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SUMMARY. In Arcachon Bay, the intertidal area is mainly occupied by sandbanks, oyster parks and seagrass beds. 
The aim of this study was to estimate the meiofaunal contribution to the trophc systems of these biotopes. Seven 
stations from the inlet to the inside of the bay have been studied seasonally during the year 1986. Meiofaunal stratifica- 
tion presents different patterns according to the facies but 75 % to 90 % of the total abundance is restricted to the top 
cm in al1 the stations. The meiofauna, strongly dominated by Nematodes (> 75 %), shows a noticeable temporal 
stability through the year: meiofaunal communities of low density and diversity dominated by omnivorous-predatory 
Nematodes characterize the open sea sandy stations with low detritus content; on the contrary, the sheltered seagrass 
and oyster park stations with high organic carbon content have communities of high density and diversity, dominated 
by deposit and epistrate feeders. From a comparison of the meiofaunal and microphytobenthic biomasses and associa- 
ted productions, meiofauna 1s suspected to consume an important part of the yearly benthic primary production: 60 % 
in sandbanks, 42 % in oyster parks and 76 % in seagrass beds. When the needs of macrofauna are taken into account, 
i t  seems unlikely that the primary production can sustain the benthic secondary production, particularly in seagrass bed 
and oyster park sediments. In these areas, the high content of detrital organic carbon (130 g C m-') constitutes a 
substitute food source for meiofauna as well as for macrofauna. 
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INTRODUCTION 

Most of the biological activity in sheltered estua- 
rine areas is located in the sediments of intertidal 
flats. For severa1 areas, as for instance mudflats of 
British estuaries (WARWICK et al., 1979; BAIRD & 
MILNE, l98l),  the tidal flats of the Wadden Sea 
(KUIPERS et al., l98l),  the importante of the meio- 
fauna in terms of metabolic activity has been stress- 
ed. Notwithstanding a small biomass as compared to 
macrofauna, meiofauna plays an important role in 
the benthic ecosystem due to a high metabolic rate 
per unit of weight (GERLACH, 1971; LASSERRE et al., 
1976). 

In Arcachon Bay, 70 % of the intertidal area is 
occupied by seagrass beds: Zostera noltii (Horn.) and 
oyster parks: Crassostrea gigas (Thunberg). These 
biological structures are determining factors in the 

benthic ecosystem; seagrass detritus and oyster de- 
posits, trapped wíthin the sediment, are important 
sources of organic matter and energy which contri- 
bute powerly to the benthic resources (HARRISSON & 
MANN, 1975; SORNIN et al., 1983). 

The aim of the present study was to determine 
the role of meiobenthos in these ecosystems since 
few investigations involving seagrass or oysters and 
their associated parameters have focused on meio- 
fauna. For this purpose, we used a similar approach 
as described by WI-ITE & ZIJLSTRA (1984). These 
authors conclude to the low contribution of meio- 
fauna to the benthic food web in a tidal flat of the 
Wadden Sea. An estimation of the meiobenthic 
biomass and food requirements is given and 
compared with the resources: particulate organic 
carbon, autochthonous primary production and pe- 
lagic imports. 
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STUDY AREA, MATERIAL AND METHODS 

The Bay of Arcachon (4440' N, lolO'W) forms a 
triangular embayment on the South-West french 
Atlantic coast (Fig. 1). Channels and intertidal areas 
cover 155 km2 but only 40 km2 of the bay are subti- 
dal. In the intertidal areas, seagrass beds and oyster 
parks occupy respectively 8000 and 1200 ha. The bay 
and the ocean are connected by a narrow channel. 
The oceanic water entering at each tide is diluted by 
fresh water input mainly from the eastern part of the 
bay. Temperature and salinity variations are directly 
proportional to the distance 'upstream' from the 
inlet. The tidal range is quite great in the Arcachon 
Bay, ranging from 3.90 m at spring tide to 2.00 m at 
neap tide. In the intertidal zone, hydrodynamic 
processes create a sediment gradient: pure sands are 
found at the entrance of the bay while silt and clay 
dominate in the sheltered mudflats of the inner part. 

