Formulaire de proposition de projet 2012
f?ND‘?T'OE Programmes Biodiversité

TOoTAL

Date :15/10/2012

Project proposal application 2012

Biodiversity programs

Nombre de pages: 13

PAN-ARCTIC BIVALVES AS POLAR BIOARCHIVES
BIVALVES PAN-ARCTIQUES COMME BIOARCHIVES POLAIRES
B.B. POLAR

Depth (m)

Research project proposed to the TOTAL Foundation

Laurent CHAUVAUD
LEMAR UMR6539

pgChla L™

I T T T T T T T T
09/01 10/01 /o1 1201 01/01 02/01  03/01 04/01 05/01

L} I I
06/01  07/01 0R/01
Date (mm/dd)

I [ |
-1 0 1 2 3

Temperature (°C)

- 2\

ACRI
Average SGI

T T T T T T T T T T -2
1950 1960 1970 1980 1990 2000 2010

Years




PARTNER

Institution/university:

Laboratoire des Sciences de I'Environnement Marin (LEMAR UMR6539)
Institut Universitaire Européen de la Mer

Université de Bretagne Occidentale

Name: Laurent CHAUVAUD

Address:

Institut Universitaire Européen de la Mer
LEMAR UMR6539

Rue Dumont d'Urville

29280 Plouzané

France

Phone: 02.98.49.86.33
E-mail address: Laurent.Chauvaud@univ-brest.fr

PROJECT DESCRIPTION

Abstract (300 words):

In the B.B. polar project, we propose a scientific project using marine invertebrates as biological archives
of the Arctic environmental variations. Tools will be implemented to monitor environmental parameters
of the Arctic ecosystem at different time scales (from the daily to the decadal scales) by using two
bivalves species, Chlamys islandica and Astarte spp., and at different spatial scales (from the single fjord
to a pan-arctic view). Moreover, research in ecology will serve the visual and plastic design. This project
will be the occasion for scientists and artists to work together around the climate change issues,
transgressing the limits of each discipline.

Keywords:
Arctic bivalves; climate; growth; proxy; biology; marine ecology




PAN-ARCTIC BIVALVES AS POLAR BIOARCHIVES
BIVALVES PAN-ARCTIQUES COMME BIOARCHIVES POLAIRES
B.B. POLAR

Context and issues:

Research to calibrate Arctic bivalves as indicators of environmental variations has been underway
for the last decade. In the Observatory at the European Institute of Marine Studies (IUEM), we have
demonstrated since 1994 that the King scallop (Pecten maximus) provides exceptional biological archives
of the temperate environment'. Our group uses routine sclerochronology and sclerochemistry techniques,
which allow us to depict the high frequency (daily) variations of the ecological conditions in the coastal
waters of different areas of the planet. Recently, two Arctic bivalves have been added: another Pectinidae
species, Chlamys islandica, and the Astarte spp. complex. For Astarte spp., we work in collaboration with
our Canadian colleagues from ISMER/UQAR (Institut des Sciences de la Mer/Université¢ du Québec a
Rimouski). The originality of this project lies in the alliance of these two pan-Arctic species, allowing us
depicting environmental variations at two different time scales. Indeed, Chlamys islandica has a life time
of a couple of decades and can record the environmental variations at the daily scale whereas Astarte
moerchi can live as long as a century and record these variations at the annual scale.

The B.B. Polar project proposes to apply the methods of describing the recent past environment in order
to obtain:

1. A calibration of the descriptors (so-called "proxies") in the sites already instrumented;

2. An accurate description of the environmental modifications occurred during the last century;

3. The establishment of an inexpensive observatory based on the calibrated method.

B.B Polar is part of programmatic and financial framework already well underway. The
oceanographic monitoring equipment already deployed is provided by the platform PLATIM of the
European Institute of Marine Studies. Norwegian (from University of Svalbard, UNIS) and French
(Laboratoire d'Océanographie et du Climat, LOCEAN) teams are in charge of the deployment of deep-sea
probes in the sites of study. For the Canadian part of the project, the ISMER/UQAR and the MNHN
(Museum National d'Histoires Naturelles) are in charge of the Astarte spp. sampling and of the related
chemical and biochemical analyses (SCLERARCTIC project; EC2CO-INSU 2012). The SCALA project
(LEFE-INSU 2012) will apply the same approach on Chlamys islandica in Svalbard.

