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ABSTRACT

Despite the high complexity and variability of emfes, these ecosystems are very
productive and play an important role in fish fegdiThis paper constitutes a preliminary
investigation to test how fish optimize the uséhaf available trophic resources, by studying
trophic preference variability and feeding stragsgdf some pelagic and demersal fish in the
Gironde estuary (southwest France). Fish and el were collected approximately every
two months from July 2003 to June 2004 in the @astr area of the saline estuary. Stomach
content analyses were realized to describe thabidty of fish feeding according to their
size and the time of year. Intra- and interspedédaxd niche overlap was evaluated using
Schoener’s index and a cross-calculation methodused to highlight the general fish trends
in predation strategy. Stomach content results sldanterspecific and intraspecific
variability in fish feeding, which can be explainegtheir different or evolutionary
ecomorphology. Their diets are composed mainlyooiptankton and hyperbenthic
crustaceans with temporal variations in the conslitaea. Optimization of the available
trophic resource use, a key element in estuariibaice, is thus possible due to the temporal
adaptation of this structural trophic web. Howewerspite of their temporal adaptation
capacity, most fish species exhibited a specidetding strategy. This result was not
expected. Since zooplankton and hyperbenthic areates exhibit a low specific richness in
estuaries, especially in the high turbidity of Gieonde estuary; the loss of one of these

species could affect the fish trophic web strucamd hence the resilience of the system.

Keywords: Pelagic and demersal fish - Stomach contents - Bostposition - Feeding

strategy - Prey characteristics - Estuarine ecesystGironde estuary
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INTRODUCTION

Estuaries are particular ecosystems, where thei@aeiovironment is especially
characterized by fast and high spatio-temporaldiaitons in physico-chemical characteristics
(e.g. oxygen, temperature, salinity) in both wat@umn and bed sediment dynamics
(McLusky & Elliott 2004). This high environmentaakiability leads to a high spatio-
temporal heterogeneity of the biological commusi{iElcLusky & Elliott 2004, David et al.
2005), with a low diversity of all components yédtea with high abundances of adapted
species (Mc Lusky & Elliott 2004). Thus, this stgomiological variability is related to the
ability of the estuarine biota to cope with natugtiess, a key element in estuarine resilience
(Elliott & Quintino 2007).

In addition, estuaries are generally exposed th Hggrees of anthropogenic pressures
which can modify their ecological status. Recentksanderline the similarity between the
features of organisms and assemblages in estuamikeanthropogenically-stressed areas and
hence the difficulty of distinguishing natural frdmman-induced stress in estuaries
("Estuarine quality paradox”, Elliott & Quintino @@, Dauvin & Ruellet 2009).

Because of these patrticularities, monitoring arsgssing the biodiversity and
ecological status of marine ecosystems requirdatantial knowledge and a comprehensive
understanding of properties across the entire gioé system, in particular its structure (e.g.
species composition) and functional properties. @cgsystem processes, Hooper et al. 2005,
de Jonge et al. 2006). Studying interactions betviiee biological compartments of an
ecosystem, especially trophic relationships, presid good picture of the biological
community structure and is an essential step terst@nding how an aquatic system
functions (e.g. Elliott & Hemingway 2002, Livingst@002, Pasquaud et al. 2007, Pasquaud

et al. 2008).
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Topological approaches in trophic models are usdxtter understand estuarine
ecological structure and functioning (e.g. Bairdganowicz 1993, Wolff et al. 2000, Lin et
al. 2007, Lobry et al. 2008). Most authors (in [wattar Lobry et al., 2008) suggest that
estuarine communities have to optimize availaldphic resources to successfully cope with
stressful conditions This suggests that (1) a teal@aaptation of the trophic web would be
observed, (2) most estuarine species would be apmsts. This paper constitutes a
preliminary investigation to test both these assionp by analysing the food preferences and
the feeding strategies of the main fish specigb®fGironde estuary.

The first objective was thus to describe the tropklationship variability according to
fish size and time of year of the main Gironde ashe demersal and pelagic fish species
using stomach content analysis, which appears thémost reliable method to determine
fish feeding (Pasquaud et al. 2007). The seconectise was to analyze the dynamics of the

fish feeding preferences using characteristiceif tdiet and of their prey population

(abundance in the environment, mean weight).
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MATERIALS AND METHODS

Study area

The Gironde estuary (Lat. 45°R0) Long. 0°4%W, Fig. 1) is located in South West
France and opens onto the Bay of Biscay. Its saréaea is approximately 625 kmz2 at high
tide. It is 76 km long between the ocean and thed®&mbes, where the Dordogne and
Garonne rivers meet and which generally constittitesipstream salinity limit. The
watershed covers 81,000 km2 and the mean anneabffiteshwater discharge is around 760
m®s®. These characteristics make it the biggest esindfyance and the largest in Western
Europe (Salomon 2002). The tidal range is 4.5 the@mouth of the estuary and over 5 m at
Bordeaux. The Gironde is one of the most turbida#ts in Europe (Sautour & Castel 1995).
River systems carry annually between 1.5 and 3kd®suspended particulate matter (SPM,
David et al. 2005) to the estuary, with a fairlyrppanent maximum turbidity zone (SPM
about 1 g [* at the surface and 10 g'Inear the bed, (Sottolichio 1999)). As a consegeienc
primary production in the Gironde is reduced (10mg&y?, Irigoien & Castel 1997) and the
food web base consists, for the most part, of sesarutritional pool containing a high
proportion of detritus (Irigoien & Castel 1995).

