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Knowledge of the trophic position of meiofauna in marine sediments is still contradictory primarily due to the
scarcity of experimental data. The present study analyses diatom-feeders among themeiofauna. The assimilation
rate of carbon by meiofauna was determined through a grazing experiment using in situ collected diatoms
pre-labelled with 14C. The assimilation rates of diatom carbon were estimated for the bulk meiofaunal community
(0.84 ng C.ind−1.h−1), for the bulk harpacticoid copepods (1.92 ng C.ind.−1 h−1) and for two dominant nematode
species (Metachromadora remanei 1.26 ng C ind−1 h−1, Daptonema oxycerca 1.35 ngC.ind. −1 h−1). Experimental
results were extrapolated to compute the consumption of meiofauna in situ that would attain up to 12% of primary
benthic production in the Brouage mudflat (Marennes-Oléron Bay, southwest Atlantic coast).

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

The Marennes‐Oléron Bay is dominated by intertidal mudflats and
characterised by high biological productivity due to intense microalgal
and bacterial production (Hamels et al., 2001). In such systems, micro-
phytobenthos,which ismainly composed ofmotile diatoms, is themain
source of primary production (Colijn and de Jonge, 1984) and constitutes
an essential source of food for numerous benthic species (Herman et al.,
2000). Therefore, quantitative data regarding the relationship between
epipelic diatoms andmeiofauna are essential to understand its influence
on energy fluxes in the benthic ecosystem.

Meiofauna constitutes an inconspicuous component of the benthic
fauna, and although they are small organisms (40 μm–1 mm), they are
the most abundant and diverse metazoan taxa in marine sediments.
Meiofauna can contribute up to 30% of the living biomass in sediment,
and it is assumed that their contribution to the food of deposit-feeding
macrofauna is of similar magnitude (Coull, 1990, 1999; Degré et al.,
2006; Gerlach, 1978; Leguerrier et al., 2003).Meiofauna feed on bacteria,
diatoms and protozoa as well as other small organisms. Although,
numerous studies document meiofauna feeding on benthic diatoms
(Admiraal et al., 1983; Blanchard, 1991; Bouwman et al., 1984;
Middelburg et al., 2000; Montagna et al., 1995; Pascal et al., 2008;
Riera et al., 1996), the results on their relative importance in the
33 0468887395.
rignac).

rights reserved.
food web are contradictory; some studies indicate that meiofauna has
a grazing rate high enough to control microphytobenthic biomass and
production (Blanchard, 1991; Montagna, 1995; Montagna et al.,
1995), whereas other studies suggest that meiofauna uses only a
small share of carbon from primary production (Middelburg et al.,
2000; Moens et al., 2002; van Oevelen et al., 2006).

This work focuses on experimentally assessing the rate of diatom
carbon uptake by meiofauna from an intertidal mudflat of the Brouage
(Marennes-Oléron Bay, the southwest Atlantic coast of France). The
primary aimof thisworkwas to assess the quantity of carbon assimilated
by meiofauna. The secondary aimwas to evaluate whether the assimila-
tion rate varies among different taxa. For this purpose, an experiment
using 14C as a tracerwas conducted inmicrocosms tomeasure the assim-
ilation rate of carbon originating fromdiatoms inmeiofauna and in some
dominant taxa in the meiofaunal community such as copepods and
nematodes (Metachromadora remanei and Daptonema oxycerca).

2. Materials and methods

2.1. Study site

The studywas conducted in the Brouagemudflat,which is an intertid-
al area (40 km2) in the Bay of Marennes-Oléron, located on the south–
western Atlantic coast of France (46°15′N, 1°10′W) (Fig. 1). The Brouage
mudflat has flat bottom slope (1:1000) and a 4.5 kmwide large tidal area
(4.5 km wide) (Gouleau et al., 2000). This site is known for its shellfish
culture (Goulletquer and Héral, 1997), its role as nursery for juvenile
fish (Le Pape et al., 2003), and as a feeding ground for shorebirds
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Fig. 1. Position of sampling site in Brouage Mudflat (Bay of Marennes-Oléron).
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(Triplet et al., 2001). The Brouage mudflat has become the best-studied
mudflat of Marennes-Oléron Bay and an important experimental site
due to its exceptional morpho-sedimentological features (Bassoullet et
al., 2000) and high primary productivity (Guarini et al., 1997). Most of
the components of the Brouage ecosystem have been studied: the
abundances and diversity of macrofauna, meiofauna and flora
(Cariou-Le Gall and Blanchard, 1995; Rzeznik-Orignac et al., 2003;
Sauriau et al., 1989) and numerous data are available on its benthic
ecology (Degré et al., 2006; Leguerrier et al., 2003; Riera and Richard,
1996).
2.2. Sediment characteristics

To characterise the chlorophyll a content in the sediment, the
top 2 cm of five replicated cores (2.6 cm of diameter) were sam-
pled and deep frozen at −80 °C for later analysis. Chlorophyll
was extracted from the sediment by agitation for 12 h in the dark with
90% acetone. Chlorophyll a content was measured by a fluorimetric
method (Lorenzen, 1966).
2.3. Meiofaunal composition

Meiofaunal density (individuals 10 cm−2) and taxonomic composi-
tion in situ were obtained from five replicated cores taken at random
within a 50×50 cm area using a plastic syringe corer (11.3 cm2 surface
area). The top 2 cm of sediment from each core were preserved in 4%
formaldehyde solution. Meiofauna was extracted from the sediment
using Ludox TM (Heip et al., 1985). A motoda-box sample splitter was
used to collect a subsample containing at least 500–800 individuals
for abundance estimations of nematodes and other taxa. Fromeach sub-
sample, 100 nematodes were randomly removed, mounted on slides
and examined microscopically for species identification. Feeding types
and species of the nematodes were determined according to the classi-
fication of Wieser (1953, 1960) and Platt and Warwick (1983,1988),
respectively.

