retsch PT II splitter).  
During the study, we were faced with complications concerning the question what is a 
saltmarsh in high latitudes, particularly in the White Sea. The description of a saltmarsh 
necessarily includes the description of the vascular plant zonation. Plant zones and 
foraminiferal abundance often correspond (e. g., Gehrels, 1994; Jennings et al., 1995). 
Initially we had estimated that there are only few dominant vascular plants on the White Sea 
marshes. However, a close examination of the vascular plant collection in winter 2014 
revealed a hidden complexity. We, therefore, decided to undertake a detailed re-examination 
of the saltmarsh vegetation. During the summer 2014, we collected numerous plant samples. 
The identification of plant species was done during fall 2014.    
These two circumstances have forced us to deviate from the proposed working plan and have 
led to delay. Thus, we have not accomplish the objective to describe and interpret the areal 
and downcore distribution of saltmarsh foraminifera on three saltmarsh meadows in the 
western White Sea. 
 
Results  
 
White Sea 
Taxonomy of saltmarsh foraminifera of the White Sea was done for the first time. The 
following foraminiferal species inhabit the saltmarsh and intertidal area in Chupa Inlet: 
• Jadammina macrescens; 
• Balticammina pseudomacrescens; 
• Trochammina inflata; 
• Miliammina fusca; 
• Ovammina opaca; 
• Elphidium williamsoni; 
• Ammotium cassis; 
• Ammotium salsum. 
The species mentioned are typical saltmarsh/intertidal species. The presence of these species 
provides the opportunity to reconstruct the sea level in the studied area. 
The vascular plant composition of the studied saltmarshes was described for the first time. 
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Three studied marshes were investigated: Sukhaya Salma saltmarsh, Matrenin Island 
saltmarsh, and Uzkaya Salma saltmarsh.  
The Sukhaya Salma saltmarsh is a common intertidal meadow in a semi-enclosed small inlet. 
Several plant zones can be distinguished here. The high marsh is displayed as a mosaic belt 
between upland and middle marsh. The dominant plant species here is a common reed 
(Phragmites australis). The middle marsh is the most extensive part of the meadow. It is 
composed by a mixture of species. Here black grass (Juncus gerardii) dominates with 
embeddings of seashore alkali grass (Puccinellia maritima), seaside plantain (Plantago 
maritima) and sea milkwort (Glaux maritima). The vegetative shoots of black grass and 
seashore alkali grass are very similar, especially when being depressed in the lower part of the 
middle marsh. The low marsh consists of the annual glasswort Salicornia pojarkovae with 
addition of seashore alkali grass (Puccinellia maritima) in places.  
The Matrenin saltmarsh has been formed as a neck of land between two islands. This fact 
defines the floral composition of the meadow. the high marsh is occupied by reed foxtail 
(Alopecurus arundinaceus). The middle marsh is predominantly occupied by black grass 
(Juncus gerardii) with graminoids (e. g., bent grass Agrostis straminea) and tufts of sea 
plantain (Plantago maritima) and sea aster (Aster tripolium). The low marsh is occupied by 
glasswort (Salicornia pojarkovae). 
The Uzkaya Salma saltmarsh is a barrier marsh separated from the open seawater by a levee. 
It is subjected to influences of tide water and freshwater outflow from a small lake. It is 
composed of mostly freshwater plant species with some exceptions. The outermost part of the 
marsh is occupied by reedstands of Phragmites australis. The areas closer to the sea are 
occupied by graminoids (Calamagrostis neglecta stricta, Agrostis straminea) with red rattle 
(Pedicularis palustris). The closer the area to the freshwater channel, the more sedges appear. 
Spike rush (Eleocharis uniglumis), red clubroot (Blysmus rufus) and small yellow sedge 
(Carex paleacea) dominate here.   
Based on these data, we propose a model of saltmarsh plant zonation for each of the three 
intertidal meadows and generalized model of saltmarsh vegetation of Chupa Inlet 
(Kandalaksha Bay, White Sea). 
 
Beagle Channel 
In the eastern Beagle Channel, 7 short saltmarsh transects from high marsh to a mudflat were 
studied. In total, 56 samples were collected and analyzed. The studied saltmarsh is located at 
54°56’S and 67°37’W. This has so far been the southernmost study of intertidal foraminifera 
in South America. 
During the study, 15 species of foraminifera were found. All of them are well-known 
saltmarsh and intertidal species: Jadammina macrescens, Polysaccamina ipohalina, 
Trochamminita salsa, Trochammina inflata, Trochammina ochracea, Tiphotrocha 
comprimata, Haplophragmoides manilaensis, Miliammina fusca, Ovammina opaca, 
Miliolinella subrotunda, Quinqueloculina seminula, Haynesina depressula, Elphidium 
williamsoni, Elphidium macellum, and Elphidium poyeanum.  
The high-marsh foraminiferal assemblage totally consists of arenaceous species. The high-
marsh assemblage in each transect can be clearly distinguished from the mudflat assemblage 
by abrupt rises in foraminiferal abundances and the almost complete dominance by 
Jadammina macrescens, Trochamminita salsa and Polysaccamina ipohalina. While J. 
macrescens and P. ipohalina have a cosmopolitan distribution throughout saltmarshes all over 
the world, T. salsa is known predominantly from the Southern Hemisphere. The mudflat 
assemblages are composed mostly of calcareous species and H. depressula, E. macellum and 



 L-56 

E. poeyanum predominate.  
To visualize the changes in foraminiferal species composition across the transect, we used 
nonmetric multidimensional scaling (nMDS) on matrix of Bray-Curtis dissimilarities using 
species abundances (Fig. 2). The nMDS diagram shows two distinct groups of samples, those 
collected on the saltmarsh and those on the mudflats. These two groups can be interpreted as 
two foraminiferal assemblages. All saltmarsh data points are located close to each other 
without much distance between replicates and between transects, indicating that there is little 
ecological-niche heterogeneity in this subpolar marsh.  

 
Fig. 2: Ordination of foraminiferal assemblages, using nonmetric multidimensional scaling. Distances between 
points are proportional to Brey-Curtis dissimilarities between the samples based on square-root-transformed and 
double standardized abundances of foraminifera. Stress value estimates accuracy of fit. 

 
The studied saltmarsh demonstrates a lower taxonomic diversity of foraminifera as compared 
to mid-latitude salt marshes. This lower species diversity is probably driven by the diminished 
diversity of ecological niches. Saltmarsh foraminiferal assemblages are often associated with 
certain vegetation belts (Horton & Edwards, 2006; Southall et al., 2006; Engelhart et al., 
2011). The belts show a distinct vertical zonation within the upper intertidal zone they 
occupy. This small-scale vertical zonation provides a precise basis for sea-level 
reconstructions. The decreased diversity of saltmarsh assemblages in the studied subpolar 
saltmarsh suggests that the precision of sea-level reconstruction probably will be lower than 
in mid-latitudes.  
 
Conclusion 
We documented the distribution of saltmarsh and intertidal foraminifera along the 7 short 
transects from the eastern Beagle Channel. The presence of vertical heterogeneity of 
foraminiferal species and their abundances across the transects demonstrates that the 
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saltmarsh foraminifera have the potential to be used as sea-level indicators in relative sea-
level reconstructions. 
For the first time, the taxonomy of saltmarsh foraminifera of the White Sea was described. 
The saltmarsh  foraminiferal fauna of the subpolar White Sea is less diverse than in mid-
latitudes. The taxonomy of vascular plants, inhabiting the saltmarshes of Chupa Inlet, was 
described for the first time. A clear vertical zonation of plants does exist in the subpolar 
saltmarshes at the White Sea. A model of plant zonation was proposed. The presence of 
typical saltmarsh/intetidal foraminiferal fauna and of a vertical heterogeneity of the plant 
species provides an opportunity of sea-level reconstructions in the studied area.          
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Introduction 
 
Scientific background  
The global climate conditions shift toward a warmer planet. The Arctic Ocean is becoming 
increasingly defenseless to warming due to a positive feedback regarded as Arctic 
Amplification (Polyak et al., 2013; Serreze & Barry, 2011). Knowledge of paleo-ice 
conditions is essential for understanding the mechanism of rapid retreat of sea-ice in the 
Arctic (e. g., Polyak et al., 2010; Stroeve et al., 2011), and the related climatic changes 
affecting the global thermohaline circulation (Rashid et al., 2011). 
The Quaternary history of sea ice in the Central Arctic Ocean has been reconstructed in 
numerous published papers. The studies were mainly based on foraminifer and ostracode 
distribution (Cronin et al., 1995; 2008; Polyak et al., 2013), grain-size and mineralogical 
features of coarse sediment fraction (e.g. Darby, 2003; Lisitzin, 2002; Phillips & Grantz, 
2001), and the biomarker IP25 (Stein et al., 2012). 
Pre-Quaternary sea-ice history of the Arctic Ocean has been partially investigated only in the 
ACEX deep borehole drilled at the near-pole part of the Lomonosov Ridge (Backman et al., 
2006; O’Regan et al., 2008). It was established on the basis of mineralogical (Darby, 2008; 
Krylov et al., 2008) and radiogenic-isotope (Haley et al., 2008) records that the onset of a 
perennial sea-ice cover in the Arctic Ocean occurred in the mid-Miocene. This idea has 
recently been questioned and it was suggested that multi-year ice appeared as early as in the 
mid-Eocene (Darby, 2014). 
The onset of seasonal ice in the Arctic was detected based on findings of ice-dependent 
diatoms (Stickley et al., 2009), increasing in accumulation with 150-250 mkm grains (St. 
John, 2008), and occurrence of dropstones (Moran et al., 2006) in the lithological unit (LU) 2 
(biosilicious ooze) of the ACEX sedimentary record. The age of this event was about 47-
46.3 Ma according to the "official" stratigraphy developed by IODP-302 scientists (Backman 
et al., 2008) and involving a 26-Ma-long hiatus. In case of adopting the Os-isotope 
stratigraphy, the length of the "Oligocene" hiatus decreases to ~400 ka and, as a consequence, 
the age of seasonal-ice onset becomes younger, ~44 Ma (Poirier& Hillaire-Marcel, 2011). The 
very important question about the actual length of the "Oligocene" hiatus has not yet been 
solved. New approaches are needed to clarify this issue. 
Although the large-sized rock fragments were undoubtedly delivered to the near-pole part of 
the Lomonosov Ridge with ice/icebergs, and, as consequence, contains most important 
information about the ice history, they were only little studied in the ACEX record. Only data 
about the location and size of dropstones were published. There is, however, no information 
about the petrography, shape and roundness of the large-sized ACEX rock fragments. The aim 
of our project was to fill this gap. 
 
Goals and objectives of the project 
Ice\iceberg sedimentation has been the main feature of the Arctic Ocean since the Eocene 
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when the first seasonal ice was detected. A well-defined positive feedback between climate 
changes and ice conditions in the Arctic was proven. Understanding the behaviors of sea ice 
in the future depends largely on the knowledge about the ice cover of the past. This is 
important for paleoclimate and for the reconstruction of sedimentation in the past. The main 
goal of our project, therefore, was to reconstruct the Cenozoic ice/iceberg history in the 
Central Arctic Ocean. 
 
Objectives 
The study was focused on: 
• analysis of petrographic composition of rocks scattered along the ACEX cores using a 

polarizing microscope for identifying the different lithological/facial types of the rocks and 
for a comparison with rocks from possible source areas; 

• XRF analysis of pebbles for identification of source areas; 
• study of the shape and roundness of large-sized rock fragments; 
• reconstruction of the Cenozoic ice/iceberg drift. 
 
Research activities 
 
Approach 
The following research activities were carried out during the realization of the project: 
• the list of the 0.5-cm-large "ACEX-stones" used in this work was completed. It was 

considerably expanded, compared with the list published in the IODP-302 Proceedings 
(Expedition 302 Scientists, 2006, Table T4), after several visits to the IODP repository in 
Bremen in 2013 and 2014 (within the framework of OSL grants). Our inventory, however, 
most likely is not complete because part of the small dropstones might have been 
overlooked during the initial description of the section or lost/consumed through sampling 
for other tests. Nevertheless, we believe that this amount is not large and cannot 
significantly change the results of our research; 

• petrographic study of thin sections of ACEX dropstones from the Lomonosov Ridge and 
comparison with the samples from possible source areas. It was possible to make thin-
sections only for samples larger than 1 cm. The pebbles in LU 2 and 1/6-1/4 are composed 
of quartz sandstones (or quartz siltstones one time) and quartzite. One dolerite and one 
authigenic Fe concretions were also observed here. In the lithological subunits 1/3-1/1 
besides quartz sandstones, the shales, flint (1 time), limestone (1 time) and two basalts etc 
(including three authigenic siderites) are also appeared. A shift between two pebble 
associations was found at about 159 mbsf at the level of first dropstones occurrence in 
lithological subunit 1/3. This level almost coincides with the shift in the heavy-mineral 
distribution in the ACEX borehole (Krylov et al., 2008); 

• analysis of pebble morphology: size, shape, surface, and roundness. The roundness of 
stones was assessed using the Wadell coefficient. Its values for ACEX stones vary widely: 
from 0.11 up to 0.80. The shape was checked using the well-known Zingg (1935) method. 
The results, however, seem to be unproductive since all samples were scattered along 
Zingg’s diagram without regularity; 

• facial typification of rock fragments (dropstones) in the borehole section; 
• XRF analysis of the samples. 
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Accomplishments 
Based on the applied methods, we obtained all essential information which is needed for the 
successful completion our project. We obtained the required information about the 
petrography, chemistry and morphology of the pebbles.  
The Wadell-factor values are low in the lower part of the section, then they increase within 
subunits 1/6-1/4, and after that generally go down with decreasing depth of pebble 
occurrences. In the uppermost lithological subunit 1/1, however, the values of the Wadell 
factor increase again, reaching an average value of 0.32 (Fig. 1). There is a quite clear trend of 
deterioration of roundness with decreasing depth, which is confirmed statistically (R2=0.43). 
Despite the existence of this pattern, there is considerable variability in the values of 
roundness in certain intervals. For example, in a relatively narrow depth range of 107.94-
96.41 r-mcd in lithological subunit 1/3, which corresponds approximately to the age of 6.7-
7.5 Ma (around Messinian and Tortonian boundary) based on Backman et al. (2008), the 
roundness values vary between 0.15 and 0.76. This can be explained by the existence of local 
fluctuations in the direction and/or speed of ice drift.  

 
Fig. 1: The values of Wadell coefficient distribution along the ACEX cores. The three samples from the LU 4 
and 3 are not shown.  

 
Our research has been in accordance with the alleged working program. 
 
Results 
The rock debris may become rounded in the following restricted environments: 1) on the shelf 
beaches through the influence of waves, and 2) along the shores of large lakes and rivers. 
In the Eocene, formation of the sediments, composing LU 2 and LU 1/6, occurred in a 
subtropical, semi-enclosed Arctic Basin with a fresh/brackish surface layer and anoxic to 
sulfidic deep-water masses similar to the modern Black or Baltic seas (März et al., 2010; 
Ogawa et al., 2009; Onodera et al., 2008; Stein et al., 2006; Stickley et al., 2008 etc). In spite 
of a relatively warm climate, the onset of seasonal ice in the Arctic was detected based on 
findings of ice-dependent diatoms (Stickley et al., 2009), increasing in accumulation with 
150-250 mkm grains (St. John, 2008), and the occurrence of dropstones (Moran et al., 2006) 
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in the LU-2 sediments. The age of this event was about 47-46.3 Ma according to the 
stratigraphy developed by Backman et al. (2008). In case of adopting the Os-isotope 
stratigraphy, the age of the seasonal-ice onset becomes younger, ~44 Ma (Poirier & Hillaire-
Marcel, 2011). A recent paper by Darby (2014), however, asserts that the first ephemeral 
perennial sea ice appeared already in the mid-Eocene. 
Formation of LU 1/5, the Zebra layer, occurred during the opening of the Fram Strait and the 
transition from a poorly ventilated and land-locked sea with reduced salinities to a generally 
well-ventilated saline ocean (Jakobsson et al., 2007). Based on an intensive study of LU 1/5 
with various methods, as well as field observations of sandy lenses, it was concluded that the 
Zebra interval contains traces of erosion and re-deposition of material under high-energy 
conditions (Moore et al., 2006; März et al., 2011 etc). Full marine oxic conditions established 
themselvesfrom LU 1/4 upwards (Jakobsson et al., 2007; Kaminski et al., 2009). 
Based on this general information, it is clear that wave activity, which could cause the round 
shape of stones on the Lomonosov Ridge in situ, could only be tentatively suggested for the 
upper part of LU 1/6 and LU 1/5. During the formation of LU ¼, the Lomonosov Ridge 
experienced an increase in water depth, which definitely stopped wave influence, unless, of 
course, the latter in principle existed during the accumulation of lithological subunits 1/6 and 
1/5. The occurrence of sandy lenses and a relatively high amount of pebbles (pebbles per 
meter, P/M=0.33) as well as high values of the Wadell coefficient in the pebbles in LU 1/4, 
therefore, cannot be explained by wave activity. The appearance of sand here might have been 
caused by washout of the fine material by the current.  Thus, the likely source of the pebbles 
for the LU 1/4 was the adjacent land. Based on the almost complete absence of carbonates in 
the ACEX boreholes (only one limestone found in LU 1/1), we can assume that the main 
source of the pebbles could be the coast of Eurasia. The time of that event could not be 
established unambiguously because of the presence of at least two stratigraphic models for the 
ACEX borehole (Backman et al., 2008; Poirier& Hillaire-Marcel, 2011). Realizing that the 
issue is not solved completely, we nonetheless largely inclined to the latest model developed 
on the basis of the Os-isotope stratigraphy. One of the reasons in support of this is, in 
particular, the difficulty in explaining such a long-term (26 Ma) presence of the Lomonosov 
Ridge near the sea-surface or/and in the subaerial environments in terms of plate tectonics 
(Chernykh & Krylov, 2011).  
The first pebble in LU 1/4 was found at 191.22 rmcd, which corresponds to the early 
Oligocene according to the model of Poirier and Hillaire-Marcel (2011). This period is 
characterized by uplift and erosion of a significant part of the Russian Arctic shelf. Supply of 
a significant amount of material to the shallow shelf area may explain the relatively high rate 
of subsequent pebble delivery with ice into the sediments of LU 1/4. It is important to note 
that, based on sand fraction distribution, the interval of approximately 183-190 mbsf within 
LU 1/4 shows a distinct minimum in ice-rafting in the Central Arctic (St. John, 2008). 
Dropstones were found at the boundaries of and above this interval. 
The shift in the petrography of dropstones from quartzite/quartz sandstones in LU 2 to LU 1/4 
to quartzite-quartz sandstone-schist-etc in LU 1/3 to LU 1/1 occurred at around 159 rmsd 
(Fig. 2), which almost coincides with the shift in heavy-mineral distribution published by 
Krylov et al. (2008). It was probably caused by the onset of perennial ice in the Arctic and, as 
a consequence, the appearance of an additional source areas. Based on the results of heavy-
mineral distribution, the initial Kara/western Laptev Sea source might have extended to the 
east when the cooling of the Arctic became enough to form perennial ice.  
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Fig. 2: a) Ratio of clinopyroxene to monoclinic amphiboles in the ACEX section (Krylov et al., 2008); b) petro-
graphy of dropstones in the ACEX borehole. The dotted red line marks the level at which the clinopyroxene-
dominated association of heavy minerals is substituted with a hornblende-dominated association. The red arrow 
shows the level where the quartz-dominated association of dropstones is replaced by an association with admix-
ture of other rocks.  

 
 
Conclusion 
Analyzing the distribution of pebbles along the ACEX core, we can observe three important 
features: 
• the roundness of the dropstones generally decreases with depth; 
• the intensity of pebble delivery to the ACEX borehole was estimated based on the P/M 

factor. It was initially low (LU 2=0.03 and LU 1/6=0.09), and then increased sharply in the 
LU 1/5 (=0.58) and remained high within the LU 1/4 (0.33). In LU 1/3 (=0.17) and LU 1/2 
(=0.05-0.14), the intensity of the delivery was relatively low. It reaches a maximum in 
LU1/1 (=0.57-0.91). The delivery of rounded samples from the Eurasian coasts is most 
likely for LU 1/5-1/4: the Oligocene is the period of uplift and erosion over a considerable 
part of the Russian Arctic shelf. The overall decrease in the amount of stones and decrease 
in their roundness in the Miocene is probably due to a decrease in general erosion in the 
source areas and, possibly, a change of the source areas themselves; 

• a shift in pebble petrography observed at around 159 mbsf from quartz sandstone/ quartzite 
(LU 2-LU 1/4) to a more various composition (LU 1/3-LU 1/1). Eurasian sources were the 
main source area for the central part of the Lomonosov Ridge. The change in petrographic 
associations within LU 1/3 is probably due to the onset of multi-year ice and the "great" 
transpolar drift-ice system. There has been a shift of provenance to the east with the 
progressive cooling in the Arctic; 
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• we support the idea that the duration of the mid-Cenozoic hiatus was much shorter than 
26 Ma. Its length is unlikely to exceed 400,000 years. 
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BIODIVERSITY OF THE DOMINANT BENTHIC TAXA OF THE ABYSSAL 
KURIL-KAMCHATKA TRENCH AREA 
 
M. Malyutina, I. Alalykina, A. Lavrenteva  
A.V. Zhirmunsky Institute of Marine Biology of the Far Eastern Branch of the Russian Academy of Sciences, 
Vladivostok, Russia 

 
Introduction  
One of the main goals and objectives of the joint German-Russian expedition KuramBio 
(Kurile Kamchatka Biodiversity Studies, 223 cruise of the RV SONNE) was to study the 
biodiversity and distribution of the deep-sea benthic fauna of the Kuril-Kamchatka Trench 
(KKT) and the adjacent abyssal plain. Benthos was collected on 12 stations at the depth of 
4830-5780 m by the standard set of gears (camera-epibenthic sledge (C-EBS), Agassiz Trawl 
(AGT), box-corer, multicorer).  
Polychaeta was the most abundant taxon in the macrofauna sampled by C-EBS (33% of all 
individuals), followed by the crustaceans superorder Peracarida (24%), which dominated in 
species richness. Within the peracarids, the order Isopoda is the most important (with the 
dominant family Munnopsidae) as well as the order Cumacea.  
Polychaete worms and Peracarid crustaceans are known as the dominant taxa in abyssal 
benthic communities in the World Ocean (Hessler & Jumars 1974; Brandt et al. 2007; 
Malyutina & Brandt 2007). The fauna found in the area sampled during nine expeditions on 
board the RV VITYAZ in 1949, 1953-1955, 1957 and 1966 has been described in many 
publications (e. g., Birstein, 1963, 1971; Levenstein, 1969). Peracarids of the order Isopoda 
and Polychaeta were the most abundant and speciose deep-sea taxa of the sampled 
macrobenthos. As a result of the previous investigations for the extended KKT area, a third of 
all recorded asellotes, 36 species, belonged to the family Munnopsidae, including 10 species 
collected and described from the same restricted area and depths interval as sampled during 
the KuramBio expedition (Birstein, 1963, 1970, 1971). Peracarids of the order Cumacea was 
much less studied with only 2 species described from this area till now with no data at all for 
the KuramBio sampled depths (Belyaev, 1989; Lomakina, 1958). For the adjacent Japan 
Trench 14 species were known (Gamo 1984, 1985, 1987, 1988 a, b, 1989). For the abyssal 
depths of the Kuril-Kamchatka Trench, 13 species of the families Fauveliopsidae and 
Opheliidae were known (Levenstein, 1969). Ten species and one genus of phyllodocid 
Polychaeta of the family Polynoidae were described from the VITYAZ abyssal materials 
(Uschakov, 1958, 1972; 1982). 
Therefore, the aim of our project was to investigate the biodiversity and distribution of these 
key macrobenthic groups collected during the KuramBio expeditions by means of the modern 
effective gears and to compare the new data with the VITYAZ data. The study was carried out 
in cooperation with the German colleagues from the working group of Prof. A. Brandt, 
Zoological Museum of Hamburg University. 
 
Research activities  
The taxonomical composition of the fauna of the cumaceans and their distribution in KKT 
area have been analyzed. Identification of the collected Cumacea revealed no less than 72 
species of 23 genera and 6 families. Only 4 collected species were known for the Japan 
Trench, therefore 94% of the cumaceans species are new for science.  
Five genera have been recorded for the studied area for the first time: Platycuma and 
Pseudoleptostyloides (Diastylidae) for the Pacific Ocean, and Cyclaspoides, Bathylamprops 
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and Styloptocuma for the North Pacific. 
Cumaceans usually more frequently occur and are more speciose in the deep sea than on the 
shelf (Brandt & Piepenburg, 1994). A preliminary list of the KuramBio species includes 
almost twice more species than are known for the littoral and bathyal depths of the Kuril and 
Commander Islands region (Sirenko, 2013). Cumacea occurred with 9% of all peracarid 
orders sampled. The percentage of cumacean occurrence was highest on the western slope of 
the KKT in 5780 m depth (station 4-3). 
The family Leuconidae is the most abundant (583 specimens, 10 species of the genera: 
Leucon – 7 species; Eudorella – a species which seems to be a species complex; Abyssoleu-
con gen. n. and Bytholeucon each with single species). Abyssoleucon tzarevae gen. n., sp. n. is 
the dominant species within the collected Cumacea, but was found only at two stations on the 
KKT western slope. The Nannastacidae and Diastylidae with 20 species each are the most 
speciose families in the present collection. The Nannastacidae include 4 genera: Campylaspis 
(13 species), Styloptocuma (4), Procampylaspis and Platycuma (each with 1 species), and one 
species probably of a new genus. The family Diastylidae is represented by 5 genera: 
Makrokylindrus (9 species), Diastylis (5), and Pseudoleptostyloides, Leptostylis, 
Leptostyloides (2 species each). The family Lampropidae (152 specimens) is represented by 
12 species and 6 genera: Hemilamprops (5 species), Platysympus (2), Mesolamprops, 
Paralamprops, Bathylamprops, Lamprops (?) with 1 species each and one species with 
unclear generic position. The family Bodotriidae (141 specimens) is represented with 9 
species and 3 genera: Bathycuma (7 species), Atlantocuma and Cyclaspoides with a single 
species each. Cyclaspoides borisovetsi sp. n. was the most abundant species within the 
bodotriids (33%). Bathycuma sonne sp. n. constitutes 15% of the bodotriids. One species of a 
new genus of the family Pseudocumatidae was found. 
For a comparison of the KuramBio samples with the museum’s collections, we examined all 
Russian type material of species previously collected in the KKT area from the Zoological 
Institute RAS, St. Petersburg, from the Museum of the A.V. Zhirmunsky Institute of Marine 
Biology FEB RAS, Vladivostok, and some deep-sea species from the collections of the 
Zoological Museum of Hamburg (ZMH). We described the new species according to modern 
methods for the groups (detailed drawings, photos on optical and scanning electronic 
microscopes). Three new deep-sea cumacean species and one new genus from the KKT area 
were described in cooperation with Dr. Ute Mühlenhardt-Siegel (ZMH) and published (Deep-
Sea Research Part II): Abyssoleucon tzarevae gen. n., sp. n. (Leuconidae), Cyclaspoides 
borisovetsi sp. n. and Bathycuma sonne sp. n. (Bodotriidae). Descriptions of the new species 
of the genera Diastylis, Divacuma, Leptostylis and Pseudoleptostyloides are being prepared 
for publication.  
To date, more than 5,200 individuals of Polychaeta belonging to 144 species of 108 genera 
and 38 families from the KuramBio samples collected with AGT and EBS were identified. 
More than 50% of the collected polychaete species are considered to be new to science and 
new in the Northwest Pacific region. 
The results from the different devices are more or less similar in family-level diversity 
although some of them are represented with lower abundances or different diversity. The 
AGT, with a mesh size of 1 cm, was the least effective gear to capture abyssal polychaetes: 
about 36 species of 34 genera and 20 families were collected. Some of the taxa were collected 
only with this equipment: Nothria sp., Paradiopatra sp. (Onuphidae) and Rhodine sp. 
(Maldanidae). The most abundant species from AGT-samples were tube-building worms of 
the families Oweniidae and Onuphidae. which form colonies. The most speciose families 
were the Ampharetidae, Opheliidae followed by the Maldanidae.  
Much more diverse and abundant polychaete fauna was present in the EBS samples. Overall 
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from supranet EBS-samples, 4,710 individuals, representing 140 species of about 105 genera, 
and 38 families, have been found until now. The most abundant families were Fauveliopsidae 
(869 specimens), Capitellidae (569 specimens), Spionidae (551 specimens), and Opheliidae 
(320 specimens). The most speciose family was Ampharetidae with 21 species followed by 
Polynoidae and Acrocirridae with 12 and 10 species, respectively, Maldanidae with 9 species, 
Spaerodoridae and Flabelligeridae with 8 species, Spionidae and Paraonidae with 6 species 
each. Fourteen families were represented by only one species. 
Our results, based on the KuramBio samples, are in accordance with the literature data 
(Osborn et al., 2011) and indicate high diversity and species richness of the Polychaeta in the 
studied area of the Northwest Pacific deep-sea. Among the collected polychaete material, six 
genera (Chauvinelia, Flabelligella, Flabelligena, Helmetophorus, Sphaerephesia, Swima) 
have been reported for the Northwest Pacific for the first time. A polynoid species, 
Harmothoe derjugini (Annenkova, 1937), considered to be endemic for the abyssal zone of 
the Sea of Japan, was found on the abyssal plain of the Pacific Ocean for the first time. A 
description of a new species of the family Sphaerodoridae, Sphaerephesia lesliae sp. nov., 
was published in the special volume of journal Deep-sea Research II (Alalykina, 2015). The 
presented results show that the composition of the abyssal Polychaeta of the KKT seems to be 
similar at higher taxonomic level to other deep-sea regions world-wide and comparable to 
other abyssal areas of the Pacific (Fauchald & Hanckock, 1981; Méndez, 2006), Atlantic 
(Böggemann, 2009) and Antarctic oceans (Wilmsen & Schüller, 2011) where more than 140 
species of 47 families have been found at depths down to 5,000 m. Similarly in the KuramBio 
materials, the most species-rich families were Acrocirridae, Ampharetidae, Maldanidae, 
Paraonidae, and Spionidae.  
Crustaceans of the order Isopoda were one of the dominant macrobenthic taxa and the family 
Munnopsidae was the most abundant and diverse among the 17 collected asellotan families, 
comprising about 48% of all isopods (Fig. 1). It was the family richest in species among all 
macrobenthic organisms collected during the expedition KuramBio in the abyssal area off the 
KKT. During the KuramBio expedition, no less than 80 species of 28 genera and eight 
subfamilies of about 80% of the species are new to science and half of the genera and the 
subfamily Lipomerinae have been recorded for the first time in the Northwest Pacific. The 
most abundant and speciose subfamily was Eurycopinae (58% of all specimens and 29 % of 
species), followed by Ilyarachninae (12% and 16 %). Most species are rare and occur with 
low abundance at one or few stations. The ten most numerous species, belonging to the genera 
Eurycope (5 species), Microcope (2), Disconectes (1), Ilyarachna (1) and Aspidarachna (1), 
comprised 68% of all munnopsids. The species Eurycope sp.1 and Microcope ovata (Birstein, 
1970) were the most abundant and frequent species occurring at all stations. The highest 
abundance of Munnopsidae and a high diversity with 32 species were revealed at station 3-9 
on the KKT western slope. The cluster analysis of the Bray-Curtis similarity shows only 
slight similarities between the stations. The least similar was station 1-10 with only 26% of 
similarity with other stations. Low similarity characterized also station 3-9 (34%). The 
comparison with known data revealed differences in the species composition of the 
Munnopsidae of the abyssal plain of the KKT area and the fauna of adjacent bathyal and 
hadal zones. The analysis of the new and published data together showed that the 
Munnopsidae fauna of the KKT area includes 107 species belonging to 8 subfamilies and not 
less than 22 genera. Similar ratios of the munnopsid subfamilies and genera and some similar 
species have been revealed for the KuramBio and ANDEEP (ANtarctic benthic DEEP-sea 
biodiversity; Malyutina & Brandt, 2015; Fig. 2).   
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Fig. 1: New species of the macrobenthic fauna: (1) Isopoda - Microcope stenopigus sp. nov. (2) Polychaeta - 
Sphaerephesia lesliae sp. nov. (3) Cumacea - Abyssoleucon tzarevae gen. n., sp. nov. 
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Fig. 2: A) Ratio of species richness of the subfamilies of the Munnopsidae of the Northwest Pacific (from the 
KuramBio and published data together); B) ratio of species richness of the subfamilies of the Munnopsidae of 
the North Atlantic (based on published data); C) ratio of species richness of the subfamilies of the Munnopsidae 
of the Atlantic sector of the Southern Ocean (ANDEEP area (Malyutina & Brandt, 2007)). 

 
The munnopsid genus Microcope (Malyutina, 2008), represented by two species, was one of 
the most abundant and frequent isopod genera sampled at all stations. Microcope ovata 
(Birstein, 1970), the only known Pacific species of Microcope to date, is redescribed based on 
the new collections since the types of the species were lost. Descriptions of a new species 
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from the KuramBio samples, Microcope stenopigus sp. nov., and a new species from the 
southeastern Australian slope, Microcope justi sp. nov., have increased the number of 
described species of Microcope to five and extended the geography of the genus from the 
previously known South Atlantic, Antarctic and the northwestern Pacific localities to new 
localities in the southwestern Pacific. The depth range for the genus was also extended from 
the known low bathyal/abyssal interval of 2,014-7,370 m to the range of 427-7,370 m. A map 
of the distribution of the genus Microcope and a key to the described species of Microcope 
have been published (Malyutina, 2015). 
 
Results 
Within the framework of the OSL grant, the taxonomical and biogeographical analyses of the 
key taxa of the macrobenthic fauna of the KKT area were carried out. The work on the 
KuramBio samples during 2014 increased the number of species of each studied group. No 
less than 144 species of Polychaeta, 80 species of isopods of the family Munnopsidae and 72 
species of Cumacea have been identified, which are dozens of times more than had been 
known for the area. Most of the collected and identified species are new to science and wait 
for descriptions. The species richness, taxonomic structure of the taxa, the dominant families, 
genera and species in each taxon were revealed.  
Peracarida order Isopoda with 207 species turned out to be the most diverse order among all 
benthic taxa (Brandt et al., 2015; Elsner et al., 2015). The family Munnopsidae was the most 
numerous and the species-richest among the 17 isopod families: no less than 80 species of 28 
genera and 8 subfamilies. The genus Microcope, one of the most abundant isopod genera in 
the KuramBio samples, was revised, descriptions of Microcope ovata and two new species 
were published. About 80% species of the isopods Munnopsidae are new to science and half 
of the genera and the subfamily Lipomerinae have been recorded for the Northwest Pacific for 
the first time. The most abundant and specious subfamily was the Eurycopinae (58% of all 
specimens and 29% of species), followed by the Ilyarachninae (12% and 16%, respectively). 
Most species are rare and occur with low abundance at one or few stations. The highest 
abundance of the Munnopsidae and a high diversity was at station 3-9 on the western slope of 
the KKT. The cluster analysis of the Bray-Curtis similarity shows only few similarities 
between stations.  
It was revealed that the Cumacea fauna of the KKT area consists of no less than 72 species 
from 23 genera and 6 families and only 4 collected species were known for the Japan Trench. 
94% of cumaceans seems to be new for science. The genera Platycuma and Pseudo-
leptostyloides were recorded for the Pacific Ocean for the first time. The genera Cyclaspoides, 
Bathylamprops and Styloptocuma were sampled in the North Pacific for the first time. 
One new genus and three new species of Cumacea are described from the KuramBio samples: 
Abyssoleucon tzarevae gen. n., sp. n., Cyclaspoides borisovetsi sp. n., and Bathycuma sonne 
sp. n. (Lavrenteva & Mühlenhardt-Siegel, 2015). During our joint work at the Zoological 
Museum of Hamburg, the descriptions of new cumacean species of the genera Diastylis, 
Divacuma, Leptostylis and Pseudoleptostyloides were prepared for publication. 
To date, more than 5,200 individuals of Polychaeta belonging to 144 species of 108 genera 
and 38 families from the KuramBio samples, collected with AGT and EBS, have been 
identified. About 50% of the collected polychaete species are considered to be new to science 
and new in the Northwest Pacific region. A description of a new species of the family 
Sphaerodoridae, Sphaerephesia lesliae sp. nov., has been published (Alalykina, 2015). The 
composition of the abyssal Polychaeta of the KKT seems to be similar at higher taxonomic 
level to other deep-sea regions world-wide. 
Analysis of the distribution of the studied taxa shows that the maximum numbers of 
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specimens were found at the western slope of the KKT. 
 
Conclusion  
Our work on the project revealed a very high biodiversity of the studied taxa. The species 
richness of the Polychaeta (144 species), of isopods of the family Munnopsidae (80 species) 
and of Cumacea (72 species) turned out to be dozens of times hogher than was known for the 
area before the KuramBio expedition.  
Four papers with descriptions of new species and new genera from the Kuril-Kamchatka 
Trench area were published in a special volume of Deep Sea Research II. There are 
descriptions of three new species and one new genus of deep-sea Cumacea (Lavrenteva & 
Mühlenhardt-Siegel, 2015), two new species and one known most abundant species of the 
munnopsids genus Microcope (Malyutina, 2015), and the polychaetes Sphaerephesia lesliae 
sp. nov. (Sphaerodoridae) and Nephtys sachalinensis sp. nov. from the Sea of Okhotsk 
(Alalykina, 2015; Alalykina & Dnestrovskaya, in press). The composition and distribution of 
Munnopsidae of the KKT were analyzed (Malyutina & Brandt, 2015).  
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Introduction 
The pingo exposure and lake sediments from northwestern Beringia have been studied for 
diatom and chironomid assemblages. The Quaternary environmental history in the north-
western part of Beringia is investigated in order to reconstruct Holocene palaeoclimatic and 
environmental dynamics. Within the proposed project, variations of taxonomic composition 
of diatom and chironomid assemblages of the pingo exposure and a short core of modern lake 
sediments were examined. Using methods of multivariate statistics, Holocene palaeoclimatic 
and environmental dynamics were reconstructed based on the taxonomic data of diatoms and 
chironomids. The proposed work is a part of a multi-proxy study. 
 
Scientific background  
The history of Beringia was complicated and the existing hypotheses need to be supported 
from terrestrial archives, which are very rare to be found. The sea sediments from both sides 
of the modern Bering Strait showed that during the past 3 millennia, the territory of Beringia 
went up and down under the water six times. As the Late-Quaternary sea level had risen and 
fallen corresponding to the glacial-interglacial cycles, during glacial times the shallow Arctic 
shelves formed a landmass between Siberia and North America (so-called Beringia). After the 
sea-level rise since the end of the last glaciation up to its modern state, remnants of Beringia 
have been preserved in the Arctic lowlands of Northeast Siberia, Alaska and Canada. 
Perennially frozen ground (permafrost) of the Northern Hemisphere is increasingly used as an 
archive of past environmental and climatic conditions. Permafrost sediments preserve proxy 
records, such as fossil remains of faunal, floral and microbial communities, and formed and 
persisted through the Late Quaternary because of the harsh, cold climatic conditions 
especially in the unglaciated vast territory between the Eurasian and the Laurentide ice sheets. 
Many studies show that diatoms, the widespread algae with silica-based frustules, which are 
well preserved in sediments, can be used as biological indicators for estimating past en-
vironmental (e. g., pH, salinity, temperature) and climatic conditions. Chironomids (Insecta: 
Diptera) are recognized as the best biological indicators for quantifying past changes in air 
temperature or lake chemistry in the Quarternary and especially in the Holocene. Chironomids 
belong to the most abundant group of freshwater bottom-dwelling macroinvertebrates. 
Because of their short life cycle, they quickly adapt to environmental changes and are useful 
indicators of various environmental impacts, including climate. 
 
Goals and objectives of the project 
The main goal of this proposal is a multy-proxy investigation of the Quaternary environ-
mental history in the western part of Beringia employing pingo and lake sediments from 
Pokhodsk (Yakutia) in order to reconstruct Holocene palaeoclimatic and environmental dyna-
mics using diatoms and chironomids as indicators. The objectives of the proposed project are: 
• to examine variations of taxonomic composition of diatom and chironomid assemblages of 

the pingo exposure 12P-19-A and a short core of modern lake sediments;  
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• to use methods of multivariate statistics to reconstruct Holocene palaeoclimatic and 
environmental dynamics on the basis of the taxonomic data of diatoms and chironomids;  

• to make a comparison of the obtained reconstructions with the results from the northern 
part of eastern Beringia (Kit-1 of Seward Peninsula, Alaska).  

In addition to the information on climatic variability, the project will provide information 
about the taxonomy, composition, distribution, abundance and ecology of chironomids and 
diatoms in the region, which is important for completing regional databases. 
 
Research activities 
Diatom analysis followed standard methods using the water-bath technique. Slides were 
mounted using Naphrax. Between 300 and 500 valves were counted at x1000 magnification. 
Diatom nomenclature follows Krammer and Lange-Bertalot (1986, 1987, 1988, 1991a, 
1991b).  
Chironomid analysis followed standard techniques. Subsamples of wet sediment, weighing 1-
3 g, are deflocculated in 10% KOH (potassium hydroxide), heated to 80°C, to which almost 
boiling water is added and left to stand for up to 20 minutes. The sediment is subsequently 
passed through 212-mm and 95-mm sieves. Chironomid larval head capsules are picked out 
of a Bogorov sorter under a stereomicroscope at 25-40x magnifications and mounted in 
Hydro-Matrix. The head capsules are identified according to Wiederholm (1983) and Brooks 
et al. (2007) and with reference to the Collection of Yakutian chironomids of Dr. L. Nazarova, 
stored at AWI Potsdam.  
We carried out a numerical analysis for reconstructing the ecological conditions in the time 
frame that is covered by exposures, using an already earlier developed dataset from Arctic 
lakes. The reconstruction of pH was completed with the combined dataset (CDS) of the 
European Diatom Database, which comprises 627 samples from lakes in the pH-range 4.32-
8.4. Stratigraphic diatom diagrams were produced using the C2 version 1.5 (Juggins, 2007). 
Zonation of the chironomid stratigraphy was made, using the method  of the optimal sum of 
squares partitioning (Birks & Gordon, 1985) with the program ZONE (Lotter & Juggins, 
1991), where the number of significant zones was assessed by a broken stick model (Bennett, 
1996) using BSTICK (Birks & Line, unpublished). The diversity and evenness of the 
chironomid assemblages was estimated using the Shannon-Wiener Index (H) and Pielou 
Evenness Index (I) (Pielou, 1966). Effective numbers of occurrences of chironomid taxa were 
estimated according to Hill’s N2 index (Hill, 1973). 
Our research was carried out in accordance with the working program.  
 
Results 
 
Diatoms 
Diatoms were identified in 32 samples in total. In the composition of diatom species of the 
pingo exposure 12P-19-A, 110 taxa were determined. In the composition of diatom species of 
the short core of modern lakes sediments S-80-1 86 taxa were identified. In both cases, 
benthic cosmopolitan halophilic and alkaliphilic species, indifferent to temperature and flow, 
dominated. 
With the methods of multivariate statisticswe established four zones with different ecological 
and environmental features of the diatom stratigraphy of the pingo exposure 12P-19-A 
(Fig.1).  
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Fig. 1: Zonation of the diatoms of the pingo exposure 12P-19-A. 

 
Zone 1 (8610±50) is characterized by the highest percentage of planktic species in the core, 
dominant is Cymbella ehrenbergii Kütz. (78.5%), subdominant Aulacoseira ambigua (Grun.) 
Simons. (5.4%). It is assumed that at that time a quite deep reservoir existed and the air 
temperature was higher than today. Reconstructed pH was 6.71.  
In zone 2 (from 8290±50 to 6850±50), the total number of species increased to 30. The share 
of benthic and planktic-benthic, halophiles, alkaliphile, and boreal species increased also. The 
dominant species was Fragilaria pinnata Ehrb. This is evidence for the ongoing warming, 
decrease in water level, and increase in salinity. Reconstructed pH was from 7.31 to 7.54. 
Zone 3 is characterized by a decrease in the share of halophiles'and by an increase in the share 
of cold-water species, which indicates a gradual cooling. Reconstructed pH was 7.59. 
In zone 4 (3855±35), the number of species varies from 26 to 39, the prevalence of benthic 
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and planktic-benthic species indicates the existence of a shallow pond. The gradual decrease 
in the predominance of Fragilaria pinnata may reflected decreasing air temperatures. 
Reconstructed pH was from 7.28 to 6.99. 
The thermokarst-lake core S-80-1 at a depth of 24 cm was calibrated as 795±30 BP (Late 
Holocene). Zonation of the diatom stratigraphy shows two zones with different ecological and 
environmental features. 
Zone 1 (795±30 BP), 24 cm depth, has a larger share of cold-water, galofobic and arctalpine 
species, which indicates cooler conditions. 
Zone 2, higher than 16 cm to surface, shows a lack of acidophilic species in general, an 
increase in halophiles and alkaliphiles, which show an increase in mineralization, and a 
constant presence of thermophilic species, which indicates processes of warming. Modern pH 
value is 6.42. 
A comparison of the results of diatom analysis of pingos from western and eastern parts of 
Beringia showed a similar species richness (110 species in the western part, Pokhodsk, 
Yakutia, and 80 in the eastern part, Seward Peninsula, Alaska) and the predominance of 
benthic cosmopolitan halophilic and alkaliphilic species indifferent to temperature and flow. 
The reconstructed pH values were also similar: from 6.7 to 7.6 in the western part of Beringia 
and from 6.7 to 7.2 in the eastern part. In both parts of Beringia Fragilaria pinnata Ehrb was 
the common dominant species. All this testifies to the similarity of the environmental 
conditions during the formation of pingos in different parts of Beringia in the Early Holocene. 
 
Chironomids 
In total, 10 samples were processed, 420 chironomid head capsules were slide-mounted and 
identified to the highest taxonomic resolution possible, with reference to Wiederholm (1983) 
and Brooks et al. (2007) and with reference to the Collection of Yakutian chironomids of Dr. 
L. Nazarova, stored at the AWI, Potsdam. We identified the subfamilies Chironominae, 
Orthocladiinae, and Tanypodinae with the dominant taxa from the subfamily Chironomini 
(Chironomus anthracinus, Sergentia coracina-type) and Tanytarsini (Paratanitarsus 
penicillatus., Tanytarsus lugens, Paratanytarsus austriacus-type), and Orthocladiinae 
(Zalutshia type B, Limnophies – Paralimnophis, Cricotopus intersectus, Cricotopus 
laricomalis , Orthocladius consobrinus). Paratanitarsus penicillatus-type was found in all 
samples, it is a dominant taxon in the upper section. The most common are Orthocladius 
olivery, Corynocera ambiqua and Psectrocladius sordidellus-type. They were found in all 
zones. Zonation of the chironomid stratigraphy established three zones with different 
ecological and environmental features (Fig. 2, Table 1). 
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Fig. 2: Zonation of the chironomids of Pingo exposure 12P-19-A. 
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Table 1: Characteristic of stratigraphic zones of chironomids (continued on next page) 

Zone № Dominant T˚opt 
Trends in 

zone Ecology Environment 

III 8-9 

Paratanitarsus pen. 7.7 

The quantity 
increases in 
the top part 
of a zone 

• Associated with 
macrophytes 
• Typical of colder 
conditions 

Macrophytes 
are a dominant. 
Tendency to 
acidification of 
lakes. 
Cold 
conditions. 

Zalutshia t.B 7.7 

A slight 
increase is 
observed in 
the number 
of upper 
zone 

• Oligotrophic and 
distrophic lakes 
• Profundal 
• Survive in acidified 
lakes 
• Associated with 
macrophytes 
•  Warm water 

Limnophies - 
Paralimnophis 7.6 

The quantity 
decreases in 
the top part 
of a zone 

• Littoral 
• Very shallow water 
• Indicator lake level 
fluctuations 
• Associated with 
macrophytes 
• Occurs in temperature 
waters 

Cricotopus intersectus 7.8 

Taxon is 
found in the 
lower part of 
a zone 

• Eutrophic 
• Littoral 
• Associated with 
vegetation 

Paraphaenocladius-
Parametiocnemus  

Taxon is 
found in the 
lower part of 
a zone 

• terrestrial 
• occur in streams and 
sometimes in the littoral 
of lakes 

Parasmittia  

Taxon is 
found in the 
lower part of 
a zone 

• terrestrial  

Chirnomus anthr., Tanitarsini undeff., Cricotopus cylindraceus, 
Cladotanitarsus mancus, Tanitarsus lugens, Orthocladius oliveri 

 
  

Pic.1. Zalutschia type B 

Pic.1. Zalutschia type B 
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Table 1 (continued): Characteristic of stratigraphic zones of chironomids (continued on next page) 

Zone № Dominant T˚opt 
Trends in 

zone Ecology Environment 

II 10-
12 

Sergentia coracina 8.8 

Taxon is 
widespread 
on all zone; 
the quantity 
decreases in 
a middle part 
of a zone a 
little 

• Cold, stenotherm 
• Acidophilic 
• Sublitoral- Profundal 
• Of mesotrophic to 
oligotrophic lakes 

Moderately 
cold water is in 
the lake. 
Tendency to 
acidification of 
lakes. 

Chirnomus anthracinus 7.6 

Taxon is 
widespread 
on all zone; 
the quantity 
decreases in 
a middle part 
of a zone a 
little 

• Warm water 
• Eutrophic 
• Profundal 
• Tolerant of low 
oxygen conditions and 
even anoxia for a few 
weeks;  tolerant of low 
pH and high salinity 

Tanitarsus lugens 8.9 

The quantity 
decreases in 
the top part 
of a zone 

• Occurs in the 
profundal of oligotrophic 
lakes or in the litoral of 
cold subarctic lakes 
Cold, stenotherm 
• Tolerate acidic 
conditions 

Paratanitarsus pen. 7.7 

Taxon is 
widespread 
on all zone; 
the quantity 
decreases in 
a middle part 
of a zone a 
little 

• Associated with 
macrophytes 
• Typical of colder 
conditions 

Cricotopus laricomalis 10.5 

Taxon is 
found in all 
zone; the 
quantity 
decreases in 
the top part 
of a zone 

• Eutrophic 
• Litoral 
• Associated with 
vegetation 

Tanitarsini undeff., Tanipodinae undeff., Trissocladius, Corinocera olivery, 
Orthocladius t.I 

 

Pic.1. Zalutschia type B 

Pic.1. Zalutschia type B 
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Table 1 (continued): Characteristic of stratigraphic zones of chironomids 

Zone № Dominant T˚op
t 

Trends in 
zone Ecology Environment 

I 13-
19 

Chirnomus 
anthracinus 7.6 

The peak is 
observed in 

a middle 
part of a 

zone 

• Warmwater 
• Eutrophic 
• Profundal 
• Tolerant of low 
oxygen conditions and 
even anoxia for a few 
weeks 

Warm 
conditions. 
Temperate 

lake. 

Cricotopus 
laricomalis 10.5 

Taxon is 
found in all 
zone; in a 

middle part 
the quantity 

decreases 

• Eutrophic 
• Litoral 
• Associated with 
vegetation 

 

Orthocladius 
consobrinus 8.4 little 

• Cold, stenotherm 
• Oligotrophic lakes 

 

Psectrocladius sord. 7.9 

The 
quantity 

increases in 
the top part 

of a zone 

• Temperate lakes 
• Litoral, sublitoral  

 

Paratanitarsus pen. 7.7 little 

• Associated with 
macrophytes 
• Typical of colder 
conditions 

 

Parakiefferiella bath. 9.5 

Taxon is 
found in the 

top and 
lower part 
of a zone 

• Warm water 
• Eutrophic  

 

Tanitarsini undeff., Dicrotendipes nervosus, Micropsectra 
insignilobus,Trissocladius  

 
Zone 1: The dominant taxa, Chirnomus anthracinus, Orthocladius consobrinus and 
Cricotopus laricomalis, are indicators of warm and temperate conditions. In addition, we 
found a sufficiently large number of Paratanitarsus penicillatus-type, Psectrocladius 
sordidellus, and Parakiefferiella bathophila-type. we reconstructed the conditions of the 
period: the temperature was higher than today (reconstructed temperature in July 10.2-
11.4°C), there were wetlands and a eutrophic reservoir. 
Zone 2.: The complex of the dominant taxa includes taxa associated with aquatic vegetation, 
which are indicators of moderate or cool temperature conditions (Sergentia coracina, 
Tanitarsus lugens, Chirnomus anthracinus). The reconstructed temperature was cooler 
(average July temperature 7.7-8.7°C).  
Zone 3: In the uppermost zone we find a reduced total number of taxa. Dominant taxa are 
Paratanitarsus penicillatus-type and Zalutshia type B. The are indicators of acidification 
processes in the pond. A characteristic feature of this area is the high number of Limnophyes-
Paralimnophyes. It is primarily associated with shallow waters and macrophytes, and is an 
indicator of an unstable water level in the pond. July temperatures are below the upper 
horizon of the previous zones and the conditions are close to the modern ones (7.6-7.9°C). 

Pic.1. Zalutschia type B 

Pic.1. Zalutschia type B 
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Conclusion 
Within the framework of the project, we identified the species composition of diatoms and 
chironomids of a pingо in the northwestern part of Beringia. In the composition of diatom 
species of the pingo exposure 12P-19-A, we determined 110 taxa and in the short core of 
modern lakes sediments S-80-1 86 taxa. The predominance of benthic cosmopolitan 
halophilic and alkaliphilic species indifferent to temperature and flow was found in both 
cases. All chironomids from the investigated samples belong to the three subfamilies 
Chironominae, Orthocladiinae, and Tanypodinae. The most common taxa are Orthocladius 
olivery-type, Corynocera ambiqua and Psectrocladius sordidellus-type.  
The obtained results of the diatom and chironomid analyses do not contradict each other, and 
well supplement the overall picture of changes in the environment. The reconstruction of 
Holocene environmental history in the northwestern part of Beringia has shown dynamics 
from warm and temperate conditions (reconstructed temperature in July 10.2-11.4°C), a deep 
enough reservoir to a shallow pond with macrophytes and July temperatures close to the 
modern conditions (7.6-7.9°C). A comparison of two pingos in the western and eastern parts 
of Beringia showed a great similarity in the environments in the Late Holocene. 
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Introduction 
 
Scientific background. 
Numerous studies have reported the multiple environmental changes that have being observed 
in the pan-Arctic region (Polyakov et al., 2005; McLaughlin et al., 2009; Comiso et al., 2008; 
Kwok & Rothrock, 2009; Peterson et al., 2006; Yamamoto-Kawai et al., 2009). These striking 
changes expose the marine ecosystem to high environmental pressure and potential regime 
shifts (Barber et al., 2008; Wassmann et al., 2011). The direction of feedback processes in the 
Arctic ecosystem, however, remains a subject of controversy. Therefore, large-scale and long-
term observations are required in order to decrease the degree of our uncertainty about the 
future ecological changes in the Arctic.   
The extensive Siberian shelf is one of the key regions which is expected to experience 
particularly large changes caused by climate warming (increase in river discharge and input of 
sediments, dissolved organic matter, nutrients etc.; Peterson et al., 2002). In this context the 
Laptev Sea is regarded as an area of particular interest in terms of pelagic ecosystem 
vulnerability to environmental changes (Kassens et al., 1999; 2009). Multiyear investigations 
of environmental conditions (e. g., Dmitrenko et al., 2011; Bauch et al., 2013; Wegner et al., 
2013) and studies of fall phytoplankton communities in the period of 2008-2010, which the 
participants of the current proposal carried out within the framework of the multidisciplinaly 
program “Laptev Sea System”, showed a pronounced interannual variability of biomass and 
species composition of the Laptev Sea phytoplankton communities. 
Our study of fall phytoplankton, collected in the Laptev Sea during TRANSDRIFT XXI 
expedition in September 2013, was planned as a contribution to the environmental monitoring 
of the Laptev Sea ecosystem, which is carried out within the framework of the joint Russian-
German multidisciplinaly program “Laptev Sea System”. 
 
Goals and objectives of the project 
The main goals of our project were: 
• to reveal regional peculiarities in species composition, abundances and biomass of the 

algal communities in the phytoplankton of the Laptev Sea during fall 2013 depending on 
hydrological parameters and river discharge;  

• to assess the influence of environmental and biological factors on the structure and 
function of phytoplankton communities in the context of current environmental changes. 

To fulfill these goals successfully, the following objectives have been set:  
• to carry out investigations of abundances, biomass and species composition of 

phytoplankton in the samples, collected during the TRANSDRIFT XXI expedition in the 
Laptev Sea in September 2013; 

• to compare phytoplankton communities from the eastern studied area, influenced by the 
extensive Lena River discharge, and from the western area to the north of the Anabar and 
Khatanga rivers;    
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• to carry out determination of similarity of the fall phytoplankton of 2013 and previously 
recorded fall phytoplankton communities for 2008, 2009 and 2010 from the Laptev Sea, on 
the basis of the relative contribution of algae species to phytoplankton biomass. 

 
Research activities 
 
Approach 
To implement the above outlined tasks, we used the following approaches. Phytoplankton 
sampling for the current project was conducted in the Laptev Sea during the TRANSDRIFT 
XXI expedition in September 2013. Water samples of 1 l, collected at defined water depths 
(2, 5, 10, 15 m… and near the seafloor) with a rosette sampler, were filtrated in the OSL 
through nuclear pore filters (1 micron pore size) with pressure of not more than 0.2 bar. After 
that, the filters were stored in plastic bottles for further microscopic investigations. Net 
samples collected with an Apstein net (Hydro-Bios, mesh size 20 µm, diameter 20 cm) were 
processed without using any pre-concentration methods.   
Microscopic investigations of species were carried out at the Laboratory of Pleistocene 
Paleogeography (Geographical Faculty of Lomonosov Moscow State University, Moscow) 
and the OSL. The identifaction of algae species and enumeration of cells were performed 
using standard (non-inverted) light microscopes (Zeiss Axiovert; Olympus) at 200× and 400× 
magnification in a 0.05-ml Nageotte chamber. Cell counts were converted to cell 
concentration as described by Radchenko et al. (2010). Phytoplankton biomass was estimated 
using taxon-specific carbon values (Menden-Deuer & Lessard, 2000) and the biovolume of 
algae was calculated from the volumes of appropriate stereometrical bodies (Hillebrand et al., 
1999). Statistical analyses were performed using PRIMER Version 5.2.4. (Clarke & Warwick, 
2001). The similarity of phytoplankton at different stations was calculated from the relative 
contributions of algae to total biomass.  
 
Accomplishments 
According to the working plan, a total of 144 samples were studied in the frame of the project 
(28 net samples and 116 water samples). Based on the obtained results, we established the 
spatial pattern of the total abundance and biomass of phytoplankton in the Laptev Sea during 
the studied period and revealed how environmental factors affect the species composition and 
quantitative characteristics of the algal communities.      
 
Results 
 
Environmental conditions 
Environmental factors such as temperature, salinity, vertical stratification of water masses, 
and nutrient supply are decisive for the regulation of the growth of individual phytoplankton 
species as well as their relative contributions to community structure. In September 2013, the 
oceanographic conditions in the Laptev Sea (Fig. 1) were the result of interaction between 
freshwater input from rivers (Lena, Khatanga, Anabar and Olenek), advection of the Arctic 
water masses from the north, ice melt and retreat of the ice edge as well as atmospheric 
processes. 
In the northwestern part of the sea, the stations were carried out close to the ice edge at the 
beginning of September. The temperature was low (0-1.5°C). The high salinity in this region 
was the result of more saline surface water entering from the Arctic Basin. A low-salinity 
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patch (27-28) was related with melting of drift ice. In the central part of the sea, the water 
temperature was higher than average due to the influence of the atmospheric heat current. The 
salinity decreased from 25-27 in the western part to 19 toward the east owing to freshening by 
Khatanga and Olenek river waters. In the northeastern part of the studied area, the salinity 
ranged from 12 in the south up to 31 in the north. In the vicinity of the Lena Delta, salinity 
decreased from 25 in the western part of the studied area to 8-11 east of the Lena Delta. Low-
salinity patches were probably related with runoff of the Lena River through the 
Trofimovskaya Channel.   

 
Fig. 1: Salinity distribution in the surface layer (2 m) in the Laptev Sea in September 2013.  
 
 
Species composition, algal abundance and biomass distribution 
In the study area, the total algal abundance ranged from 5 to 1,000 cell/l. The highest number 
of algae (>900 cell/l) was observed in the northwestern part of the Laptev Sea. Comparing our 
results with data on chlorophyll a vertical distribution at this site allows us to conclude that 
such high algal abundances were related to a subsurface chlorophyll maximum found at the 
depth of 15-20 m. In the southern and northeastern parts of the study area, the total algal 
numbers were on average lower than 100 cell/l.  
The spatial distribution of total algal biomass was similar to the abundance distribution 
(Fig. 2). Its values ranged from 5,321 to 145,144 pg/l. The highest biomass was found in the 
northwestern part of the Laptev Sea while the southern and northeastern parts were 
characterized by relatively low values of biomass.  
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Fig. 2: Total algal biomass in the water column (upper panel) and relative contributions of diatoms and 
dinoflagellates to the total algal biomass (lower panel) in the Laptev Sea in September 2013. 

 
The relative contributions of diatoms and dinoflagellates to the phytoplankton community 
significantly varied in the study area (Fig. 2). Diatoms are mainly represented by marine 
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neritic species of the Chaetoceros genus (C. diadema, C. furcellatus, C. debilis) which 
accounted for 70% of the total algal abundance and biomass in the northwestern part of the 
Laptev Sea. In the central part of the Laptev Sea shelf, the portion of diatoms decreased to 
30% while the dinoflagellates portion in the total algal biomass increased. In this area diatoms 
were dominated by marine cold-water planktic species (Thalassiosira nordenskoildii, T. 
gravida). In the southeastern part of the Laptev Sea close to the Lena Delta, a dinoflagellate-
dominated community was observed. At this site, heterotrophic dinoflagellates mostly 
belonged to the Protoperidinium genus and accounted for 70-80% of the total algal biomass. 
It is most likely that the prevalence of heterotrophic dinoflagellates in the vicinity of the Lena 
Delta could be related to their type of diet, which is partly based on consumption of dissolved 
organic matter. It is well known that Lena River waters are one of the main sources of the 
dissolved organic matter in the Laptev Sea. 
The occurrence of freshwater diatom species in the algal community close to the Lena Delta 
also indicated the influence of river runoff on the phytoplankton-community composition. 
East of the Lena Delta where salinity was 8-11, diatoms were dominated by freshwater river-
ine species such as Asterionella formosa, Aulacoseira subarctica, and Diatoma elongatum.       
In the northeastern part of the sampling area close to the continental slope, the autotrophic 
pantalassic dinoflagellates Ceratium arcticum and Ceratium longipes were very abundant in 
the phytoplankton community. These species are considered as indicators of Atlantic-derived 
water masses (Okolodkov, 2000). This fact was confirmed by the salinity data. 
Silicoflagellates and green algae were sub-dominant groups in the phytoplankton community 
during the observation period. They were sporadically observed in the study area and their 
contribution to the total algal abundance and biomass were negligible. Silicoflagellates were 
represented by the species Dictyocha speculum, and Chlorophycaea were represented by the 
species Pediastrum boryanum. 
 
Conclusion 
The results of our study of phytoplankton samples, collected during the Russian-German 
TRANSDRIFT XXI expedition to the Laptev Sea in the fall of 2013, allowed us to establish 
the main peculiarities in algae species composition, abundances and biomass value in depend-
ence on the environmental conditions at the end of the vegetative period in the Arctic seas.   
Our results showed that we observed a late stage of a seasonal succession pattern of algal 
communiies, which is characterized in polar marine ecosystems by a shift from a diatom-
dominated community to a flagellate-dominated population, which is connected to a shift 
from "new"-nutrients-based production to one sustained by recycled nutrients. The algal 
standing stock in the Laptev Sea in September 2013 mainly consisted of marine cold-water 
planktic diatoms and heterotrophic dinoflagellates with silicoflagellates and green algae as 
sub-dominant groups. Freshwater components of phytoplankton communities (diatom 
freshwater species and green algae) were only detected in the area close to the Lena Delta, 
which indicates the influence of the Lena River water on the phytoplankton species 
composition. The total algal abundance and biomass were relatively low over most of the 
surveyed area except for the northwestern part of the Laptev Sea where we observed a high 
abundance of marine neritic diatoms belonging to the Chaetoceros genus.   
The obtained data on the abundance, biomass and species composition of algal communities 
during the study period were similar to those found by participants of the current project for 
phytoplankton in the Laptev Sea in the fall seasons of 2008-2010.   
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Introduction  
 
Scientific background  
Establishing precise correlations between disparate paleoenvironmental archives is important 
for understanding the spatial complexity and mechanisms of past climatic changes (e. g., 
Blaauw, 2012; Davies et al., 2008). Tephra (volcanic ash) is one of the main tools used to 
correlate different sites with remarkable precision and reliability. During large explosive 
eruptions, tephra is transported over land and sea, and settles, covering areas of millions of 
square kilometers with a blanket of thin ash and directly linking various depositional 
successions. Studies of cryptotephra (scattered volcanic glass shards which do not form a 
visible layer) permit to extend a tephra horizon over still larger area thus enhancing its 
potential as a correlation tool. Some tephras have been recently found at distances of more 
than eight thousand kilometers from their source (Jensen et al., 2014), which attests to the 
potential of tephra for the correlation of distal sites. A tephra layer, therefore, works as an 
isochrone even if its age is not known. Once dated in one site, a tephra layer provides an 
opportunity to transfer this date to all the sections where it has been identified with the help of 
geochemical fingerprinting. In addition, visible or crypto-tephra layers, found at distances 
>1000 km away from the volcanoes, signal largest explosive eruptions, many of which cannot 
be identified in the terrestrial deposits because of erosion. Long-distance correlations of 
tephra layers permit the re-evaluation of the eruptive volumes and eruption magnitudes. 
 
Goals and objectives of the project 
Our interdisciplinary project was focused on the identification and geochemical fingerprinting 
of Quaternary tephras in the East Asian Arctic and subarctic, both on land and in the sea 
cores, and their correlation to source volcanoes in Kamchatka or elsewhere, and to marine 
cores in the northwest Pacific seas. The tephra samples were characterized with the help of 
electron-microscope and single-shard LA-ICP-MS analysis of volcanic glass and minerals at 
GEOMAR and the Christian-Albrechts-University of Kiel (CAU), respectively; density 
separation and high-quality imaging of tephra particles were performed at the OSL and 
Swansea University (UK). These data were compared to our database of tephra compositions 
from proximal volcanic deposits and marine cores in the NW Pacific as well as to other 
databases from the Northern Hemisphere. The Arctic seas adjacent to the Asian continent, in 
addition to Kurile-Kamchatka tephra, may contain tephra originating from the Alaska-
Aleutians and Iceland. We collaborated with researchers who compiled regional databases on 
the Alaska-Aleutian arc (Jensen et al., 2011) and Greenland ice cores (Davies et al., 2012). 
We aimed at evaluating eruptive volumes and areas of ash dispersal for a number of major 
eruptions and thus contributing to the global record of explosive volcanism. The integration of 
tephra into paleoclimate research helps to analyze the volcanic impact on the Arctic 
environment and to create a potential link between volcanism and climate change. 
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Research activities  
 
Approach  
The major sample collections, used in this study, include tephras from Arctic and subarctic 
marine cores (Fig. 1) and from terrestrial outcrops in Kamchatka and Alaska. In addition, we 
worked on several classic tephra samples (Toba, Dawson etc.) to check whether treatment 
with different chemicals, used for glass extraction, may change its chemical composition. In 
2014, we processed ~600 tephra and sediment samples, and prepared about half of them for 
analytical work. In addition, we picked up minerals from the proximal Kuril Lake caldera 
pyroclastic deposits and gathered a regional collection of biotite from major Holocene 
Kamchatka tephras. Mineral compositions will support tephra correlations revealed through 
glass analyses. 

 
Fig. 1: Map showing the Asian-American Arctic and subarctic seas. Sites where distal tephra from the Kurile-
Kamchatka volcanoes wwere found are marked by yellow circles. Sites, studied for cryptotephra in 2014, are 
labeled in red. Two insets show volcanic glass found in the marine sediments: left – core MD01-2415 (Okhotsk 
Sea), 1141 cm; right – core HLY0501 JPC (Chukchi Sea), major peak of Aniakchak cryptotephra at 46-48 cm. 
Photos were taken in the OSL. 

 
Developing a geochronology for the sediments in the Arctic Ocean is an important but 
challenging task. For example, the Chukchi/Beaufort margin, a critical area for reconstructing 
paleoceanographic conditions in the Pacific sector of the Arctic, features widespread 
dissolution of calcareous material, which limits the possibilities for radiocarbon chronology. 
In order to evaluate the untapped potential of tephrochronology for constraining the age of 
these sediments, we examined the sediment core HLY0501 from the Chukchi Sea margin for 
presence of cryptotephra (Fig. 1). The samples came from L. Polyak (Byrd Polar Research 
Center, USA). They were taken from the upper sedimentary unit composed of homogeneous, 
fine-grained mud, inferred to represent the marine environmental conditions of the past 8-
9 ka. Abundant shards of volcanic glass (cryptotephra) were found in all the 48 examined 
levels of this unit. We extracted volcanic glass from 25-80 and >80 micron fractions of all the 



 L-97 

samples, mounted the obtained glass shards in Canada balm together with Lycopodium spore 
tablets, and quantified glass concentrations. Glasses from seven peak concentration layers 
were mounted in epoxy resin for microscope analysis. 
The Bering Sea cores SO201-2-77KL and SO201-2-85KL were taken within the framework 
of the KALMAR project. Eighteen contiguous samples were taken from the 20-cm thick 
bioturbated layer in core 77KL in order to understand the distribution of the PL2 tephra from 
Plosky eruptive center (Kamchatka), which was used to estimate the reservoir effect for the 
western Bering Sea (Ponomareva et al., 2013a). Glass concentrations were estimated in the 
>150 micron fraction. Glasses from all the samples were mounted for the microscope analysis 
as well as 9 glass samples from the Late Pleistocene (~40 ka) part of the core 85KL. 
The 46.23 m-long giant Okhotsk Sea piston core MD01-2415 covers the past 1.1 Ma and 
represents a major paleoclimate and tephra archive for the Okhotsk Sea (Nürnberg & 
Tiedemann, 2004). The core was recovered from the northern slope of the Okhotsk Sea 
(Fig. 1) within the framework of the IMAGES program during the 2001 cruise of R/V 
MARION DUFRESNE (Holbourn et al., 2002). In 2014, we quantified glass abundances in 
the upper 12 m of the core (234 samples) (Fig. 2) and in the interval between 22 and 23.5 m 
(152 samples). Sediment samples were prepared in accordance with the standard procedure 
used for foraminiferal counts including wet sieving over a 63 µm mesh-screen, drying at 
50°C, and sieving over a 125 µm mesh-screen. Volcanic glasses and lithic grains were 
counted in the >125 µm fraction. The abundances of volcanic glasses and lithic grains were 
expressed as the number of grains per gram of dry sediment (gr g-1). We interpret the lithic 
abundances as ice-rafted debris (IRD). The layers with abundances of volcanic glasses of 
>500 gr g-1 were defined as cryptotephras (Fig. 2). In addition to three visible tephra layers 
described for this interval in the cruise report (Holbourn et al., 2002), we have identified at 
least 16 cryptotephras. In addition, a cryptotephra layer (2,306-2,312 cm) was documented in 
the interval of 22-23.5 m of the core depth. In total, 3 tephras and 16 cryptotephras were 
prepared for geochemical analysis. 
Twenty samples from the Laptev Sea core PS51-135-4, kindly provided by E. Taldenkova 
(Moscow State University), were processed in order to extract glass shards. We are planning 
to examine the resulting fractions in February.  
We continued to work on the proximal pyroclastic deposits in Kamchatka and other North 
Pacific arcs in order to geochemically characterize products of major explosive eruptions and 
provide references for correlations of distal tephras. In 2014, we used our comprehensive 
collection of the pyroclastic deposits (13 pumice and cinder bombs) related to the Kurile Lake 
caldera (Kamchatka), two samples from the Aniakchak caldera donated by Brandon Browne 
(US), and pumice samples from the Udina, Mutnovsky and Zheltovsky volcanoes 
(Kamchatka). Unfortunately in some cases, the proximal deposits of the large explosive 
eruptions cannot be directly compared to distal tephras. Many proximal deposits are massive 
welded tuffs where glass has been recrystallized due to slow cooling and compositionally 
does not correspond to the composition of quenched glass from the same eruption. That is 
why in 2014, we gathered a unique collection of mid- to Late Pleistocene Kamchatka tephras 
at distances of 80-100 km from the volcanoes. The samples were taken in three different parts 
of Kamchatka and presumably represent most of the largest eruptions within this time frame. 
All tephra samples in this collection are bracketed by the samples for palynological, 
radiocarbon, grain size, and optical stimulated luminescence analyses, and in this way are 
placed into the environmental context. This dataset will provide a key reference for our 
correlations of distal tephras originated from the Kamchatka volcanic arc. 
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Fig. 2: Tephra and cryptotephra layers as recorded in the properties of the upper 12 m of the core MD01-2415 in 
the Okhotsk Sea. a) Major lithology and stratigraphic position of visible tephra layers; b) Color b*; c) magnetic 
susceptibility (MS); d) Dry Bulk Density (DBD); e) >63 µm fraction contents; f) abundance of lithic grains – 
ice-rafted debris in >125 µm fraction (IRD); g) abundance of volcanic glasses (V.glasses) and V.glasses/IRD 
Ratio. 

 
We performed 2,681 electron microscope analyses of individual glass shards from 
171 samples of submarine and terrestrial tephra deposits from the East Asian Arctic and 
subarctic regions. In addition, we performed 930 analyses of mineral phases and 350 analyses 
of naturally quenched melt inclusions in these minerals. All the analyses were performed in 
GEOMAR in cooperation with M, Portnyagin and M. Thöner according to the protocol 
described in Ponomareva et al. (2013a). Volcanic glass and minerals were analyzed using a 
JEOL JXA 8200 electron microscope equipped with five wavelength dispersive spectrometers 
including 3 high-sensitivity ones (2 PETH and TAPH). The analytical conditions for glasses 
were 15 kV accelerating voltage, 6 nA current and 5 мm electron beam size. A suite of tephra 
samples was analyzed for trace elements at Kiel University using the protocol described in 
Ponomareva et al. (2013b) with additional procedures designed by M. Portnyagin and D. 
Garbe-Schönberg. 
 
Accomplishments 
As the result of our research activities, we extracted, quantified and geochemically 
characterized volcanic glass from marine cores in the Arctic Ocean (Chukchi Sea), Bering and 
Okhotsk seas. In addition, we extracted light (<2.5 g/cm3) fractions from a Laptev Sea core 
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and are planning to check those for presence of glass in February. We geochemically 
characterized near-source pyroclastic deposits related to several Kamchatka volcanoes 
(including pumice from the largest Holocene Kamchatka eruption resulting in the formation 
of the Kurile Lake caldera) as well as pumice from the Aniakchak caldera (Alaska) in order to 
provide references for correlations with distal tephra. We have obtained a unique collection of 
mid- to Late Pleistocene Kamchatka tephras. A regional collection of biotite from the major 
Holocene Kamchatka eruption was compiled and analyzed on the microscope. Several 
experiments were run on the classic tephra samples (Toba, Dawson, Aniakchak) in order to 
understand whether treatment of those with NaOH may change the chemical composition of 
glass. NaOH was applied to the Arctic samples in order to disintegrate organic-clay clumps. 
In general, the research was run in accordance with the working program. AT the OSL, we 
performed high-resolution imaging of tephra particles from the HLY0501 (Chukchi Sea) and 
MD01-2415 (Okhotsk Sea) cores (Fig. 1).  
 
Results 
 
Geochemical identification of the key marker tephra layers in the Arctic marine core 
Our first ever tephrochronological studies in the Pacific sector of the Arctic Ocean allowed us 
to find abundant glass shards in the Holocene sediments. Glass counts allowed us to identify 
one tephra peak in the upper part and two major tephra peaks in the middle part of the 
Holocene unit. In the coarser fraction (>80 µm), these tephras are expressed as distinct single 
glass concentration peaks while in the finer fraction (25-80 µm) each tephra is represented by 
two spikes. Electron-microscope analysis of individual shards from these peaks showed 
nearly identical chemical compositions indicative of the late-Holocene tephras of the 
Aniakchak volcano in southwestern Alaska (Kaufman et al., 2012). The glasses exhibit a 
continuous composition range from 55 to 77 wt% SiO2 overlapping with proximal Aniakchak 
glasses. Trace element analysis showed striking resemblance of these glasses to Aniakchak 
rocks of similar silica contents. We infer that the three identified tephra peaks correspond to 
the three prominent tephra layers investigated in lake deposits between Aniakchak and the 
core site and dated at ~0.4, 3.1, and 3.6 ka (Kaufman et al., 2012). The lower major peak is 
related to the famous caldera-forming event. This finding immediately links the studied core 
with the other paleoclimate archives where this tephra was identified earlier, e. g., Greenland 
ice cores, peat cores in northern Alaska and eastern Canada, etc. (Kaufman et al., 2012; Pyne-
O'Donnell et al., 2012; Coulter et al., 2012). Our analyses of the young (0.4 ka) proximal 
pumice from the Aniakchak caldera (Half-Cone eruption) have allowed us to confirm that it 
produced the youngest peak in the marine core. 
 
Detailed geochemical characteristics of the proximal deposits associated with the ~8.4 ka 
Kurile Lake caldera-forming eruption in South Kamchatka 
The Kurile Lake caldera-forming eruption was the largest Holocene eruption in Kamchatka. It 
produced ~170 km3 of tephra and formed the KO marker tephra dispersed mainly northwest 
of the source over the Okhotsk Sea and to the Asian mainland as far as the upper streams of 
the Indigirka River (Ponomareva et al., 2004; Derkachev et al., 2012). We characterized near-
source KO deposits in detail in order to provide a solid basis for distal correlations and 
understand the processes leading to the accumulation of extraordinarily large batches of 
magma and consecutive explosive eruptions. In addition to glass analyses, we obtained 
electron-microscope data on minerals and melt inclusions from the KO tephra. This will allow 
us to estimate the amount of released volatiles and environmental impact of the KO eruption. 
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Glass from the KO tephra is low-medium-K basaltic andesite to rhyolite. These results have 
allowed us to identify earlier enigmatic glass shards in some KO distal samples and attribute 
them to the mafic part of the KO deposit. Mafic pumice occurs only in the ignimbrite of the 
later phase of the KO eruption, so the presence of mafic glass shards in distal tephra provides 
further proof of the fact that the co-ignimbrite fall constituted a significant part of the distal 
tephra (Ponomareva et al., 2004). Our studies allowed us to identify KO glass shards in core 
MD01-2415 (Okhotsk Sea) at the depths of 202-216 cm, with the coarsest material and 
maximum glass abundance at the lower level. This level corresponds to the initial stage of the 
eruption dated at ~8.4 kyr (Ponomareva et al., 2004). The KO marker tephra was used to 
constrain the age-depth model of the core during detailed micropaleontological studies. 
The mineral assemblage of the mafic KO proximal deposits is presented by plagioclase, 
clinopyroxene, orthopyroxene, and magnetite. In dacite pumice, these minerals are 
complemented by ilmenite. Rhyolitic pumice contains plagioclase, amphibole, orthopyroxene, 
magnetite, ilmenite, and apatite. Many pumice samples have variable glass and mineral 
compositions – features indicative of magma mixing. The obtained compositions of minerals 
in proximal KO deposits are identical to those described by A. Derkachev for the KO tephra 
in the Okhotsk Sea cores (Portnyagin & Derkachev, unpublished data). This confirms the 
identification of the KO ash in the Okhotsk Sea and excludes the chance of admixture of any 
other ash to this layer. 
 
Detailed studies of the tephra distribution within marine sediments: implications for sampling, 
cryptotephra studies and understanding of the "real" position of the tephra in the stratigraphy 
A comparison of on-board description of the upper 12 m from the Okhotsk Sea core MD01-
2415 (Holbourn et al., 2002) with our results of glass counts showed that a "visible tephra 
layer" is a very indistinct and sometimes misleading term. Only one tephra (K2 at 404-
407 cm) formed a thick visible layer. Other layers and lenses described on board as "black 
ash" in fact did not correspond to peak glass abundances. Glasses from the already analyzed 
peaks are typical clear glasses of rhyolitic composition so they hardly could form black lenses 
or layers. In order to establish the real stratigraphic position of a tephra in the core, we 
propose to count glass shards in contiguous or closely spaced samples and identify peak glass 
concentrations. This approach allowed us to identify 16 cryptotephras in the upper 12 m of the 
core MD01-2415 (Fig. 2). Microscope analysis of volcanic glass, extracted from the 586 cm 
level (~70 ka BP), indicates that this ash is not correlated to MR1 (as proposed by Derkachev 
et al., 2012) or to K2-K3 tephra (Sakamoto et al., 2006) but likely is related to an earlier 
unknown large eruption from the Opala volcano (Kamchatka). Glasses from the 202-216-cm 
interval belong mostly to the KO tephra (~8.4 ka) described in the previous paragraph. The 
other 14 cryptotephras have already been prepared for geochemical studies scheduled for 
March 2015.    
 
Dating of classic terrestrial depositional sequences in Kamchatka 
Geochemical analysis of selected tephras from the classic outcrops of the Quaternary glacial 
and periglacial deposits in the Central Kamchatka depression (Braitseva et al., 1968) allowed 
us to correlate several tephras to their distal counterparts in the marine cores, and in this way, 
to date the bottom layers of these depositional successions. The dated layers now are 
benchmarks for deciphering Kamchatka environmental and volcanic history. Widely 
distributed mid-Pleistocene lacustrine deposits dubbed "blue clays" contain two tephra layers 
found also in the Okhotsk Sea cores where they have ages of 310-320 ka according to the age-
depth models (Nürnberg & Tiedemann, 2004). These age estimates can thus be applied to the 
"blue clays" unit. The bottom of the late Pleistocene lacustrine sequence near the town of 
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Kliuchi was dated at ~45 ka based on correlation of the lowermost tephra layer to a ~45-ka 
old tephra in the Bering Sea core. The same ~45-ka tephra underlies one of the lava flows 
from a huge shield volcano within the Kliuchevskoi volcanic group providing an age for the 
latest eruptions from this volcano. These correlations also provide data points for mapping the 
major Pleistocene tephras and calculations of tephra volumes and eruption magnitudes. Our 
first attempts to use tephra layers for dating of the Quaternary deposits in Kamchatka are quite 
successful and we are planning to analyze the other samples from our 2014 collection in 2015. 
This research will help to synchronize environmental changes recorded in terrestrial and 
marine sediments. One more application of tephra research in Kamchatka is 
tephrochronological dating of the paleotsunami and faulting events, which in this way are also 
included in the integral story of paleoenvironmental change.    
 
Identification of three earlier unknown large explosive eruptions from the Kurile-Kamchatka 
volcanic arc based on studies of cryptotephra in Bering Sea 
Studies of cryptotephra in core SO201-2-85KL allowed us to find SR3 tephra described 
earlier by A. Derkachev in the core SO201-2-77KL (Fig. 1). This finding provides another 
link between these two cores. Another cryptotephra found at ~380 cm was correlated to a 
tephra found on land immediately below ~40 ka Gorely ash. Two more ash peaks have been 
found around the same age interval. Based on the large distance from the volcanic arcs 
(>600 km), all the newly identified tephras have been produced by large eruptions and have a 
potential to become regional markers for the NW Pacific sediments. 
 