The climate of the region is temperate under oceiafiuence. Typically, water
temperature variability is moderate (between 2°Qanuary and 26°C in August) and
monthly rainfall fluctuates between 50 mm in sumiaed 100 mm in winter (Tank et al.
2002). During the sampling period (from July 2003tune 2004) the water temperature
oscillated between 9.78°C in February and 25.42°@Quly in the study area. The river flow
remained very low from July to December 2003, itbespf a few strong freshwater inputs in
December. The first half of 2004 was relatively,driyaracterized only by episodes of
flooding in January and April-May (unpublished daBecause of these hydrological

conditions, a very strong marine intrusion was ol during summer 2003, with maximum
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101 salinity values in September (average salinity 31mdthe sampling area) and low salinities

102 were recorded in February (0.08), April (0.41) dnde (3.48)

103
104 Fish samplings
105 To analyze temporal feeding variability, fish weddlected approximately every two

106 months from July 2003 to June 2004 in the uppermaildile area of the Gironde estuarine
107 haline part (Table 1; Fig. 1). Specimens were caagbe per sampled month at five stations
108 (Fig. 1) using an otter trawl (4 m opening and d-ead with a mesh size of 8 mm). Trawling
109 was restricted to daylight at high tide in ordestandardize the samplings, and only when the
110 tidal coefficient was below 75 (trawling above damént 80 in this system is not reliable).
111 Haul duration was limited to 15 minutes to optimikae analysis of the stomach contents by
112 minimizing regurgitation and feeding under abnorgwiditions in the trawl (Pasquaud et al.
113 2007). All the sampled fish were identified, couhtmeasured (total length) and weighed.
114 Fish smaller than 200 mm long were immediately g@diagn dry ice in order to stop the

115 digestion processes. The digestive tract of thgekstrspecimens was conserved on dry ice.
116 The samples were stored at —18°C in the lab. Usisgorotocol, all the analyses could be
117 carried out on fresh material, after defrostingstfacilitating handling and also the

118 identification of the fish species and their prey.

119
120 Stomach content analyses
121 The fish species analyzed were selected becaugevtdre considered typical of the

122 estuarine ichtyofauna both in terms of occurremaea functional guilds, i.e. ecological and
123 feeding categories (see Lobry et al. 2003 for thetdable 1). Prey sampled in the system for
124 which data were available (cf. “prey data” para@mapere zooplankton and hyperbenthos.

125 We thus focused on their fish predator species.
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The stomach contents of 538 individuals from tlyhefish species caught in the
sampling area were analyzed (Table 1). A minimurfivef specimens per taxa and per
sampled month, with food items in their stomachesraenselected for analysis (minimum
required to obtain a diet picture). Two size rangese distinguished fdPomatoschistus
minutus (small size < 40mm; large size40 mm) andArgyrosomus regius (two age classes)
to test ontogenic changes in feeding. All the itémihe stomachs were examined under a
binocular microscope, identified to the highestgiole taxonomic level, counted and
weighed (dry weight, to nearest4§). Dietary analysis is traditionally assessed by
occurrence (i.e. the percentage of non-empty stbeatere a certain prey item occurred),
numerical and volumetric/gravimetric methods (sgaé$ 1950, Hyslop 1980 for more
details). Each of these measures provides diffensight into predator feeding habits (Cortes
1997). The numerical percentage of the prey (%oN\yel adapted to our objective as it

describes feeding behavior (Macdonald & Green 1983k was calculated for each item

consumed by a fish species per month.

The mean weightW/ in g) of each prey was also estimated from thezmach
content analyses (average of the dry weights dif éam consumed by a predator species per

month).

Prey data

Sampling data for shrimps and zooplankton fromsthme estuarine area and the same
months as the fish sampling data were used to ctesize prey populations in the
environment (Table 1).

Shrimps were collected from four transects, essablil since 1991 for monitoring the
smaller components of the estuarine fauna aroun@ldyais nuclear power plant on a

monthly basis (Lobry et al. 2006). Each transeaisiis of three sites, one close to each bank
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151 and one in the main channel of the estuary (FigAfigach site, sampling was carried out
152 simultaneously near the surface and near the botiatim the water surface sampled using
153 two pushnets located on both sides of the boati¢ged x 1 m, stretched mesh of 1mm in the
154  cod-end) and the bottom sampled using a dragnbtan2.0 x 1.2 m frame, kept at 0.2 m
155 above the bed by runners. The net meshes aredgdetttithose used for surface samplings.
156 Sampling was carried out in daytime, between thisvag stage of the flood tide and high
157 tide slack. Each tow lasted about 7 minutes. Adlshmples collected were preserved in 10%
158 formaldehyde, before being identified and counteith@ laboratory.
159 Zooplankton was collected along the study areaye¥emits of salinity using a
160 standard 20@um WP-2net for zooplankton and a 50 bongo net, which is better adapted
161 to mysid and amphipod sampling. Vertical hauls wengied out at each station for each net.
162 The catch was preserved in 5% seawater/formalioredfeing identified and counted at the
163 laboratory.

164 Abundance of the different prey categories wasutaled for each month, and

165 expressed as the number of individuals p&pfifiltered water at the sampling site.