2.4. Grazing experiment

The method used in this study was previously described by
Blanchard et al. (2000) and is based on the addition of pre-labelled
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epipelic diatoms (14C) in the sediment containing meiofauna. The as-
similation rate of carbon by meiofauna was first computed according
to assumptions that are explained in the discussion and then converted
into an ingestion rate. This experimentwas performed in the laboratory
in microcosms and conducted according to following steps (Fig. 2):

Step 1. Meiofaunal sampling. The sediment containing meiofauna
was collected by scraping off the top 2 cm of sediment at
low tide within a 50 cm×50 cm area.

Step 2. Diatom sampling. Epipelic diatomswere collected in the same
area by scraping the top 2 cm of sediment. In the laboratory,
diatoms were isolated from the mud using their upward
migration (Paterson and Crawford, 1986). The sediment
was evenly distributed into a tray to form a 1-cm-thick layer
and was covered with three 200-μm nets. Trays were set at
ambient temperature and exposed under natural light. The
following day, diatoms hadmigrated upwards, and the upper-
most net was removed and rinsed with GF/F filtered seawater
to collect motile microalgae.

Step 3 A. Diatom labelling with 14C and setting up of microcosms. To
label the isolated diatoms, NaH14CO3 (40–50 mmol−1 stock
solution) was added to a 500-ml suspension to reach a final
concentration of approximately 0.4 μCi ml−1. The suspension
was then placed under saturating light condition for 2 h,
with continuous mixing using a magnetic stirrer. After the in-
cubation period, the microalgal suspension was centrifuged
(1000 rpm for 5 min) to concentrate the diatoms; the super-
natant containing unused 14C-bicarbonate was discarded. The
remaining diatoms were rinsed with filtered seawater and
centrifuged again; this step was repeated twice.
Fig. 2. Main steps in the experimental protocol.
Step 3 B. Control of conservative behaviour of 14C in the diatoms. The
method assumed a conservative behaviour of the 14C label
in diatoms, i.e., no loss of radioactivity from pre-labelled
diatoms due to respiration or excretion during incubation
with animals. If the radioactivity was lost from the diatoms
through respiration or extraction during the 4-h period fol-
lowing labelling, then the amount of radioactivity on GF/F
filters was expected to decrease as a function of time. To
check for a conservative behaviour of the label, a suspension
of labelled diatomswas prepared according to step 3A. Subse-
quently, 1-ml replicates of the rinsed labelled diatoms were
filtered on GF/F fibre glass filters every hour until 4 h after
the end of the labelling process.

Step 4. Addition of labelled diatoms to themicrocosms. Labelled dia-
toms were added to 1 litre of sediment containing the
meiofauna. The sediment was homogenised and split into
equal parts in four microcosms composed of plastic boxes
(15 cm×25 cm). At the beginning of the experiment, 4
sediment replicates of 1 ml each were sampled to measure
the specific activity of diatoms (dpm.unit Chl a −1) and their
total biomass. Afterwards, microcosms were immediately
placed in the dark to avoid division of diatoms.

Step 5. Computing the conversion ratio. Before the addition of labelled
diatoms, the microcosms already contained non-labelled
diatoms. Meiofauna thus ingested a mix of labelled and
non-labelled diatoms. Assuming meiofauna cannot select
its food according to radioactivity, we could use the average
radioactivity of diatoms to compute conversion ratio. Before
the start of the experiment, 4 sediment replicates of 1 ml
each were sampled to measure the amount of radioactivity
(dpm.ml−1) and Chla (ng Chla.ml−1). The Chla/radioactivity
ratio can be thus calculated (ngChla.dpm−1). Chlorophyll a
was measured fluorometrically (Lorenzen, 1966). This
constituted the start of the experiment (T0). The Chla was
transformed into a quantity of carbon according to de Jonge
(1980): carbon/chlorophyll a=45.

Step 6 A. The 2-h grazing experiment. The grazing experiment lasted
2 h. To monitor the kinetics of radioactive accumulation in
meiofauna, eachmicrocosmwas sampled (50 ml of sediment)
at the following times: T0 (0 min), T1 (20 min), T2 (40 min), T3
(60 min), T4 (80 min), and T5 (120 min). For each sample, the
incubation period was stopped by immediate centrifugation
(4500 rev. mn−1 during 7 min) to extract meiofauna from
the sediment. Extracted meiofauna were frozen at −20 °C.
The sorting of nematodes (M. remanei, D. oxycerca), bulk of
both copepods and meiofauna was completed within 5 days.
Animals were handpicked with a fine needle under a dis-
secting microscope, rinsed in sterile artificial sea water to
remove adhering particles, and placed into scintillation vials
(300 individuals per vials) containing a drop of distilled
water. Afterwards, 1 ml of Soluene-350 (Pacard) was added
to the vials containing animals, and the vials were incubated
at 60 °C for 72 h to solubilise the animal tissue. Before the
radioactivity measurements, 8 ml of Hionic–fluor (Pacard)
was added to each vial. The radioactivity of the samples
was measured in a Pacard Tri-Crab scintillation counter.