Conclusion 
Our research activities under the OSL-14-18 project allowed us to pursue our studies of tephra 
and cryptotephra in Arctic and subarctic sedimentary archives, both in terrestrial and 
submarine environments. We are providing more and more links between disparate 
paleoenvironmental archives by integrating their records into a single consistent history of 
paleoenvironmental change and volcanic activity. Geological and geochemical studies of 
near-source pyroclastic deposits provide references for distal correlations. Identification of 
distinct tephras with a composition traceable to specific known eruptions provides a powerful, 
independent chronological tool, much needed for Arctic paleoceanography and for 
deciphering of the glacial history in the NE Asia (western Beringia). A complementary aspect 
of these studies is the identification and dating of the largest explosive eruptions from the 
Kurile-Kamchatka and Alaska-Aleutian arcs.  
Our research on tephra was initiated within the framework of the German-Russian KALMAR 
project, and now provides links to such projects as BERING, INOPEX, ICDP Lake 
El'gygytgyn project, IODP cruises in north Pacific, and hopefully will provide links to the 
German-Russian “Laptev Sea System” project. 
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Introduction  
 
Scientific background  
Understanding the ongoing changes and assessing the possible future variability requires 
improved reconstructions of the Holocene environmental history including various 
parameters. Variability and extent of freshwater influx into the northern Eurasian margin and 
the history of Atlantic-derived water (ADW) inflow into the Laptev Sea region along its 
continental slope are among them as well as climate-induced phases of coastal plant-cover 
transformation and inland coastline retreat. Important proxies to reconstruct these parameters 
are concentrations and relative ratios of index plant microfossils (freshwater algae, seaside 
halophytes pollen, long-distant transported pollen, exotic temperate deciduous pollen, etc.) in 
marine sediments, especially from continental margins as they mostly comprise sediment 
records with higher temporal resolution. 
In spite of a significant amount of Holocene marine paleorecords, which were analyzed 
during the past decades by means of various biostratigraphical and paleoecological methods 
(e. g., Taldenkova et al., 2012 and references therein; Polyakova et al., 2005, 2009; Stepanova 
et al., 2012), this youngest period of the paleoenvironmental history of the Laptev Sea 
remains still poorly investigated by means of pollen analysis. Pollen studies of the Laptev Sea 
bottom sediments are limited to a few papers discussing only qualitative interpretation of 
early-to-mid or mid-late Holocene vegetation and climate changes based on pollen studies of 
discontinuous sediment sequences from the Yana River paleodelta (Naidina & Bauch, 2001, 
2011) and the western part of the inner shelf (Razina et al., 2007). Prior to our researches, 
nothing was known about the taxonomic composition of pollen spectra in the bottom 
sediments of the Laptev Sea continental slope as well as about the potential of pollen analysis 
for evaluating the extent of freshwater influx onto the continental slope. Up to now, the 
mechanism of pollen transportation to the Laptev Sea remains poorly understood and largely 
unexplained. 
Within the framework of our OSL projects, we studied four cores from the eastern Laptev Sea 
outer shelf and continental slope (PS51/118-3, PS80/296, PS80/299 and PS80/302) for pollen 
and non-pollen palynomorphs (NPP). First pollen-based numerical reconstructions of 
dominant biomes that could contribute to marine pollen spectra helped to understand the 
Holocene history of environmental changes in the Laptev Sea region (Rudenko et al., 2014).  
In 2014, we carried out a biomization procedure for both the AMS14C-dated KI001 borehole 
(700 cm long) and the PM9462 core (467 cm long) (pollen identifications were previously 
made by O.D. Naidina), to facilitate the interpretation of pollen diagrams and, afterwards, to 
compare our results with the pollen data and biome records from the PS51/118-3 core.  
Besides, we studied the undisturbed surface sediments recovered by multicorers from the 
outer shelf and continental slope during the ARK27-3 expedition in 2012 (8 samples in total, 
supplemented by pollen data from 0-cm interval of the PS51/118-3 and PM9462 cores) for 
pollen and NPP (Fig. 1). The main goal of this work was to expand the regional dataset on 
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subfossil pollen spectra from the inner shelf (Naidina & Bauch, 1999) and improve the basis 
for reliable paleoreconstructions using marine pollen data.  

 
Fig. 1: Layout of the studied cores and boreholes. 

 
We also studied the multicore sections PS80-296, PS80-299 and PS80-302, sampled 
continuously in 2-cm slices, for pollen and NPP. 
A combination of high-resolution sampling, AMS14C stratigraphy, subfossil/fossil pollen 
assemblages and dominant biome scores and pollen-based climatic indices allowed 
reconstructing both climate-induced tree-line dynamics and the variability of Lena and Yana 
river outflow to the upper continental slope from the beginning of the Holocene until present 
times. In addition, we traced the downcore distribution of palynomorph species indicative of 
Atlantic water-inflow (ADW). We suppose that it might be pollen of some temperate 
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deciduous plants such as Quercus, Carpinus, and Corylus. Because of the size, pollen of 
temperate deciduous plants is rather heavy and poorly transported by air. As there are no 
parental producing areas in Siberia except sparse linden forests far in the southwest, it might 
be transported to the Laptev Sea only with ADW inflow, which is moving along the 
continental slope. Some dinocyst species, namely Pentapharsodinium dalei, Operculodinium 
centrocarpum, Nematosphaeropsis labyrinthus and Spiniferites cf. elongatus are also 
considered to manifest the ADW influx into the Laptev Sea shelf (Kunz-Pirrung, 1999). The 
data obtained closely resemble those inferred from diatom and aquatic-palynomorph 
assemblages from the Yana River paleovalley (Polyakova et al., 2009).  
 
Goals, objectives and research tasks of the project 
We worked on the following tasks: 
• sample processing and microscopic examination of the taxonomic composition of both 

pollen and non-pollen palynomorph assemblages from surface sediments retrieved in 8 
multicores from various regions of the outer shelf and continental slope during the 
ARK27-3 expedition in 2012 (Fig. 1). We aimed to receive first data on subfossil pollen 
spectra from the Laptev Sea continental slope to replenish the regional database (Naidina 
& Bauch, 1999; Kunz-Pirrung, 2001) and to improve the basis for reliable 
paleoreconstructions using marine pollen data from the outer shelf and continental slope; 

• sample processing and microscopic study for downcore distribution of terrestrial and 
aquatic palynomorphs in multicores PS80/296, PS80/299 and PS80/302; 

• pollen zonation and comparison with pollen zones revealed from the PS51-118/3 core, and 
tracing the downcore distribution and ratio of species, indicative for riverine and ADW 
inflow;  

• calculation of dominant biome scores and pollen indices of heat and moisture supply based 
on pollen counts from borehole KI001, multicores PS80/296, PS80/299 and PS80/302, and 
the PM9482 core;  

• environmental reconstructions based on the correlation of marine pollen records with 
coeval pollen signals from coastal lakes (e. g., Andreev et al., 2001, 2004, 2011; Pisaric et 
al., 2001).  

 
Accomplishments 
 
Approach 
A standard HF technique (Faegri & Iversen, 1989) was used for pollen concentration for half 
of the samples which were processed in the pollen lab of St. Petersburg State University. The 
remaining part of the samples was processed in the chemical labs of the OSL and Orel State 
University using the standard pollen extraction technique of Grichuk (1940), including 
processing with 10%-cold HCl solution and KOH deflocculation. Afterwards pollen and 
spores were concentrated using separation in cadmium iodide. We calculated pollen 
abundance according to Stockmarr (1971) through adding one Lycopodium tablet at the 
beginning of sample processing. Only quantitative registration was used for non-
representative samples from the multicores. Where possible, not less than 100-150 pollen 
grains of Holocene age were counted at x400 magnification through a Motic-B1-220A 
microscope. Non-pollen palynomorphs, including spores, colonial green algae, cysts of 
dinoflagellates, rare acritarchs and foraminifer linings, were tallied separately. Reworked pre-
Quaternary microfossils were also counted separately.  
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The relative frequencies of pollen taxa of Holocene age were calculated based upon the total 
pollen sum. The relative frequencies of NPP, including spores, colonies of green algae, 
acritarchs, cysts of dinoflagellates and foraminifera linings, were calculated based upon the 
total sum of microfossils registered. Reworked palynomorphs were distinguished based on the 
taxonomic composition, diagenetic alteration of their membranes and color differences. The 
relative frequency of reworked taxa was calculated based on the total microfossil sum. 
The Tilia/TiliaGraph/TGView software (Grimm, 1993, 2004) was used for calculations and 
for drawing the percentage and abundance diagrams. 
For quantitative vegetation reconstruction, we applied the biome-taxa matrix, successfully 
validated, using modern pollen vegetation data from the Laptev Sea region (Müller et al., 
2010, Table 1). The biome score calculation was carried out using the standard equation and 
reconstruction procedures described in Prentice et al. (1996) and the PPPBase software 
developed by Guiot and Goeury (1996).  
 
Table 1: Terrestrial pollen taxa identified in pollen records from the Laptev Sea region (this study) and used in 
the biome reconstructions (biome-taxa matrix arranged according to Tarasov et al., 1999; Müller et al., 2009) 

Biome Code Plant functional type (PFT) Pollen taxa included 
Tundra TUND Arctic/alpine dwarf shrub + grass + 

heath + sedge 
Betula nana-type, B. sect. Fruticosae, Salix, 
Alnaster, Cyperaceae, Ericales, Poaceae, 
Polygonum bistorta-type, P. cf. viviparum, 
Rumex, Rosaceae, Saxifragaceae 

Cold 
deciduous 
forest 

CLDE Cool-boreal conifer shrubs + boreal 
summergreen + eurythermic conifers 
+ heath 

Alnus, Betula sect. Albae, Larix, Juniperus, 
Pinus sylvestris (s/g Diploxylon), P. s/g 
Haploxylon, Urticaceae, Ericales 

Taiga TAIG Boreal evergreen conifers + cool-
temperate conifers + eurythermic 
conifers + heath 

Abies, Larix, Picea, Pinus sylvestris (P. s/g 
Diploxylon), P. s/g Haploxylon, Juniperus, 
Ericales 

Cool 
mixed 
forest 

COMX Cool-temperate conifers + boreal 
summergreen + eurythermic conifers 
+ cool-temperate summergreen + 
temperate summergreen 

Abies, Alnus, Betula sect. Albae, Corylus, 
Carpinus, Ulmus, Urticaceae, Ericales 

Steppe STEP Steppe forbs + grasses Artemisia, Apiaceae, Asteraceae, 
Brassicaceae, Caryophyllaceae, 
Chenopodiaceae, Fabaceae, Papaveraceae, 
Poaceae, Polygonum bistorta, P. cf. 
viviparum, Pyrolaceae, Rumex, Rosaceae, 
Ranunculaceae 

Cool 
desert 

CODE Desert forbs Ephedra, Artemisia, Chenopodiaceae, 
Asteraceae 

 
The regional climatic trend is shown through calculation of pollen indices of moisture (Im) 
and heat supply (Ihs) available for terrestrial plants according to the approach described in 
detail in Demske et al. (2005). Selected registered pollen taxa were assigned to various 
ecologic groups in concordance with modern spatial and altitudinal distribution of plant 
communities, and the total percentage for each group was summarized (Table 2). To equalize 
the strong disproportion, caused in our case by exaggerated percentages of long-distant Pinus 
and Betula pollen and, vice versa, low representation of Larix pollen from the Siberian taiga 
and pollen of tundra herbs, we used the square-root transformation for calculating the final 
ratio values as it is recommended by Demske et al. (2005). 
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Table 2: Pollen subsums used for calculation of pollen indices 
Summation 

index 
Dry vegetation types Pollen taxa included 

Σ1 Steppe-poium Artemisia, Asteraceae, Chenopodiaceae, Ephedra, 
Poaceae, Ranunculaceae undiff., Rosaceae undiff., 
Brassicaceae, Caryophyllaceae, Fabaceae, 
Papaveraceae, Polygonaceae 

Σ2 Light-needled taiga  Juniperus, Larix, Pinus sylvestris-type  
Σ3 Desert Artemisia, Asteraceae, Chenopodiaceae, Ephedra 

Summation 
index 

Moist vegetation types Pollen taxa included 

Σ4 Dark-needled taiga Picea obovata, P. abies, Pinus s/g Haploxylon, Abies 
Σ5 Subalpine and boreal shrubby 

elfin woodlands  
Alnaster, Betula sect. Nanae/Fruticosae, Ericales, Salix 

Σ6 Limnodium Cyperaceae, Poaceae, Salix, Empetraceae 
Symbol Pollen-based vegetation 

indices 
Formula for calculation 

PIm Moisture index Im = √ R, where R = Σ4 + Σ5 + Σ6 / Σ1 + Σ2 + Σ3 
PIhs Index of heat supply Ihs = √ R, where R = Σ2 + Σ4/ Σ5 

 
 
Results 
In the analyzed pollen spectra, 32 terrestrial pollen and spore taxa with 10 tree and shrub taxa, 
14 herbaceous and near-shore aquatic taxa, and 8 spore taxa among them were identified. The 
majority of taxa is only represented by single grains or small frequencies (Fig. 2). Despite the 
remote location of the studied multicore sites from the modern shoreline (Fig. 1), pollen of 
woody taxa, spores and fresh-water algae predominate over marine dynocysts almost 
exclusively in the surface sediment layer east of 130º, thus manifesting river-runoff 
predominance over aeolian transport in contributing to marine pollen spectra formation (Fig. 
3A, B).  
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Fig. 2: Taxa diversity (selected pollen records) of subrecent pollen and NPP spectra from surface sediments of 
the outer shelf and continental slope of the Laptev Sea. 
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Fig. 3: Subrecent pollen and NPP spectra from surface sediments of the outer shelf and continental slope of the 
Laptev Sea: A – basic plant groups percentage ratio; B – NPP percentage ratio; C – pollen and NPP abundance 
given here as number of grains per gram of dry sediment. 

 
At the same time, only single grains of well-preserved pollen of Holocene age and many 
reworked pre-Quaternary microfossils and plant detritus were found in surface and bottom 
sediments from the western and central part of the continental slope. All these facts point to a 
strong impact of the Lena and Yana runoff on the formation and composition of the pollen 
and NPP spectra, dominated by species indicative for floodplain vegetation (Alnus viridis, 
Cyperaceae and Betula nana-type). Razina et al. (2007) and Naidina and Bauch (1999) 
reported the predominance of wind-blown Pinus pollen in the pollen spectra from the inner 
shelf whereas our data show almost equal percentages of Pinus pollen from the remote taiga 
zone and total amount of pollen of local tundra plants in-cluding shrubs widespread along 
Lena and Yana floodplains.  
More than 40 taxa are classified as reworked microfossils, including pollen of ancient Meso-
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zoic conifers, Taxodiaceae/Cupressaceae, Asaccites sp., Caytonia sp., Gingko sp., Entylissa 
cycadiformis Naum., Cycadaceae, and spores of ferns, such as Plicifera delicata (Bolch.) 
Bolch., Gleichenia laeta Bolch., G. umbonata Bolch, G. angulata Bolch., Osmunda sp., and 
some others. Pollen of Late Cretaceous to Paleogene age (Orbiculapollis globosus (Chlon.) 
Chlon., Wodehouseia spinata Stanley, Extratriporopollenites, Nudopollis, Trudopollis) are 
also common. Myrica sp., Nyssa sp., Ilex sp., Rhamnus sp., and dark-brown Betulaceae pollen 
with thickened exine are identified among the Late Cenozoic group. The proportion of 
reworked microfossils is is much higher than in the bottom sediments from the Yana 
paleochannel and inner shelf regions (Naidina & Bauch, 2001; Razina et al., 2007), ranging 
from 21% to more than 94% and, thus, pointing to enhanced slope and bottom erosion. 
Only single aquatic palynomorphs were identified in the samples. Taxonomic diversity is ex-
tremely low with the species Pediastrum kawraiskyi Schmidle and euryhaline coldwater 
Islandinium minutum Head being the most common among the freshwater colonial algae and 
marine dinocysts, respectively. 
Only in the PS80/302 multicore from the outer shelf, we managed to count enough 
microfossils to create a pollen percentage and abundance diagram (Figs. 4, 5, respectively). In 
the analyzed pollen spectra, 36 terrestrial pollen and spore taxa with 11 tree and shrub taxa, 
13 herbaceous and near-shore aquatic taxa, and 12 spore taxa among them were identified. 
Besides, more than 60 taxa were classified as reworked microfossils. The taxonomic 
composition of this part of the spectra is similar to that found in the subrecent spectra from 
the region.  
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Fig. 4: Simplified percentage diagram of the PS80/302 multicore. 
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Fig. 5: Simplified abundance diagrams of the PS80/302 multicore (abundance is given here as number of grains 
per gram of dry sediment). 
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The pollen diagram is subdivided into 3 pollen assemblage zones according to changes in the 
arboreal (AP)/non-arboreal (NAP) ratio, the taxonomic composition of pollen and NPP, and 
the features with predominance of tundra shrubs over arboreal pollen (Fig. 4), thus resembling 
the subrecent spectra for the region (Fig. 2). The lack of radiocarbon chronology for the 
multicore makes a comparison of the obtained pollen data with the data already available 
from the PS51/118-3 core difficult. However, taking into account the low sedimentation rates 
in the region (Bauch et al., 1999) and the history of coastal vegetation (Andreev et al., 2001; 
2004, 2011; Pisaric et al., 2001), it can be assumed that the studied sediments are likely to 
have accumulated in the Late Holocene.  
Only single grains of pollen of tundra shrubs and spores of easy-floating ferns and sphagnum 
mosses were extracted from the PS80/296 and PS80/299 multicores from the continental 
slope, manifesting that the suspended organic matter of the Lena and Yana rivers are 
responsible for the composition of pollen spectra. 
The reconstructed difference between the maximum forest biome score (i. e., taiga in pollen 
records from the Laptev Sea region) and the maximum open biome score (i. e., tundra) for the 
analyzed pollen assemblages (Fig. 6F, G and H), the pollen indices of moisture (Im), and the 
heat (Ih) supply (Fig. 6C, D and E), plotted against the climatic records from the Greenland 
ice cores (Fig. 6I and J), which represent the entire interval covered by the KI001 borehole, 
PM9462 and PS51/118-3 core records (ca 11.0 cal. kyr BP, 0-8.4 cal. kyr BP and 0-10.8 cal. 
kyr BP, respectively), might reflect large-scale climatic events, namely, the early Holocene 
thermal event from ca. 11 kyrs BP onwards, the early Holocene optimum termination at ca. 
9.5-9.6 kyrs BP, and the cooling event since 8.3-8.2 kyrs BP. 
Peaks in pollen and NPP abundance (Fig. 6A, B) might be associated with the warm/wet 
climate pulses causing a particularly strong freshwater influx from the Lena and Yana rivers, 
which brings higher amounts of suspended material, including pollen and spore grains, and 
freshwater green algae remains, which could reach the outer shelf and continental slope. 
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Fig. 6: Selected proxies from the borehole KI001 (A, B, D and G) and the cores PS51/118-3 (H and E) and 
PM9462 (C and F), plotted against climatic records from the Greenland ice cores (I and J). 
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IMPACTS OF CLIMATE CHANGE ON HILLSLOPE EROSION IN PERMAFROST 
LANDSCAPES AND SUSPENDED SEDIMENT TRANSPORT TO THE ARCTIC 
OCEAN (BY THE LENA RIVER BASIN AS AN EXAMPLE) 
 
O. Semenova, L. Lebedeva, N. Volkova 
State Hydrological Institute, St. Petersburg, Russia 

 
Introduction 
 
Scientific background 
Climate change in cold regions is expected to alter the melt season duration and intensity, 
along with total precipitation and the balance between snowfall and rainfall. Similarly, 
changes to the thermal balance are expected to reduce the extent of permafrost and increase 
the depth of the active layer. These effects will change the surface water environments and 
alter the flux of sediment, solutes and nutrients (Rowland et al., 2010; Syvitsky et al., 2005). 
The results of numerous modelling efforts indicate that although both revised USLE 
(Universal Soil Loss Equation) and WEPP (Water Erosion Prediction Project) models are 
effective in predicting the soil erosion for the moderate climate watersheds, extending this 
approach to the permafrost regions should be considered with caution due to the current 
inability of these models to take the frozen state of the grounds and its intra-annual variability 
into account for the computations (Dun et al., 2009; Jetten et al., 2003). Sediment fluxes are 
related to the intense cryogenic processes (Bowden et al., 2008; Lamoureux & Lafreniere, 
2009), increased floodplain storage capabilities and lower sediment delivery ratio due to 
wider valley bottoms (Sukhodrovskiy, 1979). 
Sediment data for the moderate climate areas are abundant. But Arctic catchments, which are 
expected to experience the most sound changes in the future, remain highly understudied in 
terms of soil erosion and sediment fluxes (Beylich, 2007; Goudie, 2006). For permafrost 
regions, there are extremely scarce data with respect to suspended matter. Long-term 
observations were carried out in Alaska (USGS network) and northeastern Siberia 
(Rosgidromet network), but the regular observations were ceased in the 1980ies. Data are 
collected at a number of points as a part of the monitoring activities: on Cape Bounty, 
Canadian Arctic Archipelago (Dugan et al., 2009), and in the Russian Arctic (Tananaev & 
Debolskiy, 2013). 
 
Goals and objectives of the project 
The goal of the project was to assess climate change impacts on hillslope (slopewash) soil 
erosion processes in different permafrost landscapes and integrate those findings into the 
projections of changes of suspended-sediment discharge. The objectives of the project were: 
• to investigate existing databases containing sediment observations for different landscapes 

across the Arctic and supplement them by the data of special hydrological studies and 
expeditions of the State Hydrological Institute; 

• to analyze existing approaches which can be applied in permafrost environments to 
simulate soil losses under various conditions and enhance the hydrological model 
Hydrograph with soil-erosion algorithms; 

• to conduct joint simulations of active-layer dynamics, runoff formation and erosion 
processes for the main permafrost landscapes and verify the algorithms of soil erosion 
incorporated into the Hydrograph model; 
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• to use CMIP5 projections of future climate and assess possible changes in soil erosion and 
sediment transport for chosen watersheds; 

• to upscale the results to the Lena River basin and project the changes of sediment flux into 
the Arctic Ocean according to the developed ensemble of climate-change scenarios. 

 
Research activities 
The framework of the project is the process-based hydrological model Hydrograph (Vino-
gradov et al., 2011). Explicitly describing the dynamics of the active layer and their inter-
action with runoff formation processes, the model proved its ability to cope with permafrost 
environments in different studies, including those conducted with support of the OSL (2009-
2011, 2013). The model has an important ability – it can use many parameters that are ob-
served in the field or estimated according to remote-sensing products and mostly do not need 
calibration. Such an approach provides the advantage of model application in non-stationary 
conditions, such as climate change or landscape disturbance like fires or anthropogenic impact 
(Lebedeva et al., in press). Currently the model is a completed tool for the assessment of 
changes in the hydrological and thermal regime of watersheds. If improved by the erosion 
process algorithms, the model would be suitable for the studies of the sediment fluxes, solutes 
and nutrients, which significantly expand its scientific and practical sphere of application. 
In high-altitude cold environments, climate change shapes the Earth's surface processes not 
just by altering the vegetation cover and human activities but also through its impact on frost 
penetration and duration within the ground surface layers. These factors influence the patterns 
of erosion, transport and deposition of sediments and related fluxes (e. g., nutrients, solutes, 
carbon). It is a challenge to develop a better understanding of how these factors combine to 
affect sedimentary-transfer processes and sediment budgets in cold environments (Beilich et 
al., 2009). The study sought to estimate the magnitude of erosion associated with the 
projected deepening of the active layer in different permafrost landscapes and changes in 
snowmelt, and precipitation regime and intensities. We investigated most common tools 
which were used for assessment of soil erosion and losses, such as the models Revisited 
Universal Soil Loss Equation (RULSE) and Water Erosion Prediction Project (WEPP), as 
well as the cases of their applications in cold environments. Though in RULSE, a seasonally 
variable soil-erodibility factor is used to account for the effects of frozen and thawing soil, yet 
the use of this factor requires observation data for calibration, and such a simplified approach 
cannot represent the complicated transient freeze-thaw processes and their impacts on surface 
runoff and erosion (Gruber & Haeberli, 2007). Adapting the approaches for erosion modelling 
to permafrost hydrology and its implementation into the Hydrograph model was initially 
proposed to be one of the main research activities. 
 
Results 
Published data of the state observational network of Russian Hydrometeorological Agency on 
suspended sediments (turbidity) and runoff at about 125 gauging stations of the Russian 
Hydrometeorological Service within the Lena River basin and adjacent areas was collected – 
the period of observation ranges from 1966 to 2011. The analyses of the data and a literature 
review have shown that climate changes could have impacts on hillslope erosion processes in 
two way. For example, a deepening of the active layer due to an air-temperature rise could 
lead to such processes as soil and ground-ice thawing, causing thermokarst erosion or thaw 
slumps. On the other hand, the increase of soil storage capacity and evaporation could cause a 
decrease in maximum flows and erosion rates. Large-scale vegetation disturbances such as 
fires result in the formation of overland flow, destabilization of steep bedrock and inten-
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sification of erosion processes up to debris flow hazards. Other long-term processes such as 
taiga expansion and change of vegetation communities from tundra to forest decrease the 
erosion rates. 
Several research questions arose as a results of the project studies: Which part of the 
suspended.sediment load is formed by hillslope erosion? What are the approaches used to 
distinguish it from other sources of suspended material such as river bed and bank erosion? 
Indirect assessments by different authors suggested general values of less than 5-10% input of 
slope wash in total suspended-sediment fluxes in permafrost environments. Though at local 
scale, the interaction of runoff formation processes and geomorphological factors may lead to 
a hazardous character of changing hillslope erosion processes. For example, the development 
of thermokast at basin headwaters could increase the flux of suspended sediments by 20-
25 times in a river. At the same time, the deficiency of hydrological modelling cannot be less 
than 15-20% in the general conditions of Siberia due to the poor meteorological network.  
Gathered data revealed large temporal variabilities of sediment regimes due to local factors 
and difficulty of generalization and quantitative assessments for future projections. There are 
no general approaches for the assessment of climate-change impacts on hillslope erosion in 
different permafrost settings. Local (azonal) factors and their response to the climate 
variability control the flow and the sediment regime changes in most cases. 
Based on those accomplishments, we changed our research plans and concentrated on 
combined the modelling of flow, thaw/freeze processes and erosion for two particular cases – 
1) the study of the impact of fire on river suspended sediments at the Vitim River basin and 
2) the projection of erosion rates due to potential climate warming at the Igarka research site 
involved in the Initiative of Sediment Budgets in Cold Environments in discontinuous 
permafrost landscape. 
In 2003, a strong fire affected about 50% of the Vitim River basin (18,200 km2). Though 
post-fire runoff changes were not detected, there was a significant deviation of suspended-
sediment flux after the fire (Fig. 1, left panel). Different scenarios of the fire impact on the 
landscape were developed and the dynamic sets of the model parameters were assessed 
according to the scenarios and applied for simulations of runoff at disturbed basin. The results 
have shown that though the flow volume did not change due to fire, the water-balance ratio 
did and the formation of fast overland flow caused increased rates of erosion (Fig. 1, right 
panel). 

 
Fig. 1: The empirical relationship between discharge and total suspended-sediment flux showing its deviation 
from general shape due to fire (left panel) and simulated overland flow for stationary (without fire) and post-fire 
conditions showing its increase after fire (right panel). 
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landscapes of the Graviyka River basin (323 km2), located in the zone of discontinuous 
permafrost, for historic conditions and two scenarios of potential air-temperature increase. 
The modelling results show that the thaw depth and permafrost absence/presence strongly 
affect flow formation mechanisms, namely, water distribution between surface, subsurface 
and groundwater flow. An air temperature increase could lead to a decrease in peak floods 
(Fig. 2, left panel) and substantial deepening of the active-layer depth in palsa landscapes 
(Fig. 2, right panel). Such changes of the hydrological regime would lead to substantial 
decrease in hillslope erosion rates.  

 
Fig. 2: Simulated and observed maximum flows at the Graviyka River basin (upper panel) and simulated 
thawing depth in a palsa landscape (lower panel): 1 – using historical meteorological data as input, 2 – using 
input of air temperature increased by 2°C, 3 – input of air temperature increased by 4°C. 

 
 
Conclusion 
We can draw the following conclusions: 
• the database containing information about the flow and sediment regime of the Lena River 

basin was compiled and analyzed. Network observation data was not enough to specify the 
sources of sediments and distinguish between basin and channel origins; 

• the low rate of hillslope-formed sediments does not allow for development and verification 
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of modelling results without specific observations; 
• there are no general approaches for the assessment of climate change impacts on hillslope 

erosion in different permafrost settings. Local (azonal) factors and their response to climate 
variability control flow and sediment-regime changes in most cases; 

• the research plans were not fully accomplished due to lack of data and wrong hypotheses 
on the possibility of a general approach in describing soil erosion processes in permafrost 
environments; 

• it was shown that the Hydrograph model can be used to assess control factors, governing 
soil erosion processes, such as heat dynamics of slopes, active layer depth, water regime 
and formation of surface and subsurface flow. A qualitative assessment of the control 
factors with knowledge of the local conditions may become a basis for numerical 
estimations; 

• integrated multidisciplinary research (permafrost studies, geomorphology, and hydrology) 
is required to address the issue of erosion processes in permafrost environments.  
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Introduction 
Since 2011, I have been working in the joint Russian-German research group. We are 
studying the Indigirka-Kolyma river lowland within the framework of the project POLYGON, 
funded by the German Research Association and the Russian Foundation for Basic Research. 
The project aims to explain the effects of climate change in this area. I presume that past 
climate change is responsible for exposing a large area of the Yakutian Arctic region. To date, 
no in-depth explanation for the relation between climate development and thermokarst-relief 
formation is available. The Yedoma ice complex and the associated thermokarst lakes repre-
sent a Late Pleistocene and a Holocene archive of paleoenvironmental conditions. Even if the 
modern lakes are not as big as their predecessors, they repeat their shapes. This indicates that 
climate conditions changed the water balance in this region. Consequently, lakes whose areas 
reached up to 6 km2 have disappeared. Without water cover, these thermokarst basins changed 
through cryoturbation and thermoerosion processes so that now the polygonal tundra almost 
completely covers the Indigirka-Kolyma lowland. Our study, therefore, investigated different 
archives attempting to reconstruct climatic changes and their relationship to landscape 
dynamics. In addition, I compared the data of two comparable datasets from eastern Siberia in 
the Kytakyk and the Pokhodsk study areas. 
 
Scientific background 
Thermokarst lakes and polygonal ponds in tundra wetlands underlain by permafrost are the 
most common aquatic components of the Arctic Siberian lowlands. Thermokarst lakes are 
assumed to represent advanced degradation stages of ice-wedge polygon systems (Jorgensen 
& Shur, 2007; Grosse et al., 2013). The widely distributed patterned ground of the polygonal 
tundra is considered to have been sensitive to environmental and climate change in the 
Quaternary past and to be so also in the future (ACIA, 2005; Hinzman et al., 2005). Although 
thermokarst lakes in Siberia have been studied for several decades (e. g., Czudek & Demek, 
1970; Soloviev, 1973; Tumskoy, 2002; Morgenstern et al., 2011), polygonal ponds have 
seldom been the focus of research (e. g., Hobbie, 1980) in the context of global warming even 
though polygon ponds are especially susceptible to the effects of climatic change because of 
their small water volume and large surface-area-to-depth ratio. These shallow and small water 
bodies are highly productive and hotspots of biodiversity for microorganisms, plants, and ani-
mals in the otherwise hostile polar environment. The functioning and dynamics of polygonal 
ecosystems are largely unstudied even though Arctic landscapes are especially vulnerable to 
climate change (Vincent et al., 2008). Polygon mires cover about 250 to 400 x 105 km² 
(Minke et al., 2007; Muster et al., 2013) of the terrestrial Arctic. Detailed modern ecological 
studies of polygonal mires in NE Siberia have been carried out only by the working group of 
Peatland Studies and Paleoecology at Greifswald University (e. g., Donner et al., 2012; De 
Klerk et al., 2011). 
Within the current DFG project “Polygons in tundra wetlands: state and dynamics under 
climate variability in polar regions”, thermokarst lakes and several stages of polygons are 
studied at two representative sites in the Indigirka (Kytalyk) and the Kolyma (Pokhodsk) 
lowlands (Fig. 1). 
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Fig. 1: Positions of the study area Kytalyk (K) and Pokhodsk (P) in the Indigirka-Kolyma Lowland. 

 
To investigate the polygonal tundra of the Indigirka-Kolyma lowland river basin the joint 
Russian-German expedition Kytalyk 2011 (Schirrmeister et al., 2012) and Pokhods 2012 were 
carried out in July/August 2011 and 2012. During this field work, 12 thermokarst lakes and 
17 polygonal ponds of different stages were mapped, measured, and sampled using a gravity 
corer. 
 
Goals and objectives of the project 
The main goal of the project is to better understand periglacial landscape dynamics in the 
Indigirka-Kolyma lowland during the late Holocene. The objectives were to determine: 
• the hydrological conditions by characterization and differentiation of shallow periglacial 

waters according their limnological parameters; 
• the dynamics of thermokarst lakes and polygonal ponds according to sediment parameters 

of several short core records; 
• organic-carbon characteristics of lake and pond deposits. 
 
Research activities 
 
Approach 
I continued my studies of the particle size of lake bottom sediments, using the equipment of 
the OSL, which I had started during my former research project within the framework of a 
DAAD scholarship ("Limnology of thermokarst lakes and polygonal ponds – Dynamics of 
aquatic systems in periglacial landscapes of the Siberian Arctic" (A/11/87047)). The sample 
preparation process with a method for a grain-size analyze for SediGraph 5100 at the OSL is 
different than the one at the AWI and is more time-consuming. The samples were treated with 
10% hydrogen peroxide and put on shakers for 5 weeks in order to remove organic matter. 
The weight of organic matter was calculated from the initial weight and the weight of the 
remaining sample (Fig. 2). The methods, used at the OSL, are adapted for marine sediments 
with low organic-matter content. A direct comparison of the results, therefore, is not possible. 
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Fig. 2: Results of the grain-size analysis of the short sediment cores. 
 
The analysis of biogeochemical elements (CNS) and total organic carbon (TOC) was 
continued at the AWI laboratory in Potsdam. Samples were freeze-dried at -20°C in a vacuum 
(Sublimator 3-4-5, ZIRBUS Technology) until they were free of crystallized liquid. They 
were split after weighing, grinding and mixing. Milling is the last step before the 
measurements. Combustion analysis was done using the Elementar vario EL III for TC, TN, 
and TS, and for TOC using Elementar vario MAX C (Fig. 3). 
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Fig. 3: Results of chemical analysis for measuring the amount of TC, TN, TS and TOC in sediment samples. 

 
For all lakes, the  morphometric variables including area, perimeter and depth were calculated 
(Table 1). A RapidEye (Kytalyk-2011 study area) and GEOEYE satellite image (Pokhodsk-
2012 study area) were used for analyses. General mapping (Figs. 4, 5) and statistics 
calculation were done using the desktop Geographical information System (GIS) and included 
statistical tools. The types of relief were classified for the study area according to the typical 
form markers for the Arctic relief as Yedoma highlands, floodplain terraces, and basin shapes.  
 
Accomplishments 
We compiled an archive of results for 269 sediment samples. In collaboration with the 
German colleagues, I classified the types of landscape for both study areas. Using a 
multiproxy method, I tried to understand the dynamics of the sedimentation processes in 
thermokarst lakes and the factors influencing them. These data I used in my paper on 
"Morphological features of the thermokarst lakes of Yakutian arctic tundra in the Indigirka 
and Kolyma river lowland" (Sitalo, submitted). 
 
Results 
The obtained statistical results opened a wide field for proposals and discussions about the 
comparison of lakes in different types of landscapes. The grain-size distribution in the 
sediment cores from the lakes in the Indigirka river lowland does not show clearly different 
dynamics with changing depth. But the amount of silt and sandy fractions is different from 
one lake location to the other in most parts of the lakes in the Kolyma river lowland. The 
TOC results show the same finding. The trend line of TOC in sediments decreases with depth. 
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The percentage of the volume of TOC in the sediment samples is higher in the lakes on the 
Kolyma river floodplain (Fig. 6-10). 

 
Fig. 4: Types of thermokarst features classified in Kytalyk, Berellekh study area (Indigirka area). 

 

 
Fig. 5: Types of thermokarst features classified in the Pokhodsk study area (Kolyma area). 
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Fig. 6: Summary results of the KYT 38-2 core. 
 

 
Fig. 7: Summary results of the POK 31-3 core. 
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Fig. 8: Summary results of the POK 62-2 core. 
 

 
Fig. 9: Summary results of the POK 66-1 core. 
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Fig. 10: Summary results of the POK 80-2 core. 

 
It seems that the climate conditions are more strongly connected to micro relief changes. 
According to morphometrical analyses, I found a consistent pattern between the lake areas 
and lake number in each type of landscape (Tables 1, 2).   
 
Table 1: Results of the morphometric analysis for the description of the difference between thermokarst lakes on 
the floodplain and alas areas in the Indigirka river lowland 

 Lakes on Berellekh 
floodplain Lakes in basin 

Number of lakes 46 
29 17 

Total study area, km2 99.93 
Total thermokarst lakes area, km2; % 5.91, 6 

2.7 3.21 
Total thermokarst lakes shape perimeter, km 66 

Medium depth, m up to 2.1 up to 2.7 
Medium lake  area, km2 0.09 0.19 
Medium lake shape perimeter, km 1.21 1.82 
Yedoma ice complex area, km2 15 - 
Berellekh River floodplain area, km2 36 
Alas area, km2 - 49 

 
In the Indigirka study area, about 6% (5.9 km2) of the area is covered by thermokarst lakes 
(Table 1). I found a connection between the relations of numbers of thermokarst lakes and 
their size. There are fewer lakes in basins, but the area they cover is larger. They are deeper as 
compared with lakes in the floodplain area. The main idea is that the lakes in the floodplain 
areas are younger and have been changed under fluvial influence. 
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Table 2: Results of the statistical analysis for the description of the morphometric difference between 
thermokarst lakes in a typical form of Arctic landscape in the Kolyma River lowland 

 Lakes in 
Khalerchinskaya 

tundra 

Lakes on Kolyma 
River floodplain 

Lakes on Viska 
River floodplain 

Number of lakes 269 
78 104 87 

Total study area, km2 188.96 
69.76 75.48 43.72 

Total thermokarst lakes area, km2, % 52.02, 28 
21.45, 12 19.18, 10 11.39; 6 

Total thermokarst lakes shape 
perimeter, km 

440.59 
137.35 191.33 111.91 

Medium depth, m 1.4-2.4 2.7-3.3 0.5-2.5 
Medium lake  area, km2 0.28 0.18 0.13 
Medium lake shape perimeter, km 1.76 1.84 1.29 

 
The thermokarst pattern in the Kolyma Delta is more diverse than that of the Indigirka 
floodplain. 28% (52 km2) of the studied area are covered by thermokarst lakes (Table 2). I 
selected three special types of landscape with characteristic features of lakes genesis: the 
Kolyma floodplain, the Viska floodplain, and the Khalerchinskaya tundra upland. the 
distribution of lake shapes shows that big triangular-shaped lakes have a lower amount of 
water, but total area is bigger (medium lake area is 0.28 km2). This is more likely due to the 
geological feature of the Khalerchinskaya tundra uplands than to the dependence on fluvial 
processes. 
 
Conslusion 
Fluvial influence dominates in thermokarst erosion processes in the Kolyma River, but not in 
the Indigirka river lowland. Most of the study area is covered by the typical polygonal pattern. 
Only 6% of territory is made up by thermokarst water bodies. Generally, the study area is 
represented byold dry basins. In the present time, the bottoms of the basins are wetland. The 
explanation is that global changes of the aquatic system during last 1,500 years have 
influenced the Indigirka lowland. Big thermokarst lakes were drained and ran dry. 
A combination of radiocarbon-dating and grain-size methods demonstrates the slow sedi-
mentation processes in the thermokarst lakes on the floodplains of both rivers (Figs. 5-10).  
Typical for the Kolyma region are triangular-shaped lakes, oriented NE with an average depth 
up to 1.5 m. They are mostly located in the Khalerchinskaya tundra (68°N), the dryer and 
higher southern part of the lowland. There is no obvious answer about the genesis of these 
lakes. 
The Kytalyk River region, which borders on the modern thermokarst lakes, is parallel to the 
border of old dry lake basins (alas depressions). The surrounding landscape is dominated by 
polygonal structures, including numerous small polygonal ponds. Another study area was the 
northern part of Pokhodskaya Kolyma River, where abandoned meanders produced many 
residual lakes. These lakes are dominated by fluvial sediment accumulation. 
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DEGLACIAL TO EARLY HOLOCENE ENVIRONMENTAL VARIABILITY IN THE 
EASTERN FRAM STRAIT 
 
E. Taldenkova, N. Chistyakova, Ya. Ovsepyan 
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Introduction  
 
Scientific background  
The interaction between the North Atlantic and Arctic oceans is one of the driving 
mechanisms of the global ocean circulation influencing climate changes on the Earth through 
the balance between the warm and salty Atlantic water inflow to the Arctic Ocean and the 
output of cold and fresh polar water together with sea-ice export in the opposite direction. 
This interaction is extremely complicated especially over glacial-interglacial transitions due to 
the impact of ice-sheet disintegration, shelf flooding, reorganization of water masses and 
atmospheric circulation, and changes in sea-ice production and export.  
The flow of Atlantic water to the Arctic Ocean through the eastern Fram Strait with its 
northern branch, the West Spitsbergen current, was shown to be constantly present in the 
eastern Nordic seas and further northward along northern Svalbard since the last glacial times 
(Rasmussen et al., 2007; Ślubowska et al., 2005; Ślubowska-Woldengen et al., 2007, 2008; 
Kristensen et al., 2013). However, this inflow was strongly variable over time dependent on 
the sea-ice cover extent and the interaction with cold and fresher polar surface and meltwater, 
which caused the Atlantic water to submerge at lower latitudes compared to the present 78°N. 
We found manifestations in the composition of microfossils from deglacial and Holocene 
marine sediments of the Laptev Sea continental margin for the eastward continuation of this 
constant flow of Atlantic-derived waters (ADW) along the Eurasian Arctic continental slope 
(Taldenkova et al., 2010, 2012; Stepanova et al., 2012). Here the ADW inflow was also rather 
variable over time due to not only the influence of local factors, such as shelf flooding and 
fluvial runoff, but also the "upstream" variability, be it the predominance of the northern or 
eastern pathways of the ADW to the Arctic (Lubinski et al., 2001) or the character of Atlantic 
water in the Nordic seas (chilled or warm, surface or subsurface, etc.). Even in the Holocene, 
small variations in the intensity of Atlantic water inflow were shown to have a strong impact 
on climate in the high northern latitudes (Lubinski et al., 2001; Sarnthein et al., 2003; 
Risebrobakken et al., 2011; Spielhagen et al., 2011; Müller et al., 2012; Werner et al., 2013). 
Given our background experience in the Laptev Sea, we investigated the past variability in the 
Atlantic water influence in the eastern Fram Strait using similar proxies that were applied in 
the Laptev Sea (microfossils, stable isotopes, IRD) in order to compare the "upstream" and 
"downstream" manifestations of this water-mass distribution and character.  
The purpose of our research was to perform a high-resolution investigation of a sediment 
sequence from the eastern Fram Strait, which is the gateway for the Atlantic water inflow to 
the Arctic, spanning the deglacial to early Holocene time interval in order 1) to reconstruct 
past variability of Atlantic water influence, 2) to reconstruct its interplay with polar surface 
water and sea-ice cover distribution, and 3) to relate the observed environmental changes with 
the previously investigated "downstream" regions of the Laptev Sea continental margin.  
For the study, we selected core MSM5/5-723-2, which perfectly serves the purpose as it is 
located directly beneath the pathway of the West Spitsbergen current and in close vicinity to 
the former ice sheets and modern winter sea-ice margin (Fig. 1). Our research included the 
following proxies: IRD (ice-rafted debris) counts, benthic assemblages of foraminifers and 
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ostracods, and benthic stable isotope record. It supplements the ongoing research on lithology, 
geochemical characteristics, planktic foraminifers (assemblages, sea-surface temperature 
(SST) reconstructions, isotope record), and sea-ice and phytoplankton biomarkers from this 
and the neighboring core MSM5/5-712-2 (Fig. 1; Müller et al., 2012; Werner et al., 2013; 
Aagaard-Sørensen et al., 2014 and unpublished data). Our data on benthic assemblages 
together with planktic proxies will help to reconstruct the water-mass properties of the entire 
water column and to assess potential links between surface and bottom waters. The IRD 
record will give evidence for the decay of the continental ice sheets and the variability in sea-
ice extent. 

 
Fig. 1: Location of core MSM5/5-732-2, marked red, and modern oceanographic setting of the Fram Strait 
region (figure adopted from Müller et al., 2012). Red arrows show Atlantic Water flow: NC – Norwegian 
current, WSC – West Spitsbergen current. Grey arrows show polar water and sea-ice flows: EGC – East 
Greenland current, JMC – Jan Mayen current, SC – Sørkapp current. The grey dotted line marks the modern 
winter sea-ice margin. GSG – Greenland Sea Gyre. 
 
 
Goals and objectives of the project 
The goal of the project was the reconstruction of the deglacial to early Holocene environ-
mental variability in the eastern Fram Strait in relation to the influence of Atlantic water, ice-
sheet decay, meltwater input, surface polar water distribution and sea-ice cover shifts.  
Since we started the investigation of the sediment sequence of core MSM5/5-723-2 from the 
very beginning, the research tasks corresponded to the research activities and included: 
• core sampling and sample processing; 
• development of an age model; 
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• lithological investigation, >63µm wt%, IRD counts; 
• study of benthic assemblages of foraminifers and ostracods; 
• establishment of a benthic isotope record; 
• preliminary time-slice reconstruction of deglacial to early Holocene environmental 

changes (Pre-Bølling, Bølling-Allerød, Younger Dryas, early Holocene, and transition to 
middle Holocene). 

 
Research activities  
 
Approach 
Core MSM5/5-723-2 (79°09.66N, 5°20.27E) was retrieved from the western continental 
margin of Spitsbergen at a water depth of 1,349 m during a MARIA MERIAN cruise in 2007 
(Fig. 1). The 953-cm-thick sediment sequence (Fig. 2) has been investigated for different 
proxies by various research groups. So far, the following investigations have been carried out: 
AMS14C dating, grain size analysis every 1 cm from 0 to 476 cm (K. Werner, unpublished 
data) and every 10 cm down to 950 cm (J. Howe, unpublished data), sortable silt measure-
ments from 0 to 950 cm (C. Hass, unpublished data, not shown), IRD counts in the 150-
250-µm fraction (K. Werner, unpublished data), TOC and CaCO3 measurements every cm 
from 0 to 950 cm (J. Müller, unpublished data), sea-ice and phytoplankton biomarkers (back 
to 7,000 yrs, published in Müller et al., 2012), planktic foraminifer counts, SST and SSS (sea-
durface salinity) estimations, planktic isotope records from 0 to 476 cm (K. Werner, 
unpublished data), and benthic isotope record on Cibicidoides wuellerstorfi from 0 to 430 cm 
(K. Werner, unpublished data).  
To supplement the ongoing research, we selected the core interval from 200 cm (c. 7 ka) to 
677 cm (age not established because of age reversal, see Fig. 2) for our study.  
The washed samples for benthic assemblage studies from the interval of 200 to 476 cm were 
kindly provided by K. Werner. We also used these samples together with the samples from 
the upper 200 cm for counting IRD in the fraction >500 µm.  
Sediments from the interval of 477 to 677 cm were sampled by us continuously in 1-cm-thick 
slices at GEOMAR in June 2014. They were freeze-dried, weighed, washed over a 63-µm-
sieve and weighed again after drying to estimate the weight percentage of the >63-µm fraction 
(Fig. 2). Then the washed residue was split into 5 size fractions: >1000 µm, 500-1000 µm, 
250-500 µm, 125-250 µm, and 63-125 µm. Each fraction was weighed, and its weight 
percentage was also estimated. 
 
Accomplishments 
So far we have carried out the following investigations: 
• we continuously sampled the core sediment interval of 477 to 677 cm in 1-cm-thick slices 

and processed all samples. The record of the coarse-fraction content is now available for 
the upper 677 cm of the sediment sequence (Fig. 2); 

• we counted IRD grains >500 µm in all samples from 8 to 677 cm (Fig. 2); 
• we counted the number of rock and quartz fragments in the IRD, and for the samples that 

contained >30 grains, we plotted the percentage of quartz vs. the total number of grains 
(Fig. 2); 

• we identified benthic foraminifers and ostracods with 10-cm resolution in the core intervals 
of 200 to 677 and 200 to 490 cm, respectively (Fig. 3); 
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• we picked tests of Cassidulina neoteretis for future stable-isotope investigations from the 
samples with sufficient representation of this species; 

• we collected planktic foraminifers from 549 to 552 and 671 to 672 cm for the development 
of a proper age model and additional AMS14C datings; 

• we established a preliminary stratigraphic subdivision of the studied core section based on 
the obtained results (Figs. 2, 3). 

 
Fig. 2: Calendar ages (red dots), lithological characteristics and preliminary stratigraphic subdivision of core 
MSM5/5-723-2 (investigated interval: 0-677 cm; record of the weight % >63-µm fraction for the interval of 0-
477 cm; unpublished data of K. Werner). Gray shading highlights periods of enhanced IRD input. Abbreviations: 
PBO – PreBoreal Oscillation, YD – Younger Dryas, OD1 – Older Dryas, OD2/H1 – Oldest Dryas-Heinrich 1 
event. The plot of quartz-grains percentage vs. total number of grains includes only samples with more than 
30 grains per sample. The horizontal line at 40% demonstrates the average representation of quartz grains in the 
late Holocene sediments. 
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Fig. 3: Distribution of lithological characteristics, TOC (total carbon content), benthic foraminifers and ostracods 
in the studied sediment interval of 200 to 677 cm of core MSM5/5-723-2. Gray shading indicates periods of 
enhanced IRD input, yellow shading corresponds to the early Holocene warm period. TOC – unpublished data of 
J. Müller. Abbreviations: PBO – PreBoreal Oscillation, YD – Younger Dryas, OD1 – Older Dryas, OD2/H1 – 
Oldest Dryas-Heinrich 1 event. 
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Results  
Based on our new data, we can reconstruct the paleoenvironmental changes in the eastern 
Fram Strait during the early Holocene and some part of the deglaciation. The studied core 
does not have a sound chronology for the sediments older than 10,351 yrs BP because of age 
reversal(s) (Figs. 2, 3). So far we have attempted to establish a rough chronological control of 
the observed variability in our records of IRD and benthic microfossils through comparison 
with the published evidence from other cores in the region (Rasmussen et al., 2007, 2012, 
2014; Sarnthein et al., 2003; Hald et al., 2004; Ślubowska et al., 2005; Ślubowska-Woldengen 
et al., 2007, 2008; Ebbessen et al., 2007; Jessen et al., 2010; Kristensen et al., 2013; Aagaard-
Sørensen et al., 2014). 
 
Lithology and age constraints 
Both lithological characteristics, the wt%>63-µm fraction and IRD concentration, show 
similar "parallel" records, thus suggesting that their variability is largely caused by the 
changes in the input of ice- and iceberg-rafted material (Figs. 2, 3).  
The core section between 120 and 420 cm (c. 5-10.5 ka) is almost devoid of coarse-grained 
IRD material and roughly corresponds to the times around the Holocene temperature optimum 
with the warmest surface temperatures and little sea ice. Increasing IRD content in the 
uppermost 120-cm-thick core section gives evidence for the late Holocene climate cooling. 
IRD input was high though variable during the deglacial part of the record with the peaks 
corresponding to the cold stadials – 650-677 cm (Oldest Dryas/Heinrich 1 event), 540-570 cm 
(Older Dryas), and 460-500 см (Younger Dryas). The small youngest peak at 435-445 cm 
likely corresponds to the Pre-Boreal oscillation, a short cooling at the onset of the Holocene 
before the final warm-up (Rasmussen et al., 2012, 2014). 
The pronounced IRD minimum at 570-650 cm is correlated with the regional meltwater spike 
and rapid accumulation of fine clay sediments from turbid meltwater during the ice-sheet 
retreat in the early Bølling interstadial centered around 14. 4 ka (Jessen et al., 2010). It is also 
marked by an increase in TOC (Fig. 3), resulting from a meltwater influx (J. Müller, personal 
communication). Correspondingly, another decrease in IRD content at 500-540 cm is 
assumed to represent the Allerød warm interstadial. 
Based on lithological evidence, the AMS14C dating of 14,863 yrs BP at 651.5 cm is assumed 
to be reliable in contrast to the likely reversed dating at 571.5 cm (marked red in Figs. 2, 3). 
The relatively high percentage of quartz in the composition of the coarse-grained IRD is 
characteristic for the late Holocene time influenced by coastal sea-ice material (Fig. 2). A 
similar trend characterizes the Bølling interstadial and the earliest Holocene. The periods of 
active IRD input due to ice-sheets disintegration are represented by various rock fragments, 
mainly clastic. The only exception is the oldest IRD peak of pre-Bølling age, which 
demonstrates a combination of the highest IRD concentration and quartz content. This 
probably signifies a different source of IRD material, not the Barents-Svalbard ice sheet but 
maybe the Fennoscandian one. 
 
Benthic foraminifers and ostracods 
Four assemblages, replacing each other upcore, were established (Fig. 3):  
• a deglacial assemblage of benthic foraminifers corresponding to the major part of the 

deglaciation prior to the mid-Younger Dryas (480-677 cm). It is a low-diversity 
assemblage with fluctuating abundance and predominance of Cassidulina neoteretis (up to 
90%) especially during intervals of enhanced IRD input, which is likely associated with 
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meltwater-induced stratification and strong subsurface inflow of Atlantic water. The 
stratification might have been especially pronounced during warmer interstadials 
associated with surface-water warming and sea-ice marginal productivity as manifested by 
peaks of Islandiella norcrossi/helenae; 

• transitional assemblages corresponding in time to the late glacial-Holocene transition (415-
480 cm, c. 10.5-12.5 ka), dominated by species characteristic for Arctic shelf and upper 
continental-slope environments (Cassidulina reniforme, Elphidium spp., Stainforthia spp., 
Melonis barleeanus, Islandiella norcrossi/helenae, Nonion labradoricum, Polycope spp.) 
with cold, turbid and stratified waters, chilled Atlantic water in the subsurface, high 
accumulation rates, extensive sea-ice cover and seasonal pulses of productivity largely 
related to sea-ice algae bloom. The pattern of variations in the abundance and diversity of 
foraminifers – increasing around 450-cm core depth, at the same time when IRD is almost 
absent, and then decreasing again (around 420-440 cm in our record) – resembles the so-
called "Pre-Boreal-type" event, i. e., the climate instability at the onset of the Holocene 
when the first warming was followed by a short cold phase (Pre-Boreal oscillation, c. 11.3-
10.8 ka) before the final warm-up (Rasmussen et al., 2012, 2014). In many regional 
records, the initial warming phase is characterized by a rapid rise in the percentage of 
Nonionellina labradorica (Rasmussen et al., 2012), as is also observed in our record; 

• interglacial, taxonomically diverse assemblages corresponding to the early Holocene 
thermal optimum (250-415 cm, c. 8.2-10.5 ka), which are dominated by the epibenthic 
species Cibicidoides wuellerstorfi and Oridorsalis umbonatus, and the phytodetritus 
species Epistominella exigua together with the Arctic species Cassidulina reniforme 
among foraminifers and Krithe sp. and Argilloecia sp. among ostracods. This assemblage 
characterizes conditions of warm surface waters with high productivity due to the 
appearance of Atlantic water at the surface, and a diminished or absent sea-ice cover; 

• interglacial assemblages corresponding to the time interval of c. 7-8.2 ka (200-250 cm), 
which are indicative of an increasing cooling trend and increasing sea-ice as manifested by 
the re-appearance of Cassidulina neoteretis and a considerable reduction in the 
representation of Epistominella exigua. The appearance of Buccella frigida gives evidence 
for a denser, but less severe sea-ice cover than in the deglacial times. 

 
Conclusions  
New data on the lithology and benthic foraminifers from core MSM5/5-723-2 allowed 
drawing the following preliminary conclusions on the stratigraphical subdivision and 
paleoenvironmental evolution of the eastern Fram Strait continental slope: 
• IRD input was high though variable during the deglacial part of the record with peaks at 

460-500 cm (Younger Dryas), 540-570 cm (Older Dryas) and 650-677 cm (Heinrich 1 
event); 

• a pronounced IRD minimum at 570-650 cm is correlated with the regional meltwater spike 
during the early Bølling interstadial centered around 14.4 ka; 

• based on lithological evidence, the AMS14C-dating of 14,863 yrs BP at 651.5 cm is 
assumed to be reliable in contrast to the likely reversed dating at 571.5 cm; 

• the variability in the composition of benthic foraminiferal assemblages from the core 
interval of 200 to 677 cm reveals 4 assemblages replacing each other upcore:  
o a deglacial assemblage corresponding to the major part of the deglaciation prior to the 

mid-Younger Dryas (480-677 cm). It is characterized by low diversity and pre-
dominance of Cassidulina neoteretis especially during the intervals of enhanced IRD 
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input, which is likely associated with meltwater-induced stratification and strong 
subsurface inflow of Atlantic water; 

o transitional assemblages corresponding in time to the late glacial-Holocene transition 
(415-480 cm), dominated by species characteristic for the Arctic shelf and upper 
continental slope environments with cold, turbid and stratified waters, chilled Atlantic 
water in the subsurface, high accumulation rates, extensive sea-ice cover, and seasonal 
pulses of productivity largely related to sea-ice algae bloom; 

o interglacial assemblages corresponding to the early Holocene thermal optimum (250-
415 cm, c. 8.2-10.5 ka), which are dominated by the epibenthic species Cibicidoides 
wuellerstorfi, Oridorsalis umbonatus and Epistominella exigua together with the Arctic 
species Cassidulina reniforme 

o interglacial assemblages corresponding to the time interval of c. 7-8.2 ka (200-250 cm), 
which are indicative of an increasing cooling trend and increasing sea-ice as 
demonstrated by decreasing representation of the phytodetritus species Epistominella 
exigua and re-appearance of Cassidulina neoteretis. 
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Introduction 
 
Scientific background 
Deglacial and postglacial sequences in the Arctic commonly contain foraminiferal faunas that 
include only one or two species, but these species may be very abundant (Lubinski et al., 
1996; Hald et al., 1999; Polyak et al., 1997; Taldenkova et al., 2012; Kristensen at al., 2013). 
These assemblages are difficult to interpret as they generally lack modern analogs. The data 
on living and subfossil foraminifera obtained in the Yenisey estuary may provide a modern 
analog for such faunas and, thus, facilitate their interpretation.   
Foraminiferal samples obtained in the Yenisei estuary (Korsun 1999; Polyak et al., 2002) 
show that so-called monospecific assemblages occur over there. Remarkably, the principal 
species in 1997 was Elphidium albiumbilicatum whereas in 2011, this species was absent 
altogether, and the foraminiferal assemblage consisted almost entirely of another species, 
Haynesina orbiculare (Korsun, unpublished observations).  
The 33-cm-long core amd11-15, retrieved in this area during the expedition on board RV 
AKADEMIK MSTISTAV KELDYSH to the Kara Sea in 2011, was the material of my BSc 
thesis. The downcore abundance of foraminifera changed regularly and with a large 
magnitude. The size spectra indicated that the fossil assemblages predominantly consisted of 
full-grown specimens and even preserved growth cohorts, i. e., generations.  
A feasible explanation is that the foraminiferal population matured through the winter months 
and then was eliminated by a catastrophic event. The oceanographic situation in this section 
of the Yenisei estuary is distinctive: a 10-m-thick fresh-water layer in summer caps the saline 
water (>20‰). Our working hypothesis is that the catastrophic event eliminates the 
foraminifera in the June flood. Presumably, the fresh layer becomes thick, pushes seawards 
the saline wedge and remains on the seafloor for at least a week. Without saline water bathing 
the floor, the foraminifera are eliminated. When the flood is gone, juvenile foraminifera from 
adjacent populations colonize the area, and the yearly cycle starts again.  
The increment between the peaks in core amd11-15 is c. 5 cm. Therefore, the hypothesis 
requires a sedimentation rate at this station as high as c. 5 cm/yr. Age control is needed. There 
are multicorer cores available for dating from sthe station amd11-15 and adjacent stations.  
To check this hypothesis we planned: 
• to estimate the sedimentation rates in the Yenisei estuary based on 210Pb chronology; 
• to study another core from the Yenisey for foraminifera; 
• to study a core off the Lena Delta where the setting is probably comparable to that in the 

Yenisei estuary.  
If the hypothesis is verified, it may provide an interpretation for the above-mentioned 
monospecific assemblages in deglacial and postglacial sequences: the assemblages are a result 
of flooding events, e. g., meltwater pulses from under a receding glacier.  
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Goals and objectives 
We planned to test the hypothesis that foraminiferal assemblages, strongly dominated by a 
single species, are formed at the mouths of the Great Siberian Rivers. The tasks were: 
• to estimate the sedimentation rates in the Yenisei estuary using 210Pb age control; 
• to obtain a foraminiferal record for a new (MuC) multicore collected in  the Yenisei 

estuary; 
• to obtain a foraminiferal record for the VB13/20-MuC collected off the Lena Delta.  
 
Research activities 
Several cores were collected from the mouths of the rivers Yenisei, Ob and Lena from 2011 to 
2014 (Fig. 1). The core amd11-16 from the Kara Sea and the core VB13/20-MuC from the 
Laptev Sea were examined. Another core, sh14-26 from the Yenisey, and two cores (sh14-19 
and sh14-20) from the Ob estuaries are still being processed.  

 
Fig.1: Stations where cores were taken from 2011 to 2014. amd – expedition Akademik Mstislav Keldysh, 2011, 
stations 15 and 16, vb – expedition VIKTOR BUYNITSKIY, 2013-2014, stations 20 and 26, sh – expedition 
Professor Shtockman, 2014, stations 19, 20 and 26. 

 
Processing of the foraminiferal samples, including freeze-drying and wet sieving, was done at 
the OSL. Samples from the dried cores (amd11-16 and sh14-19) were first put into water with 
KOH for 1-2 days. Samples from the frozen cores (VB13/20-MuC, sh14-20 and sh14-26) 
were dried in a freeze-drier over 2-3 days. After that, all samples were sieved. For the cores 
amd11-16 and VB13/20-MuC, the samples were sieved in two fractions, 125 and 65 µm. All 
the other core samples were sieved only in one fraction, 125 µm.   
The upper four samples of the cores were stained with Rose Bengal, sieved and put into 30% 
ethanol for one day. This was repeated 3 times. Then these samples were put into freshwater. 
The wet-sieved samples were left untouched for some days (1-5) until they were completely 
dry.  
The dried samples were processed. Foraminifera from the 125-µm fraction were counted and 
the 65-µm fraction were examined with respect to the presence of small foraminiferal species. 
For the upper four samples of each core, stained foraminiferal species and not stained ones 
were counted separately to distinguish the living foraminifera (stained) from the dead ones 
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(unstained). Foraminifera from the other samples in the cores were considered fossils and just 
counted. 
The foraminifera were sorted and picked using the dissecting microscopes at the OSL and the 
Invertebrate Zoology Department of St. Petersburg State University. Foraminifera were 
identified to species when possible, or they were identified to family and genus when a more 
specific determination was impossible.  
210Pb and 137Cs activities were measured at the Verdansky Institute of Geochemistry, 
Moscow. Both measurements were performed on a core from the amd11-15 MuC. The core 
was sliced in 2-cm increment onboard and frozen.  
 
Results 
The core amd11-16 from the Kara Sea was examined. In the samples we found the benthic 
foraminiferal species Haynesina orbiculare, Elphidium excavatum clovatum and Elphidium 
bartletti. The species Epistominella sp. and Polymorphinidae gen.sp were not abundant. In 
addition, individual specimens of planktic and agglutinated benthic foraminifera were found. 
No monospecific assemblages and no signs of periodic elimination of foraminiferal 
assemblages were found in this core. The core VB13/20-MuC from the Laptev Sea was also 
examined. No monospecific assemblages and no signs of periodic elimination of foraminiferal 
assemblages were found in this core either. In cores sh14-19 and sh14-20 from the Ob River, 
there were found the species Elphidium excavatum clovatum and Haynesina orbiculare. 
However, the amount of individual specimens was not abundant. All these cores were taken in 
the estuary area close to the sea where probably no estuarine water circulation can be found. 
This can mean that without estuarine water circulation, there cannot be found any 
monospecific assemblages. Also flood events cannot affect the foraminiferal assemblages 
here and the foraminiferal assemblages were not eliminated in this area.  
The core sh14-26 from the Yenisey River is now being processed and the preliminary data 
show that it was retrieved in an area with estuarine water circulation. The foraminiferal 
species from the core sh14-26 correspond to the ones from the core amd11-15, which was 
examined before, but they are not as abundant (Fig. 2). Anyway, this core can help to confirm 
the downcore distribution pattern. 
The 210Pb record showed a statistically significant exponential decay downcore (Fig. 3). In the 
four lowest samples, the measured values amounted to zero. The sedimentation rate based on 
this exponent is 0.19 cm/yr. Measurable amounts of 137Cs first appear at a core depth of 
17 cm. This interval probably corresponds to the onset of nuclear-bomb testing. The peak 
value at 8 cm core depth possibly corresponds to the intense testing in Novaya Zemlya in the 
late 1960s. Thus, both isotopic records agree fairly well and provide a sediment accumulation 
rate of c. 0.2 cm per year.  
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Fig. 2: Foraminifera counts in the cores sh14-26 and amd11-15. 

 

 
Fig. 3: Measurement of  210Pb and 137Cs activities in the core amd11-15. 
 
The peak densities of adult foraminifera, which we interpret as episodes of elimination of the 
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population, occur every 5-7 cm of core depth (Fig. 2). A moderate estimate of the 
sedimentation rate indicates that the time interval between the episodes of mass mortality 
comprises some 10-15 years. Our original hypothesis (that annual floods cause the 
elimination), therefore, is not confirmed. A major flood that eliminates the foraminiferal 
assemblage in the Yenisei estuary occurs on a decadal scale. We will search the literature for 
the evidence of floods with such a periodicity. 
 
Conclusion 
210Pb and 137Cs activities were measured and the sedimentation rate in the mid-Yenisei estuary 
was estimated to be 0.2 cm/yr. In addition, the foraminiferal record from the Yenisei estuary 
indicates that major spring floods that eliminate marine fauna occur once in 10-20 years.  
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Summary 
We developed experimentally and laboratory-proven parametrizations, linking the atmosphe-
ric and ground thermal regime, that are fully adjusted to the modern dynamically changing 
climatic conditions. In accomplishing this task we address the following specific goals:  
• to reproduce observations at permafrost experimental sites in Yakutsk that have been made 

at Melnikov Permafrost Institute in the early 1970s; 
• to take sample soil columns, transport them from Yakutsk to St. Petersburg, and make 

laboratory analyses in the OSL to study the soil texture and measure the content of organic 
material, soil density, heat capacity, thermal conductivity, and moisture content, including 
special experiments on determination of unfrozen soil moisture in the negative temperature 
range; 

• to evaluate parametrizations linking the atmospheric and ground thermal regime by 
comparing results of mathematical modeling with the field observations in Yakutsk.  

All project goals have been achieved. The results have been presented at two conferences. 
Two papers have been accepted for publication. 
 
Introduction    
 
Scientific background 
The equilibrium permafrost model, which is best known as Koudriavtcev’s model (1974), has 
been used in numerous studies addressing changes in permafrost conditions due to climate 
warming. The model takes into account the effects of snow cover, vegetation, soil moisture, 
and soil thermal properties. Model parametrizations linking the atmospheric and ground ther-
mal regime were derived from the experimental field studies conducted in early 1970s which 
were analyzed in a monograph by A.V. Pavlov (1976). Apparently, these parametrizations 
have been derived for the conditions of the “pre global-warming” climate. Many of the clima-
tic parameters, such as the timing and seasonality, the range of annual temperature variations, 
the duration and starting dates of the snow melt period, winter thaws, etc., have changed in 
the past 40 years. Such changes necessitate the task to critically revise the existing parametri-
zations and reassess the role of snow, vegetation, and soil properties in the interaction 
between the atmospheric and ground thermal regime under the modern climatic conditions. In 
this research we address these tasks through a combination of field observations and labo-
ratory analysis. 
 
Goals and objectives of the project 
The project objectives were: 
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• to perform observations at 2 permafrost sites in Yakutsk in order to experimentally study 
the effect of snow and vegetation cover on soil temperature through direct observations at 
control and manipulated plots;  

• to take sample soil columns, transport them from Yakutsk to St. Petersburg, make 
laboratory analysis using the OSL equipment and evaluate the mechanical composition 
(soil texture) and measure the content of organic material and thermophysical properties 
(density, heat capacity, etc.); 

• to examine the parametrizations, linking the atmospheric and ground thermal regime, that 
are used in the existing permafrost models by contrasting them against data from the field 
observations in Yakutsk; 

• to develop new experimentally and laboratory-proven parameterizations that are fully 
adjusted to the modern dynamically changing climatic conditions. 

Objectives 1 and 2 have been addressed during the first 6 project months; results were 
presented in the interim report. Here we focus on objectives 3 and 4. 
 
Research activities  
 
Approach 
In the first 6 months of the project we organized soil-temperature monitoring on experimental 
and control sites in Yakutsk. The sites were established in close proximity to the location 
where the original experiments were performed in the early 1970s. While we used modern 
fully automated instrumentation, efforts have been made to keep the methodology as close as 
possible to the one used before. Temperature loggers were installed at standard depths (20, 40, 
80, 120, 160, 240, 320 cm). At the same time, independent observations were organized using 
thermistors installed at 160 and 320 cm depths. Readings from loggers and thermistors were 
taken automatically every hour and saved in the data logger. Snow and vegetation were 
artificially removed from the experimental site while the control site represented undisturbed 
conditions. Meteorological data were taken from the weather station located in close 
proximity (200 m) to our site. The field component of the work during the cold period of the 
year was detailed in the first project report. 
In June 2015 we took soil columns of the upper 1.5-m layers from both experimental and 
control sites and transported them to the OSL for analysis. We measured soil moisture, 
thermal conductivity and heat capacity, mechanical composition and the content of organic 
material in the soil samples taken at different levels with 30 cm vertical increment.  
 
Accomplishments 
The project developed as planned. Accomplishments of the first project stage have been 
discussed in the interim report and are not addressed here. In the following period the full set 
of parameters obtained in the field and laboratory experiments was used to calibrate the 
permafrost model and to estimate sources of model uncertainties. 
We created the full set of data for the validation of the permafrost model. At the moment, the 
dataset includes more than 1.5 years of continuous ground temperature observations on 
experimental and control sites. Figure 1 shows temperature and snow data for the period from 
November 2014 to February 2016. We intend to continue the observations at minimum until 
the end of September 2016.  
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Fig. 1: Ground-temperature observation data for experimental and control sites. 
 
The plots in Figure 1 indicate the 4-6°C soil-temperature offset at 160 cm depth at the 
experimental site compared to the control site throughout the winters of 2014/2-15 and 
2015/2016, which is attributed to the effect of snow cover and vegetation removal. This offset 
persists after the end of the snowmelt period and is traceable over most of the summer, while 
the temperature difference between the two sites progressively decreases during the warm 
period and becomes very small already at the end of June.  
Laboratory analysis indicated a variation of the soil parameters along the 1.5-m column in the 
following ranges: soil moisture from 5.3% up to 14.5%, soil density from 2,540 to 
2,700 kg/m3, thermal conductivity from 0.24 to 1.18 W/(m*K), and thermal diffusivity from 
0.18 up to 0.52 * 106 m2/s. The average values of the soil parameters are given in Table 1.  
All data sets obtained under this project have been deposited at our website permafrost.su and 
are freely available to all users. We compared the results of our laboratory analysis with the 
data obtained in the early 1970s and found that most of the parameters have not changed 
significantly since then. The only exception is the thermal conductivity below 1 m depth, 
which was lower in our observations than 40 years before. To some extent it could be 
attributed to lower accuracy of the methods that were used in 1972. The other reason could be 
the difference of meteorological conditions in the particular years of observations, i.e., the 
summers of 1972 and 2015. The hot and dry summer of 2015 led to drying of the upper soil 
layer, which changed the thermal conductivity. Under climatic warming dry and hot summers 
become more frequent. The associated changes in thermal conductivity could be significant 
and have to be taken into account in the mathematical modeling.  
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Table 1: Soil parameters evaluated through laboratory analysis 

Depth, m Soil type W, % ρ, kg/m3 λ, 𝑾
𝒎∗𝑲

 a, 106 m2c С, 10-6, J/(kg*K) 

0.1 

Silt 

14.5 2,580 0.24 0.19 1.28 

0.2 12.3 2,610 0.26 0.19 1.33 

0.3 10.3 2,550 0.25 0.18 1.37 

0.4 8.5 2,630 0.42 0.32 1.3 

0.5 6.2 2,540 0.48 0.3 1.56 

0.6 

Sand clay 

6.2 2,590 0.44 0.26 1.71 

0.7 5.5 2,610 0.56 0.31 1.82 

0.8 5.3 2,640 0.66 0.34 1.95 

0.9 

Sand 

5.7 2,630 0.53 0.25 2.09 

1.0 6.8 2,660 0.76 0.36 2.14 

1.1 7.2 2,680 0.9 0.39 2.27 

1.2 

Fine Sand 

7.1 2,650 1.05 0.5 2.06 

1.3 6.4 2,690 0.98 0.46 2.1 

1.4 5.9 2,700 1.18 0.52 2.23 

1.5 6.1 2,680 1.04 0.44 2.36 

 
 
Results 
The main result of the project is the assessment of the accuracy of parametrizations linking 
atmospheric and soil temperature in the permafrost model. This result could not have been 
obtained without the full set of field and laboratory data collected during the first project 
stage. We estimated the sensitivity of Koudriavtcev’s permafrost model to input parameters 
using the following approach. We consecutively run the model fixing all but one parameter, 
which was varied in the range defined by experimental observational data. We used the active 
layer thickness (ALT) as a universal metric to characterize the thermal state of permafrost at a 
given location with specific soil conditions. The sensitivity of ALT to governing snow, 
vegetation, soil and climatic parameters was calculated using the following equation: 

!!!
!

 = 𝑘!
!!!
!!

 (1) 

where ΔGi and ΔZi  are the deviations of the parameter Gi and the resulting deviation of ALT 
from the average values (𝐺! and 𝑍) and ki the sensitivity coefficient of the calculated ALT to 
the parameter Gi. Parameters could be ranked with regard to their contribution to the overall 
model uncertainty using ki. If ki <1, the model is reducing the uncertainty with regard to this 
parameter, i.e., the component of ALT uncertainty associated with this parameter is smaller 
than the uncertainty of the parameter by itself. If ki ≈ 1, the model translates the uncertainty of 
the given parameter to ALT without changing it. If ki >1, the model increases the uncertainty 
of ALT with regard to this parameter. The set of ki values for different parameters Gi has been 
evaluated individually for European and Siberian permafrost due to the  distinct difference in 
regional permafrost and climatic conditions. The results are presented in Table 2.  
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Table 2: Equilibrium permafrost model sensitivity 

Parameter Range 
European Russia Siberia and Chukotka 

1 2, 3 1 2 3 

Snow depth Norm ±50% 0.11 0.05 0.07 0.09 0.09 
Lower plant height 5-50 cm 0.16 0.18 0.20 0.18 0.19 
Organic layer thickness 0-20 cm 0.17 0.13 0.19 0.13 0.12 

Thermal conductivity Norm ±40% 0.47 0.46 0.45 0.45 0.46 

Air temperature amplitude Norm ±20%  0.38 0.15 0.74 0.22 0.14 

 
As follows from Table 1, the equilibrium permafrost model is highly sensitive to two 
parameters, thermal conductivity and annual air temperature amplitude. Here we focus on the 
air-temperature amplitude because the thermal conductivity of different soil types under 
various moisture conditions has been given significant attention in many published studies. 
There are several methods of calculating the annual temperature amplitude. The ones that are 
based on monthly data apparently underestimate the annual variations compared to estimates 
based on daily and hourly data. Therefore the active-layer thickness, estimated by the 
equilibrium model, is highly dependent on the climate data used. We found that there is a 
linear relation between the amplitude that was calculated as warmest-month mean temperature 
minus coldest-month mean (Am) and the value of the amplitude based on daily extremes (Ad). 
We used the empirical adjustment coefficient Ce to account for this effect in lack of daily 
temperature data. We calculated and mapped this coefficient using temperature data from the 
CRU TS 3.22 archive. The resulting map is presented in Figure 2. The map allows calculating 
the corrected annual air-temperature amplitude Ad through Am using the following equation: 

A! =
!
!!
A! (2) 

 
   

 
Fig. 2: Empirical adjustment coefficient (Ce) calculated using CRU data on monthly-mean temperatures and 
temperature extremes. 
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Conclusions 
The conclusions of our project are two-fold. Firstly, field soil sampling and the subsequent 
laboratory analysis in the OSL demonstrated that the soil thermal properties in the study 
region have not changed since the 1970s despite significant climatic warming, and vegetation 
and precipitation changes during this period. It is possible, therefore, to conclude that the 
empirical parametrizations linking the thermal properties with the soil type, texture and 
moisture content derived in the 1970s are still valid under the new climatic conditions and 
could be used in predictive permafrost modelling. The second conclusion is that the accuracy 
of the widely used equilibrium permafrost model depends on the spatial resolution of the 
input temperature data. We demonstrated that the use of monthly-mean data as model input 
leads to underestimation of the active-layer thickness and we developed a methodology to 
account for this effect by adjusting the air-temperature amplitude. Such an empirical 
adjustment could be made using data from the map in Figure 2. This allows improving the 
performance of the equilibrium permafrost model and lowering the uncertainty of the ALT 
calculations. The methodology of the empirical adjustment is detailed in our paper (Anisimov 
et al., accepted) 
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Summary  
This study is based on the Late-Quaternary sediment records from the central Arctic Ocean. 
Sediment cores were recovered during the PS72 (2008) and PS87 (2014) expeditions of the 
German research vessel POLARSTERN: PS72/340-5 and PS72/344-3 from the Mendeleev 
Ridge and PS87/023-1, PS87/030-1 and PS87/056-1 from the Lomonosov Ridge. Coring sites 
are located in the frontal zone between the two major systems of surface currents in the Arctic 
Ocean, the Beaufort Gyre and the Transpolar Drift Stream.  
Research activities were focused on petrographic analysis of coarse grains (>0.5 and >2 mm) 
following the published classifications for the Arctic Ocean. Identification of grains was 
performed at the OSL using the optical binocular Olympus SZX-12. Additionally, grain 
surface was treated with HCL 10%-solution to check for the presence of detrital carbonates. 
This project was carried out in cooperation with the AWI. A scientific publication based on 
results of this project is planned to be finalized and submitted by the end of 2016. 
 
Introduction 
 
Scientific background 
The Late Pleistocene history of the Arctic comprised cyclical changes in the extension of 
land-based ice sheets and sea-ice cover, which affected the sedimentary environments in the 
Arctic Ocean. Sea-level fluctuations reduced oceanic circulation and water exchange with the 
Atlantic and the Pacific oceans (e.g., Spielhagen et al., 2004) and caused shifts in the current 
systems (e.g., Bischof et al., 1996). Insights into the paleoceanographic history of the Arctic 
Ocean can be provided by investigations of the composition of marine sediments. The 
landmasses surrounding the Arctic Ocean comprise terrains of variable geological age and 
tectonic setting and, therefore, are characterized by different mineralogical and chemical 
signatures (e.g., Lisitzin, 2002). Whereas today sea ice is the dominant sediment transport 
agent in the Arctic Ocean, during the Late Pleistocene, icebergs from the surrounding 
continental ice sheets delivered coarse-grained material (ice-rafted debris, IRD) to the central 
part of the basin. Based on the petrographical diversity and other characteristics of these rock 
clasts, information about both past circulation patterns and the locations where ice sheet 
existed and calved into the Arctic Ocean may be obtained (e.g., Bischof et al., 1996; Phillips 
& Grantz, 2001).  
In marine sediment cores from the Amerasian Basin of the Arctic Ocean, especially at the 
Northwind and Mendeleev ridges, distinct pink and pink-white carbonate-rich layers with 
common occurrence of rock clasts are used as lithostratigraphic boundaries (Clark et al., 
1980). These layers are enriched in dolomite, which was described as a common mineral in 
surface sediments of the Beaufort Sea, as evidenced by microscopic and petrographic studies 
performed on the coarse fraction (e.g., Belov & Lapina, 1961; Bischof et al., 1996). Glacial 
samples from cores from the central Lomonosov Ridge and the Morris Jesup Rise close to 
North Greenland also contain high contents of dolomite in the coarse fraction which, is 
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suggested to be transported by icebergs (e.g., Norgaard-Pedersen et al., 2007). The main 
source for dolomites in the Arctic Ocean sediments is considered to be located on the 
Canadian Arctic Archipelago where a vast early Paleozoic carbonate province outcrops 
(Dalrymple & Maass, 1987).   
To bring the coarse-grained material to the central Arctic Ocean, a transport mechanism is 
needed such as sea-ice or iceberg transport. The present-day ice trajectories follow the two 
main surface circulation systems (Fig. 1), the Beaufort Gyre and the Transpolar Drift Stream 
(e.g., Rudels et al., 2004). The frontal zone between these two systems shifted with time from 
the Lomonosov Ridge to the Mendeleev Ridge depending on the extent of sea ice and Atlantic 
water inflow (e.g., Macdonald et al., 2000). Therefore, the variability of ice-rafted debris 
composition in time and space should provide information about changes in the Arctic Ocean 
paleoceanographic settings. 

 
Fig. 1: Map of the Arctic Ocean. Locations of cores used in this study (PS72/340-5, PS72/344-3, PS87/023-1, 
PS87/056-1 and PS87/070-1) are marked with coloured dots indicating sampling campaigns as specified in the 
legend. Black arrows mark the directions of the two major surface current systems: BG – Beaufort Gyre, TPD – 
Transpolar Drift Stream.  

 
 
Goals and objectives 
This study is based on long sediment cores recovered in the central Arctic Ocean: PS72/340-5 
and PS72/344-3 from the Mendeleev Ridge, as well as the cores PS87/023-1, PS87/056-1 and 
PS87/070-1 from the Lomonosov Ridge (for core locations see Fig. 1). The study area is 
located in the frontal zone between the two major systems of surface currents in the Arctic 
Ocean, the Beaufort Gyre and the Transpolar Drift Stream. Therefore, these sites can be used 
to study changes in the trajectories of ocean currents and sea ice/iceberg drift. This research is 
focused on petrographic analysis of coarse grains (potential ice-rafted debris) isolated from 
sediments.  
 
Research activities 
 
Approach 
Sediment cores were sampled at changes in lithology and/or color to represent the main 
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lithostratigraphic units. The cores are mostly composed of various horizontally bedded silty 
clay units interlaid by a number of diamictons with higher contents of coarse-grained 
material. Coarse fraction (>63 µm) was isolated via wet sieving at the AWI. Sand and gravel 
(grain sizes of 0.063-0.125, 0.125-0.250, 0.250-0.500, 0.5-2 mm and >2 mm) were separated 
via dry sieving. 
The petrographic analysis of grains with sizes of 0.5-2 mm (coarse sand) and >2 mm (gravel) 
was conducted at the OSL using a optical binocular Olympus SZX-12. Additionally, the grain 
surface was treated with HCL 10%-solution to check for the presence of detrital carbonates. 
Clast types were classified following the published studies of the Arctic Ocean which utilized 
the same size fractions (information is summarized in Table 1).  
 
