
Appendix 1. Details on macrofauna groups outside the oyster tables. Ninety-eight % of the total macrofauna was taken 
into account and divided into 4 categories according to their class (data from P.G. Sauriau, used in Leguerrier et al. 2003). Diets
are given according to the following abbreviations: ssd = facultative suspension feeders, dep = deposit-feeders, sus = suspen-

sivores (filter feeders), car = carnivores, omn = omnivores

Compartment and species Biomass % of total Diet
mgCm–2 macrofauna

Bivalves: bbiv 1111.81 57.6%
Macoma balthica Mollusca Bivalvia 450.68 23% ssd
Scrobicularia plana (= S. piperata) Mollusca Bivalvia 397.36 21% ssd
Abra nitida Mollusca Bivalvia 133.18 7% dep
Abra tenuis Mollusca Bivalvia 48.95 2.5% dep
Cerastoderma (= Cardium) edule Mollusca Bivalvia 36.10 1.9% sus
Tapes philippinarum Mollusca Bivalvia 23.13 1.2% sus
Mytilus edulis Mollusca Bivalvia 17.16 0.9% sus
Parvicardium ovale Mollusca Bivalvia 5.25 0.3% sus

Annelids and nemerteans: bann 385.54 20%
Sternaspis scutata Annelida Polychaeta 95.85 5% dep
Nephtys hombergii Annelida Polychaeta 61.47 3.2% car
Nemertes nemertes 53.13 2.8% car
Hediste (= Nereis) diversicolor Annelida Polychaeta 45.32 2.4% omn
Glycera sp. Annelida Polychaeta 39.07 2% car
Euclymene (= Clymene) oerstedii Annelida Polychaeta 25.60 1.3% dep
Pseudopolydora antennata Annelida Polychaeta 24.51 1.3% dep
Clymenura tricirrata Annelida Polychaeta 15.20 0.8% dep
Ampharete acutifrons (= A. grubei) Annelida Polychaeta 5.72 0.30% car
Diopatra neapolitana Annelida Polychaeta 5.47 0.28% car
Heteromastus filiformis Annelida Polychaeta 5.10 0.26% dep
Neanthes (= Nereis) succinea Annelida Polychaeta 4.90 0.25% dep
Terebellides stroemi Annelida Polychaeta 4.21 0.22% car

Gastropods: bgas 321.82 16.7%
Hydrobia ulvae (Peringia ulvae) Mollusca Gastropoda 308.90 16% dep
Ocenebra erinacea Mollusca Gastropoda 12.92 0.67% car

Arthropods: bart 67.52 3.5%
Carcinus maenas Arthropoda Eumalacostraca 44.77 2.3% omn
Corophium volutator Arthropoda Eumalacostraca 22.74 1.2% dep

Total macrofauna 1886.68 98%
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Appendix 2. Data used for the inverse analysis as equations (=) or constraints (min/max values). Compartments are referred to by their abbre-
viations given in Table 1, mic = microfauna, bac = bacteria, n c mac = non cultivated macrofauna. Other abbreviations: B = biomass, C = con-
sumption, F = feces, I = ingestion, M = mortality, P = production, R = respiration, Excr = excretion, NPP = net primary production, GPP = gross

primary production, AE = assimilation efficiency ((P+R)/C), GE = growth efficiency (P/C), and ∝ = is proportional to

Compart. Flow Min value Max value Unit Source Remarks

bphy NPP 188 307 g C m–2 yr–1 Blanchard et al. (1996), Calculus:
Blanchard et al. (1997), Max Productivity ×
Guarini et al. (1998) Biofilm concentration ×

R / GPP 5% 30% Vézina & Platt (1988) Exondation time
Resuspension/NPP 30% 50% Guarini (pers. comm.)
Excr/ NPP 2% 55% Baines & Pace (1991),

Vézina et al. (1997)

pphy P/B 28.6 37.4 g C g C–1 yr–1 Ménesguen & Hoch (1997)
R/GPP 5% 30% Vézina & Platt (1988)
Excr/NPP 2% 55% Baines & Pace (1991),