Step 6 B. Controls of non-grazing processes. The measured label up-
takes represent the sum of two labels; one due to the feeding
on diatoms and the other due to passive 14C absorption or
adsorption by meiofauna. To evaluate passive label uptake,
killed-controlswere used according to themethod described
by Montagna (1983). At the beginning of the grazing exper-
iment, sediment samples were immediately frozen at −
20 °C (T0), and the kinetics of the radioactivity of animal or-
ganisms wasmonitored every 20 min for 120 min. Thus, the
measured 14C uptakewas due to non-grazing and non-living



Table 1
The parameters measured in the experiments (mean±SE): radioactivity of mud, concen-
trations of chlorophyll a, conversion ratio (CR), and label uptakemeasured for non-grazing
process (controls).

Taxa Radioactivity
(dpm.ml−1)

Chlorophyll
(μg.ml−1)

CR
(μgC.dpm−1)

Control
(dpm.ind.−1)

Bulk of meiofauna 204,625±39,950 17.48±1.7 0.00384 0.040±0.001
D. oxycerca,
M. remanei,
Bulk of copepods

100,675±28,437 20.00±7.3 0.00912 0.010±0.003
0.069±0.04

y = 1,39x - 23,89
R2 = 0,84
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Fig. 3. Accumulation of radioactivity in bulk of meiofauna feeding on labelled diatoms
(dpm. 300 ind−1) as a function of time. The duration of experimentwas 80 min. The slope
of the linear accumulation (dpm.ind−1.h−1) is related to the mean assimilation rate.
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processes, i.e., adsorption or absorption. The label uptake due
to the feeding on diatoms was computed as the difference
between the radioactivity measured in microcosms and the
radioactivity fixed in frozen-killed controls.

Step 7. Conversion of radioactivity uptake due to feeding into carbon
uptake rate. All results were expressed as disintegration per
minute (DPM) per 300 organisms per time unit. A linear re-
gression of label uptake due to feeding per time was used to
retrieve the slope coefficient from which the uptake rate
was computed. The uptake rate of meiofauna (URM) was
determined from the amount of radioactivity ingested by
meiofauna per hour (IR). As non-feeding processes were
accounted for in the previous steps, any label uptake can
be related to preying on diatoms. The estimated conver-
sion ratio (CRChla) was used to convert radioactivity into its
equivalent of Chla: URM (ng Chla/meiofauna×hour)=IR
(dpm/meiofauna×hour)×CRChla (ng Chla/dpm).

The computation of the assimilation rate of animals is based on as-
sumptions that are explained in the discussion. The conversion ratio
(CRc) of carbon to radioactivity were calculated and expressed in ng
C.dpm −1 (step 5A). CR allows converting the measured animal radio-
activity into the carbon that is present in the animals that is from
diatoms.

The p-values were computed to check the significance of the coeffi-
cient of linear regression. The level of 5% was assumed to represent a
significant difference. R2 describes the quantity of variation of the
values (y) explained by the predictor (x).

3. Results

3.1. Composition of meiofauna

Six meiofaunal taxa were identified in the samples: Nematoda
(dominance 95%), Harpacticoid Copepoda (2%), Turbellaria (1%),
Ostracoda (1%), Oligochaeta (0.5%) and Polychaeta (0.5%). The mean
density was 2112 (±1250) individuals per 10 cm2. Six nematode
species represented 75% of meiofaunal abundance, including
epigrowth feeders (2A) – M. remanei – (30%), Ptycholaimellus jacobi
(8%) and Chromadora macrolaima (8%), a selective deposit feeder (1A) –
Terschellingia longicaudata (13%), non-selective deposit feeders (1B) –

D. oxycerca (9%) and Sabatieria pulchra (7%). With regard to nematode
trophic type, the community was dominated by diatom feeders (59%).
Deposit feeders (26%) and omnivore/predators (5%) exhibited marginal
abundances in the community studied (Rzeznik-Orignac et al., 2003).

3.2. Control parameters

The parameters of radioactivity and chlorophyll a concentration in
the sediment measured in microcosms are presented in Table 1. Label
uptake in control samples (non-grazing processes)was assessed to be a
maximum of 10% of final radioactivity. The amount of 14C accumulated
in labelled diatoms did not change during the 4 h following labelling.

3.3. Uptake rate in meiofauna

The linearmodel for radioactivity uptake was satisfactory, explaining
from 51% to 84% of the variance. The assimilation rate of carbon by the
bulk of meiofauna was 0.84 ng C.ind−1.h−1 (Fig. 3). The assimilation
rate of M. remanei 1.26 ng C.ind−1.h−1 (Fig. 5) was similar to that of
D. oxycerca, 1.35 ng C.ind−1.h−1 (Fig. 4). The relationships observed
were statistically significant (regression: F=9.52 p=0.013, t=3.09
p=0.013 forM. remanei and; regression: F=13 p=0.05, t=3.60 p=
0.005 forD. oxycerca). The relationship observedwas statistically signif-
icant (regression: F=36.96 p=0.001, t=10.8 p=0.000). The assimi-
lation rate of the bulk of copepods (Fig. 6) was higher than that of two
species of nematodes, M. remanei and D. oxycerca, reaching 1.92 ng
C.ind.−1 h−1. The relationship observed was statistically significant
(regression: F=14.79 p=0.009, t=−3.85 p=0.009).

