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Abstract

Climatological studies over the last few decades have shown a rise in the temperatures usually
measured in water and air, and by a rise in sea level. In this context, it appears crucial to assess the
acclimatization capacities of intertidal species to local climatic conditions, and in particular to the
large amplitude thermal variations they encounter between periods of immersion and exoneration.
Indeed, the nature of the habitat and the foreshore height of intertidal species will determine the
amplitude of the temperatures they experience when they emerge. However, populations living at
their maximum thermal tolerance limit may be more vulnerable to climate change.
The main objective of this thesis project is to study the life traits and acclimatization capacities of an
intertidal bivalve mollusc as a function of altitude and latitude. This study focuses on the cupped
oyster Crassostrea gigas. More specifically, the objectives are i) to analyze in situ with endogenous
electronic sensors how the body temperature of this species varies according to the habitat, the
origin of the individuals (wild vs. farmed animals), the shoreline exposure and the hydro-climatic
conditions, ii) to characterize the physiological mechanisms of acclimatization (synthesis of heat
shock proteins, homeoviscous adaptation of cell membranes, metabolic depression for example) in
this species in relation to temporal variations in body temperature, iii) to use mechanistic modelling,
from the endogenous data collected, to investigate the allocation to the different physiological
functions during emergence conditions, according to bathymetric gradients.
This work will be usefull to analyze the mechanisms of thermal tolerance of this bivalve mollusc
during the phases of shoreline exposure, and the consequences of endogenous temperature change
on its physiological and anatomical characteristics. The evaluation of the plasticity of individuals
under these conditions will be a fundamental prerequisite for making predictions on the oyster's
distribution ranges in the context of climate change, and on its ability to colonize the northern
European coasts.

Scientific background, objectives and interests
Scientific and technological context
Marine coastal areas are particularly exposed to the increasing impact of global change with
many episodes during which several biotic and abiotic parameters change suddenly and strongly (IPCC,
2014). Organisms living in these coastal areas need to acclimatize to these changing environments
while optimizing their physiological performance in terms of fitness and energy metabolism (Parker et
al., 2017). Understanding individual adaptive responses in terms of physiological (reproduction,
growth, survival, i.e. Hamdoun et al., 2003) or anatomical (shell size, colour or thickness; Zardi et al.,
2016) traits and integrating their consequences at the population scale is necessary to try to predict
the evolution of these species in response to global changes (Denny et al., 2011; Tomanek 2012, Chui
et al., 2017).
In this context, we propose to study the dynamics and amplitude of variations in body
temperature of an intertidal organism, the cupped oyster Crassostrea gigas, subjected to strong
thermal variations in relation to its exoneration time defined by its position on the foreshore and its
mode of rearing (in bags or naturally fixed on the rock), and according to a latitudinal gradient. This
bivalve mollusc develops exclusively on the foreshore, a tidal zone, and is therefore regularly subjected
to strong variations in temperature, salinity, solar irradiation and oxygen (Chapman et al., 2011). Its
distribution on the foreshore can vary: oysters are either fixed on rocks for wild banks or reared on
longlines, pearl nets, on the ground or in bags on the foreshore or in deep water. Depending on its
position on the foreshore, the oyster (farmed or natural) will be exposed to very different water or air
temperatures in its immediate environment, and to very different periods of exposure. The
temperature experienced by the oyster's organs will therefore vary considerably depending on the
animal's microenvironment. When oysters are immersed, it is already well known that the
temperature of the seawater will directly influence the metabolism of the hollow oyster, blocking viral

