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M1 STUE Bioproduction 

 

 

Objectifs 

 Décrire les principes régissant la bioproduction dans les différents 

écosystèmes marins. 

 Indiquer comment la bioproduction de ces systèmes peut être augmentée ou 

davantage orientée vers les besoins anthropiques. 

   

Contenu 
 

 

 La colonne d’eau: la ‘couverture productive’ de tous les écosystèmes marins. 
 

 La zone intertidale: un écosystème accessible, sous fortes contraintes.  Côtes 
rocheux et meubles 

 

 La zone sublittorale: importance du couplage bentho-pélagique.  La bioproduction 
des fonds rocheux et meubles ; les herbiers marins 

 
 

 Les estuaires et les forêts de palétuviers : convergence de la bioproduction 
terrestre et de la bioproduction marine 

 
 

 Les  récifs coralliens:  des oasis de bioproduction exceptionnels   
 
 

 



1 - La colonne d’eau: la ‘couverture 
productive’ de tous les écosystèmes 

marins 



Le phytoplankton: les diatomées (Bacillariophyta)



Le phytoplankton: les dinoflagellés (Dinoflagellata)



Dinoflagellés: bioluminescence et…

toxines





Le phytoplankton: cyanobactéries (Cyanobactéria)

Stromatolithes



Le phytoplankton: les coccolithophores (Haptophyta)





Zooplancton: Copepodes (Copepoda)



Zooplancton: Foraminifères (Foraminifera)



Zooplancton: Radiolaires (Radiolaria)





Gadidae –
Gadus
morrhua

Clupeidae –
Sardines, harengs, 
pilchards

Necton épipélagique



Engraulidae - Anchois

Necton épipélagique



Scomber spp.  
maquereau

Thunnus spp.  Thon

Necton épipélagique



Necton épipélagique

Reptiles Mammifères
Oiseaux



Calmar - Cephalopoda

Necton épipélagique



Biologie trophique :
les plus gros mangent les plus petits

Necton épipélagique







2 - La zone intertidale: un écosystème productive et 

accessible, sous fortes contraintes.  Côtes rocheux et 

meubles 



*

* 
- Davantage de force centrifuge
- Plus loin de la lune
- Bourrelet de facto puisque moins de hauteur au N et S

La zone intertidale: les marées, facteur structurant



Vives eaux

Mortes eaux



Sublittoral
fringe and 
zone

Supralittoral zone

Midlittoral
zone

Supralittoral fringe
Fucus spiralis

F. vesiculosis

F. serratus

Littorina spp.



Zone intertidale rocheuse – zonation verticale



Limite supérieure
Laminaires

Limite supérieure
Littorines

Marée haute des vives eaux
Limite supérieure
Balanes

Marée basse des vives eaux

A – Zone* supralittorale
A’ – Frange supralittorale
B – Zone littorale (intertidale)
B’ – Zone médiolittorale
C – Zone infralittorale (sublittorale)
C’ – Frange infralittorale (sublittorale)

* = ‘Etage’ dans ouvrages plus anciens

Zonation intertidale - Classification ‘universelle’ de Stephenson
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Temperate intertidalmudflats are important to both human and nonhuman foragers, the former for professional
and recreational clam fishing, and the latter for food, especially for migratory shorebirds. Foraging strategy
and success will depend to a large degree on the spatial distribution of the infaunal prey, which is very poorly-
known at the scale atwhich these foragers exploit the resources.We characterized the fine-scale spatial distribu-
tion of the bivalve Tapes philippinarum on a chronically-fished and on an unfished (reference) mudflat, using
autocorrelation, variogram, and fractal analyses. Two cohorts were identified at each site: one sub-legal and
one legal size. Althoughboth cohortswere clearly aggregated at the scale of≤130m, this aggregationwas greatly
attenuated at the fishing-impacted site, and most severely for the fished-size cohort. The fractal dimensions of
the cohorts at the two sites corroborated the decreased spatial structure at the fishing — impacted site, and in
particular for the fished-size cohort. Together with similar observations for other components of this mudflat
ecosystem, these results underscore the need to incorporate the spatial aspect in assessments of both organism
(prey or resource) distribution, its relationship to foraging strategies, and the effect of intertidal fishing on
these processes.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

There is increasing awareness of the importance of spatial structure
in population and community ecology (Fortin et al., 2002; Legendre and
Legendre, 2012). Ecological processes occur within a spatially-ordered
context, and failure to properly take account of spatial structure can
generate misleading data and erroneous conclusions (Kühn, 2007;
Lennon, 2000). In particular, spatial structure is critical to under-
standing predator–prey relations (Benoit-Bird and McManus, 2012;
Benoit-Bird et al., 2013a; Humphries et al., 2010; Reynolds and
Rhodes, 2009; Sims et al., 2008).

The geo-statistical techniques available for the study of spatial struc-
ture are widely used in the fields of geology and forestry, yet they are
much less familiar in marine ecology (Boldina et al., 2014). The few
marine studies were initially concentrated on benthic spatial structure,
especially on the very 2-dimensional intertidal mudflat habitat
(Blanchard, 1990; Guarini et al., 1998; Kostylev and Erlandsson,
2001; Seuront and Spilmont, 2002; Weerman et al., 2011), although
recent work has begun to extend this to 3 and 4-dimensional con-
texts (Benoit-Bird and McManus, 2012; Benoit-Bird et al., 2013a,b).
eninger).
Initial studies in benthic marine spatial ecology focused on large-
scale spatial structure, i.e. hundreds of meters or kilometers (Andrew
and Mapstone, 1987; Kraufvelin et al., 2011; Legendre et al., 1997;
Underwood et al., 2000). However, recent studies support early work
which showed that spatial patterning is evident at scales closer to
the size of the organisms studied, e.g. meters or tens of meters for
macroscopic organisms, and centimeters for meioscopic organisms
(Blanchard, 1990; Boldina and Beninger, 2013; Boldina et al., 2014;
Guarini et al., 1998; Seuront and Spilmont, 2002). Inmicrophytobenthic
communities, such patterning has been hypothesized to be the result of
self-organization (Seuront and Spilmont, 2002; Weerman et al., 2010),
and to be important for basic ecological processes such as feeding,
reproduction, recruitment, and competition (Boldina and Beninger,
2013; de Jager et al., 2011) in marine animals. In particular, migratory
shorebirds depend to a variable degree on infaunal bivalve resources
(Beninger et al., 2011), and are considered to be sentinel species of
environmental status (Huettmann and Czech, 2006; Piersma and
Lindström, 2004).