Seven stations were sampled seasonally during 
the year 1986 (12 February, 23 April, 21 July and 13 
September). These stations belong to 3 sites located 
in different parts of the bay (Fig. 1). Near the inlet, 
the Cap Ferret site provides 2 stations: 1 unvegetated 
sandbank (CFs) and 1 oyster park (CFo). The 5 other 
stations are located in the Ile aux oiseaux, situated in 
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the central part of the bay. On the East coast of the ; 
island, 3 stations are studied: 1 unvegetated 
sandbank (EIs), 1 oyster park (EIo) and 1 Zostera 
bed (EIz). Two stations are situated on the more 
sheltered North coast: 1 oyster park (NIo) and 1 
seagrass bed (NIz). Schematically, at Cap Ferret, the 
more oceanic site, the ranges of temperature 
(9.3-21.5 OC) and salinity (24.6-33.5) are narrower 
than in the Ile aux Oiseaux (8.6-22.7 "C and 24.1-33.7 
respectively). Waters of the Cap Ferret are warmer 
and more saline in summer, colder and less saline in 
winter. 

Sampling was carried out at low tide; for meiofau- 
na and microphytobenthos, four cores were taken 
with tubes of 2.8 cm interna1 diameter. Sampling was 
restricted to the top 10 cm and the cores sliced at 
regular levels for an estimation of meiofaunal stratifi- 
cation. Samples were preserved in 5 % formalin, 
stained with Rose-Bengal, sieved over a 2 mm mesh 
and collected on a 63 pm sieve. The fauna was ex- 
tracted from the sediment by flotation in LUDOX 
HS 40. In samples from the East coast of the Ile aux 
oiseaux, the Nematodes were identified to the genus 
leve1 and the trophic groups determined according to 
WIESER (1953). 

Meiofaunal biomasses were obtained by weighing 
10 to 100 individuals representative of the major taxa 
on a Mettler ME 22 microbalance (sensitivity: 0.1 
pg). Before weighing, the animals were rinsed in 
distilled water and dried at 60 "C for 24 h. 

Microphytobenthic biomass was estimated from 
chlorophyll pigments contained in the top cm of the 
sample, measured by spectrophotometry after ace- 
tone extraction of wet sediment (PARSONS et al., 
1984). 

The particulate organic carbon (POC) content of 
the sediment was estimated by using the method de- 
scribed in PARSONS et al. (1984). The silt content was 
determined as the percentage of sedimentary fraction 
smaller than 63 pm. 

RESULTS 

POC and microphytobenthic biomass 

POC and silt content, strongly linked (Table 1), 
increase from stations with high hydrodynamical con- 
ditions (EIs and CFs) to the more sheltered stations 
(NI0 and NIz). At Cap Ferret, trophic activity of oys- 
ters enhances the sedimentation of fine particles; this 
explains the great difference observed between the 
two adjacent stations CFs and CFo. Such a phenome- 
non also acts in the Ile aux oiseaux between EIs and 
EIo. The sedimentation induced by seagrass beds is 
equally illustrated by high values of silt content and 

FIG. 1. - ~ocalisation'of the sampling sites; CF, Cap Ferret; EI, POC concentrations which are very similar to the 
East Island; NI, North Island. percentages observed in the oyster parks. 



TABLE 1. - Annual averages of edaphic parameters (f 1 s.d.) 
and concentrations of benthic chlorophyll pigments. B, Estimates 

of the microphytobenthic biomass (UChl. a + 40) 

Silt POC Ch1.a Phaeo (B) " (% d. w . )  (% d. w.)  (pg cm-') (pg cm-2) (g C m-2) 

Temporal variations of chlorophyll pigment con- 
centrations show no reliable trend, therefore these 
values are averaged over the year for each station and 
presented in Table 1. The sandy stations are char- 
acterized by both low chlorophyll pigments concent- 
rations and high Chl. aPhaeopigments ratios; this is 
caused by the hydrodynamism which prevents the 
accumulation of dead alga1 cells and detritus, i.e. the 
principal sources of phaeopigments. The high chloro- 
phyll pigments concentrations in oyster parks result 
from the trophic activities of the oysters which pro- 
vide an important flux of biodeposits to the benthos. 
The microphytobenthic biomass is slightly lower in 
seagrass sediments. 

scarcely observed and always in low numbers, and so 
will not be further discussed. 