infection processes (Delisle et al.,2018) and increase survival rates in the face of deaths related to
OsHV-1 virus (Pernet et al. 2012, Petton et al. 2013, Pernet et al., 2015, Renault et al., 2014) or bacteria
of the genus Vibrio (Le Roux et al., 2016, Petton et al., 2015). However, during exoneration, there is
very little data on temperatures directly measured in live oysters and their influence on energy
metabolism and survival against pathogens. Recent studies have shown, through the use of "robots"
recording environmental conditions close to the mussels during a complete tidal cycle, that laboratory
experiments had largely underestimated the thermal tolerance and heart rates reached by these
individuals in situ in response to variations in water temperature (Tagliarolo & McQuaid, 2016).
Similarly, temperature measurements recorded within empty shells of Crassostrea virginica oysters
deployed in the field during tidal cycles provided initial information on temperatures naturally
encountered in the animal (Malek, J. C., 2010). However, these measurements are not real and do not
take into account the internal regulations implemented by the living animal, such as valve spacings,
which would influence the dynamics of its endogenous temperature (Fitzhenry et al., 2003). The
interest of our thesis project is to follow, for the first time, the dynamics of the real endogenous
temperature directly in the living animal in situ (bio-logging) as a function of altitude and latitude, in
order to model the impact of endogenous temperature changes on the physiological performances of
animals as a function of its bathymetric level.
Indeed, the relationships between endogenous temperature variations in the hollow oyster
during exoneration and its physiological performance (survival, reproduction and growth) are still
largely unknown today. More precisely, the oyster's thermal tolerance thresholds, its acclimatization
capacities to local temperatures varying with the rhythm of the tides, and the direct impacts of these
variations on physiological performance and on morpho-anatomical characteristics need to be studied
in greater depth. Increasing our knowledge of the oyster's thermal tolerance thresholds and its
capacity to adapt to the actual maximum temperature encountered during exoneration remains
fundamental in order to make long-term predictions on oyster distribution ranges according to the
different proposed climate change scenarios (Susarellu et al., 2013, Thomas et al., 2015). This
knowledge will also make it possible to estimate the oyster's ability to survive in a context of global
warming, knowing that populations living at their maximum thermal tolerance limit could be more
vulnerable to climate change (Scanes et al., 2017).
This thesis topic is based on the technological development of endogenous (miniaturized and
autonomous) electronic temperature sensors, the BODY sensors, developed for the first time for a
sessile intertidal species (bio-logging). The BODY project, funded by LabexMER in 2018 on the
"Emergence" theme, has enabled the development of BODY sensors that can be integrated into the
oyster in situ. These sensors will make it possible to acquire data on the body temperature of the oyster
in its natural environment during the seasons and over several years (one data per minute or in
mesocosms simulating natural tides). This technological breakthrough will make it possible to acquire
a unique set of data on variations in the internal temperature of the hollow oyster, according to
different growth modes (cultivated versus wild) and positioning on the coastal strip, or according to
different factors controlled in mesocosms. Professor Brian Helmuth of the Marine Science Center
(Northeastern University), co-leader of the BODY LabexMER project, will be the subject of a dossier for
visiting professor in 2021 as an international expert on this topic. We have also obtained his agreement
for the future student to be hosted in his laboratory within the framework of international exchanges.