166
167 Data analyses
168 In order to determine whether the consumption efdliferent prey varied with time

169 or predator size, permutation tests based on @aartalysis (Chessel et al. 2004) with a 0.05
170 significance level were performed on matrices ef dret composition per each fish predator
171 using the relative abundance (%N) of the prey items

172 Intra- and interspecific food niche overlap wasleated using Schoener’s index (Sl),

173 defined as

174 3, =1-0. i‘in - Nyij
=)
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175 WhereNy is the relative abundance of prey categarythe stomach content of specieand
176 Ny the same relative abundance in the spegi€blurlbert 1978). According to Wallace
177 (1981) and Wallace & Ramsay (1983), overlap val®e®.6 should be considered as
178 biologically significant.
179 The general trends in predation strategy for egmdties (or size group) and each
180 sampled month were studied using the cross-calonlamethod described by Azémar et al.
181 (2007). This method allows us to test if a predadigt can be determined by prey
182 characteristics (e.g. abundance or mean weigh)/sizéhe environment. It consists of (1)
183 ranking the prey of each fish of a predator group (species or slass) as a function of
184 relative abundance (N) in the stomach contenisréNks; e.g. folE. encrasicolus, stomach

185 content 1: Mcariia = rankl; stomach content QuNapveri = rankl, Niripeds = rank2, Nycartia =

186 rank3), and (2) ranking these same prey accordnipeir abundance (Ab-ranks) and their

187 mean weight V-ranks) in the environment (e.g. in July, fBia = rankl, Ay gapei =
188 rank2, ARiripeds= rank3). As only prey that appeared in the stdreaontents are considered,
189 predator feeding strategy is assessed within timegb of its trophic niche. Moreover, the
190 non-sampled prey in this study (e.g. nauplius aeesdn stage) were excluded from the
191 analysis. Next, (3) the frequencies (i.e. numbesatfurrences observed from all the stomach
192 contents) of each combinationi-NMinks X Ab-ranks and MNranks X IB-ranks were
193 calculated for each prey of a predator group. Rm#&#) the shape of the distribution was

194 tested using a Spearman rank test at P<0.05. detfrequencies increased or decreased as a
195 function of the prey characteristic ranking (Ab W) the predation was considered to be
196 selective according to prey abundance (Ab) or nvegight (V_\/ ); otherwise the predation was

197 unselective with regard to the prey characteristicsidered (Ab oWV ).
198 Three different types of predation strategy wertemhined: (1) generalist, when the

199 Spearman correlation coefficient was not significiam either abundances or mean weights,
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(2) opportunistic, when frequencies increased S8mamtly with abundances, and (3)
specialist, when the highest frequencies were atreted around a narrow mean weight (Fig.

2).

RESULTS

Interspecific feeding variability

Fish species showed different feeding ecology arategy (Fig. 2; Tables 2 & 3).
Small marine pelagic fislgprattus sprattus and Engraulis encrasicolus based their diet on
mesozooplankton, feeding mainly on the naupliugestd# crustaceans and on copepods of the
genusAcartia. However, their trophic niches did not overlap €50.6) and their predation
strategy was differenk&. encrasicolus wasan opportunist, i.e. among its food spectrum, this
species mainly consumed the most abundant prayeirsystem (e.gicartia in September),
whereasS. sprattus was a specialist, focusing on prey of a specifggght (size) range (e.g.
selection of cirriped larvae in September, notrtiast abundant prey).

Small estuarine resident speck@matoschistus minutus and Pomatoschistus microps
also consumed a high quantity of mesozooplankten,tleir diet varied from that o&.
sprattus and E. encrasicolus due to a high consumption of hyperbenthos, esagntnysid
Mesopodopsis slabberi and amphipod&ammarus spp (no overlap; SI < 0.6). The two species
of Pomatoschistus were seldom present together in the area studiddifainey were, they
tended to show a trophic niche overlap (Februaty> 9.8). Both were characterized by
specialist feeding, essentially on the largest ladgon (the copepoHurytemora affinis) and
the smallest hyperbenthos (myshMsslabberi andN. integer).

Finally, the feeding of marine demersal fish (®gcentrarchus labrax, Dicentrarchus

punctatus, Argyrosomus regius andMerlangius merlangus) was mainly characterized by

10



225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

Pasquaud, S. etal. Exploitation of trophic resources by fish under stressful estuRafUaba&ltRInér e fishes opportunistic in estuaries ?
Marine Ecology Progress Series, n°400, p.207-219, 2010

http://www.int-res.com/abstracts/meps/v400/

hyperbenthic prey such as the mydidisslabberi andNeomysisinteger, the amphipods
Gammarus spp. and the shrimg%alaemon spp.

The two species ddicentrarchus did not have a trophic niche overlap and presedifiéerent
predation strategies, specialist fdrlabrax, opportunistic foD. punctatus. In contrast to
Dicentrarchus spp., the trophic niches 8f regius andM. merlangus did sometimes overlap,
either together or witP. minutus. M. merlangus is a specialist predator, whereagegius

was able to feed on either a wide range of pregdg®ist) or a narrow range of prey

(specialist).