Table 1: Classifications used for the petrographic analysis of the coarse fraction 

Reference Phillips & Grantz, 
2001 

Taldenkova et al., 
2010 Bischof et al., 1996 This study 

Area Central Arctic Ocean Laptev Sea Canadian Basin 
Lomonosov Ridge 
Mendeleev Ridge 

Fraction > 2 cm > 0.5 mm > 0.250 mm 
> 0.5 
>2 mm 

Petrogra-
phic 
classes 

Sandstone/siltstone Clastic Clastic Sandstone 

Siliceous (quartz, 
chert) 

Quartz Chert, quartz Quartz 

Feldspar, Plagioclase Feldspar, 
Plagioclase  

Carbonate (dolostone, 
limestone) Carbonate Carbonate Carbonate 

Metamorphic 
Gneisses Gneisses  
Shales Shales Shales 
Quartzite Quartzite Quarzite 

Igneous 
Granitoids Granitoids Granitoids 
Gabbroids Gabbroids Mafic 
Volcanic Volcanic  

Coal  Coal Coal 
 Nodules  Nodules 
Others  Biotite Others 
  Muscovite  
  Garnet  

 
 
Accomplishments 
In 2015-2016, we carried out the isolation of the fractions and identification of the rock clasts 
for the core samples as listed in Table 2. For the Lomonosov Ridge, the work on the available 
samples from the three cores was finished. For the Mendeleev Ridge, analysis of the 0.5-2 
mm fraction of core PS72/340-5 has not been completed yet, but is planned to be done as 
soon as possible in 2016. 
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Table 2: Samples from different cores used for the petrographic analyses 
Location Core ID Fraction, mm Amount of samples No. of grains/sample 

Mendeleev Ridge 

PS72/340-5 >2 75 1-103 
 0.5-2 34 1-256 
 1-2 37 To be completed 
 0.5-1  To be done 

PS72/344-3 >2 9 1-2 
 0.5-2 39 1-765 

Lomonosov Ridge 

PS87/023-1 >2 142 1-43 
PS87/056-1 >2 7 1-4 

 0.5-2 31 2-540 
PS87/070-1 >2 28 1-5 

 0.5-2 80 2-980 

 
 
Results  
A petrographic analysis of grains with sizes of 0.5-2 mm (coarse sand) and >2 mm (gravel) 
was carried out for cores PS72/340-5, PS72/344-3, PS87/023-1, PS87/056-1 and PS87/070-1. 
The distribution of the two main clasts types for each core is displayed in Figures 2 and 3. 
Note that manganese nodules were excluded from the total count. 
In core PS72/340-5 from the Mendeleev Ridge (close to the Chukchi Abyssal Plain, Fig. 1), 
grains >2 mm are mostly represented by clastics (sandstones), carbonates, quartz and 
quartzites. Occasionally, other grains such as granitoids, shales and chert were found. The 
sediments of core PS72/340-5 are generally very fine-grained throughout the core. Distinct 
carbonate peaks, therefore, should mark relatively abrupt iceberg discharge events. Gravel 
particles occur in the brown units (Fig. 2), rich in bulk dolomite and related to 
interglacial/interstadial periods according to the currently used age model (Stein et al., 2010). 
This can be a result of more intensive sea-ice melt with much higher deposition in the ice 
marginal zone in comparison with perennial ice in the central Arctic. The iceberg melt rate is 
affected by subsurface circulation in the Arctic Ocean so that periods with enhanced inflow of 
intermediate, warm Atlantic water to the western Arctic during glaciations were likely 
characterized with higher sedimentation from icebergs (Phillips & Grantz, 2001; Polyak et al., 
2009). Larger dropstones (>2 cm) from the Mendeleev Ridge are mainly represented by 
dolomite. The morphometry of these dropstones clearly indicates iceberg transportation. In 
core PS72/344-3 (close to the East Siberian Sea continental margin), grains >2 mm are almost 
absent. In the 0.5-2 mm fraction, quartz grains and sandstones dominate, and carbonate grains 
are present in some layers. In both cores from the Mendeleev Ridge, the observed carbonate 
and quartz peaks are synchronous. This can be indicative of the iceberg discharge events as 
these two clast types are associated with different source areas (Bischof, 2000).  
In core PS87/023-1 from the Lomonosov Ridge at the North American margin (Fig. 3), grains 
>2 mm are dominated by carbonates and sandstones with occasional occurrence of shales, 
granitoids and quarzites. Quartz occurs in minor quantities (less than five grains per sample). 
Carbonate grains are observed throughout the whole core section. This confirms that the 
North American land masses can be the primary source of detrital carbonate in the coarse 
sediment fraction (Bischof et al., 1996).  
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Fig. 2: Distribution of the two main clast types in cores PS72/340-5 and PS72/344-3. Note that manganese 
nodules were excluded from the total count. The age model is based on the core correlations from Stein et al. 
(2010). 
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Fig. 3: Distribution of the two main clast types in cores PS87/023-1, PS87/056-1 and PS87/070-1. Note that 
manganese nodules were excluded from the total count. The age model is based on the core correlations from the 
cruise report (Stein, 2015). 
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In cores PS87/056-1 and PS87/070-1 (central Lomonosov Ridge), the number of grains 
>2 mm is less than five per sample. In the fraction 0.5-2 mm, quartz grains and shales 
dominate, sandstones, quarzites and coal are common. Carbonate grains were found in several 
intervals in both cores, probably marking the times of intensive iceberg discharge as shown in 
Figure 3. Quartz and carbonate peaks are not in phase, which can be indicative of different 
sand transport mechanisms or asynchronous timing of the iceberg calving in different source 
areas (Bischof, 2000). At the Lomonosov Ridge, the collected dropstones mostly represent 
sandstones and quartzites, as well as gneiss and shales. The morphometry of these dropstones 
indicate iceberg and sea-ice transport, some material provides evidence of riverine transport.  
The locations of the coring sites PS72/340-5 and PS72/344 at the Mendeleev Ridge, as well as 
of the sites PS87/056-1 and PS87/070-1 (central Lomonosov Ridge) are not significantly 
influenced by the modern current circulation system of the Beaufort Gyre (Fig. 1). This 
implies that the carbonate-rich pink layers could have been deposited when the material flux 
from the North American hinterland reached these core locations. One possible explanation 
would be a shift in the surface currents towards the Siberian margin as proposed by Bischof et 
al. (1996). On the other side, an alternative scenario of higher iceberg discharge should be 
considered as the IRD can partly settle down before reaching this location because of the 
iceberg melt.  
 
Conclusion 
This study is based on long sediment cores recovered in the Arctic Ocean at the Mendeleev 
and Lomonosov ridges. The study area is located in the frontal zone between the two major 
systems of surface currents in the Arctic Ocean, the Beaufort Gyre and the Transpolar Drift 
Stream. Therefore, these sites can be used to study changes in the trajectories of ocean 
currents and sea ice/iceberg drift. This research was focused on a petrographic analysis of 
coarse grains (potential ice-rafted debris) isolated from sediments. The identification of grains 
with sizes of 0.5-2 mm and >2 mm was carried out at the OSL using the binocular Olympus 
SZX-12. Clast types were classified following the published studies of the Arctic Ocean 
which utilized the same size fractions.  
A paper based on results of this project is planned to be submitted by the end of 2016. 
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Summary 
During the second part of the project the following results were obtained: 
• processing the in-situ colored dissolved organic matter (CDOM) data has shown the 

influence of thermodenudational processes on the concentration of CDOM in Yamal lakes; 
• 19 environmental variables (field-and remote sensing-derived) for 363 lakes and their 

catchments were statistically analyzed in order to find the most important ones for organic 
matter transport in the tundra environment of the Yamal Peninsula; 

• Processing in-situ CDOM data for 5 other key sites (Varandey, New Port, Yavay, Erkuta, 
Lena Delta, Fig. 1) allowed comparing these results with the data for central Yamal; 

• Publication of a paper in "Polarforschung". Another paper has been accepted to Earth 
Cryosphere". A third paper has been finished and is about to be submitted to "Biogeo-
sciences". In-situ CDOM data for central Yamal (2011-2015) was published in PAN-
GAEA. Yu. Dvornikov successfully defended his PhD thesis titled "The processes of 
thermodenudation in cryolithozone and the dissolved organic matter as their indication". 
The oral defense was held at the Earth Cryosphere Institute of the Siberian Branch of the 
Russian Academy of Sciences (Tyumen, Russia) on May 25, 2016.  

 
Fig. 1: Key sites in the Russian Arctic with available in-situ CDOM data. 
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Introduction 
Climatic and environmental fluctuations in the permafrost zone lead to activation of various 
cryogenic processes (ACIA, 2005). This activation results in a strong impact on lake 
catchments and redistribution of substances from the land into the water body and therefore 
potential changes in the biochemical composition of the lake water. Therefore, lakes in the 
Arctic are good indicators of changing climatic and environmental conditions (Vincent et al., 
1998). These indicators are expressed in both changes in thaw-lake area (Smith et al., 2005), 
and changes in the biochemical composition of the lake water. We examined the biogeoche-
mical properties, such as CDOM absorption and slope, suspended matter concentration (SPM) 
and ionic composition (IC) of several thaw lakes in the Russian Arctic in connection with 
different catchment properties: vegetation, topography, and snow accumulation. To detect the 
spatial and temporal variability of these parameters, we used a multidisciplinary approach 
including field sampling, remote sensing and GIS (geographical information system) data 
analysis. To accumulate the geospatial data which contains our knowledge of the research 
area and research topic, we used the geodatabase (GDB). This allowed us to operatively 
process different models of geodata. Also we use the WebGIS service to publish the data and 
to make it available for others. 
 
Scientific background 
Climatic and environmental fluctuations in a permafrost zone lead to activation of various 
cryogenic processes. This activation results in a strong impact on redistribution of substances 
and changes in biochemical composition of the water bodies. Lakes in the Arctic are good 
indicators of changing natural conditions. These indicators are expressed in both areal 
changes of lakes and changes in biochemical composition of water.  
 
Goals and objectives  
The main objective of the study was to find out the processes influencing the CDOM 
concentrations in lakes based on in-situ measurements, remote sensing and topographical data 
as well as to analyze the spatial and temporal differences of terrestrial CDOM. To reach this 
purpose, the participants of the project studied the biochemical composition of water samples 
such as CDOM absorption and slope, SPM, and IC of several thaw lakes in the Russian Arctic 
in connection with different catchment properties: vegetation, topography, and snow 
accumulation. During the years of 2011, 2012, and 2013, a increase in summer temperature 
was observed. In 2012, early summer temperatures were higher than usual, which caused a 
very high activity of thermodenudational processes in central Yamal. Thus, an important task 
is to estimate the extent of its influence on the state of lake water properties. 
 
Research activities 
 
Approach 
 
Quantitative analysis of retrogressive thaw slumps 
The development of thaw slumps was either monitored in the field or studied with remote 
sensing data. The continuous monitoring allowed establishing the extent of these features for 
the time period of 2012-2015. 
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Parameter extraction and statistical processing 
Remote sensing-derived aCDOM(440) values were available for 363 lakes (see the previous 
report). For these lakes and their catchments, 19 parameters (environmental variables) were 
extracted (Table 1, see previous report). 
 
Table 1: List of lake and lake catchment characteristics used in the statistical CDOM model 

Parameter Description 
CDOM aCDOM(440) values, derived from optical satellite images (2013), m-1 
LK_PER Lake perimeter, m 
LK_AR Lake area, ha 

IN Presence of inflow in form of river/stream (0-no, 1 – yes) 

OUT Presence of outflow in form of river/stream (0-no, 1 – yes) 

LA_CA Lake area/catchment area ratio 
POS Geomorphological setting of the lake (0 – floodplain of Se-Yakha and Mordy-Yakha rivers, 

1 – III, IV, V geomorphic terasses) 
LK_WL Elevation of the lake water level (ellipsoid WGS-84), m 
TC_LD Presence of thermocirques (0 – no, 1 – yes) 
DA Catchment area affected by thermocirques, ha 

DA_LA Affected area / lake area ratio 
CA_AR Catchment area, ha 
CA_PER Catchment perimeter, m 

SLOPE_WGT Slope steepness value 
SHR Area covered by high shrubs, ha 
SHR_PERC Percentage of the catchment area covered by high shrubs, % 

SWE Potential water masses in the catchment in form of snow water equivalent (SWE) 

SWE_NORM Log-transformed SWE values 
NDVI Median of NDVI vegetation index in the catchment derived from SPOT5 satellite image 

CHLA Median of CHL vegetation index in the catchment derived from SPOT5 satellite image 

 
The lake CDOM values were then related to these parameters in order to find out the most 
important independent variables controlling the CDOM concentration in the lakes of central 
Yamal. 
The boosted regression tree (BRT; Elith et al., 2008) algorithm was used to explore the 
relationship between remote sensing-based CDOM of 363 lakes and 19 environmental 
variables. BRT analysis was carried out using the R 3.2.2. software © (“dismo” package). 
 
Accomplishments 
The measured CDOM absorptions and slopes in lakes, affected and not affected by thermal 
denudation, showed, that the mentioned process is responsible for the larger portion of 
terrestrial organic matter input into the water bodies.  
For the central Yamal key site, we applied the statistical analysis of the variation importance. 
This allowed us to propose a theoretical model of organic matter transport in a tundra 
environment to lakes.  
The used approach for water samples analysis (see previous report) allowed obtaining a 
CDOM database for different key sites of the Russian Arctic and comparing the sites with 
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each other. 
The described accomplishments are all in accordance with the working plan. 
 
Results 
 
Development of thermodenudational forms (retrogressive thaw slumps) 
The retreat of the outer part of thaw slumps varies from 4.1 to 18.5 m. There is an obvious 
dependance between the speed of the retreat and total disturbed area. The thaw slumps may 
extend 200 m wide and the disturbed area varies from 0.34 to 3.94 ha. 
 
CDOM in lakes of central Yamal with connection to activity of thermodenudation processes 
aCDOM(440) and S350-500 parameters for lakes with and without thaw slumps in the shore line 
are shown in Figure 2. The result shows that in general the concentration of CDOM in lakes, 
affected by thaw slumps, is 3-4 times higher than in lakes without thaw slumps. The slope 
values are lower in affected lakes, which is a signal of an ancient organic matter having been 
transported from scars of thaw slumps. 

  
Fig. 2: CDOM absorption and slope values for lakes with and without thaw slumps. 

 
 
CDOM concentration in connection to catchment and lake properties (large dataset) 
Remote sensing-derived aCDOM(440) values for 2013 values for 363 thaw lakes were used 
in the statistical processing with another 19 independent variables (remote sensing- and GIS- 
derived data). The BRT analysis revealed the most important of them: the ratio of lake and 
cachment areas, the amount of snow in form of SWE in the catchment, the lake water level, 
the presence of retrogressive thaw slumps and the productivity of the vegetation (see Table 1). 
The theoretical model of organic matter transport implies the following: 
• the larger the area of the catchment is and the smaller the area of the lake is, the higher is 

the CDOM concentration in the lake water;  
• the lower floodplain lakes receive more organic matter especially if the lakes are flooded 

by river discharge;  
• the snow melt brings fresh terrestrial organic matter from the surrounding catchments 

produced as a result of vegetation decomposition; 
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• thaw of tablular ground ice leads to the formation of retrogressive thaw slumps, which are 
accompanied by additional large organic-matter input to the lake water. 

 
CDOM absorption and slope values in the Russian Arctic 
As part of the project, we compared the CDOM data for other key sites in the Arctic (the data 
collected by colleagues of the AARI in the Yamal Arctic expeditions in 2012, 2013 and 2014, 
Lena Delta expeditions in 2013 and 2014 as well as the expeditions to the Varandey Peninsula 
and New Port in 2014 (Fig. 1). The CDOM results did not reveal a big difference among lakes 
from different sites in the Yamal Peninsula and the western Russian Arctic (Fig. 3). Only the 
data collected in the Lena Delta show lower CDOM concentrations. Also, the lakes in the 
Lena Delta show a "fresher" signal of the organic matter (Fig. 3). 

 
Fig. 3: CDOM absorption and slopes for different key sites of the Russian Arctic (Fig. 1); VD – Varandey, ER – 
Erkuta, VD – Vaskiny Dachy, NP – New Port, YV – Yavay,  and LD – Lena Delta. 

 
 
Conclusions 
According to field observations and processed remote-sensing data, we found out that the 
retreat of the outer part of thaw slumps varies from 4.1 to 18.5 m. There is an obvious 
dependance between the speed of retreat and the total disturbed area. The thaw slumps may 
extend over 200 m and the disturbed area varies from 0.34 to 3.94 ha. 
The activation of cryogenic processes in the lake catchments leads to a significant increase in 
CDOM transport to the lake water. CDOM concentration might be 3-4 times higher in lakes 
affected by fresh slumps (release of old organic matter previously stored in permafrost). 
The developed theoretical model of the organic-matter transport implies the following:  
• the larger the area of the catchment is and the smaller the area of the lake is, the higher is 

the CDOM concentration in the lake water;  
• the lower floodplain lakes receive more organic matter especially if the lakes are flooded 

by river discharge;  
• the snow melt brings fresh terrestrial organic matter from the surrounding catchments 

produced as a result of vegetation decomposition; 
• thaw of tablular ground ice leads to the formation of retrogressive thaw slumps, which are 
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accompanied by additional large organic-matter input to the lake water. 
Significant differences in lake CDOM concentration were not found across the sites of the 
Russian Arctic with the exception of the Lena Delta region (samples were taken on 
Kurundakh Island). The place is characterized by low CDOM concentration and "fresher" 
organic matter. 
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Summary 
The distribution pattern of cladoceran communities, which are highly sensitive to changes in 
their habitat in the recent past (in the Quaternary sediments), allows us to determine the status 
of the ecosystems of the high latitudes with respect to the observed climate change. Through 
an interdisciplinary approach, we aim to study new significant aspects of lake sediments and 
their inhabitants (using cladocerans, chironomids, diatom algae, spores and pollen), which is 
undoubtedly important in the study of environmental change and for the intensive use of 
resources of the biosphere. In our study, we describe the paleoecology of the studied water 
bodies, and assess their biodiversity during the Holocene and modern events to investigate the 
changes of biota. 
 
Introduction 
 
Scientific background   
Reports on the distribution of fauna and plant species in recent years constitute a remarkable 
part of the works of researchers. However, we are interested in a group of crustaceans 
(cladocerans) which have not yet sufficiently studied.  
A feature of the freshwater ecosystems of the Arctic polygons is the lack of predatory fish, 
which means that food webs are short. In these waters, benthic organisms are usually poorly 
presented, and amphibiotic insect larvae (chironomids), nematodes and ostracods predominate 
(Smol et al., 2005). Predatory planktic crustaceans are top predators of food chains. Intensive 
development of zooplankton due to lack of predatory fish and a high level of adaptability to 
the specific conditions of the Arctic determine the distribution of organic, mineral and energy 
flows in polygonal ponds at high latitudes (Vishnyakova & Abramova, 2009). 
During the past decades paleoenvironmental studies in the Russian Arctic have become very 
common. In Yakutia, most of the studies relate to the mainland. There is, however, only little 
paleoclimatic data from the Siberian Islands and the palynology of lake sediments is not well 
understood. The islands are located in the area of the Arctic polygonal swamps (Katz, 1971), 
which are characterized by a complete or almost complete absence of wood vegetation and 
small peat thickness. Vegetation is sparse on the islands, the species composition has about 69 
vascular plants. Among the plants, the most important ones are the families Poaceae and 
Cyperaceae, different types of the family Ericaceae from shrubs, and several species of Salix 
(Materials ..., 2015). 
 
Goals and objectives of the project 
Cladoceran subfossils in lake sediments contain valuable information about the climatic and 
environmental conditions prevailing during the lifetime of those organisms. However, to 
interpret subfossil cladoceran assemblages, detailed ecological knowledge about their distri-
bution, optima and tolerance is required. At this stage of development of zoology and palaeo-
environmental sciences, scientists make an effort to advance the understanding of the distribu-
tion of cladoceran taxa in different climatic zones to monitor the dynamics of migration and 
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border areas. In northern regions, data sets containing information about sub-fossil Cladocera 
and their relationships to environmental variables are available for Fennoskandia (Korhola, 
1999; Korhola et al., 2000; Rautio, 1998, 2001), Alaska (Sweetman & Smol, 2006) and 
British Columbia, Canada (Bos & Cumming, 2003). For us progressive knowledge about the 
biological and functional diversity of freshwater fauna in the Siberia is especially noteworthy 
(Korovchinsky et al., 2012; Sinev & Kotov, 2014; Klimovsky et al., 2015) as well as our 
knowledge of the role of environmental factors in regulating cladoceran assemblages in 
northern Russia. 
The main idea of our work in the New Siberian Islands region (Bol’shoy Lyakhovsky Island 
and Faddeyevsky Peninsula) and at the Laptev Sea coast was to record bioindicators such as 
pollen and Cladocera for the qualitative characteristics of assemblages in order to understand 
the background of the natural climate variability subject to anthropogenic influences on 
climate change as well as further co-operation data of other researchers' related fields of 
palaeolimnology and, thus, a multidisciplinary study of Arctic regions. 
Our study was directed at the supplementation of the existing knowledge based on various 
palaeoproxies from frozen deposits useful for reconstructions of late Quaternary palaeo-
environments and palaeoclimate in the Laptev Sea region (Northeastern Siberia). 
Our research was focused on three main tasks:  
• to use biological methods to trace the actual events of the past and to reserve evidence of 

the encountered investigated organisms in the form of microphotos; 
• to enhance the data set about the Arctic region, for later use by interested researchers, 

using sub-fossil Cladocera and pollen; 
• to form a concept of the stratigraphy of pollen and cladoceran species in sediment layers,  

to provide science-based conclusions about changing boundaries of the investigated 
species, if there are any, in connection with the global warming processes. 

 
Research activities  
 
Approach 
During the joint Russian-German expedition "Lena – New Siberian Islands 2007" in July 
2007, limnological investigations were carried out in the southern part of Bol’shoy 
Lyakhovsky Island (73°20’N to 73°22’N, 141°20’E to 141°30’E) in 15 waters bodies (Fig. 1). 
The studied ponds are situated on the floodplain of the Zimov’e and Vankina rivers. Ponds on 
river floodplains are of intrapolygonal genesis, i.e., the waters occur in the low-centred 
polygons between the rim-covered ice wedges. Samples from Bol’shoy Lyakhovsky Island 
were also investigated for the ostracod and pollen analysis by researchers of the Alfred 
Wegener Institute for Polar and Marine Research (AWI), U. Herzschuh and S. Wetterich. 
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Fig. 1: Location of the research stations of the participating institutions. 

 
Within the framework of the comprehensive scientific expedition of the Russian Geographical 
Society "Siberian Islands 2012" under A. Chilingarov's guidance, 11 water bodies, including 
7 lakes and 2 polygonal reservoir, located between 75°22’N to 75°53’N and 142°22’E to 
143°28’E (Fig. 2) were examined. Sediments from the Faddeyevsky Peninsula were selected 
for the study. L. Pestrjakova (North-Eastern Federal University) took part in obtaining the 
samples. The average value for the speed of sedimentation of lakes in the region is 
0.9 mm/year (unpublished data of the Geochronology Laboratory of St. Petersburg State 
University). All water reservoirs, located here, are shallow. The water temperature at the time 
of the field work ranged from 1.1°C to 6.5°C. The investigated reservoirs are characterized by 
a high degree of transparency of the water and a dissolved-oxygen content (rom 8.9 mg O2/l 
to 12 mg O2/l). The pH value varies from 7.27 to 8.27. Mineralization is low enough, with a 
predominance of calcium ions. The studied lakes are water masses in basins which were 
created as a result of ground-ice melting. 

 
Fig. 2: Location of the lakes and ponds in the Faddeevsky Peninsula. 
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We processed 15 surface sediment samples and 3 cores, providing 60 samples. The surface 
sediments of the ponds were sampled for botanical (pollen) and zoological (cladoceran) 
analyses at the center of the ponds using a gravity corer (Glew, 1989). The upper 1 cm of 
surface sediment from each core was sectioned using a Glew (1991) extruder and retained for 
subsequent analyses. In addition to the sediment samples, data on the physical and chemical 
properties of each lake were also collected. At each site, measurements of surface water 
temperature, specific conductivity, pH, dissolved oxygen and Secchi depth were made. Using 
chemical processing by standard methods (Faegri & Iversen, 1989), 33 samples were 
obtained. They were counted using a light microscope Zeiss AxioImager A2 with a magnifi-
cation of ×400. To determine the keys for pollen, spores and non-pollen palynomorphs we 
used atlases (Kupriyanov & Aleshina, 1972, 1978; van Geel et al., 2001). 
In each sample, there were no less than 300 grains of pollen and spores, taking also into 
account non-pollen palynomorphs. The pollen diagram was built with the program Tilia 
Graff, zonation was done using cluster analysis with the application CONISS (Grimm, 2004). 
 
Accomplishments 
 
Taxonomic work 
We examined: 
• the composition of modern zooplankton in the lakes on the coast of the Laptev Sea, 

Bol’shoy Lyakhovsky Island and the Faddeevsky Peninsula (60 samples); 
• the composition of subfossil cladoceran taxa from the lakes on the coast of the Laptev Sea, 

Bol’shoy Lyakhovsky Island and the Faddeevsky Peninsula (60 surface sediment samples); 
• the collected material (analysis and statistical processing). 
The following results were obtained: 
• a data set for the inference of the statistical transfer function on the basis of cladocerans 

was collected; 
• the relationship between the investigated communities and ecological zones was 

investigated using CONNIS claster analysis to perform a stratigraphically constrained 
incremental sum of squares and identify the major groups in lake composition throughout 
the transect (Fig. 3); 

• the data set with TILIA version 2.0.b.4 to generate a pollen, cladoceran percentage 
diagram. 
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Fig. 3: Isolation zones of lake 12FAD03, derived by a stratigraphically limited cluster analysis of cladoceran 
lake communities in the sediment columns of the pond. 
 
 
Photodocumentation 
Microphotographs of sub-fossil Cladocera were taken by L. Gafiatullina at Kazan State 
University (Figs. 4-6). 

 
Fig. 4: Alona guttata Sars, 1862, А – valves, scale – 10 µk. Photo: L. Gafiatullina. 
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Fig. 5: Chydorus sphaericus Müller, 1785, valve, – 50 µk. Photo: L. Gafiatullina. 
 

 

 

     Chydorus sphaericus Müller, 1785 shell Eubosmina coregoni Baird, 1857 headshield 

 

 

Alona guttata Sars, 1862 valve Eubosmina longispina Leydig, 1860 mucro 

Fig. 6: Different species of sub-fossil Cladocera from surface sediments. Photos: L. Gafiatullina. 
The microphotos, made during our research work in Kazan and in the OSL will be included in 
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journal publications (Figs. 4-6, 7). All researches were performed fully and in accordance 
with the working program.  

 
Spagnum sp. 

  
Cyperaceae 

  
Pinus s/g Haploxylon 

  
Pediastrum sp. 

Fig. 7: Different pollen grains, palynomorphs and local flora remains. Photos: N. Mukhametgaliev. 

The data, obtained during the work on this project, became the basis of Azaliya 
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Mukhametshina's master thesis in 2015.  
 
Results 
According to microscopic data, it should be noted that in spite of a sufficient quantity of 
material in the samples, there are difficulties in meeting a sufficient number of residues for 
statistical processing. This is a result of the harsh environments in which the organisms live 
and of the short growing season at high latitudes, Each piece of residue, therefore, must be 
investigated carefully, in view of their small number. The taxonomy of many cladoceran 
species has been revised and checked. As the spatial coverage of research areas of the 
cladoceran community across the Circumpolar region is limited, at the moment scientists have 
difficulty in interpretation and require the further reports about the extension of the habitat 
and the species to which the zooplankton representatives belong. There were faunal reports on 
the results of studies of cladoceran taxa of northeastern Siberia and the Russian Far East.  
As part of the summer zooplankton of the lakes in the Faddeevsky Peninsula, we discovered 
23 species of invertebrates, 15 species of rotifers (Rotifera), 2 Cladocera species (Cladocera: 
Daphnia longiremis Sars, 1862 and Chydorus sphaericus Muller, 1785), and 5 copepod 
species (Copepoda). In addition, in the majority of water bodies the presence of larval 
(nauplial and copepod) stages of crustaceans was noted. The most common species were 
Diacyclops crassicoides Sars, 1863 (70% frequency of occurrence, FO), Notholca squamula 
Muller, 1786 (FO 66.7%), and Arcthodiaptomus novosibiricus Kiefer, 1971 (FO 50%). The 
large copepods dominanted both in abundance and biomass (Diacyclops crassicoides Sars, 
1863 and Arcthodiaptomus novosibiricus Kiefer, 1971, 20.21% and 20.36%, respectively, in 
abundance). The dominance of Copepoda in communities with low total abundance and 
biomass is typical for northern oligotrophic lakes (Stemberger et al., 1994; O'Brien et al., 
2004;Dubovskaya et al., 2010; Frolova et al., 2013). Most types of indicators belonged to the 
oligosaprobic or xenosaprobic type, and the condition of the water bodies is considered on the 
whole as oligosaprobic with a saprobity index of 0.33 to 1.5 (m = 0.93).  
The results of studying the soil column of the sediment layers of lake 12FAD10 showed that 
the cladoceran community consists of Chydorus sphaericus Muller, 1785 (95.5%), Alona 
guttata Sars, 1862 (2.86%), Alona affinis Leydig, 1860 (1.59%), Alona rectangula Sars, 1862 
(0.95%), Pseudochydorus globosus Baird, 1843 (0.34%), Alonopsis elongata Sars, 1862 
(0.32%) and representatives of the genus Bosmina (0.32%). The analysis of lake 12FAD03 
identified three distinct dominant species Alona affinis Leydig, 1860 (29.4%), Chydorus 
sphaericus Muller, 1785 (23.6%), and Acroperus harpae Baird, 1935 (18.3%) (their 
distribution in stratigraphic sediment layers is shown in Fig. 6). The analysis, carried out on 
stratigraphic isolation areas of the 12FAD03 lake community is shown in Figure 8.  
The modern cladoceran community from the coast of the lakes of Bol’shoy Lyakhovsky 
Island was presented by 20 species. It is characterized by a high abundance of samples of 
representatives of the littoral group: Chydorus sphaericus Müller, 1785 (40%), Alona affinis 
Leydig, 1860 (12%), Alona guttata Sars, 1862 (10%), and Bosmina longirostris Müller, 1785 
(11%). The basis of modern society is formed by cosmopolitan species. In the fossil deposits 
we found 9 species of cladocerans, including the main representatives of the littoral and 
pelagic cladoceran groups: Chydorus sphaericus Müller, 1785 (37%), Alona 
rectangula/guttata (29%), and representatives of the genus Bosmina Baird, 1845 (29%). 
According to the zoogeographical zones of the cladoceran species, cosmopolitan species 
made up the major part. The identified species are: Acroperus harpae, Alona quadrangularis, 
Camptocercus rectirostris, Chydorus gybbus, Chydorus piger, Eurycercus glacialis, typical 
for the Holarctic,  and the Palearctic species Alonella exiqua, Bosmina longirostris, Bosmina 
coregoni, and Eubosmina longispina. Analyzing zooplankton belonging to certain abiotic 
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zones, it should be noted that most of these species belong to the littoral. 

 
Fig, 8: Cladoceran taxa distribution, obtained from sediment analysis of lake 12FAD03 . 

 
The study created a calibration database containing information on modern taxa of Cladocera 
in surface lake sediments. Frolova et al. (2013) described the importance of the creation of 
databases for different reservoirs distributed along environmental gradient parameters of 
interest (e.g., pH, trophicity) as one of the best and fastest ways to get information about the 
environmental factors that determine the composition of the cladoceran communities in 
reservoirs.  
The research results can be seen from the spore-pollen diagram in Figure 9. 
25 palynomorphs were identified in the deposits. The deposits comprised 7 wood, 12 grass, 
4 spore and 2 algal palynomorphs. Throughout the section, the herbaceous pollen families of 
Poaceae Barnhart and Cyperaceae Juss are clearly dominant. Their content varies from 18% 
to 28% of all plants. Among woody plants, the pollen found mostly was the willow Salix sp. 
(up to 48% of the woody plants). 
Throughout the core, we found pollen Alnaster Spach and Betula of the two sections Albae 
Rgl. and Nanae Rgl, which are characteristic of tundra flora. Among woody plants, the very 
low content of pollen grains of Pinus L. of both sections and Picea A.Dietr, which originate 
from the mainland, should be noted. For tundra deposits, pollen spectra with imported tree 
pollen are very typical, often pollen like this constitute up to 35-40% (Grichuk & 
Zaklinskaya, 1948), which is very different from those pollen spectra obtained in the island of 
Bol'shoy Lyakhovsky. 
The herbaceous vegetation of other taxa fully corresponds to the character of the local flora 
(Materials ..., 2015). According to botanical data on the territory of the tundra, the prevailing 
families are Poaceae Barnhart, Cyperaceae Juss, Brassicaceae Burnett, Asteraceae Martynov, 
Ranunculaceae Juss. and others. This range of families is partially reflected in the spectra, 
though inconsistently. 
In general, deposition is not characterized by a sharp change in the flora. Pollen spectra are 
very similar to the modern structure of plant communities on the island. The content of a few 
taxa varies slightly. Based on the overall composition of the pollen spectra for each sample, 
the spore-pollen diagram was divided into four zones. 
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Fig. 9: Spore-pollen diagram of lake sediments from Bolshoy Lyakhovsky Island. 
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Zone I (28-33 cm) is characterized by a high content of pollen of Poaceae Barnhart and 
Cyperaceae Juss., in equal proportions. Among other taxa the almost complete absence of 
pollen of trees must be noted, which is likely due to the fact that in the region, there are 
forests further to the south, or to predominantly northerly winds. Pine pollen has a very high 
volatility, but without wind from the south, transport over even a short distance becomes less 
likely. The zone is characterized by a maximum content of pollen and lowest ericaceous 
pollen content of Chenopodiaceae Vent. and Artemisia L., which together with the absence of 
trees in the spectrum and the high proportion of herbaceous plants indicates a high level of 
precipitation in the region and lower temperatures because of the northern air-mass transfer. 
In Zone II (16-27 cm), there are slight changes, which are primarily reflected in the decrease 
in the number of pollen grains. Against the background of this decline, we observe a 
somewhat higher content of Artemisia L. and Chenopodiaceae Vent pollen. The content of 
coniferous pollen remains on the same very low level. 
On the other hand, the reduction of the algae Pediastrum sp. and Botryococcus sp. and the 
more frequent occurrence of pollen and remains of Sphagnum witness an increase in swamps 
in the region and a decrease in exposed water surface. Sphagnum sp. of  the Yakutian islands 
is a botanical rarity (Tolmachev, 1986), the peat consists mainly of moss sedges and hypnum. 
However, in the samples we found well-preserved remnants of sphagnum. 
Zone III (7-15 cm) is characterized by a gradual increase in the role of sedge pollen and 
decrease in Artemisia pollen. However, it is worth noting a marked increase in the proportion 
of pollen of trees, suggesting more frequent southerly winds that started to bring more 
humidity. This is reflected in the number of algal taxa, whose share in the spectrum gradually 
increases. During the accumulation of this zone, a recovery of the phytocoenoses from Zone I 
with their high content of herbaceous plants took place. The climate can be described as more 
humid. 
Zone IV (0-6 cm) is different as the abundance of Artemisia pollen decreases to its lowest 
level in the whole of core. This may indicate an increase in humidity. An increasing number 
of birch pollen, which is not found in the modern plant communities, shows the increasing 
influence of winds that carry the pollen from the mainland and perhaps, the extension of birch 
towards the north, and a gradual increase in temperature. The increase in temperature is also 
indicated by the maximum amount of algae, which in the column gradually increases its 
share. These genera of algae increases its population by increasing the level of warming water 
and increasing of warm summer period. 
 
Conclusion 
Based on the analysis of zooplankton from the water column, we determine the condition of 
the reservoirs as oligosaprobic and xenosaprobic. The vulnerability of the freshwater 
ecosystems of high latitudes is confirmed by rare finds in the zooplankton. Still here there are 
severe climatic conditions for the habitat of these groups of microorganisms. We noted a low 
species diversity of organisms in modern surface sediments and a community relatively rich 
in species in the deep layers, which is fossilized.  
In a changing environment, we expect the progress of species with low specialization as this 
gives them the opportunity to migrate into new territories. We noted the bias point of the 
range of Eubosmina longispina Leydig, 1860 (Cladocera thermophilic species) in the south of 
the investigated lakes in northern Yakutia.  
Samples from the water column reflect the current state of the zooplankton: copepods stand 
out clearly, cladocerans are not much presented. This confirms the fact that cladocerans need 
favorable conditions and their high sensitivity to climatic conditions.  
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In the course of our research on the cladoceran communities of the bottom sediments of the 
Faddeevsky Peninsula of Koteln’y Island (New Siberian Islands archipelago), we found 
7 taxa in sediments of lake 12FAD10 and 9 taxa in those of lake 2FAD03. According to the 
relative abundance of taxa in lake 12FAD10, the Chydorus sphaericus Müller, 1785 
dominates. Alona affinis Leydig, 1860, Alona guttata Sars, 1862, Alona rectangula Sars, 1862 
occurred more rarely. Also, species rarely occurring were found among the genus Bosmina 
Baird, 1845. Stratigraphic analyses of lake 12FAD03 showed that over the past 100 years, we 
observe a change from a community dominated by Alona affinis and Acroperus harpae to a 
community dominated by Chydorus sphaericus. 
Among the common cladoceran species for the whole region should be mentioned Ch. 
sphaericus, A. affinis, A. guttata.  
There are many indicators of a high level of evaporation and low precipitation, which 
determine the environmental preference of the species included in the number of our fossil 
counts. The relationship is shown in the frequency of species, adapted to living in shallow 
waters within a littoral zone, and the change in the faunal assemblage of species and 
inhabitants of the zone of open water with high water levels. Chydorus sphaericus s.l. is the 
species that absolutely dominated among all sediment layers. This species is counted among 
the common worldwide species. Chydorus sphaericus Muller, 1785 shows tolerance to a wide 
range of water temperature and pH. According to Smirnov (1996), it can withstand 
fluctuations in temperature of 3°C to 27°C and a pH of 3.2 to 10.2. Cyanobacteria, frequently 
found in nature among the vegetation and during flowering become planktic in eutrophic 
reservoirs. Thus, the increase in the number of this kind can serve as an indicator of increase 
in primary production in the water (Sarmaja-Korjonen, 2002). Ch. sphaericus Muller, 1785 is 
typical of productive eutrophic lakes (Pejler, 1975; DeMott & Kerfoot, 1982; Brodin, 1986; 
Sarmaja-Korjonen, 2002). 
Small species of the genus Alona Baird, 1843 were also met, but in much smaller numbers in 
comparison with the dominant ones. They prefer microhabitats of the littoral, benthic zone, 
found among vegetation or at the bottom, with silty and rich detritus. Majorities are slightly 
more common in electrolyte-poor waters. This taxon is also tolerant to a wide range of 
temperatures and is able to survive in a freezing pond. Also the genus Bosmina Baird, 1845 
counts among the representatives of this specialization to different microhabitats 
(macrophites, sand, rock, mud). The majority of the representatives reach mass development 
in waters with a pH of 4.5-7.0 (www.nina.no). 
Thus, the palynospectra of Bol'shoy Lyakhovsky Island reflect the modern type of vegetation 
and climate. During the period of sedimentation minor changes among the pollen spectra 
occurred. In general, it is worth noting a growing increase in the pollen of trees and the 
remains of freshwater algae, which suggests a gradual increase in temperature for the region. 
 
Acknowledgements 
We thank the OSL for financial support, for timely and excellent organization of all official 
steps of preparation and implementation of our project. Especially we are grateful to K. 
Volkmann-Lark for understanding and support. We are thankful to all our colleagues from the 
AWI (Potsdam) for their help in organizing the collection of research material during the joint 
Russian-German expeditions. We would like to thank H.-W. Hubberten, U. Herzschuh, L. 
Nazarova, S. Wetterich, and L. Frolova. We are grateful to L.V. Koroleva and I.V. Fedorova 
for coordinating our activities in the OSL in St. Petersburg. 
 



 

 M-37 

References 
Bos, D.G., Cumming, B.F. (2003) Sedimentary cladoceran remains and their relationship to 

nutrients and other limnological variables in 53 lakes from British Columbia, Canada. 
Canadian Journal of Fisheries and Aquatic Sciences, 60: pp. 1177-1189. 

Brodin, Y.W. (1986) The postglacial history of Lake Flarken, southern Sweden, interpreted 
from subfossil insect remains. Internationale Revue der gesamten Hydrobiolie, 71(3): pp. 
371-432. 

DeMott, W.R., Kerfoot, W.C. (1982) Competition among cladocerans: nature of the 
interaction between Bosmina and Daphnia. Ecology, 63: pp. 1949-1966. 

Dubovskaya, O.P., Kotov, A. A., Korovchinsky, N.M., Smirnov, N.N., Sinev, A.Yu. (2010) 
Zooplankton of lakes in the spurs of the Putorana Plateau and adjacent territories (North of 
Krasnoyarsk Krai). Contemporary Problems of Ecology, 3(4): pp. 401-434. 

Faegri, K., Iversen, J. (1989) Textbook of Pollen Analysis. 4th edition, Chichester: John 
Wiley & Sons, 328 pp.  

Frolova L.A., Nazarova L.B., Pestryakova L.A., Herzschuh U. (2013) Analysis of the effects 
of climate-dependent factors on the formation of zooplankton communities that inhabit 
Arctic lakes in the Anabar River basin. Contemporary Problems of Ecology, 6(1): pp. 1-11.  

Glew, J.R. (1989) A portable extruding device for close interval sectioning of unconsolidated 
core samples. Journal of Paleolimnology, 2: pp. 31-36.   

Glew, J.R. (1991) Miniature gravity corer for recovering short sediment cores. Journal of 
Paleolimnology, 5: pp. 285-287.  

Grichuk, V.P., Zaklinskaya, E.D. (1948) Analysis of fossil pollen and spores and its 
application in paleogeography, Мoscow, 156 pp. (in Russian). 

Grimm, E.C. (2004) TG View 2.0.2 (Software). Springfield, Illinois: Illinois State Museum.  
Klimovsky, A.I., Sinev, A.Y., Bekker, E.I., Kotov, A.A. (2015) Cladocera (Crustacea, 

Branchiopoda) of centra Yaktua. 2. Some representatives of the families Bosminidae, 
eurycercidae and Chydoridae. Zoologichesky Journal, 94(9): pp. 1009-1022. 

 Korhola, A. (1999) Distribution patterns of Cladocera in subarctic Fennoscandian lakes and 
their potential in environemtan reconstruction. Ecography, 22: pp. 357-373. 

Korhola, A., Olander, H., Blom, T. (2000) Cladoceran and chironomid assemblages as 
qualitative indicators of water depth in subarctic Fennoscandian lakes. Journal of 
Plaeolimnology, 24(1): pp. 43-54. 

Korhola, A., Rautio, M. (2001) Cladocera and other branchiopod crustaceans. In: Tracking 
Environmental Change Using Lake Sediments: Zoological Indicators, pp. 125-165.  

Korhola, A., Rautio, M. (2001) Cladocera and other branchiopod crustaceans. In: Smol, J.P., 
Birks, H.J.B., Last, W.M. (eds.). Tracking Environmental Change Using Lake Sediments, 
vol. 4: Zoological Indicators, Dordrecht: Kluwer Academic Publishers, pp. 5-41. 

Kupriyanova, L.A., Aleshina, L.A. (1972) Pollen and Spores of Plants of the USSR Flora.  
Vol. 1, Leningrad, 171 pp. (in Russian). 

Kupriyanova, L.A., Aleshina, L.A. (1978) Pollen dicotyledons flora of the European part of 
the USSR. Lamiaceae≈Zygophyllaceae, Leningrad, 183 pp. (in Russian). 

Materials of Comprehensive Ecological Survey of Parts of the Territory, Justifying Giving 
this Area the Legal Status of Specially Protected Natural Territories of Federal 
Significance - the State Nature Reserve "Siberian Islands" (2015) Vol. 1, Мoscow, 484 pp. 
(in Russian). 

O’Brien, W.J., Barfield, M., Bettez, N.D., Gettel, G.M., Hershey, A.E., McDonald, M.E., 



 

 M-38 

Miller, M.C., Mooeres, H., Pastor, J., Richards, C. Schuldt, J. (2004) Physical, chemical, 
and biotic effects on Arctic zooplankton communities and diversity. Limnology and 
Oceanography, 49(4), part 2: pp. 1250-1261.   

Pejler, B. (1975) On long-term stability of zooplankton composition. Institute of Freshwater 
Research Drottningholh Report, 54: pp. 107-117. 

Rautio, M. (1998) Community structure of crustacean zooplankton in subarctic ponds – 
effects of altitude and physical heterogenity. Ecography, 21: pp. 327-335. 

Sarmaja-Korjonen, K. (1992) Fine-interval pollen and charcoal analyses as tracers of early 
clearance periods in S Finland. Acta Botanica Fennica, 146: pp. 1-75. 

Sinev, A.Y., Kotov, A.A. (2014) Revision of the Holarctic genus Rhynchotalona Norman, 
1903 (Anomopoda: Chydoridae). Zootaxa, 3841(2): pp. 188-210. 

Smirnov, N.N. (1996) Cladocera: the Chydorinae and Sayciinae (Chydoridae) of the World. 
Guide to the Identification of the Microivertebrates of the Continental Waters of the 
World. St. Petersburg: Academic, 197 pp. 

Smol, J.P., Wolfe, A.P., Birks, H.J.B., Douglas, M.S., Jones, V.J., Korhola, A., Pienitz, R., 
Rühland, K., Sorvari, S., Antoniades, D., Brooks, S.J., Fallu, M.A., Hughes, M., Keatley, 
B.E., Laing, T.E., Michelutti, N., Nazarova, L., Nyman, M., Paterson, A.M., Perren, B., 
Quinlan, R., Rautio, M., Saulnier-Talbot, E., Siitonen, S., Solovieva, N., Weckström, J. 
(2005) Climate driven regime shifts in the biological communities of arctic lakes. 
Proceedings of the National Academy of Sciences, 102: pp. 4397-4402.  

Stemberger, R.S., Lazorchak, J.M. (1994) Zooplankton assemblage responses to disturbance 
gradients. Cnadian Journal of Fisheries and Aquatic Sciences, 51: pp. 2435-2447.  

Sweetman, J.N., Smol, J.P. (2006) Patterns in the distribution of cladocerans (Crustacea: 
Branchiopoda) in lakes across a north-south transect in Alaska, USA. Hydrobiologia, 553: 
pp. 277-291. 

Tolmachev, A.I. (1986) Methods of comparative floristics and problems of florogenesis. 
Novosibirsk, 196 pp. (in Russian). 

van Geel, B. (2001) Non-pollen palynomorphs. In: Smol, J.P., Birks, H.J.B., Last, W.M. 
(eds.). Terrestrial Algal and Siliceous Indicators, Tracking Environmental Changes Using 
Lake Sediments, Vol. 3, Dordrecht: Kluwer Academic Press, pp. 99-119. 

Vishnyakova, I.I., Abramova, E.N. (2009) Organization of zooplankton communities in 
polygonal lakes of the southern part of the Lena River delta. In: Kassens, H., Lisitzin, A.P., 
Thiede, J., Polyakova, Ye.I., Timokhov, L.A., Frolov, I.E. (eds.). System of the Laptev Sea 
and the Adjacent Arctic Seas: Modern Environments and History of Development, 
Moscow: MSU Press, pp. 265-277 (in Russian). 



 M-39 

THE HOLOCENE FORAMINIFERAL ASSEMBLAGES, SEDIMENTOLOGY AND 
ENVIRONMENTS IN THE BARENTS AND BERING SEAS: A COMPARATIVE 
STUDY 
 
E. Ivanova1, E. Ovsepyan1, E. Seitkalieva2 
1P.P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia 
2Moscow State University, Moscow, Russia 

 
Summary  
We carried out a high-resolution study of benthic and planktic foraminiferal fauna and ice-
rafted detritus within the Holocene interval from the cores S-2519 and S 2528, collected in 
Kvitøya Trough and Erik Eriksen Strait, NW Barents Sea. Considerable variations in 
foraminiferal assemblages, preservation and abundances indicate pronounced changes in sea-
ice conditions and Atlantic water inflow via the trough system. A revision of data on 
foraminiferal assemblages, surface, subsurface and bottom-water temperatures from the set of 
sediment cores along the western and northern Barents Sea margin and from the troughs 
suggests a strong Atlantic water inflow in the early Holocene. The Holocene benthic 
foraminiferal assemblages are similarly diverse in the NW Barents Sea and western Bering 
Sea, whereas planktic assemblages are of low diversity in both areas. A dominance of 
indicative benthic species points to an enhanced export production in the western Bering Sea 
during the Early Holocene. The strong prevalence of the dysoxic benthic group suggests 
oxygen-depleted conditions at the bottom/sediment boundary. Export production seems to be 
rather low during the middle to late Holocene. 
 
Introduction  
 
Scientific background  
After the dramatic changes associated with the decay and melting of the Scandinavian-
Barents Ice Sheet and the re-opening of the Bering Strait, the Barents and Bering seas 
remained closely connected to the High Arctic by marine gateways as well as by land/sea and 
ocean/atmosphere interactions. Besides, the Holocene environments of the Barents and Bering 
seas were strongly controlled by the inflow of oceanic waters from the North Atlantic and 
North Pacific, respectively, and therefore, by the rate of thermohaline circulation. 
Over the past decade, numerous publications (including those of our team) highlighted the 
timing and causes of the Holocene Thermal Maximum in the different parts of the Arctic, 
notably in the Barents Sea. A significant progress has been made in understanding the post-
glacial evolution of the NW Pacific and surrounding seas. However, many paleoceanographic 
and sedimentological questions remain incompletely addressed in both areas.  
During the previous OSL project, we studied the deglacial interval in the sediment cores 
S2528 (80°40,80’N, 29°36,70’E, water depth 428 m) and S2519 (79°30,75’N, 28°41,68’E, 
water depth 347 m) from the deep Kvitøya Trough and Erik Eriksen Strait, NW Barents Sea, 
respectively. The age models of the cores were basically developed in cooperation with the 
foreign partners based on the lithological descriptions and AMS-14C data and, therefore, 
available for the present study. The age models for the Bering Sea cores SO201-2-85KL and 
SO201-2-77KL were published by the German partners of the current project. Our team 
identified the millennial paleoceanographic events in the above-mentioned sediment cores 
from the Barents and Bering seas over the Termination I and correlated them in the two 
basins.   
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Goals and objectives of the project 
The project was aimed at a comparative high-resolution study of changes in foraminiferal 
assemblages, sedimentology and paleoceanography in the Barents and Bering seas in the 
Holocene. The objectives of the project included: 
• assessment of  millennial to centennial variability in benthic and planktic foraminiferal 

assemblages, paleoenvironments and Atlantic water inflow in the northwestern Barents Sea 
in the Holocene in relation to global and regional climatic and paleoceanographic changes;  

• inferring the meridional changes in benthic assemblages of the northwestern Barents Sea 
along the Atlantic water pathway and changes in the bottom-water hydrodynamics using 
indicative species;  

• assessment of the Holocene sedimentation features in the Northern Barents Sea troughs; 
• evaluation of millennial to centennial variability in benthic and planktic foraminiferal 

assemblages from the Holocene section of the core SO 201-2-77KL and from the nearby 
mini-core SO201-2-79MUC and reconstruction of changes in bioproductivity and bottom-
water oxygenation; 

• comparison of planktic foraminiferal data from the western Bering Sea with the Mg/Ca and 
alkenone-derived SST reconstructions by German partners to address the poorly known 
species ecology in the subarctic NW Pacific; 

• comparative study of the Holocene planktic and benthic foraminiferal fauna in the Barents 
and Bering seas;    

• inferences about millennial paleoceanograpic changes in the Bering and Barents seas 
during the Holocene. 

 
Research activities  
 
Approach 
The multi-proxy scientific approach used in the project includes: 
• sieving of about 100 samples from the cores S2528 and S2519 (size fractions >50 and 

>100 µm); 
• counting of gravel grains in the Holocene samples from the Barents and Bering sea cores; 
• preparing and analyzing of 12 smear-slides from the sediments of the cores SO201-2-85KL 

and SO201-2-77KL;  
• clay mineralogy of 3 samples from core SO201-2-85KL; 
• quantitative study of  planktonic and benthic foraminiferal assemblages from >100 samples 

from the Barents Sea cores  S2528 and S2519, and 27 samples from the Bering Sea core 
SO2012-77KL; 

• identification of foraminiferal oxic groups in the Holocene sediments of the western Bering 
Sea; 

• taking digital images of foraminiferal species from core materials of both seas for a 
comparative faunal study on the 3D system of the Olympus Camera at the OSL; 

• collecting data and publications on paleoceanographic and micropaleontological studies in 
the Bering and Barents seas; 

• regional stratigraphic and paleoceanographic correlations; 
• submission of abstracts to international meetings on the subject of the current project; 
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• preparation of three talks for international meetings; 
• revision and finalizing of the papers for publication; 
• preparation of a new paper for publication. 
In the Bering Sea core SO201-2-77KL, benthic foraminiferal assemblages were studied in the 
sediment fractions  >63 µm from aliquots containing at least 250 tests. In the upper part of the 
studied section, calcareous microfossils are less abundant due to dissolution, therefore, 100-
250 specimens were counted in each sample. Planktic foraminifers were counted from the 
sediment fraction >100 µm. The same fraction was used for both planktic and benthic census 
counts in the Barents Sea cores. 
Reconstructions of changes in sea-surface bioproductivity were based on the available 
published information about ecological preferences of some dominant (>15% of the total sum 
in the sample) species as well as on variability of abundance and accumulation rates of 
benthic and planktic fauna. Relative changes of oxygen content in the bottom waters were 
inferred from the distribution of oxygen-related groups named oxic (6-1.5 ml/L), suboxic 
(1.5-0.3 ml/L) and dysoxic (0.3-0.1 ml/L) according to Kaiho (1994). This method is based on 
the tolerance of different species to a certain range of oxygen concentration near the seafloor 
(Kaiho, 1994). 
Our reconstructions of the intensity of Atlantic water inflow into the Barents Sea are based on 
our own and published records of  micropaleontological, isotopic and geochemical indicators 
such as, for example, estimates of paleotemperatures in the surface water layer (~0-100 m) 
derived from alkenones and planktic foraminiferal assemblages using analog methods or 
transfer functions. The increase in the relative content of the benthic foraminifers Cassidulina 
teretis, Pullenia spp., Trifarina angulosa, and others, which are considered as indicators of 
Atlantic water on the Arctic shelf, implies the occurrence of these waters in the bottom layer 
of shelf depressions, troughs, and fjords of the Barents Sea at depths up to 650 m. The 
presence of marine and glaciomarine sediments is considered as evidence of the absence of 
glaciers at the sampling sites, and the high contents of gravel (>2 mm) and sand (>100 µm) 
sediment fractions indicate iceberg rafting. 
 
Accomplishments 
For the NW Barents Sea, we completed the quantitative IRD (ice-rafted debris) and 
foraminiferal Holocene records from the cores S-2519 and S-2528, and compared them with 
some available paleoceanographic data from the North Atlantic and Baltic Sea. A paper on 
paleoceanographic variability of the Atlantic water inflow into the Barents Sea and the area 
development after the decay of the ice sheet has been published (Ivanova et al., 2016) and 
read by ~90 colleagues via Research Gates. 
For the western Bering Sea, we obtained quantitative IRD, and benthic and planktic foramini-
feral Holocene records from the core SO201-2-77KL and supplemented it with the recent (late 
Holocene) benthic record from the mini core SO201-2-79MUC.  
The Holocene variations of oxygen-content-related benthic groups were calculated following 
the species grouping described in Ovsepyan et al. (2013). A manuscript on the 
sedimentological changes inferred from the core SO201-2-85KL has been revised and 
published (Alekseeva et al., 2015). 
E. Ovsepyan defended her PhD thesis on a subject related to the current OSL project 
(supervisor E. Ivanova). 
The results of the current and previous OSL projects were presented at the Arctic PAST 
GATEWAYS meetings in Potsdam, Germany (May, 2015), Trondheim, Norway (May, 2016) 
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and at the INQUA Corgress in Nagoya (Japan, 2015). Two poster presentations have been 
accepted for the ICP 12 in Utrecht (August, 2016). 
We have summarized the existing knowledge on the stratigraphy and paleoceanographic 
events in the subarctic Pacific, Bering and Barents seas, and nearby subpolar Atlantic during 
the Holocene. 
As a result of the discussions with the German partners from AWI and GEOMAR during the 
stays of E. Ivanova (~2 weeks) and E. Ovsepyan (1 month in 2015 and 1 week in 2016) in 
Germany, a joint manuscript of paleoproductivity changes in the NW Bering Sea is being 
prepared. 
The research was done according to the working program.  
 
Results  
In the northern part of the Barents Sea, we have improved the age models of the cores S2528 
and S2519 from in Kvitøya Trough and Erik Eriksen Strait in cooperation with the foreign 
partners. The Holocene paleoceanographic reconstructions within the project are based on the 
new foraminiferal and IRD time series from these cores.  
A collection of our own and published data on the sea-surface, subsurface and bottom-water 
temperature and percentage of Cassidulina teretis in benthic assemblages led us to reconstruct 
the intensity of the Atlantic water inflow into the Barents Sea in the surface and bottom layer 
via the western and northern troughs during the early Holocene (Ivanova et al., 2016). By the 
beginning of the Holocene, the Barents Sea ice sheet had collapsed and the small glaciers 
remained only on the surrounding archipelagoes while the Scandinavian sheet was decreasing 
and retreating northward from the Baltic Ice Lake. Global warming and glacio-eustatic sea-
level rise at the beginning of the Holocene triggered the transgression and development of 
marine environments instead of glaciomarine conditions in the Barents Sea. The significant 
meltwater influx determined low sea-surface temperatures and sea-ice expansion in the 
Barents Sea. The Early Holocene, ca. 11.3-9.0 cal ka BP, was marked by a significantly 
intensified influx of Atlantic water via the Norwegian Sea into the Barents Sea, extending 
from the surface to bottom on the major routes of this water mass in the west and southwest, 
and a further retreat of the glaciers on Svalbard, Franz Josef Land, and Novaya Zemlya 
(Fig. 1). This is evident from relatively high temperatures in the surface water layer (0-100 m) 
at the stations MD95-2011, M 23258, JM03-373, and PSh-5159 and from an increase in the 
relative content of "Atlantic" species in benthic foraminiferal assemblages from cores PSh-
5159R, NP05-21, and PL94-67 as compared to the Younger Dryas interval (Ivanova et al., 
2016 and references therein). 
Unlike the early deglaciation interval, the Holocene samples from the cores S2528 and S2519 
are generally rich in benthic and sometimes in planktic foraminiferal tests. The state of their 
preservation varies significantly, frequently even within the same sample. Benthic fauna is 
rather diverse while the planktic foraminifers are generally represented by the polar species 
Neogloboquadrina pachyderma left-coiling. Benthic assemblages are dominated by Cassidu-
lina reniforme, a typical species of the Arctic shelf, in the early Holocene and by the most op-
portunistic species Elphidium excavatum forma clavatum in the late Holocene. In both cores, 
we identified several peaks of the Atlantic-water-affiliated species Cassidulina teretis. Some 
other species known to be indicative of the Atlantic water are also found, including Pullenia 
bulloides, Pullenia quinqueloba and Trifarina angulosa. It is interesting to note that the high 
values of C. teretis in the Holocene are comparable to those in the Bølling-Allerød and Youn-
ger Dryas intervals. They are also similar to the Holocene peaks of the species in the northern 
Franz Victoria Trough (Core JPC5/PG5 studied by Lubinski et al., 2001) and much higher 
than in our previously studied reference core ASV-880 from the Franz Victoria Trough (Du-
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plessy et al., 2001; Ivanova, 2006). On the contrary, the IRD content is very low and gravel 
grains are scarce as the iceberg calving in the area was over at the end of the Younger Dryas.  

 
Fig. 1: Schematic maps of Atlantic water inflow and deglaciation in the Barents Sea/Baltic Sea region at ~11.4-
11.1 (Preboreal) and ~10.5-10.3 (Early Holocene) modified from Ivanova et al. (2016). Black dots designate 
stations with a defined strong "signal" of Atlantic waters in the surface (white) and bottom (black) layers of the 
water column. The solid black line shows glacier boundaries, and the dotted line indicates boundaries of basins 
that preceded the Baltic Sea. Solid blue and pink arrows designate the inflow of surface and subsurface waters, 
respectively, into the Barents Sea; dotted arrows mark weak inflow. YS: Yoldia Sea, AL: Ancylus Lake. 

 
In the western Bering Sea, benthic and planktic foraminiferal assemblages were studied from 
the early and middle Holocene section of the core SO201-2-77KL, obtained on the Shirshov 
Ridge southward of the previously studied core SO201-2-85KL. Benthic foraminiferal assem-
blages are mainly represented by Stainforthia fusiformis, Epistominella arctica and Alabami-
nella weddellensis (Fig. 2). High percentages (~60%) of S. fusiformis are found within the 
early Holocene interval. In modern oceans, this species is characterized by opportunistic life-
strategy and strongly dominates under stressful and rapidly changing conditions resulting 
from seasonal marine organic matter supply to the seafloor, temporal extreme oxygen 
depletion near the bottom, erosion, wave impact etc. or a different combination of these fac-
tors (Alve, 2003). Thus, bioproductivity seems to have been seasonal but high during the 
Early Holocene. Simultaneously, a moderate amount of the seasonal bioproductivity indicator 
A. weddellensis and absence of the high-bioproductivity species Bulimina tenuata might 
additionally point to discontinuous organic matter flux to the seafloor in the southwestern 
Bering Sea at the beginning of the Holocene. However, benthic foraminiferal data from the 
northern core 85KL point to high-productive surface waters during this time. The difference 
might be linked to more oligotrophic condition over the southern site 77KL. 
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Fig. 2: Distribution of the dominant indicative benthic species from the cores 77KL and 85KL in comparison to 
total organic carbon (TOC) and SiO2 records from the core 77KL. TOC and SiO2 records are from Riethdorf et 
al. (2013a). 

 
The Middle-Holocene interval is characterized by a high portion of E. arctica. The epifaunal/ 
shallow-infaunal Epistominella arctica reacts to short-term phytodetritus flux to the seafloor 
in seasonal ice-free conditions in the Arctic (Wollenburg & Mackensen, 1998; Wollenburg & 
Kuhnt, 2000; Cornellius & Gooday, 2004). However, this species was also found under a 
permanent sea-ice cover (Wollenburg & Kuhnt, 2000). Polyak et al. (2013) speculate that E. 
arctica prefers a transitional environment between areas, covered permanently by sea ice, and 
sea-ice marginal zones. Besides, this species avoids highly dynamic bottom-water environ-
ments (Wollenburg & Mackensen, 1998). As a permanent sea-ice cover is unlikely over the 
Shirshov Ridge during the modern interglacial (Mehéust et al., 2015), it seems that sea-
surface bioproductivity was lower during the Middle Holocene as compared to the early part. 
High percentages of A. weddellensis might imply seasonal bioproductivity conditions during 
the Late Holocene. However, sea surface bioproductivity appears to be lower than during the 
Early Holocene but higher than during the middle part. A prevalence of A. weddellensis is 
also found in the nearby-located mini-core 79MUC recovering the Late Holocene interval.  
This conclusion is further supported by a reduced TOC content (Riethdorf et al., 2015). Low 
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benthic foraminiferal abundance and accumulation rates imply low annual organic-matter flux 
to the seafloor during the Holocene. 
Oxygen-related groups are mainly represented by suboxic and dysoxic ones, which display 
antiphase relationship throughout the studies section. The part of the dysoxic group decreases 
toward the Late Holocene and the suboxic group increases simultaneously. This might 
indicate a gradual ventilation improvement at the lower slope of the Shirshov Ridge. It is 
interesting to note that the deep (~2 km) ocean underwent an oxygen depletion during the 
Early Holocene. However, the oxygen deficiency was not extremely strong as was the one 
reconstructed for intermediate depths.  
A comparative study of the Holocene planktic and benthic foraminiferal diversities revealed 
that planktic fauna is represented by 7 species in the western Bering Sea and by only 4 species 
in the NW Barents Sea. Neogloboquadrina pachyderma left-coiling dominates in both basins, 
in the western Bering Sea, however, the second common species, Globigerina bulloides, 
accounts for up to 30% of the assemblages. The diversity of benthic assemblages is of the 
same order of magnitude in the western Bering Sea (up to 19 species per sample) as compared 
to the NW Barents Sea (up to 17 species per sample). Only a few species, notably Islandiella 
norcrossi, Melonis barleeanus, Pullenia bulloides and Nonion labradoricum, are common in 
both basins. These differences can be explained by the generally zonal distribution of planktic 
foraminifers in the World Ocean and by the stronger impact of the local factors and barriers 
on benthic assemblages. Our findings are consistent with the available regional studies 
showing the pronounced benthic foraminiferal provincialism on the Arctic shelves and in the 
Subarctic Pacific. As for planktic foraminifers, the provincialism in the studied areas is well 
pronounced at genotype levels but morphospecies are known to be the same.  
 
Conclusions  
The results of the high-resolution multi-proxy study of the AMS-14C-dated Holocene sections 
of the sediment cores S-2519 and S-2528 from the NW Barents Sea demonstrate significant 
variations in foraminiferal assemblages, preservation and abundances, indicating pronounced 
changes in the Atlantic water inflow via the Kvitøya Trough and Erik Eriksen Strait and in 
sea-ice conditions. The iceberg calving in the area was over much earlier, by the end of the 
deglaciation. A revision of data on foraminiferal assemblages, surface, subsurface and 
bottom-water temperatures from the set of sediment cores along the western and northern 
Barents Sea margins and from the troughs provided evidence of a strong Atlantic-water 
inflow in the Early Holocene, at ~11.4-11.1 and 10.5-10.3 cal ka BP. 
The dominance of the indicative species points to an enhanced supply to the seafloor of the 
western Bering Sea during the early Holocene. The strong prevalence of the dysoxic benthic 
group suggests oxygen-depleted conditions at the seafloor. Reduced organic-matter supply to 
the seafloor and better bottom-water oxygenation are inferred for the Middle Holocene. 
Export production seems to remain rather low during the Late Holocene. 
The Holocene benthic foraminiferal assemblages are rather divers in the western Bering Sea 
and in the NW Barents Sea. Planktic foraminiferal assemblages in both seas are dominated by 
the subpolar morphospecies Neogloboquadrina pachyderma left-coiling. 
The paleoenvironments at both locations in the Barents and Bering seas were less variable 
over the Holocene than over Termination I. A millennial cyclicity is not inferred in any of the 
two basins during the Holocene. 
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Summary 
The Cenozoic perennial/seasonal ice history of the central Arctic is reconstructed based on 
study of large-sized (>0.5 cm) psephitic fraction and heavy minerals obtained from ACEX-
IODP-302, POLARSTERN (2008, 2011 and 2014) and AKADEMIK FEDOROV (2000) 
cores. A regular decrease in rock rounding depending on the rejuvenation of their host 
sediments was found in the ACEX (Arctic Coring Expedition) borehole. The large number of 
well-rounded stones in the Oligocene sediments of the ACEX borehole is connected with a 
general uplift and erosion over a considerable part of the Russian Arctic shelf. Eurasia has 
been the main source area for the central part of the Lomonosov Ridge and Arctic Canada for 
the Alpha-Mendeleev ridges, which corresponds to the two main systems of ice drift 
(Transpolar Drift Stream and Beaufort Gyre). A change in petrographic associations occurred 
at about 13 Ma, probably due to the onset of multi-year ice, the "paleo" transpolar drift-ice 
system. The duration of the mid-Cenozoic hiatus was much shorter than 26 Ma: its length is 
unlikely to have exceeded 400,000 years. 

 
Introduction 
 
Scientific background 
Currently, a distinct reduction of sea-ice cover is observed in the central Arctic (e.g., 
Parkinson, 2014; Stroeve et al., 2014; Tietsche et al., 2014). Numerical models predict a 
progressive reduction of the ice cover in the future (e.g., Overland & Wang, 2013), but there 
is an uncertainty in understanding the speed of this process. Information about the ice-regime 
history in the geological past is essential for understanding the causes of the observed 
changes. The first possibility of detailed paleoclimatic studies covering Cenozoic time has 
appeared after the successful IODP-302-ACEX drilling in the near-pole part of the central 
Arctic (Backman et al., 2006; Moran et al., 2006). The time of onset of the seasonal and pack 
ice in the central Arctic and their Cenozoic history was discussed in a number of important 
publications prepared based on ACEX materials (Darby, 2008; 2014; Krylov et al., 2008; 
Matthiessen et al., 2009; St. John, 2008; Stickley et al., 2009). Nevertheless, this issue 
remains controversial and new approaches are required. 
IRD (ice-rafted debris) appears first in the ACEX core at ~46 Ma, in the middle Eocene, 
implying that ice, glacial or sea ice, rafted this material to the ridge from this time onwards 
(St. John, 2008). The appearance of sea ice in the central Arctic during the early Eocene was 
subsequently supported by findings of sea ice-dependent fossil diatoms (Synedropsis spp.) in 
the ACEX core (Stickley et al., 2009). A two-phase initiation of sea ice is suggested with 
formation of a sea ice over the marginal shallow shelf areas by ~47.5 Ma followed by 
seasonal sea-ice formation in the offshore Arctic Ocean by ~47 Ma (Stickley et al., 2009). 
Icebergs or sea-ice flows are the only possible agents that can transport sand-sized particles to 
the central Arctic Ocean, but it is more difficult to determine by studies of sea sediments at 
what time period a perennial sea-ice cover was first established in the Arctic Ocean. The 
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distinction between seasonal and perennial sea ice is critical because year-round sea ice at the 
North Pole implies a different set of climate feedbacks than an environment with an ice-free 
season (e.g., Stickley, 2014).   
Assuming that source areas for sediments, analyzed in the ACEX record, were geographically 
too far away to be rafted by seasonal sea ice, it is suggested that a perennial sea-ice cover was 
established in the time period of 14-13 Ma (Darby, 2008; Krylov et al., 2008). In his recent 
paper, Darby (2014) analyzed grains of iron oxides found within the ACEX core to push the 
date for the first perennial sea ice back to the Middle Eocene. He compared the chemical 
compositions of the iron grains in the core to those of potential source rocks along the Arctic 
margin. Even assuming fairly quick drift speeds for sea ice, it would take over a year for ice 
to travel from some of these locations on the shelf to the site where the grains were deposited. 
Therefore ice must persist year-round. Based on Darby's (2014) investigations, between 44 
and 36 million years ago, the ice cover fluctuated between seasonal and perennial, indicating 
climate instability during this time. Our project focuses on testing the Darby hypothesis based 
on our data and approaches. 
 
Goals and objectives 
Our understanding of the sea-ice dynamics in the future depends largely on our knowledge of 
the ice cover in the past. This is important for paleoclimate modeling and for the 
reconstruction of sedimentation. Therefore, the main goal of our project is the reconstruction 
of the Cenozoic perennial/seasonal ice history in the central Arctic Ocean. 
The objectives were: 
• chemical and petrographic analysis of rocks scattered throughout the ACEX cores, and in 

the Quaternary section on the Mendeleev and Lomonosov ridges; 
• study of the shape and roundness of psephitic rock fragments; 
• study of heavy-mineral distribution in the Quaternary sediments obtained from the 

Mendeleev and Lomonosov ridges; 
• reconstruction of the Cenozoic ice/iceberg drift. 
 
Research activity 
 
Approach 
The following research activities were carried out during the project. 
• petrographic study of thin sections of Cenozoic (ACEX) dropstones from the Lomonosov 

Ridge as well as clasts (>0.5 cm) retrieved from the Quaternary deposits from the 
Mendeleev and Lomonosov ridges, and comparison with the samples from possible source 
areas. The polarizing microscopes available at the OSL and VNIIOkeangeologia were used 
for identification of the different lithological/facial types of the rocks and comparison with 
rocks from possible source areas. The amount of each petrographic type was estimated. 
(persons in charge: A. Krylov and I. Valdaev); 

• chemical analysis of pebbles from the Mendeleev and Lomonosov ridges, using a portable 
XRF (x-ray fluorescence) device, was carried out for the identification of source areas. 
Studies were performed in VNIIOkeangeologia (St. Petersburg) and the Institute of 
Mineralogy, Geochemistry and Crystal Chemistry of Rare Elements (Moscow). Several 
geochemical modules were tested for different rock types (person in charge: A. Krylov); 

• analysis of pebble morphology: size, shape, surface, roundness (persons in charge: A. 
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Krylov, I. Valdaev and L. Ermakova); 
• investigation of heavy-mineral distribution in the ACEX borehole under petrograpic 

microscope (persons in charge: A. Krylov). 
 
Accomplishment 
The possible source areas for the "paleo sea ice" were detected based on mineralogical and 
petrographic studies. Mineralogical and petrographic associations in the sediments from the 
Central Arctic were compared with those in the most probable source areas. A tentative 
conclusion concerning the mechanism of pebble transport (sea ice vs. iceberg) was drawn 
after analyzing the morphology of the pebbles.  
Roundness is also an important characteristic for detection of ice vs. iceberg mechanisms of 
IRD delivery. Roundness of stones was assessed using the Wadell coefficient as well as the 
Khabakov coefficient. The values of the Wadell coefficient for the ACEX stones vary widely: 
from 0.11 up to 0.80. In accordance with Wadell’s classification, our samples can be sub-
divided into the following categories: values of less than 0.2 characterize non-rounded stones, 
values, ranging from 0.2 up to 0.4, subangular ones, from 0.4 up to 0.6 subrounded ones, and 
from 0.6 up to 0.8 well-rounded ones. The "older" dropstones generally have a better round-
ness in comparison with the "younger" dropstones. The presence of a well-rounded sample 
may indicate delivery with ice from the coastal beach area through the "anchor" capture 
mechanism. The reason is that only under these conditions rocks can become well-rounded. 
Glaciers can also grind the edges of stones, but the surface must contain glacial striation. Non-
rounded stones might be likely delivered with icebergs during degradation of glaciers.  
The absolute content of stones per lithological unit (LU) in the ACEX borehole does not 
provide precise information about the intensity of their delivery from the source areas since 
LUs have different thicknesses. For this purpose, we use the ratio of the number of stones per 
1 m of sediment within a LU (or pebbles/meter, P/M index). A high P/M index is calculated 
for LU 1/5, LU 1/4 and LU 1/1 whereas a low P/M-index is found in LU 2 and LU 1/6. The 
maximal P/M index observed in LU 1/5 coincides with the high terrigenous sand "mass 
accumulation rates" (St. John, 2008). Furthermore, the depth range over which isolated 
pebbles and granules were observed coincides with increased accumulation of terrigenous 
sands (St John, 2008). 
To assess the possible variation of the ice drift in the past, we carried out a detailed 
assessment of the sea-ice drift for the modern period. 
The research was carried out in accordance with the working program. 
 
Results 
Several boreholes, drilled at the near-pole part of the Lomonosov Ridge during the Arctic 
Coring Expedition (ACEX-IODP-302) in 2004, as well as coring sites, covering upper 
Quaternary sediments on the Lomonosov and Alpha-Mendeleev ridges (POLARSTERN 
cruises in 2008, 2011 and 2014; AKADEMIK FEDOROV cruise in 2000), gave us the 
opportunity to reconstruct with some degree of certainty the Cenozoic history of the Arctic 
Ocean and clarify our conception about the climate change in this region. The sites studied in 
our project are shown in Figure 1. 
The main issue that we address in our project is the reconstruction of the seasonal/perennial 
ice history in the Cenozoic. We check the sensational idea of D. Darby published in Nature 
Geosciences (2014) about the appearance of the perennial sea ice in the middle Eocene. 
Darby's conclusion appears based on studies of the iron-oxide distribution using his recently 
published personal database. His results give evidence that the Canadian Arctic was a main 
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supplier of the terrigenous material to the near-pole part of the Lomonosov Ridge during the 
Cenozoic. On this basis, Darby calculated the distance to the point of ACEX drilling and, 
taking into account the velocity of the ice drift, reached the conclusion that perennial sea ice 
appeared for the first time in the middle Eocene. However, this inference about delivery of the 
terrigenous material from Canada contradict numerous mineralogical and geochemical studies 
published earlier (e.g., Krylov et al., 2008; Frank et al., 2008). Our research performed during 
this project made it clear that the source area for sea ice defined by Darby is wrong. Our 
petrographic and mineralogical studies show that the terrigenous material was delivered to the 
near-polar part of the Lomonosov Ridge from the Eurasian Arctic (associations are similar to 
those in the Kara Sea, Laptev Sea and East Siberian Sea, and different from the associations 
in the Canadian Arctic). Therefore, Darby's conclusion about the appearance of the perennial 
ice in the middle Eocene is likely not true. 

 
Fig. 1: Coring sites used in project. 

 
The presence of only three pebbles in the relatively thick LU 2 (ACEX borehole) testifies in 
favor of a limited sea-ice development in the Early-Late Eocene. All samples were found in a 
very narrow range of the section (238.10 mcd, 238.77 mcd and 240.41 mcd) and the time 
interval of their accumulation corresponds to 41.2-41.4 Ma, according to the "Os-stratigraphic 
model" (Poirier & Hillaire-Marcel, 2011). 
In LU 1/6 two dropstones with a relatively high Wadell-coefficient (0.55-0.56 and 0.61-0.62 – 
subrounded and well-rounded, respectively) were found. Their position at 207.64 and 
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204.94 mcd corresponds to an age of 37.5 and 37.2 Ma, in the late Eocene. It is important to 
note that the distance from the level of the last dropstone occurrence within LU 1/6 to the LUs 
1/5-1/6 boundary, where the hiatus is expected, is equal to 6.24 m. The first dropstone in LU 
1/5 appears at 196.73 mcd, that is 1.97 meters above the LSUs 1/5-1/6 boundary. The age of 
this level is 36.3 million years according to the "Os-stratigraphic model." There is no material 
larger than 0.5 cm found in the interval of 204.94-198.73 mcd (=8.23 m). Assuming the 
existence of a long hiatus at the LUs 1/6-1/5 boundary, constituting 26 Ma (Backman et al., 
2008), the absence of large-sized material seems improbable. This period (e.g., the Oligocene) 
is characterized by a general drop in temperature (Zachos, 2001) and perhaps glaciations, 
which would lead to an intensification of ice-rafting that would certainly have resulted in the 
enrichment of coarse material in deposits near the LUs 1/6-1/5 border. The total lack of 
dropstones is evidence against the presence of a long hiatus. 
The formation of LU 1/5, zebra layer, occurred during the opening of Fram Strait and the 
transition from a poorly ventilated and land-locked sea with reduced salinities to a generally 
well-ventilated saline ocean (Jakobsson et al., 2007). This led to restructuring of water 
currents and changes in source areas for the central Arctic. The latter is marked, for example, 
by a changing in chemical elements (März et al., 2011; Sangiorgi et al., 2008), or in the 
distribution some minerals (black ore (Krylov et al., 2008), quartz, feldspars etc. (März et al., 
2011)) at the LUs 1/5-1/6 boundary. Detection of sandy lenses within LSU 1/5 (Backman et 
al., 2006) is likely the result of episodic erosion due to strong inflow of Atlantic water through 
the opening Fram Strait.  
Thus, according to the "Os-stratigraphic model", the accumulation of relatively well-rounded 
dropstones in LUs 1/5 and 1/6 occurred in the Middle-Late Eocene during the progressive 
cooling of the climate. Pebble material was rounded in the shore-areas of the Eurasian shelf 
and was captured and transported to the drilling site with sea ice. Icebergs are excluded as 
transport mechanism at that time due to the lack of glaciations. 
Full marine oxic conditions formed at the Lomonosov Ridge from LU 1/4 (Jakobsson et al., 
2007; Kaminski et al., 2009). The first pebble in the LU 1/4 was found at 191.22 rmcd, 
whereas the last was found at the level of 170.19 mcd, which corresponds to the Early 
Oligocene (33.4 Ma) and Early Miocene (22.35 Ma), respectively, according to the "Os-
stratigraphic model."  
Supply of a considerable amount of terrigenous material to the shallow shelf area may explain 
the relatively high rate of pebble delivery with ice (P/M = 0.33) during the accumulation of 
LU 1/4. The reason for this is most likely the Oligocene erosion, possibly due to the uplifts on 
the Western Arctic shelf.  
A shift in petrography of dropstones from quartzite/quartz sandstones in LU 2 to LSU 1/4 to 
the "mixed association" in LSU 1/3 to LSU 1/1 occurred at around 159 rmsd, which almost 
coincided with a shift in heavy-mineral distribution and corresponds to the age of around 
13 Ma (Krylov et al., 2008). It was probably caused by the onset of perennial sea ice in the 
Arctic and, as consequence, the appearance of additional source areas. Based on results of 
analyzing heavy-mineral distribution, the initial Kara/western Laptev Sea source might be 
extended to the east when cooling of the Arctic become enough to form the perennial ice.  
The sources of terrigenous material for Quaternary sediments of the Alpha-Mendeleev ridges 
differ from those of the Lomonosov Ridge. The strong predominance of dolomites among the 
"Mendeleev-Alpha psephites" suggests their preferential delivery from the platform area of 
the Canadian Arctic Archipelago, which is composed mainly of Early Paleozoic dolomites 
(e.g., Victoria Island). A similar conclusion was reached earlier by Phillips & Grantz (2001) 
on the basis of the perographic study of clasts (>2 mm) in box corers. The folded Sverdrup 
Basin, containing a significant amount of terrigenous rocks, is unlikely as a considerable 



 M-52 

source of stone for the Alpha-Mendeleev ridges because it could not produce a rock 
assemblage as the one found in the studied sites in the Amerasian Basin. It is unlikely that the 
dolomites were delivered from Alaska as it was not subject to significant glaciations at the 
shoreline (e.g., Jakobsson et al., 2014), and therefore could not supply a large number of 
icebergs, mostly transporting large-sized rock fragments. The restricted distribution of 
dolomites in the Eurasian sources (e.g., Drachev et al., 2010) clearly testifies against their 
essential role in the delivery of coarse material. 
Dolomites strongly predominate among the clasts retrieved from the Alpha-Mendeleev ridges 
(up to 46% of the total amount of rocks). They were delivered mainly from the platform part 
of the Canadian Arctic Archipelago with icebergs at the time of deglaciation, and/or with sea 
ice during intergacial periods. The trajectory generally corresponds to the modern Beaufort 
Gyre. Maximal concentration of dolomites in the southern part of the Mendeleev Ridge is 
evidence in favor of the predominance of the relevant drift path and the maximum unloading 
of the carried material along the periphery of the Amerasian Basin. A similar conclusion was 
reached by Phillips & Grantz (2001). 
 
Conclusions 
We obtaind the following results: 
• ice/iceberg-rafted material has a wide variety of shapes, however, the "bladed" shape is the 

least abundant; 
• non-rounded rock fragments greatly prevail among ice/icebergs-rafted material regardless 

of the type of rocks by which they are composed. A similar poor roundness is expected 
among fragments of "local" rocks. This implies that the poor roundness among psephites 
can hardly be used as a reliable criterion to distinguish between local and ice/iceberg-rafted 
stones. Perhaps only the well-rounded rocks can be confidently referred to as material from 
ice (but not iceberg) rafting as such a degree of roundness can be obtained only at the 
beaches or in the alluvium. "Anchor" capture by ice is the most likely mechanism for the 
transfer of such dropstones; 

• a significant prevalence of dolomites among the samples retrieved from the Alpha-
Mendeleev ridges provides evidence in favor of their predominant delivery from the 
islands of the Canadian Arctic Archipelago (likely from the platform area). The main 
mechanism for the delivery was iceberg-rafting, which played a major role in the periods 
of deglaciation; 

• the decrease in degree of dropstone roundness in the ACEX section could be explained by 
an increasing proportion of iceberg material in younger sediments. If, however, this were 
the case, it would likely be accompanied by an increasing amount of carbonate rocks since 
icebergs are mainly generated in the Canadian Arctic Archipelago largely composed of 
Paleozoic carbonates; 

• the studied ACEX dropstones retain non-carbonate composition throughout the entire 
section, which makes their "Siberain source" and delivery by sea-ice in the "paleo-
transpolar drift" system a more likely possibility. In such a scenario the lesser rounding of 
dropstones in younger sediments can be attributed to more active stone capturing in ice due 
to fast glaciation of the Central Arctic during the Neogene cooling. This reduced the 
residence time of stones in the shore area where they are affected by wave abrasion, thus 
resulting in decreasing roundness. The supply of icebergs could also be amplified by their 
formation not only in Canadian source areas; 

• quartz sandstone/quartzite dropstones dominate in the lower part of the section (LU 2 to  
LU 1/4) while more variable lithologies occur at the upper levels (LU 1/3 to LU 1/1). This 
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change may further support a shift in the major source areas as predicted by Krylov et al. 
(2008); 

• the conclusion of Darby (2014) that the Banks and Viktoria islands area was the source for 
ice-rafted coarse material at the ACEX site (central Lomonosov Ridge) is likely wrong. 
The petrography of the large-sized (>0.5 cm) rock fragments testifies to the fact that the 
perennial ices (and icebergs) from Banks and Viktoriya islands, belonging to the Canadian 
Arctic Archipelago, likely do not deliver terrigenous material to the near-pole part of the 
Lomonosov Ridge.  
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Summary 
On the basis of river-runoff data and methods of statistical analysis, the long-term fluctuations 
of runoff were studied for rivers of the Kamchatsky Krai. The grain-size of suspended 
sediments was calculated for several river mouths. These estimations were compared with 
trends of the runoff fluctuations. Relying on monitoring data, the total suspended sediment 
yield was estimated for the mouths of the major rivers. For a number of ungauged rivers in the 
territory of the Kamchatsky Krai, regression equations were applied for estimatng the specific 
suspended sediment yield. The influence of volcanoes on suspended sediment yield 
characteristics (including the total suspended sediment yield of rivers and grain-size of 
transported sediments) and the amount of suspended sediments transported by rivers of the 
Kamchatsky Krai into the Pacific Ocean (including the Sea of Okhotsk and the Bering Sea) 
were estimated. The suspended sediment yield from ungauged territories was also assessed on 
the basis of regression equations.   
 
Introduction 
In order to research the suspended-sediment yield of rivers in the Kamchatsky Krai, we 
investigate natural features and spatial and temporal regularities of suspended-sediment 
concentration, flux and specific yield variability in this region. Active and extinct volcanoes 
in Kamchatka are specific for this region because friable volcanic deposits are particular 
sources of mineral particles in rivers. The estimation of the total suspended-sediment yield of 
rivers (including ungauged river basins) into the Pacific Ocean and its fluctuations in space 
and time will allow assessing the intensity of continental erosion in the territory of the 
Kamchatsky Krai.  
 