4. Discussion

4.1. Meiofaunal composition

Meiofauna is always very abundant in all types of marine sediment
with abundances reaching many millions of individuals per m2. The
mean abundance of meiofauna in the Brouage mudflat was estimated
to be 2112×103 ind.m−2, and nematodes represented approximately
95% of the total meiofauna. Similar abundances have already been
observed by Montagna et al. (1995) in the Marennes Oléron Bay
and in other European estuaries such as the Lynher, the Tagus and
the Westerschelde (Warwick and Price, 1979; Soetaert et al., 1995).
The high abundances of meiofauna correspond roughly to 1–2 g of
biomass per m2 and represent 10%–20% of total macrofaunal biomass
in the Marennes-Oléron Bay (Leguerrier et al., 2003). Although
meiofauna represents 10% of total macrofaunal biomass, its throughput
and production could be equal or even higher than that of macrofaunal
production (Leguerrier et al., 2003). Similar conclusions were drawn in
other ecosystems such as theWadden Sea (Kuipers et al., 1981), the Bay
of Saint Brieuc (Chardy et al., 1993), and Morlaix Bay (Chardy and
Dauvin, 1992).

To assess exchanges between the trophic levels “meiofauna” and
“primary producers” in Marennes-Oléron Bay, we performed a grazing
experiment using all meiofaunal taxa. We also repeated grazing mea-
surements at the species level for two dominant nematode species
(M. remanei and D. oxycerca) and for harpacticoid copepods.

4.2. Radioactivity uptake in meiofauna

The data from the present study suggest an accumulation of radioac-
tive material in meiofauna proportional to the feeding time (experi-
mental incubation time, t0 t1 t2 …): 14C accumulations in meiofauna
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Fig. 4. Accumulation of radioactivity in Daptonema oxycerca feeding on labelled diatoms
(dpm. 300 ind−1) as a function of time. The duration of experiment was 120 min. The
slope of the linear accumulation (dpm.ind−1.h−1) is related to themean assimilation rate.
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were linear for a 2-h incubation period. The constant accumulation of
labelled food had previously been observed with comparable incuba-
tion times (Herman and Vranken, 1988; Moens et al., 1999; Pascal et
al., 2008). The interpretation of the results in terms of biological pro-
cesses (ingestion, assimilation, respiration…) was not obvious. In
previous studies, Schiemer (1987) and Moens et al. (1999) suggested
that many data regarding the meiofaunal feeding rate on microflora
andmeasurements of the absorption of labelled foodprovide an estimate
of the assimilation rate rather than an ingestion rate. We investigated
this question through a review of the available literature on the different
processes involved (ingestion, assimilation, defecation) and their time
scales. In a majority of studies (Admiraal et al., 1983; Tietjen and Lee,
1977a, 1977b), the experimental duration was approximately an hour.
The intervals of defecation for nematodes and copepods (e.g., the time
that passed between ingestion and the appearance of defecation) extend
from a few minutes to about half an hour (Crofton, 1966; Croll et al.,
1977; Duncan et al., 1974; Mapes, 1965; Moens et al., 1999). Defecation
takes place if the experimental duration exceeds that of intestinal transit.
Because nematode defecation intervals are very short (Duncan et al.,
1974; Thomas, 1989), the gut contents would be renewed every few
minutes. For these reasons, it has been suggested in the present
study, the linear accumulation of label indicates assimilation rather
than ingestion. As all other grazing experiments were run for 2 h or
longer, they provided the assimilation rate of food. Assuming an assimila-
tion rate of 25% (Herman and Vranken, 1988; Somerfield et al., 2005), the
ingestion rate would be four times higher.
y = 0,67x + 11,40
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Fig. 5. Accumulationof radioactivity inMetachromadora remanei feedingon labelleddiatoms
(dpm. 300 ind−1) as a function of time. The duration of experimentwas 120 min. The slope
of the linear accumulation (dpm.ind−1.h−1) is related to the mean assimilation rate.
4.3. Diatom consumption by meiofauna

The assimilation rate obtained for the meiofaunal community
was 0.84 ng C.ind.−1 h−1. With 2112×103 ind.m−2, the assimila-
tion rate of the community could thus be extrapolated to 42.57 mg
C.m−2 per day. This value was of a similar order of magnitude as that
obtained by Montagna et al. (1995) by in situ tracing (14C) diatoms in
Marennes-Oléron Bay. They showed that the meiofaunal community
assimilated between 58 and 189 mg C.m−2 per day. However, the
two different experimental approaches i.e., the experimental micro-
cosms (present study) and in situ radioactive-tracing (Montagna et
al., 1995), supplied similar results for the meiofaunal assimilation rate
of microphytobenthic carbon in the Marennes-Oléron Bay.

Furthermore, the grazing experiment provided results at the species
level. It is interesting to compare results at the species level with those
of the group level (all meiofauna). The sum of assimilation rates of two
nematode species and copepods reach up to 53% of the meiofaunal
assimilation rate measured directly. This result demonstrates that
other taxa composing the local meiofauna feed on benthic diatoms,
accounting for the missing 47%. In the mudflat of Brouage, the relative
abundance of epistrate-feeders can fluctuate seasonally from 20 to
70% (Rzeznik-Orignac et al., 2003). The variation in abundance of trophic
types in the meiofauna, in particular, diatom-feeder abundance, can
influence the amount of microphytobenthos consumption.

As for the assimilation rates at the species level, similar results were
obtained in different studies (Table 2). It appears that assimilation rates
obtained for M. remanei and D. oxycerca are of similar magnitude to
other herbivorous nematodes (Table 2) or copepods. For example, in an
adjacentmudflat of theMarennes-Oléron, similar results for harpacticoid
copepods were obtained from the in situ 14C tracing experiment, e.g.,
incubation of a radioactive tracer in the sediment (Blanchard, 1991;
Montagna et al., 1995) leading to assimilation rates of copepods that
were 40% higher than those of herbivorous nematodes (Blanchard,
1991). Thisfinding confirms that copepods have a slightly higher assim-
ilation rate than nematodes.