Temporal feeding variability

Except forP. microps, all fish species showed a significant temporatifeg
variability (p-values of the permutation tests €5):
- E. encrasicolus consumed a large quantity of mollusk eggs (40%l)reauplius larvae (44%)
in July, whereas it ate mostly the copep@dartia (94%) in September artdl affinis (88%)
in November. Its feeding strategy was opportunistiatever the season.
- P. microps based its feeding essentially on eggs (indetermiaad mollusk eggs,
respectively 40 and 24 %) in July andEreffinis in November (55%), February (94%) and
April (62%). However, this species showed no digant temporal feeding variability (p-
value = 0.301). It was a specialist, focusing agygrom a specific weight (size) range
whatever the considered month.
- The feeding oP. minutus consisted of mollusk eggs (39%) and the mygidliaberri (22%)
in July, almost exclusiveliyl. slabberi (60% for small individuals and 79% for large
individuals) in Septembehl. slaberri (37%) andGammarus (21%) in November, mainli.
affinis (84% for the small individuals and 82% for theglaindividuals) in February, and

finally Gammarus (82 or 64%) andN. integer (18 or 28%) in June. Both size classe®.of

11
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minutus had specialist strategy, except in November whemtmerous prey in their stomach
were the most abundant in the system (opportunism).

- Concerning the 2003 cohort Af regius, the diet was dominated numerically lly slabberi
(78%) in July, by the shrimfRalaemon in September (54%) and November (64%) anélby
integer andGammarus in April (respectively 44% and 28%) and June (3d8d 59%)A.
regius oscillated between a generalist and a speciakslifig strategy.

- D. labrax fed essentially on the Amphipo@ammarus (24%) and the shrimpRalaemon
(32%) in February and d@ammarus (57%) and\. integer (14%) in April.

- The most abundant prey consumedvbymerlangus wereM. slabberi (88%) in September

andPalaemon (50%) in NovemberD. labrax andM. merlangus always showed a specialist

feeding strategy.

Intraspecific feeding variability

Intra-specific feeding variability according toHisize was tested f&. minutus and
A. regius. No significant difference was observed betweendiets of the two size groups for
P. minutus (p-values > 0.05) contrary # regius, e.g. only small specimens feeding on small
zooplankton. Moreover, whatever its siBeminutus presented a specialist strategy whereas

A. regius exhibited generalist predation when small and igfistwhen large.

12
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DISCUSSION

Sample representativeness

This study is based on analyses on the one hafishadtomach contents and on the
other hand of hyperbenthic invertebrate samplé$;cath the same estuarine area, i.e. the
upstream part of the saline Gironde estuary.

As in the saline areas of other European estuéivless et al. 1995, Mc Lusky &

Elliott 2004), hyperbenthic invertebrate samples@raracterized by a low specific diversity
and high densities, features which vary signifibaaver time. In previous investigations,
temporal variability has been linked to fluctuagan environmental factors (David et al.
2005, Lobry et al. 2006). In addition, the specfanpositions observed in 2003 (Lobry et al.
2006, David 2006) were similar to those observedtier Gironde estuary studies (e.g.
Castel 1981, Sorbe 1981, Mees et al. 1995): thepmms consisted predominantlytof

affinis in the spring andcartia spp. in summer; the suprabenthos consisted ofteger in

the spring and. slaberri andGammarus spp. in summer, which was similar to other
European estuaries (Mees et al. 1993, Soetaern&yjawik 1993, Mouny et al. 2000,
Mouny & Dauvin 2002). The study area was also regméative for zooplankton and estuarine
suprabenthos, which were fairly homogenous (D&2@®6). Thus the samples collected give
a good picture of hyperbenthic prey availabilitytive brackish part of the estuary for the
pelagic and demersal fish selected, i.e. thosarfgadainly on these communities.

For some fish species chosen, few specimens wéeetenl and/or had a non-empty
stomach content, e.§prattus sprattus, Dicentrarchus punctatus. Moreover, these samples
were sometimes collected from only one particuiawt, i.e. concerned only a small part of
the study area. However, for various reasons ttiatehave been taken into consideration in

this study:

13
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- These species showed a low intra-group feedinighidity, which can be explained by the
characteristic of consumed hyperbenthic communitiesfew species, high densities. The
statistical minimum of 5 individuals would theredoappear sufficient to define the diet of
these species.

- In the brackish part of the Gironde estuary,eh&as no significant spatial variability in the
prey communities either in composition or densidayid et al. 2005, David 2006). Whatever
the location of the fish samplings, analysis ofrteéomach contents was representative of the
feeding strategy in the area studied.

- The choice of these species allowed us to makéegly comparisons between fish
exhibiting ecological and feeding similarities, .€sgsprattus andEngraulis encrasicolus, D.

punctatus andDicentrarchus labrax, and provided assumptions on the structuring

mechanisms of fish communities in an estuarinerenument.

Inter- and intraspecific fish feeding variability

Fish stomach content analyses provide more tharajssapshot of what and how
much an individual has ingested at a given montaei give essential information to help
understand species feeding requirements and seateg

Investigation of the diet compositions of the eigfain pelagic and demersal fish
species during the study period in the Girondeaggtanables us to show an interspecific
feeding variability. Despite the differences indageographical distribution and
environmental conditions, similar feeding requiretsehave been observed in other estuarine
or marine systems: small pelagic fishsprattus andE. encrasicolus, are zooplanktivores
(e.g. Plounevez & Champalbert 1999, Maes & Ollefigd2), demersal fish, represented by
Argyrosomus regius, D. labrax, D. punctatus andMerlangius merlangus, consume

hyperbenthos (Moore & Moore 1976, Ktari et al. 19C8&bral & Ohmert 2001, Laffaille et al.
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2001) and?omatoschistus minutus andP. microps eat both mesozooplankton and
hyperbenthic prey (Salgado et al. 2004, Leitad.€2@06). This interspecific feeding
variability could be linked to different body sttuces, i.e. ecotrophomorphology or
ecomophology (Wootton 1990). Morphological charastes (e.g. position, shape and size
of the mouth, shape and ability to protrude the ja@dy form and size) determine position in
the water column, locomotive abilities and the sizprey intake (e.g. Schafer et al. 2002).