Scientific background 
There are several papers on the spatial distribution of suspended-sediment yield in Kamchatka 
(Shamov, 1949; Lopatin, 1955; Resources..., 1973; Sediment yield..., 1977). A maximum of 
two zones with different suspended-sediment yield were marked by these studies. The last 
survey of the data on sediments was implemented in 2014 (Kuksina, 2014; Kuksina & 
Alexeevsky, 2014) when 13 zones with differing suspended-sediment yield were found. 
Our mapping of suspended-sediment yield and its determination for non-studied territories is 
based on the distribution of climatic and soil/vegetable factors. A geographical/hydrological 
method (Evstigneev, 1990) is applied for mapping suspended-sediment yield distribution due 
to precipitation distribution, lithology, orography, soil and vegetation cover. 
The estimation of suspended-sediment yield for non-studied territories is based on regression 
equations (Lisicina & Alexandrova, 1972; Goreckaya, 1974; Lisicyna, 1974; Tkacheva, 1974) 
where suspended-sediment yield depends on its formation factors. The significant factors of 
sediment-yield formation are determined by analysis of single-factor regression equations. 
The construction of multiple regression equations (Nisbet et al., 2009) can be used to estimate 
suspended-sediment yield based on a variety of factors: 

𝑦! = 𝑏!𝑥!! + 𝑏!𝑥!! +⋯+ 𝑏!𝑥!" + 𝑏! (1) 
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where 𝑦! represents specific sediment yield, 𝑥!! , 𝑥!! ,… 𝑥!" are independent variables such as 
specific water discharge, catchment-basin area, mean slope of catchment, average river slope, 
drainage density, percentage of forest land, rivers draining flanks of active volcanoes in a 
catchment, coefficient of friable volcanic rocks present in a catchment, and b0, b1, …, bp are 
unknown model parameters, estimated from normal equation systems (Helsel & Hirsch, 2002; 
Lisicina, 1974; Tkacheva, 1974). 
 
Goals and objectives 
The main goal of the project is to estimate the amount of sediments transported by rivers into 
the seas surrounding the Kamchatky Krai (the Bering Sea, the Sea of Okhotsk, and the Pacific 
Ocean). The suspended-sediment from non-studied territories will also be estimated on the 
basis of a geographical-hydrological survey and regression equations. 
The main scientific objectives of this investigation are the following: 
• determining the spatial and temporal distribution of suspended-sediment yield character-

istics in Kamchatka; 
• collecting expedition data and results of laboratory analyses of suspended-sediment 

samples; 
• estimation of suspended-sediment transportation into the Bering Sea, the Sea of Okhotsk 

and the Pacific Ocean by Kamchatka rivers; 
• creating a GIS project of the suspended-sediment distribution in Kamchatka. 
 
Research activities 
 
Approach 
The main parameters of suspended sediment in rivers, calculated with monitoring data, are 
suspended-sediment flux, yield, and specific yield and concentration. The description of the 
long-term fluctuations of suspended-sediment characteristics is based on integral curves for 
differential equations, which allow revealing increase, decrease or average concentrations of 
mineral particles in rivers. For their construction, modular ratios (ratio of the average 
suspended-sediment flux in a specific year to its rate for a long-term period) (Evstigneev, 
1990) were estimated. The water content of each specific year was evaluated on the basis of 
probability assessment: if the probability of suspended-sediment flux during the year was less 
than 33% the year was a high-water one; if the probability was more than 66%, the year was a 
low-water one; and if the probability is between 33 and 66%, the year was an average one 
(Estigneev, 1990). 
For estimating the characteristics of the average long-term suspended-sediment yield, the 
representativeness of the observation data was evaluated by statistical methods (Evstigneev, 
1990; Hristoforov, 1994). Average annual sediment fluxes are representative if their proba-
bility varies from 5 to 95%, and ranges of 20 years and more are characterized by such 
probabilities (Evstigneev, 1990). Statistical characteristics for representative ranges were 
estimated with the method of moments: 

𝑅! =
!
!

𝑅!!
!!!  (2) 

where 𝑅! is the average long-term suspended-sediment flux (kg/sec), 𝑅! is the suspended-
sediment flux in i-year (kg/sec), and 𝑛 is the duration of observations (years). 
Suspended-sediment yield for non-studied territories was estimated on the basis of regression 
equations (Lisicina & Alexandrova, 1972; Goreckaya, 1974; Lisicyna, 1974; Tkacheva, 1974) 
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if suspended-sediment yield was determined relying on information on its formation factors. 
Multiple regression equations were elaborated and applied for a number of rivers in the 
Kamchatsky Krai. For assessing unknown parameters in ungauged river basins, the potential 
of GIS technologies was widely applied. 
The main characteristic of suspended-sediment grain-size is the mean diameter of particles 
𝑑! in a sample. It is calculated as 

𝑑! = !!!!
!""

  (3) 

where 𝑑! is the mean diameter of the i-fraction (mm) and 𝑃! is the percentage of the i-fraction 
in a sample. 
 
Accomplishments 
The application of statistical methods allowed estimating the average annual characteristics of 
suspended-sediment yield such as mean annual suspended-sediment fluxes and modular 
ratios. The calculation of the mean diameter of mineral particles allowed assessing the 
variability of sediment grain size in river mouths and its variability along the river (for the 
Kamchatka River with the maximum number of monitoring stations). On the basis of plotted 
probability curves, high-water, low-water and average years were revealed for a number of 
rivers in the Kamchatsky Krai. The representativeness of the monitoring data was evaluated. 
Analysis of integral curves for differential equations helped to describe decrease and increase 
trends of suspended-sediment yield changes. 
GIS technologies were applied for creating a digital evaluation model (DEM) for the 
Kamchatsky Krai territory. This DEM was used for determination of unknown parameters for 
a number of ungauged river basins (such parameters as basin area, mean slope of basin, 
average river slope, basin altitude, and drainage density). Sediment samples were processed at 
the OSL in fall 2015. 
 
Results 
Suspended-sediment yield was estimated for the outlets of 433 rivers flowing into the Pacific 
Ocean (including the Bering Sea and the Sea of Okhotsk) in the Kamchatsky Krai territory. 
The catchment area of the studied river basins varies from 1.4 (the Pervaya Poganka River 
flowing into Avacha Bay, Pacific Ocean) to 73,500 km2 (the Pengina River flowing into 
Pengina Bay, Sea of Okhotsk). There is monitoring data on suspended-sediment yield in river 
outlets for only 17 river basins. Their total area is 218,000 km2, or 48% of the Kamchatsky 
Krai territory. There is reference information about quantitative characteristics of the factors 
of suspended-sediment yield formation for another 13 river basins (5.5% of the territory). The 
data were a basis for application of regression equations for independent materials and com-
parison of the calculated results with the map of specific suspended-sediment yield distri-
bution in the Kamchatsky Krai. For the rest of the river basins, suspended-sediment yield was 
completely estimated with methods applied for ungauged basins. Regional regression equa-
tions were applied for 81 river basins with catchment area variety from 51.8 to 24,100 km2 
(the total area is 150,000 km2) for suspended-sediment yield estimation. The distribution of 
specific suspended-sediment yield in the Kamchatsky Krai was used for suspended-sediment 
yield estimation in the rest of the river basins with a total area of 61,500 km2 (catchment area 
varies from 8.96 to 906 km2) because many of these river basins are situated in a territory s 
not covered by regionalization and there are no regression equations for them. 
Using the monitoring data on suspended sediment yield in 63 gauges with a duration of 
observations from 6 to 71 years, the total suspended-sediment yield was estimated in the 
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mouths of the major rivers in the Kamchatsky Krai. The basin area for them varies from 150 
to 73,500 km2. The maximum amount of suspended sediments (c. 2.7 Mg tons per year on 
average) in the territory of the Kamchatsky Krai is delivered by the Kamchatka River, which 
flows into the Pacific Ocean. This value is 13% less than assessments by Milliman & 
Farnsworth (2013).  
The suspended-sediment yield of the largest river in the territory (the Pengina River draining  
into the Sea of Okhotsk) is four times less. Among the major rivers of the Kamchatsky Krai 
these two rivers transport approximately one third of the total suspended-sediment yield. The 
specific suspended-sediment yield in the Kamchatka River basin is 5 times higher than in the 
Pengina River basin. Such a high suspended-sediment yield in the Kamchatka River basin is 
connected with the active volcanoes in its territory, which are sources of a huge amount of 
mineral particles in the rivers. The specific suspended-sediment yield of the rivers of the 
eastern coast of the Kamchatsky Krai significantly exceeds the specific suspended-sediment 
yield of the rivers in the western part of the territory due to the distribution of the major 
volcanoes.  
Figure 1 demonstrates which part (W, %) of the total suspended-sediment yield from the 
Kamchatka Krai territory is transported by major rivers in dependence on river basin area (F, 
km2). 

 
Fig. 1: Distribution of suspended-sediment yield in major rivers in Kamchatka in dependence on basin area. 

 
The suspended sediment yield increases with the growth of basin area, but dependency differs 
for river basins with area F<10,000 km2 and F>10,000 km2.    
Using the ArcGIS program a DEM for the Kamchatsky Krai relief with a resolution of 90 m 
was constructed. Relying on this DEM, such parameters as basin area, mean slope of basin, 
average river slope, basin altitude, and drainage density were estimated for a number of 
ungauged river basins. These parameters were used for specific suspended-sediment yield 
assessment for ungauged river basins on the basis of equation (1). Specific suspended-
sediment yield was estimated for 13 ungauged river basins in the Kamchatsky Krai with a 
basin area from 36.6 to 4,530 km2. The results were compared with the map of specific 
suspended-sediment yield distribution which was plotted on the basis of data from monitoring 
stations taking into account the distribution of factors of suspended-sediment yield formation. 
Table 1 shows a good correspondence of the values for most of the analyzed rivers. A 
divergence of values is observed for relatively small and large basins (deviation does not 
exceed 20%). This fact means that the reliability of equation (1) for suspended-sediment yield 
estimations in ungauged river basins decreases under border conditions.  
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Table 1: Specific suspended sediment yield (SSSY) of some ungauged river basins in the Kamchatsky Krai 
 

River Basin area, km2 SSSY by equation (1), 
t/km2 

SSSY by map, 
t/km2 Deviation, % 

Bol'shaya 
Medvezhka 36.6 26.7 11-25 6.45 

Khalaktyrka 207 61.6 51-100 - 
Mitoga 378 2.26 <10 - 
Utka 788 6.62 <10 - 
Kihchick 1,950 11.5 11-25 - 
Unushka 316 3.63 <10 - 
Oblukovina 3,110 11.2 <10 10.7 
Kronockaya 2,980 45.5 51-100 10.8 
Krutogorova 2,650 9.25 11-25 15.9 
Belogolovaya 4,000 8.84 <10 - 
Icha 4,530 12.4 <10 19.4 
Kovran 1,220 14.0 11-25 - 
Palana 2,500 17.1 11-25 - 

 
The total suspended-sediment yield of rivers in the Kamchatsky Krai to the Pacific Ocean is 
11.2 Mt per year. 74.7% of these sediments is transported by rivers of the eastern coast of the 
area into the Bering Sea and Pacific Ocean and only 25.3% of suspended sediments into the 
Sea of Okhotsk. Such a distribution of suspended-sediment yield is explained by the location 
of the volcanoes in the territory – all active volcanoes (except Ichinsky Volcano which is the 
only active volcano of the western coast) are situated at the eastern coast of the Kamchatka 
Peninsula. Specific suspended-sediment yield to the Pacific Ocean significantly exceeds that 
for the drainage area of the Bering Sea (by 5 times) and the Sea of Okhotsk (~ by 3 times) due 
to the volcanoes in the area. 
The specific suspended-sediment yield from the Kamchatsky Krai territory is 2.5 times less in 
comparison with the average estimation for the World Ocean (Dedkov & Gusarov, 2006). 
According to assessments of Syvitski et al. (2005), the Kamchatsky Krai territory delivers 
only 0.23% of the total suspended-sediment yield to the Pacific Ocean. Previous estimations 
of the specific suspended-sediment yield from the Kamchatka Peninsula (Sediment yield..., 
1977) are probably significantly exceeded (it was estimated at 82.5 t km-2 yr-1 while our 
estimate is approximately 4 times less). Such a strong divergence could be explained by a 
significant difference in data massifs between the 1970s and nowadays. Our estimations 
correspond very well with assessments of Walling & Webb (1996). They estimated the 
specific suspended-sediment yield from the Kamchatsky Krai as less than 50 t km-2 yr-1, and 
got values of 20-200 t km-2 yr-1 for the eastern coast, and 5-20 t km-2 yr-1 for the western coast.     
The suspended-sediments grain-size of the major rivers in Kamchatka was analyzed on the 
basis of monitoring data from stationary gauges. Mineral particles of minimum grain-size are 
transported into the Pacific Ocean by rivers in the northern Kamchatsky Krai. The content of 
particles with a mean diameter of less than 0.05 mm exceeds 75% there due to the features of 
the underlying surface and widely spread permafrost. Particles of average grain-size are 
transported by rivers to the west from the volcanic region and by some rivers in southeast 
Kamchatka. Maximum grain-size of particles is characteristic for rivers in the Eastern 
volcanic region. The content of particles with a mean diameter of less than 0.05 mm does not 
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exceed 50% and for some river basins is less than 30%.  
Laboratory analysis of suspended sediment yield samples collected in rivers draining the 
flanks of active volcanoes in Kamchatka (Klyuchevskoy and Avachinsky volcanic groups) 
allowed constructing S=f(T) functions where S is suspended-sediment concentration (g/m3) 
and T water turbidity (NTU). It was revealed that the dependencies vary for various volcanic 
groups (Fig. 2a) and can change from year to year (Fig. 2b). 

 
Fig. 2: Variability of S=f(T) functions for the Avachinsky and Klyuchevskoy volcanic groups: a) for various 
volcanic groups, b) for the  Klyuchevskoy volcanic group from year to year. 

 
 
Conclusion 
The Kamchatsky Krai can be divided into specific regions based on the suspended-sediment 
yield in its rivers. Suspended sediment yield is formed mostly by factors such as relief, the 
amount and distribution of precipitation, and soil/vegetative cover, as well as by the 
occurrence of volcanic eruptions.  
Maximum suspended-sediment yield is observed in rivers along the eastern coast of the 
peninsula. This appears to be due to the presence of a substantial number of active volcanoes, 
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which serve as a constant source of inorganic sediment.  
The Kamchatsky Krai is one of the least studied regions in the Russian Federation. The lack 
of a relatively good monitoring network for the determination of suspended-sediment yield 
requires the development of new approaches for estimating this parameter in ungauged river 
basins. One approach to that problem is based on regression equations. These regression 
equations were applied to 13 ungauged river basins. The results of the estimations are good 
(deviation does not exceed 20%). 
The total suspended-sediment yield from the Kamchatsky Krai into the Pacific Ocean 
including the Bering Sea and the Sea of Okhotsk is estimated at 11.2 t yr-1. Most of the 
sediment (74.7%) is transported by rivers of the eastern Kamchatka coast. The assessment of 
specific suspended-sediment yield well coincides with estimations by Walling & Webb 
(1996).  
About one third of the total suspended-sediment yield is delivered by two major rivers – the 
Pengina River (flows into the Sea of Okhotsk, covers 16.1% of the drainage area) and the 
Kamchatka River (flows into the Pacific Ocean, covers 12.3% of the drainage area).     
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Summary 
A multidisciplinary study of different sections on the New Siberian Islands and Laptev Sea 
coast provides the most complete record of the Middle-Late Pleistocene environment in the 
eastern Siberian Arctic. The main goal of the project is to reconstruct terrestrial palaeo-
environmental changes of the Laptev Sea surroundings during the Pleistocene. It is based on 
high-resolution analyses of spore-pollen and diatom assemblages and morphological investi-
gations of mammals, combined with geological and geochronological data. 
Material was collected during the Russian-German expeditions with the active help of all 
team members. We described unknown Middle Pleistocene paleontological material from the 
New Siberian Islands. 
At around 25 ka BP, a differentiation in the number of mammoth fauna was indicated in the 
Laptev Sea region. This can be explained by changes in sedimentary conditions, differen-
tiation of geological situations and formation of deposits. Our investigations confirmed that 
the period from 22 to 12 ka BP was subject to very cold and dry conditions, but animals of the 
mammoth fauna inhabited the investigation territory. 
 
Introduction 
 
Scientific background 
Perennially frozen Pleistocene deposits present the unique possibility to reconstruct the paleo-
environmental conditions of the terrestrial ecosystem. The study of these evidences, supp-
lemented with dating, isotope (Nikolaev et al., 2012) and DNA methods (Lorenzen et al., 
2011) allows indicating the dynamic of terrestrial paleoenvironmental changes in different 
parts of the Laptev Sea surroundings (Schirrmeister et al., 2006). Several locations of the 
Middle-Late Pleistocene deposits on the New Siberian Islands and Laptev Sea surroundings 
are an excellent source for the reconstruction of the Quaternary paleoenvironment. They pro-
vide proxy records of their changes (Schirrmeister et al., 2002; Andreev et al., 2004, 2008).  
We were focused on the study of indicators of terrestrial paleoenvironmental conditions 
(mammals, diatoms, spore and pollen) as a higher accuracy of marks of the changing 
terrestrial environmental conditions (Lorenzen et al., 2011). The investigations have been 
carried out since 1998within the framework of the Russian-German cooperation " Laptev Sea 
System" and OSL fellowship programs. 
The study of different sections on the Laptev Sea coast provides the most complete record of 
the Middle and Late Pleistocene environment in the East Siberian Arctic. Using our macro- 
and micropaleontological, palynological, geological and taphonomic data from the Laptev Sea 
region, we reconstruct the vegetation, composition of the grazing animal populations and 
paleoenvironmental conditions on the Laptev Sea shelf land during the Late Pleistocene and 
Holocene periods (Kuznetsova et al., 2003; Andreev et al., 2008 and others). The Middle Plei-
stocene deposits of the region are studied fragmentally (Andreev et al., 2004; Wetterich et al., 
2009). Paleoenvironmental records from permafrost sequences document the environmental 
history in the region for at least the past 200,000 years. 
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With respect to the Late Saalian (c. 200-170 ka BP), the paleoecological records from the 
Zimov’e site (Bolshoy Lyakhovsky Island, New Siberian Islands) suggest that wet grass-
sedge tundra habitats dominated during the interstadial. Summers were relatively warm and 
wet while stable isotopes reflect severe winter conditions. In the Eemian (c. 170-130 ka BP) 
stadial, the pollen spectra reflect sparser grass-sedge vegetation. At the beginning of the sta-
dial, environmental conditions were much more severe compared with the previous inter-
stadial. During the middle Eemian climatic optimum, the climate was fairly warm (similar to 
modern conditions). Summer temperatures were 4-5ºC higher than today (Andreev et al., 
2004). 
 
Main goal and objectives 
Main goal of the project is to reconstruct terrestrial paleoenvironmental changes of the Laptev 
Sea surroundings – the New Siberian Islands and mainland (Fig. 1) at the end of the Middle 
Pleistocene and beginning of the Late Pleistocene. It is based on a high-resolution analysis of 
Middle-Late Pleistocene spore-pollen and diatom assemblages and morphological investi-
gations of mammals combined with geological, geochronological and isotopic data. The main 
objectives are: 
• morphological investigation of paleontological material that was collected during 

expeditions under the joint Russian-German projects "Laptev Sea System" and "Laptev 
Sea" and material collected by Russian geologists on the New Siberian Islands and at the 
southeastern coast of the Laptev Sea; 

• study of spore-pollen and diatom assemblages from terrestrial deposits of the New Siberian 
Islands and the southeastern coast of the Laptev Sea; 

• reconstruction of the terrestrial ecosystems (landscape, vegetation and mammal 
populations) of the different parts of the Laptev Sea surroundings at the end of the Middle 
and beginning of Late Pleistocene; 

• determination of terrestrial paleoenvironmental changes and time lags of the changes in the 
different parts of the Laptev Sea region. 

 
Approaches and methods 
The study of fossil remains of mammals provides information about the past life and 
important proxy evidence for the reconstruction of paleoenvironmental conditions. Combined 
with traditional micropaleontological investigations and with a complex of sedimentological 
research, it forms the basis for the most complete reconstruction of the paleoenvironment and 
dynamics of its changes. The project was carried out applying the following methods: 
• morphological study and taxonomical determination of each sample of fossil animals; 
• morphological comparison of some samples of the fossil animals from the Laptev Sea 

surroundings with similar samples from other regions of Siberia and Europe; 
• taxonomical determination and analysis of spore and pollen spectra from the Middle-Late 

Pleistocene terrestrial deposits; 
• taxonomical determination and analysis of diatom assemblages from the Middle-Late 

Pleistocene terrestrial deposits; 
• analysis of the dynamics of paleoenvironmental changes in different regions of the New 

Siberian Islands and southeastern coast of the Laptev Sea during the Middle-Late 
Pleistocene. 
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Fig. 1: Location map of the working area. 
 
The main method is a multidisciplinary high-resolution analysis – various kinds of paleo-
ecological information are summarized by a strictly defined stratigraphic and chronological 
control. 
 
Results 
We identified and described a new species of fossil horse – Equus bunge, which inhabited the 
Laptev Sea region in the Middle Pleistocene. It is morphologically close to the Sussenborn 
horse from Europe (Germany). It was found in terrestrial deposits on New Siberia Island 
(Derevyannye Gory location) under the marine deposits. It is the first discovery of the Middle 
Pleistocene horse in Arctic Siberia. We named it Equus bunge in honor of the famous Russian 
Arctic scientist Alexander Bunge. 
A. Felker investigated spore and pollen from the Laptev Sea region. She prepared 15 samples 
from terrestrial deposits of Faddeevsky Island and 10 samples from New Siberia Island. She 
taxonomical identified almost 20 species and subspecies from these samples. This provided 
the possibility to reconstruct the vegetation of these islands. Her results were used for the 
reconstruction of paleoenvironmental conditions, in particular July temperatures on the New 
Siberian Islands. This study is being prepared in collaboration with Russian and German 
scientist from Moscow State University, the OSL and AWI. 
N. Prilepskaya studied terrestrial diatom assemblages from New Siberia and Kotel’ny islands. 
She prepared and reviewed 21 samples of terrestrial deposits. Diatoms are the most sensitive 
indicators of water conditions, they rapidly respond to changing life conditions, such as type 
of water body, depth, salinity, temperature, etc. The study of diatom assemblages from 
terrestrial deposits that formed in the appointed time periods broadens and deepens our 
knowledge on climate conditions. We reconstructed the local paleoenvironmental situation at 
the end of Late Pleistocene (from 25 to 10 ka BP). We collaborated with Russian and German 
scientist from Moscow State University, the OSL and AWI. 
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Summarizing the data by Pleistocene bison and musk ox that inhabited the Laptev Sea region, 
we reconstructed their distribution in the region during the Pleistocene. This became part of a 
joint study on the distribution of the Mammoth fauna animals. In collaboration with Russian 
and Dutch colleagues, we analyzed the distribution of Pleistocene bison and musk ox in 
studies from the past 50 years. All data confirm our conclusion that bisons inhabited the 
Laptev Sea region until almost 30,000 years BP. Musk ox lived inthis territory during the 
whole Holocene (Markova et al., 2015). 
A summary and joint discussion of our new results from animals, spore-pollen and diatom 
analysis allowed reconstructing palaoenvironmental conditions during the Pleistocene on the 
New Siberian Islands and in the Oyagos lowland. Such an integrated study of the locations 
and strictly defined stratigraphic and chronological control guarantee reasonable paleoenvi-
ronmental reconstructions. All published material on the Laptev Sea surroundings was used 
for the reconstructions. The differentiation in periods of the largest number of dated mammal 
bones of the mammoth fauna from different regions and also the differentiation of geological 
situations and genesis deposits on the New Siberian Islands and in adjacent areas could be 
explained by the changes in the sedimentary conditions around 25 ka BP. Our investigations 
confirmed that the period from 22,000 to 12,000 BP was a period of very cold and dry 
conditions, but animals of the mammoth fauna inhabited the investigation territory. 
This part of the investigation was carried out in close cooperation with Russian and German 
colleagues from Moscow State University and the AWI and members of the OSL. 
The compilation and synthesis of all received paleoecological information and factors was 
carried out in close cooperation with the participants of the Russian-German science 
cooperation "Laptev Sea System" and various OSL projects (e.g., H.-W. Hubberten, L. 
Schirrmeister, A. Andreev, S. Wetterich – Germany; V. Tumskoy, E. Taldenkova – Russia) as 
well as with other potential participants. 
 
Conclusions 
Terrestrial permafrost deposits of the northeastern Siberian Arctic shelf contain different in-
dicators of the paleoenvironmental conditions. The study of this evidence in combination with 
stratigraphic and chronological control indicates the dynamics of terrestrial paleoenviron-
mental changes in different parts of the Laptev Sea surroundings during the Middle and Late 
Pleistocene. 
We started to describe unknown mammal fauna from the northeastwen Siberian Arctic shelf 
in the Middle Pleistocene. A differentiation in periods was recognized in the largest number 
of dated mammal bones of the mammoth fauna from different regions on the New Siberian 
Islands and in the adjacent areas. This could be explained by the changes in the sedimentary 
conditions around 25 ka BP; the same goes for differentiation of geological situations and 
genesis deposits. Our investigations confirmed that the period from 22 to 12 ka BP was a 
period of very cold and dry conditions. Nevertheless animals of the mammoth fauna inhabited 
the study area. 
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Summary 
Modern sediments of high-latitude water bodies of Beringia (New Siberian Islands, Russia, 
and Bathurst Island, Nunavut, Canada) were treated and studied for diatom and chironomid 
assemblages with special emphasis on specific ecological conditions and their influence on 
the diatom flora and chironomid fauna. Within the proposed project, variations of taxonomic 
composition of diatom and chironomid assemblages of modern sediments of high-latitude 
water bodies werer examined with respect to environmental gradients and type and morpho-
logical characteristics of water bodies. The results of this study contributed to our knowledge 
in biodiversity of high-latitude freshwater ecosystems and future monitoring studies tracing 
general changes in lake ecosystems. The obtained results provide the basis for development of 
calibration datasets and transfer functions for paleoenvironmental reconstructions using 
diatoms and chironomids. The project was a part of a multi-proxy study.   
 
Introduction 
 
Scientific background  
The High Arctic is a critical area for environmental and climatic research as the effects of he-
mispheric temperature trends are more pronounced in this region. Arctic regions are par-
ticularly vulnerable to environmental change and they are slow to recover from environmental 
impacts. Physical, chemical and biological information from High Arctic lakes and shallow 
ponds provides a means to monitor environmental change in this region. These systems are 
also sensitive to such environmental influences as increased UV-B penetration, local pollution 
inputs, and most likely other anthropogenic effects such as Arctic haze. Furthermore, a rise in 
High Arctic annual average temperatures could potentially trigger an increase in ion content 
and nutrient levels leading to greater productivity. However, Arctic environments are difficult 
to monitor on a frequent basis due to financial and logistical constraints and, as a result, 
relatively little ecological baseline data exist for many areas of the High Arctic.  
Many studies show that diatoms, the widespread algae with silica-based frustules that are well 
preserved in sediments, can be used as biological indicators for estimating past environmental 
(e.g., pH, salinity, temperature) and climatic conditions. Chironomids (Insecta: Diptera) are 
recognized as the best biological indicators for quantifying past changes in air temperature or 
lake chemistry in the Quarternary and especially in the Holocene. Chironomids belong to the 
most abundant group of fresh-water bottom-dwelling macroinvertebrates. Because of their 
short life cycle, they quickly adapt to environmental changes and are useful indicators of 
various environmental impacts, including climate. 
 
Goals and objectives of the project 
The main goal of this project was a multy-proxy circumpolar investigation of the modern se-



 M-70 

diments of high-latitude water bodies of Beringia (New Siberian Islands, Russia) and Bathurst 
Island (Nunavut, Canada) with special emphasis on specific ecological conditions and their 
influence on diatom flora and chironomid fauna. The objectives of the proposed project were: 
• to examine the variations of taxonomic composition of diatom and chironomid assemb-

lages of the high-latitude water bodies of the New Siberian Islands, Bolshoy Lyakhovsky, 
Bunge Land, Russia, and Bathurst Island, Nunavut, Canada;   

• to apply methods of multivariate statistics to examine the taxonomic composition of 
diatom and chironomid assemblages with respect to environmental gradients, type and 
morphological characteristics of water bodies; 

• to make a comparative analysis of diatom and chironomid compositions in the high latitude 
water bodies of the New Siberian Islands, Russia, and Bathurst Island, Nunavut, Canada; 

• to accumulate information on the taxonomy, composition, distribution, abundance and 
ecology of chironomids and diatoms in the region, which is important for completing 
regional databases and improving our knowledge of the biodiversity of those ecosystems. 

 
Research activity 
 
Approach 
Diatom analysis followed standard methods using the water-bath technique. Slides were 
mounted using Naphrax, 500 valves counted at x1000 magnification. Diatom nomenclature 
follows Krammer and Lange-Bertalot (1986-1991).  
Chironomid analysis followed standard techniques. Subsamples of wet sediment weighing 
1-3 g are deflocculated in 10% KOH, heated to 80°C. Then almost boiling water is added and 
the subsamples are left to stand for up to 20 minutes. The sediment is subsequently passed 
through 212 m and 95 m sieves. Chironomid larval head capsules are picked out of a Bogorov 
sorter under a stereomicroscope at 25-40 x magnification mounted in Hydro-Matrix. The head 
capsules are identified according to Wiederholm (1983) and Brooks et al. (2007) and with 
reference to L. Nazarova's collection of Yakutian chironomids.  
 
Accomplishments 
The following tasks were accomplished: 
• treatment of samples of the modern sediments of high-latitude water bodies of Beringia in 

the laboratory for diatom analysis (Kazan State University), January-May; 
• treatment of samples of the modern sediments of high-latitude water bodies of Beringia in 

the laboratory for chironomid analysis (OSL), January-July; 
• identification of diatom slides (Kazan State University), April-September; 
• identification of chironomid slides (OSL), April-September;  
• preparation of abstract and participation in the 13th International Paleolimnology 

Symposium (IPS2015), Lanzhou, China, August 4-7, 2015, and the IV All-Russian 
meeting of the microfossils «Modern micropalaeontology», Kaliningrad, August 24-27, 
2015 (as abstract); 

• descriptive statistic, including biodiversity and stability indices, multivariate statistics, re-
constructions (Kazan State University, OSL), September-October; 

• comparative analysis of the obtained results with the results of cladocera and ostracod 
analysis (Kazan State University, OSL, AWI), October-November; 
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• preparation of the material for publication, October-November-December; 
• research stay of O. Palagushkina at the AWI for preparation of a draft of the paper 

"Modern and fossil diatom assemblages from Bol'shoy Lyakhovsky Island (New Siberian 
Archipelago, Arctic Siberia)“, November-December. 

All research was in accordance with the working program. 
 
Results 
 
Diatoms 
Treatment and identification of 42 samples of modern sediments of high-latitude water bodies 
of Beringia were carried out (25 diatom slides from Bathurst Island, Nunavut, Canada, and 17 
diatom slides from Bolshoy Lyakhovsky Island, Bunge Land, Russia) (Table 1).  
 
Table 1: List of species of diatoms of modern sediments of high-latitude water bodies (continued on next page) 

Bathurst Island, Nunavut, Canada Bolshoy Lyakhovsky Island and Bunge Land 
1. Achnanthes flexella (Kutz.) Brun 1. Achnanthes bioretti 

2. Achnanthes holstii Cleve 2. Achnanthes flexella 

3. Achnanthes laevis (Oest.) L.-B. 3. Achnanthes helvetica 
4. Achnanthes laterostrata Hust. 4. Achnanthes laevis 

5. Achnanthes marginulata  Grun. 5. Achnanthes levanderi 

6. Achnanthes minutissima Kütz.  6. Achnanthes minutissima 
7. Achnanthes minutissima var.jackii (Raben.)L.-

B. 
7. Achnanthes oblongella 

8. Achnanthes oblongella Oest. 8. Achnanthes trinodis 

9. Achnanthes oestrupii (Cleve-Euler) Hust. 9. Achnanthes sp. 
10. Achnanthes trinodis (W.Sm.) Grun. 10. Amphora libyca 

11. Actinocyclus normanii (Gregory) Hust. 11. Amphora pediculus 

12. Amphora fogediana Krammer 12. Anomoeoneis vitrea 

13. Amphora inariensis Krammer 13. Caloneis baccilum 
14. Amphora libyca (Kutz.) Schoeman et 

Archibald 
14. Caloneis silicula 

15. Amphora pediculus (Kutz.) Grun. 15. Caloneis silicula var.minuta  

16. Amphora veneta Kutz. 16. Cymbella angustata 
17. Caloneis silicula (Ehr.) Cl. 17. Cymbella arctica 

18. Caloneis tenuis (Gregory) Krammer 18. Cymbella alpina 

19. Caloneis baccilum (Grun.) Cleve 19. Cymbella cistula  
20. Cyclotella antiqua (W) Smith 20. Cymbella cymbiformis  

21. Cyclotella iris  Brun  et Heribaud 21. Cymbella latens 

22. Cyclotella meneghiniana Kutz. 22. Cymbella mesiana 

23. Cyclotella ocellata Pant. 23. Cymbella minuta  
24. Cyclotella rossii (Grun.) Hakansson 24. Cymbella naviculiformis 

25. Cymbella arctica (Lagerst.) Schmidt 25. Cymbella paucistriata  

26. Cymbella amphycephala Naegeli 26. Cymbella silesiaca  
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Table 1 (continued): List of species of diatoms of modern sediments of high-latitude water bodies (continued on 
next page) 

Bathurst Island, Nunavut, Canada Bolshoy Lyakhovsky Island and Bunge Land 

27. Cymbella amphycephala var.citrus (Carter 
and Bailey Watts) 

27. Cymbella subcuspidata 

28. Cymbella amphycephala var.hercynica 
(Schmidt) Cleve 

28. Denticula kuetzingii 

29. Cymbella amphioxys (Kutz) Cleve 29. Denticula tenius  

30. Cymbella angustata (W.Sm.) Cleve 30. Diatoma elongatum 

31. Cymbella cistula (Ehr.) Kirch. 31. Diploneis interrupta 
32. Cymbella cymbiformis Ag. 32. Diploneis oblongella 

33. Cymbella cuspidata Kutz. 33. Diploneis puella 

34. Cymbella designata Krammer  34. Eunotia arcus 
35. Cymbella incerta (Grun.) Cleve 35. Eunotia bilunaris 

36. Cymbella latens Krasske (C.minuta fo latens) 36. Eunotia exigua 

37. Cymbella mesiana Cholnoky 37. Eunotia faba  

38. Cymbella minuta Hilse 38. Eunotia fallax 
39. Cymbella naviculiformis (Auerswald) Cleve 39. Eunotia glacialis 

40. Cymbella subaequalis Grun. 40. Eunotia naegelii  

41. Cymbella subcuspidata Krammer  41. Eunotia praerupta 
42. Cymbella silesiaca Bleisch in Rabenhorst  42. Eunotia praerupta papilio-Sip. 

43. Cymbella tynnii Krammer 43. Eunotia suecica  

44. Cymbella tumidula (Breb.) Van Heurck 44. Eunotia tenella  

45. Denticula eximia Kramer and L.Bert. 45. Fragilaria bidens 
46. Denticula kuetzingii Grun. 46. Fragilaria brevistriata 

47. Diatoma hiemale (Roth.) Heib. 47. Fragilaria capucina 

48. Diatoma tenuе Ag.  48. Fragilaria constricta 
49. Diatoma vulgares Bory. 49. Fragilaria  fasciculata  

50. Diploneis elliptica (Kutz.) Cl. 50. Fragilaria parasitica 

51. Diploneis oblongella (Naegeli) Cleve-Euler 51. Fragilaria pinnata 
52. Diploneis ovalis (Hilse.) Cl. 52. Fragilaria tenera 

53. Eunotia arcus Ehr. 53. Fragilaria virescens 

54. Eunotia glacialis  Meist. 54. Frustulia spicula 

55. Eunotia tenella (Grun) Hust 55. Frustulia vulgaris 
56. Eunotia praerupta Ehr. 56. Gomphonema acuminatum 

57. Fragilaria alpestris Krasske 57. Gomphonema angustatum 

58. Fragilaria brevistriata Grun. Ili   58. Gomphonema clavatum 
59. Fragilaria capucina Desm 59. Gomphonema gracile 

60. Fragilaria pinnata Ehr. 60. Gomphonema longiceps et var. montanum 

61. Frustulia spicula Amosse 61. Gomphonema olivaceum var.minutissima 

62. Gomphonema acuminatum Ehr. 62. Gomphonema parvulum 
63. Gomphonema clavatum Ehr. 63. Gomphonema truncatum 

64. Gomphonema lagerheimii A. Cleve 64. Navicula contenta 

65. Gomphonema gracile Ehr. 65. Navicula cryptocephalla 
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Table 1 (continued): List of species of diatoms of modern sediments of high-latitude water bodies (continued on 
next page) 

Bathurst Island, Nunavut, Canada Bolshoy Lyakhovsky Island and Bunge Land 

66. Gomphonema parvulum Kutz. 66. Navicula lacustris 

67. Hantzschia amphioxys (Ehr.) Grun. 67. Navicula placentula 
68. Melosira sp. 68. Navicula pupula  

69. Meridion circulare Ag. 69. Navicula pupula var.mutata  

70. Navicula bacillum  Ehr. 70. Navicula radiosa  

71. Navicula dicephala in Coll. Krasske 71. Navicula rhynchocephala 
72. Navicula contenta Grun. 72. Navicula vulpina  

73. Navicula cryptocephalla L.-B. 73. Navicula sp. 

74. Navicula exigua sensu Hust. 74. Neidium ampliatum 
75. Navicula interglacialis Hust. 75. Neidium bisulcatum 

76. Navicula pseudosilicula Hust. 76. Neidium hitchcockii 

77. Navicula pseudoscutiformis Hust. 77. Neidium iridis 

78. Navicula pseudotuscula Hust. 78. Hantzschia amphioxys 
79. Navicula pupula Kutz 79. Nitzschia addodinata  

80. Navicula reanghardtii (Grun.) Cl. 80. Nitzschia commutatoides 

81. Navicula subrhynchocephala Hust. 81. Nitzschia frustulum 
82. Navicula rhynchocephala Kutz. 82. Nitzschia frustulum var.bulnheimiana 

83. Navicula tuscula (Ehr.)  Grun. 83. Nitzschia gracilis  

84. Navicula vulpina Kutz. 84. Nitzschia debilis  
85. Neidium affine (Ehr.) Pfitz. 85. Nitzschia linearis  

86. Neidium bisulcatum (Lager.) Cl. 86. Nitzschia palea 

87. Neidium bergii (Cleve-Euler) Kram. 87. Nitzschia paleacea 

88. Neidium productum (W.Sm.) Cl. 88. Nitzschia subtilis  
89. Nitzschia angustata (W.Sm.) Grun. 89. Orthoseira roeseana  

90. Nitzschia denticula Grun. 90. Pinnularia alpina 

91. Nitzschia frustulum (Kütz.) Grun. 91. Pinnularia borealis 
92. Nitzschia palustris Hust. 92. Pinnularia borealis var.rectangularis 

93. Nitzschia palea (Kutz). W.Sm. 93. Pinnularia brandelii 

94. Nitzschia sinuata (Thwaites) Grun. 94. Pinnularia brevicostata  

95. Pinnularia divergens W. Smith  95. Pinnularia intermedia  
96. Pinnularia ignobilis (Krasske) Cleve-Euler 96. Pinnularia interrupta 

97. Pinnularia interrupta  W.Sm.  97. Pinnularia microstauron  

98. Pinnularia hemiptera (Kutz.) Rabenh. 98. Pinnularia obscura 
99. Pinnularia lata (Breb.) Rabenh. 99. Pinnularia rupestris 

100. Pinnularia microstauron (Ehr.) Cl. 100. Pinnularia schroederii 

101. Pinnularia microstauron var.brebissonii 
(Kutz.) Mayer 

101. Pinnularia stomatophora 

102. Pinnularia rupestris Hantzsch 102. Pinnularia streptoraphe 

103. Pinnularia schroederii (Hust.) Krammer 103. Pinnularia viridis 

104. Pinnularia viridis (Nitzsch.) Ehr. 104. Rhoiscophenia curvata 
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Table 1 (continued): List of species of diatoms of modern sediments of high-latitude water bodies 
Bathurst Island, Nunavut, Canada Bolshoy Lyakhovsky Island and Bunge Land 

105. Stauroneis anceps Hust 105. Stauroneis anceps  

106. Stauroneis phoenicenteron (Nitzsch.) Ehr. 106. Stauroneis lundii 

107. Stauroneis prominula (Grun.) Hust. 107. Stauroneis phoenicenteron  
108. Stauroneis smithii Grun. 108. Stauroneis smithii 

109. Stephanodiscus niagarae Ehr. 109. Stephanodiscus alpinus  

110. Surirella gracilis Grun. 110. Surirella angusta 
111. Tabellaria fenestrata (Lungb.) Kutz. 111. Surirella biseriata 

112. Tabellaria flocculosa (Roth.) Kutz. 112. Surirella ovata 

  113. Synedra acus 
  114. Synedra ulna 

  115. Tabellaria fenestrata 

  116. Tabellaria flocculosa 

 
We found 112 diatom species from Bathurst Island and 116 diatom species from Bolshoy 
Lyakhovsky Island (87 species) and Bunge Land (49 species) with benthic, alkaliphilic and  
cosmopolitan species, species indifferent to salinity and a water-current species prevailing. 
The coefficient of similarity of diatom species composition from the two parts of Beringia 
was low with 34%. 
CCA (canonical correspondence analysis) diagrams have shown that the main abiotic factors 
in the lakes of the New Siberian Islands are pH, water depth and conductivity (Fig.1). 

 
                                            a                                                                         b 
Fig. 1: CCA diagrams of the main abiotic factors in the lakes of the New Siberian Islands; a) relationship of the 
most significant environmental factors and diatom communities of the lakes, b) diatom species in relation to the 
most significant environmental factors in the studied lakes of the New Siberian Islands. 
 
Factor analysis, conducted for water bodies of the Canadian territory, also showed the leading 
role pH and depth played for diatoms, as well as some cations that identified conductivity: 
• рН and Cymbella arctica – positive correlation (+0.631782); 
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• рН and Nitzschia palea – negative correlation (-0.572615); 
• water depth and Caloneis silicula – positive correlation (+0.510039); 
• water depth and Denticula kuetzingii – positive correlation (+0.578341); 
• water depth and Diatoma tenuе – negative correlation (-0.709390); 
• Ca2+, Mg2+, Na+ and Nitzschia palea – negative correlations (-0.552755, -0.544970); 
• Fe2+, K+ and Cymbella amphycephala var.citrus – positive correlations (+0.542105, 

+0.517631). 
 
Chironomids 
Treatment and identification of 42 samples of modern sediments of high-latitude water bodies 
of Beringia have defined 78 species of chironomids (67 for the New Siberian Islands and 32 
for Bathurst Island) (Tables 2, 3). The coefficient of similarity of species is 81%. 
 
Table 2: Species richness of chironomids of modern sediments of high-latitude water bodies of Beringia 

Study site Nunavut, Canada, 
Bathurst Island 

New Siberian Islands, Russia 

Bolshoy Lyakhovsky Bunge Land 

Chironomid taxa 32 65 8 

 
 
Table 3: List of chironomid taxa from modern sediment water bodies of high-latitude Russia and Canada 
(continued on next page) 

Chironomid taxa 

Nunavut, 
Canada 
Bathurst 

Island 

New Siberian Islands, 
Russia 

Ecological 
characteristic 

Bolshoy 
Lyakhovsky Bunge Land T Tr WD V 

Abiskomyia x x 
 

c o   
Acricotopus 

 
x 

 
  l  

Chaetocladius dentiforceps-type x x 
 

c  l v 
Chaetocladius type B 

 
x 

 
c  l v 

Chironomus anthracinus-type x x x c    
Chironomini larvula 

 
x 

 
    

Cladotanytarsus mancus 'with spur' x x 
 

u  l v 
Constempellina - Thienemanniola 

 
x 

 
    

Corynocera ambigua x x 
 

c o   
Corynocera oliveri-type x x 

 
c o   

Corynoneura arctica-type 
 

x 
 

c   c 
Cricotopus bicinctus-type x x 

 
c   v 

Cricotopus cylindraceus-type x x 
 

   v 
Cricotopus intersectus-type 

 
x 

 
   v 

Cricotopus laricomalis-type 
 

x 
 

   v 
Cricotopus obnixus-type 

 
x 

 
c   v 

Cricotopus type P x 
  

c   v 
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Table 3: List of chironomid taxa from modern sediment water bodies of high-latitude Russia and Canada 
(continued on next page) 

Chironomid taxa 

Nunavut, 
Canada 
Bathurst 

Island 

New Siberian Islands, 
Russia 

Ecological 
characteristic 

Bolshoy 
Lyakhovsky Bunge Land T Tr WD V 

Cricotopus sylvestris-type x 
  

   v 
Dicrotendipes nervosus-type 

 
x 

 
u m  mn 

Derotanypus 
 

x 
 

c o   
Dicrotendipes notatus-type x x 

 
u m  v 

Eukiefferiella claripennis-type 
 

x 
 

c  l  
Glyptotendipes barbipes-type x  

 
u m  mn 

Heterotrissocladius maeaeri-type x  
 

c    
Heterotrissocladius grimshawi-type x 

  
c  p  

Heterotrissocladius marcidus-type 
 

x 
 

c  p  
Heterotrissocladius subpilosus-type 

 
x x c  p  

Hydrobaenus conformis-type  
  

x c  p  
Hydrobaenus lugubris-type x x 

 
c o   

Limnophyes - Paralimnophyes x 
  

 m t v 
Mesocricotopus 

 
x 

 
c m p  

Metriocnemus eurynotus-type x x 
 

 m t v 
Micropsectra insignilobus-type 

 
x 

 
c    

Micropsectra radialis-type x 
  

    
Microtendipes pedellus-type 

 
x 

 
u  l  

Nanocladius branchicolus-type 
 

x 
 

   v 
Oliveridia 

 
x 

 
c o   

Orthocladius consobrinus-type 
 

x 
 

c   v 
Orthocladius oliveri-type 

 
x x    v 

Orthocladius type I 
 

x 
 

c   v 
Orthocladius type S x 

  
c   v 

Pagastiella 
 

x 
 

c o l  
Parakiefferiella type A x x 

 
c  l  

Parakiefferiella bathophila-type x 
 

x u  l  
Parakiefferiella nigra-type x x 

 
c o l  

Paraphaenocladius - Parametriocnemus x x 
 

  t v 
Paratanytarsus austriacus-type x x 

 
c o  v 

Paratanytarsus penicillatus-type 
 

x 
 

c o  v 
Paratanytarsus x 

  
c o  v 

Polypedilum pedestre-type x x 
 

u  l v 
Procladius 

 
x x u    

Propsilocerus lacustris-type 
 

x 
 

  l  
Propsilocerus type N 

 
x 

 
c  l  

Psectrocladius barbimanus-type 
 

x 
 

u   v 
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Table 3: List of chironomid taxa from modern sediment water bodies of high-latitude Russia and Canada 
(continued on next page) 

Chironomid taxa 

Nunavut, 
Canada 
Bathurst 

Island 

New Siberian Islands, 
Russia 

Ecological 
characteristic 

Bolshoy 
Lyakhovsky Bunge Land T Tr WD V 

Psectrocladius flavus-type 
 

x 
 

c   v 
Psectrocladius psilopterus-type 

 
x 

 
c   v 

Psectrocladius septentrionalis-type x x 
 

c   v 
Psectrocladius sordidellus-type 

 
x 

 
u   v 

Psectrocladius narrow 
 

x x     
Pseudosmittia 

 
x 

 
  t v 

Rheocricotopus fuscipes-type x 
  

  l  
Sergentia coracina-type x x  c  p v 
Smittia - Parasmittia 

 
x 

 
  t v 

Stictochironomus 
 

x 
 

c o p  
Tanytarsus glabrescens-type 

 
x 

 
  l  

Tanytarsus gracilentus-type x x 
 

  l  
Tanytarsus lugens-type 

 
x 

 
c  l  

Tanytarsus no spur 
 

x 
 

  l  
Tanytarsus mendax-type x x 

 
u  l  

Tanytarsus pallidicornis-type 
 

x x   l  
Trissocladius 

 
x 

 
c    

Tvetenia bavarica-type 
 

x 
 

u    
Tvetenia sp x 

  
u    

Zalutschia zalutschicola 
 

x 
 

c o  v 
Zalutschia type A 

 
x 

 
c o  v 

Zalutschia type B 
 

x 
 

c o  v 
Tanytarsini undiff. 

 
x 

 
    

Orthocladiinae undiff. 
 

x 
 

    
In total  32 65 8     

Ecological characteristic of the taxa: u – ubiquistic, c – cold-stenotherm, m – moderate, w – warm; st – semi-
terrestrial, l – littoral, p – profundal; o – oligotrophic, m – mesotrophic; v – lives among vegetation, mn – minor. 

 
Chironomid fauna of the investigated lakes and ponds are represented by cold-stenothermic, 
littoral, and oligotrophic taxa, mostly preferring to live among vegetation. We have found 
several semi-terrestrial taxa, living at the splash zone of the lakes, which is characteristic for 
water bodies with unstable water depth.  
The highest taxonomic diversity was found on Bolshoy Lyakhovsky Island, and the lowest on 
Bunge Land.  
We compared chironomid composition from the newly investigated regions with the data, 
obtained previously from other regions of the Arctic. The combined data set includes 13 
geographical areas: Komi, Pechora, Putorana, Anabar, Lena, CY (central Yakutia), NY 
(northern Yakutia), Laptev Sea Region (Bolshoy Lyakhovsky Island), Bunge Land, Indigirka, 
Kolyma, Kamchatka and Nunavut. Detrended correspondence analysis (DCA) and squared 
chord distance analysis show that the most taxonomically distinct regions are Laptev, 
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Nunavut, Bunge, Komi, CY and NY.  
CCA show that the main abiotic factors for chironomids are mean July air temperature (T 
July), conductivity, water depth and pH (Fig. 2). 

 
Fig. 2: CCA biplots of Russian and Canadian lakes and significant environmental variables (upper panel) and 
common taxa and significant environmental variables (lower panel); T July: mean July air temperature, WD: wa-
ter depth, Сond: log conductivity, CY: central Yakutia, NY: northern Yakutia. Taxa are given as common codes. 
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Our study provides new information on the taxonomic diversity of chironomid fauna and 
biogeographical distribution and can supplement existing information on chironomid 
biodiversity and ecology in northern Russia. 
 
Conclusion 
In accordance with the working plan, 42 samples and identification of diatoms and 
chironomids (species richness, dominant taxa) from modern sediments of high-latitude water 
bodies from Bathurst Island, Nunavut, Canada were treated. Research of diatoms from 
modern sediments of two parts of Beringia showed high species richness (116 and 112) but a 
low degree of similarity (34%) with benthic, alkaliphilic and  cosmopolitan species, species 
indifferent to salinity and a water-current species prevailing on both sides of Beringia. The 
main abiotic factors for diatom communities in the lakes on both sides of Beringia are pH, 
water depth and conductivity. 
Research of chironomids from modern sediments of two parts of Beringia showed higher 
species richness in the lakes of the New Siberian Islands (67 species) than on Bathurst Island, 
with a high degree of similarity of 81%. The chironomid fauna of the investigated lakes is 
represented by cold-stenothermic littoral oligotrophic taxa, mostly preferring to live among 
vegetation or in the splash zone of the lakes. The main abiotic factors for chironomid 
communities are air temperature, conductivity, water depth and pH. 
A comparative analysis of the obtained results with the results of cladocera and ostracods was 
carried out and added to the information on the taxonomy, composition, distribution, 
abundance and ecology of chironomids and diatoms of Beringia in regional databases.   
As a result of O. Palagushkina's research stay at AWI Potsdam (November 29 to December 
12, 2015) a draft of the paper "Modern and fossil diatom assemblages from Bol'shoy 
Lyakhovsky Island (New Siberian Archipelago, Arctic Siberia)" was prepared. 
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Summary 
The major goals of the project were to obtain new data on species composition and spatial 
distribution of phytoplankton in the Laptev Sea at the end of the growing season and to 
determine how different environmental factors affect the algal communities. Our study was 
based on material collected during the TRANSDRIFT XXII expedition to the Laptev Sea in 
fall 2014 (September 14-27).  
Chlorophyll concentrations varied in the range of 0.01-1.19 mg/m3, which was lower 
compared with data obtained during the previous years (in September of 2008-2010, 2013). 
The highest values of chlorophyll biomass (0.5-1.19 mg/m3) were found in the eastern area of 
the study area, off the Lena Delta. The standing stock of phytoplankton in the Laptev Sea du-
ring the study period was mainly composed of diatoms, dinoflagellates and silicoflagellates. 
Characteristic phytoplankton communities were described for different parts of the Laptev 
Sea. In the northwestern Laptev Sea, the diatoms Chaetoceros diadema, C. concavicornis, C. 
furcellatus, C. decipiens, and C. volans accounted for more than 90% of the total cell abun-
dance. Phytoplankton communities, dominated by silicoflagellate Dictyocha speculum, were 
found at a number of stations located close to the continental slope. The northeastern and 
central parts of the inner Laptev Sea shelf were characterized by a pre-dominance of diatoms 
(Chaetoceros spp., Thalassiosira spp.) and dinoflagellates (Protoperidinium spp., Dinophysis 
spp., Ceratium arcticum). In the vicinity of the Lena Delta and in the central part of the study 
area, we found algal communities with comparable contributions by diatoms, dinoflagellates 
and silicoflagellates to the total cell abundance.  

 
Introduction 
 
Scientific background 
The Laptev Sea is a large marine ecosystem which is characterized by a broad continental 
shelf (400 km wide) with variable environmental conditions across the entire area. There are a 
few modern descriptions of the phytoplankton distribution in this region (Kraberg et al., 2013; 
Heiskanen & Keck, 1996; Sorokin & Sorokin, 1996; Tusсhling et al., 2000). A clear under-
standing of the current processes and the nature of changes of key ecosystem components is 
of critical importance for predicting future conditions. Long-term time series are fundamental 
for providing data and expanding our knowledge about the vulnerability of polar marine 
ecosystems and the direction of biological feedback processes in the Arctic region.  
This study is a logical continuation of our previous projects within the framework of the OSL 
Fellowship Program that were focused on revealing the characteristic features of the phyto-
plankton communities in the Laptev Sea.  
The project was based on data collected during the TRANSDRIFT XXII expedition in 
September 2014 (Fig. 1) by I. Kryukova, participant of the current project.  
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Fig. 1: Map of the Laptev Sea with locations of the main sampling stations (TRANSDRIFT XXII cruise, 
September 2014). 

 
 
Goals and objectives of the project 
The major goal of the current project was to study the broad-scale distributions of 
phytoplankton across the Laptev Sea during fakk 2014 and to reveal the impact of physical 
parameters and biological factors on the microalgae community composition and distribution 
of quantitative characteristics. Specifically we addressed several important questions through 
our case study: 
• what is the spatial pattern of the total abundance and biomass of phytoplankton in the 

Laptev Sea? 
• are the community compositions different within the surveyed area of the Laptev Sea? 
• what environmental and biological factors explain the variability in phytoplankton 

community composition and distribution of quantitative parameters? 
Environmental factors are of critical importance for the regulation of the growth of individual 
phytoplankton species as well as their relative contributions to the community structure. 
Within the framework of the project, we planned to investigate how different hydrological 
conditions on the Laptev Sea shelf affect the composition structure of algal communities and 
the broad-scale spatial distribution of phytoplankton. 
To reach our main goal successfully, the following objectives were set:  
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• investigation of abundances, biomass and species composition of phytoplankton in the 
samples collected in the Laptev Sea in September 2014 (TRANSDRIFT XXII expedition); 

• determination of the similarity of phytoplankton on the basis of the relative contribution of 
algae to phytoplankton biomass at different stations and in the individual regions; 

• comparison of species composition of phytoplankton communities, and contribution of 
different algal groups and species to phytoplankton biomass in dependence of the major 
hydrological parameters and climatic conditions. 

 
Research activities 
 
Approach 
To implement the above-outlined tasks, we applied the following approaches. Phytoplankton 
sampling for the current project was conducted in the Laptev Sea during the TRANSDRIFT 
XXII expedition in September 2014. Water samples of 1 l, collected at defined water depths 
(2, 5, 10, 15 m… and near the seafloor) with a rosette sampler, were filtrated in the OSL 
through nuclear pore filters (1 micron pore size) with a pressure of not more than 0.2 bar. 
Afterwards the filters were stored in plastic bottles for further microscopic investigations. Net 
samples, collected with an Apstein net (Hydro-Bios, mesh size 20 µm, diameter 20 cm), were 
processed without using any pre-concentration methods.   
Microscopic species investigations were carried out at the Laboratory of Pleistocene Paleo-
geography (Geographical Faculty of Lomonosov Moscow State University) and the OSL by 
Ye.I. Polyakova and I. Kryukova. Algae species were identified and cells were counted using 
a standard (non-inverted) light microscopes (Zeiss Axiovert; Olympus) at 200× and 400× 
magnification in 0.05-ml Nageotte chamber. Cell counts were converted to cell concentration 
as described by Radchenko et al. (2010). Phytoplankton biomass was estimated using taxon-
specific carbon values (Menden-Deuer & Lessard, 2000) and the biovolume of algae was 
calculated from the volumes of appropriate stereometrical bodies (Hillebrand et al., 1999). 
Statistical analyses were performed using PRIMER Version 5.2.4. (Clarke & Warwick, 2001). 
The similarity of phytoplankton at different stations was calculated from the relative 
contributions of algae to total biomass.  
 
Accomplishment 
According to the working plan, a total of 95 samples were studied within the framework of 
the project. On the basis of the obtained results, we established the spatial pattern of the total 
abundance and biomass of phytoplankton in the Laptev Sea during the studied period and re-
vealed how environmental factors affect the species composition and quantitative characte-
ristics of the algal communities.        
 
Results 
 
Environmental conditions 
One of the main environmental factors that could affect the productivity and structure of 
phytoplankton communities in the Laptev Sea is a strong freshwater signal originating from 
the Lena River during spring and summer (Ivanov & Piskun, 1999). It is a well known fact 
that river plumes may sustain a high phytoplankton biomass and production off the river 
mouth (Juul-Pedersen et al., 2008; Makarevich et al., 2003).  
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In fall 2014 the river water masses were transported to the east and northeast of the Lena 
Delta, which usually occurs when cyclonic atmospheric circulation prevails over the Laptev 
Sea (Dmitrenko et al., 2010). As a result, the eastern part of the study area was characterized 
by lower surface salinity (20-25 psu; Fig. 2) in comparison with the central part (32-35 psu; 
Fig. 2). Due to freshening by Khatanga and Olenyok river waters, a relatively low surface 
salinity (25-27 psu) was also found in the vicinity of Khatanga Bay. In the northwestern 
Laptev Sea, surface salinity values varied in the range of 25-32 psu. Low salinity patches (25-
27 psu) in this part of the study area were probably associated with water-mass outflow from 
the Kara Sea.  

 
Fig. 2: Salinity distribution in the surface layer (2 m) in the Laptev Sea in September 2014 (data provided by M. 
Janout and J.A. Hölemann). 

 
The pycnocline, separating saltier bottom water masses (>32 psu), was observed at the depth 
of 10-20 m over the entire study area except for the northwestern part of the Laptev Sea. 
Concentrations of the main nutrients varied in a wide range over the study area. The highest 
surface concentrations of nitrate (up to 2.56 µmol/l), phosphate (up to 0.67 µmol/l) and sili-
cate (up to 22.16 µmol/l) were associated with low-salinity waters in the eastern Laptev Sea. 
The maximum concentrations of phosphate (1.21 µmol/l) were recorded below the pycnocline 
in the vicinity of the Lena Delta while the maximum values of nitrate concentrations (10.36 
µmol/l) were found below the pycnocline in the northwestern Laptev Sea.  
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Biomass distribution and species composition 
Chlorophyll concentrations varied in the range of 0.01-1.19 mg/m3, which was lower 
compared with the data obtained during the previous years (in September of 2008-2010 and 
2013). The highest values of chlorophyll biomass (0.5-1.19 mg/m3) were found in the eastern 
part of the study area, off the Lena Delta. These stations were characterized by a biomass 
peak located above the pycnocline in the upper 10-m layer. In the northwestern Laptev Sea, 
the vertical fluorescence profile revealed that the sub-surface chlorophyll maximum was 
located at pycnocline depth (13-15 m). These two vertical distribution patterns were asso-
ciated with different phytoplankton communities.   
The standing stock of phytoplankton in the Laptev Sea during the study period was mainly 
composed of diatoms, dinoflagellates and silicoflagellates. A total of 85 species in 5 divisions 
were recorded for the water column: Dinophyceae (31 taxa), Bacillariophyceae (51 taxa), 
Dictyochophyceae (1 taxon), Chrysophyceae (1 taxon) and Chlorophyceae (1 taxon). Phyto-
plankton community structure varied significantly between different parts of the study area.  
In the northwestern Laptev Sea (stations 02-07, 09, 28, 29, 31), diatoms were the dominant 
phytoplankton group and accounted for more than 90% of the total cell abundance (Fig. 3). 
Marine neritic and oceanic cold-water diatoms such as Chaetoceros diadema, C. concavi-
cornis, C. furcellatus, C. decipiens, and C. volans were the most abundant species in the local 
algal communities. They were accompanied by the less abundant cold-water diatoms Thalas-
siosira gravida, T. bioculata, T. nordenskoildei and Ceratoneis closterium, and sporadically 
occurring mixo- and heterotrophic dinoflagellates (Protoperidinium  brevipes, P. bipes, P. 
pellucidum, Dinophysis acuminata, D. rotundata) and silicoflagellates (Dictyocha speculum). 

 
Fig. 3: Relative species composition of the phytoplankton communities in the Laptev Sea in September 2014.    
 
Phytoplankton, communities, dominated by the silicoflagellate Dictyocha speculum, were 
found at a number of stations located close to the continental slope (stations 14, 26, 27). This 
species contributed up to 80% of the total cell abundance (Fig. 3). The dinoflagellates 
Dinophysis acuminata, Protoperidinium steinii, P. pellucidum, and P. pallidum and the 
diatoms Ceratoneis closterium, Rhizosolenia hebetata, and Thalassiosira gravida made up the 
remaining 30% of the total cell abundance.  
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The northeastern part (stations 16-20, 22) and central part (stations 10, 12) of the inner Laptev 
Sea shelf were characterized by a pre-dominance of diatoms (Chaetoceros spp., Thalassiosira 
spp.) and dinoflagellates (Protoperidinium spp., Dinophysis spp., Ceratium arcticum). The 
silicoflagellate Dictyocha speculum played a minor role in the phytoplankton at these stations 
(0-10% of the total cell abundance).  
In the vicinity of the Lena Delta (stations 21, 23, 24) and in the central part of the study area 
(stations 11, 13) we found algal communities with comparable (equal) contributions of dia-
toms, dinoflagellates and silicoflagellates to the total cell abundance. Diatoms were represent-
ed by marine cosmopolitan and arctic-boreal species such as Ceratoneis closterium, Rhizo-
solenia hebetata, Thalassiosira gravida, and T. hyperborea. The most abundant dinofla-
gellates in this area were Dinophysis acuminata, Protoperidinium pellucidum, P. breve, and 
Prorocentrum micans.  
In previous years, we usually recorded freshwater diatoms and green algae in the vicinity of 
the Lena Delta and considered these species as indicators of the distribution of the river water 
mass. In September 2014, freshwater diatoms such as Aulacoseira granulata, A. italica, and 
Asterionella formosa and the green algae Pediastrum boryanum were not very abundant and 
occurred only in the central part of the inner Laptev Sea shelf (stations 11, 12). Since there 
was no clear evidence of river influence (surface salinity at these stations was >27 psu), it is 
hard to draw conclusions about the origin of these species.  
 
Conclusions 
Our study provides a new data on species composition and spatial distribution of phyto-
plankton in the Laptev Sea during the fall season.  
The obtained results showed that we observed a situation typical for the end of the vegetative 
season in the polar seas. The algal standing stock in the Laptev Sea in September 2014 mainly 
consisted of marine cold-water planktic diatoms, mixo- and heterotrophic dinoflagellates and 
marine cosmopolitan silicoflagellates. Chlorophyll biomass values were lower compared with 
the ones observed in previous years. 
We revealed two different patterns of vertical chlorophyll distribution, which were associated 
with different phytoplankton communities. In the eastern Laptev Sea, the biomass peak was 
located in the upper 10-m layer above the pycnocline. The local algal communities were 
composed by marine cosmopolitan and Arctic-boreal diatoms such as Ceratoneis closterium, 
Rhizosolenia hebetata, Thalassiosira gravida, and T. hyperborea, the dinoflagellates 
Dinophysis acuminata, Protoperidinium pellucidum, P. breve, and Prorocentrum micans and 
the silicoflagellate Dictyocha speculum. In the western Laptev Sea, the vertical chlorophyll 
distribution was characterized by a sub-surface maximum located in the pycnocline depth. In 
this area diatoms were the dominant group of the phytoplankton and accounted for more than 
90% of the total cell abundance. Marine neritic and oceanic cold-water diatoms such as 
Chaetoceros diadema, C. concavicornis, C. furcellatus, C. decipiens, and C. volans were the 
most abundant species in the local algal communities. 
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Summary 
In 2015/early 2016 we processed 360 sediment samples from the terrestrial and marine sites 
in the Eurasian Arctic in order to explore an untapped potential of cryptotephra studies for 
correlating and dating various deposits over the region. As a result, we found volcanic glass in 
all the examined cores, from the White Sea in the west through the lower Lena River to the 
Okhotsk and Chukchi seas in the east, which significantly enlarged the earlier known area of 
cryptotephra occurrence. Volcanic glass from most of the detected tephras was analyzed with 
the electron microprobe at GEOMAR permitting geochemical fingerprinting of tephras and 
their correlation to parent volcanic regions. Selected tephra samples were analyzed with the 
LA-ICP-MS (Laser Ablation Inductively Coupled Plasma Mass Spectrometry) at Kiel Univer-
sity. The integration of tephra studies into paleoenvironmental research over the Eurasian 
Arctic will help to correlate and date disparate sedimentary sequences and assess the magni-
tudes of past explosive eruptions. 
 
Introduction  
 
Scientific background  
Precise correlations between disparate paleoenvironmental archives are important for 
understanding spatial complexity and mechanisms of past climatic changes. Tephra is one of 
the main tools used to correlate different sediment sequences with remarkable precision and 
reliability. During large explosive eruptions, tephra is transported over land and sea, and then 
settles covering areas of millions of square kilometers and forming a marker layer which di-
rectly links various sites. A tephra layer, therefore, works as an isochron and permits syn-
chronization of paleoenvironmental archives even if its age is not known (Davies et al., 2008). 
Once dated in one site, a tephra layer allows us to transfer this date to all other sites where this 
tephra has been geochemically identified. Some tephras have been found at distances of 
>8000 km from the source (Bourne et al., 2015a; Jensen et al., 2014; Mackey et al., 2016), 
which attests to their potential for correlation of distal sites. Long-distance tephra correlations 
also permit the reevaluation of the eruptive volumes for the large explosive eruptions, which 
dramatically changes our understanding of their magnitudes (e.g., Costa et al., 2014).  
Tephra studies have become very important in Quaternary research, particularly in the North 
Atlantic where they permit correlations of tephra layers between ice and marine cores, allow 
checking the synchronicity of abrupt climate changes and ensure their high-resolution dating 
(Davies et al., 2012; Blaauw, 2012). Such a powerful, independent chronological tool, how-
ever, has only recently come into use in other parts of the Arctic (Zamelczyk et al., 2012; Po-
nomareva et al., 2013a; 2014) where it is much needed for research on terrestrial and marine 
deposits. We propose to fill this gap and explore the untapped potential of tephrochronology 
for correlating and dating terrestrial and marine sediments in the Eurasian Arctic. 
Our extensive tephrochronological database built under the Russian-German KALMAR pro-
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ject (2007-2011) and further developed within the framework of our 2013-2015 OSL projects 
is a key source of data on tephra compositions in the NW Pacific and the Pacific sector of the 
Arctic and is used by us and other researchers looking for sources of distal tephras in the 
Northern Hemisphere. Thanks to our database, Kamchatka and Kuril tephras have recently 
been identified in eastern Canada and in Greenland (Pyne-O’Donnell et al., 2013; Bourne et 
al., 2015a; Mackey et al., 2016). M. Portnyagin (GEOMAR) and his students also have an 
extensive collection of glass data from Iceland (Schattel et al., 2014), which was used during 
our research on the White Sea coastal peat.  
 
Goals and objectives of the project 
This is an interdisciplinary project designed to search and geochemically fingerprint distal 
tephras in the Eurasian Arctic, both on land and in sea cores, and correlate them to source vol-
canoes and to other distal archives. In distal sites, tephra does not form a visible layer but is 
present in the sediments as scattered volcanic glass (cryptotephra). We hypothesized that 
volcanic glass is widespread in the Arctic sediments over distances of >2000 km from the 
sources. We planned to characterize tephra samples with the help of electron microprobe and 
single-shard LA-ICP-MS analysis of volcanic glass at GEOMAR and Kiel University; 
extraction of volcanic glass shards from the sediments and high-quality imaging of tephra par-
ticles were planned to be performed in the OSL. These data are to be compared to our above-
described database of tephra compositions as well as to other databases from the Northern 
Hemisphere. Integration of tephras into paleoclimate research will help to analyze volcanic 
impact on the Arctic environment and a potential link between volcanism and climate change. 
A complementary aspect of this study is that it would allow us to evaluate eruptive volumes 
and areas of ash dispersal for a number of major eruptions and thus contribute to the global 
record of explosive volcanism. 
We were planning to pursue several major goals. First, we planned to search for cryptotephra 
in the Arctic and subarctic terrestrial and marine cores including: 1) a newly obtained 
Holocene peat from the White Sea region (Fig. 1), 2) Lake Kyutyunda (lower Lena) core, 
3) Chukchi Sea core HLY05-01, and 4) core MD01-2415 from the Okhotsk Sea (Fig. 2). 
Second, we planned to complete geochemical analysis and interpretation of major tephras 
from the terrestrial Pleistocene deposits in the Central Kamchatka Depression collected during 
our 2014 field campaign. This dataset would provide a key reference for our correlations of 
Pleistocene distal tephras originated from the Kamchatka volcanic arc.  
 
Research activities  
 
Approach  
In 2015 and early 2016, we performed the following research activities using the cores and 
sections described below. 
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Fig. 1: Cryptotephra in the White Sea peat core: A: loss-on-ignition, high- and low-Si glass shard distributions in 
core 2014-1P; conventional radiocarbon ages are obtained from the nearby core 2004-11 (Romanenko, 2012), B: 
two basaltic glass populations from the 13-22 cm interval compared to Veidivötn and Grimsvötn volcanoes pro-
ximal and distal tephras, C: trachydacitic glass population from the 13-22 cm interval compared with Snae-
fellsnes volcano proximal and distal tephras, references: 1. Larsen et al., 2002; 2. Gudmundsdottir et al., 2012; 
3. Langdon & Barber, 2001; 4. Wastergård et al., 2009; 5. Pilcher et al., 2005. 
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Fig. 2: Visible tephra and cryptotephra layers in the Okhotsk Sea sediment core MD01-2415. Three visible teph-
ra layers (T1-T3), nine cryptotephras (CT1-CT9), and numerous layers enriched in redeposited glass shards (R) 
are identified in the upper 17.35 m of the core and shown against: a) core lithology, b) color a* and b*, c) mag-
netic susceptibility (MS, SI), d) clay contents (<63 µm, %) (a-d, Holbourn et al., 2002; Nürnberg & Tiedemann, 
2004), e) abundance of terrigenic grains (excluding glass shards) =ice rafted debris (IRD, grains g-1) in >125 µm 
and 63-125 fractions, f) abundance of glass shards (glasses, grains g-1) in >125 µm and 63-125 fractions, g) 
glasses/IRD ratio (%) in >125 µm and 63-125 fractions (in blue). Black arrows mark ages of cryptotephra and te-
phra that are well known volcanic events Kurile Lake (KO) and Nemo (K2) caldera-forming eruptions (Ponoma-
reva et al., 2004; Derkachev & Portnyagin, 2013). Magenta arrows present cryptotephras and tephras related to 
earlier unknown large eruptions recognized and dated in this study. Marine isotope stages (MIS) are indicated 
according to the core age model and following Railsback et al. (2015). 
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Cores from the Eurasian Arctic and subarctic 
The White Sea coast peat core was taken by T. Repkina (Moscow State University). This core 
lies on the extension of ash fall axes for major Hekla eruptions. These tephras, however, have 
never been searched for in Russia. A peat core 2014-1P was retrieved in a paleobasin of 
Vodoprovodnoe Lake (72 m a.s.l.), Kindo Peninsula, White Sea coast. The core is 5.2 m long 
and consists of two overlapping sections, which were cut into 15 cm segments and frozen for 
transportation to the OSL. The age of the organic-rich part of the sequence (4.8 m) can be 
roughly estimated at ~9 ka BP.  
The Lake Kyutyunda core (300 km south of the Lena Delta) was taken during the joint 
Russian-German expedition LENA 2010. Our research fellow P. Vakhrameeva has already 
obtained litho-, bio- and chronostratigraphical data for this core. The core lies on the exten-
sion of the ash fall axis of the 8.4 ka Kurile Lake caldera tephra (one of the largest Holocene 
tephras globally; Ponomareva et al., 2004) so we concentrated our efforts on the early Holo-
cene part of the core.  
Contiguous samples from the Chukchi Sea were provided by L. Polyak (Byrd Polar Research 
Center). Initial work on the Holocene part of the HLY05-01 core hasallowed us to identify 
marker tephras associated with the Aniakchak Volcano (Alaska) (Ponomareva et al., 2014).  
The Okhotsk Sea giant piston core MD01-2415 covers the last 1.1 Ma and represents a major 
paleoclimate and tephra archive for the Okhotsk Sea (Nürnberg & Tiedemann, 2004). The 
46.23-m-long core was recovered from the northern slope of the Okhotsk Sea within the 
framework of the IMAGES program during the 2001 cruise of R/V MARION DUFRESNE 
(Holbourn et al., 2002).  
 
Terrestrial Pleistocene deposits in Kamchatka 
Our samples of Pleistocene Kamchatka tephra come from the Central Kamchatkan Depression 
(CKD), which is a sedimentary basin orientated along Kamchatka's central axis. The CKD 
lowlands have been the receptacle of polygenetic deposits comprising cold climate sediments 
(glacial till and loess-like deposits) and interglacial/interstadial deposits (lacustrine clays and 
peats) intermingled with numerous tephra layers (Braitseva et al., 2005). The exposed 
sedimentary complex, ~40 km in length, represents a paleoenvironmental archive of the past 
0.4 Ma.  
 
Search for cryptotephra and extraction of volcanic glass from marine and terrestrial sediments 
We were planning to look for cryptotephra in different types of sediments which required 
different treatment. Our research fellow Polina Vakhrameeva received intensive training in 
cryptotephra studies during her two visits to Swansea University (UK). The Swansea tephra 
laboratory is one of the best labs in the world with expertise in extraction cryptotephra from 
various kinds of sediments (e.g., Bourne et al., 2015b; Griggs et al., 2014). Polina's visits 
were covered from funds other than the OSL Our OSL Fellowship grant, however, was 
important for the trips. Thanks to this training Polina has acquired the necessary skills and 
actually implemented the cryptotephra work in the OSL described below. Polina processed 99 
peat samples from the White Sea peat core and 41 samples from the Lake Kyutyunda core. 
Processing included freeze-drying, combustion or acid digestion, sieving into >80 µm and 25-
80 µm fractions, density separation with sodium polytungstate (SPT) to <2.3, 2.3-2.5, and 
>2.5 g/cm3 fractions, preparation of the slides with Canada balm for glass search from two 
further fractions, and optical microscopy. In addition, seven samples were subjected to 
magnetic separation in order to check the usefulness of this method for these samples.  
The first 95 samples from the White Sea core were 5 cm long contiguous "range finders": 
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they permitted locating glass concentration zones in the core. After examining the obtained 
slides, a 13-22 cm interval with the highest glass concentrations was identified and sampled 
again in 2 cm intervals; the resulting five sub-samples were subjected to the same treatment to 
refine the stratigraphic position of tephra, and the obtained glasses were mounted for 
microprobe analysis. In the Lake Kyutyunda core 34 five-cm-long contiguous samples from 
an early Holocene interval (209-375 cm) were processed, and two sub-samples with the 
highest glass concentrations were mounted for microprobe analysis. 
V. Ponomareva and P. Vakhrameeva also finished processing of the remaining 60 high-reso-
lution samples from the Chukchi Sea core, counted glass shards in all the obtained slides, and 
prepared microprobe slides. Natalia Bubenshchikova processed 80 samples from a 12-20 m 
interval of the Okhotsk Sea core MD01-2415 including weighing, wet sieving over a 63 µm 
mesh screen, and dry sieving over a 125 µm and 2000 µm mesh screens. To improve the 
oxygen isotope-based stratigraphy of the core MD01-2415, Natalia also picked benthic fora-
minifera from 130 samples taken from 7-9 and 12-17.35 m intervals. The oxygen isotope ana-
lysis is currently being performed at GEOMAR. In addition, Natalia counted volcanic glasses 
and residual terrigenous grains (ice rafted debries, IRD) in the 63-125 and 125-2000 µm 
sediment fractions from the samples taken from the 7-9 and 12-17.35 m intervals. 
 
Geochemical analysis 
We performed ~3000 electron microprobe analyses of individual glass shards from ~150 sam-
ples of submarine and terrestrial tephra deposits from the East Asian Arctic and subarctic 
regions. All the analyses were performed at GEOMAR in cooperation with M. Portnyagin and 
M. Thöner according to the protocol described in Ponomareva et al. (2013b). Volcanic glass 
was analyzed using a JEOL JXA 8200 electron microprobe equipped with five wavelength 
dispersive spectrometers including 3 high-sensitivity ones (2 PETH and TAPH). The analy-
tical conditions for glasses were 15 kV accelerating voltage, 6 nA current and 5 мm electron 
beam size. Selected samples were analyzed for trace element composition at Kiel University 
using the protocol described in Ponomareva et al. (2013a) with additional procedures de-
signed by M. Portnyagin and D. Garbe-Schönberg.  
 
Accomplishments 
As a result of our research activities we extracted, quantified and geochemically characterized 
volcanic glass from marine and terrestrial sediments in the Eurasian Arctic and subarctic 
regions. We obtained stratigraphic and geochemical data for 60 Kamchatka Pleistocene 
tephras collected at a distance of ~80-100 km from the source volcanoes. We got in-depth 
training in cryptotephra extraction from various kinds of sediments and processed ~360 
samples from marine and terrestrial sediments including peat from the White Sea region, lake 
deposits from Lake Kyutyunda (lower Lena), and marine sediments from the Chukchi and 
Okhotsk seas. About 150 obtained samples were then geochemically characterized with the 
help of microprobe analyses and 20 samples were analyzed with the help of LA-ICP-MS. 
Thanks to the OSL grants and efforts of the OSL staff, by early 2015 we were able to 
accumulate in the OSL most of the equipment and consumables necessary for cryptotephra 
research and were able to process a suite of samples. The research was run in accordance with 
the working program. P. Vakhrameeva worked in the OSL for the whole of 2015 and early 
2016. V. Ponomareva visited the OSL four times attending the 2015 OSL Fellowship Meeting 
and working with Polina and an MSU student. N. Bubenshchikova visited the OSL for the 
2016 OSL Fellowship Meeting. In March and November 2015 V. Ponomareva visited a 
German partner institute (GEOMAR) where she carried out microprobe and LA-ICP-MS 
analysis of tephra. N. Bubenshchikova visited GEOMAR in October 2015 in order to sample 
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and process a 12-20 m interval of the Okhotsk Sea core MD01-2415. In the OSL we carried 
out freeze-drying, combustion and wet sieving of the samples, density separation and high-
resolution imaging of tephra particles, and used microscopes to quantify the concentration of 
volcanic glass in terrestrial and marine sediments.  
 
Results  
Our main result is that we have found volcanic glass in all the examined marine and terrestrial 
cores, thus significantly enlarging the earlier known areas of tephra occurrence in the Arctic. 
Our results demonstrate that tephra and cryptotephra may present a valid research tool for 
dating and correlating various sediments in the Eurasian Arctic and adjacent seas. Undoubted-
ly tephrochronology will soon be a must in Arctic research, and we are happy to be the first to 
start this research in this region. 
We found volcanic glass in the peat at the White Sea coast (Fig. 1). This is the first ever 
finding of tephra in the European Russian Arctic. Screening of the first 48 slides from the peat 
core has allowed us to identify glass-like shards in all the samples with the most abundant 
glasses in the samples from the upper 33 cm with an age of <2 ka. The glasses come from the 
>2.5 and 2.3-2.5 g/cm3 fractions, which indicates they have both mafic and silicic com-
positions. Geochemical analysis of the glasses from the 13-22 cm interval has permitted 
identification of three glass populations of Icelandic origin likely related to the Veidivötn, 
Grimsvötn, and Snaefellsnes volcanoes (Fig. 2).  
Population 1 (19 basaltic shards) matches the Bardarbunga-Veidivötn volcanic system. Based 
on the available dates, the AD1477 eruption from this system is the most likely source for this 
glass population. Previously this tephra had been reported only in Scotland and Sweden 
(Chambers et al., 2004; Davies et al., 2007) so we were able to map its farthest occurrence 
~2300 km from the source. Population 2 (9 basaltic glass shards) is likely related to the 
Grímsvötn volcanic system, the most active volcanic system in Iceland in historical time. 
AD1783-84 tephra from this system, related to the Laki eruption, has the closest composition 
and age to the White Sea tephra. This tephra was also found in Ireland, and in Greenland and 
Svalbard ice cores (Kekonen et al., 2005; Reilly & Mitchell, 2014). Population 3 (3 trachy-
dacitic shards) likely came from the Snaefellsnes volcanic center. Three major Holocene 
Snaefellsnes tephras are known in the proximal setting: Sn-1 (1,750±150 14C y BP), Sn-2 
(3,960±100 14C y BP) and Sn-3 (7,000-9,000 14C y BP) (Steinthorsson, 1967). Two of these 
tephras and one earlier unknown Snaefellsnes tephra have been reported outside of Iceland: 
Sn-1 (1,815 cal. y BP) on the North Icelandic shelf (Larsen et al., 2002), possibly Sn-2 
(3,550-3,650 cal. y BP) in Sweden (Wastegård et al., 2009), and a previously unknown tephra 
(ca. 2,340 cal. y BP) in Scotland (Langdon & Barber, 2001). Group 3 tephra is younger and it 
may represent another previously unknown eruption from Snaefellsnes. Further microprobe 
analysis, planned for the end of June 2016, will help us to identify the sources of glasses in 
the other samples within the past 2 ka and correlate the White Sea coastal peat with other 
sections in the Northern Atlantic realm. Identification of these tephras will help to refine their 
dispersal areas and eruption magnitudes. These findings also demonstrate that 
tephrochronology can be applied for the study of the White Sea coastal and marine sediment 
cores. We presented these results at the XXI International Conference on Marine Geology in 
Moscow (November 16-20, 2015) and currently P. Vakhrameeva is working on the paper.  
We found volcanic glass in the Lake Kutyunda core. 23 of 34 studied sediment samples con-
tain 1 to 9 high-Si glass shards per sample. Glasses are transparent and exhibit platy, blocky, 
fluted, or cuspate morphologies. Although glass amounts are low, their concentration in the 
core has two peaks which were sampled for geochemical analysis planned for June 2016. 
We carried out a geochemical identification of key marker tephra layers in the Arctic marine 



 M-96 

core. Our first ever tephrochronological studies in the Pacific sector of the Arctic Ocean 
(Chukchi Sea) allowed us to find abundant glass shards in all the examined samples of the 
Holocene sediments. In the middle of the composite Holocene section a large glass-
concentration peak was identified and related to the Aniakchak volcano in Alaska (Pono-
mareva et al., 2014). In 2015 we continued processing of the detailed samples from all the 
three overlapping parts of this core including an upper part taken by a multicorer (MC), 
trigger core (TC) and jumbo piston core (JPC). In the lower part of the JPC two more 
cryptotephras were identified, one probably also related to Aniakchak, and the other, earlier 
unknown one to the Emmons Lake caldera. We presented these results at the XXI 
International Conference on Marine Geology in Moscow (November 16-20, 2015) and 
currently V. Ponomareva is working on the paper. 
We carried out a geochemical identification of tephras, cryptotephras, and redeposited glass 
shards in the upper part of the Okhotsk Sea core MD01-2415. The upper 17.35 m of the core 
correspond to the interval MIS 9a to 1 (~300 ka) (Fig. 2). Eight visible tephras have been 
described within this interval during the on-board description (Holbourn et al., 2002). Our 
inspection of the archive part of the core, however, showed only three visible tephras: a 3-cm-
thick reddish-gray ash at 404-407 cm, a tiny speckle of white ash at 1,335 cm, and a 5-cm-
thick light brownish gray ash at 1,680-1,685 cm (Fig 2a). The other five tephras, described as 
lenses of black volcanic sand or silt, most likely represent spots of hydrotroilite (A. 
Derkachev, personal communication, 2015).  
Based on the obtained glass abundance profiles (Fig. 2f, g), we recognized 30 glass peaks 
with 5,000-10,000 grains g-1 in the 63-125 µm sediment fraction and 33 glass peaks with 
500-1,000 grains g-1 in the 125-2,000 µm sediment fraction. Microprobe analysis of indi-
vidual volcanic glasses from these peaks supported the identification of three tephras (T), nine 
cryptotephras (CT), and thirty layers containing redeposited ash (R) (Fig. 2).  
Visible tephras are characterized by homogeneous glass populations, which suggests that they 
originate from primary tephra fallouts. Two thick visible tephras were earlier described by 
Derkachev et al. (2012; submitted). The upper one is related to the Nemo caldera-forming 
eruption in the northern part of Onekotan Island, Kuriles at ~30.8 ka (Derkachev & Port-
nyagin, 2013). T2 tephra (230.7 ka), not reported before in this core, compositionally matches 
"Magadan ash" (tephra from an unknown Kamchatka source redeposited in a periglacial lake 
near the town of Magadan, Asian mainland; Smirnov & Glushkova, 2013) as well as a visible 
Al7.4 tephra in the core LV28-42-4, central Okhotsk Sea (Nürnberg & Tiedemann, 2004).  
Cryptotephras are defined by the dominance of distinct glass populations, which indicates 
their origin from the primary tephra fallouts. Only one (upper) cryptotephra correlates to a 
known eruption (~8.4 ka Kurile Lake caldera) while the other eight correspond to eruptions, 
which are comparable in size but went unrecognized in the proximal records. One of the 
cryptotephras correlates to a visible Al7.2b tephra in the core LV28-42-4 (Nürnberg & 
Tiedemann, 2004). 30 layers containing redeposited glass shards (R) are characterized by 
heterogeneous glass populations, which points to their origin from the secondary transport. 
The majority of the R-layers and cryptotephras, particularly their coarse sediment fractions, 
are characterized by an almost permanent presence of three high-K glass populations: two 
related to the Khangar and Opala volcanoes, and the other exactly matching "Magadan ash". 
These three background glass populations might have originated from continuous erosion of 
proximal volcanic tuffs and subsequent transport of eroded volcanic material by rivers to 
beaches, and then by currents and/or sea ice into the central part of the Okhotsk Sea. This idea 
is supported by high-K compositions of these glasses typical for the Kamchatka rear arc 
volcanoes located in the western part of the peninsula. Many R-layers accompany increases in 
the IRD abundances (Fig. 2) indicating sea-ice rafting as an important transport pathway of 



 M-97 

glass shards from the land into the sediments of the Okhotsk Sea. We presented these results 
at the XXI International Conference on Marine Geology in Moscow (November 16-20, 2015) 
and currently N. Bubenshchikova is working on the paper. 
We completed the geochemical analysis of tephras from the Central Kamchatka classic 
sequences of the Quaternary deposits. These data provide a reference for identification of the 
sources of distal tephras and will help to synchronize environmental changes recorded in 
terrestrial and marine sediments. 
 