An example of the vertical distribution of meio- 
fauna is illustrated in figure 2. About 75 to 90 % of 
the meiofaunal abundance is restricted to the top cm 
of the sediment in al1 the stations. However, the colo- 
nization of the deeper layers expressed as the propor- 
tion of individuals living below the top cm does not 
present a uniform pattern among the stations. This 
proportion is the highest in EIs (sandbank), then in 
Cap Ferret (CFs), despite a higher density in the first 
cm, the deeper layers present similar abundances as 
EIs. The reduction of meiofaunal density between 
the top cm and the deeper layers is higher in CFo 
(Cap Ferret oyster park) than in the oyster parks of 
the Ile aux oiseaux (EIo and NIo). This will be 
discussed further in relation to the farming patterns 
used in Arcachon Bay. In seagrass sediments, the 
meiofauna presents a penetration beneath the top cm 
similar to that observed in the oyster parks of the Ile 
aux oiseaux. 

As these samples were taken during the same pe- 
riod of the tidal cycle, the possibility of a meiofaunal 
migration related to the sea leve1 was not investi- 
gated. However, it is likely that most of the meiofau- 
na is concentrated in the first 10 cm of sediment 
whatever the period of the tidal cycle. 

In al1 groups large numerical variations are obser- 
ved in the course of the season andlor between sta- 
tions (Fig. 3). Nematodes and Annelids are always 
more abundant in oyster parks and seagrass beds 
than in sandbanks. This pattern is the same for Cope- 
pods and Turbellarians except in July when they 
reach their highest density in the sandbanks. Seaso- 

In Table 1, the carbon values are calculated by C F s E l s  CFo Elo Nlo 
multiplying the Chl. a concentrations by a standard 
CIChl. a ratio of 40 (MONTAGNA, 1984; BODIN et al., 
1985). However, DE JONGE (1980) indicates that the 
use of a such constant ratio may involve errors vary- 
ing from 34 to 50 % (overestimation and underesti- 
mation respectively); the estimated values of biomass 
are corrected with these percentages. These biomass- 
es, expressed as g C m- ', are within the same order 
of magnitude as those for other intertidal areas: 2.04 
to 9.04 g C m- in Balgzand, Wadden Sea (CADÉE 
& HEGEMAN, 1977); 0.7 to 2.2 g C m- ' in Bay of 
Douarnenez, Brittany (BODIN et al., 1985). ~ : 1 0 0 0  ind cm- 

Meiofaunal distribution and variation 

The meiofauna consists mainly of Nematodes 
which represent > 75 % of the total abundance cm 
averaged over al1 the samples. They are followed in 
abundante C O ~ e ~ O d s ,  Turbellarians and Arme- FE. 2. -Vertical distribution of meiofaunal abundances (in Feb- 
lids. Other taxa (e.g. Ostracods, Hydrozoans) were ruary): sampling area, 10 cm2. 
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April Ju l  y Novem ber February 

NEMATODES 

3 TURBELLARIANS 7 

E.1. N.I. C.F. E.1. N.I. C .  E.I. N.1. C.F: E.I. N.I. 

FIG. 3. - Densities of the major meiofaunal taxa in the seven stations at the four sampling dates. 
CF, Cap Ferret; EI, East Island; NI, North Island. 

nal and spatial variations in abundance of the major 
taxa are tested with a two-way analysis of variance. 
The analysis shows for the major taxa that consistent 
differences between stations are responsible for a 
large part of the variance observed (Table 11). No 
significant differences can be shown between 
sampling periods. 

A multiple regression analysis demonstrates that 
about 60 % of the spatial variation in Nematodes is 

explained by the silt content (r = 0.77, p < 0.001). 
Annelids abundance is explained for about 43 % by 
the silt content (r = 0.65, p < 0.001). For Copepods 
and Turbellarians the correlation with environmental 
parameters is more tenuous. Nematodes representing 
at least 75 % of meiofauna, it is probably correct to 
assume that meiofaunal abundance, insensitive to 
seasonal influence (ANOVA, p > 0.05), is heavily 
controlled by the silt content. 
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Taxonomic ímalysis TABLE 11. - Analysis of vanance for abundance estimates of the 
major meiofaunal taxa, wnsidering the seven sampled stations and 

the four sampling sets. . 

