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Abstract

The concept of trophic level is particularly relavan order to improve knowledge of
the structure and the functioning of an ecosys#&precise estimation of fish trophic levels
based on nitrogen isotopic signatures in envirorimas complex and fluctuant as estuaries
requires a good description of the pelagic andtemtophic chains and a knowledge of
organic matter sources at the bottom. In this stbdge points are considered in the case of
the Gironde estuary (south west France, Europepbiain a good picture of the food web,
fish stomach content analyses and a bibliograpmthgsis of the prey feeding ecology were
carried out. Fish trophic levels were calculatexrfrthese results asd®N data. The feeding
link investigation enabled us to identify qualitetly and quantitatively the different preys
consumed by each fish group studied, to distingthistprey feeding on benthos from those
feeding on pelagos and to characterize the differefritive pools at the base of the system.
Among the species studied, orliyza ramada and the flatfishRlatichthys flesus and Solea
solea) depend mainly on benthic trophic compartmentsthd other fish groups depend on
several trophic (benthic and/or pelagic) sourcé®se results enabled us to correct the
calculation of fish trophic levels which are cohdreith their feeding ecology data obtained
from the nitrogen isotopic integrative period. Tgresent work shows that trophic positions
are linked with the feeding ecology of fish spe@es vary according to individual size.
Ecological data also allow the correction of thetepic data by eliminating absurd results and
showing the complementarity of the two methodss™nrk is the first to consider source
variability in the fish food web. This is an indepsable step for trophic studies in a dynamic
environment. The investigation of matter fluxes aeclcling processes at the food web base

would provide an useful improvement in future esneafood web research.
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1. Introduction

In recent years, there has been increased infarase of carbon and nitrogen stable
isotopes to characterize the trophic web strucakthe energy flows of aquatic ecosystems
(e.g. Kwak and Zedler, 1997). For a living beirte tarbon isotope ratidC/*“C provides an
estimate of the origin of the assimilated organatter (De Niro and Epstein, 1978; Fry and
Sherr, 1984; Post, 2002) and the nitrogen carbiim ¥&/*“N gives its trophic level (De Niro
and Epstein, 1981; Minagawa and Wada, 1984; Hesstal., 1991; Wada et al., 1991).

For fish, stable isotope analysis represents a mmgntary approach to traditional
feeding studies: stomach contents reflect the taiiade and quantitative ingestion of species
at a given time whereas stable isotope analysessept an integrative record of the food that
has really been assimilated by the fish duringréodeprior to the sampling (e.g. Persson and
Hansoon, 1999; Davenport and Bax, 2002; West €2@03; Winemiller et al., 2007). The
isotopic integrative time varies from days to yearsording to the ecosystem, the species,
their growth rate and the tissue considered (Trestal., 1983; Hesslein et al., 1993;
Guelinckx et al., 2007; Church et al., 2009; Suiang Wing, 2009). For example, Perga &
Gerdeaux (2003) have estimated thats€ ands**N of muscle tissue only reflected the
food consumed during the spring and summer growtlog.

The combined use of these two methods can provdigaled picture of the structure
of an estuarine fish food web by i) describing tigprelationships between different
biological compartments (stomach contents analymed)i) estimating the trophic position of
species one alongside the other (nitrogen stabteps analyses) (e.g. West et al., 2003; Akin
and Winemiller, 2008).

In the Gironde estuary’N seemed to be a good marker to improve knowledigfeeo

food web structure, even if anomalies in fish tiogdositions have been identified (Pasquaud
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et al., 2008). For examplBlatichthys flesus, a predator of small benthic crustaceans has a

higher averagé'®N level thanArgyrosomus regius which tends to be ichtyophagous. These
observations can be explained by an enrichmertedf'tN signatures in benthic species

compared to pelagic species for an equivalent toopdsition (e.g. Sherwood and Rose,

2005). Moreover, a precise estimation of the fisiplic positions requires knowledge of

sources at the bottom of the food chains (Vandedga et al., 1997; Vander Zanden and

Rasmussen, 1999; Sherwood and Rose, 2005; Pasguald2008).

The aim of the present study was to characterstetfophic levels precisely according
to their size class frodr°N values, taking account of variability. Hence, digectives were
(1) to determine the food chains during the nitrog®topic integrative period in the Gironde
estuary from fish stomach content analyses and fitenature data for the prey; (2) to
attribute to each fish species (or size class)istua baselin™N value taking into account

the proportion of benthic/pelagic prey in theirdegy and theé'*N signatures of the nutritive

pool identified, and (3) use this information tdccdate fish/size class trophic levels.