Conclusion 
Research activities under the OSL-15-19 project allowed us to pursue studies of tephra and 
cryptotephra in the Arctic and subarctic sedimentary archives, both in terrestrial and sub-
marine environments. We are providing more and more links between disparate paleoenviron-
mental archives integrating their records into a single consistent history of paleoenvironmen-
tal change and volcanic activity. Geological and geochemical studies of near-source pyroclas-
tic deposits provide references for distal correlations. Identification of distinct tephras with a 
composition traceable to specific known eruptions provides a powerful, independent chrono-
logical tool much needed for Arctic paleoceanography and for deciphering the glacial history 
in NE Asia (western Beringia). A complementary aspect of this study is the identification and 
dating of the largest explosive eruptions. Our tephra research currently extends from the NW 
Pacific into new domains like the White Sea region, the lower Lena, and the Arctic Ocean. 
Our research on tephra was initiated within the framework of the German-Russian KALMAR 
project, and now provides links to such projects as BERING, INOPEX, the ICDP Lake 
El'gygytgyn project, and the IODP cruises in the northern Pacific. 
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HOLOCENE LAND-SEA INTERACTIONS IN THE LAPTEV SEA INFERRED 
FROM THE INNER SHELF POLLEN RECORDS: IMPLICATIONS FOR 
PALEORECONSTRUCTIONS 
 
O. Rudenko, V. Enina 
Orel State University, Orel, Russia 

 
Summary  
Using variations in abundance and taxonomic composition of pollen and non-pollen palyno-
morphs from bottom sediments of the Laptev Sea as a proxy, we aimed to reveal the temporal 
variability in the Lena River discharge onto the Laptev Sea shelf during the late Holocene as 
well as climate-induced response of coastal vegetation through calculation of biome scores 
and indices of moisture and heat supply inferred from pollen data. For this we studied  
• AMS14C-dated cores PS51/80-13, obtained east from the Lena Delta close to the mouth of 

the Trofimovskaya Channel in 1998, and PM9482-2 (74.00N 128.11E), obtained to the 
north of the Lena Delta within the influence of the outflow from the Tumatskaya Channel 
in 1994;  

• undisturbed surface sediments from 5 multicores, obtained in the Lena paleovalley and 
outside during the TRANSDRIFT XXI expedition in 2013, to enlarge the regional database 
and provide a reliable up-to-date basis for reconstructions.  

Two distinct peaks of pollen and non-pollen palynomorph abundance in the PS51/80-13 core 
section coeval to 5.2 and 1.6 th. cal. yr BP and several smaller ones manifest the influx of 
river-loaded organic debris onto the shelf, thus testifying to an increased river runoff through 
the Trofimovskaya and Bykovskaya channels between 6,000 and 5,200 cal. yr BP. The pollen 
diagram of the PM9482-2 core indicates that the decline in organic input and average 
sedimentation rates since 2,500 cal. yr BP is likely due to the further retreat of the coastline 
and decrease in Lena River runoff through the Tumatskaya Channel.  
The decrease in the concentration of pollen of tundra shrubs toward the top of both core 
sections likely points to a decrease in pollen productivity due to climate cooling since the 
early Subatlantic period. At the same time, the persistent input of freshwater green algae 
might indicate that this general trend in cooling was accompanied by a steady, north- and 
northeastward river-water transfer through the Lena Delta. 
 
Introduction 
 
Scientific background 
Understanding the ongoing changes in the Siberian Arctic and assessing the possible future 
variability demands an improved reconstructions of the Holocene environmental history 
including various parameters. The variability and extent of freshwater influxes into the shelf 
as well as temporal changes in river runoff, inland coastline retreat and climate-induced coas-
tal plant-cover transformation are among them. A viable and effective approach to reconstruct 
these parameters is to study the variability in abundance and species composition of indicative 
fossil remains enclosed in marine sediments (e.g., pollen of seaside halophytes, long-distance 
wind-transported pollen, freshwater and marine palynomorphs, etc.). This is of particular 
importance for continental margins, which mostly comprise sediment records with increased 
temporal resolution (Hooghiemstra et al., 2006). The fact that the Siberian Arctic is poorly po-
pulated and human impact on high-latitude vegetation remains virtually insignificant, at least 
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until very recently, makes high-resolution pollen records, including marine records from adja-
cent seas, an important source of information about the natural factors responsible for vegeta-
tion changes, particularly as related to centennial- and millennial-scale climate variability.   
The new pollen records from the AMS14C-dated PM9482-2 and PS51/80-13 marine cores 
(Fig. 1) could largely fill the gap in pollen data from the inner shelf of the Laptev Sea and 
provide a deeper understanding of the interdependence between marine fossil pollen and non-
pollen palynomorph (NPP) spectra and river outflow variability. Our primary database on 
taxonomic composition of pollen spectra from surface sediments of the Laptev Sea 
continental slope and outer shelf, built in 2013-2014, and a new data from multicores, 
recovered from the submerged river paleovalleys in 2013 (Fig.1), will provide a reliable up-
to-date base for paleo-reconstructions. 

 
Fig. 1: Map of the cores and bottom stations under study in 2015-2016. 
 
 
Goals and objectives  
The project's goals and objectives were the following: 
• sample processing and microscopic examination for both pollen and NPP assemblages in 

surface sediments, retrieved by 5 multicores, recovered in 2013 during the TRANSDRIFT 
XXI expedition aboard RV VIKTOR BUYNITSKIY (Fig. 1); 

• sampling, sample processing and microscopic study for downcore distribution of terrestrial 
and aquatic palynomorphs in PM9482-2 and PS51/80-13. PM9482-2 was obtained at a wa-
ter depth of 27 m north of the Lena Delta within the outflow influence of the Tumatskaya 
Channel. PS51/80-3 (WD-21 m) was obtained northeast of the Lena Delta, close to the 
estuary of the Trofimovskaya Channel. Age models of both cores are based on 12 radiocar-
bon ages, measured on bivalves and fragments of wood, using an accelerator mass spec-
trometer (AMS) at the Leibniz Laboratory (Kiel University) (Bauch et al., 2001). Accor-
ding to age models, the PM9482-2 core covers the past 2.8 cal. ka and the PS51/80-13 core 
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extends back to 6.3 cal. ka  (Figs. 3, 4); 
• pollen stratigraphy and intra-regional correlation of pollen zones, which were identified in 

sediment sequences from the inner shelf and continental slope (Rudenko et al., 2014); 
• calculation of dominant biome scores and pollen indices of heat and moisture supply based 

on pollen counts from PM9482-2 and PS51/80-13;  
• environmental reconstructions based on correlation of marine pollen records with coeval 

pollen signals from coastal lakes (Andreev et al., 2004; 2011; Pisaric et al. 2001) and the 
Lena catchment (Müller et al., 2009).  

 
Research activities  
 
Approach 
For palynomorphs extraction we used V.P. Grichuk’s standard technique (Pokrovskaya, 
1950), which includes processing with 10-% cold HCl solution and KOH deflocculation 
followed by heavy liquid separation in cadmium iodide solution with a density of 2.2 g/cm3. 
Pollen concentration is calculated according to the marker-grain method from Stockmarr 
(1971) through adding one Lycopodium-tablet at the beginning of sample processing.  
No less than 200 pollen grains of Holocene age were counted for each sample. Non-pollen 
palynomorphs (spores, cysts of dinoflagellates, colonies of green algae, foraminifera linings, 
rare fungal remains and Hepaticae are among them) were counted in addition as well as 
reworked microfossils. The relative frequency of pollen of Holocene age was calculated based 
on its total sum. Relative NPP frequencies were calculated based on the total sum of 
microfossils registered. Pollen and NPP were identified using published keys and atlases 
(Pokrovskaya, 1950; Sokolovskaya, 1955; Kupriyanova, 1965; Reille, 1992, 1995, 1998; 
Kunz-Pirrung, 1998). The reworked microfossils were distinguished according to pollen-and-
spores taxonomy, diagenetic alteration of their membrane and color differences with the use 
of published keys (Pokrovskaya, 1966). The relative frequency of the reworked taxa was 
calculated based on the total sum of microfossils. We also calculated the total sum of NPP 
based on the total sum of all microfossils in the spectra.  
The Tilia/TiliaGraph/TGView programs (Grimm, 1993, 2004) were used for calculations and 
for making diagrams of percentage and abundance. 
For biome reconstructions we applied the biome-taxa matrix, successfully validated using 
modern pollen/vegetation data from the Laptev Sea region (Müller et al., 2009). All terrestrial 
pollen taxa on PM9482-2 and PS51/80-13 pollen records were assigned to major vegetation 
types (biomes) based on Müller et al. (2009). The biome score calculation was performed 
using the standard equation and reconstruction procedures described in Prentice et al. (1996) 
and the PPPBase software developed by Guiot and Goeury (1996). 
Calculation of indices of moisture and heat supply based on pollen counts from the studied 
cores was done according to the approach described in detail in Demske et al. (2005). 
 
Accomplishments 
The research was carried out in accordance with the working schedule. 5 surface samples 
from multicores, 37 from the PM9482-2 core and 34 from the PS51/80-13 core were analyzed 
with a Motic-B1-220A microscope at x400 magnification. Core sampling in 3-4 cm intervals 
allowed for a centennial-to-decadal reconstruction of environmental changes in the Laptev 
Sea inner shelf and adjacent land. 
Two manuscripts are now in progress. The first discusses the results of the pollen analysis of 
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the surface pollen/NPP spectra from the Laptev Sea shelf and continental slope and will be 
submitted to the journal Review of Paleobotany and Palynology. The second deals with the 
reconstruction of Holocene paleoenvironments in the Laptev Sea region and will be submitted 
to the Russian journal Problems of the Arctic and Antarctic and to the special issue of the 
Quaternary International. 
 
Results 
 
Pollen and NPP in the surface sediment layer 
Pollen of plants indicative for floodplain vegetation (Alnus viridis, Cyperaceae and Betula 
nana-type), Sphagnum spores and freshwater algae predominate over tundra herbs and marine 
dynocysts almost exclusively in the surface sediment layer of the inner shelf, in particular 
close to the delta of the Lena and Khatanga (Fig. 2), giving evidence for river runoff 
predominance over aeolian transportation in contributing to marine pollen spectra formation. 
However, the greater pollen productivity of birch and alder should be also taken into account. 

 
Fig. 2: Taxonomic composition of terrestrial and aquatic palynomorphs in surface sediments from the inner shelf 
of the Laptev Sea. 
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The spring-summer wind rose of the Laptev Sea region shows an obvious supremacy of the 
northeastern constituent for the high Arctic latitudes with a scarce plant cover consisting of 
plants with low pollen productivity. That is why one can hardly expect a significant amount of 
windblown pollen in marine pollen spectra, particularly from tree plants growing far more 
southerly. All this may additionally indicate that both river water drift and subsequent current-
governed lateral water circulation are responsible for marine pollen spectra formation. 
 
Fossil palynomorphs assemblages 
The obtained data indicate species-rich fossil assemblages featured by predominance of pollen 
of plants that arae indicative for floodplain vegetation (Alnus viridis, Cyperaceae and Betula 
nana-type) over pollen of conifers and tundra herbs throughout both core sections (Fig. 3).  

 
Fig. 3: Percentage diagrams of the PS51/80-13 (A) and PM9482-2 (B) cores. 
 
Also throughout both core sections, the abundances of freshwater colonial algae of the genera 
Pediastrum and Botryococcus as two of the main biological indicators of river input into the 
Siberian shelf seas are much higher than those of marine cysts of dinoflagellates (Fig. 3). 
Cysts of dinoflagellates appear in the PS51/80-13 core since c. 4-4.5 cal. ka and culminate at 
9×102 grains/g of dry sediment, thus pointing to the establishment of marine conditions at the 
study site. Two distinct peaks in both pollen and freshwater algae concentration, exceeding 
80×103 and 7.5-14.5×103 grains/g of dry sediment, respectively, were revealed and dated to 
5.2 and 1.6 cal. ka. They might be associated with the warm/wet climate pulses causing 
particularly strong freshwater influxes from the Lena River, bringing higher amounts of 
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suspended organic matter onto the shelf. Biome reconstruction showed an increase in pollen 
productivity of tundra shrubs, thus likely manifesting a slight climate amelioration for the 
time spans from 5.2 to 4.8 cal. ka and 2.5 to 1.2 cal. ka (Fig. 4). 

 
Fig. 4: Changes in abundance of pollen/NPP for the PS51/80-13 and PM9482-2 cores and pollen-based biome 
reconstructions for adjacent land plotted along with the age model (Bauch et al., 2001) and records of average 
sedimentation rates. 
 
 
Redeposited microfossils 
Being rich in diversity in general, the reworked spores and pollen of pre-Quaternary age 
comprise 9-16% of the total amount of microfossils. The number of redeposited taxa 
identified in each sample amounts to 35-40 species. Pollen of Mesozoic conifers with Picea, 
Pinus, Gingko sp., and Taxodiaceae/Cupressaceae among them and the three-prong spores 
Gleichenia, Leiotriletes, and Phlebopteris dominate the reworked part of the spectra. Pollen of 
Pterocarya, Carya and Nyssa of Paleogene age are also common. 
 
Conclusion  
Our study has shown that the composition and abundance of pollen and spores in the bottom 
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sediments of the area adjacent to the Lena Delta depend to a large extent on the intensity of 
river runoff and reflect the floristic features of several botanical and geographical zones and 
subzones, namely Arctic wetland moss tundra, shrub tundra and taiga. Indices of the 
"landscape openness" show no dramatic changes in vegetation cover of the Laptev Sea region 
and the Lena Delta floodplain over the past 6,000 cal. years. A significant drop in abundance 
of pollen of local tundra plants in favor of pine pollen blown over long distances since 1,600 
cal. BP indicates a decrease in pollen productivity of tundra biocenoses due to a cooling in the 
late Subatlantic period, which is also reflected by biome curves (Figs. 3, 4). This goes in line 
with reconstructions for northern Yakutia based on pollen data from lake and marsh 
sediments within the Lena Delta. 
Peaks in palynomorph concentration reflect two episodes of significant increase in organic 
input and, hence, river runoff coeval to 5.2 and 1.6 th. cal. BP, which was probably due to 
global warming. The sharp decrease in average sedimentation rates in the Tumatskaya 
Channel estuary since 2,300 cal. BP and the opposite trend in the Trofimovskaya Channel 
estuary indicate a redistribution of the main flow of the Lena River in a northeasterly direction 
between 5,200 and 2,300 cal. BP.  
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Summary 
Hydrological response in permafrost regions is sensitive to the effects of climate warming, 
which may trigger pronounced changes in water sources and runoff pathways just by a slight 
additional ground heating. The goal of the project is to numerically assess the main river flow 
sources in the permafrost zone by combination of field studies, hydrological modelling and 
mixing model methodology. The datasets of hydrometeorological and landscape charac-
teristics for the Graviyka (Yenisey River basin) and Shestakovka (Lena River basin) river 
watersheds were compiled. Historical data for the Shestakovka River basin was supplemented 
with the results of the field studies of hydrological processes and active layer dynamics in the 
field season of 2015. The compiled datasets were used to parameterize and verify the process-
based hydrological model Hydrograph. 
The results of isotopic analysis of the collected water samples during the field season 2015 
were used to separate river hydrograph into different runoff sources in the Shestakovka River 
basin. The analyses were held in Stable Isotope Laboratory of the AWI in Potsdam.  
It was found out that snowmelt water contributes to the streamflow for two months after air 
temperature has become positive but does not directly contribute to taliks and lakes. The 
fraction of snowmelt water varies from 54 to 70% during the six days with maximum 
streamflow. "Old water" represented by lake water contributes to the spring flood in an 
amount of 30% to 46%. The Hydrograph model overestimates snowmelt water contribution to 
the streamflow during the rising limb of the hydrograph and satisfactorily simulates the 
fractions of "new" and "old" water on the recession limb.  
The model simulations for two climate change scenarios suggest that increasing air tempera-
ture would result in a decrease of the maximum flow of the Shestakovka River. A correct 
simulation of runoff flow pathways expands the model applicability to the studies of the 
biogeochemical cycle in the terrestrial Arctic and its changes under climate warming. 
 
Introduction 
 
Scientific background 
Arctic river basins belong to the areas most vulnerable to climate change. However, there is 
currently limited knowledge on the hydrological processes that govern flow dynamics in 
Arctic river basins (Blaen et al., 2014). Hydrological processes in a permafrost domain are 
characterized by specific features caused by seasonal thaw/freeze dynamics (Semenova et al., 
2013). The chemical and isotopic properties of water provide a unique opportunity to assess 
the contribution of different runoff components on river runoff hydrology and hydrochemi-
stry, to reveal the role of active layer dynamics in runoff formation processes and to project 
possible effects of its deepening on the functioning of arctic river basins (Carey & Quinton, 
2005). Since the 1990s, hydrometric studies have been applied in combination with isotopic 
and hydrochemical measurements in order to elucidate runoff generation processes in Arctic 
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and subarctic environments (Buttle, 1994; Soulsby et al., 2004; Carey & Quinton, 2005; 
Blaen et al., 2014). This type of approach has proven to be useful due to the fact that stable 
isotopes do not participate in chemical reactions, thus providing key information concerning 
the original source areas, and dissolved solutes do participate in chemical reactions, thus 
providing critical information concerning flow pathways (Hoeg et al., 2000; Ladouche et al., 
2001; Hayashi et al, 2004).  
There is a clear need for an increased use of isotope and hydrochemistry in hydrological stu-
dies on the permafrost domain of Russia, aiming at process comprehension, conceptualization 
and validation of more accurate hydrological and hydrochemical models and future projec-
tions. In Russia such studies in a permafrost environment are rare. Here we may refer to AWI 
studies in eastern Siberia on ground ice and paleoclimate reconstruction (Meyer et al., 2015) 
and permafrost-hydrological studies at the Graviyka River (the town of Igarka on the Yenisei 
River) by the Igarka Geocryological Laboratory (Streletskiy et al, 2015).  
 
Goals and objectives  
The goal of the project is to study the numerical assessment of the main river flow sources in 
different phases of the hydrological regime and the role of the active layer in their dynamics 
in the permafrost zone with a combination of isotope, hydrochemical and hydrometric data, 
and modelling, also including projections of their possible changes due to climate warming in 
the future.The objectives of the project are: 
• to study streamflow sources and surface/groundwater connectivity and to estimate the 

magnitude and timing of runoff components during a warm period for two watersheds in 
continuous and discontinuous permafrost zones using isotope and hydrometric data; 

• to parameterize the Hydrograph model and verify its structure based on the obtained 
information about runoff sources and flow pathways and from historical data; 

• to assess possible changes of runoff mechanisms for different scenarios of climate change 
and to estimate their impacts on the biogeochemical cycle in continuous and discontinuous 
permafrost zones. 

 
Research activities  
 
Approach 
Two methodological approaches are applied to achieve the goal and objectives of the project: 
mixing analysis (EMMA) and process-based hydrological modeling. The initial data were 
collected using historical archives, standard information from the Roshydromet's network and 
our field investigations. 
 
End member mixing analysis 
There exist different approaches for hydrograph separation which aim assessment of main 
runoff producing sources. They can be graphical, simple mixing models and end member 
mixing analysis (EMMA). EMMA is a commonly applied method to identify and quantify the 
dominant runoff-producing sources of water. In our study end member mixing analysis and 
mass balance calculations were performed in order  
• to identify the key water stores that contributed to river flows; 
• to examine sampled end members to assess surface/groundwater connectivity; 
• to estimate the magnitude and timing of runoff components during a warm period; 
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• to assess the parameters and algorithms of the runoff formation model for continuous and 
discontinuous permafrost zones.  

 
Hydrological modeling 
The framework of the project is the process-based hydrological model Hydrograph (Vinogra-
dov et al., 2011; Semenova et al., 2013). Explicitly describing the dynamics of the active layer 
and their interaction with runoff formation processes, the model proved its ability to cope 
with a permafrost environment in different studies, including those conducted at the OSL 
(2009-2014). The model uses many parameters that are observed in the field or estimated 
according to remote-sensing products and mostly do not need calibration. Such an approach 
has the advantage to apply the model in non-stationary conditions (Semenova et al., 2014). 
The use of hydrochemical data and the EMMA approach allow for a more reliable assessment 
of the model parameters while distinguishing between different sources of river flow in 
continuous and discontinuous permafrost zones. 
 
Accomplishments 
The processes of permafrost/river runoff interactions were investigated at two watersheds 
which may be considered representative for two types of permafrost: continuous and discon-
tinuous. The Graviyka River watershed (area 323 km2) is located in the lower part of the 
Yenisei River basin. Permafrost in the region is discontinuous. The dominant land cover types 
within the watershed are mixed forests and palsas. Mean annual air temperature is -8.3°C. On 
average the basin receives about 460 mm of precipitation, of which about 60% comes as 
rainfall.  
The Shestakovka River is a left tributary of the Lena River near Yakutsk. The basin area is 
170 km2. There is a continuous permafrost zone with talik zones on well-drained slopes. 
Mean annual air temperature is -10.2°C, precipitation is half as much as in the Graviyka basin 
with 230 mm per year. The basin is covered by larch and pine forest with a small fraction of 
bogs.  
Previous permafrost, hydrogeological and water balance field studies that were sparsely 
conducted at both locations in the second half of 20th century provide a good basis for model 
application and assessment of river flow sources in the Graviyka and Shestakovka river 
basins. Current regular field measurements at both watersheds make them nowadays unique 
research basins in the Russian permafrost zone. 
Our focus lay on: 
• compilation and analysis of datasets for two studied watersheds based on historical 

archives and information from the standard Roshydromet network; 
• resumption of the field water-balance studies at the Shestakovka watershed; 
• water sampling for isotopic analysis from different water storages at the Shestakovka 

watershed; 
• application of the Hydrograph model to two studied watersheds for a historical time 

period; 
• laboratory isotope analysis of collected water samples at AWI, Potsdam; 
• hydrograph separation using the end member mixing approach on the base of the obtained 

hydrometric and isotope data; 
• development of climate warming scenarios and assessment of possible changes of flow 

sources.  



 M-112 

The research was carried out in accordance with the working program.  
 
Results 
We compiled a dataset containing daily meteorological values, river discharges, available 
variable states (soil temperature, active layer depth, snow characteristics, water chemical 
composition) and landscape characteristics for the Graviyka and Shestakovka river basins for 
the periods of 1936-1992 and 1951-2015, respectively. The dataset was compiled on the basis 
of the historical archives at the Melnikov Permafrost institute (Yakutsk) and observations of 
the Roshydromet standard hydrometeorological network. Data for the 1980s were available in 
hard copies only and we manually digitized them. Such a dataset itself is of particular 
scientific importance since until we carried out our studies, there was a very limited number 
of well-studied watersheds in the Russian permafrost zone and none in Central Yakutia. 
For isotopic analysis 104 water samples from snow, river and lake ice, streams, lakes, 
precipitation, and groundwater wells were collected in the Shestakovka river basin in the 
period of March-September 2015. The mean time interval between water sampling is 10 days. 
During the spring flood, samples of river water were taken every day. For each water sample, 
mineralization, pH as well as δ18O and δ2H isotope concentration were determined. Isotopic 
analyses were carried out in AWI, Potsdam. It was revealed that the water reservoirs in the 
basin have different isotopic signals. Most of them are located along the global 
meteorological water line. Snow has the lightest isotopic composition and rain the heaviest. 
Isotopic composition of the river water varies from very light in May and June to heavier in 
July and August. Lakes show a clear signal of evaporation. Groundwater has a stable isotope 
signature throughout the year. It neither evaporates nor receives any direct snow contribution. 
We obtained new field data on runoff formation processes and active layer depth dynamics in 
the Shestakovka basin. Beginning from the end of March 2015 we made at least one day field 
trip every 10 days. The standard working program included measurements of river discharge, 
river water level, groundwater levels at three wells, ground temperature, active layer depth in 
pine forest and bog, and water sampling. In March-April four snow surveys were carried out 
in three different landscape and geomorphological units of the basin. Snow depth in the pine 
forest in the northern part of the basin was 0.2-0.35 with 0.28 m on average at the end of 
March. In the larch forest in the southern part of the basin, snow depth was 0.25-0.57 m with 
a mean of 0.35 m. The difference in snow accumulation is presumably explained by the 
difference in precipitation and snow sublimation at different slopes. Beginning from June 
2015 we carried out a survey of ground thawing depth at the same place as the snow surveys 
once per month. Maximum observed thawing depth until July 2015 was >1.5 m in the pine 
forest (sand soil) and 0.4-0.7 m in the bog (peat soil). 
We established a set of model parameters related to runoff formation processes for mixed 
forest and palsa landscapes in a discontinuous permafrost zone (Graviyka River basin). Based 
on the analysis of observations of the active layer thickness from the CALM R40 site near 
Igarka (121 point of active layer depth observations), it was shown that the soil type plays a 
more significant role in ground thaw than vegetation. Both forest and tundra with peaty soils 
show a maximum active layer thickness of up to 0.51-0.53 m with small variation coefficients 
(0.13 and 0.14). Active layer thicknesses in forest and tundra landscapes with loam soil vary 
from 0.48 to 1.51 m with variation coefficients of 0.41 and 0.35, respectively. To account for 
such a diversity in the basin, two runoff formation complexes were distinguished – mixed 
forest with non-permafrost loamy soil and palsa with wet peaty soils covered by permafrost. 
Each runoff formation complex is characterized by its own set of parameters that was 
assessed based on a literature review. Having been tested against basin-variable states, related 
to different landscapes, and then against river discharge, the parameter set could be 
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transferred to other basins in similar environments. 
We carried out joint simulations of snow formation, thaw/freeze and runoff in the Graviyka 
river basin, a discontinuous permafrost zone, for 1936-2014 using the Hydrograph model. 
Snow depth and snow density from the Igarka meteorological station and active layer 
thickness from the R40 CALM site were used to test model performance. The simulations 
suggest a 10-15 days time lag between snowmelt at the meteorological station (observed) and 
in the forest (simulated), which is attributed to a difference in the fraction of shaded area in 
the open meteorological plot and the forest area. Modeling results of active layer thickness 
and snow characteristics generally show a satisfactory agreement with observations (mean 
observed active layer thickness for 2008-2014 is 0.51 and simulated active layer thickness is 
0.55 m). Simulations yield a higher interannual variability in active layer thickness than 
observations. Figure 1 shows a comparison of observed and simulated snow depth and active 
layer thickness in the Graviyka river basin. As they show a satisfactory agreement, the model 
was applied to simulate river runoff including flow from different basin storages – surface, 
subsurface and groundwater (Fig. 1). According to the modeling results, subsurface flow is 
the dominant runoff source in the Graviyka river basin over the year. In the spring flood 
period surface flow also plays a significant role in runoff formation. Underground flow 
appears only in the second half of the summer when the active layer is thick or the seasonal 
frozen layer is completely thawed. Simulated mean annual flow is 449 mm (observed flow is 
438 mm). 134 mm were produced as surface flow, 262 as subsurface (soil) and 53 mm as 
underground component. 
The results of the hydrograph separation for the Shestakovka River using the end member 
mixing approach on the basis of hydrometric and isotope data, obtained in 2015, show that 
snowmelt water contributes to the streamflow for two months after air temperature has 
become positive, but does not directly contribute to talik water and lakes. The fraction of 
snowmelt water varies from 54% to 70% during the six days with maximum streamflow. "Old 
water", represented by lake water, contributes from 30% to 46% to the spring flood. 
We compiled a  set of the model parameters related to runoff formation processes for typical 
landscape units of the Shestakovka river basin. The active layer thickness measurements 
showed that soil thaws quickly and deeply in the pine forest with maximum depths of 2-3 m. 
Sandy soil in pine forests is well drained and usually very dry. Water-saturated taliks develop 
in sparse pine forest and contain water throughout the year. Soil in larch and birch forests 
thaws up to 1.5 m, has high organic content in the upper layer and stores some water. Peatland 
is formed near lakes and in depressions and is usually very moist. The active layer has a 
thickness up to 0.5-0.7 m. Soil and vegetation model parameters were assessed for three 
runoff formation complexes: pine forest on sandy deposits, larch-birch forest on peaty soil 
and peatland. 
For the Shestakovka streamflow simulations for 1951-2015 we used the developed set of the 
model parameters and the process-based Hydrograph model. Observed and simulated mean 
(24 and 23 mm), maximum (99 and 105 mm) and minimum (1.5 and 3 mm) annual runoff 
depth coincide with each other. The simulated daily discharges agree well with the observed 
ones in wet years. The model shows larger discrepancies in observations during dry years. 
Maximum discharges and minimum flows are overestimated by the simulations and require 
additional analysis. 
Isotope-based and simulation-based hydrograph separation for the Shestakovka River were 
compared (Fig. 2). The Hydrograph model overestimates the contribution of snowmelt water 
to the streamflow during the rising limb of the hydrograph and satisfactorily simulates the 
fractions of "new" and "old" water on the falling limb in 2015. 
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Fig. 1: Upper panel: observed and simulated snow depth at Igarka meteorological station (m; 2006-2010), middle 
panel: observed and simulated active layer depth in tundra with peaty soil (CALM R40 site) (m, 2008-2014), 
lower panel: observed/simulated flow (m3/s) and model assessment of different flow components (surface, 
subsurface and underground water, mm) in the Graviyka river basin in 1979. 
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Fig. 2: Left: comparison of isotope-based and simulation-based hydrograph separation for the Shestakovka 
River, right: typical simulated hydrographs for a historical period with increased air temperature used as model 
input. 

 
Projections of the runoff reaction to climate change are shown in Figure 2. Two climate 
warming scenarios were developed for the Shestakovka river basin. The first one was based 
on the observed air temperature trend at Yakutsk meteorological station, which is equal to 
0.9°C/30 years. The second scenario suggested an increase in air temperature by 1.9°C for the 
coming 30 years based on simulation results of the 8 global climate models that the best 
performance for the historical time period for Yakutia according to Kokorev and Anisimov 
(2013). No precipitation trend was detected for the past 50 years for Central Yakutia. 
Hydrograph model simulation with increased input of air temperature shows a decrease in the 
maximum flow as a reaction to the warming climate. 
 
Conclusion    
The goal of the project was to numerically assess main river flow sources in continuous and 
discontinuous permafrost zones by a combination of field studies, hydrological modeling and 
the EMMA approach. Compiled datasets of hydrometeorological and landscape characte-
ristics for the Graviyka and Shestakovka river basins were used to parameterize and verify the 
process-based hydrological model. Historical data for the Shestakovka river basin are 
supplemented with the results of the field studies of hydrological processes and active layer 
dynamics. Modeling results showed that subsurface flow is the dominant runoff source in the 
Graviyka river basin. In the spring flood, surface flow also plays a significant role in runoff 
formation. Underground flow appears only in the second half of the summer when the soil is 
more deeply thawed or the seasonal frozen layer is completely thawed. The results of isotopic 
analysis of the collected water samples during the field season of 2015 were used to separate 
the river hydrograph into different runoff sources in the Shestakovka river basin. It was found 
out that water from stream, snow and groundwater horizons, lakes and rainfall have 
distinctive isotope signatures and behaviors throughout the year. Snowmelt water contributes 
to the streamflow for two months after air temperature has become positive but does not 
directly contribute to taliks and lakes. The fraction of snowmelt water varies from 54% to 
70% during the six days with maximum streamflow. "Old water", represented by lake water, 
contributes to the spring flood with 30% to 46%. The Hydrograph model overestimates the 
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contribution of snowmelt water to the streamflow during the rising limb of the hydrograph 
and satisfactorily simulates fractions of "new" and "old" waters on the falling limb. A model 
simulation for two climate-change scenarios shows that increasing air temperature would 
result in a decrease in the maximum flow of the Shestakovka River. A correct simulation of 
runoff flow pathways expands the model applicability to studies of the biogeochemical cycle 
in the terrestrial Arctic and its changes under climate warming. 
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D. Starodymova 
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Summary 
I studied the role of aeolian transport of chemical elements and compounds (including black 
carbon, organic carbon and heavy metals) at the White Sea coast and in its catchment area. In 
the course of the project, the elemental and material composition of the White Sea coastal 
aerosols and aeolian matter in natural archives are obtained. I evaluated the influence of the 
regional industrial sites on the different areas of the White Sea coast and catchment area and 
estimated the fluxes of heavy metals to the environment and their temporal variations. 
 
Introduction 
 
Scientific background 
Atmospheric transport of particulate matter is a fast way of delivery of many substances 
(including black carbon and heavy metals) to remote areas. This mechanism of matter 
transport is important for the Arctic environment. The very fragile equilibrium between its 
physical, chemical and ecological parameters (depending on low rates of reduction of 
biological resources) makes the Arctic an indicator of global change. The Arctic Ocean and its 
vast and shallow marginal shelf seas are considered to be a significant component in the 
understanding of the modern global climate system (Stein & Macdonald, 2003). Climate 
changes in the Arctic have already taken place (IPCC, 2007; Steele et al., 2008). These 
changes include unusual melting of glaciers, sea ice, and permafrost, and shifts in patterns of 
precipitation, freshwater runoff, and vegetation growth.  
Black or elemental carbon (BC, EC) aerosol and particulate matter in snow is one of the 
atmospheric constituents considered to be an important contributor to climate change in 
Arctic regions (Eleftheriadis et al., 2009; Hegg et al., 2010; Quinn et al., 2011). It has been 
shown that BC aerosols can decrease the albedo of snow/ice and heats the atmosphere 
(Hansen et al., 2004; Vignati et al., 2010; Quinn et al., 2011). 
Numerous studies have shown that aerosols are of importance for the Arctic environment 
(Nürnberg et al., 1994; Hölemann et al., 1999; Lisitzin, 2002, 2010; Shevchenko, 2003, 2006; 
Shevchenko et al., 2003, 2009). Less attention was paid to the role of particulate black carbon 
in the changing Arctic environment. Very few studies provide continuous research of black-
carbon input to the European Arctic (Dutkiewicz et al., 2014). 
Natural archives provide additional data for studying aerosol matter in remote regions where 
direct measurements of aerosols are impossible. The atmospheric matter input during the 
whole snow period accumulates in the snow cover. Studying snow, therefore, allows 
determining fluxes of particulate matter (Lisitzin, 2002, 2010). Lake sediments provide the 
opportunity of revealing time trends in heavy-metal input (Mast et al., 2010). 
 
Goals and objectives of the project 
The main goal of the project was to study aeolian matter in different compounds of the White 
Sea coast. Special attention was paid to the study of heavy metal in the atmosphere and 
natural archives (lake sediments and snow) of the White Sea coast. 
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Research activities 
 
Approach 
My work was focused on the study of aerosol samples collected near the White Sea 
Biological Station of MSU (WSBS MSU) in 2010-2014 using a high-volume sampler, of lake 
sediments obtained in the White Sea catchment area during the expedition in 2013-2014 and 
of snow collected near the WSBS MSU and in Arkhangelsk region (AR) during the 
expedition in 2015. Hence, I studied the material and elemental composition of aerosols, lake 
sediments and snow collected at the coast and in the catchment area of the White Sea. I could 
compare my results with my earlier data and literature data from the other Arctic regions. 
The main methods of my research are: 
• scanning electron microscopy (SEM) of aerosols and particulate matter from snow (P.P. 

Shirshov Institute of Oceanology, Moscow); 
• inductively coupled plasma mass spectrometry (ICP-MS) to determine elemental com-

position of aerosols, snow and lake sediments (in the same place); 
• macro-ions composition and dissolved organic carbon (DOC) content in snow samples 

(OSL). 
Backward (arriving at observation sites) trajectories of air masses, potential carriers of natural 
and anthropogenic tracers, were calculated with the HYSPLIT model (Draxler & Rolf, 2003). 
I used five-day-travel time trajectories calculated with a discreteness of 6 h at the height of 
20 m above the surface. 
According to the working program, I carried out the following tasks: 
• in March 2015, I worked on the Kindo Peninsula collecting snow samples; 
• I processed and analyzed lake-sediment samples collected in 2013 and 2014, aerosol 

samples collected at the WSBS in 2010 and 2012-2013 and snow samples collected in 
March 2015; 

• analysis of DOC in snow samples at the OSL on June 2-5; 
• calculation of backward trajectories of air masses to sampling sites of aerosols at the 

WSBS, which could help to identify the source of anthropogenic pollution using the 
NOAA HYSPLIT model (http://www.arl.noaa.gov/ready.html) (Draxler and Rolf, 2003); 

• mathematical processing of the calculated trajectories. 
 
Accomplishments 
The new data on aerosol matter composition and aeolian transport and fluxes of matter 
(including heavy metals) have been obtained. Field and laboratory studies were carried out. 
The research generally has been carrying out in accordance with the working program. 
 
Results 
 
Material composition of aerosols and particulate matter (PM) of snow 
30 aerosol filters, collected at the WSBS MSU in summer and fall 2013 and spring 2014, and 
20 filters with PM of snow, collected near the WSBS MSU and in Arkhangelsk Region in 
March 2015, were studied with SEM. Aerosol matter consists of 3 types of particles (Fig. 1):  
• the biogenic particles are comprised of spore and pollen, plant debris and fibers, and 

(occasionally) diatoms valves and their debris;  
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• mineral part of aerosols consists of mineral grains with different roundness of alumina-
silicate composition in common; 

• anthropogenic particles are presented by soot aggregates and combustion spheres. 
Biogenic particles make up about 80% of the total amount of particles in summer aerosols. 
Their abundance decreases in fall and spring. The distribution of anthropogenic particles 
remains the same in all three seasons. 

 
Fig. 1: SEM pictures of aerosol particles: a – pollen particles; b – biogenic particle; c – biogenic particles; d – 
soot aggregate; e – flying ash; f – combustion spheres, mineral particles and soot. 

 
Particulate matter of snow was studied with the SEM too. The particulate matter in the snow, 
collected near the WSBS MSU, has the same material composition as aerosol matter. The 
main differences are 
• presence of larger particles of plant debris in snow (because the aerosol sampler is 

equipped with an impactor separating large particles); 
• lower abundance of mineral particles 
• higher abundance of diatoms valves in the snow (as snow samples were collected from sea 

and lake ice).  
PM of the snow, collected in the Arkhangelsk Region, sharply differs from aerosol matter and 
PM of the snow collected at the WSBS MSU. We found a higher abundance of anthropogenic 
particles (combustion spheres in common) in the snow from the Arkhangelsk Region, which 
suggests a higher level of anthropogenic pollution in this region (even in background areas) in 
comparison with the WSBS MSU area. 
 
Trace metals in aerosols 
Samples of aerosols collected in the summer 2010 (glass fiber filters), in summer and fall 
2013 and spring 2014 (Whatmann 41 filters) were analyzed using the ICP-MS method. The 
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concentrations of metals (V, Ni, Cu, Zn, Ga, Rb, Sr, Zr, Cd, Sb, Cs, Y, Ba, La, Pr, Nd, Pb, Bi) 
were determined. To reveal the relations between the chemical elements, Pearson correlation 
coefficients were calculated. Elemental carbon and organic carbon contents (EC and OC) 
(Shevchenko et al., 2015) were taken into account, too. High correlation coefficients ppoint to 
a common source of these elements or a similar mechanism of delivery. The EC contents have 
no significant correlations with the analyzed metals. The OC contents show significant 
negative correlations with lead (-0.48) and bismuth (-0.62), which points to separate sources 
of these compounds. 
Correlation analysis allows distinguishing several groups of elements: (1) Cu and Ni, (2) Ga, 
Rb, Ba, and (3) Zn, Cd, Pb. These clusters of elements suggest different sources of these ele-
ments: (1) ore dressing plants of the Kola Peninsula, (2) lithogenic dust, and (3) anthro-
pogenic sources. 
To reveal non-lithogenic sources of elements, the enrichment factor (EF) was calculated with 
the formula: 

EF=(X/Ga)sample/(X/Ga)earth’s crust 
where (X/Ga) is the element-to-gallium concentration ratio in the sample and in the earth’s 
crust (Rudnick & Gao, 2003), respectively. Ga was used as an indicator of the lithogenic 
source. EF values, exceeding 10, indicate additional sources of element except earth’s crust. 
The following elements show the highest EF values: Zn (102), Cd (270), Sb (321), and Pb 
(62). Average values of Ni and Cu EF are 37 and 52, respectively, but there are few samples 
in the series with low EF values. This suggests constant influence of non-lithogenic sources of  
Zn, Cd, Sb, and Pb and these elements originate from different directions. Just the sources of 
Cu and Ni are localized. 
Every period of aerosol sampling was described by the dataset of backward trajectories 
(Draxler & Rolph, 2003) of air masses reaching the sampling site at the height of 20 m during 
this period. Backward trajectory analysis detected an increase in Cu and Ni concentrations 
with the air masses coming from the industrial sites of the Kola Peninsula. 
 
Snow samples (filtrated solutions) 
Melted and filtrated snow collected in March 2015 at the WSBS MSU and in the Arkhangelsk 
region was studied for trace-metal concentrations (using the ICP-MS method), dissolved orga-
nic carbon concentrations and ion concentrations. The average concentrations are presented in 
Table 1. The table shows higher concentrations of Cu, Ni and Sr in the WSBS MSU snow and 
higher concentrations of Zn, Cd, Pb and DOC in the AR snow. 
 
Table 1: Average concentrations (ug/l) of trace elements and dissolved organic carbon in filtered snow collected 
near the White Sea Biological Station (WSBS MSU) and in the Arkhangelsk region (AR) 

Sampling sites Ni Cu Zn Rb Sr Cd Pb DOC 
WSBS MSU 0.11 0.88 4.66 0.12 3.79 0.016 0.09 466.5 
AR (background areas) 0.046 0.34 28 0.083 0.55 0.028 0.23 820.5 
AR (polluted areas) 0.27 0.59 6 0.062 8.9 0.11 0.17 904 

 
 
Lake sediments 
Lake sediments provide a retrospective view on aerosol matter delivery and accumulation. A 
sediment core of Lake Svetloe (Arkhangelsk region, 60 km NE of Arkhangelsk) was collected 
in 2014. Core length is 50 cm. Density and moisture contents of the sediments were 
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determined. The sedimentation rate in the upper 15 cm of core was measured on the basis of 
210Pb activity. The sediment core was sliced into 1 cm and was analyzed for Sc, Cu, Ni, Cr, 
Mn, Co, Sb, Ba, La, Zn, Sr, Lu, Pb and Cd with an ICP-MS, and Hg with an AAS. Organic 
carbon was determined, too. Cu, Ni, Cr, Sc, rare earth elements and Corg concentrations are 
distributed uniformly whereas Hg, Sb, Pb and Cd concentrations increase in the upper 15 cm. 
Since the mean sedimentation rate equals 1.4 mm·year-1, the upper 15 cm correspond to the 
past 100 years. 
On the basis of the sedimentation rate, fluxes of heavy metals to the bottom are calculated. 
The highest increase in flux values are measured for Hg, Pb and Cd. Lead flux equals 
5.4 mg·m-2·year-1 (3-fold increase during the past 100 years), mercury flux equals  
20 ug·m-2·year-1 (3.5-fold increase), and cadmium flux equals 90 mg·m-2·year-1 (6-fold 
increase). This trend of increase in heavy-metal flux shows atmospheric pollution to be a 
result of the strong industrial activity in the region in the past 100 years. 
Correlation analysis allows dividing elements into groups: (1) Sc, Ba, Co, La, and Lu 
(lithogenic elements) and (2) Sb, Pb, and Cd (anthropogenic elements). A high correlation 
coefficient between Sb and Mn was found, too. 
A comparison between the sediments of Lake Svetloe and those of the lakes of the WSBS 
vicinity shows a significantly higher content of Sb, Ba, Zn, Pb, Cd and lower content of Cu 
and Ni in the sediments of Lake Svetloe. 
 
Conclusion 
New data on aeolian transport and fluxes of matter (including heavy metals) in the White Sea 
coastal environment have been obtained. Field (Karelia) and laboratory studies were carried 
out. The distribution of the insoluble particles in aerosols and snow (including heavy metals) 
reflects the aeolian delivery of these particles. This research showed that such a powerful 
source of heavy metals (Cu and Ni) as the metallurgical plants of the Kola Peninsula does not 
impact the aeolian matter of the remote areas of the White Sea catchment. In general, the 
delivery of these climate forcers to the White Sea coastal environment in large extent depends 
on anthropogenic pollution. 
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Summary  
The project is a prolongation of the high-resolution multi-proxy investigation of core 
MSM5/5-723-2 (79°09.66 N, 5°20.27 E, 1,359 m water depth) from the western continental 
margin of Spitsbergen, which started in 2014. It deals with the reconstruction of the deglacial 
to Holocene environmental variability in the eastern Fram Strait in relation to the influence of 
Atlantic water, ice sheet decay and meltwater input, surface polar water distribution and sea-
ice cover shifts. Our research includes the following proxies: ice-rafted debris (IRD) counts, 
benthic assemblages of foraminifers and ostracods, and benthic stable isotope record. It 
supplements the ongoing investigation of lithology, planktic foraminifers, and biomarkers 
carried out on this core by other research groups.  
Additional AMS14C-datings and new data on lithology and benthic microfossils allowed us to 
establish a sound age model for the studied core interval back to 18.5 cal.ka and to draw pre-
liminary conclusions on the paleoenvironmental evolution of the eastern Fram Strait continen-
tal slope. IRD flux was high though variable during the deglacial part of the record with peaks 
at 18.1-18.5 cal.ka (last glacial maximum (LGM)-deglacial transition), 14.4-14.9 and 13.5-
14.2 cal.ka (Bølling-Allerød), 12-12.7 cal.ka (Younger Dryas), and 11.5-11.7 cal.ka (similar 
to Pre-Boreal Oscillation, but with different timing). Sedimentation rates were low during the 
Heinrich 1 event with cold climatic conditions, extensive sea ice, water stratification and sub-
surface inflow of Atlantic waters. Highest sedimentation rates of 14-15 cal.ka and a pro-
nounced IRD minimum at 14.2-14.4 cal.ka mark the regional meltwater spike and accumu-
lation of fine sediments from turbid meltwater plumes during the early Bølling interstadial 
warming.  
The variability in the composition of benthic assemblages of foraminifers and ostracods 
reveals the following major paleoenvironmental changes:  
• LGM-type environment (18-18.5 cal.ka): high primary productivity in seasonally open 

waters and absence of stratification that prevents nutrient supply to the deep-water bottom 
environments, as assumed from high diversity and flux of benthic foraminifers; 

• deglacial environment (11.5-18 cal.ka): meltwater-induced stratification and strong sub-
surface inflow of Atlantic water, as evidenced by low diversity, low flux of benthic micro-
fossils, predominance of Cassidulina neoteretis among foraminifers and Polycope spp 
together with Cytheropteron parahamatum among ostracods;  

• early Holocene interglacial environment (11.5-5.7 cal.ka): elimination of meltwater input, 
onset of active Atlantic Meridional Overturning Circulation (AMOC; Atlantic water at the 
surface, formation of cold, saline well-oxygenated intermediate and deep waters), thermal 
optimum, reduced sea-ice extent, high productivity, as evidenced by high benthic foramini-
feral flux, growing diversity of benthic assemblages, highest proportion of deep-water spe-
cies Cibicidoides wuellerstorfi and Oridorsalis umbonatus, high percentage of phyto-
detritus species Epistominella exigua; 

• late Holocene interglacial environment (5.7 cal.ka-present): increasing cooling trend, 
increasing sea-ice extent and water stratification, reduced AMOC compared to the early 
Holocene, as evidenced by increase in Elphidium clavatum, re-appearance of C. neoteretis, 
decreasing representation of C. wuellerstorfi and O. umbonatus. 
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Introduction  
 
Scientific background  
The current project is a prolongation of the high-resolution multi-proxy investigation of core 
MSM5/5-723-2 (79°09.66 N, 5°20.27 E, 1359 m water depth) from the western continental 
margin of Spitsbergen that started in 2014.  
The project aims to reconstruct environmental variability in the eastern Fram Strait during 
deglacial and Holocene times in relation to the influence of Atlantic water, ice sheet decay 
and meltwater input, surface polar water distribution and sea-ice cover shifts. The inflow of 
warm Atlantic water to the Arctic and the opposite export of fresh and cold polar water and 
sea ice to the North Atlantic is a key driving mechanism of the global ocean circulation 
influencing climate changes. This inflow was strongly variable over time dependent on the 
sea-ice cover extent and the interaction with cold and fresher polar surface and meltwater, 
which caused the Atlantic water to submerge at lower latitudes compared to the present 78°N. 
The studied core is located directly beneath the pathway of the West Spitsbergen current 
carrying warm Atlantic water to the Arctic and in close vicinity to the former ice sheets and 
modern winter sea-ice margin (Fig. 1).  

 
Fig. 1: Location of core MSM5/5-723-2, marked red, and modern oceanographic setting of the Fram Strait 
region (figure adopted from Müller et al., 2012). Red arrows show Atlantic water flow: NC – Norwegian 
current, WSC – West Spitsbergen current. Grey arrows show polar water and sea-ice flows: EGC – 
East Greenland current, JMC – Jan Mayen current, SC – Sørkapp current. Grey dotted line marks the 
modern winter sea-ice margin. GSG – Greenland Sea Gyre. 
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Our research includes the following proxies: IRD counts, benthic assemblages of foraminifers 
and ostracods, and benthic stable isotope record. It supplements the ongoing research on 
lithology, geochemical characteristics, planktic foraminifers (assemblages, sea-surface 
temperature reconstructions, isotope record), sea-ice and phytoplankton biomarkers from this 
and the neighboring core MSM5/5-712-2 (Fig. 1; Müller et al., 2012; Müller & Stein, 2014; 
Werner et al., 2013, 2015; Aagaard-Sørensen et al., 2014 and unpublished data). Our data on 
benthic assemblages together with planktic proxies will help to reconstruct the water mass 
properties of the entire water column and to assess potential links between surface and bottom 
waters. The IRD record will provide evidence of the decay of continental ice sheets and 
variability in sea-ice extent. 
 
Goals and objectives of the project 
The goal of the project is to reconstruct the deglacial and Holocene environmental variability 
in the eastern Fram Strait in relation to the influence of Atlantic water, ice sheet decay and 
meltwater input, surface polar water distribution and sea-ice cover shifts.  
Since the proposed project is a continuation of our ongoing research of core MSM5/5-723-2, 
the research tasks include: 
• high resolution study (with 5-cm interval) of benthic assemblages of foraminifers and 

ostracods from the deglacial and Holocene part of the core (0-677 cm); 
• establishment of a benthic isotope record on Cassidulina neoteretis; 
• development of an age model; 
• time-slice reconstruction of deglacial to Holocene environmental changes. 
 
Research activities  
 
Approach 
Core MSM5/5-723-2 (79°09.66 N, 5°20.27 E) was retrieved at the western continental margin 
of Spitsbergen at the water depth of 1,349 m in 2007 during a MARIA S. MERIAN cruise 
(Fig. 1).  
Various research groups investigate the 953cm-thick core sediment sequence for different 
proxies. These research groups have carried out the following investigations:  
• initial AMS14C dating (that showed an age reversal in the deglacial part of the record);  
• grain size analysis every 1 cm from 0 to 476 cm (K. Werner, unpublished data) and every 

10 cm down to 950 cm (J. Howe, unpublished data);  
• sortable silt measurements 0-950 cm (C. Hass, unpublished data);  
• IRD counts in the 150-250 µm fraction in the sediment interval of 0-476 cm (published in 

Werner et al., 2015);  
• total organic carbon (TOC) and CaCO3 measurements every cm from 0 to 950 cm (J. 

Müller, unpublished data);  
• sea-ice and phytoplankton biomarkers (back to 7,000 yrs, published in Müller et al., 2012);  
• planktic foraminifer counts, sea surface temperature and salinity estimations, planktic 

isotope records from 0 to 476 cm (published in Werner et al., 2015);  
• benthic isotope record on Cibicidoides wuellerstorfi from 0 to 430 cm (published in 

Werner et al., 2015).  
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Our research group has supplemented these investigations with the following:  
• 2 new AMS14C datings on planktic foraminifers for the deglacial part of the sequence 

containing an age reversal; as a result, a new age model was produced, and all our results 
are now presented vs age; 

• coarse-grained IRD count (>500 microns) in all samples from the sediment interval 8-
677 cm; 

• identifiсation of benthic foraminifers and ostracods from the sediment interval 8-677 cm 
with 5 to 10 cm resolution.  

 
Accomplishments 
In accordance with the research tasks of the project, the following research activities were 
carried out: 
• high-resolution study (with 5 cm interval) of benthic assemblages of foraminifers and 

ostracods from the deglacial and Holocene part of the core (8-677 cm): benthic 
foraminifers and ostracods were identified in the samples with 5 cm interval; some specific 
taxonomic problems concerning identification of the two dominant benthic species, 
Cassidulina neoteretis and Islandiella norcrossi/helenae, in the small-size sediment 
fraction were solved; 

• establishment of a benthic isotope record on Cassidulina neoteretis: 20-25 tests of C. 
neoteretis were collected from all studied samples;  

• development of an age model: 2 new datings on planktic foraminifers from the deglacial 
part of the sequence that contained an age reversal were obtained; a new age model was 
produced, and all our results are now presented vs age; 

• time-slice reconstruction of deglacial to Holocene environmental changes: paleoenviron-
mental reconstructions were established for the whole studied time period. 

 
Results  
Based on the new data, we reconstructed paleoenvironmental changes in the eastern part of 
Fram Strait during the Holocene and deglaciation (back to 18.5 cal.ka). We compared our 
results with the published evidence from other cores from the region (Rasmussen et al., 2007, 
2012, 2014; Sarnthein et al., 2003; Hald et al., 2004; Ślubowska et al., 2005; Ślubowska-
Woldengen et al., 2007, 2008; Ebbessen et al., 2007; Jessen et al., 2010; Kristensen et al., 
2013; Werner et al., 2013, 2015; Aagaard-Sørensen et al., 2014; Müller & Stein, 2014; Groot 
et al., 2014; Zamelczyk et al., 2014; Telesiński et al., 2015). 
 
Age model, sedimentation rates and lithology 
Due to the newly obtained two AMS14C datings the whole sediment interval of 0-677 cm, 
corresponding to the past 18.5 cal.kyrs, gained a sound chronology (Table 1, Fig. 2). As we 
concluded previously based largely on the lithological characteristics, the dating at 571.5 cm 
is a reversed one. The age model was established as linear interpolation between the datings. 
The well-constrained chronology of the events based on magnetic susceptibility and lithology 
exists for eastern Fram Strait (Jessen et al., 2010). The new age model puts our data in 
generally good accordance with this chronology. 
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Table 1: AMS14C datings for core MSM5/5-723-2 based on planktic foraminifers. The newly obtained datings 
are are marked as bold and italicized. The reversal dating at 571.5 cm is marked red 

Lab Code Depth (cm) Conventional age (yrs BP) d13C(‰) Calendar age (yrs BP) 
KIA 38738 11,5 675 ± 25 2.20 ± 0.11 335 ± 68 
KIA 38700 51,5 2,125 ± 25 1.69 ± 0.15 1,708.5 ± 92.5 
KIA 43851 102,5 3,820 ± 30 0,86 ± 0,10 3,769.5 ± 99.5 
KIA 38739 131,5 4,950 ± 35 1.66 ± 0.06 5,317 ± 118 
KIA 43852 181 6,120 ± 40 0,38 ± 0,16 6,545.5 ± 107.5 
KIA 38740 231,5 7,290 ± 40 3.07 ± 0.36 7,752.5 ± 96.5 
KIA 43853 302 8,585 ± 40 1,18 ± 0,21 9,240.5 ± 139.5 
KIA 38701 371,5 9,490 ± 50 0.74 ± 0.25 10,350.5 ± 133.5 
KIA 50986 551 12,290 ± 55 0.07 ± 0.10 13,726 ± 58 
KIA 38702 571,5 14,910 ± 80 1.53 ± 0.14 17,688.5 ± 229.5 
KIA 38741 651,5 13,000 ± 70 -0.02 ± 0.46 14,863 ± 353 
KIA 50987 671,5 15,420 ± 70 -0.06 ± 0.12 18,146 ± 192 
KIA 38742 941,5 31,920 + 560 / -520 1.78 ± 0.13 35,421 ± 1,107 

 

 
Fig. 2: Age-depth relationship and calculated linear sedimentation rates (LSR) for core MSM5/5-723-2 (investi-
gated interval 0-677 cm). 

 
The calculated linear sedimentation rates show extremely low values for the time interval of 
15-18 cal.ka corresponding in age to the Heinrich 1 event (Fig. 2). These low sedimentation 
rates might be related to the generally cool climate conditions with low precipitation causing 
glacial retreat and reduced inflow of Atlantic waters due to the strong meltwater input in the 
more southern regions relative to the west Spitsbergen coast (Jessen et al., 2010). The flux of 
low linear sedimentation rates during the time interval prior to 15 cal.ka (Fig. 3) gives eviden-
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ce for relatively cold climate conditions inhibiting iceberg calving. Interestingly, in the adja-
cent core MSM5/5-712-2 (Fig. 1), linear sedimentation rates are also low (Müller & Stein, 
2014). But on the other side, sea-ice and plankton biomarker proxies suggest a rapid break-up 
of perennial sea ice at the onset of the Heinrich 1 event at 17.5 cal.ka (Müller & Stein, 2014) 
and increasing primary productivity thereafter with peak abundances of planktic foraminifers 
between 17 and 16.5 cal.ka (Zamelczyk et al., 2014).  

 
Fig. 3: Lithological and geochemical characteristics of core MSM5/5-723-2 (investigated interval 0-677 cm cor-
responding to the past 18.5 kyrs). Records of TOC and CaCO3: unpublished data of J. Müller, record of 
the weight % >63 µm fraction for the interval 0-477 cm from Werner et al. (2015). Gray shading high-
lights periods of enhanced IRD input. The red arrow marks the fine-grained sediment layer produced 
by meltwater plumes at 14.2-14.4 cal.ka.The plot of quartz grain percentage vs total number of grains 
includes only samples with more than 30 grains/sample. The horizontal line at 40% shows the average 
representation of quartz grains in the late Holocene sediments (only sea ice rafting, no icebergs).  
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Rapid climate warming and sea-level rise (Meltwater Pulse 1A) at the onset of the Bølling 
interstadial resulted in the sharp increase in linear sedimentation rates from less than 10 to 
almost 100 cm/103 yrs (Fig. 2). This was primarily due to a rapid accumulation of fine 
sediment material with high terrestrial TOC content from cold turbid meltwater originating 
from the actively melting Barents Sea Ice Sheet (Jessen et al., 2010; Müller & Stein, 2014). 
This layer of fine-grained laminated sediments, which serves as one of the tie-points for 
stratigraphical correlation of sediments in the northeastern Fram Strait, is centered around 
14.4 cal.ka (Jessen et al., 2010). In our record, its age estimation is similar and equals 14.2-
14.4 cal.ka (Fig. 3). Like in the neighboring core MSM5/5-712-2 (Fig. 1; Müller & Stein, 
2014), this layer is also associated with an increased TOC concentration (Fig. 3, unpublished 
data of J. Müller). In core MSM5/5-712-2, linear sedimentation rates during the Bølling-
Allerød are high, and their maximum values are up to 4 times higher than in the studied core 
MSM5/5-723-2 (Müller & Stein, 2014). Core MSM5/5-712-2 is located at similar water 
depth, but slightly to the south and closer to the shore compared to our studied core. Maybe in 
this area with a very dynamic water mass system which is subject to the shifts of the sea-ice 
margin and oceanic fronts in combination with the variable influence of Atlantic waters, even 
a small difference in geographical location of the cores resulted in drastic changes in 
sedimentation rates. 
Rapid ice sheet retreat and iceberg calving is reflected by the highest IRD flux at 13.5-15 
cal.ka (Fig. 3). This feature was observed in many records from the region (Rasmussen et al., 
2007; Ebbessen et al., 2007; Jessen et al., 2010; Telesiński et al., 2015). The next prominent 
IRD peak, though smaller than the one during the Bølling-Allerød, characterizes the Younger 
Dryas cold stage, which in our record dates back to 12-12.8 cal.ka (Fig. 3). At 12 cal.ka, IRD 
input almost ceased, but at 11.5-11.7 cal.ka the last small deglacial IRD peak likely signifies 
the Pre-Boreal oscillation, a short cooling at the onset of the Holocene before the final warm-
up (Rasmussen et al., 2012, 2014). IRD is almost absent in the early Holocene between 10.5 
and 7 cal.ka. It starts to gradually increase at about 5 cal.ka, manifesting late Holocene 
climate cooling, but the Holocene IRD increase is by no means comparable with the deglacial 
IRD input.  
This late Holocene IRD peak is associated with coastal sea-ice material and shows a high 
amount of quartz grains as compared to the fragments of other rocks and minerals (Fig. 3). A 
relatively high proportion of quartz grains is characteristic for the oldest IRD peaks at the 
LGM/deglacial transition at 18-18.5 cal.ka and in the middle Bølling-Allerød at 13.5-
14.2 cal.ka. Probably during these times icebergs from not only the Barents Sea Ice Sheet, but 
also from the Scandinavian Ice Sheet, located further south, occurred in eastern Fram Strait. 
During the Younger Dryas, the disintegrating Svalbard Ice Sheet was the major source of IRD 
in the region, and quartz grains were rare.  
Two major deglacial peaks of IRD flux at 13.5-15 and 12-12.8 cal.ka also differ in terms of 
TOC content (Fig. 3). As mentioned above, TOC content was high during the older peak due 
to the input of terrestrial organic matter with turbid meltwater produced by retreating ice 
sheets (Müller & Stein, 2014). Under the cold climatic conditions of the Younger Dryas melt-
water discharge was likely reduced. The sea-ice cover extended in size, in the shelf region to 
the east from Svalbard it turned to a near-permanent one (Kristensen et al., 2013). A consi-
derable amount of sea ice was delivered to Fram Strait from the Arctic Ocean due to enhanced 
water circulation following the sea-level rise (Bradley & England, 2008). Biomarkers in the 
neighboring core MSM5/5-712-2 record an extended sea-ice cover and reduced productivity 
(Müller & Stein, 2014). These past environmental conditions during the Younger Dryas were 
the reason for the strongly reduced TOC content in the studied core (Fig. 3). 
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Benthic foraminifers 
Based on the downcore variability in the abundance, flux, and diversity characteristics of 
benthic foraminifers and the relative representation of different species, the major changes in 
the composition of their assemblages were established (Fig. 4).  

 
Fig. 4: Abundance, flux, diversity, and relative representation of the most common species of benthic foramini-
fers from core MSM5/5-723-2 (investigated interval 0-677 cm corresponding to the past 18.5 kyrs). Gray sha-
ding highlights periods of enhanced IRD input. Green shading corresponds to the early Holocene peri-
od of active deep-water convection especially enhanced during the time intervals highlighted yellow. 
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The most prominent change in the composition of benthic foraminifers occurs at the 
Holocene/deglacial boundary at 11.5 cal.ka. Low diversity and the predominance of a single 
species (Cassidulina neoteretis) characterize the deglacial assemblage older than 11.5 cal.ka 
though with a certain temporal variability (Fig. 4). This species was abundant at the inter-
mediate depths on the slope during times of enhanced IRD input and extensive sea-ice cover 
likely associated with meltwater-induced stratification and strong subsurface inflow of Atlan-
tic water. No warm-water "Atlantic species", advected with the subsurface Atlantic water 
below the surface polar water during Heinrich 1 event to the site at 76°N (Rasmussen et al., 
2007), were found in our samples. Probably they did not reach regions so far north. 
A slightly different assemblage at the very beginning of the record (18-18.5 cal.ka) might re-
present an LGM-type environment previously described by Rasmussen et al. (2007) as a 
period with high productivity, seasonally open waters with inflow of cooled Atlantic surface 
water and abundant icebergs. According to their data, Atlantic water occupied the whole wa-
ter column down to the depth of 1,500 m. The high total abundance of benthic foraminifers in 
this assemblage suggests a high primary productivity in seasonally open waters and the ab-
sence of stratification preventing nutrient supply to the deep-water bottom environments. This 
assemblage is relatively diverse and contains species that are either absent in the remaining 
part of the deglacial interval but appear later in the Holocene (Oridorsalis umbonatus, 
Pullenia bulloides) or do not occur anywhere else in the core (Bulimina aculeata). 
At about 11.5-12.3 cal.ka a transitional assemblage occurs, which is dominated by species 
characteristic for Arctic shelf and upper continental slope environments (Cassidulina 
reniforme, Elphidium spp., Melonis barleeanus, Nonion labradoricum) with cold, turbid and 
stratified waters, high accumulation rates, extensive sea-ice cover and seasonal pulses of 
productivity largely related to sea-ice algae bloom. The decrease in the representation of C. 
neoteretis and the first appearance of the deep-water epibenthic species Cibicidoides 
wuellerstorfi and Oridorsalis umbonatus manifests a diminishing meltwater influence and the 
gradual establishment of deep-water convection. The pattern of variations in the abundance 
and diversity of foraminifers that increase at 11.7-12 cal.ka, at the same time when IRD is 
almost absent, and then decrease again at 11.5-11.7 cal.ka resembles the so-called "Pre-
Boreal-type" event, i.e., the climate instability at the onset of the Holocene (Rasmussen et al., 
2012, 2014). However, in our record the timing of this event is slightly older than the typical 
Pre-Boreal oscillation (c. 10.8-11.3 cal.ka). In many regional records the initial warming 
phase is characterized by a rapid rise in the percentage of Nonionellina labradorica (N. labra-
doricum) (Rasmussen et al., 2012), as is also observed in our record. It is possible to assume 
that at that time the core site was located close to the Arctic Front. 
The Early Holocene interglacial assemblage (11.5-5.7 cal.ka) shows a drastic change to the 
dominance of C. wuellerstorfi and O. umbonatus (Fig. 4). This manifests the elimination of 
meltwater input and the onset of active AMOC, i.e., appearance of Atlantic Water on the sur-
face and formation of cold, saline well-oxygenated Arctic Intermediate Water. Interestingly, 
there seems to be a considerable reduction in AMOC between 8.6 and 8 cal.ka, which is 
probably associated with the 8.2 cal.ka cooling event. The Early Holocene thermal optimum 
and high productivity are indirectly evidenced by high benthic foraminiferal flux and a high 
percentage of thge phytodetritus species Epistominella exigua. 
The Late Holocene assemblage (5.7 cal.ka-present) provides evidence for an increasing 
cooling trend (increase in E. clavatum), increasing sea-ice extent and, due to ice melting in 
summer, water stratification. The strength of AMOC became slightly reduced compared to the 
early Holocene, which might partly be a result of the establishment of active convection in the 
Labrador Sea after the meltwater supply from the Laurentide ice sheet ceased (Thornalley et 
al., 2010).  
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Ostracods 
Compared to benthic foraminifers, ostracods are rare and sporadically distributed in the core 
(Fig. 5). However, they also demonstrate certain changes in abundance and composition of 
their assemblages likely related to similar past environmental changes.  

 
Fig. 5: Taxonomic composition of ostracods from core MSM5/5-723-2 (investigated interval 0-677 cm corres-
ponding to the past 18.5 kyrs). Gray shading highlights periods of enhanced IRD input, green shading 
corresponds to the early Holocene period of active deep-water convection as seen from the compo-
sition of benthic foraminifers. 
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The most pronounced feature is a clearly distinguished deglacial assemblage with two groups 
of species, Cytheropteron parahamatum and diverse species of the Polycope genus, which do 
not occur in the Holocene part of the record under convective conditions. In the Arctic Ocean, 
Polycope is characteristic of intermediate water depths with sluggish, poorly ventilated 
environments during glacial and stadial periods when the thickened halocline waters forced 
warmer Atlantic-derived waters to move downwards (Poirier et al., 2012). We assume that at 
the study site in Fram Strait, the presence of Polycope during deglacial times likely reflects 
the situation of strong water stratification and Atlantic waters in the subsurface. 
The taxonomically more diverse Holocene assemblage is dominated by Krithe sp. and diffe-
rent species of Cytheropteron (Fig. 5). It corresponds to the establishment of a well-ventilated 
environment at intermediate depths due to the onset of AMOC. 
 
Taxonomic notes 
We have solved the taxonomic problem concerning the determination of the two species 
important for paleoenvironmental reconstructions: Cassidulina neoteretis and Islandiella 
norcrossi/helenae. Precise identification of these species, especially in the fraction of 63-
125 microns, is often challenging. Both species have similar rounded lenticular translucent 
tests, but the most important feature is the aperture and wall structure. It is usually difficult to 
distinguish between the Islandiella free tongue and the Cassidulina elongate apertural lip 
paralleling the periphery because the last chamber is often destroyed. The wall test structure 
was analyzed using the fluorescence microscope in the OSL. Problematic tests were cleaned 
by ultrasound cleaning procedure, crushed and studied under fluorescence light. All of them 
showed the distinctly granular structure of Cassidulina instead of the radial structure of 
Islandiella. Therefore, distinctly granular tests with a very small aperture from the fraction of 
63-125 µm were attributed to Cassidulina neoteretis juveniles. Finally, we conclude that 
sediments of the studied core MSM5/5-723-2 from Fram Strait contain no Islandiella tests 
though they were abundant in the previously studied cores from the Laptev Sea (Fig. 6).  

 
Fig. 6: Comparison of tests under fluorescence light. On the left, the distinctly granular wall structure of Cassi-
dulina neoteretis from core MSM5/5-723-2 (Fram Strait); on the right, a distinctly radial Islandiella norcrossi/ 
helenae from core PS51/154-11 (Laptev Sea). 
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Conclusions  
Additional AMS14C datings and new data on lithology and benthic microfossils from core 
MSM5/5-723-2 allowed us to establish a sound age model for the studied core interval back 
to 18.5 cal.ka and to draw preliminary conclusions on the paleoenvironmental evolution of 
eastern Fram Strait continental slope: 
• IRD flux was high though variable during the deglacial part of the record with peaks at 

18.1-18.5 cal.ka (LGM-deglacial transition), 14.4-14.9 and 13.5-14.2 cal.ka (Bølling-
Allerød), 12-12.7 cal.ka (Younger Dryas), and 11.5-11.7 cal.ka (similar to Pre-Boreal 
Oscillation, but with different timing); 

• sedimentation rates were low during the Heinrich 1 event with cold climatic conditions, 
extensive sea ice, water stratification and subsurface inflow of cool Atlantic waters; 

• the highest sedimentation rates at 14-15 cal.ka and a pronounced IRD minimum at 14.2-
14.4 cal.ka mark the regional meltwater spike and accumulation of fine sediments from 
turbid meltwater plumes during the early Bølling interstadial warming; 

• the variability in composition of benthic assemblages of foraminifers and ostracods reveals 
the following major paleoenvironmental changes:  
o LGM-type environment (18-18.5 cal.ka): high primary productivity in seasonally open 

waters and absence of stratification preventing nutrient supply to the deep-water bottom 
environments, as assumed from high diversity and flux of benthic foraminifers; 

o deglacial environment (11.5-18 cal.ka): meltwater-induced stratification and strong 
subsurface inflow of Atlantic water, as evidenced by low-diversity and low flux of 
benthic microfossils, predominance of Cassidulina neoteretis among foraminifers and 
Polycope spp. together with Cytheropteron parahamatum among ostracods;  

o early Holocene interglacial environment (11.5-5.7 cal.ka): elimination of meltwater 
input, onset of active AMOC (Atlantic water at the surface, formation of cold, saline 
well-oxygenated intermediate and deep waters), thermal optimum, reduced sea-ice 
extent, high productivity, as evidenced by high benthic foraminiferal flux, growing 
diversity of benthic assemblages, highest proportion of the deep-water species 
Cibicidoides wuellerstorfi and Oridorsalis umbonatus, high percentage of the 
phytodetritus species Epistominella exigua; 

o late Holocene interglacial environment (5.7 cal.ka-present): increasing cooling trend, 
increasing sea-ice extent and water stratification, reduced AMOC compared to the early 
Holocene, as evidenced by increase in Elphidium clavatum, re-appearance of C. 
neoteretis, and decreasing representation of C. wuellerstorfi and O. umbonatus. 
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CLIMATE CHANGE AND ZOOPLANKTON COMPOSITION VARIATIONS IN 
FRESHWATER ARCTIC LAKES: CURRENT TRENDS 
 
I. Zhulay 
St. Petersburg State University, St. Petersburg, Russia 
 
Summary 
Changes in the hydrological regime of the Lena River have a significant impact on the pelagic 
community structure of the Lena Delta water reservoirs. Results of the present study show 
how the increased runoff of the Lena River may affect zooplankton communities of adjust-
ment tundra lakes. Two Arctic lakes (Banya I and II) on Samoylov Island in the Lena Delta 
were investigated in order to compare zooplankton communities in a year of high spring water 
level (2014) and in a year of low spring water level (2011). The results showed a marked 
difference between zooplankton community structure and abundance for the lake Banya I 
between 2011 and 2014 while the difference between communities of the Banya lake II in 
2011 and 2014 was less pronounced. After the flood in 2014, new species were observed in 
the lakes, one of which was characterized by an unusually high abundance. The results also 
illustrate that a massive invasion of new species may cause a rapid restructuring of the lake 
community composition and disturb the ecosystem balance. 
 
Introduction 
Freshwater ecosystems are a typical feature of the Arctic region. For instance, about 60,000 
lakes of different sizes are situated in the Lena Delta (Mostakhov, 1973). Numerous lakes 
play a significant role in the Arctic ecosystems providing crucial feeding conditions for the 
different aquatic organisms and the enormous breeding populations of water birds (Alerstam, 
2001). It is well known that most of the high-latitude organisms are narrowly specialized to 
living in the Arctic (Hessen, 2002). However, recent studies indicate that the Arctic region 
and its environment are undergoing significant changes associated with climate warming 
(Morison et al., 2000). Such climate-related signals as, for example, fluctuations in water 
level, shifts in the timing of ice formation and thawing, and an increasing runoff trend of large 
Arctic rivers are easily observed (ACIA, 2008).  
As a result, these changes in the environmental conditions may have strong effects on the bio-
logical components of the Arctic ecosystems including biodiversity, dominant species compo-
sition, trophical structure and production of the ecosystems (Rautio & Korhola 2002; Adrian 
et al., 2009; Rautio et al., 2011; Carter & Schindler 2012). Moreover, the current climate 
warming is expected to support biological invasions with the runoff of Arctic rivers as a way 
of species dispersal and consequent colonization (Wrona et al., 2006; Hebert et al., 2007). In 
this scenario, pelagic species will shift northward with warm river waters and are likely to 
compete with northern species (Wrona et al., 2006). Modification of species composition at 
high latitudes may lead to dramatic changes in the ecosystem structure (ACIA, 2008).  
Despite the fact that research on the effects of climate change on different ecosystems has 
been very strongly intensified in recent years, we still lack an understanding of climate change 
effects on freshwater ecosystems (Heino et al., 2009). However, it is now known, Arctic 
freshwater ecosystems are highly vulnerable to climate change and could be a good indicator 
of the climate variability (Adrian et al., 2009; Heino et al., 2009). Therefore, studying biolog-
ical processes in freshwater ecosystems such as, for example, tundra lakes may be critical for 
the understanding and modeling of the Arctic responses to the climate variations.  
The overall aim of the present study is to assess the effect of increased spring flooding of the 
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Lena River upon the zooplankton community in Arctic lakes in Siberia (Samoylov Island). In 
fact, the Lena River has a major impact on freshwater tundra reservoirs with significant influ-
ence of the river runoff on the distribution of water crustaceans (Vekhov, 1981). The reason 
of this is the very high (428-645 km3) annual flow of the river, 83% of which occurs in the 
summer months (June-September) (Antonov, 1956). However, the trend in the runoff of the 
Lena River basin increased by 10% during the second part of the last century (Berezovskaya 
et al., 2005), which may lead to an even higher influence of the river upon species compo-
sition in the tundra reservoirs.  
For the purpose of the present study, zooplankton samples were taken in 2011 when the 
spring water level was low and in 2014 when the spring water level was very high. Two lakes 
(Banya I, Banya II) were chosen based on the different level of influence of the spring 
flooding. River water influences the zooplankton species composition in Lake Banya I every 
year while Lake Banya II is subjected to influence of river water in years of very high spring 
water level only. The specific objectives of our study are: 
• to investigate biodiversity, ecology, community composition and phenology of zooplank-

ton in the lakes of Samoylov Island at low spring water level (2011) and very high spring 
water level (2014); 

• to estimate the river water influence on the pelagic fauna formation in the tundra lakes 
within the Lena Delta. 

 
Research activities  
 
Study area  
Samoylov Island is located in the Lena Delta (72º22’N, 126º28’E), approximately 120 km 
south of the Arctic Ocean and covers an area of about 1,200 ha (Fig 1a). The island is domi-
nated by wet polygonal tundra, characterized by low-centered ice-wedge polygons (Hubberten 
et al., 2006). The water bodies on Samoylov represent most of the typical freshwater habitats 
in the Lena Delta area, ranging from ice-wedge polygonal ponds (smaller than 0.1 ha) to large 
thermokarst lakes (larger than 10 ha) (Muster et al., 2012). The investigated lakes are the 
oxbow lakes Banya I and II. They are located on the first terrace of Samoylov Island (Fig. 1a). 
The lakes are exposed to river water influence to different extents due to their topography and 
location (Fig. 1a,b). Lake Banya I has an elevation of 8.5-9 m and is connected with the Lena 
River by a stream (Fig. 1a). The influences of river water on this lake varies from year to year, 
depending on the spring water level. Lake Banya II has the highest elevation (9.5-10m), and 
therefore, is exposed to river water influence in years of very high spring water level only. 
The investigated lakes do not freeze completely and keep a positive temperature over the 
wintertime (Boike et al., 2015). 
 
Sample collection and processing  
Sampling was carried out from April to August 2011 and 2014 before and after the spring 
flood. Samples were taken in the two lakes (Banya I, Banya II). Lake Banya I was partially 
exposed to river water influence and Banya II was not influenced by river water during spring 
flooding in 2011; in contrast, both lakes were flooded in 2014.  
In total, 40 zooplankton samples were collected in the Banya lakes. A plankton net of 20-
25 cm diameter and a mesh size of 100 µ was used to collect the samples. Spring samples 
were taken from boreholes on ice with more than 2 m thickness. Summer samples were ob-
tained by dipping the plankton net into the deepest part of the lakes (quantitative samples) or 
by tossing a net attached to a line out into a lake and then pulling the net slowly to the shore 
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(qualitative samples). Two to three replicates were done for both the spring and the summer 
collection every 7-10 days. All samples were preserved with 4% neutral formalin or 70% 
alcohol. 

 
Fig. 1: a) location of Samoylov Island in the Lena Delta (left) and positions of investigated lakes on Samoylov 
(right): Banya I (1), Banya II (2), b) scheme of the main profile of the banya lakes system, black arrows show 
ways of water coming from the Lena River during spring flooding. 

 
In addition to the zooplankton samples, chlorophyll sampling and measurements of the 
physical-chemical characteristics of water (oxygen concentrations, pH, conductivity and 
temperature) were carried out.  
Zooplankton sample processing, calculation of species abundance and detailed taxonomic 
investigations were carried out using a Bogorov chamber and the binoculars Olympus SZX9 
and BX60 with analyzing system and drawing attachment U-DA in the OSL. Calculation of 
zooplankton abundance and re-calculation of abundance to 1 m3 were carried out.  
 
Accomplishments 
40 samples collected from the Banya lakes I on Samoylov Island in April-August 2011 and 
2014 were processed. Detailed taxonomic analyzes and calculation of zooplankton abun-
dance, re-calculation of abundance to 1 m3, and graphical processing of the data were carried 
out.  
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Results 
 
Physical-chemical parameters of water  
The lakes are covered by ice most of the year. The ice-free period starts from middle to late 
June and lasts until the end of September. Ice thickness at the beginning of May was 2.15 cm, 
while it dropped to 1.5-1.6 at the end of May/beginning of June. Water conductivity was low 
during active ice thawing and made up 8-10 µS/cm while average water conductivity was not 
more than 127 µS/cm in July-August. In general, water mineralization was low, it made up 
less than 200 mg/l. The ion composition of the water was dominated by hydrocarbonate, 
calcium and magnesium ions. The pH of water was neutral and relatively stable during the 
study period and varied from 6.5 to 7.5. The transparency of water was relatively high 
reaching about 4.5 m. Oxygen concentration varied from 60-70% to 100% on windy days, 
which indicates good aerobic conditions in the whole water column. The surface water 
temperature ranged from 0°C in May to 12-13°C in June with a consistent decrease to 9-10°C 
in August. The chlorophyll concentration made up 1.2 ug/L in June and 2.7 ug/L in August. 
 
Zooplankton community composition and abundance 
In total 50 taxa of zooplankton were found in the processed samples that belong to two phyla: 
Rotatoria (20 taxa) and Arthropoda (Cladocera: 10 taxa, Calanoida: 8 taxa, Cyclopoida: 9 
taxa, Harpacticoida: 2 taxa, Mysida:1 and juvenile stages of Copepoda). A list of the taxa 
registered in the Banya lakes in 2011 and 2014 is provided in Table 1.  
 
