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ABSTRACT 16 

 17 

 18 

This study investigated the trophic shift of young-of-the-year (YoY) thinlip grey mullets 19 

Liza ramada and golden grey mullets Liza aurata during their recruitment in a salt marsh 20 

located on the European Atlantic coast. Stable isotope signatures (δ13C and δ15N) of the fishes 21 

followed a pattern, with enrichments in 13C and 15N to increasing length: δ13C in fishes < 30 22 
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mm ranged from -19.5 to -15.0‰, whereas in fishes > 30 mm δ13C ranged from -15.8 to -23 

12.7‰, closer to the level in salt marsh food resources. Large differences between the δ
15N 24 

values of mullets and those of food sources (6.0‰ on average) showed that YoY are 25 

secondary consumers, like older individuals, when feeding in the salt marsh. YoY mullets 26 

shift from browsing on pelagic prey to grazing on benthic resources from the salt marsh 27 

before reaching 30 mm in length. The results highlight the role of European salt marshes as 28 

nurseries for juvenile mullets. 29 

 30 
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INTRODUCTION 37 

 38 

 39 

Salt marshes are among the most productive ecosystems on Earth (McLusky, 1989). Their 40 

high level of primary production (e.g., halophytic plants, benthic microalgae) provides food 41 

resources for benthic macrofauna and supports a complex food web (Currin et al., 1995; 42 

Deegan & Garritt, 1997; Riera et al., 2000). Salt marsh habitats are important feeding grounds 43 

for transient species (e.g., fishes, crustaceans), which perform tidal migrations to feed on salt 44 

marsh primary producers and locally produced fauna (Kneib, 1997; Zimmerman et al., 2000; 45 

Laffaille et al., 2001; Gibson, 2003; Lebreton et al., 2011). These habitats also provide other 46 

ecosystem services, including serving as refuges, particularly for juveniles, against fish 47 

predation (Craig & Crowder, 2000; Zimmerman et al., 2000). As a result, salt marshes are 48 

considered major nurseries for fishes and crustaceans (Beck et al., 2001). Along the European 49 

Atlantic coast, numerous fish juveniles, including valuable commercial species, colonize 50 

creeks to forage on salt marsh resources (Laffaille et al., 1998; Laffaille et al., 2001; Lebreton 51 

et al., 2011). 52 

Mullets are widespread in tropical and temperate marine waters (Nelson, 1994) and, due 53 

to their high abundance and daily feeding migrations (Laffaille et al., 1998; Lebreton et al., 54 

2011), they fulfil an important ecological role as exporters of organic matter from salt 55 

marshes to adjacent areas and fuel offshore food webs. Mullets turn the organic matter they 56 

forage on into high quality matter (i.e., fish tissues) as well as low quality matter (i.e., feces) 57 

(Laffaille et al., 1998; Lefeuvre et al., 1999; Deegan et al., 2000).  58 

Along the European Atlantic coasts, two species of mullets migrate in intertidal salt marsh 59 

creeks: the thinlip grey mullet Liza ramada (Risso 1827) and the golden grey mullet Liza 60 

aurata (Risso 1810) (Laffaille et al., 1998; Parlier et al., 2006; Lebreton et al., 2011). In these 61 



4 

 

habitats, mullets exploit benthic food resources by scraping mud surfaces and sorting food 62 

items using their gill rakers (Hickling, 1970). Most studies about L. ramada and L. aurata 63 

food sources focus on adults (Lam Hoï, 1969; Bruslé, 1981; Almeida et al., 1993; Cardona, 64 

1996; Laffaille et al., 2002; Almeida, 2003) whereas there has been less focus on young-of-65 

the-year (YoY) (Albertini-Berhaut, 1973; Albertini-Berhaut, 1974; Ferrari & Chieregato, 66 

1981; Lebreton et al., 2011). These two species reproduce on the continental shelf: from 67 

August to February for L. aurata and from autumn to winter for L. ramada, but the spawning 68 

period can vary depending on location and species (Keith et al., 2011). Recruitment also 69 

varies in coastal areas and generally lasts from the end of winter through to the summer 70 

(Hickling, 1970; Gautier & Hussenot, 2005). 71 

In Aiguillon Bay (French Atlantic coast), YoY mullet recruitment begins in March, and 72 

then the fishes start performing daily migrations into salt marsh creeks. However, YoY are 73 

still foraging on neritic zooplankton even when visiting salt marsh creeks (Lebreton et al., 74 

2011) just after their recruitment, whereas one- and three-year-old and older mullets use salt 75 

marsh resources from the very moment when they colonize the salt marshes in spring 76 

(Laffaille et al., 2002; Lebreton et al., 2011). YoY undergo a diet shift as they grow, 77 

switching from pelagic resources (i.e. zooplankton) to benthic resources (Albertini-Berhaut, 78 