4.4. Estimation of amount of ingested diatoms by meiofauna

The microphytobenthic production in the mudflat of Brouage was
estimated at 400 g C.m−2.y−1 or about 1 g C.m−2.d−1 (Guarini,
1998). Assuming that the meiofaunal feeding rate is constant during
the year and represents 4 times the assimilation rate (Herman and
Vranken, 1988), the meiofauna in the Brouage Mudflat would consume
128 mg C m−2 d−1 or 47 g of C m−2 y−1. This amount corresponds to
13% of themicrophytobenthic primary production. The value is compa-
rable to that obtained by an inverse analysis realised for the trophicweb
of the Brouage Mudflat (12%, Leguerrier et al., 2003). Meiofaunal con-
sumption of microphytobenthic carbon (10–20%) is higher that of
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macrofauna (3–5%) despite the biomass of the latter being five times
higher than that of meiofauna (Haubois et al., 2005; Leguerrier et al.,
2003).

In comparison, in an adjacent mudflat in the Marenne-Oléron Bay, it
was estimated (Blanchard, 1991) that ingestion of benthicmicroalgae by
meiofauna, e.g., 33.94 μg C.10 cm−2.h−1 (814.6 mg C.m−2.d−1) could
be easily sustained by an equal amount recorded for microphytobenthic
production. In the Ems-Dollard estuary (Admiraal et al., 1983), it was
estimated that the meiofauna consumed 300 mg C.d−1 m−2, which
corresponds to only 10% of the benthic primary production. This trend
is also common in a salt-water marsh in South Carolina where high
levels of meiofaunal grazing on the microphytobenthos was observed
(Montagna, 1984). Meiofauna may also be dependent on other food
sources such as bacteria, detritus, protozoa, oligochaetes or nematodes
(Moens and Vincx, 1997), but in the Brouage Mudflat, as herbivorous
nematodes represent approximately 59% of the total meiofauna
(Rzeznik-Orignac et al., 2003); undoubtedly, these nematodes are
primarily responsible for the carbon flow from the microphytobenthos
to the meiofauna compartment. Our results are in accordance with the
conclusion of Pascal et al. (2008) who found that algal assimilation by
nematodes represented more than three times the bacterial assimila-
tion in the Brouage mudflat.

The potential annual ingestion rate of the meiofaunal community in
the Brouagemudflat relies on the extrapolation of a measured assimila-
tion rate to themeanmeiofaunal abundance for all hours of the day and
all the seasons of the year. These assumptions need to be examined.
Nematodes may respond to environmental changes on a seasonal
scale byphysiologically adjusting and shifting their optimumconditions
(Gee, 1985). Moreover, the grazing rate is obviously controlled by
different environmental conditions, both biotic (i.e., bacterial, algal abun-
dances) and abiotic (i.e., temperature, salinity, luminosity). The intertidal
mudflat of Brouage is subject to awide range of environmentally varying
factors. Three relevant time scales drive these environmental variations:
long-term (seasonal cycle), medium-term (lunar cycle) and short-term
(solar and tidal cycles) (Guarini et al., 1997). Although the Brouage
mudflat undergoes drastic environmental changes, such as widely
varying minimum and maximum mud temperature (5°-34 °C),
high salinity (18–35 PSU), and irradiance reaching 2000 μM of photons
m−2 s−1 (Underwood and Kromkamp, 2000), the nematode assem-
blage appears to have adapted to these highly fluctuating conditions
and their feeding activity is little affected (Pascal et al., 2008). In
Table 2
Assimilation rates of nematodes and various copepods obtained in the present study
and in others studies on nematodes belonging to the same trophic group or copepods.
Assimilation from others sources was calculated as 25% of ingestion rate. (DOM =
dissolved organic matter).

Trophic group Species Food Assimilation
rate
(ngC/ind/h)

Authors

Epistrate-feeders
(2A)

Metachromadora
remanei

Diatoms 1.26 Present study

Eudioplogaster
pararmatus

Diatoms 0.42 Admiraal et al.
(1983)

Chromadora
germanica

Diatoms 1 Tietjen and Lee
(1977b)

Chromadora
macrolaimoides

Diatoms 9 Tietjen (1980)

Deposit-feeders
(1A and 1B)

Daptonema
oxycerca

Diatoms 1.35 Present study

Rhabditis marina Bacteria,
DOM

0.9–1.6 Tietjen and Lee
(1977a)

Monhystera
denticulate

Bacteria,
DOM

0.1 Tietjen and Lee
(1977a)

Copepods Various species Diatoms 1.92 Present study
Diatoms 0.2–2.8 Montagna et al.

(1995)
contrast, seasonal changes in the abundance or diversity of meiofaunal
taxa would alter the results of the extrapolation of food uptake.

4.5. Methodological considerations

Most of the previous literature describes experiments carried out
in laboratory conditions, for example, the use of an artificial medium
such as agar and the isolation of species from sediment or selected
food sources (Admiraal et al., 1983; Tietjen and Lee, 1977a, 1977b).
Another method, the injection of a radioactive tracer (14C) directly
into sediment cores (Blanchard, 1991; Montagna, 1984; Montagna
et al., 1995), was carried out in situ. However, the various pathways
of absorption of the tracer by the organisms make it difficult to inter-
pret the results in situ. The protocol used in the present study relies
on microcosm experiment in the laboratory. The animals were not
starved before the experiment. They were not isolated from sediment
in order to preserve the natural feeding behaviour on a wide range of
food sources naturally present in the sediment, such as protists, bacteria,
diatoms, detritus and others organisms. These experimental conditions
seemed appropriate for investigating the ingestion rate of meiofauna.