Vézina et al. (1997)

bbac bbac P 296 502.5 g C m–2 yr–1

Garet (1996)
bbac R 176 300 g C m–2 yr–1

pbac P/B = 392 g C g C–1 yr–1

Newell & Linley (1984)
R/B = 873 g C g C–1 yr–1

bmic Excr 10% of I R Vézina et al. (1997)

pmic Excr 10% of I R Vézina et al. (1997)
C/B 236 451 g C g C–1 yr–1

P/B 59 158 g C g C–1 yr–1 Newell & Linley (1984)
R/B 97 293 g C g C–1 yr–1

bmei P/B 2.7 31 g C g C–1 yr–1 Giere (1993)
Herbivore = 44.6%

Rzeznik (pers. comm.)
Carnivore = 0.20

pmes Grazing 3.6 16.7 g C m–2 yr–1 Sautour & Castel (1993)
F / Excr = 5 Anderson & Ducklow (2001)

birds C 5.05 6 g C m–2 yr–1 Turpie & Hockey (1996), Biomasses: Boileau
Triplet et al. (1999), (pers. comm.)
Pienkowski et al. (1984)

Shelduck C on bgas (Hydrobia ulvae), 0.35 g C m–2 yr–1

bphy, & bmic

bbiv P/B 0.1 8.9 g C g C–1 yr–1

R/B 0.64 15.7 g C g C–1 yr–1

F/B 1.48 7.3 g C g C–1 yr–1

Diet: benthic / pelagic C 30% 70%
Diet in the pelagic layer ∝ biomass No selection

bgas P/B 0.33 6.58 g C g C–1 yr–1 No specific R/B found
R/B Range of R/B bivalves

taken
Carnivores = 96%

bann P/B 0.2 6.55 g C g C–1 yr–1

R/B 3.9 g C g C–1 yr–1

Carnivores = 50%

bart P/B 1.08 8.25 g C g C–1 yr–1 No specific R/B found
R/B Range of R/B bivalves
Carnivores = 58% taken

bcoy Commercial P/B 0.27 0.44 g C g C–1 yr–1 Shell of dead oysters +
R/B 3.1 6.6 g C g C–1 yr–1 commercial P: exported
(F + M)/B 11.5 + 9% 51.6 + 18% g C g C–1 yr–1 Details given F + flesh of dead oysters
Pred by bgas / commercial P = 1% in Table 2b Go to bPOC
Diet in the pelagic layer ∝ biomass (no selection)
Living particles sedimenting = 70 g C m–2 yr–1 In simulation B
Proportion in PSF ∝ biomass

General GE 10% 60% Vézina et al. (1997) Bacteria, microfauna
GE 10% 30%

Savenkoff et al. (2001)
Bmei, pmes,

AE (all cpt 50% 90% n c mac & nekton
except bac & mci)

Biomass and diets: 
Kang (pers. comm.)

Rates: literature (reviewed in 
Leguerrier et al. 2003)



Appendix 3. Details on data and calculations concerning oysters. Values are given for Simulation B (16% of mudflat area covered
by oyster tables)

Abbrev. Name Value Source

Biomass on oyster tables
TW Total weight 4.39 kg m–2

Le Moine (pers. comm.)
WW Wet weight (tissues) WW/TW = 0.12
DW Dry weight (tissues) DW / WW = 0.15 Bernard (1974)
AFDW Ash free dry weight (tissues) AFDW / DW = 0.9 Jean & Thouzeau (1995)
CW Carbon weight (tissues) CW / AFDW = 0.4
SW Shell total weight SW = TW– WW
OMSW Shell organic matter weight OMSW = 33% (SW) Razet et al. (1990)
CSW Shell carbon weight CSW = 3% (OMSW) Pouvreau (pers. comm.)

= 1% (SW)
Average Brouage square meter

Surface of oyster beds 2731 ha Le Moine (pers. comm.)
Surface of MOB 17000 ha

SB Shell average biomass 6.2 gC m–2

TB Tissue average biomass 4.6 gC m–2

Feces production
Fmin Feces production minimum 0.01 g h–1 gDW–1

Razet et al. (1990)Fmax Feces production maximum 0.045 g h–1 gDW–1

FC% Fraction of carbon in feces 4.72%
C Fmin Feces production minimum , in C 11.5 gC yr–1 gC–1

C Fmax Feces production maximum , in C 51.7 gC yr–1 gC–1

Commercial production
P min 110 000 tons produces 30 000 tons 0.27 yr–1

Bacher (1989)
P max 90 000 tons produces 40 000 tons 0.4 yr–1

P/B Average production rate 0.36 yr–1

Pseudofeces production
Fil  Filtration rate 4–7 l h–1 gDW–1 Smaal & Zurburg (1997)
[SES] Seston concentration 0.025 – 0.17 g l–1