2. Materials and methods

2.1. Sudy area

The Gironde estuary is located in South West Fréhs®0'N, 0°45'W; Fig. 1). Itis
12 km wide at the mouth and 76 km long betweerotean and the Bec d’Ambes, where the
Garonne and Dordogne rivers meet and which alsstitotes the upstream salinity limit. The
watershed of this system represents an area 008kiff. The hydrodynamic conditions are
highly variable due to the interactions of marime 8uvial flows, leading to temperature and

salinity gradients. There are also considerablea@®a variations. During the period under
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consideration (April to September 2004), discharglees varied widely with a flood event in

spring (up to 3,600 mi%in May) and an important drought period in sumiadout 250 m:3

from July to September; unpublished data). In cqueace, salinity values varied and were

especially low in June 2004. Temperatures staylatively high in summer, fluctuating

between 13.1 and 24.7°C. The dynamic conditionslugad high turbidity values reaching

500 mg.L™* (Sottolichio and Castaing, 1999; David et al., 20énd a restricted light

penetration. In consequence, primary productionnedaced and the food web seems based

on the detritus pool (Lobry et al., 2008). In smfe¢hese constraining conditions, the Gironde

estuary shows a high biodiversity and seems togmetacularly well-preserved ecosystem.

2.2. Sampling surveys

Fish were sampled approximately bimonthly from ARA04 to September 2004,
across ten stations located in the upstream arree &faline Gironde estuary (Fig. 1). An otter
trawl (4 m opening and a cod-end with a mesh si2rom) was used. Fish sampling was
carried out during daylight hours at high tide avas restricted to 15-minute episodes in
order to limit regurgitation or abnormal feedingl the sampled fish were identified,
counted, weighed, measured and finally frozen laihbratory analysis could be carried out.
Some of the most abundant fish species or genparaed in some cases into size classes,
are presented here (Table 1). Only cohorts spentmtptality of their spring and summer
growth period (i.e. period considered in that stuse paragraph 2.3.) inside the system were

selected.

2.3. Fish stomach content analyses
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The fish stomach contents were analyzed in orddesaribe their trophic
relationships during the nitrogen isotopic intey&time in the Gironde estuary (Table 1).
Crossing literature information (Tieszen et al.839Perga and Gerdeaux, 2005; Miller, 2006;
Guelinckx et al., 2007), we have estimated thabtfs of the muscle tissue (used in these
isotopic analyses, see Pasquaud et al., 2008 for dedails) reflected the food consumed
during the warm growth period, i.e. from April te@@ember. It is important to note that we
only selected specimens belonging to the same totoring the period considered, i.e. we
took account for the individual growth along théegrative time.

The different items were examined under binoculerescope and identified to the
highest possible taxonomic separation. The volufreaoh prey was estimated using the
point method described by Pillay (1952) and Hy<b@80).

ForLiza ramada, only the stomach contents collected in Septerabed were
analyzed. Even if these data do not provide thegigs food variability over the isotopic
integrative period, they were nevertheless consil&ér give data elements on its feeding
ecology and thus to estimate the origin of the piganatter at the base of its trophic chain in
the Gironde estuary.

Due to this species’ specific diet, a particulatimelology was used, adapted from
Almeida et al. (1993) and Laffaille et al. (2002)200 mg sample was removed from the
stomach and suspended in 5 ml of formaldehyde (b%&t, the samples were analyzed under
binocular microscope to identify zooplanktonic argans. Next, a known volume (0.03 ml)
was pipetted onto a slide for microscopic obseovaf500). Iltems were identified using
diatoms and phytoplankton determination keys (Cdpd3; Prygiel and Coste, 2000).
Diatom volumes were estimated from literature dR&disak and Adrian, 1999) and

zooplankton volumes were calculated from their tenghe volumetric percentage was then

estimated for each item identified.
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2.4. Prey feeding ecology

A bibliographic review was carried out to identggneral feeding ecology of benthic
prey (molluscs, annelid polychaetes and crabs)etingnthic prey (amphipods, isopods and
shrimps) and pelagic prey (mysids, copepods angrsiivmetazooplankton) in order to
characterize the main source of organic matter loiciwthey eat in the Gironde estuary. The
fish feeding ecology was estimated from the stontactient analysis results obtained in the

present study and a published work (Pasquaud, &0418).

2.5. Available data

Thes™N signatures of fish species (or size classes) meddy Pasquaud et al.
(2008) and of their prey (unpublished data) weedus this study (Table 1).