This study highlights the fact that species whiaelkidhecological and trophic
similarities (e.gS. sprattus andE. encrasicolus or D. labrax andD. punctatus) do not
necessarily show diet overlap. Moreover, they preddferent feeding strategies. For
example, the small pelagic fishsprattus is a specialist, where&s encrasicolus shows
opportunistic predation strategies, and the derhésseD. labrax is a specialist where&x
punctatus is an opportunist. This feeding strategy vari@pitiould narrow diet overlap,
minimize interspecific competition and allow the@ocurrence of these species (Oscoz et al.
2006).

For species presenting ecological and morphologiaailarities and the same feeding
strategies:
- either there is no feeding niche overlap. Theses occur when the species considered do
not belong to the same size class, B.gninutus andP. microps in November and February,
A. regius andM. merlangus in September. Salgado et al. (2004) have alreaghlighted a
decrease in feeding overlap between thesePwvoatoschistus species due to an increased
difference in length.
- or there is a feeding overlap when the resowgemt limited, e.gP. minutus andP. microps
in FebruaryA. regius andM. merlangus in November, the time of year when the environment

IS very poor in species numbers, but those thapaasent remain abundant, thus limiting any

feeding competition.
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Feeding variability according to size was testely éor P. minutus andA. regius, and
not for any other species, either because too &mptes per species were available or
because their size distribution was too uniform.digmificant feeding variation was observed
between the two size classedPominutus (small size < 40mm; large size40 mm). For this
species, a dietary shift has already been highdijfar individuals with a total length greater
than 50 mm, with a progressive disappearance @dmugs and a considerable increase in
larger prey (Hamerlynck & Cattrijsse 1994, Salgatlal. 2004). This size range 50 mm)
has not been differentiated in this study becafiseeosmall number of specimens. A
variation in feeding according to fish length wéserved folA. regius but also foiM.
merlangus with their growth in time. Their diets varied, tvikarger fish showing an increased
consumption of larger prey. Body size effects aufeg shifts have already been identified
for these predators (Quéro & Vayne 1987, Peder888,1Cabral & Ohmert 2001) as well as
for S. sprattus (Arrhenius 1996, Casini et al. 200&),encrasicolus (Conway et al. 1998) and
D. labrax (Kennedy & Fitzmaurice 1972, Labourg & Stequert3QDiet variations
according to fish size have already been explayetthe evolution in morphology, especially
by the increase in predator gape width and swimrapeged with the increase in predator size
(e.g. Garrison & Link 2000a, Pasquaud et al. 2004 relative body-size of the component
species has often been identified as a major detannof food web structure (Warren &
Lawton 1987). Garrison & Link (2000b) suggest thiffierent size classes within a species
may therefore be considered functionally as difiespecies in terms of trophic dynamics.
These diet changes are particularly marked wheardrit ontogenetic stages are considered
(e.g. Garrison & Link 2000a, Woodward & Hildrew Z)(ut these have not been
highlighted in this work.

The study of feeding strategies according to figh seveals different behaviors fArregius

(generalist/specialist) arfel minutus (specialist/opportunist). Marshall & Elliott (1996vho
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studied the feeding ecology of the main fish speoéeorded in the Humber estuary (United
Kingdom), also emphasized specialization by thgdsar specimens for some species and an

increase in niche breadth with size for other sggeci

Temporal feeding variability

In relation to the naturally variable environmertahditions, estuarine biological
communities exhibit distinctive temporal patterh®ath low (David et al. 2005, David et al.
2006) and high trophic levels (see, for instandkotE& Hemingway 2002, Lobry et al.
2006), suggesting that the resilience of estuaausystems is linked to the temporal trophic
structure and perhaps to fish species’ abilitydapd their diet according to available prey in
the environment.

As in other estuarine systems (e.g. Hajisamae 08B, Hampel et al. 2005, West et
al. 2006, Reum & Essington 2008), the present veonbhasizes a temporal variability in
estuarine fish diets and thus in trophic topolofye use of the cross-calculation method
enabled us to identify how fish exploit the tropheésources according to time. As a result,
most species were identified as specialist, whaténeemonth being considered. This study
therefore invalidates the common hypothesis thatgise fish are generally opportunists
(e.g. Moore & Moore 1976, Cabral & Ohmert 2001,fadle et al. 2001, Baldé & Drake
2002, Elliott & Hemingway 2002). Only a minority tfe pelagic and demersal fish
community in the Gironde estuary - characterizethieymarine juvenileg. encrasicolus and
D. punctatus and by resident speci®sminutus - were found to feed on the predominant
abundant prey which differed from month to month.

This difference in conclusions, specialist vs opyaist, can be explained by the
precision of the method used for this study, @nébled us to test whether, among all the

prey that can be the most abundant in the systgrarteular weight (size) range is selected.
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In the estuarine context where specific diversiieslow and densities are high, the use of
this method to draw conclusions about fish feedimgtegy would seem particularly
appropriate.