Razet et al. (1990)
[SES] C% Fraction of carbon in seston 4.03%
SRi Specific rejection rate for seston concentration i SR25 = 50%; SR170 = 83% 

Barillé et al. (1997)
<PSF> Mean pseudofeces production 254.4 gC yr–1 gC–1

Respiration
R O2 Respiration rate (T: temperature) R O2 = (–0.432 +  Bougrier et al. (1995)

0.613 T 1.042) DW 0.8

NRJ/O2 Conversion rate : energetic equivalent of O2 1 mg O2 = 1/0.7/20.08 J Barillé et al. (1995)
Tmin Temperature minimums per season 1 - 6 - 15 - 16 °C

Blanchard et al. (1996)(Winter-Spring-Summer-Autumn)
Tmax Temperature maximums per season 11 - 19 - 29 - 25 °C

(Winter-Spring-Summer-Autumn)
R J Respiration rate (energetic value) 62 – 133 J yr–1 gDW–1

C/NRJ Conversion rate: energetic value of carbon 1 mgC = 55.67 J
C Rmin Respiration rate minimum 3.1 gC yr–1 gC–1

C Rmax Respiration rate maximum 6.6 gC yr–1 gC–1

Mortality
M min Natural mortality rate minimum 9% of the production Soletchnik et al. (1999)
M max Natural mortality rate maximum 18% of the production
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Appendix 4. Biomass variations due to oyster tables in the Eastern MOB mudflat. The macrofaunal biomass is reduced under oys-
ter tables. The contributions of bivalves, gastropods, annelids and arthropods (given in parentheses) vary under the tables to the
benefit of annelids and arthropods at the expense of the bivalves (Sauriau et al. 1989). The meiofaunal biomass is enhanced under
oyster tables (Castel et al. 1989). The third column gives the weighted average: (1 – % area in culture) × biomass outside oyster
tables + % area in culture × biomass under oyster tables. These data were used to calculate the biomasses under oyster tables

from the knowledge of the biomasses outside them

Biomass (gC m–2) Outside oyster tables Under oyster tables Mean m2 with 16%
oyster tables (Simulation B)

Meiofauna: 0.44 1.61 0.62
Total macrofauna: 1.9 0.424 1.66
Bivalves  1.11 (58%) 0.111 (26%) 0.95 (57%)
Annelids 0.39 (20%) 0.199 (47%) 0.36 (21.5%)
Gastropods 0.32 (17%) 0.067 (16%) 0.28 (17%)
Arthropods 0.08 (4%) 0.047 (11%) 0.07 (4.5%)



LITERATURE CITED

Anderson TR, Ducklow HW (2001) Microbial loop carbon
cycling in ocean environments studied using a simple
steady-state model. Aquat Microb Ecol 26:37–49

Bacher C (1989) Capacité trophique du bassin de Marennes-
Oléron: couplage d’un modèle de transport particulaire et
d’un modèle de croissance de l’huître Crassostrea gigas.
Aquat Living Resour 48:199–214 (in French with English
abstract)

Baines SB, Pace ML (1991) The production of dissolved
organic matter by phytoplankton and its importance to
bacteria: patterns across marine and freshwater systems.
Limnol Oceanogr 36:1078–1090

Barillé L, Heral M, Barillé-Boyer AL (1997) Application d’un
modèle écophysiologique à l’huître Crassostrea gigas.
Aquat Living Resour 10(1):31–48 (in French with English
abstract)

Bernard FR (1974) Annual biodeposition and gross energy
budget of mature Pacific oysters, Crassostrea gigas. J Fish
Res Board Can 31:185–190

Blanchard GF, Guarini JM, Richard P, Gros P, Mornet F (1996)
Quantifying the short-term temperature effect on light-
saturated photosynthesis of intertidal microphytobenthos.
Mar Ecol Prog Ser 134:309–313

Blanchard GF, Guarini JM, Richard P, Gros P (1997) Seasonal
effect of the relationship between the photosynthetic
capacity of intertidal microphytobenthos and tempera-
ture. J Phycol 33:723–728

Bougrier S, Geairon P, Deslous-Paoli JM, Bacher C, Jon-
quières G (1995) Allometric relationships and effects of
temperature on clearance and oxygen consumption rates
of Crassostrea gigas (Thunberg). Aquaculture 134:
143–154