Yet, to be able to gather both type of studies and to go much further in realizing the first description
of the environmental modifications at the Pan-Arctic scale, we are soliciting from the TOTAL Foundation
the support to extend the project on both species within two geographical areas in the Arctic Region.

! http://www-iuem.univ-brest.fr/observatoire/evecos.php




INTRODUCTION

It is now commonly accepted that the Arctic Ocean is the region where changes in climate,
hydrography and ecology, related to global warming, are expected to be strongly expressed hence, the
Arctic can serve as a harbinger of global change (IPCC, 2007; ACIA, 2004). The vast Arctic shelves are
likely to be particularly sensitive because of their shallowness, their seasonally varying ice cover, and
their dependency upon inflowing waters from the southward oceans and continents (Piepenburg, 2005).

Pelago-benthic coupling has repeatedly been demonstrated as a key process of marine ecosystems,
as it ultimately determines the level of food supply to the benthos. In polar waters, sea-ice cover strongly
influences the strength of pelago-benthic coupling. Leu et al. (2011) suggested that the timing of primary
production is probably the single most essential factor deciding the recruitment success or failure in
pelagic secondary producers, and hence, the efficiency of transfer of biomass and energy to higher trophic
levels. However, the quantity and quality of the algal food available, together with seawater temperature,
have also been shown to be crucial for optimal reproduction and development.

The potential for sea ice to recede with climate change highlights the need to develop a predictive
understanding of how Arctic marine ecosystems will evolve with changes in sea ice distribution and
thickness (Clarke & Harris, 2003; Smetacek & Nicol, 2005). This requires a good understanding of
ecosystem structure and functioning and how it relates to environmental drivers.

Even given the proposed resilience and adaptability of Arctic systems in general (Dayton, 1990), a
climate change being so drastic that it results in a shift from a "cold/abundant ice" to a "warm/limited ice"
mode will probably have profound ecological consequences propagating through all trophic levels, as sea-
ice dynamics is the prime physical factor driving marine Arctic biology from cellular physiology and
biochemistry to food web and habitat structure. In general, there would be a shift in the relative
importance of sea-ice, pelagic and benthic biota in the overall carbon flux from *sea-ice algae-
benthos™ to ""phytoplankton-zooplankton® dominance (Carroll & Carroll, 2003). It is also hypothesized
that in shallow areas, microphytobenthos production will be enhanced. Yet, it remains unclear how key
pelagic and benthic organisms will respond to those changes in food sources (phytoplankton, sea ice
algae and microphytobenthos) and environmental conditions (Figure 1).
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Figure 1: Schematic illustration of the seasonal timing of the three primary food sources in an Arctic ecosystem.



Seafloor communities are ideal to examine the changes in the environmental responses of
marine ecosystems to climatic forcing. Many benthic organisms are long-lived, and sessile, therefore
they must experience and endure changes in the biotic and abiotic conditions of the overlying waters
through time.

Many studies on Arctic benthic communities have proven their sensitivity to environmental changes
over decadal scales (Grebmeier et al., 2006; Renaud et al., 2008; Wassmann, 2011; Weslawski et al.,
2011). While these studies provide insight into the long-term changes taking place in the benthos in
response to different overriding physical conditions, most lack a strong temporal component, i.e. their
data is from sampling in discreet and widely separated points in time. Thus, while studies can provide
evidence of an effect, they cannot elucidate the mechanisms by which these changes take place (Carroll et
al., 2011a). In the present era of changing climate in the Arctic, it is essential to understand not only
the composition of benthic communities, but also how they are linked to environmental processes if we
hope to be able to anticipate the potential responses of these systems to climate change (Carroll et al.,
2011b).