To date, although fine-scale spatial studies onmudflats have covered
themajor ecological components of these ecosystems (Blanchard, 1990;
Boldina and Beninger, 2013; Boldina et al., 2014; Guarini et al., 1998;
Weerman et al., 2010), they are few in number, such that the knowl-
edge base lacks sufficient depth to draw more general conclusions
(Kraufvelin et al., 2011). Additionally, recent evidence suggests that

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jembe.2014.04.001&domain=pdf
http://dx.doi.org/10.1016/j.jembe.2014.04.001
mailto:Peter.Beninger@univ-nantes.fr
http://dx.doi.org/10.1016/j.jembe.2014.04.001
http://www.sciencedirect.com/science/journal/00220981


Fig 1. Tapes philippinarum. Length - probability density distributions. A. Reference site. B.
Impacted site.

Fig 2. Spatial autocorrelograms for T. philippinarumdensities. A. Reference site. B. Impacted
site. C2 is presented by solid line, C3 by dashed line. Significant values are represented by
solid circles, non-significant values are represented by empty circles.
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there was more than one patch detected within the sampling tran-
sects. The observed inter-patch distances were almost identical for
C2 and C3: 87 and 86 m, respectively.

3.2.2. Impacted site
The amplitude of theMoran's I values (0.57–0.76 for C2 and 0.5–0.63

for C3) demonstrated strong spatial autocorrelation. The patch size was
approximately 45 m for C2 and 86 m for C3. The absence of a second
peak on the correlograms indicates that the inter-patch distance was
greater than the lengths of the transects (Fig. 2. B).

3.3. Variogram analysis and fractal dimension

3.3.1. Reference site
The points used for the calculation of fractal dimension from the

variogram are shown in Fig. 3.
The spatial structure of T. philippinarum showed strong scaling

behavior over the range b 80 m (R2 = 0.99 and 0.98 for C2 and C3
cohorts respectively). A statistically significant difference of slopes of
regression lines of the log–log plots of semivariance vs lag distance
was not detected. In fact, the fractal dimension was nearly identical
for both cohorts: 1.65 for C2 and 1.64 for C3 (Fig. 4).

3.3.2. Impacted site
The spatial structure of T. philippinarum showed scaling behavior

over the range b 125 m (R2 = 0.97 and 0.95 for C2 and C3 cohorts
respectively) (Fig. 6). The points used for the calculation of fractal
dimensions from the variogram are shown in Fig. 5. The resulting fractal
dimensions were 1.78 (C2) and 1.83 (C3) (Fig. 6).

The fractal dimensions of C2 and C3 cohorts were significantly
higher for the impacted site compared to the reference site (covariance
analysis, F = 65.08, P = 6E − 06 and F = 75.62, P = 2E − 06
respectively) indicating that the spatial structure of the C2 and C3
cohorts at the impacted site was more homogeneous than that of
the reference site. Furthermore, there was a much greater difference
between the fractal dimensions of the sub-legal (C2) and legal— size
cohorts (1.78 vs 1.83), compared to the nearly identical fractal
dimensions of the reference site (1.65 and 1.64).

4. Discussion

T. philippinarum showed a clearly aggregated spatial distribution for
both sites at distances b 130 m. Not surprisingly, this result contradicts
the ‘random’ 2-dimensional spatial distribution previously reported for
T. philippinarum (Lee, 1996), using thehighly inadequate variance:mean
method (Dale et al., 2002; Hurlbert, 1990). Aggregative prey spatial dis-
tributions can have effects disproportionate to the biomass of organ-
isms in them, underscoring the importance of their detection and
characterization in ecological studies (Benoit-Bird and McManus,
2012).

The high values of Moran's I autocorrelation coefficient for
T. philippinarum on the impacted site fail to tell the complete
Fig 3. Tapes philippinarum, reference site. Experimental variograms for C2 and C3 cohorts.
Open circles show the points used for calculating the fractal dimension.









3 - La zone sublittorale: importance du couplage bentho-pélagique.  
La bioproduction des fonds rocheux et meubles; les herbiers marins 





Bivalves benthiques sublittoraux - Pectinidae



Crustacés sublittoraux- Décapodes

Cancridae

Homarus gammarus Crevette Crangon sp.



Cabillaud, Gadus morhua -
rétrognathe

Lieu, Pollachius virens - prognathe

Merlu, Merluccius merluccius

Poissons sublittoraux démersaux (bentho-pélagiques)



Poissons de fond sublittoraux épibenthiques





Bouche
Fentes branchiales

Yeux







La méiofaune interstitielle
Nématodes

Copépodes
harpactacoïdes

Foraminifères





















Les champs de Zostères







4 - Les estuaires et les forêts de palétuviers : convergence 

de la bioproduction terrestre et de la bioproduction marine 





Estuaire de type fjord











Distribution mondiale des récifs coralliens













Les Atolls

Lagon
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