Since the benthic trophic chain is generally ridhei™N than the pelagic trophic
chain (Sherwood and Rose, 2005), a distinctionmade between isotopic values from the
benthic organic matter and the pelagic matter. @uwampling constraints, our isotope data
set did not include sufficied°N values to characterize suspended matter, i.agjmesource.
Consequently, averagéN signatures of two primary consumers charactegisivo
different pelagic nutritive pools during the coresied period were chosen, one detritivorous
Eurytemora affinis and the other phytoplanktivoroésartia spp. The averaged®N
signature of a benthic primary consunm@e;astoderma edule, was used to characterize the

benthic baseline.
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2.6. Fish trophic level

Fish trophic level (TL) was estimated &&=[(0"°N ¢ =9 Ny )/ AT N ]+ TL,

base 1
whered®Nyreq is thed N signature of the predator in questioiNyas is thed N signature

of a representative baseline for the predatorfdngs is the trophic level of that baseline.
Primary consumer£(rytemora affinis, Acartia spp. andCerastoderma edule) were used for
that baseline. SALnas is equal to 2A5™°N represents the trophic fractionationSoiN,
estimated at 3.4%o0 (Post, 2002).

The fish preys feed on benthic and/or pelagic foloains (phytoplanktonic and/or
detritic) and/or intermediate food chains (mixirfglee two pelagic sources), determined from
their feeding ecology. The fish species or sizexkudied present different diets. Thus from
the knowledge of the food chains, we estimateaé&mh fish predator group tBENpase
calculated asd'*N, = (%V, x 3°Nj + %V, x 0"°N,, + %V, x 6N, + %V, x5"N, )/100,
where %YV is the volumetric percentage of the preidBD or | in the stomachs of a predator;
B groups together all the prey feeding almost esiekly on the benthic food chain, H the
prey feeding almost exclusively on the phytoplanktdood chain, D the prey feeding almost
exclusively on the detritic (pelagic) food chaindd the prey feeding both on detritic and

phytoplanktonic food chains.

3. Results

3.1. Fish trophic ecology

The diet of each fish species was identified duthmgr growth period (warm period)

from stomach content analyses and expressed dsraetoic percentage (%V; Table 2).
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A large proportion otiza ramada stomach contents was composed of organic debris
(%V = 86.53%). The rest was predominantly micrcaalgn volume (essentially diatoms).

The flatfish Solea solea and Platichthys flesus, fed on the benthic and suprabenthic
compartments. The diet d?. flesus consisted mainly of the bivalv€erastoderma edule
(72.62%) and the isopd8/nidotea laticauda (11.68%).S. solea fed more on the polychaetes
Neanthes succinea (13.69%) andPectinaria koreni (12.02%), the amphipodSammarus spp.
(19.46%) and the shrim@rangon crangon (10.35%). Some vegetal debris (11.59%) was
found in its diet.

Pomatoschistus spp. fed mainly on the suprabenthic compartmene itajority of
their stomach contents consisted3aimmarus spp. (66.67%) and the mydikomysis integer
(26.19%).

All other species @icentrarchus labrax, Argyrosomus regius, Anguilla anguilla and
Dicentrarchus punctatus) had a more diversified diet, feeding from thersdpepibenthic and
pelagic compartments on organisms such as amphipag®ds, shrimps and copepods. They
also are ichtyophagous. Large and snmillregius fed especially onGammarus spp.
(respectively 14.92 and 11.87%), crangon (35.76 and 17.96%) ard. integer (12.15 and
17.16%). Moreover, smal. regius consumed the mysidsl. slabberi (23.52%) and fish
larvae (20.78%), whereas larde regius fed on the shrimgPalaemon spp. (13.02%)S.
laticauda was the preferential prey for lar@e labrax (11.90%),A. anguilla (25.59%) and.
punctatus (44.30%). The other preferential prey f punctatus was M. slabberi (18.37%).
The diet ofA. anguilla was also composed @ammarus spp. (33.71%) anéalaemon spp.
(12.75%). LargeD. labrax had the most diversified diet, eating many preyshsas

Gammarus spp. (38.89%)C. crangon (11.72%),N. integer (12.89%), copepods (12.50%)

and fish (12.10%). Finally, smab. labrax did not have the same diet as large individuals.

10
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Their stomach contents were composed of a largeoption of C. crangon (25%), Palaemon
spp.(28.30%),Acartia spp. (16.67%) and fish (16.67%).

Results represented ingested biomasses and fraa tive most important prey was

determined (%V>10%; Table 2; Fig. 2).

3.2. Prey trophic ecology

A bibliographic review provides information on pregphic ecology in the Gironde
estuary or in similar estuarine systems (Table 3).