Originality and innovation
The originality of the subject is to characterize the link between the thermal adaptation of the
oyster to in situ shoreline exposure in terms of physiological mechanisms (reproduction, growth,
survival) and "original" morpho-anatomical characteristics of the oyster, such as shell thickness and
colour, or the size of the palps, which varies according to the turbidity of the environment (Dutertre
et al., 2009). To date, there are few studies that have coupled approaches to variations in physiological
and anatomical characteristics. This thesis topic is based on the mastery and integration of a wide
range of methodological approaches (endogenous temperature monitoring, eco-physiological and
behavioral performances, morpho-anatomical characteristics, modelling) through in situ and
controlled environment studies.
The innovative nature of the subject also results from the use of autonomous and miniaturised
endogenous BODY sensors developed at Ifremer which will make it possible to obtain unique data sets
on the real endogenous thermal variations of the oyster during exoneration in its natural environment
over time (according to the seasons), in space (according to the bathymetric position), and according
to a latitudinal gradient. Today, there are no data on the endogenous temperature of the oyster, and
there is currently very little physiological data on the cupped oyster Crassostrea gigas in relation to
heat stress events during emergence (respiration, heart rate, metabolism) (Scanes et al., 2017). The
role of microclimatic acclimatization in defining thermal tolerance limits has recently been studied on
other species of major ecological and economic interest, such as the mussel Mytilus californianus
(Helmuth, 1998; Helmuth and Hofmann, 2001; Helmuth et al. 2002, 2016; Denny et al, 2011), the Perna
perna mussel (Tagliarolo & McQuaid, 2016), the limpet Patella vulgata (Chapperon et al., 2016) or
more recently the Australian oyster Saccostrea glomerata (Parker et al., 2017). Professor Helmuth's
work indicates that today, intertidal species appear to be distributed around the world at their extreme
limit of thermal tolerance (Helmuth et al., 2016). He thus demonstrates that climate change could
induce strong impacts in certain parts of the globe where intertidal species would exceed their thermal
tolerance. It will therefore be interesting to study where the hollow oyster is located in this climate
change context.
Methodological approaches
In this scientific and technological context, the first objective of the thesis will be to analyse
how the oyster's body temperature varies in the natural environment according to altitude and
latitude. The aim will be to measure the internal temperature variations reached by oysters according
to a bathymetric gradient (upper, middle, lower foreshore), which will vary the times of exondation
and immersion, as well as on different sites scattered along the Atlantic coast. Variations in the body
temperature of the animals will be measured in situ, using endogenous BODY sensors, in parallel with
meteorological conditions close to the animals likely to influence these variations, such as air
temperature (exondation), water temperature (immersion), sunshine, humidity, wind, rainfall or tidal
rhythm (day and night). The analysis of these data will make it possible to estimate the extent to which
altitude and latitude influence the internal temperature of the animal and will give the high and low
limits of the endogenous temperatures naturally encountered by the animal in its environment,
according to its lifestyle.
Most of this data will be acquired within the framework of the ECOSCOPA project. The thesis will
indeed be able to rely on the different workshop sites of this national observatory. Foreshore
experiments could thus be conducted on 4 contrasting sites: in Normandy, in the Brest bay, in Pays de
Loire and in the Arcachon basin, in order to study 4 contrasting ecosystems of the Atlantic coast.
The second objective of the thesis will be to evaluate, with samples taken simultaneously from
the animals during in situ monitoring, the physiological mechanisms of acclimatization in this species
in relation to temporal variations in body temperature. To this end, different physiological descriptors

such as growth rate, gonadal development, and survival rate will be measured in parallel with
physiological measurements (i.e. heat shock protein synthesis, homeoviscous adaptation of cell
membranes, metabolic depression) and certain morpho-anatomical characteristics (i.e. colour, shell
thickness, size of palps).
The third objective will be to participate, using the internal and external temperature data
collected, in the development of eco-physiological DEB models with the laboratory's modellers
researchers. The allocation to different physiological functions according to altitude and latitude will
be analyzed. This work will make it possible to determine the conditions (position on the foreshore,
tidal range, weather) conducive to obtaining the best physiological performance of the oyster in its
environment, and more specifically the optimal position on the foreshore for the best
growth/survival/reproduction ratio. Finally, in the long term, this modelling work should make it
possible to test, according to the different scenarios of global warming, whether the distribution of
wild beds is likely to change, and to estimate the adaptation capacities required by the oyster to
compensate for the effects of climate change.
Expected results and valorisation
i) Development of a methodology to measure the extent of the thermal variations of the cupped
oyster in situ ;
ii) Obtaining a unique data set on the internal temperature variations of the cupped oyster,
according to different growth modes (cultivated versus wild) and positioning on the coastal strip;
iii) Examine the variation of inter-individual variability by altitude, latitude and habitat;
iv) Develop a single set of data on the internal temperature variations of the cupped oyster,
according to different rearing modes (cultured versus wild) and positioning on the coastal strip;
v) Examine the extent of inter-individual variability linked to altitude, latitude and habitat.
iv) To characterize the physiological mechanisms of acclimatization in this species in relation to
temporal variations in body temperature,
(v) Participate in the modelling, based on the endogenous data collected, of the allocation to the
different physiological functions according to the factors studied.

Partnerships
External collaborations:
- Pr. Brian Helmuth, Department of Marine and Environmental Sciences and School of Public Policy
and Urban Affairs, Northeastern University, Boston, USA.
Internal collaborations:
LEMAR IRD
ODE/UL
DYNECO/LEBCO
REM/RDT