It is interesting to note that this study revehks $pecialist feeding strategyff
microps andP. minutus, always described as opportunistic fish in therditure (e.g. Pilh
1985, Pasquaud et al. 2004, Leitdo et al. 2006)eNlecless, the dietary analysis for both size
and time emphasizes the capacityPominutusto adapt its feeding strategy according to prey
availability. We can assume that the other residpatied®. micropsis able to adapt too.

This study highlights the specialist feeding siggtef theS. sprattus, M. merlangus
andD. labrax speciesywhatever the month considered. This strategy hadady been shown
for S. sprattus, which may have a major impact on the zooplanktimmunity (Brooks &
Dodson 1965, Rudstam et al. 1994, Casini et a4R0hus, a decrease in the abundance of
these three marine juvenile species or their alestom the system could be linked to a
decrease in/disappearance of their preferentigl, piesociated with an increase in
competition pressure (prey availability). Foisprattus, a decrease in its zooplanktonic prey
as well as trophic competition pressure frenencrasicolus could explain its departure from
the study area in November. The temporal segregafil. merlangus andD. labrax,
species that show feeding similarities, could algpport this hypothesis. An ability to avoid
niche overlap by spatio-temporal segregation haadl been shown for these two species in
relation to other fish species (Bromley et al. 199@bral & Ohmert 2001). These results
suggest a structuring of the fish communities agiogyto prey-predator relationships.

However, as suggested by the prey abundances,hare probably not limited in
winter. The absence ®&. merlangus andA. regius - also specialist but trending towards

generalist - in February could be correlated whid ¢nvironmental conditions, especially low

salinities and low water temperatures (Quéro & \&a$A87, Pasquaud 2006). These
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observations suggest that the fish assemblagésimtackish part of the estuary are
structured more by abiotic factors than by tropkiationships during this period of the year.
In other studies (e.g. Costa & Elliott 1991, Theehl. 1995, Kupschus & Tremain 2001,
Harrison & Whitfield 2006, Lobry et al. 2006) thestuarine fish community structuring has
also been related to environmental variables, ésihetemperature and salinity, which
depend on temporal variations in water flow (Lobtyal. 2006).

The estuarine fish communities are structuredne tboth by environmental
conditions and trophic relationships (Marshall &idit 1996, Kimmerer 2002) but we can
hypothesize that these structuring factors doaia effect on the same spatial scales as
suggested by Martino & Able (2003): “large-scalét@as in the structure of estuarine fish
assemblage are primarily a result of individualcép® responses to dominate environmental
gradients, as well as ontogenetic migrations, waesesealler-scale patterns appear to be the
result of habitat associations that are most likielyen by foraging, competition, and/or
predator avoidance”. This remark confirms theoed¢titews on community structure which
maintain that physiological tolerances to environtakfactors set up the community
framework, while biotic interactions refine spectkstribution patterns within this structure

(Weinstein et al. 1980, Menge & Olson 1990) andeuliiges the need to consider the spatial

feeding variability which was not studied in thisnk.

CONCLUSIONS

Analysis of fish stomach contents gave a picturtheftemporal patterns of the
Gironde estuary fish food web, describing intersfeand intraspecific trophic relationships
and the dynamics of the food web structure. Corspas of the relative abundance of prey in

the stomach contents, numerical abundance of firegen the environment and mean
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weight, appear particularly relevant for studyimshffeeding strategy in estuaries and
assessing the trophic functions provided by thstesy for these species.

This study highlights a strong trophic dynamism andgests a resource partitioning
dependent on predator/prey size (according to poegeey life cycle), prey availability and
predator presence (according to predator life cgol environmental conditions).
Optimization of available trophic resource useeg &lement in estuarine resilience (Elliott &
Quintino 2007), is possible due to the temporapé&ataon of this structural trophic web. This
trophic dynamism could play a major role in thebgigy/resilience of this ecosystem (cf.

Link 2002), as suggested by recent statementsibitidiversity-stability debate (see for
instance Navarrete & Berlow 2006, Elliott & Quirti2007).

In spite of their adaptation capacity, most fisea@ps exhibited a specialist feeding
strategy. In the Gironde estuary there are fewrbebeate species. We can imagine that the
loss of one species will affect the fish trophidovgtructure and hence the resilience of the
system. Comparative spatial studies are envisagedhtra-system studies, or comparisons
with other estuaries or marine systems, to exanvimether our conclusions can be
generalized, to give a better understanding ohtbehanisms of prey-predator structuring
and to ascertain the degree of marine fish spel@psndence on estuarine systems.

This study has enabled us to go beyond the staicspects of biological
communities and access functional aspects, in daoce with some recent recommendations
by de Jonge et al. (2006) and Elliott & Quintin@@Z) concerning the implementation of
monitoring programs in estuarine areas. In additibis approach provides the data needed to

develop and/or validate trophic models (i.e. Loéral. 2008) in order to identify keystone

species (Libralato et al. 2006) and predict thdwian of these systems.
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Captions

Fig. 1. Location of sampling stations — stars: fighcles: shrimps (lines represent the four

transects) - in the Gironde estuary.