Organisms living on or in the sediment have diveypes of food habits: bivalves are
suspension feedersC( edule), deposit feedersMacoma balthica) or grazers Ll(ittorina
saxatilis); polychaeta are carnivororoullgphtys spp. orNeanthes spp.) or deposit feeders
(Polydora spp.,Notomastus latericeus, Heteromastus filiformis, Pectinaria koreni) and crabs
are carnivorous. Some isopod$ptfaeroma serratum and Cyathura carinata), amphipods
(Bathyporeia spp and Corophium volutator), shrimps C. crangon) and copepods
(Acanthocyclops trajani) also live on the sediment. However, all thesecigsealso use the
sediment as a source of organic matter. In thegpeleompartment, organisms feed on
phytoplankton, detritus or both. A few organismgghs asM. slabberi, Schistomysis spp,
Gastrosaccus spp. and Acartia spp., are exclusively herbivorous and depend on
phytoplankton as a source of organic matter. Othsush asEurytemora affinis, depend
exclusively on detritus at the food web baselinesivbf the pelagic organisms consume both
phytoplankton and detritus (e Buterpina acutifons, the crustacean larvae).

From this trophic knowledge, the base of the fsbdf chains could be characterized

(sources of organic matter; Fig. 2; Table 4).

11
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3.3. Fish trophic levels

The characterization of fish and prey diets givagoad picture of the Gironde food
web (Fig. 2). It highlights the fact that the fispecies studied use diverse sources of organic
matter by eating prey with different food habits.ofdover, from the feeding ecology
information of preys and the#N values, we observed an enrichment of&Hal signatures
for the benthic species compared to the pelagis doean equivalent trophic position. In
addition, an organism feeding on a detritic pelaggmrce got a highes'>N signatures
compared to the ones using a phytoplanktonic source

To identify a8**Npasefor each fish group (genus, species or size classyelative
proportion of each category of prey (B, H, D, |; @éfinitions part 2.6) in the diet was
estimated (Table 4). All the fish fed on both p&aand benthic food chains, but in different
proportions. For exampl@omatoschistus spp. ate only 3.57% of benthic prey whereas small
D. labrax ate 37.53%P. flesus, S. solea andL. ramada ate mostly from the benthic
compartment, with 79.96, 59.41 and 94.68% of tHigt respectively depending on this food
chain.

Thes™N value ofC. edule, used to characterize the benthic organic magtér97 +
0.39%0 and folE. affinis (pelagic/detritic food chain) anitcartia spp.

(pelagic/phytoplanktonic food chain) the values af8 + 2.67%o. and 6.12 + 1.51 %o
respectively. We assume that these three repreésenbaseline organisms are primary
consumers and have a position of 2. RSN signatures have higher values, varying between
10.70 £ 0.50%0 foPomatoschistus spp. and 13.60 = 0.12%. for lar@e labrax.

The 8" NpaseSignature for each fish species (or size class wstimated and from this
their trophic levels were calculated (TL; Table darge predators, such as laidabrax

andA. anguilla, were positioned at the higher TL (respectiveB83and 3.89), followed bip.

12
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punctatus and largeA. regius (3.58).L. ramada (2.87), andPomatoschistus spp. (3.14) were

found at the lower TL. Smah. regius andD. labrax and benthic fisl®. solea andP. flesus

were at the intermediate position, at TL = 3.15,8.43; TL =3.30 and TL = 3.36

respectively.

4. Discussion

4.1. Trophic web of the Gironde estuary

A precise estimation of fish trophic levels basadtN values requires a good
knowledge of the trophic web in order to charaztethe different nutritive pools at the base
of the system and to describe food linkages alleioudistinguish pelagic food chains from
benthic ones (Vander Zanden and Rasmussen, 199€uthan et al., 2003).

In environment as complex and fluctuant as estsatti@ppears necessary to consider
the temporal feeding ecology of the nitrogen isatapegrative period. Crossing
bibliographic data, this time was estimated foln fis their warm growth period. Nevertheless,
this time is species and life-stage specific (®lidjer, 2006; Guelinckx et al., 2007). It will be
interesting to complete this study by an experirakesgpproach to define precisely the
different turnover times.

Fish stomach content analyses were carried ouwvénm period and enabled us to
identify qualitatively and quantitatively the difent preys consumed by each fish group
studied. For both small and large group®ofabrax, D. punctatus andL. ramada, the
number of samples was reduced and/or limited esticted part of the period studied
compared to other species, which led to less atzuveaults. Nevertheless, they were

considered because they give information on thpseiss diets in the Gironde estuary. In
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addition, the trophic positions of these specidaiokd in that study are coherent with the

description of their feeding ecology (Cf. followipgragraph).