In the grazing experiment, we assume that grazing is not label
dependent. The underlying assumption is that migrating species of
labelled diatoms are representative of the species in the sediment.
To assure that the conditions in the experimental microcosms were
as close to natural conditions as possible, the substrate consisted of
sampled sediments containing a natural assemblage of meiofauna
and diatoms. Despite the fact that the addition andmixing of labelled
diatoms to natural sediment in the microcosm disrupted the microbial–
meiofaunal spatial relationships, the size and diversity of diatom assem-
blages used in the present studywould bemore representative of natural
assemblages than those in most previous experiments.

4.6. Conclusions

The experiment carried out at the species level allowed us to confirm
that fluxes of carbon from diatoms to herbivorous meiofauna take place.
This study improves our knowledge of the role played by meiofauna in
the mudflat system and allows us to better understanding the fate of
carbon from the microphytobenthos in the food web. The meiofauna
had a small biomass but constituted a very active trophic level com-
pared to the macrofauna in the Brouage mudflat. It highlights how
the specific structure of the meiofauna could play a key role in the
control of energy fluxes from primary production to the meiofaunal
trophic level and that the trophic diversity of meiofauna should be
fully integrated into food web studies.

Acknowledgements

The Polonium programme (Franco-Polish grant), the University of
La Rochelle, the University of Gdansk and the National HistoryMuseum
of Paris financially supported this work. We thank A-G Haubois for
helpful advice during experimental work. [ST]

References

Admiraal, W., Bouwman, L.A., Heokstra, L., Romeyn, K., 1983. Qualitative and quantitative
interactions between microphytobenthos and herbivorous meiofauna on a brackish
intertidal mudflat. Int. Rev. Gesamten Hydrobiol. 68, 175–191.

Bassoullet, P., Le Hir, P., Gouleau, D., Robert, S., 2000. Sediment transport over an intertidal
mudflat: field investigations and estimation of fluxes within the “Baie de Marennes-
Oléron” (France). Cont. Shelf Res. 20, 1635–1653.

Blanchard, G.F., 1991. Measurement of meiofauna grazing rates onmicrophytobenthos: is
primary production a limiting factor? J. Exp. Mar. Biol. Ecol. 147, 37–46.

Blanchard, G.F., Guarini, J.M., Provot, L., Richard, P., Sauriau, P.G., 2000. Measurement of
ingestion rate of Hydrobia ulvae (Pennant) on intertidal epipelic microalgae: the
effect of mud snail density. J. Exp. Mar. Biol. Ecol. 255, 247–260.

Bouwman, L.A., Romeijn, K., Kremer, D.R., Van Es, F.B., 1984. Occurrence and feeding biology
of some nematode species in estuarine Aufwuschs communities. Cah. Biol. Mar. 25,
287–303.



185J. Rzeznik-Orignac, D. Fichet / Journal of Experimental Marine Biology and Ecology 432–433 (2012) 179–185
Cariou-Le Gall, V., Blanchard, G.F., 1995. Monthly HPLC measurements of pigment con-
centration from an intertidal muddy sediment of Marennes-Oléron Bay, France.
Mar. Ecol. Prog. Ser. 121, 171–179.

Chardy, P., Dauvin, J.C., 1992. Carbon flows in a subtidal fine sand community from the
western English Channel: a simulation analysis. Mar. Ecol. Prog. Ser. 81, 147–161.

Chardy, P., Gros, P., Mercier, H., Monbet, Y., 1993. Benthic carbon budget for the Bay of
Saint Brieuc (Western Channel). Application of inverse method. Oceanol. Acta 16,
687–694.

Colijn, F., de Jonge, V.N., 1984. Primary production of microphytobenthos in the
Ems-Dollard estuary. Mar. Ecol. Prog. Ser. 14, 185–196.

Coull, B.C., 1990. Are members of the meiofauna food for higher trophic levels. Trans.
Am. Microsc. Soc. 109, 233–246.

Coull, B.C., 1999. Role of meiofauna in estuarine soft-bottom habitats. Aust. J. Ecol. 24,
327–343.

Crofton, H.D., 1966. Nematodes. Hutchinson University Library, London.
Croll, N.A., Smith, J.M., Zuckerman, B.M., 1977. The aging process of the nematode

Caenorhabditis elegans in bacterial and axenic culture. Exp. Aging Res. 3, 175–199.
de Jonge, V.N., 1980. Fluctuation in the organic carbon to chlorophyll a ratios for estuarine

benthic diatom populations. Mar. Ecol. Prog. Ser. 2, 345–353.
Degré, D., Leguerrier, D., Armynot du Chatelet, E., Rzeznik-Orignac, J., Auguet, J.C.,

Dupuy, C., Marquis, E., Fichet, D., Struski, C., Joyeux, E., Sauriau, P.-G., Niquil, N.,
2006. Comparative analysis of the food webs of two intertidal mudflats during
two seasons using inverse modelling: Aiguillon Cove and Brouage Mudflat
(France). Estuarine Coastal Shelf Sci. 69, 107–124.

Duncan, A., Schiemer, F., Klekowski, R.J., 1974. A preliminary study of feeding rates on
bacterial food by adult females of a benthic nematode, Plectus palustris De Man
1880. Pol. Arch. Hydrobiol. 21, 249–258.