1973; Albertini-Berhaut, 1974). The aim of this study was to determine at what size and when 79 

this diet shift occurs, to determine when YoY become dependent on salt marsh food 80 

resources. To that aim, food sources used by YoY mullets were determined in summer by 81 

using stable isotope ratio analyses. This approach allows the determination of food sources 82 

actually assimilated by fishes (Pinnegar & Polunin, 1999) and is thus regularly used to assess 83 

changes in diet during migrations (Fry, 2006). The summer results were compared with those 84 

from spring (Lebreton et al., 2011). The relationship between stable isotope signatures and 85 
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fish length allows a determination of the size at which YoY shift from neritic to salt marsh 86 

food resources. 87 

 88 

 89 

MATERIALS AND METHODS  90 

 91 

Study site 92 

 93 

 94 

Aiguillon Bay, located on the French Atlantic coast, is an embayment of 56 km2, 95 

including 38 km2 of bare mudflats and 18 km2 of salt marshes (Fig. 1) (Verger, 2005). 96 

Aiguillon Bay is very shallow, with a depth not exceeding 1m below the hydrographic zero 97 

(Verger, 1968). It is a semi-diurnal macrotidal system, with a tidal range higher than 5 m at 98 

mean high water springs, which generates relatively strong tidal currents (0.2 – 0.6 m.s–1) 99 

(SHOM, 2001). Fresh water inputs come from the Sèvre Niortaise River, the Lay River and 100 

many channels, of which the largest one is the Curé Channel. Inputs of fresh water in the bay 101 

are man-managed thanks to gates: fresh water inputs occur mainly from autumn to spring and 102 

are very scarce after March or April, following closure of the gates (Meunier and Joyeux, 103 

unpublished results). The gates were closed in mid-March during the sampling year. As a 104 

result, salinities were low at the beginning of March (3·5 to 4·5) and were close to those of 105 

oceanic waters (29 to 35) afterward. The sampling site (46°15’49 N, 01°07’09 W), located in 106 

the salt marsh and exposed to the air at every low tide, is the same as in Lebreton et al. 107 

(2011). It is a tributary creek of the Curé channel, which drains a 10 ha watershed on the 108 

southern part of Aiguillon Bay (Parlier et al. 2006). This site is located 50 m upstream from 109 

the creek mouth and has a cross-section 15 m wide and 5 m deep. In this area, the salt marsh 110 
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vegetation is dominated by halophytic plants, such as Halimione portulacoides (Meunier and 111 

Joyeux, unpublished results). No vegetation is present on the creek banks, which are covered 112 

with extensive patches of microphytobenthos. 113 

 114 

 115 

Fish sampling 116 

 117 

 118 

Young-of-the-year mullets were sampled in summer (22 July 2005) during spring tides. 119 

Fish collection was carried out following the same procedure as in Lebreton et al. (2011), 120 

using a fyke net (4 mm mesh size, 5 m deep, 1.80 m high, 20 m long) set up across the creek. 121 

The net was set up on the creek for periods of 20 minutes, then removed for 5 minutes to 122 

empty it. Sampling was therefore efficient for 80% of the whole tide (20 minutes of sampling 123 

every 25 minutes) allowing collection of representative samples of the YoY fish community 124 

(Laffaille et al., 1998; Parlier et al., 2006). All samples were stored in iceboxes in the field 125 

and frozen (-20°C) at the laboratory until analysis. 126 

 127 

 128 

Stable isotope ratio analysis 129 

 130 

 131 

Sample processing was the same as in Lebreton et al. (2011). All individuals were 132 

measured (fork length) to the nearest mm. Age of fishes was defined based on: 1. population 133 

structure defined during the same year (Lebreton et al. 2011); 2. growth curves from Le 134 

Dantec (1955), Lam Hoï (1969) and Parlier (unpublished results), and tables in Gautier & 135 
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Hussenot (2005). All these data show a very good relationship between length and age of 136 

YoY. Individuals used for stable isotope analyses were sub-sampled so as to be representative 137 

of the size structure of the YoY population. Mullets 50 mm in length or more were identified 138 

to the species level using the identification keys of Farrugio (1977), Cambrony (1984), also 139 

reviewed in Gautier & Hussenot (2005), and Keith et al. (2011). Mullets less than 50 mm 140 

long, for which identification is very difficult (Cambrony, 1984; Keith et al., 2011), were not 141 

identified. 142 

Stable isotope analyses were performed on whole eviscerated fishes with the head 143 

removed for mullets less than 50 mm long and on white dorsal muscle for fishes > 50 mm 144 

long. Muscles were dissected with the greatest care to avoid the presence of bone fragments. 145 

All samples were freeze-dried and ground using a ball mill. Fish samples from mullets < 50 146 

mm were acidified with 1 mol L-1 HCl to remove carbonates, then dried in a dry bath at 60°C 147 

and ground again. Since acidification may have an effect on δ15N values, these samples were 148 

analysed separately for determination of δ
15N (raw samples) and δ13C (acidified samples) 149 

values. Preliminary tests were performed on samples to check for a possible effect of lipids on 150 

δ
13C values. Since no significant effect of lipids was observed, no delipidation process was 151 

carried out. 152 

Samples were analysed using an EA-IRMS (Isoprime, Micromass, UK). Isotope ratio 153 

values were expressed in δ unit notation as deviations from standards (Vienna Pee Dee 154 