The general diet trends in their preys have beanacterized from bibliographic data,
mainly coming from Gironde estuary, to estimatedhigin and the importance of each
source for fish groups. Due to available isotoptag one benthic baseline and two pelagic
ones were distinguished. The knowledge of foodrehand thé°N data of different
compartments confirm the isotopic enrichment intbeenspecies compared to pelagic ones
for an equivalent trophic position and also hightign enrichment of the detritic pelagic
chains compared to phytoplanktonic ones. Recygogesses of the detritic organic matter
could explained these enrichments (Hughes et@0Q;2David et al., 2006).

Considering the pelagic chains, a prey may not laaslear detritic or phytoplanktonic
origin, but rather have a mixed origin of both. Eooplanktonic species which feed on the
two sources, an intermediate source has beenu#dho them. It would be interesting to
determine the relative importance of these souiarethese species. Fatty acids would allow
an identification of the different nutritive poasd produce a better estimate (David et al.,
2006). However, the differentiation of the divepsagic sources described in the present
work provides a realistic estimation of the fisbpthnic levels and of the importance of the
phytoplanktonic source in the functioning of thetsyn, which may be underestimated in
previous studies.

During the warm period, the trophic organizatiorited Gironde appears to be based
both on detritic and phytoplanktonic sources. Mesrpthe pelagic organic matter sources
seem to be more used than benthic ones. Thesevabsas on the functioning of the Gironde

confirms the assumption put forward for this peraddhe year in a previous work using a

mass-balanced trophic model (Lobry et al., 2008).
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4.2. Validity of the fish trophic levels obtained

By describing the bottom of the food chains andirtlseurces we were able to
calculate the trophic levels of some main fish goispecies, genus or size class) in the
Gironde estuary fro3*>N values. The data from fish stomach content aealybtained in
the nitrogen isotopic integrative period, or pairttias period, led to a discussion about the
validity of results.

In this studyL. ramada presents the lowest trophic level. Its feedingagp differs
from that of other species as it consumes a hig#l kef primary producers (micro-algae) and
detritus. Its grazing behaviour in brackish waserpreviously described in other estuarine
and coastal systems (Laffaille et al., 2002; Alnaei@003), is confirmed here by its diet
composed principally of benthic diatoms suclCascinodiscus, Melosira, Raphoneis,
Girosigma or Navicula (Almeida et al., 1993; Laffaille et al., 2002; Adida, 2003).

Among the fish studied?omatoschistus spp. and the two flatfis& solea andP. flesus
have intermediate trophic levels. The geRomatoschistus is described in this study as a
small crustacean feeder, which is in agreement avighevious work on the Gironde
(Pasquaud et al., 2004) or other estuaries (e.guedgnck and Cattrijsse, 1994; Salgado et
al., 2004; Leitéo et al., 2006). flesus feeds especially on primary consumers, including a
very large quantity of mollusc€( edule) which were not found in their stomach contents th
previous year (Pasquaud et al., 2008). Severalestjd.g. Summers, 1980; Hampel et al.,
2005) indicate that the diet Bf flesus is very flexible, depending on benthic prey availity
in the environment. However, some authors emphaiigdish species’ strong preference for
molluscs (Jones, 1962; Vinagre et al., 20@3%0lea tends to eat carnivorous prey such as
polychaetesGGammarus spp. and some decapods, as previously describestuaries

(Vinagre et al., 2005; Pasquaud et al., 2008).dibeof the two flatfish species is
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distinguished from that d?Pomatoschistus by fish consumption and this may explain their

higher trophic levels. The lower trophic level®fsolea compared td. flesus may be due to

the fact that vegetal debris is found in its stomeantents.

A. anguilla, D. punctatus, D. labrax andA. regius have the highest trophic levels.

They could be considered as the top predators®sitstem because of their carnivorous
feeding behaviour, feeding on a high diversity mfstaceans (amphipods, isopods, shrimps,
mysids), and especially because of their piscivetoend. The diets of these species show
similarities with the results of the previous yeathe Gironde estuary (Pasquaud et al., 2008)
and with those observed in other estuarine sys{@wosta, 1988; Cabral and Costa, 2001;
Cabral and Ohmert, 2001). The quantitative diffeemncould be explained by variations in
prey availability in the environment.

This study also shows an increase in trophic lewetgrallel with an increase in the
size of individuals for the two species testedlabrax andA. regius. The same observation
was made from the analysis&fN values (Pasquaud et al., 2008). This result stgdkat a
species can play different functions in the ecasysand emphasizes the importance of
considering size criteria in studies of trophic dymcs (Garrison and Link, 2000).