Taxonomic analysis of the Nematodes was made 
for three stations: EIs. EIo and EIz. which are reme- Nematodes 

F = 18.30 d.f. = 6 p < 0.01 sentative of the three facies studiedi sandbanks, oys- ~ ~ ~ ~ j " g p c n a d s  = d.f. = p ,  O.o5 n.s. 
ter parks and seagrass beds. 

~ o t h  specificrichness and diversity, H', clearly 
increase with the silt content (Table 111) from 35 spe- 
cies and H' = 2,23 in EIs to 63 species and 
H' = 3,98 in EIz. 

Table 111 shows the differential distribution of the 
families among the stations from sandy area (EIs) to 
muddy areas (EIo and EIz). In EIs four families 
have been found which represent each more than 
5 %; among them, the Thoracostomopsidae are the 
more abundant with 73 %. In EIz and EIo. we found 

copepods 
Between stations F = 4.10 d.f. = 6 p < 0.05 
Between sampling periods F = 2.50 d.f. = 3 p > 0.05 n.s. 

Turbellarians 
Between stations F = 9.30 d.f. = 6 p < 0.01 
Betwennsamplingperiods F =  1.30 d . f . = 3  p>0.05n.s. 

Anneiids 
' Between stations F = 10.80 d.f. = 6 p < 0.01 
, Between sampling periods F = 0.50 d.f. = 3 p > 0.05 n.s. 

seven families over 5 % which represent in EIz, 
74 %, in EIo, 86 %. In these stations the Linhomoei- 
dae and Comesomatidae are the dominant families. 

With regard to the trophic groups distribution 
(Table 111), according to WIESER (1960), and RET- 
JEN (1977) the predominance of deposit feeders 
(1A + IB) is observed in muddy sediments. In Arca- 
chon Bay this group represents 53 % in EIz, 65 % in 
EIo and only 7.4 % in EIs. This latter station is well 
characterized by the high percentage of an omnivore- 

predator group (2B) which reaches 80 %. WARWICK 
(1971) describes a similar proportion of omnivores- 
predator (50 %) but in coarse sandflats and not in 
fine sand (our case). Moreover, it is the epistrate 
feeders (2A) which usually dominate in the sandy sta- 
tions (WIESER, 1960; WARD, 19873). These results 
suggest a differential distribution of the trophic 
groups in accordance with the local resources: the de- 
posit feeders are more represented in stations with a 
high detrital content (EIo, EIz). 

TABLE 111. - Distribution of the major helminthoidal families over the three stations of the East Island, number of genus representing 
each family, proportion of the major trophic groups, mean number of species per station and diversity level (H'). lA,  selective deposit 

feeders; 2A, epistrate feeders; lB, non selective deposit feeders; 2B, omnivores-predators. 

Els E l 0  E l z  
Families 

YO N0.g. % N0.g. % N0.g.  

Thoracostomopsidae 
Trefusiidae 
Aegiolaimidae 
Oncholaimidae 
Monoposthiidae 
Cyatholaimidae 
Oxystominidae 
Sphaerolaimidae 
Axonolaimidae 
Xyalidae 
Microlaimidae 
Chromadoridae 
Desmodoridae 
Linhomoeidae 
Comesomatidae 
Monhysteridae 
Encheliidae 
Rhabdodemaniidae 
Anaplostomatidae 
Demoscolecidae 
Leptolaimidae 
Anticomidae 
Tripy loididae 

TROPHIC 1A 3.9 
GROUPS (%) 2A 12.2 

1B 3.5 
2B 80.5 

No. of species 35 
Diversity 2.23 
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TABLE IV. -Individual dry weight and yearly averaged biomass of the major meiofaunal taxa. 

CFs EIs CFo El0 Nlo Elz Nlz 

Nematodes, individual d.w. (pg) 1 .O2 1.20 0.63 0.63 0.53 0.43 0.66 
total d.w. (g m-2) 1.253 0.818 1.471 3.454 2.192 2.358 5.294 

Copepods, individual d.w. 
Vg) 0.88 0.51 1.05 4.40 1.66 1.80 1.12 

total d.w. (g m- ) 0.006 0.005 0.009 0.049 0.008 0.030 0.030 

Turbellarians, individual d.w. (pg) 0.80 
total d.w. (g m-2) 0.002 O. 089 O 0.111 0.005 0.102 0.064 