Bivalves dominate the benthic biomass of many Arctic shelves (Gulliksen et al., 1985; Dayton,
1990). These organisms form their external calcium carbonate skeleton periodically, controlled by the
organism and function of environmental conditions. It leads to the formation of growth lines that can be
used as chronological landmarks (sclerochronology). High latitude bivalves have life spans of decades
(Ambrose et al., 2006; Sejr & Christensen, 2007; Carroll et al., 2009, 2011a) to centuries (Schone et al.,
2005, 2011a; Witbaard et al., 1999; Wanamaker et al., 2011). Deciphering environmental proxies
incorporated within biogenic archives during their growth thus provide records of environmental
conditions over decades to centuries, which is critical to understand the response of Arctic benthic
communities to climate change given the paucity, in this region, of long-term data on community
structure and dynamics. The studies cited above produced intriguing results suggesting that inter-annual
variations in bivalve shell growth indeed reflects variability in local ecological conditions, with potential
for retrospectively examining ecologically relevant effects of climatic variations over decades to even
thousands of years. The important link between climate and ecosystem processes suggested by clam
growth patterns however depends on uninvestigated direct links between growth and simultaneously
collected environmental data (Ambrose et al., 2012). The approach used till now to address these
questions focused on two species in the Svalbard Archipelago (Serripes groenlandicus and Clinocardium
ciliatum) and consisted in looking at the inter-annual variations in shell growth to explore the relationship
between benthic communities and environmental variations associated with decadal climate oscillations
in the Arctic as the Arctic Oscillation (AO) and the Arctic Climate Regime Index (ACRI) (Ambrose et
al., 2006, 2012; Carroll et al., 2009, 2011a, 2011b). The last conclusions in Ambrose et al. (2012) called
for the need: i) to understand the factors affecting growth in bivalves and what they may tell us about
the influence of climate change on benthic communities in general, ii) to determine the relative
importance of biotic and abiotic factors on the bivalves' growth and iii) to understand taxon-specific
responses to environmental variables before bivalves can be used to their full potential as bioarchives
for high-latitude environmental conditions.

Pectinidae, a bivalve family, are good candidates to address these questions. Most of them form
annual rings (time stamp) and many species even produce daily rings, thus providing an excellent high-
resolution calendar landmark. For instance, Pecten maximus shells are already used as "environmental
bioarchives" in the Observatory of the European Institute for Marine Studies (IUEM; see the website for
more details on the EVECOS series: http://www-iuem.univ-brest.fr/observatoire/evecos.php). This time-
series is completed with the "St Jacquothéque" archiving Pecten maximus shells coming from different
sites covering all the distribution range of the species (from North Africa to North of Norway), as well as
many other scallop species studied worldwide by our research group. In the Arctic, the same
methodologies and techniques will be applied on Chlamys islandica. In addition, to include a long-lived
species in this study is important to be able to look at the long term trend of the Arctic ecosystem.
Preliminary results by our group (collaboration between UQAR, MNHN and LEMAR) have shown that
bivalves from the Astartidae family can be good candidates. They are present all around the Arctic Ocean
and live in the sediment from the coastline to 2000 meter depth (Saleuddin, 1965).



In this context, based on our well-established experience on the use of bivalves as biological
archives (Chauvaud et al., 1998, 2005, 2011, 2012; Lorrain et al., 2004, 2005; Thébault et al., 2006,
2007, 2008, 2009a, 2009b; Poulain et al., 2010, 2011; Thébault & Chauvaud, 2012; Royer et al., 2012;),
we propose to develop a coupled approach of sclerochronology - sclerochemistry and physiology
methods in order to establish the link between biotic and abiotic factors and the bivalves' growth at the
pan-Arctic scale using two bivalves species: the Iceland scallop Chlamys islandica and the Astarte
spp. (Table 1). Using this couple of species will enable us to work at different time scales: from daily to
annual scale for Chlamys islandica and from seasonal to decadal scale for Astarte spp.

Table 1: Characteristics of the two selected species

Chlamys islandica Astarte spp.
Parameters
Life time Couple of decades (Max. 27 years) Up to a century
Trophic strategy Suspension-feeder Suspension-feeder
. Sex separated (dioecious) Hermaphroditic
Life cycle . .
Pelagic larvae Holobenthic life-cycle
Distribution Widespread boreal-arctic Widespread boreal-arctic
Habitat Epifaunal on sedimeqt or attached to rocks Infaunal in silty sediment
From coastline to 250 m From coastline to 2000 m

The main objective of this project is to depict the environmental signal within the shells of these
two bivalves' species. The signal incorporated in the shell results, indeed, partly from the environment but
also from metabolism. A phase of calibration is necessary to uncouple these two signals. The different
issues addressed in this project will be investigated at different geographic scales, from the fjord to a pan-
Arctic view.