Fig. 2. Examples of the cumulated frequencies efréative abundance (N) ranks (Y axis)

versus prey abundances (Ab) or mean weighté)(in the environment for each predation

strategy:Argyrosomus regius in July 2003 for generalist species (i.e. Spear@melation

coefficients were not significant for Ab al ), Engraulis encrasicolus in September 2003
for opportunistic species (i.e. frequencies sigaifitly increased with Ab)Pomatoschistus

minutus in July 2003 for specialist species (i.e. the bgghfrequencies were concentrated

around a narroWwV value). Prey abbreviations: cir: cirriped larveegl: mollusc larvae, pol:
polychaete larvae, AcAcartia spp., Eaff:Eurytemora affinis, mysis: mysis larvae, Nint:
Neomysis integer, Msla: Mesopodopsis slabberi, mysid: other mysids, crev: shrimps, amp:
amphipods essentiallgammarus spp., isop: isopods. Rgl, Rg2, Rg3 are the fiestpsd and
third N-ranks; n is the number of stomach conteisesd to calculate frequencies. Significant
positive correlations between N-rank frequenciesl @m increase/decrease in the prey
characteristic frequencies are shown on the ri§pearman rank correlation was applied to
each of the cumulative series of the positive %hksa from the first and total N-rank; (**

significant trend).
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Table 1. Functional guilds (EG: Ecological guildsTTrophic guild) and number of fish used
for stomach content analyses for each sampled mbinthumber of sampled stations for fish,
shrimp and zooplankton. ER: Truly estuarine redifish, MS: Marine seasonal migrant fish,
MJ: Marine juvenile migrant fish, P: Planktivor&:linvertebrate feeder, IF: Invertebrate and

fish feeder.
July-03  Sept-03 Nov-03 Feb-04 April-04  June-04

Fish EG TG
N 5 5 5 5 5 5
Sprattus sprattus MS P 5
Engraulis encrasicolus MS P 27 9 6
Pomatoschistus microps ER IS 20 10 11 15
Pomatoschistus minutus (S) ER 1S 15 21 15
Pomatoschistus minutus (L) ER IS 30 25 20 6 20
Dicentrarchus labrax MJ IF 6 5 9 26 11
Dicentrarchus punctatus MJ IF 5
Argyrosomus regius (S) MS IF 68 15
Argyrosomus regius (L) MS IF 29 36 20 40
Merlangius merlangus MS IF 5 8
Shrimp
N 12 12 12 12 12 12
Zooplankton
N 23 22 16 12 16 16
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Table 2. Relative abundance diet composition (¥dNhe main pelagic and demersal fish accordingze and time in the upstream area of the
saline Gironde estuary.

July 2003 September 2003

Engraulis  Pomatoschistus Pomatoschistus  Argyrosomus Engraulis Sprattus  Pomatoschistus Pomatoschistus Argyrosomus — Merlangius
encrasicolus microps minutus regius encrasicolus sprattus minutus minutus regius merlangus

Size range (TL ; mm) 38-127 27-37 40-73 30-104 45-77 60-115 23-39 40-65  130-235 90-102
Number of full stomach 18 15 17 68 9 5 8 20 29 5

Zooplankton
Eggs 40
Nauplius larvae 44.4 2.8 2.4 54.4
Mysis larvae 1.7
Mollusc eggs 39.6 24.4 38.9 0.3
Mollusc larvae 15
Polychaete larvae 0.2
Cirriped larvae 8.3 111 2.8 0.3

Copepods
E. affinis 13.3 3.9 10 34
Acartia spp. 4.4 4.7 94 41.7 10 5.9
Copepods ind. 34

Hyperbenthos

Mysidacea
Neomysis integer 15 111 4.3 10.3

Mesopodopsis dabberi 0.8 2.2 22.2 78.5 3.6 60 79.3 22.2 88.2
Mysids ind. 2.2 8.3 10

Isopoda
Synidotea laticauda 2.2 10 6.4
Isopods ind. 2.8

Amphipoda
Gammarus spp. 2.2 5.6 0.2 3.4

Decapoda natantia
Palaemon spp. 0.3
Crangon crangon 2.8 9.5

Nekton
Teleost fishes 0.2
Benthos
Annelida polychaeta
Nereis succinea 22 2.8
Other
Pollen 0.1

54.1
9.2

8.3 5.9
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November 2003 February 2004

Engraulis Pomatoschistus ~ Pomatoschistus ~ Argyrosomus Merlangius Pomatoschistus  Pomatoschistus ~ Pomatoschistus ~ Dicentrarchus
encrasicolus microps minutus regius merlangus microps minutus minutus labrax

Size range (TL ; mm) 42-62 27-38 41-65 130-249 11450 26-50 26-38 41-60 80-447

Number of full stomach 6 9 11 36 6 11 21 5 21
Zooplankton
Eggs 38.5 4.2 14 15.4
Copepods
Eurytemora affinis 88.3 55.1 94 84.2 82.3 7.4
Acartia 7.4
Copepods ind. 1.3 13.7
Hyperbenthos
Mysidacea
Neomysis integer 5.3 5.4
Mesopodopsis slabberi 3.2 36.8 10 10 0.6 0.2
Schystonmysis spp. 1
Mysids ind. 17 13 15.8 2.7 0.8
Isopoda
Synidotea laticauda 15.8 3.6
Amphipoda
Gammarus spp. 21.5 1.8 10 1.2 0.4 23 24.4
Amphipods ind. 2.16
Decapoda natantia
Palaemon spp. 64.5 50 31.6
Crangon crangon 10 18.2 6.1
Nekton
Teleost fishes 5.3 1 10
Epibenthos
Isopoda
Cyathura carinata 1.3
Sphaeroma serratum 35
Amphipoda
Corophium volutator 2.6 19.8
Decapoda brachyura
Pachygrapsus marmoratus 1.5
Rhithropanopeus harrisii 0.8
Crabs ind. 0.8
Annelida polychaeta
Nereis spp. 0.8
Polychaetes ind. 4.5
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April 2004

