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Chapter 1

Introduction

1.1 Linkage between environment and organisms

The relationship between environmental conditions and life history have in-
trigued biologists for centuries. Individuals can presentstrong di�erences in
the variability of life-history traits, which can be attrib uted either to external
factors, such as the environment they are living in, or to internal factors, i.e.
their genetic background. It is, in fact, a combination of the two, interacting to
produce a phenotype, which determines the observed life traits patterns. Phe-
notype is, thus, the result of a dynamic equilibrium between environmental
and intrinsic forcing.

The study of life history traits along environmental gradients has received
increased interest in the last decades (Angilletta et al., 2004). First, because
the description of biological patterns at a large geographical scale allows one
to deal with both ecological theories (through hypotheses explaining the in-
teraction between life traits and environmental parameters) and evolutionary
concepts (plasticity, adaptation, speciation), which should contribute to the
integration of our knowledge in these two disciplines (Peters, 1986). Further-
more we still �nd di�culties in explaining how environment c an drive the
physiology of organisms (Schmidt-Nielsen, 1997; Clarke, 2003). Except for
temperature which e�ect on metabolic rates is rather described and accepted
(Kooijman, 2010), part of the mystery remains in many other interactions:
the understanding of evolutionary temperature adaptation (Clarke, 2003), the
extremely extended lifespan of few species in bleak environments (Ropes and
Murawski, 1983), the body size and temperature relationship (Thiel et al.,
1996; Angilletta et al., 2004), light in�uence on biological cycles (Pittendrigh,
1993).

Latitudinal, bathymetric, and any other physico-chemical gradients may in-
duce physiological changes within species. The description and understanding
of physiological and metabolic processes leading to variable life-history traits
is crucial to better understanding inter-individual varia bility in the physiolog-
ical response of organisms to changing conditions. Severalterms are used to
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2 Chapter 1

describe the various levels of di�erentiation within species, ranging from phe-
notypic �exibility (reversible plasticity within individ uals; Piersma and Drent,
2003), phenotypic plasticity (capacity of a single genotype to exhibit variable
phenotypes in di�erent environments; Whitman and Agrawal, 2009), local in-
dividual adaptation (genetic mechanisms allowing an individual to overcome
an environmental constraint) to population adaptation (We st-Eberhard, 2003)
and speciation. These di�erent steps in adaptation are driven by natural se-
lection, in response to environmental conditions. The dynamic equilibrium
between biotic and abiotic factors of the environment and the physiological
response of individuals might be understood through intra-speci�c compar-
isons under di�erent conditions to establish the phenotypic range of responses
(Bayne et al., 1983; Calow, 1983).

In this context, the present work focuses on the environmental forcing on
life history of a species that lives in contrasting conditions: the great scallop,
Pecten maximus. The description of the energy �uxes within individuals is
used as a mean to investigate the complex linkages between the organism and
its surroundings. A particular attention is paid to feeding , which is a crucial
biological function in dynamic ecosystems. A combination of modeling tools
and environmental monitoring will be used to study the tight relationship
between life history traits and the environment.

1.2 The great scallop, Pecten maximus

1.2.1 Ecology

The great scallop (also named king scallop),Pecten maximus(Linnaeus, 1758),
is a molluscan bivalve species of the Pectinid family. In 2011, 63 702 t were
harvested worldwide and it is a particularly economically important species
in the UK, France and Spain, where it is considered as a high value product
(Brand, 2006b). The exploitation of this species mainly relies on dredge �shing
and to a lesser extent on diving collection, sea ranching andaquaculture which
bene�ted from developments in Norway, Scotland and also in France (Norman
et al., 2006; Strand and Parsons, 2006).

Its distribution, although limited to the North-East Atlan tic, covers a wide
range of latitudes and depths (Fig. 1.1). It is observed from northern Nor-
way (Lofoten Islands) south to the Iberian Peninsula (Tebble, 1966; Høisæter,
1986). The species has also been reported as far south as Canary Islands, o�
Africa's west coast, and at the entry of Mediterranean sea (Bellon-Humbert,
1972; Mason, 1983; Ansell et al., 1991; Peña, 2001), where itencroaches upon
P. jacobeus' (Linnaeus, 1758) distribution range. It can be found from just
below the water mark in coastal waters to the edge of the continental shelf,
which corresponds to a depth gradient of about200 m (Antoine, 1979; Brand,
2006a). P. maximus lives in shallow depressions on the seabed consisting of
�rm sand, shell sand, �ne or sandy gravel, sometimes with an admixture of
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