Thus the trophic levels of fish groups, calculared 5*°N values, are representative

of their feeding ecology. This method allows usdorect the work of Pasquaud et al. (2008),

and therefore redefine the trophic position oftikathic fish.

5. Conclusions

This study demonstrates the necessity of a goodleuge of estuarine trophic webs,
I.e. qualitative and quantitative fish trophic tedaships, benthic/pelagic food chains, sources

of organic matter, in order to calculate fish trisplevels froms*°N values and validate them.
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Due to the considerable variability of these systent is essential to use
complementarily stable isotope and stomach contamédyses during the whole integration
period in fish. With this method, the variability the feeding ecology during the considered
period is taken into account and a possible interdal variability in the feeding ecology of
some species (e.B. flesus) is palliated.

This approach developed to identify fish trophiedls in estuaries appears particularly
appropriate, giving more accurate results thanelpweduced by the Ecopath model
developed in the Gironde estuary (see Lobry e28D8). This type of data could help to
validate trophic models (Dame and Christian, 2008).

For future research, it would be interesting tanegte more precisely the different
matter fluxes at the food web base and to studietails the recycling processes in order to

see the relative importance of the sources inyhem and thus obtain a better understanding

of the functioning of estuarine fish food webs.
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Captions

Fig. 1. Map of the Gironde estuary showing the §ampling stations (stars) for dietary and

stable isotope analyses.

Fig. 2. Synthesis of the Gironde estuary trophib Weowledge during the investigation
period. Relationships between fish (simple line)omxd their preys (dashed box) result from
data of fish stomach content analyses (presenyystlitie thicker the arrow, the greater the
trophic link. Relationships between preys and sesiaf organic matter (double lines box)
were established from bibliographic work. Excepi@dS. laticauda, all these data come from
the Gironde estuary. The different compartmenteu@ralised according to their trophic
position, from TL results for fish, from feedingaéagy information for prey. The meah°N

signature (%p of each taxon, obtained in that study, is indidan grey.

Table 1. Size class and total number (n) of fishlysed for the Stable Isotope Analyses (SIA)

and the Stomach Content Analyses (SCA).

Table 2. Volumetric percentage diet compositiofisif collected during their growth period
in the Gironde estuary; n: total number of fullmmechs; *: small size class; **: large size

class and bold type denotes preferential preys (X098).

Table 3. Diet of the different preys examined shfStomach Content Analysis (SCA) and

trophic chain to which preys belong.

Table 4. Volumetric percentage diet compositioffisif species (or size class) on each trophic

chain (%V = volumetric percentage of - B: preysealggent of the sediment as organic matter,
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- P: preys dependent of the pelagic source, - elypdependent of the phytoplankton,- D:

preys dependent of the detritus, - I: preys depeinalethe intermediate pelagic source), mean

8'°N signatures (%o+ Standard Deviation) of organisné$°Npaseestimation (%) of the

trophic chain base to which fish species belong.Trbphic level of representative baseline

organisms and each fish species or size classmall size class and ** = large size class.
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Table 1.

. size
Species n (SCA) (mm) ff)'rzgéfss n (SIA) class (mm) for
SIA
Anguilla anguilla 36 267-643 21 267-760
Dicentrarchus labrax** 13 195-231 2 180-200
Dicentrarchus labrax* 6 79-109 4 70-100
Dicentrarchus punctatus 13 75-183 5 75-189
Argyrosomus regius** 82 237-309 9 220-300
Argyrosomus regius® 35 53-166 11 54-160
Platichthys flesus 22 147-333 11 121-333
Solea solea 52 117-197 12 90-198
Pomatoschistus spp. 35 57-65 7 29-65
Liza ramada 17 65-112 8 78-188
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Species

L. ramada
P. flesus

S. solea

Pomatoschistus spp.

A. regius*

D. punctatus

A. regius **
A. anguilla
D. labrax **

size (mm)

65-
112

117-
197

147-
333

gIB' D. labrax *

57-65 109

53-
166

237-
309

75-
183

267- 195-
643 231

n

17 52 17

28 6

35

82 13 36 8

Bivalves

Cerastoderma edule
Macoma balthica
Littorina saxatilis
Annelida polychaetes

Nereis spp.

Hediste diversicolor
Neanthes succinea

Polydora spp.

Nephtys spp.

Notomastus latericeus
Heteromastus filiformis
Pectinaria koreni
Polychaetes undetermined
Crabs

Carcinus maenas
Pachygrapsus marmoratus
Liocarcinus spp.
Amphipods

Gammarus spp.
Bathyporeia spp.
Corophium volutator
Amphipod undetermined
Isopods

Synidotea laticauda
Sohaeroma serratum
Cyathura carinata
Idotea spp.
Shrimps

hal-00473506, version 1 - 15 Apr 2010

Crangon crangon
Palaemon spp.
Mysids

Mesopodopsis slabberi
Neomysis integer
Shistomysis spp.
Gastrosaccus spp.
Mysids undetermined
Copepods ind.