June 2004

Pomatoschistus

microps labrax

Dicentrarchus

Dicentrarchus
punctatus

Argyrosomus

regius

Pomatoschistus
minutus

Pomatoschistus
minutus

Argyrosomus
regius

Argyrosomus
regius

Size range (TL ; mm)

33-39 83-140

92-135

125-260

21-39

40-55

30-52

118-B3

Number of full stomach

11 8

5

20

11

19

14
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Zooplankton
Eggs
Mysis larvae
Copepods
Eurytemora affinis
Acartia spp.
Copepods ind.
Ichtyoplankton
Hyperbenthos
Mysidacea
Neomysis integer
Mesopodopsis slabberi
Mysids ind.
Isopoda
Synidotea laticauda
Sohaeroma serratum
Amphipoda
Gammarus spp.
Corophium volutator
Bathyporeia spp.
Amphipods ind.
Decapoda natantia
Palaemon spp.
Crangon crangon
Nekton
Teleost fishes
Benthos

Annelida polychaeta

Nereis succinea

62.2
8.2
7.1

5.4 14.3

5.4

7.1

18.9 57.1

7.1

7.1

17.6
69.4

2.3

8.2

1.2

1.2

44.1
4.1

1.4

2.7

27.6
3.4

6.9
10.3

17.6

82.3

28

64

2.7

18.9

20.3

36.5
8.2

4.5

9.5

0.8
0.7

31.4
0.3
0.13

0.5

59.2

0.5

51

1.6

0.4
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Table 3. Predation strategy for each fish spectesrding to size and time. Results were deduced

from the form of N frequencies of prey versus alanuds (Ab) and mean Weight\z_\/Q. Three
different types of food behavior were determinetl) ¢pportunistic when frequencies increased
significantly with Ab, (2) generalist when the Spean correlation coefficient was null, (3) speatli

when the highest frequencies were concentratechdraunarronWV (cf. Fig. 2). See Fig. 2 for the

definition of prey abbreviations. ns: non-signifitarend; * significant trend.

July September November 2003 February 2004 April June

2003 2003 2004 2004
Environment
Available prey 10 11 5 5 9 10
Prey densities 7.8ind L' 3.1ind Lt 5.0ind L 10.7 ind L 18.6 ind L' 13.1ind L
E. encrasicolus
Sze (mm, replicates) 38-127 (18) 47-77 (9) 47-62 (6)
Prey number (range) 6 (naupNint) 4 (naup-Msla) 4 (Ac-mysid)
Spearman test * * *
Predation strategy OPPORTUNIST | OPPORTUNIST | OPPORTUNIST
S. sprattus
Sze (mm, replicates) 60-115 (5)
Prey number 4 (naup-Eaf)
Spearman test ns
Predation strategy SPECIALIST
P. microps
Size (mm, replicates) 27-37 (15) 27-38 (9) 26-50 (11) 33-39 (11)
Prey number 9 (eggs-pol) 6 (eggs-isop) 4 (eggs-amp) 5 (Ac-amp)
Spearman test ns ns ns ns
Predation strategy SPECIALIST SPECIALIST SPECIALIST SPECIALIST
P. minutus
*Small size 23-39 (8) 26-38 (21) 21-39 (11)
Prey number 5 (Ac-isop) 5 (eggs-amp) 2 (Nint-amp)
Spearman test ns ns ns
Predation strategy SPECIALIST SPECIALIST SPECIALIST
sLarge size 40-73 (17) 40-65 (20) 41-65 (11) 41-60 (5) 40-55 (19)
Prey number 9 (mol-shr) 5 (cops-amp) 5 (Msla-fish) 3 (eggs-amp) 3 (Nint-amp)
Spearman test ns ns * ns *
Predation strategy SPECIALIST SPECIALIST OPPORTUNIST | SPECIALIST OPPORTUNIST
A. regius
*Small size 30-104 (68) 30-52 (14)
Prey number 9 (mol-fish) 7 (Eaff-fish)
Spearman test ns ns
Predation strategy GENERALIST GENERALIST
eLarge size 130-235 (25) 130-249 (36) 125-260 (20) 118-263 (38)
Prey number 4 (Msla-fish) 6 (Msla-fish) 6 (Msla-shr) 9 (eggs-fish)
Spearman test ns ns ns ns
Predation strategy SPECIALIST SPECIALIST GENERALIST SPECIALIST
M. merlangus
Sze (mm, replicates) 90-102 (5) 114-150 (6)
Prey number 3 (Ac-fish) 5 (Msla-fish)
Spearman test ns ns
Predation strategy SPECIALIST SPECIALIST
D. labrax
Sze (mm, replicates) 80-147 (21) 83-140 (8)
Prey number 7 (Eaf-crab) 5 (cops-fish)
Spearman test ns ns
Predation strategy SPECIALIST SPECIALIST
D. punctatus
Sze (mm, replicates) 95-135 (8)
Prey number 5 (Msla-pol)
Spearman test *
Predation strategy OPPORTUNIST
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