Objective and expected results:

B.B. polar proposes to apply the methods of describing the recent past environment in order to obtain:

1. A calibration and validation of the environmental descriptors of the sites already instrumented
(Kongsfjorden and Rijpfjorden in Svalbard)

2. A description of the environmental variations during the last decades coupling data on Chlamys
islandica and the long-lived species Astarte spp.

3. A description of the environmental variations at the Pan-Arctic scale by enhancing the
geographical area to non instrumented sites in the Greenland and Canadian Arctic.

Comparison of the same type of data obtained with the two bivalves' species sampled in different
Arctic regions will allow us bringing into light the biological responses (growth) and the environmental
variations (proxies) at the time scales at which the anthropogenic climate variations are expressed.

At the end of this project, we will have implemented tools to monitor environmental parameters of
the Arctic ecosystem at different time scales (from the daily to the decadal scales) by using two bivalves
species and at different spatial scales (from the single fjord to the pan-arctic view). We will also have
transferred the techniques and methodologies well-tried on species living in temperate regions (EVECOS
series of the Brest Observatory) to Arctic species. From this, we will get an image of the past evolution of
the Arctic marine ecosystems, corresponding to the recent period of climate variations caused by human
activities. In addition, beyond this project, we aim to be able to carry on the implemented observations on
a routine basis in order to be able to monitor the coming ecosystems evolution in the frame of an Arctic
Benthic Observatory. It will be part of the French national research strategy (“Chantier Arctique” driven
by INSU-CNRS on behalf of the French Research Ministry) and as such, integrated into the international
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effort for setting up a global Arctic Observatory (SAON - Sustaining Arctic Observing Network, initiated
by the Arctic Council in 2007).

Obj. 1: Proxies’ calibration and validation on Chlamys islandica
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Figure 2: Schematic illustration of the project's objectives

Methodology:

To be able to calibrate the environmental proxies contained in the archived carbonates, the
following steps are needed:

1. Calcein marking of Chlamys islandica and A'*C analysis in the shell of Astarte spp. to calibrate
the rhythm of growth lines formation;
Measurements of the metabolism:

2. Calcification measurements to understand the archiving periods of the environmental signals;

3. 3"°C measurements of the carbon breathed by the organisms to quantify the part of the metabolic
carbon incorporated in the carbonates;

4. Measurements of the filtration rate to calculate the amount of food ingested by the organisms;

5. Determination of the food sources assimilated by the organisms to be able to know which signal
is recorded in the calcite of the scallop in term of primary production;

6. Measurements of the energetic costs of the swimming activity of Chlamys islandica free-living
on the sediment.

The sclerochemical analyses will be performed on shell carbonate samples of the two selected
species. Different chemical elements and stable isotopes will be measured and compared to the measured
environmental parameters to depict different suitable proxies of the Arctic environment (see Table 2).
These relevant proxies will then be applied to describe the non instrumented sites.



Table 2: Review of proxies used in bivalves' shell

Parameter Proxy for References
Metabolism Chauvaud et al., 2011
8"C Primary production Schone et al., 2011a
Salinity Gillikin et al., 2006a
50 Temperature Chauva}ud etal., 2005
Salinity Sampei et al., 2005
Takesue & Van Geen, 2004
Mg/Ca Temperature Schéne et al., 2011b
St/Ca Growth Lorrain et al., 2005
Temperature Schone et al., 2011b
Ba/Ca Phytqplankton biomass Thébaplt et al., 2009a
Salinity Gillikin et al., 2006b
Li/Ca Phytoplankton biomass Thébault & Chauvaud, 2012
Growth Thébault et al., 2009b
Mo/Ca Phytoplankton dynamics Thébault et al., 2009a

Positioning of the project compared to other programs in France, Europe or worldwide:

With rising concerns about environmental changes over the last decades, important
multidisciplinary programs have taken place worldwide, improving knowledge on polar marine
ecosystems. The focus on polar environment is becoming more and more important due to the fact that in
polar oceans, temperatures are changing more than twice faster than the global average.