Gee, J.M., 1985. Seasonal aspects of the relationship between temperature and respiration
rate in four species of intertidal harpacticoid copepod. J. Exp. Mar. Biol. Ecol. 93,
147–156.

Gerlach, S.A., 1978. Food-chain relationships in subtidal silty sand marine sediments
and the role of meiofauna in stimulating bacterial productivity. Oecologia 33,
55–69.

Gouleau, D., Jouanneau, J.M., Weber, O., Sauriau, P.G., 2000. Short- and long-term
sedimentation on Montportail-Brouage intertidal mudflat, Marennes-Oleron
Bay (France). Cont. Shelf Res. 20, 1513–1530.

Goulletquer, P., Héral, M., 1997. Marine molluscan production trends in France: from
fisheries to aquaculture. In: MacKensie, C.L., Bunell, V.G., Rosenfield, A. (Eds.),
TheHistory, Present Condition, and Future of theMolluscan Fisheries of North America
and Europe. Department of Commerce, Seattle, Washington, pp. 137–164
(NOAATechnical Report NMFS 129).

Guarini, J.M., 1998. Modélisation de la dynamique du microphytobenthos des vasières
intertidales du bassin de Marennes-Oléron. Effets des synchroniseurs physiques
sur la régulation de la production. Thèse de Doctorat Océanologie Biologique,
Université Pierre et Marie Curie, Paris VI.

Guarini, J.M., Blanchard, G.F., Gros, P., Harrison, S.J., 1997. Modeling the mud surface
temperature on intertidal flats to investigate the spatio-temporal dynamics of
the benthic microalgal photosynthetic capacity. Mar. Ecol. Prog. Ser. 153, 25–36.

Hamels, I., Muylaert, K., Casteleyn, G., Vyverman, W., 2001. Uncoupling of bacterial pro-
duction and flagellate grazing in aquatic sediment: a case study from an intertidal
flat. Aquat. Microb. Ecol. 25, 31–42.

Haubois, A.G., Guarini, J.M., Richard, P., Fichet, D., Radenac, G., Blanchard, G.F., 2005. Inges-
tion rate of the deposit-feeder Hydrobia ulvae (Gastropoda) on epipelic diatoms: effect
of cell size and algal biomass. J. Exp. Mar. Biol. Ecol. 317, 1–12.

Heip, C., Vincx, M., Vranken, G., 1985. The ecology of marine nematodes. Oceanogr.
Mar. Biol. 23, 399–489.

Herman, P.M.J., Vranken, G., 1988. Studies of the life-history and energetics of marine
and brackish-water nematodes. 2. Production, respirations and food uptake by
Monhystera disjuncta. Oecologia 77, 457–463.

Herman, P.M.J., Middelburg, J.J., Widdows, J., Lucas, C.H., Heip, C.H.R., 2000. Stable
isotopes as trophic tracers: combining field sampling and manipulative labelling
of food resources for macrobenthos. Mar. Ecol. Prog. Ser. 204, 79–92.

Kuipers, B.R., deWilde, P.A.W.J., Creuzberg, F., 1981. Energy flow in a tidal flat ecosystem.
Mar. Ecol. Prog. Ser. 5, 215–221.

Le Pape, O., Chauvet, F., Mahe´vas, S., Lazure, P., Gue´rault, D., De´saunay, Y., 2003.
Quantitative description of habitat suitability for the juvenile common sole
(Solea solea L.) in the Bay of Biscay (France) and the contribution of different
habitats to the adult population. J. Sea Res. 50, 139–149.

Leguerrier, D., Niquil, N., Boileau, N., Rzeznik, J., Sauriau, P.G., 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.

Lorenzen, C.J., 1966. A method for the continuous measurement of in vivo chlorophyll
concentration. Deep-Sea Res. 13, 223–227.

Mapes, C.J., 1965. Structure and function in the nematode pharynx. 2. Pumping in
Panagrellus, Aplectana and Rhabditis. Parasitology 55, 583–594.
Middelburg, J.J., Barranguet, C., Boschker, H.T.S., Herman, P.M.J., Moens, T., Heip, C.H.R.,
2000. The fate of intertidal microphytobenthos carbon: an in situ 13C-labeling
study. Limnol. Oceanogr. 45, 1224–1234.

Moens, T., Vincx, M., 1997. Observations on the feeding ecologyof estuarine nematodes.
J. Mar. Biol. Assoc. U. K. 77, 211–227.

Moens, T., Verbeeck, L., Vincx, M., 1999. Preservation and incubation time-induced bias
in tracer-aided grazing studies on meiofauna. Mar. Biol. 133, 69–77.

Moens, T., Luyten, C., Middelburg, J.J., Herman, P.M.J., Vincx, M., 2002. Tracing organic
matter sources of estuarine tidal flat nematodes with stable carbon isotopes.
Mar. Ecol. Prog. Ser. 234, 127–137.

Montagna, P.A., 1983. Live controls for radioisotopes tracer food chain experiments
using meiofauna. Mar. Ecol. Prog. Ser. 12, 43–46.

Montagna, P.A., 1984. In situ measurement of meiobenthic grazing rates on sediment
bacteria and edaphic diatoms. Mar. Ecol. Prog. Ser. 18, 119–130.

Montagna, P.A., 1995. Rates of metazoan meiofaunal microbivory: a review. Vie Milieu
45, 1–9.

Montagna, P.A., Blanchard, G.F., Dinet, A., 1995. Effect of production and biomass of intertidal
microphytobenthos on meiofaunal grazing rates. J. Exp. Mar. Biol. Ecol. 185, 149–165.