Table 1: List of taxa found in the lakes Banya I and II in 2011 and 2014 (continued on next page) 

Taxa 2011 (April-May) 2014 (April-August) 

Copepoda: 
  Nauplii Copepoda(Cyclopoida) + + 

Cyclopoida: 
  Acanthocyclops viridis (Jurine, 1820) + 

 Acanthocyclops vernalis (Fischer, 1853) + 
 Cyclops vicinus Uljanin, 1875 

  Diacyclops bicuspidatus (Claus, ?) 
  Diacyclops bisetosus (Sars 1863) + 

 Eucyclops serrulatus (Fischer, 1851) 
  Acanthocyclops sp. 
 

+ 

Cyclops sp. 
 

+ 

Diacyclops sp. + 
 Cyclops juv. 

 
+ 

Cyclopoida juv. 
 

+ 

Calanoida: 
  Heterocope borealis (Fischer, 1851) + + 

Leptodiaptomus angustilobus (Sars G.O., 1898) 
 

+ 

Eudiaptomus graciloides (Lilljeborg, 1888) 
 

+ 

Eurytemora bilobata (Akatova, 1949) + + 

Eurytemora foveola (Johnson M.W., 1961) + + 
Diaptomidae sp 

 
+ 
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Table 1 (continued): List of taxa found in the lakes Banya I and II in 2011 and 2014 (continued on next page) 
Taxa 2011 (April-May) 2014 (April-August) 

Eurytemora sp. + + 

Heterocope sp. 
 

+ 

Diaptomidae juv + + 
Calanoida juv. + + 

Harpacticoida: 
  Canthocamptus glacialis (Lilljeborg, 1902) + 

 Harpacticoida sp. + + 

Mysida: 
  Mysis relicta Lovén, 1862 
 

+ 

Cladocera: 
  Bosmina longirostris (Jurine, 1820) 
  Bosminopsis deitersii + 

 Chydorus sphaericus (O.F. Müller, 1776) + + 
Holopedium gibberum Zaddach, 1855 

 
+ 

Daphnia pulex (Leydig, 1860) + + 

Alonella sp. + 
 Alona sp. + 
 Bosmina sp. 

 
+ 

Chydorus sp. 
 

+ 

Daphnia sp. 
 

+ 
Daphnia ephippial 

  Rotifera: 
  Asplanchna girodi De Geurne, 1888 
 

+ 
Asplanchna priodonta Gosse, 1850 + + 

Brachionus quadridentatus Hermann, 1783 
 

+ 

Colurella obtusa (Gosse, 1886) + 
 Colurella colurus (Ehrenberg, 1830)  + 
 Dicranophorus forcipatus (O. F. Müller, 1786) + 
 Kellicottia longispina (Kellicott, 1879)   + + 

Keratella cochlearis Bory de St. Vincent, 1822 + + 
Keratella quadrata (Müller, 1786) + + 

Notholca caudata Carlin, 1943 + + 

Notholca squamula (O. F. Muller, 1786) + + 

Polyarthra dolichoptera Ehrenberg, 1834 + + 
Polyarthra major Burckhardt, 1900 + + 

Euchlanis sp. + + 

Keratella sp.  + + 
Polyarthra sp. 

 
+ 

Synchaeta sp. + + 

Filinia sp. + + 
Rotifera sp. 

 
+ 
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Table 1 (continued): List of taxa found in the lakes Banya I and II in 2011 and 2014  
Taxa 2011 (April-May) 2014 (April-August) 

Asplanchna sp.juv. + + 

Bdelloida sp. + + 

 
A notable difference was observed between zooplankton community composition and its 
abundance in 2011 (low spring water level) and 2014 (high spring water level). However, the 
significant difference was mainly found for Lake Banya I where spring river water influence 
was higher as compared to the spring river water influence on Lake Banya II. The total 
abundance of zooplankton in 2011 was around 10 times lower than the total abundance -in 
2014. The community was mainly composed of Rotatoria (70-89% of total abundance in the 
summer months). The co-dominants were Copepoda species (20-30% of total abundance in 
the summer months) while Cladocera taxa contributed not more than 1-2% of total abundance 
(Fig. 2a).  

 

           
Fig. 2: a) relative abundace (%) of taxa in July and August in the lakes Banya I and II, b) relative abundace (%) 
of taxa and share of Holopedium gibberum in Lake Banya I from April to August. 
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A similar picture was observed for Lake Banya II after the high spring flood in 2014. On the 
contrary, zooplankton community changed significantly in Lake Banya I after the flood in 
2014. First, the total abundance of the zooplankton community increased sharply, especially 
in late June-early August. This increase was mainly due to the high number of Cladocera taxa 
(Fig. 2a). In fact, Cladocera species have never been dominant taxa on Samolov Island before 
the spring flood in 2014, when their percentage increased from 13% (June) to 45% (August) 
of total abundance. At the same time, the relative abundance of Rotatoria decreased from 80% 
to 30% by the end of the summer while copepods were co-dominants in the summer months 
again (Fig. 2a). Second, a new species of Cladocera, Holopedium gibberum, with high abun-
dance appeared in the community in July. The relative abundance of H. gibberum was 10% of 
total abundance in June and 20-38% of total abundance in July with its peak on July16. It 
decreased to 8% in the middle of August and 0.1% at the end of August (Fig. 2b). In spite of 
the decrease of H. gibberum abundance in August, the abundance of Cladocera was still 
unusually high (around 45%) with Bosmina species dominating in the community (Fig. 2a). 
 
Ecology and biology of new Cladocera species 
H. gibberum occurs mainly in the limnetic zone of Arctic lakes: in northern Europe, North 
America, and in northern Russia (Manuylova. 1964; Larsson, 1968; Stenson, 1973). It is 
widely distributed in waters of the boreal zone as well (Podshivalina et al., 2012). According 
to the literature, temperature, pH and calcium content are limiting factors for the species' 
distribution (Manuylova, 1964; Larsson, 1968; Stenson, 1973; Podshivalina et al., 2012). H. 
gibberum was found in water with a temperature of not more than 23°C, pH of 4.0-7.5, and a 
calcium content of less than 20 mg/l (Manuylova, 1964; Larsson, 1968). H. gibberum is an 
omnivore. The organism filters mainly phytoplankton, and in some cases, it has been found to 
consume mostly nannoplankton. H. gibberum seems to be adapted to survival in areas where 
food is scarce (Genung, 2012). There are both sexual and asexual forms of reproduction. Se-
veral parthenogenic generations are produced throughout the summer months. When females 
and males have reached sexual stages, the population of H. gibberum contains about 25% of 
males with sperm. After that, females produce ephippial resting eggs that are fertilized by the 
males. Then, the resting eggs hatch producing parthenogenic females. The parthenogenic 
cycle resumes again until fall (Genung, 2012). The species appears in the plankton commu-
nity in May-beginning of June with a peak of production in June-July. The production cycle 
lasts till September-October (Manuylova, 1964; Genung, 2012). A shorter life cycle was 
found by Podshivalina et al. (2012), which is conditioned by the temperature regime.  
According to our results, females of H. gibberum without eggs were observed in Lake Banya 
I in early July with a comparatively high abundance (23,265 ind/m3). In the middle of July its 
abundance decreased to 6,184 ind/m3 though 49% of females were carrying 11,011 eggs/m3 in 
brood cavities (on average 5 eggs per female). At the end of July abundance of H. gibberum 
decreased to 4,076 ind/m3. More than half of the females (75%) were without eggs, the 
remaining 25% contained 7,134 eggs/m3 (on average 7 eggs per female). The abundance of H. 
gibberum was very low at the end of August (2 ind/m3). The development of H. gibberum  
was obviously quite fast, one generation of H. gibberum developed over 70 days in summer 
2014. The population of the species consisted of females all along.  
 
The river water influence on the zooplankton community in 2014 
The river water influence may be indicated by the presence of new species in both lakes: H. 
gibberum and Brachionus quadridentatus in Lake Banya I and Mysis relicta in Lake Banya II. 
Although zooplankton community composition and species abundance did not change 
significantly after the flood in 2014, the new species – M. relicta – was observed here for the 
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first time. M. relicta is generally found in unproductive, oxygenated Arctic habitats. The 
species is often considered a glacier relict (Brophy & Penk, 2008). Its abundance was not high 
and it did not significantly influence zooplankton community composition in Lake Banya II.  
In Lake Banya I, B. quadridentatus also indicated river influence though with low abundance 
(less than 1% of total). In contrast to M. relicta, the species had occurred previously in lakes 
on the lower flood plain part of the island and in Olenek Bay of the Lena Delta (Abramova & 
Tuschling, 2005). The main species, indicating the influence of river water, was H. gibberum, 
which had a unusually high abundance (described above). Most likely, this crustation inhabits 
tundra lakes. Since the very first study in the Lena River and its bays, H. gibberum was 
observed in the river water only once in 1925 by Bening (1942; Rylov, 1928; Urban, 1949; 
Pirozhnikov & Shul'ga, 1957; Kerer, 1968). According to Pirozhnikov and Shul'ga (1957), the 
crustation cannot survive in river water due to its high mineralization. The monitoring of the 
lakes on Samoylov Island has been conducted every year since 2000. H. gibberum was first 
registered in different lakes on Samoylov Island after the high flood in 2008, then the species 
was not met in Lake Banya I before the flood in 2014. Notably, its abundance in different 
lakes has never been as high as in Banya I in 2014. Interestingly, H. gibberum was again 
registered the following year (2015) in Lake Banya I with high abundance (20% of total 
abundance in July). This year was not characterized by a high spring water level. Most likely, 
there were dormant eggs in the lake over winter. Once summer conditions allowed 
developing, the population appeared again. Females with eggs appeared later in July with a 
higher amount of eggs compared to the previous year (11-12 eggs per female). It is yet 
unknown what environmental and biological conditions allowed H. gibberum to thrive in 
Lake Banya I. However, one of the biological interactions was obvious – the interaction of H. 
gibberum with parasites. A high number of H. gibberum were contaminated with fungi-like 
parasites in 2015, which often led to the death of the crustations. Probably, this interaction 
could be an example of population size control. Thus, the presence of new species in the lakes 
may be indicative of the influence of an increased flood of the Lena River. The species could 
be simply transported by river runoff from different parts of the island or other places to the 
investigated lakes. It is difficult to speculate on a scenario of population development of the 
new species in the Banya lakes. Hence, further studies are needed to obtain more information 
on the zooplankton communities of the lakes.  
 
Conclusions 
The zooplankton community and its abundance in the lakes Banya I and II (in 2011) and Lake 
Banya II (in 2014) was dominated by Rotatoria and co-dominated by copepods. The zoo-
plankton species composition mostly resembled the composition observed in previous years.  
The zooplankton community composition in Lake Banya I in 2014 was markedly different 
from that of the previous years and from Lake Banya II in the same year. The difference 
observed was due to a higher total abundance of Cladocera species, especially one of them – 
H. gibberum, which appeared to be a new species for the community. This species was first 
registered in June with a high abundance, its peak of abundance was in July while the 
abundance decreased in August and no individuals were found after August 23.  
The new species (H. gibberum) successfully bred during summer 2014, which is indicated by 
the high number of females with eggs. However, the reproduction cycle seems to be short in 
our study region.  
The influence of the Lena River runoff in 2014 may be indicated by the presence of new 
species in the communities: H. gibberum and B. quadridentatus in Lake Banya I and M. 
relicta in Lake Banya II. 
Our results demonstrate that the increased level of spring floods may influence zooplankton 
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community structure in tundra lakes located on the terrace above the flood-plain and may lead 
to unusual fluctuations in the abundance of both new and native to the lakes species. These 
changes may lead to a dramatic change of the Arctic freshwater ecosystem structure, its 
functioning in terms of food chains and biogeochemical balance, as well as to a decrease on 
ecosystem resilience.       
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Late Quaternary paleoenvironmental changes in the Arctic Ocean: reconstruction from 
a sediment core from Mendeleev Ridge 
 
V. Afanasyeva 
 
Supervisors:  
Prof. Dr. R. Stein, Alfred Wegener Institute Helmloltz Centre for Polar and Marine Research, Germany 
Prof. Dr. V. Kuznezov, St. Petersburg State University, Russia  
 
The Quaternary history of the Arctic Ocean derives from alternating glacial, deglacial and 
interglacial/interstadial periods on the Arctic mainland. A precise knowledge of the past rates 
and scales of climate change might give an idea about the climate variability and make it 
possible to predict future climate changes. The high-resolution records may help to 
reconstruct the paleoenvironmental conditions and solve some uncertainties in the debate of 
recent climate change.  
This study was focused on sediment core PS72/413-3 from the northern transect across the 
Mendeleev Ridge. This short sediment core was taken using the giant box corer (GKG) 
during the POLARSTERN expedition ARKXXIII/3 in 2008. Different sedimentary proxies 
such as geochemistry (total organic carbon, inorganic carbon, carbon-to-nitrogen ratio), 
lithology, micropaleontology (absolute abundances of benthic and planktic foraminifers, 
planktic-to-benthic foraminifera relation, absolute and relative abundances of Cibicidoides 
wuellerstorfi and Bulimina aculeata), grain size composition, tentative X-ray diffraction and 
color-reflectance measurements were used for the core investigation.  
The age model of the core was established by correlation to an age model developed for the 
adjacent sediment core at site PS72/410. The lithofacies were determined based on Stein et al. 
and color reflectance measurements. According to the established stratigraphic framework the 
PS72/413-3 core comprises marine isotope stages (MIS) 5a to 1. 
The proxy results were discussed in terms of depositional environments and paleoenviron-
mental conditions. The alternation of brown and grey beds down the sediment core could 
clearly be identified. Brown beds (B1-B3) are supposed to be deposited in interglacial/ 
interstadial environment with a diminished sea-ice cover and high primary production. The 
deposition environment of the grey beds (G1-G3) is interpreted as deglacial and/or glacial 
termination periods with minimum foraminiferal abundances and iceberg-dominated sediment 
transport. The so-called condensed sections were defined based on lithology and proxy 
correlation with the neighbor core PS72/410 and most likely coincide with a glacial 
environment with a completely packed sea-ice cover. The characteristics of the pink-white 
layers W3 and PW of the central Arctic Ocean sediments were defined on the basis of G1 and 
B3 beds respectively based on inorganic carbon content and X-ray diffraction measurements.  
In general our results are in agreement with the interpretation of MIS 1, 3, and 5a as 
interglacial/interstadial and MIS 2 and 4 as glacial periods.  
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Water mass dynamics and biogeochemistry in an Arctic cold-water coral reef, 
Stjernsund, northern Norway 
 
Ks. Ashastina 
 
Supervisors:  
Dr. S. Flögel, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Dr. S. Kirillov, Arctic and Antarctic Research Institute, Russia 
 
Cold-water corals are an object of world-wide research. Intensive exploration of reef-building 
cold-water coral species began in the 20th century with the development of digital seafloor-
mapping techniques. This revealed that cold-water corals can thrive in a wide depth range 
from the photic zone down to 3,380 m, but the crucial ecological parameters governing the 
distribution are still not fully understood. In the focus of this study lies the northernmost cold-
water coral reef known so far, which is located in the Stjernsund (70°15′N, 22°20′E), northern 
Norway. The main coral reef is formed by the scleractinia Lophelia pertusa. An underwater 
4D Modular Laboratory, compiled of 5 landers and 2 moorings, was specially designed at the 
GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany, to investigate the coral 
communities of the Stjernsund. The sound, elongated from SE to NW, connects the North 
Atlantic with the Altafjord and is 30 km long and 3.5 km wide with a sill structure across it. 
From 1 June 2012 to 15 September 2012 the underwater laboratory was installed (434 and 
438 POSEIDON cruises) on the sill recording oceanographically and biogeochemical data. 
Underwater observatory modules were installed on both slopes of the sill (one mooring and 
one lander on each slope) and on top of the sill (3 landers), so that the entire sill area was 
covered with measurements and the water column, depending on the module settings, 
provides ADCP records. The modular laboratory recorded the following physical and 
biochemical parameters: velocities and directions of the water flows, temperature, salinity, 
pH, turbidity, fluorescence, oxygen concentration and saturation. In this work datasets from 
7 modules are analyzed to determine the ecological factors governing the uneven distribution 
of the living corals on the slopes of the sill and to reconstruct water mass dynamics in the 
sound.  
The data were processed with Matlab software, and showed that near-bottom salinities, 
temperature and current velocities indicate a semi-diurnal tidal forcing (pronounced M2 
constituent), which causes vertical water mass movements of up to 100 m, which, in turn, 
influence large parts of the living reef. The reconstruction of the residual current flow in the 
sound has provided an idea of the real water flow in the northern setting without tidal 
influence. A detailed examination of the water mass motions has confirmed the suggested 
theory stating that a turbulent cell occurs on the southeastern slope of the sill at high-tide 
conditions, when the Atlantic Water crosses over the sill. 
To investigate fluctuations of the ecological parameters and determine its influence on the 
corals, the near-bottom water layers were analyzed in daily resolution. Diurnal observations 
revealed that the changes in temperature never exceeded 0.2°C and salinity during the day 
varied not more than by 0.3 psu. Oxygen loggers revealed values in the range 10 μM and 4% 
for concentration and saturation, respectively. Appearance of living cold-water corals lies 
within density range of 27.25-27.50 kg m³, which marks the boundary between the Norwegian 
Coastal Water and Atlantic Water. 
Lophelia pertusa as a globally distributed species can live in a wide range of physical and 
geochemical parameters. The observed datasets of the entire period present the ranges – in 
agreement with other explored living coral locations – of values of current velocities (15-30 



O-5 

cm/s), temperature (6.0-6.8°C) and salinity (34.1-34.8‰), pH (8.22-7.39), turbidity (0.1-0.9 
NTU), fluorescence (0.04-0.16 mg/m³) and oxygen concentration (300-339 μM). Only the pH 
curve showed an unusual pattern not observed at other locations. The pH values show a 
linear, decreasing trend during the summer period, reaching 7.4 pH. In this study several 
possible reasons for this drop are explored as the pH magnitude 7.6 is crucial for Lophelia 
reefs as this pH value triggers the dissolution process. 
The water flow in the Stjernsund, northern Norway, depicts a complex dynamic system with 
not only pronounced vertical differences, but also important horizontal changes on top of the 
sill.  
It is most likely that the uneven distribution of living corals is influenced to a greater extent 
by parameters unexplored in this work, which are governed by water dynamics, especially 
water motions over the sill, bringing Atlantic Water into the southeastern part of the sound. 
 
 
Cold-water carbonates in the Bay of Biscay 
 
M. Boxleitner 
 
Supervisors:  
Prof. Dr. W.-Chr. Dullo, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Dr. V. Liebetrau, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Prof. Dr. V. Kuznetsov, St. Petersburg State University, Russia 
 
Marine carbonates are widely used archives for paleoceanographic and climatic recon-
structions. The cold-water carbonates investigated in this study are skeletal remains of the two 
cold-water coral (CWC) species Lophelia pertusa and Madrepora oculata. These framework-
building scleractinian coral species are widespread on the continental slopes of the world’s 
oceans and their aragonitic skeletons can be precisely dated with radiometric techniques, 
which makes them an interesting archive. In the northeast Atlantic, CWCs are known to build 
different ecosystems. While reefs in Norway, mound structures off the coast of Ireland and 
CWC occurrences in the Gulf of Cadiz are relatively well studied, comparably little is known 
about the Bay of Biscay, a region that connects the eastern temperate Atlantic with the regions 
further to the north In order to examine the CWC distribution and its history in the Bay of 
Biscay, this study analyzes coral samples from six sediment cores that were retrieved during 
METEOR Cruise M84/5 in June 2011 along a depth transect (539 mbsl-980 mbsl) in the St. 
Nazaire Canyon in the northern Bay of Biscay. In this setting CWCs currently occur in 
patches and thickets and not in large reefs as they are known, e.g., from the Norwegian coast.  
The aim of this study is to examine the CWC growth in the St. Nazaire Canyon, determine 
how long CWCs have been growing in this setting and reconstruct under which environ-
mental conditions they lived.  
For this purpose the coral samples were mechanically and chemically cleaned, dated via the 
U/Th-decay chain and analyzed for their skeletal stable isotope and element ratios. The 
measurement of these ratios was carried out on a Quadrupole Inductively Coupled Plasma 
Mass Spectrometer (Q ICP-MS).  
The dating of the samples revealed coral ages from 12.5 kyBP to present-day ages. This 
shows that since the end of the last glacial the St. Nazaire Canyon has represented a suitable 
setting for CWC growth. While other CWC ecosystems further south, e.g., in the Gulf of 
Cadiz, seem to have thrived only during glacial times, the dated coral samples of this study 
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indicate that the St. Nazaire Canyon rather belongs to the CWC ecosystems that flourish 
during interglacial times like in regions farther north. Moreover, the dating of the coral 
samples documents numerous inversions in the sediment cores, which complicate the 
reconstruction of the deposition history, but at the same time emphasize the special geological 
character of the canyon setting.  
Given the time frame, some of the measured element ratios could be used as proxies to 
reconstruct environmental parameters that characterized the CWC ecosystem in former times: 
paleotemperature reconstruction, based on a Mg/Li-proxy calibrated for L. pertusa, showed 
that seawater temperatures throughout the Holocene were in the range of ~9-10°C. Similarly 
stable were the pH conditions during the Holocene. The pH values were reconstructed by 
applying a U/Ca-proxy that has only recently been defined and so far has not been used for 
fossil corals. The pH values during the last 12.5 ky fluctuated slightly (±0.2) around the 
modern pH value of 8. In contrast to pH and temperature, coral Ba/Ca ratios, interpreted as an 
indicator for paleoproductivity, showed an almost linear decrease of around 40%. The 
underlying reasons could include changes in the current regime and/or changes in the surface 
productivity, probably triggered by decreasing terrigenous input. This could be one of the 
reasons why current CWC growth only occurs relatively sparsely. 
The physical and geochemical boundary conditions of CWC growth are a topic of ongoing 
research. The reconstructed environmental parameters are important factors, but only in the 
context with other parameters like current velocities and sedimentation rates that influence 
and constrain CWC distribution, too. Hence, along with others, the reconstructed factors 
temperature, pH and nutrient supply seem to have created a generally favorable setting for 
CWC growth in the St. Nazaire Canyon since ~12.5 kyBP.  
 
 
Pliocene-Quaternary sedimentation rates on the Mendeleev Ridge: paleomagnetic 
studies 
 
D. Elkina 
 
Supervisors:  
Dr. H. Kassens, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany  
Prof. Dr. A. Piskarev-Vasiliev, St. Petersburg State University, Russia 
 
Nowadays the Arctic Ocean is a region of high scientific interest and it is more and more 
considered an essential key to understanding the Earth's paleoclimate. With the lack of 
biological information and age limitations of the radiocarbon method, paleomagnetic studies 
become a crucial tool for marine sediment-dating here.  
A 9-m-long core was retrieved from the Mendeleev Ridge and subjected to paleomagnetic 
analysis. Magnetic susceptibility measurements were performed with different types of 
equipment. 6 m of the core were continuously sub-sampled and measured for natural 
remanent magnetization (NRM) using a spinner magnetometer JR-6A. Patterns of NRM 
inclination, NRM intensity and magnetic susceptibility were constructed against depth.  
Samples of interest were chosen for the subsequent demagnetization procedure to remove 
viscous overprints based on the revealed NRM inclination reversals. Stepwise thermal 
demagnetization was performed at 130°C and further in 50°C steps in the 200-500°C 
temperature range. Characteristic remanent magnetization (ChRM) with maximum anglular 
deviations (MAD) was calculated using the principal-component analysis method. Alternating 
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field demagnetization was performed in the 5 mT-100 mT field peak range and NRM results 
in 20 and 30 mT were used as an addition to the ChRM inclination pattern. 
The distinct drop from a positive to a negative inclination at 123.5 cmbsf is interpreted as a 
polarity reversal from the Brunhes chron to the Matuyama chron. The prevalence of reverse 
polarity is supported by demagnetization data up to 394-397 cmbsf and the short positive 
intervals within the zone probably reflect subchrons of normal polarity. The change from 
reverse to normal polarity at 394-397 cmbsf is considered as the Matuyama/Gauss boundary. 
This zone with prevailing normal polarity is traced from 394-397 cmbsf up to 490 cmbsf and 
its lower bound cannot clearly be defined due to the lack of demagnetization data and the 
frequent polarity interchanges.  
A decrease of the NRM intensity values is observed in the reverse-polarity zone in 
comparison to the normal-polarity zones, which is derived from the presence of viscous 
remanent magnetization (VRM) and its superimposition with the initial one. Spikes of NRM 
intensity and magnetic susceptibility are discovered near the determined chron boundaries, 
and this may act as an independent factor for the determination of polarity boundaries. The 
secondary processes occurring in the sediments may play some role and affect alterations in 
the paleomagnetic record. 
The calculated mean sedimentation rates during the Brunhes and Matuyama chrons are 1.58 
and 1.5 mm kyr-1 respectively. These values show that the sedimentation rate on the 
Mendeleev Ridge is low and agree with other studies with a similar estimation. Thus, the 
obtained sedimentation rates do not exceed 1.58 mm kyr-1 for the past 2.5-2.6 Myr. 
 
 
The Antarctic and Greenland ice sheets under warm climate: experiments with an ice-
sheet model forced by paleo-climate scenarios 
 
V. Emetc 
 
Supervisors:  
Prof. Dr. L. Kaleschke, University of Hamburg, Germany 
Prof. Dr. G. Lohmann, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Germany 
Dr. G. Fedorov, Saint Petersburg State University, Faculty of Geography, Russia 
 
Nowadays the scientific community as well as the public have become increasingly concerned 
about climate. The amount of research focused on global warming is growing rapidly, but it 
does not neccecary result in more agreement between the researchers. The contradictions 
between them have instead become more intense. On the one hand there are studies that refer 
to the IPCC report and support the idea about climate change in the near future: temperature 
rise and changes in the configuration of the polar ice sheets. On the other hand, some 
scientists support a more skeptical point of view, convinced that the rapid climate change 
theory is only a myth and a way of turning the attention of the media and society to scientific 
research. Global climate models often appear as a cornerstone of this disagreement. Indeed, 
the reliability of their representation of global climate is uncertain, and one of the largest 
uncertainties is the cryosphere component in it. The views on the state of the Antarctic and 
Greenland ice sheets in, so-called, warm climates are extremely diverse; those supporting 
relatively stable dynamics during the last 5 million years and those who propose instability 
and significant mass loss in the periods of warm peaks. Modelling results are often 
contradictory and differ from  geological evidence. Thus, to better understand the factors, 
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influencing the discrepancies, and in order to estimate response of the ice sheets to warm 
climate conditions, we perform simulations of both Antarctic and Greenland ice sheets using 
a 3D-thermodynamical ice sheet model and data from a fully coupled atmosphere/ocean 
general circulation model for four different geological periods: pre-industrial, last interglacial 
(Eemian), Pliocene and last glacial maximum (LGM), based on the climate forcing from the 
ECHAM5 model. 
Our results show a striking difference between adjustment of the ice sheets to "cold" (pre-
industrial and LGM) and "warm" (Eemian and Pliocene) climates. Also, we demonstrate that 
the choice of certain parameters may be crucial for the resulting ice volume. Choosing the 
best set of methods and parameters, we obtain the geometry of Greenland and Antarctica in 
the above-mentioned climates. Our results suggest that the main contribution to the sea-level 
rise during the Eemian period was due to the reduction of the Greenland ice volume to 
2.4 · 106 km3, which might produce a 3.2 meter high stand. For the Pliocene our results 
demonstrate that the ice volume of Antarctica was 5 · 106 km3  smaller than today and the ice 
volume of Greenland was equal to nearly 0.7 · 106 km3, implying a sea-level rise of 25 and 
8.3 meters, respectively.  
 
 
A 12-million-year record of Caribbean outflow to the northwest Atlantic based on 
radiogenic Nd isotopes obtained from ODP Site 1006 
 
V. Kirillova 
 
Supervisors:  
Prof. Dr. M. Frank, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Dr. A. Osborne, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Dr. A. Krylov, VNIIOkeangeologia; St. Petersburg State University, Faculty of Geology, Russia 
 
The closure of the Central American Seaway (CAS) has been an interesting research problem 
for several decades. The exact timing of the Panama seaway closure is still unknown, though 
many methods have been used to try and solve this scientific problem. One such method uses 
the neodymium isotopic composition (Nd IC) of authigenic Fe-Mn oxihydroxides, which has 
been successfully applied as a paleoceanographic tool for water mass tracing due to the 
residence time of Nd in the oceans being shorter than the ocean overturning time and due to 
independence of Nd IC from biological fractionation and physical processes. The aim of our 
project was to reconstruct the paleocirculation in the Florida Straits for the last 12 Myrs, and 
to consider the results in connection with either the Panama closure or the Northern 
Hemisphere Glaciation. For this purpose we carried out isotopic measurements of Nd, Sr and 
Pb on the sediment core from ODP Site 1006 (water depth 658 m). 
The methods applied included the leaching of sediments to obtain the authigenic water signal 
from Fe-Mn oxyhydroxides and total dissolution to obtain the detrital fraction composition.  
Measurements were made at GEOMAR Helmholtz Centre for Ocean Research, Kiel, using an 
Inductive-Coupled Plasma Mass Spectrometer (ICP-MS). Pb IC results were obtained only 
for the detrital material since the concentrations of Pb in the leachate samples were too low 
for the isotopic measurements. Isotopic compositions in several core-top sediments were also 
measured, which could tell us if our signal was a true seawater one.  
The εNd curves obtained for authigenic and detrital material almost replicate each other. 
However, we observed a strong correlation of our Nd IC record for leachates with other 
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records for sites close to ours. This is why we suggest that we can trust our age model and 
consider our seawater signal as not having been contaminated by the detrital fraction. 
According to the Nd IC curve, most likely the Panama seaway was closed by 9.5 Ma for 
intermediate water exchange, but the final closure timing is hard to evaluate. It has also been 
shown that an intensive boundary exchange with the material from the continents plays an 
important role in deriving isotopic signals (since the Site is so shallow and close to the ocean 
margin).  Core top Nd IC was different depending on whether carbonate was removed prior to 
leaching or not. As a possible future work, therefore, we would suggest to constrain 
measurements of Nd IC using fossil fish teeth, as they should reflect a true bottom water 
signal. Direct seawater measurements in this location would also be very helpful. 
 
 
Coastal erosion and coastal protection in the Baltic Sea 
 
O. Kovaleva 
 
Supervisors:  
Dr. D. Ryabchuk, A.P. Karpinsky Russian Geological Research Institute (VSEGEI), Russia 
Dipl.-Ing. Dörte Salecker, Hamburg University of Technology, Germany 
 
The world-wide problem of the erosion of coastal zones has become more acute in the 
conditions of the ongoing climate change and the swift development of society. Distinct 
parameters of territory such as the change of sea level, tectonic movement, the structure and 
composition of sediments, hydro- and meteorological particularities and the degree of 
anthropogenic influence determine the rate of abrasion. 
Complex investigations for the exploration of the German Baltic Sea and the eastern Gulf of 
Finland were carried out, including the assessment of the geological situation via field 
observations, the execution of underwater profiles, using sonar data, the determination of 
coast evolution with the comparison of old and recent maps, images and the assessment of the 
hydrometeorological conditions. Analyses showed significant differences of parameters for 
each study area and, therefore, different rates of ongoing erosion processes.  
Examination of the amount of the along-shore transported sediment with the CERC-approach 
detected an important cause of the abrasion processes – the movement of material from the 
coast part to the adjacent regions induced by wave influence. The rate of along-shore material 
transport varies in dependence of the predominant wave characteristics, morphology and ori-
entation of the coast. The prevalent winds from western direction cause waves from the same 
direction on the territory of the Eastern Gulf of Finland and form a pattern of sediment motion 
mainly directed to the east. The northwestern winds effective on the German Baltic Sea 
induce a sediment motion directed to the east, too. The various geological and morphological 
conditions promote the generation of accumulation zones and zones of strong erosion. 
The planning and construction of the coast protection structures have to be executed taking 
into account the prediction of climate change and, most important, the pattern of the sediment 
transport. The present complex of groins on the German Baltic Sea is a good example of the 
effect of material transport on the protection elements. The eastern Gulf of Finland is 
characterized by the absence of a general plan of coast maintenance and preservation. The 
detailed analyses of this region showed that the most compatible way for the prevention the 
coast retreat is beach nourishment. 
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Antarctic benthic communities under the influence of different ice regimes 
 
O. Kuvshinova 
 
Supervisors: 
Dr. Dieter Gerdes, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Germany 
Dr. Andrew Naumow, White Sea Biological Station, Zoological Institute of the Russian Academy of Sciences, 
Russia 
 
Ice in its different forms affects benthic communities in polar regions directly and indirectly. 
In order to recognize effects of ice on benthic communities, this thesis analyzes benthos on 
the high Antarctic shelf of the southeastern Weddell Sea, a typical high-Antarctic habitat, 
influenced by seasonal sea-ice coverage, benthic communities in the Larsen A/B 
embayments, being covered for hundreds of years by thick ice shelves, which in 1995 and 
2002 disintegrated, thus providing large areas to be colonized newly by benthos, and benthos 
communities form the shelf at the tip of the Antarctic Peninsula, a habitat that can be consi-
dered as being unaffected by ice. The benthos in these three subregions revealed distinct dif-
ferences in densities, biomasses, production, with lowest values in Larsen (680 ind m2, 78 g 
wet weight m2, and 1.7 g C m2 y1, respectively). Organism densities at the tip of the Peninsula 
were slightly higher as compared to the southeastern Weddell Sea shelf (2,767 ind m2 vs. 
2,534 ind m2), whereas biomass and production were higher on the southeastern Weddell Sea 
shelf than at the tip of the Peninsula due to the dominance of large growing suspension 
feeders. The normalized biomass size spectra (NBSS) of the benthic communities in the three 
subregions thus exhibited significant differences in their size structure, which could be 
associated with the different ice regimes and input of organic carbon. The slopes of the NBSS 
ranged from -0.22 on the southeastern Weddell Sea shelf to -0.34 in Larsen and -0.50 at the 
tip of the Peninsula, indicating that macrobenthic communities on the southeastern Weddell 
Sea shelf are dominated by large-bodied organisms such as suspension feeders (i.e., sponges, 
tunicates and bryozoans). In contrast, the benthic communities in Larsen and the tip of the 
Peninsula were dominated by small-bodied organisms such deposit feeders.  
This study clearly shows pronounced differences in the structures, composition and densities/ 
biomasses in the benthic communities in the three subregions, which can be associated 
directly or indirectly to the prevailing different ice regimes in the three regions. 
 
 
Possibilities of gas-hydrate formation in the western Arctic shelf of Russia 
 
A. Soyan 
 
Supervisors: 
Dr. A. Krylov, St. Petersburg State University, Faculty of Geology, Russia 
Prof. Dr. W.-C. Dullo, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
 
Submarine gas hydrates are ice-like solid structures form from pore water and natural gases 
under special conditions of relatively low temperature and high pressure. In nature methane 
hydrates occur in seafloor sediments of various regions of the World Ocean as well as in 
permafrost environments. The main object of this study are submarine gas hydrates of the 
Arctic region. The main goal of this work is the determination of the possibilities of gas-
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hydrate formation on the Western Arctic shelf of Russia. Nevertheless, a short overview of 
the gas-hydrate manifestations in the World Ocean is given in a separate chapter for 
reference. The geological structure of the Barents-Kara shelves and the distribution of the 
hydrocarbons are described. The work also presents the analysis of the theoretical conditions 
of gas-hydrate formation from pure methane and a mixture with impurities. 
This study defines possible gas-hydrate distribution where the seafloor methane hydrates 
would be stable for regional mapping. After the prediction using a software package (by 
Sloan), the mapping was carried out in a Geographical Information System (GIS) 
environment. The bottom temperature of the study area (Barents-Kara shelves) is a key data 
for the prediction. The equilibrium pressure and suitable depth as a result of the prediction 
was defined (2,500-4,400 kPa) at an average salinity of 34.38‰. The average geothermal 
gradient of both the Barents and the Kara seas is around 2.8°C/100 m, which was taken for 
the calculation of the gas hydrate stability zone (GHSZ) thickness. The area of the possible 
gas-hydrate distribution on the western Arctic shelf of Russia according to results of this 
computation achieves 2.3*1011 m2 or 230,905 km2. The biggest area of possible gas-hydrate 
manifestation of 122,629 km2 (more than a half of the whole area) is situated between the 
Barents and Kara seas in the St. Anna Trough, which is located southeast of Franz Josef Land, 
in 620 m water depth. The thicknesses of the gas-hydrate stability zone were estimated for 
each area as well. They varies from 71 m below the seafloor with high bottom temperatures 
(+2 - +4ºC) in the western Barents Sea near Medvezhiy Island  to 306 m below the seafloor 
with the coldest bottom temperature (-1,75 ºC)  at the southeastern coast of the Novaya 
Zemlya Islands in the Kara Sea (Matochkin Shar). Also the total volume of the feasible gas 
hydrates was calculated in (5-8)*1,011 m3 or (5-8)*105 km3 at hydrate occupancy of the 
sediments of 0.9-1.5% and hydrate occupancy of pore space in the sediments of 3-5% 
considering an average porosity (30%) of the sediments. 
 
 
A comparative analysis of coastal environmental conditions in the eastern Norwegian 
Sea and southern Barents Sea by means of Arctica islandica growth records 
 
T. Trofimova 
 
Supervisors:  
Prof. Dr. Thomas Brey, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Germany 
Dr. Alexey Sukhotin, White Sea Biological Station, Zoological Institute of the Russian Academy of Sciences, 
Russia 
 
Since the 1970s tremendous changes have been observed in the Arctic region. As such, the 
surface air temperature within this region has increased by two times the global average and 
according to existing climate model predictions, this trend will continue in the future. 
However, interpretation of such transformation, which results from greenhouse warming, is 
still difficult. This is due to a lack of knowledge about the influence of multi-annual to 
decadal climate variations and the fact that climatic data from this region are usually 
temporally and spatially biased. Therefore, a better understanding and further research on the 
effects and predictability of climate variability is needed.  
We examined the growth variability in shells of the bivalve mollusc Arctica islandica L., 
which is affected by environmental factors, mainly temperature and food supply. The prime 
objective of the project was to compare the shell growth of molluscs from two distinct 
populations in the European Arctic and to determine the external factors influencing the 
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annual shell growth variability in A. islandica. We compared shells from two sampling sites: 
the northern Norwegian coast and the Kola Peninsula coast (SW Barents Sea). Both localities 
are in the realm of the Norwegian Coastal Current (after crossing the border to Russia it is 
called the Murman Coastal Current). For the investigation of the annual and interannual 
growth variability, all collected shells were cut, and 3 mm thick-sections were attached to a 
glass slide, grinded, polished and stained. The annual growth bands were identified and 
measured. Samples for the stable isotope (δ18O, δ13C) analysis and the seasonality approach 
were taken using a hand drill and the milling technique. 
Based on increment measurements of 62 specimens, we found a significant difference in 
growth rates between these two locations, which presumably resulted from the difference in 
the thermal regime at the two sites and at the depth of collection of the molluscs. By 
comparison of growth chronologies with the time series of environmental and climatic 
parameters, we indicated the growth response of a specimen from the Norwegian coast to 
seawater temperature variability in the study area and found a similarity in the pattern with 
the North-Atlantic Oscillation index. The molluscs from the Barents Sea responded to 
variation in air temperature, especially during colder periods.  
The analyzed stable-isotope ratio (δ18O, δ13C) profiles showed cyclic patterns within annual 
growth lines related to seasonal changes in temperature and primary production. The obtained 
values of the stable-oxygen isotope ratio allowed a reconstruction of seasonal changes of 
water temperature, but for the precise results accurate data on salinity or δ18O ratio of 
seawater are needed. 
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Berufspraktika der Studierenden von POMOR V 
 

Nr. Name Praktikum  Betreuer / Institution Zeitraum 

1 Afanasyeva, 
Viktoria 

RV PROFESSOR MOLCHANOV, 
Expedition Yamal – Arktika 2012 

Dr. Vladimir. A. Onoshko / 
AARI 

28.08.2012 - 
18.09.2012 

2 Ashastina, Kseniya GEOMAR, Kiel Dr. Steffen Hetzinger / 
GEOMAR 

24.09.2012 - 
08.10.2012 

3 Boxleitner, Max GEOMAR, Kiel Dr. Steffen Hetzinger / 
GEOMAR 

24.09.2012 - 
08.10.2012 

4 Elkina, Daria RV PROFESSOR MOLCHANOV, 
Expedition Yamal – Arktika 2012 

Dr. Vladimir. A. Onoshko / 
AARI 

28.08.2012 - 
18.09.2012 

5 Emets, Veronika RV PROFESSOR MOLCHANOV, 
Expedition Yamal – Arktika 2012 

Dr. Vladimir. A. Onoshko / 
AARI 

28.08.2012 - 
18.09.2012 

6 Kirillova, Valeria Chemisches Labor Dr. Elena Dobrotina / OSL, 
AARI July 2012 

7 Kovaleva, Olga RV PROFESSOR MOLCHANOV, 
Expedition Yamal – Arktika 2012 

Dr. Vladimir. A. Onoshko / 
AARI 

28.08.2012 - 
18.09.2012 

8 Kuvshinova, Olga Insitut für Polarökologie, Christian-
Albrechts-Universität zu Kiel (IPÖ) 

Prof. Dr. Dieter Piepenburg / 
IPÖ 

09.09.2012 - 
22.09.2012 

9 Larina, Maria Insitut für Polarökologie, Christian-
Albrechts-Universität zu Kiel (IPÖ) 

Prof. Dr. Dieter Piepenburg / 
IPÖ 

09.09.2012 - 
22.09.2012 

10 Mongush, Aiza RV PROFESSOR MOLCHANOV, 
Expedition Yamal – Arktika 2012 

Dr. Vladimir. A. Onoshko / 
AARI 

28.08.2012 - 
18.09.2012 

11 Trofimova, Tamara Insitut für Polarökologie, Christian-
Albrechts-Universität zu Kiel (IPÖ) 

Prof. Dr. Dieter Piepenburg / 
IPÖ 

09.09.2012 - 
22.09.2012 

 
  



 P-4 

Deutschlandsemester der Studierenden von POMOR V 
 

Nr. Name Universität* Masterstudiengang Betreuer 

1 Afanaseva, 
Viktoria 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

2 Ashastina, 
Ksenia 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

3 Boxleitner, 
Max 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

4 Elkina, Daria Christian-Albrechts-Universität 
zu Kiel / Universität Potsdam Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

5 Emets, 
Veronika Universität Hamburg Integrated Climate 

System Sciences Prof. Dr. Eva-Maria Pfeiffer 

6 Kirillova, 
Valeria 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

7 Kovaleva, 
Olga 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

8 Kuvshinova, 
Olga Universität Bremen Marine Biology PD Dr. Holger Auel 

9 Larina, Maria Universität Bremen Marine Biology PD Dr. Holger Auel 

10 Mongush, 
Aiza 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. Wolf-Christian Dullo 

11 Trofimova, 
Tamara Universität Bremen Marine Biology PD Dr. Holger Auel 

*Drittes Semester, Deutschlandsemester 
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Name Titel der Masterarbeit 
Boeva, Alexandra Bioturbation potential of the Amphiura filiformis community in the German 

Bight, North Sea 
Buinyi, Aleksei Investigation of wind-driven waves from moored instrumentation in the 

Laptev Sea 
Ivanov, Evgeny Model simulations of storm impacts on the mixed layer structure and 

related processes in the North Sea and the Baltic Sea 
Karpova, Alina Synthesis of spatial data on historic thermokarst study sites in Siberia 
Khatmullina, Lilia Simulating the spatio-temporal variability of biological productivity and the 

oxygen minimum zonе in the Eastern Tropical Pacific 
Kudryavtseva, Anna Reconstruction of Late Quaternary paleoenvironment based on sediment 

cores from the Lomonosov Ridge (Arctic Ocean) 
Petrova, Mariia Neodymium isotopes and rare earth element distribution in the Barents Sea, 

Arctic Ocean 
Ponomarenko, Ekaterina Reconstruction of late Quaternary Arctic Ocean sea-ice cover based on 

sedimentary records 
Simonenkova, Kseniia GIS analysis of the spatial dynamics of thermokarst lake shores in the 

Teshekpuk Lake region (Alaska) using historical remote sensing data 
Zolotaeva, Anna Physiological aspects of Melosira arctica (Bacillariophyceae) life cycle 
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Bioturbation potential of the Amphiura filiformis community in the German Bight, 
North Sea 
 
A. Boeva 
 
Supervisors: 
Prof. Dr. T. Brey, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven, 
Germany 
Dr. M. Varfolomeeva, St. Petersburg State University, St. Petersburg, Russia 
 
Bioturbation means changes of a substratum by living organisms. Many scientists are 
interested in these processes because burrowing organisms live in different substrates, even in 
the ocean’s bottom such as sea urchin and starfish, and affect many different processes from 
geology to geochemistry. 
Currently, in addition to all the biotic and abiotic factors which affect the benthic community, 
the anthropological factor has a great effect on it. Recently, scientists have begun to use the 
current state of the benthic community as a biological factor for monitoring the marine 
ecosystems. It is very complicated work to estimate the benthic community in numbers, but 
such studies have become more and more popular and abundant. 
The bioturbation effect on the environment is widely known, but the effect of the environ-
mental, biological and other factors on the bioturbation potential is not well understood. 
According to the obtained results, I assume that environmental factors do not impact 
bioturbation potential directly. They can affect bioturbators and have an indirect effect on the 
bioturbation potential. 
Such factors as abundance, biomass, mobility and reworking strongly impact the bioturbation 
potential but it is hard to separate the impact of each factor because they connect with each 
other. Community structure is the main factor that impacts the community bioturbation 
potential. 
The bioturbation potential of the Amphiura filiformis community in the German Bight, North 
Sea is rather high. Its mean value is 1,536 and maximum is 4,058. However, there is not much 
comparable data available. Such kind of scientific work has only recently started to appear. 
Since this is a new direction in marine ecology, many different problems arise, such as lack of 
relevant information. 
 
 
Investigation of wind-driven waves from moored instrumentation in the Laptev Sea 
 
A. Buinyi 
 
Supervisors: 
Dr. R. May, St. Petersburg State University, St. Petersburg, Russia 
Dr. M. Janout, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven, 
Germany 
 
The present work is devoted to the investigation of wind-generated waves in the Laptev Sea 
from moored instrumentation. In situ datasets for particular time intervals in 2013 and 2014 
were received from Ice-Profiling Sonar (IPS) and Acoustic Doppler Current Profilers 
(ADCP), mounted on two mooring stations near the Taymyr Peninsula and in the central part 



R-4 

of the Laptev Sea. Sea level was recalculated into wave heights with the zero crossing method 
and further into significant wave heights (SWH) in 4 different ways in order to compare them 
with each other and with ERA Interim reanalysis data for verification. Wave heights from 
several quasi-stationary intervals were approximated with two types of distribution – 
Rayleigh and Lognormal – to compare their fitting quality. ADCP data and wave heights from 
IPS were recalculated into spectra and spectra time series to estimate dominant frequencies 
and their temporal variability. Additionally, with ERA Interim Reanalysis, the interannual 
variability of ice-free days at the mooring stations was estimated and an interannual peri-
odicity and increasing trend were found. Estimation was was carried out with the purpose of 
highlighting change in fetch, duration of wind, and, possibly, wave parameters. Maps of long-
term monthly averaged SWH were plotted to show seasonal and spatial variability of SWH. 
 
 
Model simulations of storm impacts on the mixed layer structure and related processes 
in the North Sea and the Baltic Sea 
 
E. Ivanov 
 
Supervisors: 
Prof. Dr. H. Burchard, Leibniz Institute for Baltic Sea Research Warnemünde, Germany 
Dr. T. Pohlmann, Hamburg University, Hamburg, Germany 
Dr. O. Savchuk, St. Petersburg State University, Russia 
 
This thesis deals with simulation results of seasonal stratification dynamics and related 
ecosystem processes under storm influence in the North Sea and the Baltic Sea, with use of a 
coupled physical-biogeochemical model. Results of thermocline modelling using the General 
Ocean Turbulence Model show the prevailing role of wind mixing on thermocline dislocation 
and destruction in comparison with sea surface cooling. The dominant role of wind mixing in 
the secondary plankton bloom, triggered under conditions of strong summer stratification, is 
revealed. A comparative analysis of spring plankton blooms in the Baltic Sea and the North 
Sea demonstrated the exclusive role of wind mixing on total net primary production in the 
Baltic Sea and the significant role of tidal influence in the North Sea. Simulations of storm 
action before and after an expected plankton bloom illustrated its dual role in delaying and 
prolonging of the phytoplankton maximum, respectively. To achieve these results, a novel 
modification of the nutrient-phytoplankton-zooplankton-detritus model was developed with 
some formulations, borrowed from Savchuk and Wulff (Savchuk, O.P., Wulff, F., 1996. 
Biogeochemical transformations of nitrogen and phosphorus in the marine environment - 
coupling hydrodynamic and biogeochemical processes in models for the Baltic. Proper. 
Contrib. Syst. Ecol., Stockholm Univ., 2, 79 pp.). The obtained results contribute to the 
exploration of plankton-bloom triggering and can be used in further investigations of 
stratification dynamics and related ecosystem processes during storm mixing. 
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Simulating the spatio-temporal variability of biological productivity and the oxygen 
minimum zone in the eastern Tropical Pacific 
 
L. Khatmullina 
 
Supervisors: 
Prof. Dr. B. Schneider, Kiel  University, Kiel, Germany 
Dr. O. Savchuk, St. Petersburg State University, St. Petersburg, Russia 
 
The possible intensification and expansion of Oxygen Minimum Zones (OMZs) in the ocean 
associated with the climate change have drawn the scientific attention in the last decades 
because of the profound effect that fluctuations in the oxygen content have on the marine eco-
systems and biogeochemical cycling. A crucial thing for investigating future scenarios is the 
thorough understanding of the processes involved in the OMZs formation and development 
under the steady state climate conditions, which could be achieved almost solely by means of 
the modeling studies due to the absence of real oxygen datasets of sufficient time range. 
Two main conceptual forces, circulation and biogeochemistry, are considered to be determin-
ative in setting the oxygen distribution in the ocean, of which the first acts as an oxygen 
supplier and the second consumes oxygen by the process of organic-matter remineralization. 
In this study we aimed to disentangle their influence on the spatial and temporal variability of 
OMZ located in the eastern Tropical Pacific Ocean under the constant pre-industrial orbital 
forcing with the help of a global coupled atmosphere/ocean/sea ice model, the Kiel Climate 
Model (KCM), in combination with a global model of marine biogeochemistry, PISCES. The 
chosen study area, lacking pronounced seasonality, yet exhibits strong interannual variability 
regarded as El Niño/Southern Oscillation (ENSO). It affects the ocean on a global scale and 
thus could be another source of variability of the OMZ which we also tried to unveil. 
We found that in spite of some discrepancies, the KCM and PISCES were able to reproduce 
the distribution of physical tracers as well as productivity and oxygen concentrations in the 
shallow ocean with reasonable consistency to the real data. Initially, on the basis of existent 
studies, we made an assumption that the OMZ is mainly subject to the variability of 
circulation. Linear regression with the average oxygen on a σ=26.5 kg m-3 density level in 
the equatorial part of the Tropical Pacific. The OMZ indeed confirmed this hypothesis where-
as the OMZ volume in the same region is much more disposed to the influence of the variabi-
lity of primary production. We explain this inconsistency of results with model deficiency in 
resolving the vertical distribution of oxygen, in particular simulating significantly under-
estimated oxygen concentrations in the deep ocean, which might lead to the vertical 
partitioning of the processes, where circulation is significantly affecting the upper OMZ part 
comprising σ=26.5 kg m-3 isopycnal while the whole OMZ volume is rather influenced by 
the changes in productivity. It is questionable, though, whether such division exists in the real 
ocean. Despite this, we found a strong correlation between oxygen transport in the Equatorial 
Undercurrent and ENSO, we were not able to detect a clear response of OMZ to ENSO due to 
the opposing effects that circulation and productivity, affected by the global scale oscillation, 
exert on the oxygen concentrations. However, mean distribution of oxygen in El Niño/La 
Niña phases of ENSO indicated a greater influence of circulation over biogeochemistry. 
Overall, improvement of both physical and biogeochemical models remains one of the major 
targets of future research as well as better understanding of the temporal and spatial scales of 
the processes comprising the complex physical and biogeochemical system of the Tropical 
Pacific Ocean. 
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Reconstruction of Late Quaternary paleoenvironment based on sediment cores from the 
Lomonosov Ridge (Arctic Ocean) 
 
A. Kudriavtseva 
 
Supervisors: 
Prof. Dr. R. Stein, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven, 
Germany 
Dr. E. Bazhenova, St. Petersburg State University, St. Petersburg, Russia 
 
The Arctic Ocean considerably influences regional and global climate due to its exceptional 
characteristics. The study is based on the sediment cores PS87/056-1 and PS87/070-1 (kasten-
lot) recovered at the western flank of the “Siberian side” of the Lomonosov Ridge and on the 
dropstones collected from box corers along the Lomonosov Ridge during the PS87 expedition 
of RV POLARSTERN (ARK-XXVIII/4). Arctic Ocean sediments present the history of sea-
ice evolution and environmental changes. The sediments transported by icebergs and sea-ice 
(ice-rafted debris, IRD) are primarily comprised of terrigenous material, therefore, the source 
areas and transport pathways can be determined as well as palaeoclimatic history. 
The actual research focuses on a better understanding of transport pathways of sediments and 
their source areas, so deeper knowledge of the Late-Quaternary environment can be acquired. 
To achieve this aim, sedimentary proxies were used, such as mineralogy (bulk mineralogical 
composition), lithology (ice-rafted debris content), geochemistry (total organic carbon 
content) and morphometric analyses of coarse ice-rafted debris (dropstones). 
The age model was defined based on the preliminary age model of the PS87/070-1 core from 
the PS87 Cruise Report and then correlated to the established age boundaries of the 
Lomonosov Ridge. For the correlation, the IRD and TOC contents were used. 
The reconstruction revealed the specifics of the Arctic Ocean environment during the Late 
Quaternary. The record is represented by marine isotope stages (MIS) 7 to 1. Glacial MIS 6 
presented a heavy ice sheet in the Arctic Ocean and active iceberg circulation, carrying coarse 
IRD. During MIS 5 the relatively small area of the two studied cores is considered to 
significantly differ in sedimentation. The abrupt boundary of MIS 4 and 5, presenting a strong 
decrease in IRD content, is typical for the Arctic Ocean and the analyzed core shows the same 
pattern as other sediment cores from the region. That the Beaufort Gyre circulation reached 
the Lomonosov Ridge area in MIS 3 can be suggested due to the higher content of dolomite 
and Q/Fsp and Kfs/Pl ratios, which show values specific to Canadian Archipelago sources. 
The Last Glacial Maximum sedimentation pattern shows the reduction of iceberg drift with 
rare coarse IRD deposits. 
The dropstone composition and morphometry clearly reflect the circulation in the Arctic 
Ocean. Most of the dropstones are transported from Siberian sources, whereas the amount of 
dolomites from the Canadian Archipelago increases towards Greenland. The high amount of 
dropstones close to the Fram Strait shows a higher abundance and melt-out rates of ice 
whereas the number of dropstones close to the Siberian margin is much lower. 
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Neodymium isotopes and rare earth element distribution in the Barents Sea, Arctic 
Ocean 
 
M. Petrova 
 
Supervisors: 
Prof. Dr. M. Frank, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Prof. Dr. V. Kuznetsov, St. Petersburg State University, St. Petersburg, Russia 
 
The Barents Sea is a key region for water mass modification in the Arctic. Interaction with 
atmosphere and ice, and mixing in the Barents Sea, significantly modify the water masses be-
fore they enter the Arctic Basin. In the eastern Barents Sea mixing of water masses generates 
dense Barents Sea Water (BSW), which inflows the Arctic Ocean to form the Arctic Interme-
diate Waters. BSW plays an important role in the maintenance of the Arctic halocline. To stu-
dy the interannual variability and evolution of water masses passing through the Barents Sea 
could be useful for a better understanding of the climate change in the Northern Hemisphere. 
Neodymium is one of a number of tracers which have been used to trace the distribution and 
circulation of water masses within the Barents Sea. Neodymium isotopic composition 
(expressed as ɛNd) has been successfully applied for water-mass tracing due to the residence 
time of Nd in the oceans being shorter than the ocean overturning time and due to 
independence of Nd from biological fractionation and physical processes. 
This work examines the major water masses within the Barents Sea, using temperature, 
salinity, rare earth element (REE) concentrations and ɛNd isotopic composition data of 
seawater.  
The water within the Barents Sea is a mixture of the saline, warm and unradiogenic Atlantic 
water; fresh, warm, unradiogenic, and REE-enriched coastal water from the Kola Peninsula; 
fresh, cold, and relatively radiogenic Arctic surface water; and fresh, Ob/Yenisei River 
Current water most radiogenic in this area and depleted in LREE (light REE) in different 
proportion. Particle scavenging is a very important process for modification of chemical 
content of water masses. As a result of water-mass transformation, waters in the southwestern 
part of the sea have ɛNd=-12.9±0.2 with relatively low HREE (heavy REE)/LREE 
ratio=3.20±0.30. In the central part of the sea where the Arctic waters have a stronger 
influence ɛNd is -10.6±0.2 in the surface layer, but near the bottom the Nd isotopic signature 
indicates the presence of Atlantic water (ɛNd=-12.0±0.2). The Nd isotopic composition in the 
northern parts of Barents Sea is more radiogenic (ɛNd=-9.1±0.3) and a maximum of the 
HREE/LREE ratio is reached due to particle scavenging. In the northeastern part of the study 
area the most radiogenic signature (ɛNd=-8.5±0.3) was determined reflecting admixture of 
radiogenic Ob/Yenisei River water. 
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Reconstruction of Late Quaternary Arctic Ocean sea-ice cover based on sedimentary 
records 
 
E. Ponomarenko 
 
Supervisors: 
Prof. Dr. R. Stein, Alfred Wegener Institute Helmholtz Center for Polar and Marine Research, Bremerhaven, 
Germany 
Dr. H. Kassens, GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany 
Dr. A. Krylov, St. Petersburg State University, St. Petersburg, Russia 
 
All environmental processes, as changes in sea-ice cover and terrestrial glaciations, surface 
oceanic circulation and vertical water-column structure, surface-water productivity, atmo-
spheric circulation, precipitation and river discharge are reflected in marine sedimentary 
records. Hence detailed studies of sediment cores can provide important information about 
environment and climate evolution in the study region. 
Sediment core PS87/86-3, recovered from the Siberian side of the Lomonosov Ridge during 
the expedition PS87 (ARK-XXVIII/4) of the research vessel POLARSTERN to the Arctic 
Ocean in 2014, was studied to reconstruct the changes in the Arctic Ocean paleoenvironment 
including extent and timing of marine and terrestrial glaciations during marine isotope stages 
1-6. A combined facies analysis of the sediment core including lithology, granulometric com-
position and grain-characteristics study, coarse-fraction content, mineralogy, micropaleon-
tology, organic carbon, and carbonate content and composition was used to reconstruct the 
paleoenvironment during the times of deposition. 
According to the downcore distribution of coarse-fraction content and grain characteristics as 
well as mineralogical composition, an extended Barents and Kara sea ice sheet existed in the 
western part of the Arctic Ocean during MIS 6, MIS 5d, MIS 5b, and MIS 4. The mineralogi-
cal composition of the sediments indicates the Eurasian Arctic as main source of terrigenous 
material with minor input from the Canadian Archipelago during the time of Beaufort Gyre 
extension and shift of the hydrological front to the Lomonosov Ridge. During glacial MIS 2, 
only small ice caps on Severnaya Zemlya with dense sea-ice cover were identified. Retreats 
of ice sheets are marked by a sharp increase in coarse-fraction content at the MIS 6/5 (T II), 
MIS 5d/5c, MIS 5b/5a, MIS 4/3 and MIS 2/1 boundaries. Total organic carbon content and 
composition and downcore distribution of carbonate minerals imply open water conditions 
with enhanced biological production and nutrient-rich Atlantic water inflow for MIS 5c, MIS 
5a, MIS 3.31 and the Holocene. 
 
 
GIS analysis of the spatial dynamics of thermokarst lake shores in the Teshekpuk Lake 
region (Alaska) using historical remote sensing data 
 
K. Simonenkova 
 
Supervisors: 
Dr. G. Grosse, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Potsdam, Germany 
Prof. Dr. K.V. Chistyakov, St. Petersburg State University, St. Petersburg, Russia 
 
The objectives of my study were: 
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• to develop methods for studying thermokarst -lake changes using geographical information 
systems (GIS);  

• to analyze the spatial variability of a thermokarst-lake shore between 1955 and 2004 in the 
region of Teshekpuk Lake (Alaska) using historical remote sensing data with high spatial 
resolution (1m);  

• to identify potential mechanisms of lake expansion and lake reduction (causes and 
dependency on environmental factors).  

The methodology of this study on thermokarst lake dynamics is based on a combination of 
remote sensing (RS), GIS and statistical methods. 
To quantify the permafrost change in the Teshekpuk Lake region, I selected 49 aerial images, 
obtained in the summer months from 1948 to 2004. I georeferenced the historical images 
using an already orthorectified mosaic of aerial images from 2004 as base map. Taking into 
account water bodies larger than 1 ha in the 700 km2 study area, I mapped the shorelines of 56 
thermokarst lakes in different time periods (1948, 1955, 1979 and 2004) using manual 
digitizing in ArcGIS. Of these, 13 lakes were analyzed for erosion rates using the Digital 
Shoreline Analysis System tool (DSAS) for two time periods, 1955 to 1979 and 1979 to 2004. 
The shore change rates were then analyzed in relation to climate data including wind speed 
and direction. 
As a result, I conclude that the lake-rich landscape of Teshekpuk Lake region change 
dynamically on decadal time scales and thus also affects the spatial distribution on near-
surface permafrost. On the one hand, lake area is lost due to rapid lake drainage, on the other 
hand, permafrost thawing and shore erosion increase the area of some lakes. 
Climate data analysis for the period of 1950-2014 has shown that the dynamics of thermo-
karst lakes depends on more than one factor. Changes of thermokarst lakes are determined by 
a complex of cooperating factors, such as increase of air temperature, the activity of 
watercourses, connecting lakes, and the amount of precipitation. 
 
 
Physiologycal aspects of Melosira arctica (Bacillariophyceae) life cycle 
 
A. Zolotareva 
 
Supervisors: 
Prof. Dr. D. Vlasov, St. Petersburg State University, St. Petersburg, Russia 
Dr. K.-U. Valentin, Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Bremerhaven, 
Germany 
 
The diatom algae Melosira arctica grows meter-long filaments, anchoring in troughs and 
depressions under ice floes and covering up to 40-80% of the underside of undisturbed ice 
floes. Despite substantial literature evidence of M. arctica colony distribution in the Arctic 
region, much less is known about its physiology and its contribution to the global carbon 
cycle. 
The Literature about the previous studies of Melosira arctica has been analyzed and standard 
methods of diatom observations in the laboratory were tested for this species. A laboratory 
experiment with the culture of Melosira arctica was organized. The applicable methods for 
studying М. artcica were shown. For the first experiment, four approaches were tested: light-
microscopy cell count, optical density measurements, chlorophyll a measurements and pulse-
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amplitude modulation (PAM) fluorescence measurements. Chlorophyll a measurements and 
direct light microscopy counting were shown to be the best methods for studies of Melosira 
arctica. PAM measurement results were somewhat unclear – there was a discrepancy between 
the statistics and the graphs. The optical density measurements proved least effective for 
estimating culture growth. As the photosynthetic effectiveness was decreasing due to aging of 
the culture, the total chlorophyll a cell quota rapidly grew. 
Melosira arctica growth under different temperature conditions was studied during the 
experiment. Four replicates of -2°C, 0°C, 5°C and 8°C were set. The temperature test showed 
that 5°C was the optimum for that species while -2°C demonstrated minimum growth and 
chlorophyll a production.  
The results of Melosira arctica growth have been compared with the peculiarities of the 
laboratory studies of the centric diatom Thalassiosira pseudonana Hasle and Heimdal. A brief 
overview of the additional methods which could be investigated in future studies was 
provided. 
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Berufspraktika der Studierenden von POMOR VI 
 

Nr. Name Praktikum  Betreuer / Institution Zeitraum 

1 

Boeva, Aleksandra Ecological Research Station of the 
Institute of Plant and Animal 
Ecology of the Ural Branch of the 
Russian Academy of Sciences, 
Yamal Peninsula 

Dr. A.A. Sokolov / 
Ecological Research Station 
of the Institute of Plant and 
Animal Ecology of the Ural 
Branch of the Russian 
Academy of Sciences 

15.06.2014 - 
10.08.2014 

2 
Buiniy, Aleksei RV VIKTOR BUYNITSKIY, 

Expedition TRANSDRIFT XXII 
Dr. H. Kassens / GEOMAR 
Dr. M. Janout / AWI 

06.09.2014 - 
07.10.2014 

3 
Ivanov, Evgeny Leibniz-Institut für Ostseeforschung 

Warnemünde 
Prof. Dr. H. Burchard / 
Leibniz-Institut für Ostsee-
forschung Warnemünde 

01.09.2014 - 
30.09.2014 

4 

Karpova, Alina Laboratory for Botanical Geography 
and Cartography, V.L. Komarow 
Botanical Institute of the Russian 
Academy of Sciences 

Dr. S. Kholod / V.L. V.L. 
Komarow Botanical Institute 
of the Russian Academy of 
Sciences 

26.06.2014 - 
22.08.2014 

5 

Khatmullina, Liliya RV VIKTOR BUYNITSKIY, 
Expedition TRANSDRIFT XXII 

Dr. H. Kassens / GEOMAR 
Dr. S. Korsun / SPbU 
A. Novikhin /AARI 
K. v. Juterzenka / Universität 
Kiel 

06.09.2014 - 
07.10.2014 

6 
Kudriavtseva, Anna RV POLARSTERN, Expedition 

PS87 (ARK-XXVIII/4) ALEX 2014 
Prof. Dr. R. Stein / AWI 
Dr. A. Krylov / 
VNIIOkeangeologia 

05.08.2014 - 
09.10.2014 

7 
Petrova, Maria RV VIKTOR BUYNITSKIY, 

Expedition TRANSDRIFT XXII 
Dr. H. Kassens / GEOMAR 
A. Novikhin / AARI 
G. Laukert / GEOMAR 

06.09.2014 - 
07.10.2014 

8 

Ponomarenko, 
Ekaterina 

RV G.O. SARS, Expedition 
EUROFLEETS-2, Polar and 
Subpolar call 2013 / PREsent and 
PAst flow REgime on contourite 
Drifts west of Spitsbergen 
(PREPARED), AWI 

Prof. Dr. R. Stein / AWI 05.06.2014 - 
27.06.2014 

9 
Simonenkova, 
Kseniia 

Expedition "Spitsbergen 2014", 
Laboratory for Experimental and 
Radiological Survey, AARI 

Dr. V. Radionov / AARI 08.08.2014 - 
01.09.2014 

10 

Vasilieva, Maria Northeastern Research Stations of 
the Russian Academy of Sciences, 
Pleistozene Park, Tscherski, Sacha 

S. Zimov / Northeastern 
Research Stations of the 
Russian Academy of 
Sciences, Pleistozene Park 

01.08.2014 - 
31.08.2014 

11 
Zolotareva, Anna Mock Research Lab, University of 

East Anglia 
Dr. Th. Mock / University of 
East Anglia, UK 

07.08.2014 - 
12.09.2014 
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Deutschlandsemester der Studierenden von POMOR VI 
 

Nr. Name Universität* Masterstudiengang Betreuer 

1 Boeva, 
Aleksandra Universität Bremen Marine Biology PD Dr. H. Auel 

2 Buiniy, 
Aleksei Universität Hamburg Integrated Climate 

System Sciences Prof. Dr. E.-M. Pfeiffer 

3 Ivanov, 
Evgeny Universität Hamburg Integrated Climate 

System Sciences Prof. Dr. E.-M. Pfeiffer 

4 Karpova, 
Alina Universität Potsdam Geosciences / 

Geology Prof. Dr. H.-W. Hubberten 

5 Khatmullina, 
Liliya 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. W.-C. Dullo 

6 Kudriavtseva, 
Anna Universität Bremen Marine Geosciences Prof. Dr. R. Stein 

7 Petrova, Maria Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. W.-C. Dullo 

8 Ponomarenko, 
Ekaterina 

Christian-Albrechts-Universität 
zu Kiel Marine Geosciences Prof. Dr. W.-C. Dullo 

9 Simonenkova, 
Kseniia Universität Potsdam Geosciences / 

Geology Prof. Dr. H.-W. Hubberten 

10 Zolotareva, 
Anna Universität Bremen Marine Biology PD Dr. H. Auel 

*Drittes Semester, Deutschlandsemester 
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Editorial 
 
After a three year break the POMOR 
Newsletter is back again. Three 
years is a long time, especially for 
our 12 year old master program.  
 
We have achieved a lot of things in 
this period of time. We have got an 
international accreditation by ASIIN 
e.V. which was the high point we 
have been aiming for since last ten 
years. We presented the program at 
different conferences, fairs and 
round tables. We said good bye and 
welcomed new students, lecturers, 
university administration and 
POMOR team members. With two 
students groups we experienced 
very good and sometimes difficult 
times, we learned a lot together with 
them, we laughed and were serious 
overcoming all possible and 
impossible obstacles. We launched 
new events and met very interesting 
people who supported us on our 
way, from whom we learnt and with 
whom we really had fun. Our 
students grew personally and 
professionally, and we – hopefully – 
grew with them. 
 
In this issue we would like to give a 
brief overview about the last three 
years (see page 4), to tell you about 
our alumni (see page 10) and their 
experiences during and after 
POMOR, to introduce our current – 
already sixth – POMOR group to you 
(see page 6) and to share our 
impressions and emotions with you. 
 
Christmas and New Year are a 
special time for everybody and for us 
especially, because we launched 
this POMOR Newsletter in the 
Christmas time 2009.  We will not 
make any New Year resolution 
except the usual ones this time. At 
the end of this eventful year 2013 we 
would like to thank all people and  

 
 
 
 
 

 
 
 
organizations who have been 
supporting us and being with us: The 
German Ministry of Education and 
Research and the Russian Ministry of 
Education and Science, our partner 
universities and research institutions, 
German Academic Exchange Service, 
Embassy of  the Federal Republic of 
Germany Moscow, all lecturers, 
supervisors and tutors in Russia and in 
Germany and of course all POMORs. 
We wish you all the best! May this 
Christmas be very special and may the 
New Year begin on a prosperous note! 
 
Nadezhda Kakhro 
 
You will also find in this 
issue: 
 
 

 FACES: an interview with 
professor Sergey 
Aplonov Page 2 
 

 Sea Ice Field School in 
Barrow by Valeria 
Selyzhenok Page 13 
  

 
 A polar adventure by Irina 

Semeryuk Page 14 
 

 Urbino Summer School in 
Paleoclimatology by 
Ekaterina Kaparulina Page 15 

 
 A PhD? Yes, in Cambridge! 

By Julia Gottschalk Page 18 
 

 A Russian experience by 
Henriette Kolling Page 19 

 
 Expedition to the upper Lena 

River by Kseniia Ashastina 
Page 21 

 
 A student from Germany at 

POMOR: An interview with 
Max Boxleitner Page 23 
 

 POMOR draws Page 24 
 

 A great chance by Veronika 
Emetc Page 25 

 
 Expedition TRANSDRIFT XX 

by Bennet Juhls Page 26 
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FACES 
Professor Sergey Aplonov  – geophysicist, Vice Rector of Saint Petersburg State University and one of the initiators of the 
recently founded Institute of Earth Sciences.  
 
NK: Why did you choose geology 
as your main subject? 
 
SA: I have a geological family 
background, but when I went to 
school I was fond of the humanities, 
e.g. history and literature. I still like 
them, actually. But in the summer 
before the last school year and the 
final secondary school examinations 
my father (actually, geologist, too) 
arranged a place in a research 
expedition to Southern Taymir for 
me. At that time I was only 16, I even 
didn’t have my own passport yet. 
Many years later I realized, that the 
people whom I joined in their difficult 
and sometimes really dangerous 
routes, took enormous responsibility 
for me. Those were Soviet times, 
and if anything had happened to me 
during this expedition, they would 
have blown these people’s head off. 
But everything worked out all right.    
And after coming back to Leningrad 
in autumn I hurried up to the Mining 
University and applied for 
preparatory classes for the Faculty 
of Geological Exploration. I was 
lucky again, because I met a great 
lecturer of physics there and I 
decided to become a geophysicist. 
As you see, I had chosen my 
profession 35 years ago and to be 
honest I have never regretted that 
choice.  
 
NK:  POMOR offers its students 
the chance to study abroad and to 
participate in international 
expeditions. Tell me about your 
most fascinating field practice. 
 
SA: I think it was my internship after 
my third year at the university, in 
1980. There were Olympic Games in 
Moscow in this year, and I was 
working as a geophysicist in the 
Khabarovsk region on the Bureya 
river. The situation with human 
resources was very bad in that far 
away region, that's why a 20-year-
old third year student of the Mining 
University in Leningrad was seen as 
a real professional. It shows the  

prestige of higher education in that time. 
 
We got an excellent education, indeed. I was a 
leader of the exploration survey group, I 
planned all operations and I was responsible 
for their organization, and there were mainly 
16-17 year-old graduates from the geophysical 
training school. Together we laid the routes 
through the Far Eastern taiga, we cut the 
firebreaks into the forest and carried out 
geophysical observations. The equipment was 
quite crap at that time, so sometimes we had 
to solder the electric contacts in the equipment 
with the help of a nail during the short rests 
sitting around the campfire (we carried tin and 
rosin in our backpacks, and there were no 
soldering irons).  
  

 
„I started my professional career in the 
Arctic working as a geophysicist in the 
subpolar regions of Western Siberia…I am 
absolutely sure that the Arctic is one of the 
most interesting and fascinating places in 
the world” 
 
I remember very well our long reconnaissance 
routes by foot which lasted from 10 to 14 days. 
We hauled 40 kg heavy backpacks, and this 
weight didn't change during the route at all, 
because the tinned meat and condensed milk 
we had eaten were replaced with new 
samples. I would have never believed that you 
can promptly fall asleep after you had crept 
into a tarp sleeping bag cover under a fir tree 
soaked to the skin, so tired that you have no 
power and you are not even in the mood to be 
hungry. 
 
NK: During your scientific career you have 
worked in several different institutions. In 
brief, what did you take home from each of 
them and how did this experience lead you 
to where you are now? 
 

SA: In fact, there are not so many 
organizations I have worked for in 
these 35 years. After graduating from 
the Mining University in 1982, I 
worked three years long for the 
Geophysical Expedition and carried 
out magnetic and gravimetric 
measurements in the Northern part of 
Western Siberia. This professional 
experience was very helpful for my 
career. 
 
In 1986 I changed to the P.P.Shirshov 
Institute of Oceanology of the Russian 
Academy of Science and I had a 
noticeable drop in salary, by the way. 
It has to be said that it was extremely 
honorable to work in the structure of 
the Academy of Science at those 
times, and they employed very 
selectively. The director of the 
Institute of Oceanology was fighting 
for my position with the former 
President of the Academy of Science, 
the legendary academician A.P. 
Aleksandrov, nothing more, nothing 
less. In 1986 I got my PhD, and in 
1989 I obtained my habilitation 
qualification. Fate threw me together 
with many outstanding senior 
scientists. I am very proud of the fact 
that my senior mates and teachers 
were Victor Efimovitch Khain, Lev 
Pavlovitch Sonenshein, Oleg 
Georgievitch Sorokhtin and Alexander 
Petrovitch Lisitsyn (it was my good 
fortune to participate in several ocean 
cruises aboard RV ACADEMIC 
MSTISLAV KELDYSH under his 
supervision). During numerous 
workshops, conferences and schools I 
met people of my age, excellent 
geologists, who are now leading 
institutes, universities, labs and 
university chairs in Russia and 
abroad. I still keep very warm and 
friendly contacts with most of them. 
In 1992 my friends and I founded an 
independent consulting company, 
TETHYS Geodynamical Research 
Center, which was very successful on 
the Russian and on the European 
markets 21 years long and went into 
liquidation for obvious reasons when I 
became Vice Rector of the Saint ►   
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Petersburg State University 
(SPbSU). In very difficult times for 
the Russian geology, we managed 
to show that basic research is 
essential for practical geological 
exploration. Among our customers 
were ExxonMobil, Total, Shell, 
Gazprom, Lukoil and other well-
known companies.  
 
In 1995 I started to work at the 
SPbSU as head of department of 
geophysics. In 2011 I was elected to 
be the dean of the Faculty of 
Geology, and in 2013 I was 
assigned to the position of vice 
rector for Geography, Geology, 
Geoecology and Soil Science.  
 
NK: You founded the Institute of 
Earth Sciences at the Saint 
Petersburg State University to 
optimize the scientific and 
teaching capacity of the two 
faculties. What will this new 
structure change for the quality of 
teaching? Which opportunities 
will the new institute offer the 
students and young scientists? 
 
SA: This is a slight overstatement. It 
would be more correct to say that I 
was one of the initiators of the 
Institute of Earth Sciences based on 
the Faculty of Geography and the 
Faculty of Geology of SPbSU. I also 
don’t like the word “to optimize”, 
when it’s about very good scientists 
and lecturers from both faculties of 
SPbSU with their rich and original 
history and traditions. 
 
It’s rather about a fusion of related 
and very close education and 
research directions. This step 
promises to be very advantageous. 
And a very good example for this is 
the master program POMOR. 
Geologists and geographers have 
many things in common: field trips, 
related educational and research 
programs, e.g. geoecology, or 
geomorphology. 
As for “optimization”, it’s only about 
the establishment of a state-of-the-
art management system, about the 
consolidation of intellectual and 
financial resources, about the 
updating of educational programs 
which are to become attractive for  

students and demanded by employers. This is 
the only way to preserve and to enrich our 
proud traditions. Otherwise they will be like 
dead symbols. In a word, as one of the writers 
said, we should take the fire from the past, not 
the ash.   
 
NK: In the internationalization process the 
University is planning to invite foreign 
scientists, lecturers and students. What 
makes the University attractive for them? 
 
SA: For instance, to work with the unique 
scientific equipment, which was bought for 
resource centers and labs of the SPbSU in the 
past few years; to experience field trips to 
different parts of our country. Students of 
Tromsø University, Norway, already have 
gotten this opportunity: Their bachelor students 
spend their summer practice with us on the 
Crimea, and our students go to the Northern 
Norway at the same time. Their master 
students participate in field work in Yakutia. 
And just to become familiar with unique 
geology of Russia is in my opinion worth it.  
 
NK: In your opinion, except from the 
foundation of Institute of Earth Science, 
what was the most important event in the 
university life in 2013? 
 
SA: It’s difficult to choose one, because the 
last year was very eventful. I think that one of 
the significant events of 2013 was the revival 
of our own scientific degrees award after an 
almost 100 year-long break. SPbSU is at the 
moment the only university in the post-soviet 
Russia who is allowed to award a PhD. Among 
the first successful PhD awardees were two 
geologists. They were awarded PhD degrees 
in Earth Sciences. 
 
NK: Have you been to the Arctic? If yes, 
which impressions did you experience? If 
not, would you like to go there and as what 
(e.g. tourist, scientist, administrator etc.)? 
 
SA: I started my professional career in the 
Arctic working as a geophysicist in the 
subpolar regions of Western Siberia, on the 
Yamal peninsula, Gydan peninsula and 
Tazovsky peninsula. I am absolutely sure that 
the Arctic is one of the most interesting and 
fascinating places in the world even for a 
tourist. And if you take into account the 
fascinating Arctic geology, the impressions 
increase by a number of times. 
 
NK: You work a lot in different fields and 
combine many duties. How do you relax  

and where do you regenerate? 
 
SA: I have really a lot to do, but 
nevertheless I try to find time for 
sports. I like skiing very much, I play 
billiard, and over the past years I have 
been a passionate traveler. In my 
summer vacations I travelled around 
the whole of Western Europe by car. 
 
In general, my actual job is interesting 
due to its diversity. I have to combine 
many different activities, to 
communicate with a big amount of 
different people, to solve various 
problems. So my philosophy of life is: 
if you want to have a rest of one thing, 
just do another one. There is always a 
lot to do anyway.  
 
NK: What will be your New Year’s 
resolutions this year? 
 
SA: The same ones as in the last 
years: to move forward, not to be 
satisfied with what has already been 
achieved and to try to be more 
amiable and kindhearted to people 
around me. I think that I managed the 
first one, but I still have to work on the 
second one. 
 
NK: What would you wish our 
students and lecturers for the 
coming New Year? 
 
SA: I wish the students good and 
smart teachers, and I wish the 
lecturers the same: good and smart 
students. And I wish all of you all the 
best, happiness and warmth in your 
homes and families, good luck and 
big achievements in 2014! 
 
NK: Thank you very much! ■ 
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2011-2013: NEWS AND FACTS ABOUT POMOR 
 
September 2011  Master theses defence of POMOR IV (2009-2011) 

 
Start of POMOR V 
 

October 2011  Opening of the Living Exhibition at the Saint Petersburg State University in the 
presence of the Joint Russian German Commission for Scientific-Technical 
Cooperation. The Living exhibition / Science Live – Foci of German-Russian 
Cooperation in the Field of Marine and Polar Research  was a travelling exhibition 
on the German-Russian research projects under the Agreement on the Cooperation 
in the Field of Marine and Polar  Research between the German Federal Ministry of 
Education and Research and the Russian Ministry of Education and Science. The 
“Living”/„Live“ in the exhibition’s title means that instead of information panels, 
students and young scientists, involved in the bilateral projects, provided information 
on the exhibits as well as on their own researches, and gave talks. POMOR 
students 2002-2013 and POMOR professors participated in the exhibition events on 
all locations 
 
Master diploma award (POMOR IV) 
 

  

 
 
February 2012 

  
Quality audit at the Hamburg University by ASIIN e.V. within the accreditation 
process 
 

March 2012  Opening of the Living Exhibition at the Moscow State University 
 

May 2012  Opening of the Living Exhibition in Bonn, at the Zoological Research Museum 
Alexander Koenig in the presence of Secretary General Dr. Georg Schütte 
 
Opening of the Living Exhibition in Berlin at the Freie Universität Berlin  
 

October 2012  Students of POMOR V participate in the Third  International Student Forum in 
Berlin 
 
Start of the semester at German universities 
 
New program administration at Saint Petersburg State University 
 
Launch of the new POMOR homepage www.pomor.spbu.ru  
 

November 2012  Participation in the International Conference “Arctic Zone of the Russian 
Federation: North-Eastern Vector of Development” in Saint Petersburg with a 
plenary talk by Dr. H. Kassens on the Russian-German cooperation in the Russian 
Arctic 
 

December 2012  POMOR student conference at GEOMAR 
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February 2013  POMOR accreditation and management  meeting at Hamburg University ► 
 

 
April 2013 

  
POMOR presentation at the Big Geographic Festival at Saint Petersburg State 
University 
 
POMOR presentation at the Deutsche Woche in Saint Petersburg 
 
POMOR Open Door Day at the Faculty of Geology of Saint Petersburg State 
University 
 

May 2013  POMOR presentation during the Russian-German Week of Education, Science 
and Innovation in the Far East 
 

July 2013  Entry exams for POMOR VI (2013-2015) 
 
Accreditation by ASIIN e.V. till 2017  
 

September 2013  Student Initiation Ceremony and Orientation Days for POMOR VI 
 
Master theses defence of POMOR V 
 

October 2013  POMOR presentation at the Youth Forum of the Petersburger Dialog  
 
Master diploma award (POMOR V). The event is traditionally organized at Saint 
Petersburg State University parallel to the Russian-German Meeting within the 
framework of the Agreement on Cooperation in Polar and Marine Research between 
the Russian Ministry of Education and Science and the German Federal Ministry of 
Education and Research 
 
POMOR presents the first talk within the framework of the KÖPPEN International 
Seminar Series at Saint Petersburg State University “Iron Fertilization in the 
Southern Ocean: Scientific Experiment or Climate engineering?“ by Prof. Ulrich 
Bathmann (Leibniz Institute of Baltic Sea Research Warnemuende). The “KÖPPEN 
International Seminar Series” will engage foreign scholars visiting Saint Petersburg 
State University in the wider fields of geosciences and biology and offer a forum of 
scientific exchange between senior students and staff of Saint Petersburg State 
University and the visiting scholars 
 

November 2013  New program coordinator from the Russian side: Ksenia Samusenko 
 
POMOR presents the second public lecture within the framework of the KÖPPEN 
International Seminar Series at Saint Petersburg State University: “Reconstruction 
of Cenozoic Arctic Ocean Sea-Ice History: „From IRD to IP25“ by Prof. Rüdiger 
Stein (Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research) 
 

December 2013  First POMOR Brown Bag Seminar takes place to discuss the results of the winter 
semester 2013/14 and to share impressions about the first semester of POMOR VI 
 

January 2014  First exam session of POMOR VI. Good luck!!! ■ 
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POMOR VI: WHO IS WHO 
The new POMOR group started in the winter semester 2013/14. Who are they and what is their motivation and interest in polar 
and marine sciences? 