Traditionally, the study of the Arctic Ocean has mainly been carried out by countries surrounding
the Arctic Ocean, i.e. Canada, USA, Norway, Denmark and Russia. However, since climate change is felt
first and foremost in the Arctic, growing concerns for Arctic ecosystems and native populations living
there have brought other countries to join these research efforts. The willingness of the European Union
to get more involved in Arctic activities was recently reinforced by asking to be part of the Arctic
Council.

The willingness of the European Union to get more involved in Arctic activities was recently
reinforced by asking to be part of the Arctic Council. The EU recently funded, under FP7, a new project
for studying the opportunity of an integrated observatory in Svalbard (SIOS, Svalbard Integrated Arctic
Earth Observing System). As an ESFRI project, SIOS is a preparatory phase. Yet, contacts have been
made so the future Arctic Benthic Observatory we aim to establish at the end of this project could be part
of this initiative.

Even before the directives given by the EU for being involved in Arctic research, France has
expressed its concern about the Arctic Regions through different reports since 2008. In particular, a
mission letter was addressed in 2009, in order to request CNRS to integrate the SAON initiative and to
define the conditions of this insertion. France, which carries out important polar research activities in
Antarctica, has recently extended its polar marine ecosystem research efforts in the Arctic, with projects
such as MALINA (Beaufort Sea), DAMOCLES or the Tara Expedition (Barents Sea). CNRS has
strengthened collaborations with Canadian researchers (University of Laval in Québec), experts in Arctic
research, by creating an international combined research unit (UMI — Unité Mixte Internationale).

Therefore, the B.B. Polar project aims to be part of these French and international efforts. Indeed, it
is built on the knowledge obtained by its participants on Arctic ecosystem functioning during various
Arctic programs (Life in a Changing Ocean’, Circumpolar Monitoring Biodiversity program’,
ARCTICNET?, HERMES Program’, Pré-APOLOBIS and ANR ECOTAB).

2 http://lifeinachangingocean.org/

’ CAFF, Conservation of Arctic Flora and Fauna, http://www.arctic council.org/index.php/en/biodiversity/cbmp

* http://www.arcticnet.ulaval.ca/index-fr.php

® The Kongsfjord - HAUSGARTEN - transect case study: Impact of climate change on Arctic marine community structures
and food webs




Duration and planning:

Schedule

2013 (Year 1 2014 (Year 2 2015 (Year 3)
JIFIM[AIM|J|J|A[S|O|N|D|J|FM/AM|J|J|A[S|O|N|D[J|FM|AM|J|J|A|S|O|N|D

Preparation field work
Field work

Growth rings analyses
Sclerochemistry
Ecophysiological analysis
Tissue analysis
Coupling data analysis
Postdoctoral contract
Meetings

Publication writting
Magnum diffusion

Other partners involved:

Laurent CHAUVAUD, director of the Marine Observatory of the European Institute for Marine
Studies and Research director CNRS at the LEMAR, is leader of the project in tight collaboration with
other members of the LEMAR, national and international partners.

- Laboratoire des Sciences de 'Environnement Marin (LEMAR - UMR6539, France): Julien Thébault,
Jacques Clavier, Joé€lle Richard, Aurélie Jolivet, Christine David-Beausire and Erwan Amice.

- Biologie de Organismes et Ecosystéemes Aquatiques (BOREA - UMR7208, France): Frédéric Olivier
and Tarik Meziane

- Institut des Sciences de la Mer de Rimouski (ISMER/UQAR, Canada): R¢jean Tremblay, Philippe
Archambault, Gesche Winkler and Blandine Gaillard.