Annelids, individual d.w. (y) 5.00 
total d.w. (g m- ) 0.050 0.045 0.040 0.265 O. 145 0.320 O. 285 

Other taxa, individual d.w. vg -1 3.00 
total d.w. (g m ) 0.018 0.075 O. 144 0.036 0.066 O. 168 0.336 

Meiofauna, total d.w. (g m-*) 1.329 1 .O32 1.664 3.915 2.416 2.978 6.009 

Meiofaunal biomass (Table IV) 

Nematodes and Copepods were weighed from 
samples taken in al1 the stations, in July when the 
abundances were rather high in the three sites. The 
individuals being small in summer (direct observa- 
tion), the biomass computed over the year could have 
been underestimated. Annelids and Turbellarians 
were collected from the samples in which they were 
the most abundant. For the other taxa, mean bio- 
masses are derived from published data (LASSERRE 
et al., 1976). 

For Nematodes, the individual dry weight ranges 
from 0.43 to 1.20 NE. These values are rather hinh 
compared with theestimates of 0.17 pg given Iby 
WARWICK et al. (1979) or 0.28 pg mentioned in 
WITTE & ZIJLSTRA (1984). However they are less 
than the mean dry weight of 1.5 pg proposed by LAS- 
SERRE et al. (1976) for the Nematodes in the salt 
marshes of Arcachon Bay. 

For Harpacticoids, the estimates vary between 
0.51 and 1.80 yglindividual with an exceptional high 
value of 4.4 pg in station EIo due to the predominan- 
ce of a large species, Canuella sp., whose individual 
weight is 9 pg. The individual weight is 0.8 pg for 
Turbellarians. According to WI'ITE & ZIJLSTRA 
(1984), the mean dry weight per individual can be 
taken as 2 pg for Harpacticoids and Turbellarians. 
LASSERRE et al. (1976) obtain values of 1.5 and 3 pg 
respectively . 

Finally, for Annelids (Polychaetes and Oligo- 
chaetes) we found a mean dry weight of 5 pg per indi- 
vidual. This value is high compared with the figure 
provided by WITTE & ZIJLSTRA (1984) of 1.55 pg but 
is consistent with the one given by LASSERRE et al. 
(1976). However, even if our estimates for Annelids 
is too high, the contribution of this group to the total 
meiofauna biomass remains low. 

The product of individual weights by the yearly 
averaged abundances provides an estimate of the 
mean biomass represented by each taxon through the 

year in the different stations (Table IV). As form the 
abundances, the Nematodes represent the greatest 
part of the meiofaunal biomass: 79 % in EIs and EIz, 
88 % in CFo, EIo and NIz; 90 % in NIo and 94 % in 
CFs. For the Copepods, the highest biomass is obser- 
ved in EIo and corresponds to the dominance of the 
large harpacticoid Canuella sp. ; the lowest biomass in 
EIs and CFs is the consequence of the reduction of 
both the density and the individual dry weight which 
results from the predominance of interstitial Harpac- 
ticoids in the sandbanks. The highest meiofaunal bio- 
mass is reached in NIz (6 g d . ~ . m - ~ ) ,  and the lowest 
one in EIs (1.03 g d.w.m-'). 

DISCUSSION 

Determination of the meiofaunal distribution 

According to the present study, it seems that the 
density of the major taxa is mainly controlled by a 
spatial variable rather than by a temporal one. This 
agrees with WITTE & ZIJLSTRA (1984) who come to 
the same conclusion. This result does not mean the 
total independence of meiofauna to the seasonality 
but only, in our case, among very different stations 
the prevailance of a spatial determinism. This fact is 
well illustrated by the correlation between the major- 
ity of the taxa and the silt content. According to IVES- 
TER (1980) and CASTEL (1986), percent silt ciay and 
organic content in the sediment are the most im- 
portant variables in determining species distribution. 
Moreover these two parameters are highly correlated 
(r = 0.87, p < 0.01) and characterize both Zostera 
beds and oyster parks. 

Our results suggest the impact of oyster parks and 
Zostera beds on the meiofaunal penetration within 
the sediment. The oyster parks studied here present 
the two farming patterns used in Arcachon Bay. In 
Cap Ferret, plastic bags filled with oysters are 
disposed on frames. These farming structures by 
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