Bibliography
Chapman, R. W., Mancia, A., Beal, M., Veloso, A., Rathburn, C., Blair, A., Holland, A.F., Warr G.W., Didinato, G.
Sokolova I.M & Wirth, E. F. (2011). The transcriptomic responses of the eastern oyster, Crassostrea virginica, to
environmental conditions. Molecular Ecology, 20(7), 1431-1449.
Chapperon, C., Volkenborn, N., Clavier, J., Séité, S., Seabra, R., & Lima, F. P. (2016). Exposure to solar radiation
drives organismal vulnerability to climate: Evidence from an intertidal limpet. Journal of thermal biology, 57,
92-100.
Chui, A. P. Y., & Ang Jr, P. (2017). High tolerance to temperature and salinity change should enable scleractinian
coral Platygyra acuta from marginal environments to persist under future climate change. PloS one, 12(6),
e0179423.
Clarke, A. P., Mill, P. J., & Grahame, J. (2000). The nature of heat coma in Littorina littorea (Mollusca:
Gastropoda). Marine Biology, 137(3), 447-451.
Delisle, L., Petton, B., Burguin, J. F., Morga, B., Corporeau, C., & Pernet, F. (2018). Temperature modulate
disease susceptibility of the Pacific oyster Crassostrea gigas and virulence of the Ostreid herpesvirus type 1.
Fish & shellfish immunology, 80, 71-79.
Denny, M. W., Dowd, W. W., Bilir, L., & Mach, K. J. (2011). Spreading the risk: small-scale body temperature
variation among intertidal organisms and its implications for species persistence. Journal of Experimental
Marine Biology and Ecology, 400(1), 175-190.
Dutertre, M., Barillé, L., Beninger, P. G., Rosa, P., & Gruet, Y. (2009). Variations in the pallial organ sizes of the
invasive oyster, Crassostrea gigas, along an extreme turbidity gradient. Estuarine, Coastal and Shelf Science,
85(3), 431-436.
Evans, R. G. (1948). The lethal temperatures of some common British littoral molluscs. The Journal of Animal
Ecology, 165-173.
Fitzhenry, T., Halpin, P. M., & Helmuth, B. (2004). Testing the effects of wave exposure, site, and behavior on
intertidal mussel body temperatures: applications and limits of temperature logger design. Marine Biology,
145(2), 339-349.
Green, T. J., Vergnes, A., Montagnani, C., & Lorgeril, J. (2016). Distinct immune responses of juvenile and adult
oysters (Crassostrea gigas) to viral and bacterial infections. Veterinary research, 47(1), 72.
Hamdoun, A. M., Cheney, D. P., & Cherr, G. N. (2003). Phenotypic plasticity of HSP70 and HSP70 gene
expression in the Pacific oyster (Crassostrea gigas): implications for thermal limits and induction of thermal
tolerance. The Biological Bulletin, 205(2), 160-169.
Helmuth, B. S. (1998). Intertidal mussel microclimates: predicting the body temperature of a sessile
invertebrate. Ecological Monographs, 68(1), 51-74.
Helmuth, B. S., & Hofmann, G. E. (2001). Microhabitats, thermal heterogeneity, and patterns of physiological
stress in the rocky intertidal zone. The Biological Bulletin, 201(3), 374-384.
Helmuth, B., Harley, C. D., Halpin, P. M., O'donnell, M., Hofmann, G. E., & Blanchette, C. A. (2002). Climate
change and latitudinal patterns of intertidal thermal stress. Science, 298(5595), 1015-1017.
Helmuth, B., Choi, F., Matzelle, A., Torossian, J. L., Morello, S. L., Mislan, K. A. S., ... & Tockstein, A. (2016). Longterm, high frequency in situ measurements of intertidal mussel bed temperatures using biomimetic sensors.
Scientific data, 3, 160087.