- Canadian Museum of Nature (CMN, Canada): André Martel

- Bates College (University, USA): William Ambrose

- Greenland Institute of Natural Resources (GINR, Greenland): Seren Rysgaard and Martin Blicher

- Akvaplan-niva, Polar Environmental Centre (PEC, Norway): Michael Carroll

- Institute of Marine Research (IMR, Norway): @ivind Strand and Tore Strohmeier

- Agence MAGNUM PHOTOS (France): Jean Gaumy and Sandrine Paumelle

LEMAR|BOREA|ISMER/UQAR|CMN |Bates College | GINR|IMR|{PEC| MAGNUM

Bivalves sampling
(Svalbard)

Bivalves sampling
(Canada and Greenland)

Sclerochronology

Sclerochemistry

Biological analysis
Ecophysiological
analysis

Artistic production

Other LEMAR researchers or partners are not directly involved in this project but will contribute to
the acquisition of environmental parameters and to bivalves sampling in their own projects:
- Nathalie Morata (LEMAR): ANR ECOTAB (2011-2014)
- Frédéric Vivier (LOCEAN - UPMC Paris): ANR OPTIMISM (2009-2012), Ice-Dyn (IPEV)
- Haakon Hop (University of Tromsg)
- University of Svalbard



Outreach and communication associated with the project / results:

In our point of view, it is important to bring closer art and sciences as it was the case in the
beginning of the 20™ century because they nourish reciprocal influences. We propose to the TOTAL
Foundation a scientific project about information recorded in the marine invertebrates linked together
with an artistic project. The research in ecology will serve the visual and plastic design.

Aren't artistic creativity and scientific discovery proceeded with the same rigor? Aren't they
enrolled in a similar objective which leads everyone to go beyond knowledge and past achievements?
Around these issues, we will look forward for transgressing the limits of each discipline to question both
scientists and artists in a strong societal context. It is around the climate change issues, so visible in the
Artic, that scientists and artists involved in the B.B Polar project will pursue their contrasting objectives:
artists search and discover in order to create, whereas scientists in their researches make assumptions,
infer scenarios, and test them in order to achieve a new discovery or a new paradigm... unless fate
sometimes becomes the unexpected companion of creation?

Two artists are involved in the project’. Jean Gaumy, photographer from MAGNUM Photos
Agency, will conduct a photographic mission project and also a project of art-house film. Sandrine
Paumelle, visual artist, will reconstruct her art studio on site in order to perform her plastic creations and
installation around the concept of "safe haven".

Thus, the images made by the B.B. Polar scientific group during their dives under the ice, will be
brought face to face with images made by the artists. This transdisciplinary approach will mutually grow
richer from the daily cohabitation between artists and scientists and from their own way of understanding
research and creation. This exciting human laboratory will permit to "share and strengthen expertise to
broaden collective knowledge" which is one of the objectives supported by the TOTAL Foundation. We
thus plan to implement it in the frame of this project, which covers two fields of activities supported by
the TOTAL Foundation: marine biodiversity and contemporary creation.

The IUEM-LEMAR already owns underwater camera equipments. Erwan Amice, SCUBA diver at
LEMAR and member of B.B. Polar, has been many times awarded for the great quality of his underwater
pictures, including pictures made in the Arctic and in the Antarctic. The pictures made during B.B. Polar
will be available online on the CNRS website via the CNRS image database (http://phototheque.cnrs.ft/).

The approached partners for the exhibitions are: Musée des Confluences, Lyon, France; Musée des
arts et métiers, Paris, France; Plateau des Capucins, Brest, France; Perpektivet Museum, Tromsg,
Norway; Musée d’art contemporain de Montréal, Canada.

B.B. Polar members commit to make themselves available to the media for communicating on the
project, to write scientific papers and also popular papers to sensitize the public, by this original action, to
the protection of the environment.

Detailed global budget:

INSU INSU IPEV TOTAL Foundation Global budget
SCLERARCTIC|SCALA-LEFE|SCALA-IPEV| B.B.POLAR Percentage

Equipment 6 000 € 35000 € 4000 € 23 600 € 34 68 600 €
Analysis 24 885 € 28 065 € 60 000 € 53 112950 €
Missions 29 400 € 7940 € 45 040 € 90 000 € 52 172 380 €
Salary 3000 € 62 000 € 95 65 000 €
Publications fees 3000 € 0 3000 €

Artistic production 60 000 € 100 60 000 €
Global budget 60 285 € 77 005 € 49 040 € 295 600 € 61 481930 €

Percentage and budget required from the Foundation:

The budget required from the TOTAL Foundation is 295 600€ which corresponds to 61%b of the
global budget of the project (see Table above for details).

6 http://www.luem.univ-brest.fr/observatoire/observation-cotiere/faune-flore/coquilles-st-jacques/
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