Pascal, P.Y., Dupuy, C., Richard, P., Rzeznik-Orignac, J., Niquil, N., 2008. Bacterivory of a
mudflat nematode community under different environmental conditions. Mar.
Biol. 154, 671–682.

Paterson, D.M., Crawford, R.M., 1986. The structure of benthic diatoms assemblage: a
preliminary account of the use and evaluation of low-temperature scanning electron
microscopy. J. Exp. Mar. Biol. Ecol. 95, 279–289.

Platt, H.M., Warwick, R.M., 1983. Free-living marine nematodes. Part I: British Enoplids.
Synopses of the British Fauna (New Series), 28, pp. 1–307.

Platt, H.M., Warwick, R.M., 1988. Free-living marine nematodes. Part II: British
Chromadorids. Synopses of the British Fauna (New Series), 38, pp. 1–502.

Riera, P., Richard, P., 1996. Isotopic determination of food sources of Crassostrea gigas
along a trophic gradient in the estuarine Bay of Marennes-Oléron. Estuarine Coastal
Shelf Sci. 42, 347–360.

Riera, P., Richard, P., Grémare, A., Blanchard, G., 1996. Food source of intertidal nematodes
in the Bay of Marennes-Oléron (France), as determined by dual stable isotope analysis.
Mar. Ecol. Prog. Ser. 142, 303–309.

Rzeznik-Orignac, J., Fichet, D., Boucher, G., 2003. Spatio-temporal structure of the
nematode associations of the Brouage mudflat (Marennes Oléron). Estuarine Coastal
Shelf Sci. 58, 77–88.

Sauriau, P.G., Mouret, V., Rince, J.-P., 1989. Organisation trophique de la malacofaune
benthique non cultive´e du bassin ostre´icole de Marennes-Oléron. Oceanol. Acta
12, 193–204.

Schiemer, F., 1987. Nematoda. In: Pardian, T.J., Vernberg, F.J. (Eds.), Animal energetics. :
Protozoan Through Insecta, 1. Academic Press, Inc., pp. 185–215.

Soetaert, K., Vincx, M., Wittoeck, J., Tulkens, M., 1995. Meiobenthic distribution and
nematode community structure in five European estuaries. Hydrobiologia 311,
185–206.

Somerfield, P.J., Warwick, R.M., Moens, T., 2005. Methods for the study ofmarine benthos.
In: Eleftheriou, A., McIntyre, A.D. (Eds.), Meiofauna Techniques. Blackwell Science,
Oxford, pp. 229–272.

Thomas, J.H., 1989. Genetic analysis of defecation in Caenorhabditis 656 elegans. Genetics
124, 855–872.

Tietjen, J.H., 1980. Microbial–meiofaunal interrelationships: a review. Microbiology
110, 335–338.

Tietjen, J.H., Lee, J.J., 1977a. Life histories of marine nematodes. Influence of tempera-
ture and salinity on the reproductive potential of Chromadorina germanica Bütschli.
Mikrofauna Meeresbodens 61, 263–270.

Tietjen, J.H., Lee, J.J., 1977b. Feeding behavior of marine nematodes. In: Coull, B.C. (Ed.),
Ecology of Marine Benthos. Univ. South Carolina Press, Columbia, pp. 21–35.

Triplet, P., Le Dréan-Quénec'hdu, S., Mahéo, R., 2001. Incidence des infrastructures
portuaires et des activite´s humaines sur l'abondance et la répartition des limicoles
sur le littoral français. In: Drévès, L., Chaussepied, M. (Eds.), Restauration des
écosystèmes côtiers. Ifremer, Brest, pp. 243–255.

Underwood, G.J.C., Kromkamp, J.C., 2000. Primary production by phytoplancton and
microphytoplancton in estuaries. In: Nedwell, D.B., Raffaelli, D.G. (Eds.), Estuaries,
Advances in Ecological Research. Academic Press, pp. 93–153.

van Oevelen, D., Soetaert, K., Middelburg, J.J., Herman, P.M.J., Moodley, L., Hamels, I.,
Moens, T., Heip, C.H.R., 2006. Carbon flows through a benthic food web: Integrating
biomass, isotope and tracer data. J. Mar. Res. 64, 453–482.

Warwick, R.M., Price, R., 1979. Ecological and metabolic studies on free-living nematodes
from an estuarine sand flat. Estuar. Coast. Mar. Sci. 9, 257–271.

Wieser, W., 1953. Die Beziehungen zwischen Mundhöhlengestalt, Ernährungsweise und
Vorkommen bei freilebenden marinen Nematoden. Eine ökologisch-morphologische
Studie. Ark. Zool. 4, 439–484.

Wieser, W., 1960. Benthic studies in Buzzards Bay. II. The meiofauna. Limnol. Oceanogr.
5, 121–137.


	Experimental estimation of assimilation rates of meiofauna feeding on 14C-labelled benthic diatoms
	1. Introduction
	2. Materials and methods
	2.1. Study site
	2.2. Sediment characteristics
	2.3. Meiofaunal composition
	2.4. Grazing experiment

	3. Results
	3.1. Composition of meiofauna
	3.2. Control parameters
	3.3. Uptake rate in meiofauna

	4. Discussion
	4.1. Meiofaunal composition
	4.2. Radioactivity uptake in meiofauna
	4.3. Diatom consumption by meiofauna
	4.4. Estimation of amount of ingested diatoms by meiofauna
	4.5. Methodological considerations
	4.6. Conclusions

	Acknowledgements
	References