 

 

 I’m originally from Yaroslavl. I’ve graduated from Yaroslavl State University, Faculty of 
Biology and Ecology. My specialty is geobotany and physiology of plants. POMOR 
came into my life just when I started to think that I should change something in my life. I 
think that this program is giving me a great chance to find the right way and follow it. 
 
(Alexandra Boeva) 

   

 

 Hello, 
My name is Alex. I was born in Syktyvkar, the capital of the Komi Republic, in 1990. I 
graduated from the department of oceanography, faculty of geography and geoecology, 
Saint Petersburg State University, in 2013 and entered the POMOR master program. 
My diploma was connected with the research of biotic and physical oceanographical 
processes in the North Eastern Atlantic. I am interested in biooceanography, physical 
oceanography and satellite measurements. I am fond of technical computing, love 
horse-riding, yachting, reading good books. 
 
(Alexey Buyniy) 

   

 

 My name is Evgeny Ivanov. I was born in Kovrov, Vladimirskaya region. During 2009-
2013 I was studying in Lomonosov MSU, Geographical faculty, department of inland 
hydrology. I did research in methods of modern hydrology, like the use of acoustic 
doppler current profilers for different purposes and modeling of river flows in special 
computer programs. Since 2009, I took part in interesting winter and summer 
expeditions, for example, in Buryatia and Baikal, north shore of Cola peninsula and 
Hibiny mountains, Kaliningradskaya region and Yakutia. As a member of the European 
Geographical Society, I participated in international conferences, in Serbia in National 
Park Tara and in Tver. Also, I took part in all last Big Geographical Festivals in Saint-
Petersburg. During the last one, I heard about the POMOR master’s program and 
decided to join it, because I understood, that only inland water objects are too small for 
me. My portfolio and knowledge of English helped me to pass the entrance examines. 
Now, I am a student of POMOR. I don’t know about my future specialization and area of 
scientific interests yet, but I think, I will decide it after two semesters. And my main 
dream in closer perspective is to take part in summer expedition in the Arctic on a big 
scientific ship. I believe that studying in POMOR master’s program will give me 
knowledge, applicable in work, connected with the Arctic region. ► 
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 Hello, I'm a geographer! Graduated from the Saint Petersburg State University, Faculty 
of Geography and Geoecology. As a specialist in regional geography focused on 
human life in polar region territories and on modern problems in natural protected 
areas. But the problems of anthropogenic activity interested me mostly, more 
specifically its effects on polar region ecosystems. So over the course of time the field 
of my interests concentrated on present-day reclaiming of the polar region. If someone 
is interested in salvation of vulnerable arctic nature, mainly important to have a solid 
knowledge base in natural sciences. That is why I chose POMOR. As for my 
background I have had a useful experience staying in the Arctic. Three summers ago I 
spent time on Spitsbergen archipelago. I gathered a lot of different experiences when I 
was staying in relatively wild nature of the Arctic. So I will continue my research of the  
polar region and I hope master program POMOR will help me in it. 
 
(Alina Karpova) 

   
 
 
 
 

 

 My name is Liliya Khatmullina. I am 21. From one point of view I can definitely say that I 
am not a good specialist in any field. But from the other point I could say that I have 
tried lots of things and may be in some of them I am quite good :)  
I have finished the Bachelor course at the Faculty of Biology of St. Petersburg State 
University in 2012. During my higher education I did a little work on foraminifera but it 
seemed not the thing I would like to study, so I changed a bit... and switched to 
Neurosciences! So my Bachelor thesis concerned MRI of children brains. I had almost 
entered the Master's program at the Faculty of Biology, but when the semester started I 
decided not to go on. I found a position in recently opened Research Resource center 
for Molecular and Cell biology and almost for a year I have been working there as a 
specialist in optical microscopy. One day I saw POMOR's advertising at the University 
and just thought "Why not?" So now I am here and I am happy because I feel it will be a 
great time! 
Besides studying and working I have a lot of hobbies. I like theatre, and I had some 
great experiences in acting on the stage. I play the guitar a bit and love to sing. I have 
an analog photo camera, which you will see soon and hear its very loud sound as I will 
be catching your faces) And also I am keen on: dancing, travelling, camping, cycling, 
looking around and enjoying every moment of my life. 
And I hope to find new good friends here and to do some funny and crazy things 
together! So...let’s start! 
Best regards, 
Lilia 

   

 

 Hello) My name is Anna Kudryavtseva. 
I came here from the town Nizhnevartovsk to study natural sciences. My choice was the 
Faculty of Geology of Saint Petersburg State University, where I got a bachelor's 
degree in 2013 at the Department of Sedimentology. I learned a lot of interesting things 
during my education and field practices in Karelia, Crimea and Northern Norway, but I 
wanted to continue my education in marine sciences and I think that POMOR is the 
right decision. 
My everyday life is full of music and sport. I like snowboarding, swimming and riding a 
bike and I wish to learn snowkiting. But in the city I prefer to visit Mariinsky theatre and 
different music concerts. 
Sincerely, 
Anna ► 
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 If someone asks my friends to describe me, they will tell you that I'm a pleasant, active 
and    broad-minded    person. I consider myself a multiple personality. My interests, 
together with science, are art, sports and travelling. 
I graduated from St. Petersburg State University, Department of Chemistry. My 
background is Analytical Chemistry.  I'm planning to continue to be engaged with the 
research activities, to enter a graduate school in Russia or Germany and to take part in 
some international expeditions and conferences. 
I hope that the skills and knowledge that I have now and which I will gain in the course 
of studying at the program POMOR will help me to become a highly qualified scientist   
capable of solving complex problems in the field of polar and marine research. 
 
(Maria Petrova)  

   

 

 I graduated from Faculty of Geology and Geography at Southern Federal University in 
2009 with a degree in Geography. My specialization is Geography of the Sea. For four 
years I worked in Southern Scientific Center of Russian Academy of Science as a junior 
researcher. Then I tried to switch to something else and for about year I was working in 
Moscow Electric Company as a leading GIS specialist. It was so boring! I have realised 
that nothing is more interesting than science because it deals with understanding 
processes and forces that drive the life on Earth, and how they change and where it will 
lead.  
I would like to be part of an ongoing activity dealing with the existential problems of 
people on Earth and contribute to possible solutions to those problems. So I chose 
POMOR as the best way to go back to the amazing world of science.  
 
(Ekaterina Ponomarenko) 

   

 

 I have always dreamed of becoming a geographer because it is amazing to learn all 
about the world we live in and literally know something about every “corner” of the 
Earth. That was the reason why in 9th grade I decided to enter the geographical class 
of the Academic Gymnasium of St. Petersburg State University. Now I have a bachelor 
degree in hydrometeorology and work as a meteorologist at The Voeikov Main 
Geophysical Observatory in department of Monitoring and Research Division 
Atmospheric Chemistry and I understand that I made a right choice then. 
In addition to my academic work, I enjoy painting and theater. Also I am in a 
pedagogical team and help disadvantaged children and children's homes. 
My dream is to go on an expedition and see the aurora borealis.  
 
(Kseniia Simonenkova) 

   

 
 

 My name is Maria Vasilieva (nee Filichkina). I was born on the far East of Russia near 
the Sea of Okhotsk and spent all my childhood on the sea shore. Later I moved to Saint 
Petersburg to get a chance to get a better education. 
My Bachelor work was connected with ecological research of Ekateringof park which is 
in the center of the Saint-Petersburg. I performed chemical tests in laboratories, 
investigated land and water structure, elements levels, etc. The aim of the work 
performed was to find out the ecological state of the park and suggest following actions 
that need to be implemented to improve the situation. 
I choose State University because I understand the meaning and the importance of the 
education. I never felt like education is boring for me. I have obtained Bachelor Degree 
of Ecology at the age of 24 and I want to continue my education further. POMOR is a 
chance for me to use all my best skills and personal qualities, not to be just a person 
with a diploma but to create real value for the community and society. ► 
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I have graduated from the Southern Federal University in Rostov-on-Don (Department 
of Oceanology). During my studies at the University I started to work in the Southern 
Scientific Center of the RAS in field of marine biology and oceanography. I have 
researched spatial distribution of diatom algae from the sediment cores and plankton 
samples in connection with environmental and oceanographic conditions of the region. 
Under the supervision of more experienced colleagues I reconstructed environmental 
conditions in Holocene by the diatom analysis and by researching the current seasonal 
development of biotic organisms in connection with physical, chemical and hydrological 
properties of water. But it is obvious now for me, that it is necessary to train 
continuously for scientific work to be more productive. That's why I think that studying at 
the POMOR program is a great chance for me to improve my professional skills and to 
get the best experience in communication with professionals in oceanology. I hope to 
continue my research in the field of interrelation of physical, chemical and biological 
properties of water and marine biology. 
 
(Anna Zolotareva) 
 

 

 My name is Stefan Peeters. I’m 21 years old and I’m from the Netherlands. I studied 
Earth Sciences at the University of Utrecht and the last two years of my bachelor I was 
mainly focusing on geological and geophysical subjects. My bachelor thesis was about 
the evolution of a so called slab window beneath the Baja California peninsula and the 
relation of this slab window to the anomalous volcanic products found at the peninsula. 
I’m staying in Saint Petersburg for the first semester of this year.  

   

 

 Johanna Nevanpää Visiting student from Helsinki University ■ 
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POMOR ALUMNI 2004 – 2011: WHERE ARE THEY NOW? 
 

0

2

4

6

8

10

12

14

16

POMOR	I POMOR	II POMOR	III POMOR	IV

Science	

Industry	or	public	authorities

Other

 
 
In 2009 we launched the POMOR Alumni Club which helps us to keep in touch with alumni and to know where they are, what 
they are doing, to inform them about the development of POMOR and to invite them to meet new students and to participate in 
special events. To know more about their lives we perform surveys at least every two years, after the graduation of one group.  
 
 
On this diagram you can see a summary for the period 2004-2011, survey October 2013. We usually say that over 70% of our 
alumni continue their scientific career, and this is true. Especially after the introduction of a semester abroad, in Germany, in 
2009, our alumni started to apply very actively worldwide and succeeded. The semester in Germany was the nearest step on 
the way to the international accreditation of the master program, which was carried out by the Hamburg University and the 
Saint Petersburg State University in 2012-13. 
 
 
But also before going to Germany for one semester, POMOR students applied and finished their doctoral studies in Russia and 
outside Russia, most often in Germany. At the moment there are four among POMOR alumni 2004-2011who received their 
PhD in Germany: Irina Polovodova and Anna Nikulina (Christian Albrechts University of Kiel), Nikolai Koldunov (Hamburg 
University) and Evgenia Bazhenova (Bremen University). 
 

Russia

Germany

Finland

Sweden

Canada

 
 
 
In October 2013 we performed a new survey and 
realized that POMOR alumni fill vacancies in 
Northern Europe, mostly in Germany, and in 
Russia. It concerns positions in all fields: In 
science, in industry and public authorities or in 
other spheres. ■ 
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POMOR IV (2009-2011) 
It was the first POMOR group spending one semester at German partner universities. Most of them are doing or finishing their 
PhD at the following institutions: 
 
  

AWI

GEOMAR

SPbU

UHH

AARI

MSU

Other
institutions

The experiment with introduction of the semester in 
Germany gave the POMOR students more self-
confidence and courage to apply for PhD positions at 
European research institutes and universities. Most of 
them were successful and gained positions in 
institutions listed on the left. Among other institutions 
there are Göttingen University (Germany), University 
of Oulu (Finland), University of Turku (Finland), Simon 
Fraser University (Canada) and Main Geophysical 
Observatory in Saint Petersburg (Russia). One 
student tried her luck at the Mexico University 
(Mexico), but returned back to Saint Petersburg.  

 
LOOKING BACK AFTER TWO YEARS, WHICH INFLUENCE DID POMOR HAVE ON YOUR LIFE? 
   
Ekaterina Ivanova: 
 
I graduated from POMOR in 2011. After I came back to 
Russia, I wrote my PhD thesis and had a defense in the Main 
Geophysical Observatory, department of applied climatology. 
My PhD thesis was closely connected with research that I did 
in Germany for the Master thesis. It really helped me a lot. 
Now I am working in the Russian Academy of Sciences and 
continue to study the topic, connected with my German 
research. I like to work there. We have a lot of field work and I 
participate in international conferences from time to time. 
I still keep in touch with several professors and students from 
the University of Hamburg. POMOR gave me an 
understanding that science can join people from different 
countries and a feeling that it is very easy and interesting to 
communicate with foreign scientists. International scientific 
cooperation is really important; it helps to get new ideas and 
provides many opportunities that can change our life. 
 

  In my opinion, what I have now is a completely other 
life, another story, which I could never even imagine for 
myself, if for no other reason than POMOR has 
completely changed my visions for career prospects and 
life standarts. 
And... Yes. POMOR, thank you for making the best 
friends ever!!! 
 

 
Alexandra Loginova: 
 
I am PhD candidate of the SFB754-2 project in 
GEOMAR Helmholtz Centre for Ocean Research Kiel in 
the working group of Prof. Dr. Anja Engel.  
I am glad that one day 4 years ago I gathered all my 
courage and came to make an entrance exam to 
POMOR master program. It was very difficult to make 
this decision, completely new field and (Oh God!) 
studies in English, but curiosity won and I came. I never 
regret that I joined POMOR. It was a little tough and very 
interesting to study new subjects, to meet interesting 
people, to learn about so many exciting projects, I never 
could have imagined!  POMOR taught me to dream, I 
think everyone of us desired to see and to investigate 
subject of our studies – the Poles. POMOR made my 
dream come true; I had a lucky opportunity to join 
TRANSDRIFTXVII expedition to the Laptev Sea, and 
luckily as well I could make my Master thesis on new 
field for Laptev Sea on samples collected in 
TRANSDRIFTXVII. After POMOR I could not stop to 
dream, I wanted to stay in science. ► 
 
 

  
Anastasia Zhuravleva: 
 
As an Alumni of POMOR, I won´t be the only one, if I suggest 
that the master program exerted a great influence on me. 
My research preferences switched from modeling aspects in 
the field of social ecology to paleoclimatic reconstructions on 
the basis of microfossils and stable isotope records. 
The master program pointed out possibilities in up-to-date 
scientific research, revealed ways for international and 
national cooperation, for funding and supervision problems. 
It helped me out to feel quite comfortable in international 
research groups and provided a chance to work with 
interesting people, outstanding scientists, and experts of their 
subjects. 

 

 
 
 



POMOR-Newsletter             December 2013 / January 2014                           No. 4 
 

12/27 

 

Now Tropical Oceans are subject of my studies, and I am 
very happy to do my PhD in Biological Oceanography, but 
without POMOR I would never get there.  
Therefore I am very thankful to POMOR, its coordinating and 
teaching board, to my scientific advisers, and other POMOR 
students for having these great two years. 

 
scientific purposes. Integration of marine and terrestrial 
results of environmental change is one of the purposes 
of this project. 
The knowledge gotten from the POMOR master 
program really helps realization of this kind of 
multidisciplinary research. The international network 
where POMOR involved me in still takes a part in my 
scientific life. In this year I participated in different 
national and international conferences, summer schools 
and workshops. It was very pleasant to meet teachers, 
instructors and colleagues from my previous study. 
I would like to thank all of the POMOR people for staying 
in contact and hope to see you soon. 

  
Irina Kryukova: 
 
PhD student (Water Problems Institute of RAS, Moscow)  
A mere four years ago a word “pomor” was associated for me 
only with native inhabitants of the White Sea coast. 
Nowadays this word means much more: POMOR is SPbU 
and Hamburg University, the Arctic and the Laptev Sea, 
GEOMAR and AWI, TRANSDRIFT expeditions and Tiksi, 
diatoms etc. This list is endless. POMOR means two years of 
hard but at the same time fascinating studies, exciting 
summer practice, teachers who inspire you with their lectures, 
new friends and great opportunity to take part personally in 
cutting-edge polar researches.  
POMOR became a very important part of my life. Looking 
back I definitely can say that it was a right choice. Currently I 
continue my research that was started as a Master’s diploma 
and do my PhD thesis at the Institute of Water Problems of 
the RAS. 
In my opinion POMOR is a perfect launch pad for those who 
are interested in polar and marine research activity.    

 

 
Sofya Antonova: 
 
POMOR influenced my life extremely, to the maximum. 
POMOR gave me most what I have now. It opened 
absolutely new ways of life for me, such ways, I would 
never imagine before. I realized that science is really 
what I want to do, and I don't regret about my decision 
up to now :) Currently I'm a PhD student at the Alfred 
Wegener Institute in Potsdam and I'm dealing with 
permafrost research. I participated in two expeditions to 
the Lena Delta, and I have to say it's probably the most 
exciting experience in my life. I met so many extremely 
nice and interesting people since I started POMOR, that 
I nearly jealous to myself :)) I would like to send my 
warmest greetings to all my POMOR group mates and 
ALL people who makes the POMOR existing. And 
Happy New Year and Merry Christmas! ■ 

  
Ekaterina Kaparulina: 
 
Two years have already passed since we finished our study. I 
still can’t realize that time is flying so fast. Nevertheless, two 
years have passed. This time was completely different from 
the student time, all of us started to live the “new life”.    
After the graduation I started to look for a job and worked 
during almost 1 year at St. Petersburg engineering company 
“Geodizond” as a geophysicist.  My colleagues and I made 
the inspection of the underlying ground and foundations 
supporting both buildings and structures using the 
geophysical method of UWB (electromagnetic impulse ultra-
wideband sounding). 
Nowadays I have got a PhD position in Finland. I am working 
at the Department of Geology on the basis of Oulu University 
in cooperation with Thule Institute. My PhD project is one of 
the part of a wider scientific venture through the International 
Arctic Science Committee endorsed international network 
program PAST Gateways (Palaeo-Arctic Spatial and 
Temporal Gateways). The main aim of this PhD project is to 
produce new information on the rate of natural environmental 
changes and their mechanisms especially on the transition 
and changes between extreme events during the past 130 
000 years at the Russian Eurasia territory. The data 
generated will be collected to a database from which GIS-
based reconstructions for the environmental change in certain 
time slices can be displayed. There is then a possibility to 
display various paleogeographical maps, showing sea-level 
changes, temperature variations, vegetational changes, ice 
extent and drainage basin development for general and  
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SEA ICE FIELD SCHOOL IN BARROW by Valeria Selyuzhenok 

 
   
At the beginning of May I travelled to Barrow, a small town on 
the northernmost part of Alaska to take part in sea ice filed 
school. The course was designed to be interdisciplinary and 
during just 10 days we’ve learnt a lot about remote sensing, 
morphology, physics and biology of sea ice. We have spent 
more than one week on the ice taking cores and measuring 
different ice variables in order to understand the physical 
nature of the ice. We brought ice samples to the laboratory 
and counted tiny plankton inhabiting this ice. We have used a 
variety of devises to get the data on snow depth and ice 
thickness for different areas: smooth level ice and huge ice 
ridges. We have investigated satellite images covering the ice 
area of several square kilometres around Barrow to get an 
impression of how the ice surface looks on a broader scale. 
We even put a camera into the drill hole to see how the ice 
looks from below. We felt that all the possible scientific topics 
were covered. And the topic of our last field day promised to 
complement all of the scientific questions. On the very last 
day we drove skidoos along a whaling trail to the fast-ice 
edge where a captain of a Barrow whaling crew, Joe Leavitt, 
shared with us his experience and knowledge about sea ice. 
Having been dependent on whaling for centuries, native 
communities developed their own methods for estimating sea 
ice conditions. These people know how to estimate where 
polynyas (areas of open water within the ice cover) are 
developing just by looking at the colour of the sky at the 
horizon. They can name numerous types of sea ice; they 
know which ice ridges are grounded and where the ice is 
prone to breaking up. The whalers can also predict how the 
ice will behave in certain weather conditions. To catch a 
whale, the whalers go offshore to the fast-ice edge and pick a 
proper spot for camping. They camp on the ice, waiting for a 
whale to come close.  

There are two essential things defining the position of the 
camp: ice should be thick enough to carry the weight of a 
caught whale and it also should be a point from which the 
crew can safely get back home in the case of ice break-up. 
The importance of the last one we saw in person. Joe brought 
us to the place which they defined to be safe for camping. 

 

 
 
Fig. 1 Preparing for electromagnetic ice thickness 
measurements by M. Nicolaus 
 
He explained to us that a pressure ridge would keep the 
ice in place, while the ice lying further offshore can 
break up at any moment.  
 

 
 
Fig. 2 Whaling captain Joe Leavitt by Evan Firth 
 
Two hours later, when a second group of us arrived to 
the spot, a 10 cm ice crack had appeared just at the 
boarder of the camp. Deciding to error on the side of 
safety, we re-mounted our skidoos and made our way to 
safer ice. ■ 
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POLAR ADVENTURE by Irina Semeryuk 

 
Cruise AREX2012 was started on June 12. The RV Oceania 
left the port of Gdansk and made its way toward the 
Norwegian port city of Tromsö where I joined the research 
team. I was a bit nervous how to meet my Polish colleagues 
first time. I was worried in vain. The student team was very 
friendly and after a couple of days I was feeling like I had 
spentat least a month with them.           
 

 
 
Fig. 1 Oceania 
 
The life on the board of the RV is in general divided into two 
parts: station work (4 hours by day and the same time by 
night) and the rest.  
 
Some stations are only 200 m, the others are much deeper, 
more than 3000 m from the sea surface to the bottom.  In 
this case only the downcast CTD could take 2 hours!   
Who counts the time?  Waiting for the commands from the 
captain's bridge to start station work, students could 
exchange scientific experience, share future plans, take 
another cup of coffee (that was important especially for the 
night shift!) and admire the beauty of midnight sun and 
amazing dark blue sea!  
 

 
 
Fig. 2 The sea 

 In the middle of our cruise we reached Longyearbyen, 
the administrative center of Svalbard.  
 
During supply of our vessel with additional water and fuel 
we had the chance to discover amazing wild landscapes 
around the “city”, get a free internet connection in the 
library and buy polar souvenirs for friends!   
 
When we went back to the open sea to continue our 
cruise program, the sea met us not in a good mood. All 
operations were stopped because of dangers for the 
people and the equipment; by the way to sleep on the 
upper bed was not so easy as well!  
 
In spite of the weather condition planned research 
program was carried out and the end of my cruise slowly 
came. I made the last glance through the window of the 
plane to see “Oceania” once more, and I am at home 
after three flights. ■ 
 

 
 
Fig. 3 In Longyearbyen  
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URBINO SUMMER SCHOOL IN PALEOCLIMATOLOGY  
by Ekaterina Kaparulina 

 
The Urbino Summer School in Paleoclimatology (USSP) 
course focuses mostly on the description and representation 
of past climate dynamics, the understanding of past, present 
and future climates and their changes. This summer school 
is held in the small hill town of Urbino, in the Marche region 
of Italy, experienced a great cultural flowering in the 15th 
century, attracting artists and scholars from all over Italy and 
beyond, and influencing cultural developments elsewhere in 
Europe.  
 
I was lucky to get a scholarship from ECORD (European 
Consortium for Ocean Drilling Research) and take a part in 
this school. It was really helpful for me as my research is 
closely connected with investigation of paleoclimate. I work 
under the project “Rapid environmental changes in the 
Eurasian Arctic – lessons from the past to the future” at the 
Thule Institute, University of Oulu, Finland. 
 
During three weeks of intensive course I and my 54 fellow 
from around the world attended lectures and seminars at the 
Urbino University. We’ve got a lot of new knowledge and 
refresh the old one on different areas of paleoreconstruction 
studies, such as paleoclimatology, paleoceanography, 
climate modeling, cyclostratigraphy, biogeochemical cycling 
etc. This course demonstrates how the work and research in 
this direction might be interesting from the multidisciplinary 
point of view.  
 
Except the courses of lectures and seminars we had 
opportunities to make some exercises on data analysis, 
sediment description, working with special program software 
for modeling. During this time a field trip to Gubbio region 
was organized. We observed boundaries between 
stratigraphic units, described outcrops, took geological and 
paleontological samples. I want to note that this school 
included not only so-called official part but also informal or 
“bonus” part. From a social point of view the USSP gives a 
chance to meet world famous scientists from different 
research areas and countries, to meet other students or 
future colleagues. All the time the USSP people are in a 
contact during the classes and after that. The students have 
a great possibility to discuss their work and ask questions 
concerning research almost all day.  
 
Besides the lectures the really actual seminar under the 
name “Woman in Science” was organized where the 
questions concerning gender policy were discussed in the 
informal atmosphere. 
 

 

 
 
Fig. 1 City Urbino 
 
Additionally a 3 days conference was held at the basis of 
Urbino University where the students could present their 
research, discuss it and take advice and useful notices 
about their work from the instructors and other students. 
This year was a special USSP course. It was the 10th 
USSP course. All the students and instructors were 
invited for the celebration of 10th anniversary of the 
school which was coincided to annual Cioppino 
conference. 
 
I really appreciated all lectures, seminars and discussions 
during this course. I hope it was useful and memorable 
experience for every USSP student. I look forward to 
seeing them again at future scientific meetings. The 
USSP is a high level of education and scientific 
communication, and I would recommend to take part in 
this for masters and doctoral students who are interested 
in paleoclimatology study. ■ 
 

 
 
Fig. 2 10th USSP students 
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MASTER DIPLOMA AWARD 2013  
Photos by Karen Volkmann-Lark  
 
Saint Petersburg State University and Hamburg University awarded the POMOR V students their Master degrees in the festive 
Peter Hall of the old Twelve Collegia on October 22, 2013 in presence of the participants of 18th Bilateral Meeting in the frame of 
Agreement on cooperation in polar and marine research between the Russian Ministry of education and science and the 
German Federal Ministry of Education and research. 
 

     
     
Prof. Dr. S. Aplonov,  
SPbSU 

K. Wollin,  
BMBF 

Prof. Dr. E.-M. Pfeiffer,  
Hamburg University 

Dr. B. Tanner,  
BMBF 

Dr. N. Kaledin, 
SPbSU 

 

 
After the award we asked the new alumni to answer the  following questions: 
 
1. IF YOU COULD TURN BACK TIME, WOULD YOU STUDY AT POMOR AGAIN? 
 

 Yes, I would! 
 If I had the chance to restart my education I would apply for the POMOR program once more, for sure. 
 Sure I would! I don’t remember regretting my decision about POMOR 
 Yes, without any doubt and hesitations. I am sure that the decision to study at POMOR was one of the most important 

in my life. 
 Yes, definitely 

 
2. WHAT IMPRESSED YOU THE MOST DURING YOUR STUDIES? 
 

 The great impression I had during the lectures of foreign professors. There was a chance to see how science is applied 
in real life. 

 The differences between the two countries and the Russian culture. 
 The difference between two educational systems. In the German system professors involve the students more in the 

research process, which is inspirational, while in the Russian system professors (not everyone, but the majority) give 
facts and techniques without emotional input. 

 The variety of subjects\lectures and consequently the variety of opportunities after the graduation, also amazing 
enthusiasm of the graduates who already finished their studies and can’t imagine their life without Arctic or marine 
research work. First it surprised me a bit but now I feel the same excitement about my work. 

 Every period of the study was impressive in its own way. The best memories for me is the expeditions we went to and 
the year I stayed in Germany.  

 I was impressed by the global meaning of given information. And I liked very much our field work aboard RV "Professor 
 Molchanov" 
 

3. IF YOU HAD THE OPPORTUNITY, WHAT WOULD YOU CHANGE IN THE MASTER PROGRAM? 
 

 I would like to change some of the courses, for example, it would be great if some Russian professors would give not 
only different definitions, but also show how it looks like. 

 More time for the master thesis (real 6 months) and more input about glaciology and permafrost. 
 I would try to diversify the topics of the lectures. And include more practical exercises (professor Ch.-W. Dullo gave us 

seismic images to identify oil horizons and that is basically all practical application we had) 
 More lectures about such skills as presentation and poster-making, maybe more English, somehow organize prof-

orientation or smth like that – it can be a seminar where possibilities for future master thesis or area of research can be 
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structured and presented to help students to see the whole picture of the huge variety of topics, maybe to remind them 
of the lectures they have attended. to prepare an approximate list of professors who are familiar with POMOR and will 
be able to take a student who has not a lot of time for a master project.  Perhaps this will help them to choose their 
way.  

 I would make the first two semesters in Russia more structured. 
 I might reduce a little the number of lecturers so as to give the rest of them more time to thoroughly develop the 

contents of their lectures. 
 

4. WHICH BOOKS SHOULD A POMOR HAVE READ? 
 

 It depends on interests of each student. In general I'd recommend "Marine geology" by J.Kennet. 
 Jo Lendle – Alles Land (The history of Alfred Wegner) 
 All classical adventure books and of course more scientific books by Jacques-Yves Cousteau, Thor Heyerdahl, Jack 

London 'Northern Stories. The text books should include basic overview of oceanography, geography and biology. And, 
of course, it is better to go through the recommended literature which is sent (or should be sent!!) before the foreign 
lectors come to arrange the lessons. 

 I am sure that it is mainly depends on the field a POMOR aims to. Nevertheless, it would be nice to read some general 
book about Arctic and Antarctic to feel the atmosphere and the beauty of these regions. 

 Kennett, James P., 1982. Marine Geology. Prentice Hall, 813 p. 
 

5. WHICH SPECIAL EXPERIENCE DID YOU TAKE HOME FROM GERMANY? 
 

 For me it was an experience to live alone without family and to solve some household problems by myself. To meet 
people, to know new people and to communicate with them were also great experiances that I took home with me. 

 I took home the spirit of Christmas and the habit of organizing your working space (which is easy with a wide range of 
the colorful devices available in the German shops). I enjoyed studying German with the international students and to 
share with them the traditions of their home countries. The chance to dive into a different culture brings a lot of 
experience and understanding that Russians and Germans have more in common than people probably think. 

 Presentation skills were improved, I admired work and scientific enthusiasm of German professors, very well equipped 
labs, learning a lot about Germany and Germans, making new friends from all over the world, learning more about 
opportunities for your future as a scientist 

 Germany gave me the great feeling of what science is. There I realised which topic I wanted to focus on. 
 To make a talk in English in 30 minutes for a presentation on a quite complex topic. 

 
6. HOW WOULD YOU DESCRIBE POMOR TO OTHER STUDENTS IN A FEW WORDS? 
 

 Applied /Always interesting /Experience-full /Full of perspectives 
 German-Russian Cooperation; in English; focus on natural sciences, but possibility to broaden your horizon 

(languages, cultures, visa applications, etc.) 
 POMOR is a program for people interested in polar sciences. It opens a lot of doors and leads through scientific 

communities all over the world if you are patient, ambitious and inspired. 
 Amazing adventure that will change your life 
 Probably One of the Most Original and Rare programs you can find. 
 POMOR is an interesting, multidisciplinary program with great opportunities for a future scientific life. ■ 
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A PhD? YES, IN CAMBRIDGE! By Julia Gottschalk 
 
It seems a long time has passed since I finished my Master’s studies. I remember that thinking about and organizing the next 
step, which was applying for my PhD, was a huge task as application deadlines were ringing. Now, it is actually my PhD 
project that appears to me as the most challenging task I have ever had. 
 
This contribution is about how I found my way to Cambridge and how it feels like to live and work at the world-renowned 
University of Cambridge. 
 
The way to Cambridge. I completed my Bachelor’s and 
Master’s studies both at the University of Bremen, Germany. 
During my Bachelor’s studies I spent an academic year in 
Russia. I studied Oceanology and Geophysics at the St. 
Petersburg State University, worked as a student assistant in 
the Otto-Schmidt-Laboratory and wrote my Bachelor Thesis 
about deglacial climate changes in the Laptev Sea 
supervised by Dr. H. Kassens (GEOMAR, Kiel) and Prof. Dr. 
R. Henrich (University of Bremen). I occasionally attended 
POMOR lectures apart from my regular lectures in the 
Department of Geology. Since then some POMOR-III 
students are very good friends of mine. After finishing the 
Master “Marine Geosciences” I started a PhD at the Earth 
Sciences Department in the University of Cambridge, UK. 
That was one year ago. 
 
But first, applying for funding. I applied for funding of my 
PhD project at the University of Cambridge 11 months prior 
to the start of the PhD, which is very common especially in 
the UK. It was not only me but also my PhD project that had 
to convince the Trust of the Gates Cambridge Scholarship. 
There several ways to find a PhD project. You can either 
develop your own PhD proposal in cooperation with 
researchers from the University or simply check which 
research projects are posted by the department of your 
choice. My funding, the Gates Cambridge Scholarship, is a 
full-award scholarship for 90 graduate students (and their 
research projects) each year from all around the world 
outside the UK to study and live in Cambridge. It has been 
launched in 2000 after a generous donation by the Bill and 
Melinda Gates Foundation and provides the financial 
backbone for researchers from all disciplines to work on 
crucially important, societal and scientific problems. As the 
scholarship is available to Russians please browse 
www.gatesscholar.org if you are more interested. 
 
Life in Cambridge. Cambridge is definitely different than 
everything I have ever experienced before. A phrase you 
often hear “Cambridge is an Out-of-world-bubble” fits quite 
well. The University of Cambridge is over 800 years old and 
some traditions and rules have survived over the centuries. 
Every student belongs to one of 36 Colleges in Cambridge, 
which is a place to live, study and eat among fellow students, 
where you can join cultural and social events as well as find 
pastoral and academic services. Fellows of the colleges, 
researchers that are paid by the college, are allowed to walk 
on the college lawns (perfect British lawns) whereas 
students are not. 

 If students are accompanied by fellows, they would be 
allowed to step on the grass. It is not very logic, isn’t it? 
However, Cambridge is a particularly stimulating place in 
many ways but especially from the scientific point of 
view. You can find the first edition of Isaac Newton’s 
Principia Mathematica with handwritten notes in the Wren 
Library, walk through streets where Steven Hawking must 
have also been, eat in the pub where Watson and Crick 
announced their discovery of the DNA.  
Cambridge is very small in comparison to St Petersburg. 
Everything is accessible within walking or biking or 
punting distance. Punting is a very traditional means of 
transport on the river Cam in Cambridge where you use a 
pole to push yourself and your boat forward. This leads 
frequently to traffic jams on the river when tourists are 
flooding the city in summer.  
The entire city can be considered as university campus 
because university libraries, laboratories and 
departments are spread over the entire city. It is very 
difficult to escape from anything that looks like or is 
associated with the university. Luckily, there is a massive 
offer of talks, events, festivals and sports. You can spend 
your time with zumba or yoga, wine tasting, rowing the 
Cam up and down (even at 6 am in the morning) or 
listening to talks about the vastness of space or the 
growing behaviour of tiny neurons. Cambridge has 
everything to offer that easily distracts you from doing the 
PhD. It certainly does not get boring. 
 
Polar and marine Geosciences in Cambridge and my 
PhD project. Polar Geosciences and Geology are well 
represented in Cambridge. A lot of thrilling research is 
done at the British Antarctic Survey, the Scott’s Polar 
Institute and in the various departments of the University 
of Cambridge. I am based at the Earth Sciences 
Department in the division “Climate Change and Earth-
Ocean Atmosphere Systems”, where I study the 
contribution of processes in the Southern Ocean on the 
variability of atmospheric CO2 on the basis of marine 
sediment cores. See www.esc.cam.ac.uk for other 
projects in Volcanology, Petrology, Geophysics, etc. 
To conclude, Cambridge is a very special place and 
definitely an ideal place to start an academic career and 
to live in. It might not be easy to step through the door 
but once in you are able to push all doors open you want. 
► 
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 Figure: To me Cambridge is  
 

a) a scientifically excellent place to be, work 
and study,  
 

b) an intriguing beauty (when rain ceases),  
 

c) a place where you can combine fun with 
testing your own limits as well as  
 

d) Incredibly interesting and odd at the same 
time. ■ 
 

 
 

A Russian experience by Henriette Kolling 
 
When I started my master in 2010 I would have never 
thought what a big role Russia and its people would play in 
those 2 years.  
 
It all started at the welcome meeting at the University when 
totally unexpected were 7 Russian POMOR students sitting 
there. We all were a little intimidated, the Germans and 
Spanish about the new study situation and how to deal with 
“those Russians” and the Russians about the expected 
accurate Germans. 
 
Soon we all found out we could get along pretty well, and it 
got very obvious that the Russian and German universities 
are not that different at all.  
 
After a few weeks we could jump over our shadows and 
started to bond. In Germany it is tradition that every 
geologist has to be baptised to be protected by Saint 
Barbara. As we found out that our Russians weren’t 
baptised yet, we talked them into doing it and ended up 
having a wonderful evening and party together – one of 
many. 
 
The time flew by and soon the semester was over and the 
time of ‘our’ Pomor’s was running out. With a final big party 
full of home made traditional Russian food we had to say 
‘Пока́!’. 
 
My interest in Russia was growing, and I was thinking how 
to get money to visit my new friends in Saint Petersburg. But 
then I got the opportunity to join a 3 week summer 
expedition to the Laptev Sea. Without having ever been to 
Russia the expedition started at the end of August with a 
long (even in Russian standards) journey with stops in 
Moscow, Irkutsk and Yakutsk. 
 

 I soon realized that my mental picture of Russia I had so 
far was based on the European Russia. The further we 
got east the more new things I had to add to my mental 
picture. Arriving in Tiksi our start and end port of the 
expedition I was stunned by the town and how its people 
manage to deal with those circumstances they live in – 
caused by nature and history. 
 
After we left port with our ship the YAKOV SMIRNITSKY I 
had to experience the beauty but changeability and 
roughness of the Laptev Sea – one day the sea was 
totally flat, it was sunny and warm. Taking water samples 
on deck was fun; working in the laboratory was pleasant.  
The next day a storm with big waves and snow was 
shaking our ship and us inside. At first we kept on 
working, on deck it was getting more and more 
uncomfortable and working in the laboratory filtering 
water samples made me sea sick. The storm forced us to 
stop working and all we could do was wait for it to stop. It 
wasn’t always easy to keep a good mood, just sitting 
around in a shaking and roaring ship. But as soon as the 
storm had hit us as soon it was over. After we had arrived 
back in the port of Tiksi we had some free time and took 
the chance for a hike in the Siberian tundra. After nearly 4 
weeks I came home to Kiel totally speechless of the raw 
beauty and width of the Laptev Sea and the nature of the 
Siberian tundra. 
 
So, I had made it to Russia, but I still hadn’t seen my 
POMOR friends again. Before I could think about that I 
was asked to join the Living Exhibition, an exhibition 
about Russian-German cooperation in Arctic research. 
And soon two German friends and I were sitting in a 
plane to Moscow. The exhibition was shown in one of the 
Buildings in Moscow State University, knowing German 
universities I was amazed by its size. ► 
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Living Exhibition at Moscow State University 
 
At our first meeting before the opening I met some of my old 
friends I had last seen in Kiel half a year ago. We had a 
great time together, spending the days at the exhibition and 
the evenings at the German embassy cooking and eating 
together and playing games until late in the night. On the 
free days my Russian friends showed us Moscow. I had the 
feeling everything was bigger there – the streets, the snow 
mountains at the side of the street and the metro. After 
nearly two weeks our time was over but I left with the 
knowledge that the exhibition would have two more stations 
in Germany. 
 
And a few months later we were on our way to Bonn to open 
the exhibition and meet other Russian friends again. Like in 
Moscow we lived together and had a very nice time filled 
with a mix of Russian and German things. The final and last 
exhibition took place in Berlin, my old home. I was excited to 
show my Russian friends my old home. 
Over the whole time of the exhibition I made new Russian 
friends and saw old friends again.  
 
That is my Russian experience so far. But I really hope the 
next one is close by. 
 

 

  
Fig. 1 Saint Barbara 
Source: http://magnificat.ca 
 

 
Fig. 2 Sunset on deck of the YAKOV SMIRNITSKY 

 
Fig. 3 Living Exhibition at Moscow State University 
 
 
 
Henriette is now a PhD student at the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research Bremerhaven 
in the group of Professor Rüdiger Stein. ■ 
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EXPEDITION TO THE UPPER LENA RIVER 4/08-19/08/2012  
by Kseniia Ashastina 
 
I am a bit ashamed to admit that this expedition was my first 
scientific expedition – every summer during my University 
studies all the departments had field practices in Russia or 
abroad, moreover we with our friends go hiking pretty often - 
so I’m familiar with staying in a tent, making fire, taking a 
bath in a very nice mountain river and asking questions 
about the surrounding world.  
But this was the first real one! The aim of expedition to the 
upper Lena was the description of the Lena terrace-
complexes and sampling of the Lena terraces and the 
terraces of its main tributaries –Tutura, Talma, Ilma and 
Ilikta. Samples are necessary for the further reconstruction of 
the historical evolution of the Lena channel, the 
reconstruction of past climate conditions and for dating.  
 
The list of reasons why I was lucky to take part in the 
expedition is long but not the least point are the members – 8 
experienced scientists and only 3 students, so all three of us 
had an exclusive chance to learn absolutely new 
geographical and geological, geomorphological and chemical 
nuances. 

 
 
Fig 1. The group. Kseniia is the 6th from left 
 
Brief facts: 
Starting point – Irkutsk 
Number of the expedition group – 12 persons + the 
Kamaz 
Aim – to make geomorphological description of Lena 
terraces and select samples for further dating and 
reconstructing of sedimentation conditions. 
Sampling for – Grain size, Spore-pollen, OSL, 
radiocarbon, Be analysis 
Number of samples – 538 
Number of tributaries explored – 4 
Number of kilometers passed – 900 
 
Everything started in Irkutsk at 4 am when the plane touched 
down on Siberian land and fresh foggy air welcomed us and 
without any permission hugged us with coldness. Irkutsk is a 
very interesting city located on the shores of Irkut and 
Angara rivers 66 km to the west of  

 the Baikal lake, it was founded in1661 and since then not 
much has changed- every woman in Irkutsk has a fur 
coat, because of severe Siberian winters. All citizens of 
the city or irkutjane are sure that they live in the 
geographical middle of the World – but they keep the 
secret how to measure it. It still takes a lot of time to get 
through the city – not only because of its size but also 
due to quality and arrangement of roadnet – to minimize 
the car accident number a lot of roads are one-way 
traffics. 
In Irkutsk we met The Kamaz – it is a breakthrough of the 
Russian car industry – 6x4, wheel diameter 34 inches – 
the real land cruiser. It doesn’t need roads to ride – just a 
map and a driver. By the way roads in Siberia are 
wonderful and unpredictable, on the map they exist but in 
the reality – noup, that is why our Kamaz is The Kamaz. 
And the rules of road traffic are totally different from the 
ones we are used to, in the Irkutsk region the main hero 
on the road is a cow.  
 
 

 
 
Fig. 2 A hero 
 
They move around without paying attention to the place 
they are going to and if they want to spend some time 
standing in the middle of the road enjoying fresh Siberian 
air – nothing can break down their decision. Even 
signaling and strong words are useless. Only slight 
pushing can work if one dares. 
 
During the first week of our trip to the Lena and 
tributaries we were surrounded by an endless green 
ocean with rare blue foam of meandering rivers in it. 
Huge areas are covered by fields, forests and hills 
covered with forests – the only way to define forest from 
field is to notice colorful spots of flowers scattered around 
the green ocean. 
 
Practically all the time we were staying in tents on some 
nice field close to the river.  Do you remember the main 
hero on the road? Well we experienced that cows are 
bosses not only on the roads. After successful fishing ► 
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(3 tiny fishes were put back in the river) all the expedition 
members went to sleep – it it is easy to fall asleep after all 
day long work in +35⁰ air, as soon as the Sun dives into the 
green ocean, temperature drop to +6⁰ – and in cold light the 
myriad silver stars over the head don’t help to withstand a 
strong wish to hide in the sleeping bag. Daria (one of the 
three lucky students) and I were watching 7th  and 5th 
dreams correspondingly when suddenly voices of cows 
intervened in our dreams. They were surrounding the tents 
(not on purpose I want to believe) and scared us to death, 
but fortunately before we were able to make any wise 
decision, someone had already been out of the tent  
screaming and asking the cows to change the direction, and 
the heroes did – maybe the cows were scared even more 
than us, cows used to walk this route all their lives and one 
night strange textile pyramids appeared on the way and 
made a lot of noise. Now I am smiling but that night I was 
scared a lot. 
 
We collected samples, measured terraces and made 
descriptions of outcrops – during this time a lot changed with 
the ocean surrounding us. Green turned into pale green 
waves of hills covered with fields, dark green forests 
transformed into foam standing still on the top of waves. 
Scattered spots of flowers became paler. 
 
The only thing that hasn’t changed were low clouds, we 
thought that we could touch it and feel their cold. When 
clouds hurried to some unknown place bared the dark turned 
upside-down bowl of infinite sky, my breath was taken away. 
As a huge silver spider the Moon was crossing the bowl 
along the net of tiny sparkling myriads of stars. 
 
Our breath was taken away also by tremendous terraces – 
some were hidden in a Green Ocean and only a skilled eye 
of a  scientist could recognize it, others were huge – up to 50 
meters high, of course making a description was a pleasure. 
But the one that amazed everyone was so called 
Shishkinskaya Pisanica (literally “Writings of Cone village”). It 
is an archaeological monument, which consists of more than 
3 000 pictures made with ochre on the rock terrace of the 
Lena. The time of this writings is dated back to the Late 
Neolith. These paintings are called writings because a lot of 
scenes of daily life are immortalized – hunting, battles, 
celebrations. 
 
This expedition was one of the most outstanding stories in 
my life. I would like to thank POMOR and Jörn Thiede for 
taking me on board, SPSU for organizing and Sochava 
Institute of Geography SB RAS for navigating the expedition. 
And all members of the expedition for great time of learning 
and sampling, watching and enjoying the time. ■ 

 

 
 
Fig. 3 The biggest terrace 
 
 

 
 
 
Fig. 4 Picanitcy 
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THE FIRST STUDENT FROM GERMANY AT POMOR: AN 
INTERVIEW WITH MAX BOXLEITNER 
 
NK: Why did you choose “POMOR”? 
 
MB: That is a question many people have asked me in St. 
Petersburg.  
The first reason is that I find the thematic orientation of the 
master program interesting. Before I studied geography and 
geology in Zurich/Switzerland and after receiving my 
Bachelor’s degree I was looking for something new and 
challenging. I had done a Russian language course in 
Zurich, not knowing that I would once have to speak the 
language. I have been to St. Petersburg and in my memory 
the city was one of the most impressive places I have seen 
so far. 
So when I came across the POMOR-Master, I thought: this 
could be it. Studying one year in St. Petersburg, then in one 
of the partner universities in Germany and receiving two 
diplomas in the end sounded promising and the perspective, 
to live in Russia for a while seemed exciting. 
 
NK: Did you encounter cultural difficulties? 
 
MB: I didn’t come to Russia without expecting any 
difficulties, but besides some communication problems there 
is not much to complain about. I didn’t get my visa in time 
and arrived one week after the lectures had begun, but it 
was a warm welcome. Solving the administrative issues was 
a bit of a challenge, because my Russian was pretty bad. 
But after a while I improved my Russian and started to 
understand, how the clocks in Russia tick. One of the bigger 
problems was that not all lectures were completely held in 
English, which made it hard for me to follow.  
One of the very positive things were the 8 hours of Russian 
lessons per week, which helped me a lot to improve my 
language skills and to understand the Russian culture 
better. And the lessons were free! In the course of the first 
week I received an email of my Russian teacher in which 
she wrote that she would like to meet me. I didn’t even know 
that I was supposed to receive language training. That was 
a superb surprise and I am thankful for this generous offer of 
the Saint Petersburg State University. 
One of the major differences I encountered, is that Germans 
(including me) are always keen to plan everything in 
advance, which in Russia is not always possible in the way it 
is in Germany, though it in the end still works out. For 
example I didn’t know where I would stay in St. Petersburg 
till the day I arrived. The evening before the flight I at least 
got the dormitory address. 
Here the Germans probably have to learn to be more 
indifferent and relaxed. 
 
NK: What are the differences in the life of a student in 
Russia compared to the life of a student at a German 
university? 

 MB: Because we are only 12 students, lectures were 
more like in school and more personal, which made it 
much easier to get in contact with the professors. For the 
same reason we had to give a lot of presentations 
ourselves, which was a lot of work, but good practice. But 
POMOR is not like most other study programs in Russia 
or in Germany, which makes it hard to compare. One of 
biggest differences concerning my student’s life was the 
accommodation in the dormitory. Sharing a room with 
another -unknown- person is not common in Germany 
and was new for me too. It took me some time to get 
used to that, but at the end of the day it was okay and 
interesting. I received a scholarship from the university, 
so I didn’t have to pay the semester fees, paid much less 
for the dormitory and even received some pocket money.  
Things that I missed at SPGU were e.g. a real campus 
and the cultural or sport offers I was used to from the 
universities I knew. 
 
NK: What did your daily routine in Russia look like? 
 
MB: A normal work day usually meant classes to around 
4pm, two hours Russian lesson and sport in the evening. 
But of course there was also enough time to meet 
friends.  
 
NK: How did you spend your free time in St. 
Petersburg? 
 
MB: Being a student in Russia gives you the possibility to 
get free admission to most museums and monuments, 
which is great. I visited many of them and even some that 
I would otherwise have not considered worthwhile. I really 
liked just roaming around St. Petersburg and of course I 
spent a lot of time with my new friends. I really like the 
Russian extremes (cultural, weather, etc.) The white 
nights were beautiful though I like the Russian winter 
even more. We don’t have these temperatures in 
Germany. Ice and snow turned everything into a winter 
wonderland. I enjoyed the weekends, when I had the 
possibility to get out into the nature and walk through the 
forest or on the Baltic Sea. After the first semester my 
friends and I went to a university camp in the north of St. 
Petersburg for a week. Here we went mostly cross-
country skiing over frozen lakes and in beautiful forests. 
When we came back from some hours of skiing, our hair 
and eyelashes were usually covered by ice crystals 
making us look like snowmen. Here I also set my 
personal temperature record with -37°C. 
I have also visited some other cities like Moscow, 
Novgorod, Pskov and Vyborg. Russia is much more than 
St. Petersburg, though of course St. Petersburg is one of 
the first things that flash up in my mind when I think about 
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Russia. ►
NK: Do you have a favorite place in St. Petersburg? 
 
MB: I think one of my favorite places in St. Petersburg is 
“Blagoveshenskiy Most” with the view of the port, especially 
when the Neva is frozen and the sun is shining. Just 
beautiful! 
 
NK: Can you list some peculiarities that made an 
impression on you in St. Petersburg?  
 
MB: Most Russians are rough on the outside, but nice on 
the inside. In public or in the streets people show a different 
face than at home.  
• No balalaika and bears. 
• Russians are hospitable. 
• You can buy flowers almost everywhere (although 
that is not really important for Germans). 
 

   
• Some shops are open 24 hours and even on 
Sundays. 
• Public transport at night is not student-friendly. 
• The Russian kitchen offers tasty dishes. I 
especially like the soups (уха!) 
I could continue the list, but it’s these little experiences 
everybody has to make on his own, that make a stay in a 
foreign country so interesting. I will come back with 
pleasure. ■ 

 

DRAWINGS by Daria Elkina 

 
 Sosnovets Island 

   
 Fog of the Kara sea 
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A GREAT CHANCE IN MY LIFE by Veronika Emetc 

 
Two years ago I didn’t know anything about POMOR program 
(Master Program of Polar and Marine science) and of course I 
did not expect to have such a great chance in my life. Starting 
as a common student, I thought that all future plans and 
desires seemed unrealistic. But now I am student of Hamburg 
University, this summer I was in two expeditions and I hope 
that it is just the beginning.  
 
My first expedition was in July. We went to the North Pole on 
the atomic icebreaker "50 Years of Victory", started in 
Murmansk with a course on Franz Josef Land and then 
moved to the North Pole at a latitude of 90 degrees north 
(Fig. 1). Our main objectives were the visual observations of 
sea ice: its thickness, total concentration, hummocks 
concentration and ice compactness. We recorded 
observations in a magazine, showing the coordinates and 
time and after interpreted the images taken with the video 
camera MOBOTIX M12 installed on the outside deck. 
 
During the first semester in St. Petersburg University we had 
many lectures about climate and specific processes in Polar 
Regions. But when you see the nature with all its splendor 
and versatility with your own eyes, it gives you knowledge 
that you would never obtain sitting in the library. Every day I 
was admiring what I could see just by looking out of the 
porthole in my cabin. 
 

 
 
Figure 1. Map of trip of the nuclear-powered ice-breaker «50 let 
Pobedy» in July 2012 
 
The second expedition started at the end of August in 
Salekchard, from here we went to the Kara sea on the 
research vessel “Professor Molchanov”.  Afterwards, we 
moved to Vize island, then to Franz Josef Land and after to 
Archangelsk. (Fig 2.). I was working in an oceanographic 
group, which performed the measurements at the 
oceanographic stations located at the zonal direction in the 
Kara Sea and in Baijdara Bay. It gave me a good opportunity 
to learn how to work with the different devises and to analyze 
the real oceanographic data. The expedition lasted 3 weeks 

and I was very happy that on board I could meet so many 
intelligent and inventive people. These people gave me new 
knowledge and encouragement to work and increase my 
understanding of the nature and climate. 
 

 
 
Figure 2.  Map of trip of the RV «Professor Molchanov» in August-
September 2012 
 
The third semester I spent at the Hamburg University. 
Indeed, this is a place where you can gather as much 
comprehensive information and get as much knowledge as 
you wish. I think that the greatest advantage of this study 
program is that having obtained your basic understanding of 
the nature; you can then focus on a special subject of your 
interest. And as one of my professor from the university 
said: a researcher needs to have “self-motivation, persistent 
interest and enthusiasm”. This is what I really like about 
scientific research, the fact that nobody will give you the 
right answers. Instead, they can show you the way to get it, 
but you should have the desire and motivation to find it on 
your own.  Sometimes it is not easy but if I can turn back 
the time and I was asked to choose POMOR, I would say 
yes without any doubts and hesitations. 
 
If you are a person, who wants to expand his world-view, 
desires to do something special and important in his life, 
then POMOR program definitely can give you a powerful 
incentive to make your first steps into the scientific world. ■ 
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EXPEDITION TRANSDRIFT XX IN SPRING 2012 by Bennet Juhls 
 
My name is Bennet Juhls and I am studying Marine 
Geosciences in Kiel. Since two years I am working at the 
GEOMAR Institute in Kiel were I was able to gather a lot of 
scientific experience. Outstanding experiences were 
expeditions to the Arctic. 
In 2012 I got the opportunity to participate in the expedition 
TRANSDRIFT XX, which took place from the 19.03.2012 to 
the 26.04.2012. The base point for this expedition was the 
small city Tiksi at the Siberian coast. From there we started 
our daily expeditions to the ice of the Laptev Sea. This 
expedition was already my second experience with the 
Russian arctic, but the first time during winter time. 
Tiksi is strongly affected by the cold arctic climate, which 
brings nine month of strong winter in a year with temperatures 
of down to -50°C. This condition lets Tiksi become an unreal 
and hostile place to life for me.  

 
Fig. 1 A view of Tiksi 
The trip to Tiksi took a course from Hamburg through Moscow 
and Yakutsk to Tiski. The first days in Tiksi were used for 
preparing all devices which we were going to use for the 
research in this area. Especially the flight from Yakutsk to 
Tiksi was “kind of amazing” because of the–let’s say “special” 
plane. The plane was not in a very good condition, the seats 
were broken and all the cargo was in front of your feet and in 
the back of the plane. So, some people were very afraid to go 
on this flight. 

 
 
Fig. 2 View into the back of the helicopter) 

After a bit more than a week in Tiksi I finally experienced 
my first day on the ice. We flew from Tiksi with a helicopter 
to our planned station on the ice. The trip in the helicopter 
took approximately 2 hours. After arriving at the planned 
location, the first task is to unload all the cargo and all 
devices which are needed. After 2 minutes on the ice my 
fingers were completely frozen and I couldn’t feel them 
anymore and I was not even able to change to warmer 
gloves because it was impossible for me to get my fingers 
into the fingers of the gloves. This forced me to go back into 
the helicopter to warm them up. It was very important, 
because otherwise it is possible to break your fingers 
without noticing it at all. 
After warming up my hands and keeping them warm I 
started to help which different tasks as drilling holes into the 
ice, taking ice cores and taking measurements of different 
parameters of the Water under the ice cover.  
Beside our research on the Ice of the Laptev Sea we also 
made a kind of cultural program as visiting a museum and 
watching to a show of the school of Tiksi. A special cultural 
event was the visiting of an indigenous town on the Lena 
Delta. In this town there are living so called Evenks, who 
are indigenous people. They showed us how their 
forefathers lived in clay huts in this hostile region. ■ 
 

 
 
Fig. 3 Drilling a hole into the 2 meter thick Ice 
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Editorial 

Traditionally  by  the  turn  of  the  year 

POMOR releases  its Newsletter  in order to 

report  about  its  progress  during  the  last 

year  or  two  (or  even  three),  to  give  the 

graduates and  students  the opportunity  to 

share  their  experience  with  the  whole 

POMOR  community  and  its  network,  to 

introduce  the new students,  to show  them 

the wide palette of possibilities during and 

after the studies, and  just to  inform  its old 

and  new  friends  about  how  things  are 

going and to sum up the achievements.   

In 2014 and 2015, our students (POMOR VI, 

2013‐2015)  cut  their  teeth  in  their  first 

research expeditions aboard POLARSTERN 

(ARK‐XXVIII/4),  VIKTOR  BUYNITSKY 

(TRANSDRIFT  XXII),  EUROFLEETS‐2,  on 

the  research  station  in  the  delta  of  Lena 

river  (LENA  2014),  at  the  Hydro‐

meteorological  Observatory  Barentsburg 

(SPITZBERGEN‐2014),  at  the  Ecological 

Research  Station  of  Institute  of  Plant  and 

Animal Ecology, Ural Branch of RAS, Yamal 

peninsula, at the Leibniz Institute for Baltic 

Sea  Research  Warnemuende  (IOW)  in 

Rostock  and  in  the Mock Research Lab  at 

the  University  of  East  Anglia.  They 

presented  their results at POMOR Student 

conference  traditionally  held  at  GEOMAR 

in December every second year during their 

semester  abroad.  They  learned  a  lot, met 

new  interesting  people  and  found  new 

motivation  and  challenges  during  their 

semester in Germany studying at Hamburg 

University  (2), Bremen University  (3), Kiel 

University  (3) and Potsdam University  (2). 

Bremen  University  offered  this  year  in 

addition  to  the  usual  program  in Marine 

Biology  another  one,  in  Marine 

Geosciences.  POMOR  VI  worked  hard  to 

achieve  what  they  were  aiming  for  and 

built  a  real  team.  Hopefully  they’ll  keep 

their motivation and zest for action and be 

in touch in the future. We wish them good 

luck for their further development, whether 

in their career or in their private life.  

In  2015,  POMOR  turned  14  years  old. We 

already have educated around 90 students, 

which  means  about  5500  active  teaching 

hours  in  specific  modules,  without 

counting  the  courses  of  the Core Module, 

tutorials  and  self‐learning,  performed  by 

circa  130  lecturers  from at  least  15 research 

institutions in Russia and in Germany. Our 

alumni network connects Europe and range 

to  Canada  and  Australia.    We  thank  all 

partners  and  organizations  which  have 

been supporting us during the last 14 years 

and  hope  to  continue  this  way  in  the 

future.  

Nadezhda Kakhro 

UPDATE: POMOR graduates from three groups 

took part in two significant international events 

held at GEOMAR by the end of January 2016:  

 11th  Workshop  on  Russian‐German 

Cooperation: Laptev Sea System – The 

Transpolar System of  the Arctic Ocean 

and  

 Symposium on Biogeochemical Studies 

in the Siberian Shelf Seas 

 

L  to  r:  Irina  Kryukova  (POMOR  IV),  Mikhail  Makhotin 

(POMOR  I),  Anna  Kudriavtseva  (POMOR  VI),  Ekaterina 

Ponomarenko  (POMOR VI), Mariia Petrova  (POMOR VI), 

Anastasia  Zhuravleva  (POMOR  IV)  and  Aleksey  Buinyi 

(POMOR VI). Photo by Aleksey Buinyi 
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New lecturers in 
2015/2016 

Module 1:  

Course  1.1.  Marine  sediments  and  polar 

sedimentation processes (practical part and 

lab  work)  –  Dr.  Robert  Spielhagen 

(GEOMAR) 

Course    1.3. Methods  of  seafloor mapping 

(shared)  and  Course  1.5.  Marine 

geotechnology – Dr.   German Leitchenkov 

(VNIIO) 

Module 3: 

Course 3.5. Ecological regulation of impacts 

on ecosystems – Dr. Irina Arestova (SPbU) 

Course 3.6. Biology and geoecology of polar 

regions – Dr. Alla Yurova (NIERSC) 

Course 3.8. Geoecology of Arctic shelf seas 

and utilisation of marine natural resources 

in  polar  regions  –  Dr.  Daria  Ryabchuk 

(SPbU) and Dr. Vladimir Zhamoida  (SPbU) 

Core Module: 

Course  CM  4.  Introduction  GIS  –  Dr.  E. 

Panidi (SPbU) 

 

You can download the complete Module 

Handbook here: 

http://pomor.spbu.ru/assets/userfiles/POM

OR_Modulhandbuch_10042013.pdf 

 

and find lecturers’ CVs here: 

http://pomor.spbu.ru/learning/academic‐

staff/ 

POMOR Secretariat 
in Saint Petersburg 

After  almost  three  successful  years  at 

POMOR  and  taking  care  of  two  POMOR 

groups  and  the  intake  2015,  Ksenia 

Samusenko has made  the next  career  step 

and  is  now  leading  the  Directorate  of 

education  programs  at  the  Faculty  of 

Biology, SPbU:  

„It  has  been  a  pleasure  being  a  part  of 

POMOR team.  I've really enjoyed the time I 

have  spent working here.  I’ve met  so many 

different interesting people from science and 

I’m  grateful  for  this  unique  opportunity.  I 

will  continue  working  at  University,  and  I 

hope  my  work  will  help  to  make  the 

organization  of  study  process  easier, more 

intelligible  and  successful.  I  would  like  to 

wish  POMOR  students  to  be  intellectually 

curious  and  passionate.  Please,  enjoy  your 

time  on  the  Program,  take  any  (even  the 

smallest) chance and believe in yourself!” 

We  thank  Ksenia  cordially  for  her 

contribution  to POMOR development  and 

wish her all the best on her way.  

From February  1,  2016 POMOR Secretariat 

at  the SPbU  is  led by Victoria Margieva, a 

new  member  in  our  team.  Victoria 

graduated  from  Saint  Petersburg  State 

University,  Faculty  of  Geography  and 

Geoecology  in  2013.  She  successfully 

completed  an  internship  at  the  Ministry 

Ministry of Economic Development  of  the 

Russian Federation and also holds a Master 

degree  in  Economics.  Victoria  has  been 

working for SPbU for three years. We asked 

her  why  she  chose  POMOR:  “For  me, 

working for POMOR is a great experience of 

international  partnership  in  the  field  of 

education”. Welcome! 
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Master Award 
2015 
 

Ten  POMOR  graduates  were  awarded 

Master  of  Science  of Hamburg  University 

and  Master  of  Ecology  and  Nature 

Management  of  Saint  Petersburg  State 

University on October  19, 2015. The award 

traditionally took place in the Peter Hall of 

Saint  Petersburg  State  University.  The 

award was  led by Director of  the  Institute 

of  Earth  Sciences  Professor  Sergey  V. 

Aplonov and POMOR administration  from 

the  Russian  and  the  German  side. 

Graduates  2015,  their  parents  and  friends, 

new POMOR VII, POMOR alumni 2011 and 

2013,  lecturers  and  invited  guests  from 

AARI, AWI and other institutions attended 

the  ceremony.  SPbU TV  channel  spoke  to 

the  graduates  and  made  a  short  report 

about them: 

https://www.youtube.com/watch?v=Z4_sR

MkmgUs 

We also asked some graduates from 2015 a 

few questions: 

NK:  If you could turn back time, would you 

apply for POMOR again? 

Evgeny  Ivanov:  I  would  definitely  apply 

for  POMOR  again.  Although  I  have  good 

imagination,  I  can’t  imagine  anything 

better  for  me  than  POMOR  considering 

any of Russian education programs. 

Liliya Khatmullina: For sure I would. 

Alina Karpova: Yes! Absolutely! 

Anna Zolotareva: Definitely, yes. 

Ekaterina  Ponomarenko:  I  would 

definitely apply again! 

NK: What  has  impressed  you most  during 

your studies? Why? 

Evgeny  Ivanov:  First  of  all,  I  was 

impressed,  how  many  leading  people  in 

science are involved in this program. Then, 

how much attention  is paid to us, to make 

us  feel good during  the education process. 

Then,  a  scholarship  provided  by  partner 

organizations and ministries allowed us  to 

organize a summer practice and to spend a 

semester in Germany. 

Liliya  Khatmullina:  It  was  the 

TRANSDRIFT expedition to the Laptev sea 

I  participated  in,  because  it  was  the  first 

and  hopefully  not  the  last  experience  of 

being and working aboard a research vessel 

somewhere  far  far  away  in  the middle  of 

stormy Arctic seas. 

Alina  Karpova:  The  variety  of  different 

studies about one region in one week! 

Anna Zolotareva: The difference between 

the  Russian  and  the  European  scientific 

approach, because they are two worlds. 

Ekaterina Ponomarenko: My most  vivid 

impression  was  being  aboard  an 

international  research cruise  to  the Arctic, 

because  it was a great chance  to  take part 

in  a  real  scientific working process  and of 

course because the scenery is amazing.          

NK: What was your biggest challenge during 

your studies? 

Evgeny  Ivanov:  I  faced  significant 

difficulites  during  the  first  two months  in 

Germany,  first of all because of absence of 

any  German  language  skills,  and  then  – 

because  of Module Handbook  formalities, 

which  didn’t  allow me  to  take  any  of  the 

attractive  available  courses  immediately. 

Now I consider that period of time as a test, 

which I went through and became stronger. 
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Liliya  Khatmullina:  To  pass  9  exams  in 

two weeks in Kiel! 

Alina  Karpova:  To  understand  in  short 

time what you knew nothing about before 

during the first semester. 

Anna  Zolotareva:  To  write  my  master 

thesis in the proper way. 

Ekaterina  Ponomarenko:  The  biggest 

challenge was finding the direction to focus 

on for my future research. 

NK: Which  special  experience  did  you  take 

home from Germany? 

Evgeny  Ivanov:  Germany  has  many 

differences  in  comparison  to  Russia. 

Consider education, the most interesting of 

them were:  relation  to  exams  (cheating  is 

very bad), relation to studies and the future 

profession  (mostly  all  guys  I was  studying 

with  want  to  go  into  a  professional  area, 

that  fits  to  their  backgrounds,  and  even 

into  science).  Then,  punctuality,  privacy, 

reliability and many other good features of 

a human’s character. And politeness, in any 

area of life. 

Liliya  Khatmullina:  Getting  along  with 

people  from  different  countries  and 

religions. 

Alina Karpova: How to make best posters, 

how to write reports. It was very useful. 

Anna Zolotareva: How to decorate the flat 

before Christmas and how  to work  for  the 

result, not for the process. 

Ekaterina  Ponomarenko:  I  think  the 

most important thing was the experience of 

international communication, especially  in 

science. 

NK: Which  books  should  a  POMOR  have 

read? 

Evgeny  Ivanov:  I  think  every  POMOR 

student has to read a book about the entire 

European history written by a European, to 

watch German movies, and to read German 

classics.  You may  not  speak  German,  but 

without  any  knowledge  about  the  country 

you would be as a barbarian on a high‐class 

party.  Any  specific  knowledge  about  the 

country and its culture raises the chance to 

establish helpful contacts. 

Liliya  Khatmullina:  At  least  one  book 

about  the  first  discoverers  of  the 

North/South. 

Alina  Karpova:  Dictionary  of  English 

words and terms on geo topics, information 

about  study  process  in  Germany  and  the 

university  you  choose  for  your  semester 

abroad. 

Anna  Zolotareva:  It  depends  on  their 

interests. If  it’s Marine Biology: The sea  ice 

by  Gerhard  Diekman  and  Biological 

oceanography by Timothy Richard Parsons, 

Carol M. Lalli. 

Ekaterina  Ponomarenko:  If  they  are 

interested in sea ice, I would recommend a 

book  by David N  Thomas  and  Gerhard  S 

Dieckmann, Sea  Ice: An  Introduction  to  Its 

Physics, Chemistry, Biology and Geology; for 

those  specializing  in  paleoclimate  I would 

suggest Arctic Ocean Sediments: Processes, 

Proxies, and Paleoenvironment by R. Stein. 

NK:  How  would  you  describe  POMOR  to 

other students in a few words? 

Evgeny  Ivanov:  Arctic,  Superstars  of 

Science, life in Europe. 

Liliya  Khatmullina:  Two  years  of 

excitement and buzz. 

Alina  Karpova:  Best‐organized  program 

where you can get a chance to study a new 
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topic  or  to  continue  your  own  with  big 

opportunities (if you prefer polar science). 

Anna  Zolotareva:  You  will  study  from  9 

am to 6 pm, then you will come home and 

continue studying. 

Ekaterina  Ponomarenko:  POMOR  is  an 

international  interdisciplinary  scientific 

program that gives you a chance to choose 

among a ton of opportunities. It is the best 

way to start your scientific journey. 

NK: What are your plans for the future? 

Evgeny  Ivanov:  I’m  applying  for  a  PhD 

position  in  physical  and  ecological 

modelling*. 

Liliya  Khatmullina:  I’m  planning  to 

continue my work in marine sciences. 

Alina  Karpova:  To  find  a  job  in  Saint 

Petersburg  on  polar  thematic  and  to  use 

knowledge  in polar regions  for educational 

purposes for children and youth. 

Anna Zolotareva: I’m going to find a PhD 

in marine biology. 

Ekaterina Ponomarenko: I'd like to find a 

PhD program and, of course, work in 

science. 

 

L  t  r: Prof. Sergey Aplonov, Dr. Heidemarie Kassens, Prof. 

Georgy Cherkashov, Dr. Nadezhda Kakhro. Photo by Vasily 

Povazhny 

 

Prof.  Aplonov  and  Dr.  Kassens  hand  Evgeny  Ivanov  his 

Master diplomas. Photo by Vasily Povazhny 

 

 

Master  Award  in  the  Petrovsky  Hall  of  Saint  Petersburg 

State University on October 19, 2015.  

L  t  r:  Ksenia  Simonenkova,  Anna  Zolotareva,  Aleksandra 

Boeva,  Aleksey  Buinyi,  Ekaterina  Ponomarenko,  Liliya 

Khatmullina,  Evgeny  Ivanov,  Maria  Petrova,  Anna 

Kudriavtseva. Photo by Vasily Povazhny 

Please find the complete list of all Master theses 

2015 here: 

http://pomor.spbu.ru/EN_Alumni_6.pdf 

More photos from POMOR VI: 

http://pomor.spbu.ru/gallery/students‐

and‐lecturers‐2013‐2015.html 

*UPDATE:  While  working  on  this  issue,  we  were 

informed  that Evgeny  Ivanov has already got a PhD 

position  at  Liege  University. We  thank  Evgeny  for 

this very good news and congratulate him cordially!  
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Institution:  Thule  Institute  and  Oulu 
Mining School, University of Oulu, Finland. 
 
Expected submission: December 2016 
 
Irina Kryukova 
Thesis  topic:  Phytoplankton  of  the  Laptev 
Sea  in  autumnal  seasons  2008‐2014: 
composition,  distribution  and 
environmental forcing 
 
Supervisor:  Prof.  Dr.  Yelena  Polyakova, 
Moscow State University (MSU) 
 
Institution: MSU 
 
Expected submission: December 2016 
 
Alexandra Loginova:  
Thesis  topic:  Dissolved  Organic  Matter 
cycling  in the Eastern Boundary Upwelling 
Systems 
 
Supervisors:  Prof.  Anja  Engel,  GEOMAR, 
Torsten Kanzow, AWI 
 
Institution: CAU Kiel 
Expected submission: March 2016 
Mikhail Mednik 
Thesis  topic:  Estimating  total  phosphorus 
concentration  in  surface  coastal waters  in 
the Gulf of Finland using Landsat  satellite 
imagery 
 
Supervisors: Dr. Marina A. Kustikova, Saint 
Petersburg National Research University of 
Information  Technologies, Mechanics  and 
Optics  (ITMO University), Elena Kunaeva, 
A.F. Mojaiskiy Military and Space Academy 
 
Institution: ITMO University 
 
Expected submission: Autumn 2016 
 
Valeria Selyuzhenok: 
Thesis  topic: Laptev  Sea  and East  Siberian 
Sea Fast Ice distribution and variability 
 
Supervisor: Prof. Dr. Ruediger Gerdes, AWI 
 
Institution: Jacobs University Bremen  

 
Expected submission: December 2016 

 
Drifting ice station 
SP 2015:  
Oleg Zhaden on an 
ice floe 
An interview with Oleg Zhaden 

Six years ago, in POMOR Newsletter No. 3, 

we  published  an  interview with  the  AARI 

senior  researcher  and  at  that  time 

Coordinator  of  the  Otto  Schmidt 

Laboratory, Vladimir Churun, who actually 

returned  from  SP  after  one  year  literally 

being  on  an  ice  floe.  Last  summer  two 

POMOR  graduates,  Ivan Ryzhov  (POMOR 

III,  2007‐2009),  now  junior  researcher  at 

the AARI,  and Oleg  Zhaden  (POMOR  IV, 

2009‐2011),  now  researcher  at 

SEVMORGEO, spent a couple of weeks on 

the  drifting  research  station  SP  (Severniy 

Polyus,  English:  North  Pole).  After  their 

return, Oleg answered our questions. 

NK:  Why  did you  decide to  go to  SP? 

Oleg:  I took part  in the drifting  ice station 

expedition quite by chance. It sounded like 

a  rhetorical  question  when  in  a  routine 

conversation with my boss he asked me if I 

wanted to go to the North Pole. Of course, I 

replied,  though  no  explanations  followed. 

During  the  next  few  weeks  nothing 

reminded me  of  this  question.  So  after  a 

while  I  completely  forgot  this  case  and  I 

was taken by surprise when I was asked to 

inform the administration of the expedition 

about my clothing size.  It seemed  that  the 

decision  was  already  made  and  I  was 

expected  to     make all  the necessary  steps 
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to participate  in  the expedition.  I can’t say 

that  I was  ready  to accept  the offer at  the 

moment,  though  I  had  already  agreed 

before,  nonetheless  it  was  quite 

unexpectedly.  I  had  little  time  to  decide 

and all my doubts were outweighed by one 

simple  thought  that  one  should  not  loose 

such  an opportunity,  so  a  few days  later  I 

sorted  out my  current  affairs  and went  to 

Moscow,  a  meeting  point  for  all 

participants of the expedition. 

NK:  Which  tasks  did  you  have  to  fulfill 

there? 

Oleg:  My  main  working  duty  was  quite 

simple: To collect magnetic data. The polar 

region  is a place of exceptional  interest  for 

magnetic  field  measurements  due  to  its 

intensity near  the Pole as well as  the  little 

amount of observations made  in  this area.  

I set up the magnetometer and maintained 

its  functioning. Of course, survival  in such 

remote  place,  in  a  camp  on  an  ice  floe 

sometimes  requires  a  lot  of  other  work, 

mostly rough labor. 

NK:  Tell  us  about  your  life  on  the  station. 

How was  the station supplied? What about 

blessings  of  civilization?  Did  you  have  to 

abandon anything? Did you miss anything? 

How did you communicate with your family 

and friends? 

Oleg:  Living  conditions  on  the  floe  are 

quite Spartan, but adequate. We all had to 

meet  the  immediate  needs,  though  for 

obvious  reasons  each  of  us  faced  some 

restrictions  or  shortages,  depending  on 

personal habits and wishes. Our living area 

consisted  of  big  tents,  each  one  for  four 

people, usually. All living tents were heated 

by  fuel heaters, quite  effective devices but 

each one with its own habits, so we had to 

be  alert  all  the  time.    The  tents  were 

equipped with  beds  and  bed  linen,  so we 

did  not  have  to  use  sleeping  bags  (except 

lazy  ones  who  tend  to  simplify  matters).  

To  keep  the  body  clean,  there  was  a 

plywood  sauna  as  well  as  another  tent 

which we used as a washhouse. No washing 

machine was  available,  thus  everyone  had 

to wash his clothes on his own, however, as 

one may  suggest,  it  was  not  an  issue  for 

most of us. Food was sufficient  in general, 

though not well balanced:  Lot of meat but 

not enough fruits, fresh vegetables or dairy 

products, to say nothing of alcohol. 

Anyway,  we  were  not  starving  and  some 

apparently  gained  some  extra  kilos, 

especially  meat  lovers.  However,  all  who 

were  not  happy  with  plentiful  supply  of 

meat  and  sausages  and  dreamed  of  fruit 

also were not losing weight, at least visibly.  

But  lack  of  certain  food  is  not  the  only 

thing you miss in such circumstances, more 

important  is  longing  for  friends  and 

beloved  ones,  which  you  feel much more 

acute  when  you  are  far  from  them.  Of 

course we were not completely cut off from 

the  world.  Now  it  is  possible  to 

communicate with your folks and the outer 

world by telephone and Internet, though a 

transport  connection  is  still  almost 

impossible. 

NK: Your brightest impression? 

Oleg:  As  for  me,  one  of  the  strong 

impressions was swimming in ocean water, 

in  the  crack  in  the  ice which opened near 

the  camp.  I  never  used  to  swim  in  cold 

water  before  and  it  took  time  to  prepare 

myself  to  take  such  an  action,  though  I’ve 

observed  some men easily  come  in almost 

freezing  water.   When  I  eventually made 

such an effort, it was unforgettable.  

But  these  impressions  may  not  be  as 

exciting and thrilling as other.  I believe the 

at least not less lasting impressions had our 

cook,  the  youngest  member  of  the 

expedition  team,  who  accidentally  met  a 
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polar bear  just  a dozen meters  away  from 

the  kitchen door. As  the  cook  also was  at 

the  same  distance  from  the  door  as  from 

the  bear,  thus  he  had  a  little  chance  to 

escape  such  a  clash,  but  fortunately  the 

bear  was  fully  absorbed  by  eating  stale 

sausages  from  the  dump  and  paid  little 

interest  to  the man.  Looking  back  at  the 

accident,  the  cook  told  us  that  he  never 

expected  from  himself  such  agility,  as  he 

covered  the  distance  just  in  a  few  paces 

with  unbelievable  speed.  And  I must  say, 

though  I  did  not  witness  the  case,  this 

turned up one of my strongest impressions, 

too. 

NK: What did you do in your spare time? 

Oleg: Usually we had  enough  free  time  to 

spend it. As a range of habits and interests 

is quite broad, it is really down to personal 

choice  as  to whether  one  prefers  to  go  to 

bed  as  soon  as possible  (or  stay  in bed  as 

long  as  possible)  or  playing  chess  or  even 

go  to  a  fishing  party  (yet  I  have  never 

witnessed  or  even  heard  of  any  catch). 

Nevertheless,  there  were  some  events 

which  gathered many  of  us  from  time  to 

time; I do not mean here our general work, 

of  course.  It  could  be    watching  popular 

movies or   playing  football, which became 

after the first couple of games  some kind of 

ritual  action  with  a  blockbusting 

performance  every  four or  five days. Since 

potential bear danger did not allow us to go 

far  from camp,  thus  in most cases we had 

not  enough  physical  activity,  playing 

football  gave  us  a  much‐needed  exercise 

and emotional release, very valuable things 

in such closed society as ours. I should say 

football  is often quite a  traumatic game  in 

itself and  in our situation  freezing air, wet 

snow  or  melting  ice  only  made  matters 

worse.  It  is  known  that  some  chiefs  of 

drifting  ice  stations  even  don’t  allow 

playing such a game due to risk of injuries. 

For  this  reason,  we  were  lucky  that  our 

chief  was  one  of  the most  active  football 

players.   

NK: Had this experience influenced your life 

afterwards? Has anything changed? 

Oleg:  I  could  not  say  that  this  experience 

anyhow  significantly  changed  my  life;  it 

just once again reminded me how valuable 

so  called  ordinary  life  is  when  you’re  far 

away,  even  if  it  seems  sometimes  boring 

and uneventful. 

NK:  Would  you  repeat  this  experience 

again? Why (not)? 

Oleg:  As  for  the  repeating  such  an 

experience,  why  not?  It  was  hard 

sometimes,  but,  nevertheless,  it  was 

interesting. 

NK:  With  POMOR  and  an  impressive 

working  experience  behind  you,  which 

message  would  you  leave  for  the  new 

POMOR students? 

Oleg: To POMOR novices: Do not hesitate 

to  change  your  comfortable  chair  for  the 

big world, it’s fascinating! 

3rd Youth Forum of 
the Petersburger 
Dialog  
By Mariia Petrova 

The  3rd  Youth  Forum  of  the  Petersburger 

Dialog  took  place  in Moscow  in  October 

2015.  For  five  days  students  and  young 

experts  from  Russia  and  Germany  have 

been discussing Russian‐German  relations. 

All  participants  were  divided  into  several 

sections:  Politics,  Civil  Society,  Media 

World and Education. I was a participant of 
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the working group “Science, Education and 

Economics”.  

In  our  section,  led  by  Ivan Ryzhov,  also  a 

POMOR  graduate  and  a  scientist  at  the 

Arctic and Antarctic Research Institute, we 

discussed  the  Arctic  region  and  tried  to 

answer  the  question:  “Is  the  Arctic  a 

territory  for  dialog  or  for  confrontation?” 

Experts  in different  fields gave  talks about 

the  current  issues  of  the  Arctic.  They 

introduced  possible  solutions  to  us  and 

shared with us  their knowledge about  this 

beautiful  and harshness  area  of  the Earth. 

One of the experts, Dr. Karsten Heinz, who 

used  to  lead  the  Scientific  department  of 

the  German  Embassy  in  Moscow  and 

participated  in  one  of  the  TRANSDRIFT 

expeditions, pointed out the importance of 

the international cooperation in the Arctic. 

He  formulated  the  main  aspect  for  the 

successful  and  sparing  employment  of 

Arctic  resources:  The  dialog.  Young 

scientists,  Alexandra  Cherkasheva  and 

Stefan  Muckenhuber,  spoke  about  their 

research  work  within  this  region.  Alexey 

Fadeev,  a  speaker  from  Gazprom,  gave  a 

talk  about  the  preservation  of  the  Arctic 

ecosystems  during  oil  exploitation  and 

exploration.  All  experts’  talks  were  very 

interesting  and  thought‐provoking.  The 

hottest  topic was  the development of shelf 

oil  deposits  and  its  possible  ecological 

consequences. We  discussed  the  necessity 

of  oil  for mankind  and whether we  could 

live  without  the  Arctic  oil  deposits. 

Another  hot  topic  was  the  solution  of 

territorial controversy.  

I  presented  the  Russian‐German  master 

program POMOR  and  shared my  research 

and  cooperation  experience  with  my 

section fellows. 

I  liked  the  working  atmosphere  in  our 

section  a  lot.  Everyone  could  absolutely 

freely express his own opinion.   

I  participated  in  the  Youth  Forum  of  the 

Petersburger  Dialog  with  great  pleasure. 

This  event  gave  me  a  unique  chance  to 

participate  in  discussion  of  the  important 

Arctic  issues  together  with  German 

colleagues  and  to  meet  highly  qualified 

experts.  This  Dialog  gave  me  the 

opportunity  to  be  a  part  of  something 

significant.  

Maria  (the  fourth  from  the  left) with  her  section  fellows. 
Photo by Mariia Petrova. 

 

Mariia  graduated  from  POMOR  in  2015  with  the 

master  thesis  Neodymium  isotopes  and  rare  earth 

element distribution in the Barents Sea, Arctic Ocean, 

supervised  by  Prof.  Martin  Frank  (GEOMAR)  and 

Prof. Vladislav Kuznetsov  (SPbU). She had her  field 

practice  aboard  RV  VICTOR  BUYNITSKIY  as  a 

participant  of  the  expedition  TRANSDRIFT  XXII. 

Mariia  spent  the  third  semester  at  Kiel  University. 

Now  she  is  working  as  a  chemist  at  Research  and 

Production  Enterprise  ELAR  multielement  image 

sensors.  