IPCC, 2014: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Summaries, Frequently Asked
Questions, and Cross-Chapter Boxes. A Contribution of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken,P.R.
Mastrandrea, and L.L. White (eds.)]. World Meteorological Organization, Geneva, Switzerland, 190 pp.
Le Moullac, G., Bacca, H., Huvet, A., Moal, J., Pouvreau, S., & Van Wormhoudt, A. (2007). Transcriptional
regulation of pyruvate kinase and phosphoenolpyruvate carboxykinase in the adductor muscle of the oyster
Crassostrea gigas during prolonged hypoxia. Journal of Experimental Zoology Part A: Ecological Genetics and
Physiology, 307(7), 371-382.
Le Roux, F., Wegner, K. M., & Polz, M. F. (2016). Oysters and vibrios as a model for disease dynamics in wild
animals. Trends in microbiology, 24(7), 568-580.
Malek, J. C. (2010). The effects of intertidal exposure on disease, mortality, and growth of the eastern oyster,
Crassostrea virginica (Master thesis). University of Maryland, College Park, Maryland, U.S.A. Retrieved from
http://drum.lib.umd.edu/handle/1903/11105
Parker, L. M., Scanes, E., O'Connor, W. A., Coleman, R. A., Byrne, M., Pörtner, H. O., & Ross, P. M. (2017). Ocean
acidification narrows the acute thermal and salinity tolerance of the Sydney rock oyster Saccostrea glomerata.
Marine Pollution Bulletin, 122(1-2), 263-271.
Pernet, F., Tremblay, R., Redjah, I., Sévigny, J. M., & Gionet, C. (2008). Physiological and biochemical traits
correlate with differences in growth rate and temperature adaptation among groups of the eastern oyster
Crassostrea virginica. Journal of Experimental Biology, 211(6), 969-977.
Pernet, F., Barret, J., Le Gall, P., Corporeau, C., Degremont, L., Lagarde, F., Pepin J.F., & Keck, N. (2012). Mass
mortalities of Pacific oysters Crassostrea gigas reflect infectious diseases and vary with farming practices in the
Mediterranean Thau lagoon, France. Aquaculture Environment Interactions, 2(3), 215-237.
Pernet, F., Tamayo, D., & Petton, B. (2015). Influence of low temperatures on the survival of the Pacific oyster
(Crassostrea gigas) infected with ostreid herpes virus type 1. Aquaculture, 445, 57-62.
Petton, B., Pernet, F., Robert, R., & Boudry, P. (2013). Temperature influence on pathogen transmission and
subsequent mortalities in juvenile Pacific oysters Crassostrea gigas. Aquaculture environment interactions, 3,
257-273.
Petton, B., Bruto, M., James, A., Labreuche, Y., Alunno-Bruscia, M., & Le Roux, F. (2015). Crassostrea gigas
mortality in France: the usual suspect, a herpes virus, may not be the killer in this polymicrobial opportunistic
disease. Frontiers in microbiology, 6.
Renault, T., Bouquet, A. L., Maurice, J. T., Lupo, C., & Blachier, P. (2014). Ostreid herpesvirus 1 infection among
Pacific oyster (Crassostrea gigas) spat: relevance of water temperature to virus replication and circulation prior
to the onset of mortality. Applied and environmental microbiology, 80(17), 5419-5426.
Scanes, E., Parker, L. M., O'Connor, W. A., Stapp, L. S., & Ross, P. M. (2017). Intertidal oysters reach their
physiological limit in a future high-CO 2 world. Journal of Experimental Biology, 220(5), 765-774.
Stillman, J., & Somero, G. (1996). Adaptation to temperature stress and aerial exposure in congeneric species of
intertidal porcelain crabs (genus Petrolisthes): correlation of physiology, biochemistry and morphology with
vertical distribution. Journal of Experimental Biology, 199(8), 1845-1855.
Sussarellu, R., Huvet, A., Lapègue, S., Quillen, V., Lelong, C., Cornette, F., ... & Boudry, P. (2015). Additive
transcriptomic variation associated with reproductive traits suggest local adaptation in a recently settled
population of the Pacific oyster, Crassostrea gigas. Bmc Genomics, 16(1), 808.

Tagliarolo, M., & McQuaid, C. D. (2016). Field measurements indicate unexpected, serious underestimation of
mussel heart rates and thermal tolerance by laboratory studies. PloS one, 11(2), e0146341.
Thomas, Y., Pouvreau, S., Alunno-Bruscia, M., Barillé, L., Gohin, F., Bryère, P., & Gernez, P. (2016). Global
change and climate-driven invasion of the Pacific oyster (Crassostrea gigas) along European coasts: a
bioenergetics modelling approach. Journal of biogeography, 43(3), 568-579.
Tomanek, L. (2012). Environmental proteomics of the mussel Mytilus: implications for tolerance to stress and
change in limits of biogeographic ranges in response to climate change.
Zardi, G. I., Nicastro, K. R., McQuaid, C. D., Ng, T. P. T., Lathlean, J., & Seuront, L. (2016). Enemies with benefits:
parasitic endoliths protect mussels against heat stress. Scientific reports, 6.