Acartia spp.

Eurytemora affinis
Acanthocyclops trajani
Euterpina acutifrons
Copepods undetermined

72.62
0.53
0.01

0.10

1.29
13.69
4.83
0.31
0.38
0.19
12.02
6.09

0.32

0.50

19.46

0.51

3.61 5.88

4.83 11.68

6.08
1.48

0.04

10.35
2.36

1.73

2.60
0.57

3.30

66.67
3.57

3.57

9.23

0.18

25.00
28.30

0.33
26.19

16.67

11.87

2.37
3.25

17.96
0.69

23.52
17.16

0.03
0.63

7.57

0.40

0.27
2.08
1.39

1492 8.24 33.71 38.89
0.05 0.15
1.87

8.13 44.30 25.59 11.90

35.76 7.40 11.72
13.02 0.10 12.75

3.88 18.37 0.10
12.15 3.31 9.10 12.89

0.05

0.95 0.09

8.33

12.50

626

627 Table 2
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Table 2 (continued)

o
7]
3
Species . o N . x % P *
g g : g & 58 2 35 3 B
s § <& g ® ® ® 2 § =8
i o a g o <« < o < o
size (mm) 65- 117- 147- 57.65 79- 53- 237- 75- 267- 195-
112 197 333 109 166 309 183 643 231
n 17 52 17 28 6 35 82 13 36 8
Metazooplankton
Mysids 0.25 0.59
Mollusc larvae
Cypris larvae
Nauplii 0.41
Fish larvae 20.78
Fish 0.87 6.08 16.67 152 758 2.01 12.10
Pomatoschistus spp. 1.08 7.04 2.20
Sprattus sprattus 0.00 1.14
Solea solea 0.15
Engraulis encrasicolus 0.84
Divers
Eggs 0.07 0.16 033 041 0.06 0.01 0.00
Vegetal debris 11.59 2.20 0.08 048 0.17 2.16
Pollen
Organic debris 86.53
Micro-algae
Coscinodiscus sp. 6.45
Navicula sp. 0.23
Aulacoseira sp. 0.11
Skeletonema sp. 0.04
Plagiogramma sp. 0.14
Gyrosigma sp. 0.02
Thalassiosira sp. 0.09
Thalasionema sp. 0.01
Pediastrum sp. 0.21
Diatoma sp. 0.01
Dinoflagellate cyst 0.37
Prorocentrum sp. 0.01
Raphoneis sp. 0.01
Nitzschia sp. 0.15
Fragilaria sp. 0.01
Cyclotella sp. 0.30
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Table 3

. : Gironde  Source of
Species Diet References data () organic matter
Bivalves
Cerastoderma edule active suspension feeder Bachelet, 1981; Saurial, @i989; Ysebaert & Herman, 2002 * sediment
Macoma balthica surface deposit and filter-feeder Bachelet, 19&Uriau et al., 1989; Castel et al., 1994; Yseb&adierman, 2002  * sediment
Littorina saxatilis grazer Laurand & Riera, 2006 sediment
Annelid polychaetes Bachelet, 1981 * sediment
Neanthes spp. carnivorous, omnivorous Fauchald & Jumars, 1979; @aen, 1980; Ysebaert & Herman, 2002 sediment
Hediste diversicolor carnivorous, omnivorous Fauchald & Jumars, 1979; #saert & Herman, 2002 sediment
Neanthes succinea carnivorous, omnivorous Fauchald & Jumars, 1979; @anen, 1980 sediment
Polydora spp. surface deposit feeder Fauchald & Jumars, 1979 sediment
Nephtys spp. carnivorous, omnivorous Fauchald & Jumars, 1979 sediment
Notomastus latericeus subsurface deposit feeder Fauchald & Jumars, X9k et al., 2006 sediment
Heteromastus filiformis subsurface deposit feeder Fauchald & Jumars, Ns&haert & Herman, 2002 sediment
Pectinaria koreni subsurface deposit feeder Fauchald & Jumars, T&¥6baut et al., 1998 sediment
Crabs
Carcinus maenas carnivorous, omnivorous Cohen et al., 1995; Groshzo& Ruiz, 1996 sediment
Pachygrapsus marmoratus carnivorous, omnivorous Cannicci et al., 2002 sediment
Liocarcinus spp. carnivorous, omnivorous Grall et al., 2006 sediment
Amphipods intermediate
Gammarus spp. carnivorous, omnivorous Unpublished data * intermediate
Bathyporeia spp. suspension and surface deposit feettarman et al., 2000; Wieking & Kréncke, 2005 sediment
Corophium volutator deposit and filter feeder Castel et al., 1994; Gestli& Hugues, 1994, Ysebaert & Herman, 2002 * sedimant