XXII Olympic 
Winter Games 
Sochi 2014 

by Kseniia Simonenkova 

In  2014,  I had  an  amazing  chance  to  be  a 
volunteer at the Olympic Games in Sochi.  
 
Thousands  of people were  involved  in  the 
preparation  and  staging  of  the  Games: 
Athletes,  coaches,  fans  and  volunteers. 
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Each  of  us  had  his  own  goals  and 
objectives,  but  the  idea  was  simple:  To 
make  the  Olympic  Games  Sochi  2014 
unforgettable! 
 
I was  lucky  to  get  a  job  according  to my 
specialization.  I worked  as  an  assistant  in 
the meteorological office. I was responsible 
for  weather  forecasting.  Meteorological 
data  are  very  important  for  sport  events. 
They  affect  many  things:  possibility  of 
games,  selection  of  a  gliding wax  for  skis, 
etc. In the meteorological office we worked 
with  data,  discussed  the  current  weather 
conditions  and  made  forecasts.  The 
accuracy of our predictions was very high. 
The work was not easy, in the middle of the 
Olympic  Games  because  of  cyclonic 
activity, the temperature began to rise and 
in some places the snow began to melt. We 
had  to  decide  whether  to  allow  the 
competition  to  take  place  or  if  it’s 
dangerous for the athletes at the moment.  
 
The  Olympic  Games  made  an  indelible 
impression  on me.  In my  spare  time,  I’ve 
been  able  to  visit  some  games  and  to  see 
the greatest athletes of our time, how they 
set  records and cheer  for our country.  I’ve 
never  seen  such  determined  and  hard‐
working people in my life before. I realized 
that  there  is no  limit of human  abilities.  I 
was  inspired  by  the  sport  spirit,  courage 
and humanity displayed by  athletes. Some 
athletes  had  fallen  during  the  game,  but 
they  had  the  strength  to  get  up  and  to 
continue  the  competition. When  the  first 
three  athletes  have  already  crossed  the 
finish  line,  the  other  athletes  kept  going. 
They did  their best.  It was not a matter of 
medals, it was a real sport. 
 
It was also nice to see how people who have 
just  been  rivals  during  the  games  shake 
hands.  You  need  to  have  a  big  heart  to 
accept that someone is better than you and 
congratulate them. 
 
During the Olympic Games, I realized a lot 
of things. I’m happy that I had a chance to 
touch history and  to  leave my mark  in  the 
Olympic  movement.  I  felt  important  and 

useful  for  the Olympic Games,  and  I  also 
was  a  part  of  something  great  and 
memorable. 
 

 
 

 
Photos by Kseniia Simonenkova 

 
Kseniia went to Spitsbergen for her field practice and 
spent  the  3

d
  semester  in  Potsdam.  She  graduated 

from  POMOR  in  2015  with  the  Master  thesis  GIS 
Analysis of  the  spatial dynamics of  thermokarst  lake 
shores  in  the  Teshekpuk  Lake  region  (Alaska)  using 

historical  remote  sensing  data,  supervised  by  Prof. 
Guido  Grosse  (AWI)  and  Prof.  Kirill  Chistyakov 
(SPbU). Now  she  is working  as  a  junior  scientist  at 
Voeikov  Main  Geophysical  Observatory  in  Saint 
Petersburg.  
 
 

'PAST Gateways'  
By Ekaterina Kaparulina 

I  would  like  to  present  to  the  current 
master  students  and  recent  graduates  the 
PAST Gateways (Past Spatial and Temporal 
Gateways) network,  in activities  in which  I 
was lucky to take a part. PAST Gateways is 
an  IASC‐endorsed network  that  started  its 
activity  in 2012 year.   The scientific goal of 
PAST  Gateways  is  to  understand  arctic 
environmental  change  during  the  period 
preceding  instrumental  records and across 
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decadal  to millennial  timescales.  This  is  a 
six‐year program,  the  focus of which  is on 
the  nature  and  significance  of  spatial  and 
temporal arctic gateways, with an emphasis 
on  the  transitions  between  major  Late 
Cenozoic  climate  events  and  recent 
Holocene  fluctuations.  There  are  three 
major  themes  to  the  program:  (1) Growth 
and  decay  of  Arctic  Ice  Sheets;  (2)  Arctic 
sea‐ice  and  ocean  changes,  and  (3)  Non‐
glaciated Arctic environments. 
 
I’ve  participated  in  three  international 
conferences  and  workshops  organized  by 
PAST Gateways. These meetings were held 
in  Zelenogorsk  –  Russia  (2013),  Trieste  – 
Italy (2014), and Potsdam – Germany (2015). 
The  First  International  PAST  Gateways 
Conference  and Workshop  was  organized 
in  Zelenogorsk  and  included  field 
excursions to three places of interest in the 
Leningrad Region, which are  located along 
the  south  outskirts  of  the  city  of  St. 
Petersburg:  Duderhof  Elevations,  Sablino 
area and Nevskij Pyatachock. The  first two 
are  situated  within  the  area  of  Klint  – 
structural‐denudation  escarpment,  which 
divides  Neva  low  lands  (the  most  of  St. 
Petersburg  lies within these  lowands) from 
the  plateau  of  Izhora. Nevskij  Pyatachock 
(Neva’s  land  spot)  is  situated  in  the upper 
Neva  riverside.  Except  for  this  amazing 
geological trip, there was a great possibility 
to present your own research and  listen to  
a  lot  of  interesting  research  talks  and 
presentations  and  to  further  discuss  them 
with colleagues. 
 
The  second workshop was held  in Trieste, 
Italy. More  than  70  scientists  from  across 
Europe, Russia, Canada and  the USA were 
involved in this network. In addition to the 
conference  content,  two  field  excursions 
were organized. The first one took place on 
the South‐Eastern  Italian Alps and Prealps 
where Alpine Würm  (LGM) moraines  and 
evidences of the Little Ice Age in the area of 
the  Monte  Canin  were  taken  under 
consideration.  Also  it  was  a  great 
opportunity to take part in an optional field 
excursion  at  the  Pasterze  Glacier 
(Grossglockner, Austrian Alps) to study the 

evidence of LGM and contemporary glacial 
geology and geomorphology of this glacier. 
 
The  Third  International  PAST  Gateways 
Conference  and Workshop  was  organized 
at  the  Alfred  Wegener  Institute  (AWI) 
Helmholtz  Centre  for  Polar  and  Marine 
Research  at  the  science  campus  in 
Potsdam.  The  participation  in  PAST 
Gateways  conference  and  workshop  has 
proven,  in  my  experience,  to  deliver  the 
best  value  in  professional  development. 
Two  field  excursions  were  organized  in 
addition  to  the  conference  and workshop. 
The  first  was  Quaternary  Geology  and 
Geomorphology  by  bus  around 
Luckenwalde and Baruth, situated to the SE 
of  Potsdam,  and  the  second  one  provided 
was  more  active  by  bikes  during  which 
participants had the opportunity to look for 
the  natural  and  cultural  heritage  of 
Potsdam.  I  participated  in  the  geological 
excursion and really enjoyed it, we saw the 
chain  of  terminal  moraines  mark  the 
Brandenburg  ice stage as well as  results of 
covering  the  territory by  the  Scandinavian 
Ice  Sheets,  also  the  old  military  test  site 
impressed  me.  I  heard  many  positive 
feedbacks  from  participants  who  were  at 
the  bike  excursion  as  from  students  who 
participated  in  social  events  at  the 
AbenteuerPark Potsdam. 
 
My  participation  in  such  an  event met  all 
the  preceding  goals  in  addition  to 
providing  the  opportunity  to  discuss with 
scientists  whose  area  of  research  interest 
corresponded  to mine.  I  am  very  thankful 
to  the  local organizing  committee,  as well 
as  field  excursions  guides, PAST Gateways 
Steering  Committee,  authors,  presenters, 
and  all  the  Conference  Sponsors  for  such 
nice organizations and opportunity to visit 
these events. 
 
Ekaterina  graduated  from  POMOR  in  2011 with  the 
Master  thesis    Reconstruction  of  surface  ocean 
conditions  in  the western Norwegian Sea during MIS 
5e  using  intra‐interglacial  variability  of  planktic 
foraminifera,  supervised  by  Dr.  Henning  Bauch, 
Academy  of  Sciences,  Humanities,  and  Literature 
Mainz, and  Dr. Nadezda Lukashina, Atlantic Branch 
of  P.P.  Shirshov  Institute  of Oceanology  RAS. Now 
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(VNIIOkeangeologia).  In  addition  to 
invaluable  experience  and  opportunity  to 
continue my  research,  I’m  simply  glad  to 
deal with the Arctic Ocean day‐to‐day. 
 
Daria  Elkina  graduated  from  POMOR  in  2013  with 
the  Master  thesis  Paleomagnetic  study  of 
the Pliocene‐Quaternary  sedimentation  rate  in  the 
Mendeleev  Ridge  region,  supervised  by  Dr. 
Heidemarie Kassens, GEOMAR, and Prof. Dr. Alexey 
Piskarev‐Vasiliev, VNIIOkeangeologia. Now  she  is  a 
junior researcher at VNIIOkeangeologia. 

My journey to a 
doctorate degree  

By Valeria Kirillova 

It’s  very  calm.  Only  the  sound  of  ice  is 
breaking apart. The midnight sun is playing 
with the waves. The air is so fresh and pure 
that you can’t get enough of just breathing. 
Few years ago I couldn’t imagine myself on 
a ship travelling to the Arctic. I have never 
dreamed  about  this!  But  life  is 
unpredictable: And here  I  am, on my way 
to  a  doctorate  degree  in  geosciences, 
preparing  to  become  a  young  polar 
researcher. 

 
RV POLARSTERN cruise 93.1. Photo by Valeriia Kirillova 

 
It started with POMOR, the program which 

opened  all  the  beauty  and  possibilities  of 

this new branch of science to me (before  I 

was  a  student  in  chemistry).  I  got  caught 

up immediately, I got inspired and excited, 

and  now  I  cannot  believe  that  it  hasn’t 

always been my dream.  

Right after  finishing POMOR  I was  still so 

full of enthusiasm that I directly started to 

apply for PhD positions. And there was one 

that  seemed perfect  to me  –  a position  in 

International  Research  Training  Group 

ArcTrain,  which  is  a  German‐Canadian 

collaborative  project,  focused  on  raising 

young polar scientists. Besides, the position 

was in their geochemistry group, which was 

fitting  well  with  my  master  project.  So  I 

think I was very lucky to get this position in 

MARUM Center in Bremen.  

Of  course  I  was  scared  at  first  but  also 

excited! It’s a big step for everyone. Besides 

starting  a  new  education  stage,  you  are 

moving to another country where you don’t 

know  anybody;  you  probably  don’t  speak 

the  language and everything  “is not  like at 

home”. Well, thanks to POMOR, I wasn’t a 

complete beginner  in German  and  already 

had  some  experience  with  the  German 

lifestyle.  Still  it  was  a  hard  time,  but 

amazing as well.  

Now  two  years  have  passed  and  I  can’t 

believe how much  I’ve  learned. And here  I 

am,  starting  my  third  year  of  PhD,  this 

“lovely  time”, when  the stress goes up,  the 

motivation  goes  down,  everyone  is  asking 

you  So, how  is  your PhD  going?   And  you 

just want  to  punch  them  in  the  face. You 

are getting a  little bit crazy when realizing 

that  you’ve  almost  approached  the  finish 

line. And soon here it comes – the next big 

decision  in  your  life.  What  comes  next? 

Will  I  stay  in  science?  If  not, what  other 

options are out there? Well, nobody said it 

was easy. I don’t know the answers yet but 

I’m determined to find out.  

At  these moments,  standing  in  front  of  a 

choice,  you  think  more  and  more  about 

your  life as a young scientist, who  is about 

to  step  into  the big world. What  can  I be 

happy about and what problems can I face? 
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Well, first of all if you like science – this is 

where you belong. Science is fascinating; it 

always will be for me. Sometimes, when I’m 

sitting  in  a  seminar  room,  listening  to  a 

presentation about someone’s new project, 

I found myself thinking: Just imagine, right 

now maybe  one more  secret  of  nature  is 

about  to  be  unraveled! And  how many  of 

them  are  out  there!  Isn’t  it  simply 

marvelous and breathtaking? Learning how 

the world is functioning.  

Probably,  what  I  admire  the  most  in 

academia  is  the  incredible  number  of 

intelligent people  from  all over  the world, 

with everyone being so unique and special. 

Most  of  the  time  you  feel  that  there  is  a 

kind  of  unseen  connection  that  embraces 

all  the  scientists  and  you  immediately  get 

along with them, become best friends with 

them,  can  rely  on  their  help,  support  and 

advice  in work  as well  as  in normal  life.  I 

don’t know if it’s specific for science but so 

far  I’m  pretty  amazed  by  the  surrounding 

society.  

Next,  you  will  probably  notice  how  you 

have  grown  as  an  independent  person.  A 

person,  capable  of  solving  problems,  the 

one who learned to be creative and to think 

outside  the box. You value  team work but 

don’t depend on it. You’ve overcome many 

situations that were not that pleasant at all. 

You’ve  learned  to  survive  the bureaucracy, 

to  communicate with  all  kinds  of  people. 

Of course  it’s all  just a part of growing up, 

you  may  say.  Yes,  but  maybe  somehow 

during  the  PhD  times  it  happens  a  bit 

faster? I don’t know. 

And of course besides meeting nice people 

you  can’t  ignore  the  big  advantage  of  the 

job – it’s the travelling part. Whatever I say 

here would sound cliché so I will just leave 

a link to the blog of our last summer school 

to the north of Canada:  

https://www.marum.de/en/Labrador_Diary

.html 

 

Torngat Mountains National Park, Newfoundland and 
Labrador, Canada. Photo by Valeriia Kirillova 

 

Of  course  it’s  not  all  bright  and  shiny. 

When  deciding  to  become  a  PhD  student 

and  later a  scientist, you need  to be  ready 

to  work.  A  lot.  And  I  mean  really  a  lot! 

There are different types of working groups 

and  different  supervisors.  Sometimes  you 

have more  freedom,  sometimes  less,  some 

supervisors  like  to  know  your  every  step, 

some  leave  you on  your own.  In  any  case, 

you have  a  limited  time  (usually  it’s  three 

or  four years) and a big project waiting  for 

you.  Sometimes  you  think  you  don’t 

understand anything, sometimes you think 

you  will  never  ever  finish  in  time, 

sometimes you  feel that all you do  is work 

and have no personal  life whatsoever. You 

are  wondering  what  to  do  after  you  are 

finished with you degree. Probably the next 

few  years  you  will  exist  on  short  term 

Postdoc contracts. In the end you just need 

to decide for yourself: Is it your dream? Do 

you  feel  happy?  If  yes,  than  be  ready  to 

learn, work hard and meet new adventures.  

All in all, if someone asks me on advice on 

whether to do a PhD or not, I can only say 

that I’ve never regretted this decision. And 

probably  I  never  will.  And  whatever 

happens  next,  whichever  path  I  choose,  I 
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will be happy  that  I had  this  experience  – 

starting  with  POMOR  and  finishing  (or 

not?)  here  in  MARUM.  I  will  always  be 

grateful to everyone along this journey.   

Maybe  your  next  adventure  is  already 

waiting for you? Don’t miss it! 

Valeria  graduated  from  POMOR  in  2013  with  the 

master  thesis  A  12 million  year  record  of  Caribbean 

outflow to the northwest Atlantic based on radiogenic 

Nd  isotopes obtained from ODP Site 1006, supervised 

by  Prof.  Dr. Martin  Frank  and  Dr.  Anne Osborne, 

GEOMAR, and Dr. Alexey Krylov, SPbU 

 

OFF‐SHORE 
GREENLAND 

By Victoria Afanasyeva 

This won’t be  just a normal story about an 

amazing  experience.  Every  time  when  I 

want to talk about my trip to the Greenland 

shore I could just silently show the pictures 

from  the  most  beautiful  place  I’ve  ever 

seen.  Please  enjoy  and  I’ll  provide  short 

notes for a better visualization.  

I  was  very  impressed  by  the  diversity  of 

scientific  approaches  in  the  marine 

geoscience  and  by  the  variety  of  different 

proxies  that  could  be  used  for  climate 

reconstruction  during  my  studies  in 

POMOR. For my master thesis, I decided to 

specialize  in  the  analysis  of  stable  oxygen 

and  carbon  isotope  measurements  in 

foraminifera shells. Professor Rüdiger Stein 

gave  me  an  opportunity  to  prepare 

materials  for  my  master  thesis  on  the 

facility of Alfred Wegener  Institute  (AWI). 

Why  am  I  taking  about  that?  Exactly 

Professor Stein suggested taking me aboard 

RV  MARIA  S.MERIAN  as  a  part  of  AWI 

geology team. The complex expedition  

Iceberg in the polar sunlight near the Arctic Circle, Melville 

Bugt.  Photo by Victoria Afanasyeva 

Greenland, a view from Melville Bugt. Photo by Victoria 

Afanasyeva 

A boat trip to icebergs in the middle of the cruise. Photo by 

Victoria Afanasyeva 

Nuuk harbor. Photo by Victoria Afanasyeva 



26 
 

One of the most famous views at Nuuk. Photo by Victoria 

Afanasyeva 

RV MARIA S. MERIAN had been my home for a month. 

Photo by Victoria Afanasyeva 

On the way North, Baffin Bay. Photo by Victoria Afanasyeva 

 

Opening and cleaning of sediment cores. Photo by Victoria 

Afanasyeva 

MSM44 was  conducted  in  July  2015  in  the 

eastern  Baffin  Bay  (west  shelf  of 

Greenland).  It  started on 30th of  June and 

ended on 31st of July in the harbor of Nuuk. 

The  aim  of  the  expedition  was  to  collect 

new  datasets  for  further  interpretation  in 

terms  of  Pleistocene‐Holocene  history  of 

the  Greenland  ice  sheet  (GIS).  The  main 

goals of  the study were:  to  reconstruct  the 

dynamic of GIS on the east Baffin bay shelf 

in  the  past,  to  estimate  how  the 

oceanographic  settings  influenced  on  this 

dynamic,  to  calibrate  and  verify  existing 

proxies.  

There are not so many ways on how to get 

to  Greenland.  There  are  two  flights  from  

Europe:  one  from  Reykjavik  and  another 

from  Copenhagen.  The  AWI  team  started 

their  trip  in Hamburg where  I arrived  two 

days  before.  The  flight  to  Copenhagen 

turned  out    into  one  night  of  running 

around the dark city and trying to find the 

Little Mermaid.  Early  next morning,  after 

some  unexpected  visa  difficulties,  a  big 

plane  took  our  group  away  from  rainy 

Denmark.A big plane takes people from the 

main  land  and brings  them  to  the biggest 

airport of Greenland, Kangerlussuaq. Here 

many small planes set forward to the other 

settlements  of  the  island.  The  first 

impression  on  the  air  stairs  was  the 

dazzling sun and green mosses and lichens 

on red rocks. Two hours  later after a small 

fight for window‐places I could see with my 

own  eyes  the  ice  sheet,  glacial  striations, 

firn basins. I saw  in real everything I knew 

only from books before. 

The  settlement Nuuk  or  how  it  has  been 

called  by  locals  Godthåb  is  located  on  a 

fiord’s  coast.  Before  my  trip  started,  I 

downloaded  some  offline  maps  of  Nuuk 

and  had  got  some  tourist  information 

about  sightseeing.  So  I  knew  what  to 

expect.  After  some  problems  on  the 
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boarder I was incredibly happy just to stand 

on  this  ground  and  to  breathe  this  air. A 

shabby  bus  took  us  from  the  airport.  The 

sun  was  still  blinding. We  rode  along  an 

embayed  coast  toward  houses  that  had 

been  seen  in  a  distance.  Multistory 

buildings  were  changing  by  small  private 

houses on the way to the city center.  

Only once  in my  life I saw an arctic desert 

landscape.  It was  on  the  Franz  Josef Land 

during my field practice after my first study 

year  at  POMOR.  I’ve  got  an  entirely 

different impression, maybe because of the 

season.  Apocalyptic  sights  of  abandoned 

old  Soviet  equipment  and  almost  ruined 

meteorological station were  lightened by a 

pale sun. 

Greenland  met  us  with  awaking  nature, 

with a smell of spring. The size of the city is 

not  very  impressive  but  these  small 

rainbow‐colored  houses,  situated  on  the 

coast, will  stay  in my memory  forever. As 

expected, there was not a lot of sightseeing 

in Nuuk. The  greatest worth  of  this  place 

are its remarkable nature views.  

In June we saw an Arctic spring, but in July 

we met a  true Arctic summer with a quiet 

and beautiful summer‐bloom. 

The ship became my home for one month. 

This is the German RV  MARIA S.MERIAN. 

It’s  relatively  new  and  comfortable. 

Surprisingly  for me, we all had  free access 

to the Internet and satellite telephone. That 

was  very  nice.  I  could  contact my  family 

during the cruise.  

Geology  and  bathymetry  groups  mostly 

worked on the western shelf of Greenland. 

And for biologists, the ship moved closer to 

the  seasonal  sea  ice  edge.  Melville  Bugt, 

north‐east  Baffin  Bay was  the main  study 

area  that  was  covered  by  high‐resolution 

bathymetry  survey.  The  idea  was  to  find 

traces on  the  seafloor  suggesting a waning 

of the Greenland ice sheet in Pleistocene.  

I was a part of the geology team. Sampling 

of  sediments  belonged  to  our  duties. 

Sediment  sampling  was  conducted  by  a 

gravity corer, a box corer and a multi‐corer. 

The  last  two  were  used  to  collect 

undisturbed surface sediments. 

We  were  very  lucky  in  terms  of  weather. 

Every day was beautiful  and peaceful. The 

norther we went the more icebergs we met. 

That  was  a  spectacular  sight  of  fantastic 

ice‐forms  shining  in  the  sunbeams.  Sun, 

ice,  and  a  smooth  water  surface  ‐ 

everything  was  ideal  and  extremely 

beautiful.  

I was  very  happy  to  be  a  part  of MSM44‐

cruise. That was a great experience  for me 

and my  carrier. And  I’m  thankful  to  Prof. 

Stein (AWI), to Prof. Thiede (SPbU) and to 

my  chief  Dr.  Leichenkov 

(VNIIOkeangeologia)  for  supporting  my 

participation in this expedition. 

My colleges made some cruise‐notes.  

You can find them here: 

https://www.marum.de/en/Logbuch_MSM

_44.html  

Victoria graduated in 2013 with the master thesis Late 

Quaternary paleoenvironmental changes in the Arctic 

Ocean:  Reconstruction  from  a  sediment  core  from 

Mendeleev  Ridge,  supervised  by  Prof.  Dr.  Rüdiger 

Stein  (AWI)  und  Prof.  Dr.  Vladislav  Kuznetsov 

(SPbU). 
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Centre for Polar and Marine Research 
BMBF    Federal Ministry of Education and 

Research 
CAU     Christian Albrechts University Kiel 
FU Berlin   Freie Universität Berlin 
GEOMAR   GEOMAR Helmholtz Center for Ocean 

Research Kiel 
IOW   Leibniz Institute for Baltic Sea Research 

Warnemünde 
Minobrnauki  Ministry of Education and Research of 

Russian Federation 
NIERSC    Nansen International Environmental 

and Remote Sensing Center 
OSL   Otto Schmidt Laboratory for Polar and 

Marine Research 
SPbU     Saint Petersburg State University 
TUHH     Hamburg University of Technology 
U HB    Bremen University 
U Potsdam  Potsdam University 
UHH    Hamburg University 
VNIIO    All‐Russia Scientific Research Institute 

for Geology and Mineral Resources of 
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Ehrungen und Auszeichnungen der Stipendiaten  
 
Chistyakova, N.: 
N. Chistyakova bekam ein Reisestipendium von PAGES und SCOR für die Teilnahme an der 
11th International Conference on Paleoceanography am 1.-6. September 2013 in Spanien. 
 
Chistyakova, N.: 
N. Chistyakova erhielt 2013 als bester Bewerber ein Jahresstipendium für Nachwuchswissen-
schaftler (2013-2014) vom Wissenschaftlichen Beirat der Fakultät für Geographie der 
Staatlichen Universität Moskau. 
 
Enina, V.: 
V. Enina gewann im Juni 2015 den regionalen Studentenwettbewerb in der Kategorie 
„Naturwissenschaften“.  
 
Kuksina, L.: 
L. Kuksina erreichte beim Wettbewerb der Nachwuchswissenschaftler der Staatlichen 
Universität Moskau für wissenschaftliche Leistungen den zweiten Platz. 
 
Lavrenteva, A.: 
A. Lavrenteva erhielt auf der Annual Conference of Junior Researchers of the A.V. 
Zhirmunsky Institute of Marine Biology FEB RAS 2014 für ihren Vortrag den ersten Preis in 
der Sektion „Hydrobiologie, Ichthyologie und Ökologie“. 
 
Lebedeva, L.: 
Für ihre herausragenden wissenschaftlichen Leistungen erhielt L. Lebedeva 2013 von der 
Stadt Sankt Petersburg ein Stipendium für ihre Promotion. 
 
Lebedeva, L.: 
Während des Third Forum for Young Permafrost Scientists wurde im Jahr 2013 L. Lebedeva 
für den besten Vortrag ausgezeichnet. 
 
Lebedeva, L.: 
L. Lebedeva wurde 2013 für die beste Posterpräsentation auf der First Vinogradov 
Conference ausgezeichnet. 
 
Lebedeva, L.: 
L. Lebedeva wurde für den besten Vortrag auf der Tagung „All-Russian Conference on 
Groundwater in Siberia and Far East“ 2015 geehrt. 
 
Logvina, E.: 
E. Logvina wurde 2012 vom Wissenschaftskommittee der III All-Russia Conference of 
Young Scientists and Specialistson News in Geology and Geophysics of the Arctic, Antarctic 
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and World Ocean für ihren Vortrag geehrt. 
 
Ovsepyan, E.: 
E. Ovsepyan bekam als Auszeichnung eine Teilfinanzierung ihrer Teilnahme an der EGU 
General Assembly im April/Mai 2014 durch die European Geosciences Union. 
 
Ovsepyan, E.: 
Bei der XXI International Scientific Conference on Marine Geology vom 16. bis 20. 
November 2015 wurde E. Ovsepyan für den besten Vortrag von Nachwuchswissenschaftlern 
ausgezeichnet. 
 
Ovsepyan, Ya.: 
Ya. Ovsepyan erhielt als Auszeichnung ein Reisestipendium für Nachwuchswissenschaftler 
für die Teilnahme an der CASE Open Conference in Bordeaux vom 4.-6. Februar 2014. 
 
Petrova, N.: 
N. Petrova gewann im April 2013 beim Team-Wettkampf den Goldenen Pokal des Great 
Geographical Students Festival in Sankt Petersburg. 
 
Ponomareva, V.: 
V. Ponomareva wurde in Anerkennung ihrer herausragenden Beiträge im Forschungsfeld der 
Tephrochronologie 2014 zum lebenslangen Ehrenmitglied der International Focus Group on 
Tephrochronology and Volcanism (INTAV) der International Union for Quaternary Science 
(INQUA) gewählt. 
 
Seitkalieva, E.: 
E. Seitkalieva gewann den Studentenwettbewerb um den besten Vortrag bei der XXI 
International Lomonosov Conference am 21. April 2014 in Moskau. 
 
Semenova, O.: 
O. Semenova beantragte 2013 erfolgreich eine weitere Finanzierung ihrer Studien zu den 
Auswirkungen von Bränden auf die Abflussmenge in Permafrostgebieten durch die Stadt 
Sankt Petersburg. 
 
Sudakov, I.: 
I. Sudakov erhielt ein Stipendium der Dynasty Foundation für die Teilnahme am internatio-
nalen Programm „Mathematics for the Fluid Earth“ von Oktober bis Dezember 2013 am Isaac 
Newton Institute for Mathematical Sciences, Cambridge, Großbritannien. 
 
Taldenkova, E.: 
Im Juni 2012 erhielt E. Taldenkova eine Prämie vom Rektor der Staatlichen Universität 
Moskau für die Publikation in einer hochrangigen Fachzeitschrift (Boreas). 
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Taldenkova, E.: 
E. Taldenkova erhielt 2014 als Anerkennung und Auszeichnung eine persönliche Prämie des 
Rektors der Staatlichen Lomonossow-Universität Moskau für die Publikation von Artikeln in 
internationalen Zeitschriften aus der TOP-25%-Impact-Factor-Liste gemäß Thomson Reuters 
Science Citation Index. 
 
Valdaev, I.: 
I. Valdaev wurde für den besten Vortrag auf der 4th Conference „New in Geology and 
Geophysics in the Arctic, Antarctic and the Wold Ocean“ im Jahr 2014 in Sankt Petersburg 
geehrt. 
 
Zhulay, I.: 
I. Zhulay wurde auf dem 3rd CLIOTOP Symposium im September 2015 mit einem Preis für 
den zweitbesten Vortrag ausgezeichnet. 
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Presseberichte 
 
01.03.2012 Deutsche Botschaft Moskau (Homepage) 
01.03.2012 GEOMAR (Homepage) 
02.03.2012 Deutsche Botschaft Moskau (Homepage) 
06.04.2012 Vestnik (Homepage) 
07.04.2012 Unizeit 
20.06.2012 Deutsche Forschungsgemeinschaft (Homepage) 
09/2012 Umwelt 
17.12.2012 GEOMAR (Homepage) 
31.01.2013, Arctic and Antarctic Research Institute (Homepage) 
2013 www.oceanographers.ru 
28.05.2013 http://primorsky.ru 
04.07.2013 http://apecs.is  
27.08.2013 Staatliche Universität Sankt Petersburg (Homepage) 
23.10.2013 Staatliche Universität Sankt Petersburg (Homepage) 
06.11.2013 Internet-Auftritt der Staatlichen Universität Sankt Petersburg: Bericht über den 

ersten Vortrag in der Vortragsreihe „Köppen International Seminar Series“, unterstützt von 
POMOR 

29.11.2013 Staatliche Universität Sankt Petersburg (Homepage) 
28.02.2014 Staatliche Universität Sankt Petersburg (Homepage) 
12/2014 Saldo – Wissenschaft und Bildung in Russland 
28.10.2015, Staatliche Universität Sankt Petersburg (Homepage) 
 
 
Videobeiträge 
23.03.2014, https://www.lektorium.tv/lecture/23082  

Öffentlicher Vortrag von Professor Dr. W.-C. Dullo (GEOMAR Helmholtz-Zentrum für 
Ozeanforschung Kiel, Christian-Albrechts-Universität zu Kiel). Der öffentliche Vortrag 
wurde im Rahmen der Lehre im Masterstudiengang POMOR bei Köppen International 
Seminar Series an der Staatlichen Universität Sankt Petersburg zum Thema  „Cold-water 
corals and cold-water coral reefs in the Atlantic“ gehalten. 

11.04.2014, https://www.lektorium.tv/lecture/23249  
Öffentlicher Vortrag von Professor Dr. E.-M. Pfeiffer (Universität Hamburg). Der 
öffentliche Vortrag wurde im Rahmen der Lehre im Masterstudiengang POMOR bei 
Köppen International Seminar Series an der Staatlichen Universität Sankt Petersburg zum 
Thema  „Pedodiversity and Carbon Pools of permafrost affected Soils in the Lena Delta“ 
gehalten. 

04.06.2014, https://www.lektorium.tv/lecture/23503  
Öffentlicher Vortrag von Professor Dr. B. von Bodungen (Leibniz-Institut für 
Ostseeforschung Warnemünde). Der öffentliche Vortrag wurde im Rahmen der Lehre im 
Masterstudiengang POMOR bei Köppen International Seminar Series an der Staatlichen 
Universität Sankt Petersburg zum Thema  „Phosphorus (P) – Soon a Limiting Factor for 
Food Production and Life?“ gehalten. 
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2015, https://www.youtube.com/watch?v=Z4_sRMkmgUs 
Bericht über die Verleihung des Masterdiploms an die Studierenden des 6. POMOR-
Studienjahrgangs 

10/2015, https://www.youtube.com/channel/UC2AeDtmV-q0nHsjyVthQxvA 
Bericht über die Verleihung des Masterdiploms an die Studierenden des 6. POMOR-
Studienjahrgangs 

 



„Lebende Ausstellung“ zur deutsch-russischen
Kooperation in der Meeres- und Polarforschung

 Forschungsschiff "Polarstern"  (© picture-
alliance/ dpa/dpaweb )
Vom 01. bis 07. März 2012 wird die Ausstellung, die letzten Oktober in St. Petersburg eröffnet
worden war und Teil des Deutsch-Russischen Jahres der Bildung, Wissenschaft und Innovation
2011/2012 ist, in der Moskauer Staatlichen Lomonossow-Universität zu sehen sein. Anschließend
wird sie auch in Berlin, München und Bonn gastieren.

Für Wissenschaftler, die sich mit dem Meer, dem Klima, aber auch mit Rohstoffen oder Vulkanismus
beschäftigen, ist Russland mit seinen vielfältigen Landschaften und Klimazonen sowie den
angrenzenden Meeren von der Ostsee über den arktischen Ozean zum Pazifik und Schwarzen Meer
ein überaus spannendes Arbeitsgebiet. In der Meeres- und Polarforschung bestehen zwischen
Deutschland und Russland bereits seit Jahren besonders enge Beziehungen, die vor über zehn
Jahren mit der Fachvereinbarung „Über die Zusammenarbeit auf dem Gebiet der Meeres- und
Polarforschung“ einen vertraglichen Rahmen gefunden haben.

Mit der „Lebenden Ausstellung – Brennpunkte der deutsch-russischen Zusammenarbeit auf dem
Gebiet der Meeres- und Polarforschung“ sollen die gemeinsamen Forschungsaktivitäten anschaulich
und lebendig präsentiert werden. „Durch die enge Kooperation konnte die Wissenschaft bereits viele
neue Erkenntnisse über globale Vorgänge gewinnen. Die wollen wir jetzt in beiden Ländern einer
breiten Öffentlichkeit präsentieren“, erklärt Dr. Heidemarie Kassens vom GEOMAR | Helmholtz-
Zentrum für Ozeanforschung Kiel, eine der Organisatorinnen der Ausstellung.

Botschaft der Bundesrepublik
Deutschland
Moskau

Botschaft der
Bundesrepublik
Deutschland
Moskau
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 Besucher der „Lebenden Ausstellung“  (©
Heidi Kassens, GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel)

Vorgestellt werden unter anderem Forschungen zum Rückgang des Meereises, Gashydrat-
Forschungen im Schwarzen Meer, zur Klimageschichte in Nordostsibirien, die Untersuchung
mächtiger Ascheschichten auf der Halbinsel Kamtschatka sowie Forschungen zur Freisetzung von
Methan aus Dauerfrostböden im Lena-Delta. Als Koordinierungsstelle für diese Aktivitäten dient das
1999 gegründete Otto-Schmidt-Labor in St. Petersburg, das von deutscher Seite vom Alfred-
Wegener-Institut für Polar- und Meeresforschung (AWI) und vom GEOMAR | Helmholtz-Zentrum für
Ozeanforschung Kiel betrieben wird. Am Otto-Schmidt-Labor ist außerdem ein gemeinsamer,
deutsch-russischer Masterstudiengang für Polarforschung (POMOR) eingerichtet. „Es handelt sich
deshalb um eine “Lebende Ausstellung“, weil in bilaterale Vorhaben eingebundene Studierende und
junge Wissenschaftler Vorträge halten und zu den Exponaten über ihre jeweiligen Arbeit berichten“,
erklärt Dr. Kassens.

Gefördert wird die Ausstellung vom Ministerium für Bildung und Wissenschaft der Russischen
Föderation sowie auf deutscher Seite vom Bundesministerium für Bildung und Forschung.
Federführend unterstützt wird sie vom AWI in Bremerhaven und Potsdam, vom GEOMAR |
Helmholtz-Zentrum für Ozeanforschung Kiel, von den Universitäten Bremen, Hamburg und Köln
sowie vom Staatlichen Institut für Arktis- und Antarktisforschung des Föderalen Dienstes für
Hydrometeorologie und Umweltmonitoring der Russischen Föderation (AARI). „Wir wollen den
Menschen in beiden Ländern näher bringen, welche Herausforderungen der globale Wandel mit sich
bringt und dass wir ihn nur gemeinsam erforschen können“, betont Dr. Kassens: „Außerdem
möchten wir junge Menschen für Themen der Polar- und Meeresforschung begeistern – das ist ein
unglaublich spannendes Arbeitsgebiet.“

„Lebende Ausstellung“ zur Meeres- und Polarforschung

Botschaft der Bundesrepublik Deutschland Moskau - „Leben... http://www.moskau.diplo.de/Vertretung/moskau/de/05/07-wis...

2 von 3 02.03.12 07:41



Das russische Forschungsschiff Akademik
Fyodorov. Foto: OSL

Studenten und junge
Wissenschaftler stehen
während der
Öffungszeiten der
Ausstellung - hier bei der
Premiere in St.
Petersburg - für Fragen
bereit. Foto: OSL

Forschung in der
ostsibirischen
Laptev-See. Eine enge
Kooperation zwischen
deutschen und
russischen
Wissenschaftlern ist hier
von grundlegender
Bedeutung. Foto: OSL

01.03.2012

Deutsch-Russische Meeres- und
Polarforschung in Moskau
Geschäftsträger der Bundesrepublik Deutschland, Dr. Georg Birgelen,
eröffnet „Lebende Ausstellung“

01.03.2012/Kiel. Der Geschäftsträger a. i. der Botschaft der Bundesrepublik
Deutschland in Moskau, Dr. Georg Birgelen, eröffnete heute an der
Lomonossow-Universität Moskau eine Wanderausstellung, die aktuelle
deutsch-russische Projekte aus der Meeres- und Polarforschung
präsentiert. Die Ausstellung ist mit wesentlicher Beteilung deutscher
Wissenschaftler entstanden und wird im Mai 2012 auch in Bonn und Berlin
gastieren. Sie ist Teil des Deutsch-Russischen Wissenschaftsjahres
2011/2012.

Zahlreiche interessierte Besucher, spannende Diskussionen und viele neue
wissenschaftliche Kontakte – schon bei der Premiere in Sankt Petersburg war die
„Lebende Ausstellung – Brennpunkte der Deutsch-Russischen Zusammenarbeit
auf dem Gebiet der Meeres- und Polarforschung“ ein voller Erfolg. Von heute an
präsentiert sie in Moskau aktuelle bilaterale Wissenschaftsprojekte und
Forschungseinrichtungen. Der Rektor der Staatlichen Lomonossow-Universität
Moskau, Professor Viktor Antonowitsch Sadownitschij, und der Geschäftsträger
a. i. der Bundesrepublik Deutschland in Russland, Dr. Georg Birgelen, eröffneten
sie feierlich im Schuwalow-Lehrgebäude der Universität. Dr. Birgelen betonte
während der Eröffnung: „Die Bindung zwischen der deutschen und der
russischen Meeresforschung ist traditionell sehr eng. Die Fachvereinbarung über
die Zusammenarbeit auf dem Gebiet der Meeres- und Polarforschung hat ihr vor
über zehn Jahren einen festen Rahmen gegeben. Diese Ausstellung zeigt auf
anschauliche Weise, wie wertvoll diese Kooperation für die Wissenschaft ist.
Gleichzeitig kann sie Anregungen für weitere gemeinsame Projekte in der
Zukunft geben.“

Die „Lebende Ausstellung“ thematisiert Forschungen zum Rückgang des
Meereises in der Arktis, zur Eisbildung in den arktischen Randmeeren und zu
Gashydraten im Schwarzen Meer. Sie zeigt, wie Wissenschaftler die
Klimageschichte der Erde anhand von Ablagerungen in einem Kratersee
rekonstruieren und wie mächtige Aschelagen auf der Halbinsel Kamtschatka
Aufschluss über die Entwicklung des Vulkanismus im Nordwestpazifik geben.
Von der Samoilow-Station im Lena-Delta aus untersuchen deutsche und
russische Spezialisten gemeinsam, ob die Permafrostböden Sibiriens auftauen
und was mit dem darin eingeschlossene Methan geschehen könnte.
Koordinierungsstelle für all diese Aktivitäten ist das 1999 gegründete
Otto-Schmidt-Labor in St. Petersburg, das von deutscher Seite vom Alfred-
Wegener-Institut für Polar- und Meeresforschung in der Helmholtz-Gemeinschaft
und vom GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel betrieben wird.
Unter der Federführung der Universität Hamburg und der Staatlichen Universität
Sankt Petersburg wird darüber hinaus ein gemeinsamer deutsch-russischer
Masterstudiengang für Polar- und Meereswissenschaften (POMOR) durchgeführt
– auch ihn präsentiert die Ausstellung. „Die Besucher sehen nicht nur Texte und
Bilder zu den einzelnen Themen. Sie treffen darüber hinaus Studierende und
junge Wissenschaftler, die in die bilateralen Vorhaben eingebunden sind und die
von ihren Arbeiten berichten. Daher der Name ‚Lebende Ausstellung’“, erklärt Dr.
Heidemarie Kassens vom GEOMAR, die deutsche Direktorin des Otto-Schmidt-
Labors. Vorträge international bekannter Forscher, darunter der Gashydrat-
Spezialist Prof. Dr. Gerhard Bohrmann von der Universität Bremen und der
Meeresgeologe Prof. Dr. Jörn Thiede, ergänzen in Moskau das
Ausstellungsprogramm.
 
Gefördert wird die Ausstellung vom deutschen Bundesministerium für Bildung
und Forschung. Darüber hinaus wird die Ausstellung von der Staatlichen
Lomonossow-Universität Moskau, vom Staatlichen Institut für Arktis- und
Antarktisforschung des Föderalen Dienstes für Hydrometeorologie und
Umweltmonitoring der Russischen Föderation (AARI), vom Alfred-Wegener-
Institut für Polar- und Meeresforschung in der Helmholtz-Gemeinschaft (AWI) in
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Bremerhaven und Potsdam, vom GEOMAR in Kiel, sowie von den Universitäten
Bremen, Hamburg und Köln maßgeblich unterstützt. „Wir wollen den Menschen
in beiden Ländern näher bringen, welche Herausforderungen der globale Wandel
mit sich bringt und dass wir ihn nur gemeinsam erforschen können“, betont Dr.
Kassens. „Außerdem möchten wir junge Menschen für Themen der Polar- und
Meeresforschung begeistern – das ist ein unglaublich spannendes
Arbeitsgebiet.“

Die Ausstellung ist bis 7. März in Moskau zu sehen. Anschließend kommt sie
nach Deutschland, wo sie im Mai in Bonn und Berlin zu sehen sein wird. 

Bildmaterial in höherer Auflösung:
Das russische Forschungsschiff Akademik Fyodorov. Foto: OSL
Studenten und junge Wissenschaftler stehen während der Öffungszeiten der
Ausstellung - hier bei der Premiere in St. Petersburg - für Fragen bereit. Foto:
OSL
Forschung in der ostsibirischen Laptev-See. Eine enge Kooperation zwischen
deutschen und russischen Wissenschaftlern ist hier von grundlegender
Bedeutung. Foto: OSL

Ansprechpartner:
Dr. Heidemarie Kassens (GEOMAR, FB1-Paläoozeanographie),
hkassens@geomar.de 
Jan Steffen (GEOMAR, Kommunikation & Medien), Tel.: 0431 600-2811,
jsteffen@geomar.de 

Dateien:
pm_2012_15_LebendeAusstellungMoskau_f.pdf 28 K
LebendeAusstellung-Moskau_Poster_A3.pdf 326 K

Links:
www.msu.ru  Staatliche Lomonossow-Universität Moskau
www.spbu.ru  Staatliche Universität Sankt Petersburg
www.geomar.de  GEOMAR | Helmholtz-Zentrum für Ozeanforschung Kiel
www.awi.de  Alfred-Wegener Institut für Polar- und Meeresforschung
www.otto.nw.ru  Otto-Schmidt-Labor für Polar- und Meeresforschung
www.uni-bremen.de  Universität Bremen
www.uni-hamburg.de  Universität Hamburg
www.aari.nw.ru  Staatliches Institut für Arktis- und Antarktisforschung des
Föderalen Dienstes für Hydrometeorologie und Umweltmonitoring der
Russischen Föderation (AARI)
www.moskau.diplo.de  Deutsche Botschaft Moskau
www.deutsch-russisches-wissenschaftsjahr.de  Informationen über das Deutsch-
Russische Jahr der Bildung, Wissenschaft und Innovation 2011/2012

<- Zurück zu: Aktuelle Meldungen
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„Kommen die Antworten zum Klimawandel aus der
Arktis?“ - deutsch-russisches Wissenschaftsgespräch

 Dr. Kassens, Prof. Dr. Guljow, Herr Heinz
(v.l.n.r.)  (© Botschaft)
Am 01.03.2012 fand in der Rotunde des Hauptgebäudes der Moskauer Lomonossow-Universität
das Deutsch-Russische Wissenschaftsgespräch zum Thema: „Kommen die Antworten zum
Klimawandel aus der Arktis?“ statt. Eröffnet wurde die Veranstaltung von Herrn Dr. Georg Birgelen,
Geschäftsträger a.i. der Bundesrepublik Deutschland in Moskau, und Herrn Nikolaj Sjomin,
Vize-Rektor für Internationales der MGU. Das Wissenschaftsgespräch wurde von der deutschen
Botschaft Moskau in Kooperation mit der Helmholtz-Gemeinschaft Deutscher Forschungszentren
und der Lomonossow-Universität sowie dem Deutschen Wissenschafts- und Innovationshaus
Moskau (DWIH) durchgeführt.

Unter der Moderation von Herrn Karsten Heinz, Leiter des Referats für Wissenschaft und Bildung
der Botschaft, diskutierten ausgewählte führende deutsche und russische Experten im Bereich der
Meeres- und Polarforschung über die Faszination dieses Forschungsgebietes, seinen Beitrag zur
Erforschung des Klimawandels und seiner Folgen, über die Arktis als Wirtschaftsgebiet sowie
Erfolge und Perspektiven der bilateralen Forschungskooperation in der Arktis. Ein ausgesuchter
Kreis von ca. 50 russischen und deutschen Wissenschaftlern, Wissenschaftsmanagern,
Forschungspolitikern und Humboldtianern sowie Vertretern der EU-Delegation in Moskau folgte dem
Wissenschaftsgespräch.

Die Mitglieder des Podiums: Herr Prof. Dr. Jörn Thiede (Gewinner des Megagrants-Programms des
Ministeriums für Bildung und Wissenschaft der Russischen Föderation, Wissenschaftlicher Leiter
des Labors für Paläographie und Geomorphologie der Polarländer an der Universität St.
Petersburg), Frau Dr. Heidemarie Kassens (Leiterin des Otto-Schmidt-Labors, Mentorin der
bilateralen Forschungskooperation im GEOMAR, Abteilung für Ozeanzirkulation und Klimadynamik),
Prof. Dr. Sergej Guljow (Korrespondierendes Mitglied der Russischen Akademie der
Wissenschaften, Leiter des Labors für Zusammenwirkung des Ozeans und der Atmosphäre und für
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Monitoring der Klimaänderungen des Instituts für Ozeanologie der RAW), Prof. Dr. Nikolaj
Alekseewskij (Leiter des Lehrstuhls an der Geographischen Fakultät der Moskauer Staatlichen
Lomonossow-Universität), Herr Dr. Alexander Studenezkij (Referatsleiter für rationelle Naturnutzung
im Ministerium für Bildung und Wissenschaft der Russischen Föderation).

Quintessenz des Gesprächs ist die gemeinsame Überzeugung, dass der Klimawandel eine der
größten Herausforderungen für die globale Gesellschaft im 21. Jahrhundert ist. Die Menschheit ist
bereits jetzt vom Klimawandel betroffen. Egal wo: in Kiel oder in Tixi, in Berlin oder in Moskau. Der
Klimawandel wird zukünftig noch gravierendere Folgen haben, wenn es nicht gelingt, die vom
Menschen verursachten Auswirkungen zu reduzieren.

Einigkeit bestand darin, dass insbesondere die Arktisforschung weitere wichtige Hinweise für die
Klimageschichte und -zukunft geben kann. Daraus notwendige Schlussfolgerungen zu ziehen, ist
dann gesellschaftliche und politische Aufgabe. Dies betrifft auch die Arktis als Wirtschaftsgebiet.
Russland unterstützt mit seiner Strategie 2020 den Versuch, die Arktis bis dahin in eine wirtschaftlich
attraktive Zone zu verwandeln. Abgesehen von Territorialfragen bleiben viele wissenschaftliche
Fragen zu Möglichkeiten der Nutzung der in der Arktis vermuteten Rohstoffe noch offen.

 Vorstellung der jungen Wissenschaftler und
Studenten, die durch die Exponate führen sollen, bei der Eröffnung der "Lebenden Ausstellung"
in der MGU  (© Botschaft)
 

Die Experten aus beiden Ländern würdigten die Breite der bilateralen Kooperation. In den letzten 20
Jahren ist es gelungen, eine intensive und vertrauensvolle Forschungskooperation aufzubauen,
deren Stärke genutzt werden wird, um Zukunftsfragen der Menschheit , insbesondere zum
Klimawandel, zu beantworten. Darauf wird sich die Meeres- und Polarforschungskooperation
zwischen Deutschland und Russland auch in Zukunft ausrichten.

Deutsche und russische Teilnehmer waren sich einig: Die bilaterale Kooperation im Bereich der
Meeres- und Polarforschung ist ein Leuchtturm der deutsch-russischen wissenschaftlich-
technischen Zusammenarbeit. Auf der Grundlage der Fachvereinbarung über die Zusammenarbeit
auf dem Gebiet der Meeres- und Polarforschung wird eine Vielzahl von deutsch-russischen
Projekten umgesetzt, die vom Studiengang POMOR in St. Petersburg bis zur Exzellenzforschung
reichen. Seit längerem steht auch eine gut ausgebaute gemeinsame Forschungsinfrastruktur für
Nachwuchswissenschaftler zur Verfügung, das Otto-Schmidt-Labor in St. Petersburg.

Im Anschluss an das Wissenschaftsgespräch wurde die „Lebende Ausstellung. Brennpunkte der
Deutsch-Russischen Zusammenarbeit auf dem Gebiet der Meeres- und Polarforschung“ im
Schuwalowskij-Lehrgebäude der MGU feierlich eröffnet, bei der Leuchtturmprojekte der deutsch-
russischen Meeres- und Polarforschung präsentiert werden.
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Deutsch-russisches Wissenschaftsgespräch

„LEBENDE AUSSTELLUNG“ ZUR DEUTSCH-RUSSISCHEN KOOPERATION IN
DER MEERES- UND POLARFORSCHUNG

Vom 01. bis 07. März 2012 wird die "Lebende Ausstellung", Teil des Deutsch-Russischen Jahres der
Bildung, Wissenschaft und Innovation 2011/2012, in der Moskauer Staatlichen Lomonossow-
Universität zu sehen sein. Für den Besuch ist eine Einladung erforderlich, die Sie auf unserer Seite
ausdrucken können. Eine Vortragsreihe begleitet die Ausstellung.

„Lebende Ausstellung“
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Генеральный секретарь DFG Д. Дзвоннек посетила петербургские вузы

С 18 по 20 июня представители Немецкого научно-исследовательского сообщества
посетили Санкт-Петербург, чтобы представить актуальные результаты эксцелленц-
инициативы и новый статистический и рейтинговый атлас DFG. Делегацию под
руководством генерального секретаря DFG Доротеи Дзвоннек принял генеральный консул
Бенедикт Халлер. В Санкт-Петербургском государственном (СПбГУ) и политехническом
(СПбГПУ) университетах делегация встретилась с ректорами вузов. Перед аудиторией из
профессорско-преподавательского состава члены делегации представили совместные
проекты своих отделов с целью расширения двустороннего сотрудничества в области
естественных и инженерных наук. Кроме этого делегация посетила также российско-
германскую лабораторию им. Отто Шмидта при Арктическом и антарктическом НИИ и
встретилась с получателями мегагрантов российского министерства образования и науки.

Визит делегации DFG в СПбГУ: Даниэль Бовелет (референт DFG), Клаус Вербергер
(руководитель отдела DFG), Доротея Дзвоннек (ген. секретарь DFG), проректор Николай
Скворцов (СПбГУ), Елена Смолоногина (переводчик)

По приглашению ректора Николая Кропачева члены делегации DFG представили в
университете несколько презентаций. Генеральный секретарь Доротея Дзвоннек,
руководитель отдела Особых исследовательских центров (SFB) и эксцелленц-кластеров
Клаус Вербергер и референт группы информационного управления Даниэль Бовелет
рассказали об эксцелленц-инициативе и новом статистическом и рейтинговом атласе
DFG, а также ответили на вопросы слушателей. Наряду с Московским государственным
университетом им. М. В. Ломоносова Петербургский университет имеет особый статус в
российской системе высшего образования и на протяжении 5 лет будет получать
финансирование от государства в размере 125 млн евро.
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Доротея Дзвоннек (ген. секретарь DFG) и Николай Кропачев (ректор СПбГУ)

В государственном политехническом университете делегацию приняли ректор Андрей
Рудской и проректор по международным связям Дмитрий Арсеньев. С руководством
университета представители DFG обсудили формы будущего двустороннего
сотрудничества. Политехнический университет с 29 000 студентов считается крупнейшим
и старейшим техническим вузом России. Основанный в 1899 г. политехнический институт
получил в 2010 г. статус Национального исследовательского университета и с ним
государственную поддержку в размере 125 млн евро.

Михаэль Лентце из группы инженерных наук DFG, курирующий аэрогидромеханику и
микросистемы, и профессор Вольфганг Шрёдер (РВТИ г. Аахена), представляющий
экспертный совет DFG в области инженерных наук, представили текущие проекты при
поддержке DFG в своей области знаний. Профессор Экарт Рюль (Свободный университет
Берлина), спикер отраслевого комитета DFG по физической и теоретической химии,
представил Германо-российский междисциплинарный научный центр (G-RISC).
Сотрудничество в нем осуществляется в основном в междисциплинарных областях
физики, геофизики, физической химии и математики. Проект поддерживается в рамках
«Инициативы зарубежной науки» из средств министерства иностранных дел Германии в
размере около 1,25 млн евро.
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В Санкт-Петербургском политехническом университете: Вольфганг Шрёдер (РВТИ г.
Аахена), Андрей Рудской (ректор СПбГПУ), Доротея Дзвоннек (ген. секретарь DFG),
Даниэль Бовелет (DFG), Экарт Рюль (СУ Берлина), Клаус Вербергер (DFG), Михаэль
Лентце (DFG)

В российско-германской лаборатории полярных и морских исследований им. Отто Шмидта
(ЛОШ) делегацию приветствовал Иван Фролов, директор Российского арктического и
антарктического научно-исследовательского института (РААНИИ), где расположена
лаборатория. Оба директора лаборатории Хайдемария Кассенс и Ирина Федорова вместе
с Дженсом Хёлеманном показали представителям DFG институт. Затем молодые учёные
лаборатории презентовали результаты своих актуальных научных экспедиций.
Основанная в 2000 г. лаборатория является центральным связующим звеном германо-
российских проектов в полярных и морских исследованиях и в последние годы успешно
пользуется также поддержкой DFG.

В лаборатории делегация осведомилась также об актуальных направлениях развития
российско-германского научного сотрудничества и побеседовала с получателями
российского мегагранта. Йорн Тиде, бывший директор института полярных и морских
исследований им. Альфреда Вегенера г. Бремерхафен, рассказал о своём проекте в
области геологических наук в СПбГУ. Он один из 12 учёных из Германии, которые
получили по 3,5 млн. евро для создания исследовательских лабораторий при
принимающих их университетах. Всего в этом конкурсе министерство образования и науки
РФ одобрило 79 заявок из 1024 поданных. Мегагранты считаются мерой российского
правительства для поддержки инновационных исследований в университетах, а также для
повышения интернационализации и привлекательности вузов. В свете российской
реформы вузов эта индивидуальная поддержка сопровождает значительное расширение
инфраструктуры в новых Федеральных вузах (8) и Национальных исследовательских
университетах (29), которые также получают поддержку в почти 125 млн евро.
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Делегация в лаборатории им. О.Шмидта с Д. Дзвоннек, Х. Кассенс (в центре) и Йорном
Тиде (2-ой слева)

„И после окончания двустороннего года науки и образования, который завершился в мае
2012 г., DFG будет постоянно укреплять контакты с «северной столицей» России“, заявила
ген.секретарь DFG Доротея Дзвоннек. Повод для этого предлагает уже текущий
перекрёстный Год Германии в России 2012/13, в рамках которого DFG планирует
различные мероприятия в Санкт-Петербурге. Второй по величине российский мегаполис
содержит 15% научного потенциала страны и предлагает с сотней вузов и 60-ю научными
институтами разнообразнейшие возможности для сотрудничества для немецких
университетов.
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     Das GEOMAR Helmholtz-Zentrum für Ozeanforschung Kiel ist Mitglied der  

88/2012  
 
Kein ewiges Eis mehr in der Arktis 
Russische und deutsche Wissenschaftler ziehen am GEOMAR Bilanz des Projekts 
„Laptewsee“ 

 
17.12.2012/Kiel. Seit 1991 beobachten deutsche und russische Wissenschaftler gemeinsam 
den Klimawandel in der Arktis. In den vergangenen fünf Jahren haben sie sich vor allem mit 
der „Eisfabrik“ in der sibirischen Laptewsee beschäftigt. Während eines 
Abschlussworkshops am GEOMAR Helmholtz Zentrum für Ozeanforschung Kiel ziehen 50 
Wissenschaftler aus beiden Ländern Bilanz und blicken in die Zukunft der Arktis-
Forschung. Zusätzlich stellen Studenten des deutsch-russischen Studienganges POMOR 
ihre Abschlussarbeiten vor.  
 
„Rekordschmelze in der Arktis“ – so oder ähnlich titelten Mitte September 2012 viele Medien. 
Hintergrund waren Satellitenbeobachtungen des Nationalen Schnee- und Eisdatenzentrums der 
USA (NSIDC). Sie bestätigten, dass das arktische Meereis die geringste Ausdehnung seit Beginn 
der systematischen Beobachtung überhaupt hatte. Das bisherige Rekordjahr 2007 wurde noch 
einmal deutlich unterboten. Für Wissenschaftler wie Dr. Heidemarie Kassens vom GEOMAR 
Helmholtz Zentrum für Ozeanforschung Kiel war diese Entwicklung allerdings keine große 
Überraschung. Die Arktisforscherin gehört zu den Koordinatoren des deutsch-russischen Projektes 
„Laptewsee“, das in den vergangenen fünf Jahren die Entwicklung in den ostsibirischen 
Schelfmeeren genau untersucht hat. Dabei hat sie selbst etliche Expeditionen in die Region 
geleitet. „Der Wandel war von Jahr zu Jahr deutlicher“, sagt sie. In dieser Woche treffen sich 50 
Wissenschaftler aus Deutschland und Russland am GEOMAR in Kiel, um ein Fazit des 
„Laptewsee“-Projektes zu ziehen und zukünftige Arktis-Forschungen zu planen. 
 
Die Laptewsee gehört zu den verhältnismäßig flachen sibirischen Schelfmeeren, die einen 
erheblichen Einfluss auf das Klimageschehen und die Ökologie der gesamten Arktis haben. Eine 
besondere Rolle spielt die Laptewsee-Polynja, ein System freier Wasserflächen zwischen dem 
festen Küsteneis und dem freien Treibeis des arktischen Ozeans. Diese freien Wasserflächen, die 
auch im Winter nicht komplett zufrieren, sind die größte Eisfabrik des Nordpolarmeeres. Damit sind 
sie von großer Bedeutung für die Ozeanzirkulation und auch als lebenserhaltende Futterquelle für 
die Tierwelt. Außerdem sind sie ökonomisch wichtig für die Schifffahrt entlang der Nordostpassage 
und damit für den potentiellen Zugang zu Ressourcen. 
 
Die gemeinsamen Messkampagnen der russischen und deutschen Forscher in den vergangenen 
Jahren belegen: Die Durchschnittstemperatur des Meerwassers im arktischen Sommer ist um drei 
bis vier Grad Celsius angestiegen. Der Sommer an der sibirischen Küste ist um drei bis vier 
Wochen länger geworden, weil der Frühling früher und der Beginn der Meereisbildung im Herbst 
später einsetzt. „Das spiegelt sich auch in der Ökologie. In der Laptewsee heimische 
Planktonarten werden beispielsweise zunehmend durch Arten aus dem Atlantik verdrängt“, erklärt 
Dr. Ekaterina Abramova vom Lena-Delta-Reservat aus Tiksi (Russland). Und das mehrjährige Eis, 
das also über mehrere Sommer erhalten bleibt und das fundamental für den polaren Lebensraum 
ist, ist aus der sibirischen Arktis verschwunden. „Die längeren Sommer haben außerdem Einfluss 
auf die Menschen. Während früher schwere Herbststürme einfach über das feste Eis fegten, 
können jetzt Wellen schwere Schäden an der dortigen Infrastruktur anrichten“, so Dr. Kassens.  
 
Ab 2013 wollen die Wissenschaftler nun die Auswirkungen auf die gesamte Arktis untersuchen. 
Dazu schlagen sie den Bogen zwischen dem Untersuchungsgebiet Laptewsee einerseits und der 



 

 

Framstraße andererseits. Diese Meeresstraße zwischen Spitzbergen und Grönland ist die einzige 
Tiefwasserverbindung zwischen dem Arktischen Ozean und dem Atlantik. Laptewsee und 
Framstraße sind durch die Transpolardrift verbunden, die das in den sibirischen Küstengewässern 
gebildete Eis vorbei am Nordpol und durch die Framstraße in den Atlantik transportiert. „Das 
Alfred-Wegener-Institut für Polar- und Meeresforschung betreibt in der Framstraße das Tiefsee-
Langzeitobservatorium HAUSGARTEN, während das Laptewsee-Projekt den Ursprung der 
Transpolardrift sehr genau untersucht hat. Ziel der kommenden Jahre ist es, ausgehend vom 
Start- und Endpunkt der Transpolardrift die Auswirkungen des Klimawandels auf die gesamte 
Arktis zu untersuchen“, erklärt Dr. Jens Hölemann vom Alfred-Wegener-Institut in Bremerhaven.  
 
Noch vor dem eigentlichen Workshop trafen sich am Wochenende in Kiel die Studenten des 
deutsch-russischen Studienganges POMOR und stellten ihre Abschlussarbeiten vor. Auch darin 
ging es vor allem um ozeanographische, physikalische, chemische und biologischen 
Auswirkungen des globalen Wandels auf die Arktis. POMOR ist ein zweijähriger, interdisziplinärer 
Studiengang für Arktisstudien, der an der Staatlichen Universität St. Petersburg sowie an den 
Universitäten Hamburg, Bremen, Kiel und Potsdam durchgeführt wird. Am Ende steht ein Master 
of Science. „Es ist wichtig, qualifizierten Nachwuchs für die Polarforschung auszubilden. Denn 
Fragen, die uns in diesem Zusammenhang beschäftigen, werden in den kommenden Jahren noch 
drängender werden“, betont Dr. Kassens.  
 
Links: 
www.geomar.de GEOMAR Helmholtz-Zentrum für Ozeanforschung Kiel 
www.geomar.de/go/polynja Das Projekt Laptewsee 
www.awi.de Das Alfred-Wegener-Institut für Polar- und Meeresforschung in der Helmholtz-
Gemeinschaft 
 
Bildmaterial: 
Unter www.geomar.de/n1060 steht Bildmaterial zum Download bereit. 
 
Ansprechpartner: 
Dr. Heidemarie Kassens (GEOMAR, FB1-Paläoozeanographie), hkassens@geomar.de  
Jan Steffen (GEOMAR, Kommunikation & Medien), Tel.: 0431 600-2811, jsteffen@geomar.de  
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В ААНИИ состоялось ежегодное отчетное рабочее Совещание участников 
программы поддержки молодых ученых 

 
29 – 31 января с. г. в ААНИИ в российско-германской Лаборатории полярных и 

морских исследований им. О. Шмидта (ОШЛ) состоялось ежегодное отчетное рабочее 
Совещание участников программы поддержки молодых ученых ОШЛ. Эта программа 
реализуется в рамках Соглашения о сотрудничестве в области полярных и морских 
исследований между Минобрнауки России и Федеральным министерством образования и 
научных исследований Германии (BMBF).  

За период своей деятельности ОШЛ накопила разносторонний опыт реализации 
научных проектов в рамках Программы поддержки молодых ученых, а ежегодное 
отчетное Совещание молодых ученых ОШЛ является традиционным и проводится уже в 
двенадцатый раз.  

В рамках Программы поддержки молодых ученых в 2012 г. в ОШЛ выполнялись 16 
грантов, а в их реализации были заняты 39 человек. 

В работе Совещания принимали участие 50 человек из научно-исследовательских 
учреждений и высших учебных заведений Москвы, Санкт-Петербурга, Красноярска, Орла, 
Архангельска, Владивостока, Казани.  

Были представлены 26 докладов по палеогеографии, морской биологии, геологии, 
океанологии, гидрологии, вулканологии. Основная часть докладов была посвящена 
вопросам эволюции и реконструкции природной среды региона моря Лаптевых и 
прилегающих арктических морей в прошлом и ее развитию в условиях глобального 
изменения климата. Помимо выполненных в 2012 г. проектов были представлены и 
гранты, которые будут осуществляться в текущем году. В 2013 г. в ОШЛ будет 
выполняться 14 грантов. 

Молодые ученые - участники рабочего Совещания рассказали об итогах своей 
работы по научным грантам в прошедшем году, поделились опытом исследовательской и 
экспедиционной деятельности, обсудили и наметили планы совместной работы в 
ближайшей перспективе. 

 

 
 

Участники Совещания в фойе ААНИИ. Фото: С.Костыгов (ОШЛ) 
 

 
Координатор ОШЛ Чурун В.Н. 
Пресс-служба ААНИИ 
31 января 2013 г. 
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Официальный сайт Администрации Приморского края
и органов исполнительной власти Приморского края

Архив новостей

Главная / Новости / Пресс-релизы

Вице-губернатор Ирина Василькова встретилась с представителями отдела образования и науки
посольства Республики Германия

28.05.2013, 09:30

Вице-губернатор  Приморского  края  Ирина  Василькова  провела  встречу  с  начальником  отдела  науки  и  образования  посольства  Федеративной
Республики  Германия  в  России  Карстеном  Хайнцем.  В  состав  международной  делегации  также  вошли  такие  лица,  как  руководитель  отдела  науки  и
инноваций представительства Евросоюза в Российской Федерации Ричард Бургер и директор германского Дома науки и инноваций Грегор Бергхорн.

Говоря  о  достижениях  Приморья  в  области  науки  и  образования  за последние годы,  Ирина Василькова  отметила:  «Главное  достижение  – это
создание образовательного кластера на острове Русский».

Как  подчеркнула  вице-губернатор,  Дальневосточный  федеральный  университет  имеет  партнерские  отношения  в  области  образовательных  и
научных программ с образовательными учреждениями Германии.

На базе кафедры немецкого языка Института иностранных языков ДВФУ действует региональное общество дружбы с Германией и Центр учебных
материалов  института  имени  Гете.  Ежегодно  проводится  олимпиада  для  студентов,  конкурс  на  лучший  перевод  в  трех  номинациях  (проза,  поэзия  и
публицистика),  проходит  Неделя  немецкого  образования,  семинары  с  носителями  языка,  региональные  и  городские  методические  семинары  для
преподавателей немецкого языка, литературные вечера. Кафедра активно сотрудничает с Германской службой академических обменов, лекторами фонда
Роберта Боша, институтом им. Гете.

Основные партнеры Инженерной школы ДВФУ – это университет им. Отто фон Герике в городе Магдебург (договор о сотрудничестве подписан в
2004 году), Технический университет городе Дрезден (договор о сотрудничестве подписан в 2005 году)
и Университет технологии, бизнеса и проектирования (город Висмар).
В рамках реализации сотрудничества проводятся совместные работы в области исследований и обменов, организуются учебные и профессиональные
стажировки для студентов и преподавателей. В декабре 2012 года подписано соглашение о сотрудничестве с одним из мировых лидеров по производству
лабораторного оборудования «Шимадзу Европа ГмбХ». В 2012 году несколько студентов ДВФУ прошли полугодовую стажировку в Германии в лизинговой
компании «Сименс Финанс».

ДВФУ активно сотрудничает с Германской службой академических обменов (DAAD), занимающейся вопросами обучения российских студентов и
преподавателей в вузах Германии. За последние годы несколько студентов и преподавателей ДВФУ в рамках данной программы прошли стажировку в
вузах и научных организациях ФРГ, где проводили научные исследования по архитектуре, германской филологии, защите окружающей среды.

В рамках года Германии во Владивостоке состоялся уникальный проект «Океанариумы Штральзунда и Владивостока: вместе сохраняя океан». С
11 по 16 мая
2013  года  делегация  Немецкого  морского  музея  и  океанариума  вместе  с  российскими  коллегами  приняла  участие  в  открытии  II  Открытой  школы
океанариума ДВО РАН.

В свою очередь, представители германской стороны отметили важность Приморского края как экономического партнера. Удельный вес Германии
во внешнеторговом обороте Приморского края в 2012 году составил 1,4 процентов  или 121,7 миллионов долларов США, увеличившись в два раза по
сравнению с 2011 годом. Экспорт вырос в два раза – до 17 миллионов долларов США, в основном за счёт роста поставок из Приморья в Германию машин,
оборудования и их частей. В настоящее время 20 процентов внешеторгового оборота Германии приходится на Дальний Восток. Средства иностранных
партнеров  направляются  на  развитие  финансовой  деятельности  и  обрабатывающих  производств  (обработка  древесины,  производство  машин  и
электрооборудования), рыболовства, сельского хозяйства.
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Programme Name

POMOR Russian-German Master Program for Polar and Marine Sciences

Brief Description

The Master Program for Marine and Polar Sciences POMOR is a research-oriented interdisciplinary two-year master

program with English as teaching language. During the first and second semesters the courses are held at St. Petersburg

State University and the Otto Schmidt Laboratory for Polar and Marine Research in St. Petersburg. The students spend

their third semester at one of the German partner universities (Bremen, Hamburg, Kiel or Potsdam). Between the second

and third semesters they participate in international expeditions to the Arctic for their practical training. German and

Russian teachers hold the courses and supervise the master theses. After the final exams the students are awarded a

Master of Science of Hamburg University and St. Petersburg State University.

Funded by the German Academic Exchange Service (DAAD), POMOR was established in 2001. Since 2007 POMOR has

been funded mainly by the German Federal Ministry for Education and Research, the DAAD, the universities of St.

Petersburg, Hamburg, Bremen, Kiel and Potsdam, the GEOMAR Helmholtz Centre for Ocean Research Kiel and the

Alfred Wegener Institute for Polar and Marine Research.

The master program was internationally accredited at University of Hamburg in 2012.

University / Institution

Saint Petersburg State University

City

Saint Petersburg

Country

Russia

Website Link

www.pomor.spbu.ru

Approximate Application Deadline

Dates subject to change, please check website for more information.

July 12, 2013

Please include any information on funding available or needed for programme participants.

Please contact general office representative:

M.Sc. Polar and Marine Sciences POMOR

c/o Saint Petersburg State University

Faculty for Geography and Geoecology

33, 10th line V.O.

199178 St. Petersburg

Russia

Phone/Fax: +7 812 323 9976

Email: secretariat@pomor.org

POMOR Coordination office at the GEOMAR Helmholtz Centre for Ocean Research Kiel

Dr. Nadezhda Kakhro

Wischhofstr. 1-3

24148 Kiel

Germany

Phone: +49 431 600 2852

Fax:      +49 431 600 2961

Email: nkakhro@geomar.de  

Programme Duration

Average time to complete programme (months, years, etc)

2 years

Please list some key words that describe the fields/topics covered in your programme.

Examples of Key Words: Geology, Biology, Marine, Chemistry, Physics, Environmental Science, Social Sciences, Law,

Circumpolar Health, Sea Ice, Glaciology, Climate Modeling, Atmosphere, Economic Development, Medicine,

POMOR Russian-German Master Program for Polar and Marine Sciences http://apecs.is/careers/graduate-programmes/details/28/13

2 von 3 04.07.2013 16:18



 

 

Основные разделы Выберите факультет  Виртуальная приемная  Центр защиты прав абитуриента  СМИ о нас  Деканские совещания  Искать!  Mail Twt RSS

Эксперты подтвердили качество российско-германской магистерс... http://spbu.ru/news-spsu/19180-eksperty-podtverdili-kachestvo-rossijs...

1 von 1 05.09.2013 09:43



 

 

Основные разделы Выберите факультет  Виртуальная приемная  СМИ о нас  Деканские совещания  Искать!  Mail Twt RSS

Состоялось вручение дипломов магистрантам программы ПОМОР... http://spbu.ru/news-spsu/19437-sostoyalo-vruchenie-diplomov-magistr...

1 von 2 28.02.2014 12:04



 

 

Основные разделы Выберите факультет  Виртуальная приемная  Центр защиты прав абитуриента  СМИ о нас  Деканские совещания  Искать!  Mail Twt RSS

В СПбГУ говорили о научных экспериментах в Южном океане - ... http://spbu.ru/news-spsu/19501-v-spbgu-govorili-o-nauchnykh-eksper...

1 von 1 11.11.2013 09:56



 

Основные разделы Выберите факультет  Виртуальная приемная  СМИ о нас  Деканские совещания  Искать!  Mail Twt RSS

В СПбГУ обсуждались проблемы таяния льдов в Арктике - Санкт... http://spbu.ru/news-spsu/19653-v-spbgu-obsuzhdalis-problemy-tayaniy...

1 von 1 11.03.2014 09:04



 

 

Основные разделы Выберите факультет  Виртуальная приемная  СМИ о нас  Деканские совещания  Искать!  Mail Twt RSS

Состоялось вручение дипломов магистрантам программы ПОМОР... http://spbu.ru/news-spsu/19437-sostoyalo-vruchenie-diplomov-magistr...

1 von 2 28.02.2014 12:04



44

Статья

Первая российско-германская экспедиция на Новоси-
бирские острова в 1991 году положила начало совмест-
ному проекту, который каждый год несет в себе новый 
акцент, будь то вечная мерзлота, льдообразование в 
море или изменения климата. Это сотрудничество на-
ходит свое отражение в многочисленных экспедициях, 
рабочих встречах, конгрессах, регулярном академиче-
ском обмене, публикациях и новых двусторонних про-
ектах. Так, более чем за двадцать лет между российскими 
и немецкими учеными возникли тесные академические 
и человеческие партнерские отношения

В 1999 году это сотрудничество привело к созданию 
Лаборатории полярных и морских исследований им. 

Отто Шмидта (ОШЛ) при Государственном арктическом 
и антарктическом научно-исследовательском институте 
в Санкт-Петербурге. ОШЛ представляет собой иссле-
довательскую лабораторию в таких областях, как мете-
орология, океанография, химия океана, биология и на-
уки о Земле. Ее центральной задачей является обучение 
и поддержка молодых ученых в рамках стипендиальной 
программы, в которой приняли участие уже более 450 
человек. Сегодня в ОШЛ бок о бок работают ученые, вы-
пускники и учащиеся из более чем 40 германских и рос-
сийских университетов и исследовательских учреждений.

Еще более интенсивным сотрудничество стало благо-

даря появлению магистерской программы «Полярные 
и морские исследования» («ПОМОР»). Это двухлетняя 
программа, полностью реализуемая на английском языке. 
В течение первого и второго семестров обучение прово-
дится в Санкт-Петербургском государственном универ-

ситете и в ОШЛ. Третий семестр студенты проводят в 
одном из немецких университетов-партнёров в Гамбурге, 
Бремене, Киле или Потсдаме. Все студенты принимают 
участие в многонедельных экспедициях в Арктику и тем 
самым вовлекаются в текущие исследовательские проек-
ты. Преподавание и руководство магистерскими диссер-
тациями осуществляют как российские, так и германские 
преподаватели. После выпускных экзаменов студенты 
получают степень магистра Санкт-Петербургского уни-
верситета и Master of Science Гамбургского университета. 
Более чем две трети выпускников пишут диссертации в 
рамках совместных исследовательских проектов. Тем са-
мым вместе с учеными, уже участвующими в проектах, 
они формируют слаженную команду из профессионалов, 
нацеленных на будущее и форсирующих полярные и мор-
ские исследования обеих стран.

Проект «Система моря Лаптевых» финансируется ОШЛ 
и магистерской программой Федерального министерства 
образования и научных исследований Германии, Мини-
стерством образования и науки Российской Федерации, 
Федеральной службой России по гидрометеорологии и 
мониторингу окружающей среды, Центром океанических 
исследований им. Гельмгольца GEOMAR в Киле, Инсти-
тутом полярных и морских исследований им. Вегенера, 
Государственным арктическим и антарктическим научно-
исследовательским институтом, а также университетами 
Гамбурга и Санкт-Петербурга. 

Хайдемари Кассенс, 

Надежда Кахро, 

Йенс Хёлеманн и 

Карен Фолькманн-

Ларк

Институт полярных и 
морских исследований 
им. Вегенера, проект 
«Система моря 
Лаптевых»

Полярные исследования 
в сибирской Арктике: 
союз образования и науки
Сибирская Арктика играет важную роль для нашей планеты. Она не только 
быстро реагирует на изменения климата в мире, но и наблюдаемые здесь 
изменения оказывают значительное влияние на климат Европы. В рамках 
междисциплинарного исследовательского проекта «Система моря Лаптевых» 
российские и немецкие ученые вместе изучают трансформации этой 
экологической системы и составляют климатические прогнозы. 

Все студенты программы 
«ПОМОР» принимают 
участие в многонедельных 
экспедициях в Арктику и тем 
самым вовлекаются в текущие 
исследовательские проекты
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Nach einer ersten deutsch-russischen Expedition auf die 
Neusibirischen Inseln im Jahr 1991 entstand das gemein-
same Projekt, das sich in den letzten Jahren immer wieder 
neuen aktuellen Forschungsschwerpunkten wie z.B. Per-
mafrost, Meereisbildung oder Klimawandel widmete. Der 
wissenschaftliche Erfolg dieser Kooperationen spiegelt sich 
in vielen Expeditionen, Arbeitstreffen, Kongressen, einem 
regelmäßigen Wissenschaftleraustausch, zahlreichen Publi-
kationen und der Anbahnung und Durchführung von weite-
ren bilateralen Projekten wider. Über mehr als zwanzig Jahre 
hinweg ist damit eine enge wissenschaftliche und menschli-
che Partnerschaft zwischen russischen und deutschen Wis-
senschaftlern gewachsen.

Im Jahr 1999 mündete diese Kooperation in die Gründung 
des Otto-Schmidt-Labors für Polar- und Meeresforschung 
(OSL) am Staatlichen Institut für Arktis- und Antarktisfor-
schung in St. Petersburg. Das OSL ist ein Forschungslabor 
für die Fachgebiete Meteorologie, Ozeanographie, Meeres-
chemie, Biologie und Geowissenschaften. Eine zentrale 
Aufgabe des Labors ist die Qualifizierung und Förderung 
von Nachwuchswissenschaftlern mit einem Stipendienpro-
gramm, an dem bisher über 450 Stipendiaten teilgenommen 
haben. Heute arbeiten im OSL Wissenschaftler, Doktoranden 
und Studierende von mehr als 40 deutschen und russischen 
Universitäten und Forschungseinrichtungen zusammen.

Noch stärker intensiviert wurde die Zusammenarbeit mit 
dem POMOR-Masterstudiengang für Polar- und Meereswis-
senschaften. POMOR ist ein zweijähriges interdisziplinäres 
Studium in englischer Sprache. Im 1. und 2. Semester findet das 
Lehrprogramm an der Staatlichen Universität St. Petersburg 
und am OSL statt. Das 3. Semester absolvieren die Studieren-
den an einer der deutschen Partneruniversitäten in Hamburg, 
Bremen, Kiel oder Potsdam. Alle Studierenden nehmen an 
mehrwöchigen Expeditionen in die Arktis teil und sind damit 

in aktuelle Forschungsprojekte direkt eingebunden. Russische 
und deutsche Dozenten bestreiten das Lehrprogramm und be-
treuen gemeinsam die Masterarbeiten. POMOR schließt mit 
je einem Master of Science der Universitäten Hamburg und 
St. Petersburg ab. Mehr als zwei Drittel der Absolventen haben 
ein Promotionsstudium im Rahmen der deutsch-russischen 
Forschungsprojekte aufgenommen. Damit bilden sie zusam-
men mit den in die Projekte eingebundenen Wissenschaftlern 
ein zukunftweisendes Netzwerk und stärken die Polar- und 
Meeresforschung beider Länder.

Finanziert wird das Projekt „System Laptewsee“ mit dem 
OSL und dem Masterstudiengang vom Bundesministerium für 
Bildung und Forschung, vom Ministerium für Wissenschaft 
und Bildung der Russischen Föderation, von der Föderalen 
Einrichtung für Hydrometeorologie und Umweltmonitoring 
der Russischen Föderation, vom GEOMAR Helmholtz-Zen-
trum für Ozeanforschung Kiel, vom Alfred-Wegener-Institut 
Helmholtz-Zentrum für Polar- und Meeresforschung, vom 
Staatlichen Institut für Arktis- und Antarktisforschung sowie 
von den Universitäten Hamburg und St. Petersburg.  

Heidemarie Kassens, 
Nadezhda Kakhro, 
Jens Hölemann und 
Karen Volkmann-Lark
Alfred-Wegener-Institut, 
Projekt „System Laptewsee“

Polarforschung in der sibirischen Arktis: 
Bildung und Forschung im Verbund
Die sibirische Arktis spielt eine wichtige Rolle für unser Klima: Sie reagiert nicht nur sehr 
schnell auf den globalen Klimawandel, sondern die hier beobachteten Veränderungen 
haben ihrerseits wiederum weitreichende Auswirkungen auch auf das Klima in Europa. 
Im fächerübergreifenden Forschungsprojekt „System Laptewsee“ forschen deutsche und 
russische Wissenschaftler in enger Kooperation, um Veränderungen dieses Umweltsystems 
zu erfassen und Klimaprognosen zu erstellen. 

Das fächerübergreifende 
Forschungsprojekt „System 
Laptewsee“ widmete sich in den 
letzten Jahren immer wieder neuen 
aktuellen Forschungsschwer-
punkten wie z. B. Permafrost, 
Meereisbildung oder Klimawandel.

Alle POMOR-Studierenden nehmen an 
mehrwöchigen Expeditionen in die Arktis teil 
und sind damit in aktuelle Forschungsprojekte 
direkt eingebunden.

45



Версия для слабовидящ

В  СПбГУ  прошла  официальная  церемония  вручения  магистерских  дипломов  Санкт-Петербургского  государственного  университета  и  Гам

С  приветственными  словами  к  присутствующим  обратились  директор  Института  наук  о  Земле  профессор  Сергей  Аплонов,  руководитель  про

германской стороны доктор Хайдемари Кассенс, научный руководитель профессор Георгий Черкашёв и координатор программы с германской сторо

«Это  великолепный  день,  и  мы  рады  видеть  здесь  абсолютно  всех,  — отметил  профессор  Георгий  Черкашёв.  — Программа  „ПОМОР“  стано

популярнее,  и  на  сегодняшнюю  церемонию  пришли  в  том  числе  выпускники  прошлых  лет,  все  они  добились  выдающихся  результатов

Выпускникам  программы  «ПОМОР»  присуждается  степень  магистра  по  направлению  «Экология  и  природопользование»  Санкт-Петер

государственного университета и степень Master of Science Гамбургского университета. Программа полностью реализуется на английском языке. 

первого и второго семестра обучение проводится в Санкт-Петербургском государственном университете и Лаборатории полярных и морских иссл

им.  О.  Ю.  Шмидта  в  Санкт-Петербурге.  Третий  семестр  студенты  проводят  в  одном  из  немецких  университетов-партнеров  (Гамбургском,  Бре

Кильском  и  Потсдамском  университете).  Между  вторым  и  третьим  семестром  предусмотрена  полевая  практика,  в  том  числе  участие  в  между

экспедициях в Арктику. «Моя полевая практика прошла на Шпицбергене: я работала с приборами и анализировала полученные данные. Экспеди

Программа «ПОМОР» была основана в 2001 году при поддержке Германской службы академических обменов (DAAD). C 2007 года программа фина

главным образом из средств Федерального министерства образования и научных исследований ФРГ, Германской службы академических обмено

Санкт-Петербургского  государственного  университета,  Гамбургского  университета,  Бременского  университета,  Кильского  и  Потсдамского  униве

Центра  изучения  Мирового  океана  в  Объединении  им.  Гельмгольца  в  г.  Киле  ГЕОМАР,  Института  им.  Альфреда  Вегенера,  Центра  полярных  и

Магистранты программы «ПОМОР» получили дипломы http://spbu.ru/news-spsu/24677-magistranty-programmy-pomor-poluch...
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