Castel J, Labourg PJ, Escaravage V, Auby I, Garcia M (1989)
Influence of seagrass beds and oyster parks on the abun-
dance and biomass patterns of meio- and macrobenthos in
tidal flats. Estuar Coast Shelf Sci 28:71–85

Garet MJ (1996) Transformation bactérienne de la matière
organique dans les sédiments côtiers. Relation entre les
métabolismes respiratoires et les activités exoprotéoly-
tiques bactériennes. Thèse de doctorat, Université de Bor-
deaux II

Giere O (1993) Meiobenthology, the microscopic fauna in
aquatic sediments. Springer-Verlag, Berlin

Guarini JM, Blanchard GF, Bacher C, Gros P and 5 others
(1998) Dynamics of spatial patterns of microphytobenthic
biomass: inferences from a geostatistical analysis of two
comprehensive surveys in Marennes-Oléron Bay (France).
Mar Ecol Prog Ser 166:131–141

Jean F, Thouzeau G (1995) Estimation des variables d’état
d’un modèle de réseau trophique benthique en rade de
Brest. CR Acad Sci Paris 318:145–154

Leguerrier D, Niquil N, Boileau N, Rzeznik J, Sauriau PG, Le
Moine O, Bacher C (2003) Numerical analysis of the food

web of an intertidal mudflat ecosystem on the Atlantic
coast of France. Mar Ecol Prog Ser 246:17–37

Ménesguen A, Hoch T (1997) Modelling the biogeochemical
cycles of elements limiting primary production in the Eng-
lish Channel. I. Role of thermohaline stratification. Mar
Ecol Prog Ser 146:173–188

Newell RC, Linley EAS (1984) Significance of micro-
heterotrophs in the decomposition of phytoplankton: esti-
mates of carbon and nitrogen flow based on the biomass of
plankton communities. Mar Ecol Prog Ser 16:105–119

Pienkowski MW, Ferns PN, Davidson NC, Worral DH (1984)
Balancing the budget: measuring the energy intake and
requirements of shorebirds in the field. In: Evans PR,
Gross Custard JD, Hales WG (eds) Coastal waders and
wildfowl in winter, Cambridge University Press, Cam-
bridge, p 30–54

Razet D, Héral M, Prou J, Legrand J, Sornin JM (1990) Varia-
tions des productions de biodépôts (fécès et pseudofécès)
de l’huître Crassostrea gigas dans un estuaire macrotidal:
baie de Marennes-Oléron. Haliotis 10:143–161 (in French
with English abstract)

Sauriau PG, Mouret V, Rincé J-P (1989) Organisation trophique
de la malacofaune benthique non cultivée du bassin ostréi-
cole de Marennes-Oléron. Oceanol Acta 12:193–204

Sautour B, Castel J (1993) Distribution of zooplankton popula-
tions in Marennes-Oléron Bay (France), structure and
grazing impact of copepod communities. Oceanol Acta 16:
279–290

Savenkoff C, Vézina AF, Smith PC, Han G (2001) Summer
transports of nutrients in the gulf of St. Lawrence estimated
by inverse modelling. Estuar Coast Shelf Sci 52:565–587

Smaal A, Zurburg W (1997) The uptake and release of sus-
pended and dissoved material by oysters and mussels in
Marennes-Oléron Bay. Aquat Living Resour 10:23–30

Soletchnik P, Le Moine O, Faury N, Razet D, Geairon P, Goul-
letquer P (1999) Summer mortality of the oyster in the Bay
Marennes-Oleron: spatial variability of environment and
biology using a geographical information system (GIS).
Aquat Living Resour 12:131–143

Triplet P, Sueur F, Fagot C, Oget E, Desprez M (1999)
Réponses de l’huîtrier-pie Haematopus ostralegus à une
diminution de sa ressource alimentaire principale en baie
de Somme : la coque Cerastoderma edule. Alauda 67:
145–153

Turpie JK, Hockey PAR (1996) Foraging ecology and seasonal
energy budgets of estuarine grey plovers Pluvialis
squatarola and whimbrels Numenius phaeopus at the
southern tip of Africa. Ardea 84:57–74

Vézina AF, Platt T (1988) Food web dynamics in the ocean. I.
Best estimates using inverse methods. Mar Ecol Prog Ser
42:269–287

Vézina AF, Alain F, Demers S, Laurion I, Sime-Ngando T,
Junipers SK, Devine L (1997) Carbon flows through the
microbial food web of first year ice in Resolute Passage
(Canadian High Artic). J Mar Syst 11(1/2):173–189