Isopods
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Synidotea laticauda

phytoplanktivorous, detritivorous intermediate

Sohaeroma serratum phytoplanktivorous, detritivorous sediment
Cyathura carinata carnivorous Wagele et al., 1981; Olafsson & Perssb®86 sediment

I dotea spp. phytoplanktivorous, detritivorous intermediate
Shrimps

Crangon crangon carnivorous, macro-benthivorous Marchand, 1981 sediment
Palaemon spp. carnivorous, mysid feeder Marchand, 1981; Sorb83;1@astel et al., 1994; Mouny et al., 1998 * imediate
Mysids

Mesopodopsis slabberi phytoplanktivorous Unpublished data * phytoplankton
Neomysis integer detritivorous Castel et al., 1994; Fockedey & Md&99 * detritus
Shistomysis spp. deposit and filter feeder Unpublished data * phytoplankton
Gastrosaccus spp. deposit and filter feeder Unpublished data * phytoplankton
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Table 3 (Continued)

Gironde  Source of

Species Diet References data (¥) organic matter
Copépods
Acartia spp. phytoplanktivorous Unpublished data * phytoplankton
Eurytemora affinis detritivorous Castel et al., 1994; Unpublished data * detritus
Acanthocyclops trajani - Unpublished data * sediment
Euterpina acutifrons - Unpublished data * intermediate
Metazooplankton planktivorous Castel et al., 1994 *
o Mysids planktivorous Castel et al., 1994 * intermediate
— Mollusc larvae planktivorous Castel et al., 1994 * intermediate
8 Cypris larvae planktivorous Castel et al., 1994 * intermediate
= Nauplii planktivorous Castel et al., 1994 * intermediate
< Fish larvae planktivorous Castel et al., 1994 * intermediate
o) Fish
‘_,' Pomatoschistus spp. planktivorous present work * intermediate
— Sprattus sprattus planktivorous Pasquaud et al., 2008 * intermediate
g Solea solea hyperbenthophagous, piscivorous present work * sediment
‘D Engraulis encrasicolus planktivorous Pasquaud et al., 2008 * intermediate
o Divers
> Eggs - detritus
8 Vegetal debris - detritus
To} Pollen - detritus
™
N~
S 631
Q@ 632
©
<

35



Pasquaud, S. etal. Determination of fish trophic levels in an estuarine system
Estuarine Coastal and Shelf Science, n° 86. p. 237-246. 2010
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236776%232010%23999139997%231578281%23FLA%23&_cdi=6776&_pubType=J&_auth=y&_acct=C000037979&_version=1&_urlVe

Table 4.
SCA Trophic data SIA
Species V%g V%p Trophic chain (source) &N + SD Sl.SNba?e TLoase TL
estimation  estimation
%Vy %Vp %V,
C. edule benthic 7.97 +£0.39 2.00
Acartia spp. pelagic (phytoplanktonic) 6.12 +1.51 2.00
E. affinis pelagic (detritic) 7.13+2.67 2.00
Intermediate pelagic 6.63+0.72 2.00
S D. labrax ** 11.72 0.00 12.89 75.39 mixed 13.60 £ 0.12 6.85 83.9
= A. anguilla 11.14 0.10 11.27 77.50 mixed 13.26 £ 0.69 6.83 93.8
s D. punctatus 17.92 18.37 3.48 60.22 mixed 12.18 £ 0.90 6.79 3.58
< A. regius** 36.36 3.93 12.69 47.02 mixed 12.55+0.68 7.16 83.5
=2 D. labrax * 37.53 17.00 0.33 45.15 mixed 11.91+0.81 7.05 3.43
_'| P. flesus 79.96 0.00 2.27 17.77 benthic 12.34 £ 0.95 7.71 3.36
= S solea 59.41 0.00 11.59 29.00 benthic 11.91+1.01 7.48 3.30
i A.regius* 21.21 23.55 18.20 37.04 mixed 10.80 £ 1.07 6.88 3.15
g Pomatoschistus spp. 3.57 0.00 26.44 70.24 mixed 10.70 £ 0.50 6.83 3.14
> L. ramado 94.68 1.73 0.00 3.58 benthic 10.85+1.43 7.89 2.87
©
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