Belemnite for δ13C and atmospheric N2 for δ15N) following the formula: δ13C or δ15N= 155 

[(Rsample/ Rstandard)-1] × 103, where R is 13C/12C or 15N/14N. Calibration was done using 156 

reference materials (USGS-24, IAEA-CH6, IAEA-600 for carbon; IAEA-N1, -N2, -N3, -600 157 

for nitrogen). Analytical precision based on analyses of acetanilide (Thermo Scientific) used 158 

as an internal laboratory standard was 0.15‰ and 0.2‰ for carbon and nitrogen, respectively. 159 

 160 
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 161 

Data and statistical analyses 162 

 163 

 164 

Length, δ13C and δ15N of YoY mullets sampled in summer 2005 were compared to those 165 

observed in spring 2005 (Lebreton et al., 2011). Stable isotope compositions of YoY were 166 

compared with those of potential food sources and prey from the same bay (Riera et al., 1999; 167 

Lebreton et al., 2011; Richard, unpublished results). The δ
15N primary producer baseline was 168 

computed by averaging δ15N values for phytoplankton and microphytobenthos, since they 169 

were not statistically different. Primary and secondary consumer theoretical baselines were 170 

determined by adding the average and standard deviation values of trophic fractionation from 171 

Vander Zanden & Rasmussen (2001) to the δ
15N baseline: 2.5 ± 2.5‰ from primary 172 

producers to primary consumers and 3.2 ± 0.4‰ from primary consumers to secondary 173 

consumers. 174 

 175 

 176 

RESULTS 177 

 178 

Population characteristics 179 

 180 

 181 

Two hundred and twenty three mullets were collected in the field. Among them, 74 were 182 

L. ramada and 29 were L. aurata ≥50 mm in length. Mullet length was 45 ± 20 mm on 183 

average. The smallest individuals were 21 mm long and the longest ones were 90 and 94 mm 184 

long for L. aurata and L. ramada, respectively. In spring, the average length of YoY (± 185 
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standard deviation) was 20 ± 2 mm and ranged from 16 to 42 mm (Lebreton et al., 2011). 186 

Taking both species together, the length of YoY was higher in summer than in spring (Student 187 

test; d.f. = 1663; p < 0.001). 188 

 189 

 190 

Stable isotope ratios 191 

 192 

 193 

Muscle stable isotope composition was determined in 26 individuals. Signature ranges 194 

were wide in summer, with values ranging from -19.5 to -12.7‰ for δ13C and from 9.7 to 195 

13.3‰ for δ15N (Fig. 2). A distribution pattern was observed for δ13C values, with a 13C-196 

enrichment related to increasing length. The smallest mullets (< 30 mm) showed a wide range 197 

of δ13C values, from -19.5 to -15.0‰, whereas the largest mullets (> 30 mm) presented a 198 

narrower range of δ13C, with values from -15.8 to -12.7‰. Mullets larger than 30 mm were 199 

thus more 13C-enriched than mullets < 30 mm (Student test; d.f. = 82; p < 0.001). The same 200 

pattern of distribution was observed for δ15N (Fig. 2): smallest individuals (< 30 mm) 201 

presented lower δ15N values (from 9.7 to 12.0‰) than largest ones (from 10.7 to 13.3‰) 202 

(Student test; d.f. = 82; p < 0.001). 203 

Due to the wide range of values, δ
13C for mullets sampled in summer were close to the 204 

δ
13C values of many potential food sources, from phytoplankton, SPOM and SSOM to vegetal 205 

or animal salt marsh resources (microphytobenthos, fresh or detrital Spartina maritima, plant 206 

detritus, nematodes or annelids) (Fig. 3). A group of 6 individuals with δ13C values lower than 207 

-18‰ could be identified; these mullets all measured less than 30 mm in length (Fig. 2 and 3). 208 

In spring, δ13C values ranged from -22.3 to -18.4‰ and δ
15N values ranged from 8.0 to 209 

12.4‰ (Lebreton et al., 2011). δ13C values of mullets < 30 mm sampled in summer were 210 



10 

 

higher than those of mullets sampled in spring (Fig. 2) (Student test; d.f. = 57; p < 0.001). 211 

δ
15N value of mullets < 30 mm sampled in summer (11.7 ± 0.9‰ on average) were more 15N-212 

enriched than in spring (average = 9.9 ± 1.3‰; Student test; d.f. = 35; p = 0.032; figure 2 and 213 

3) and very close to the theoretical secondary consumer δ15N value (11.2 ± 0.4‰). 214 

 215 

 216 

DISCUSSION 217 

 218 

Young-of-the-year population characteristics in summer and comparison with spring 219 

 220 

 221 

Two species of YoY mullets colonized the salt marsh during summer: L. ramada and L. 222 

aurata, as already described by Parlier et al. (2006). Both species are known to colonize salt 223 

marsh creeks for the purpose of feeding, either when they are one year old (L. ramada and L. 224 

aurata) or adults (L. ramada) (Laffaille et al., 2002; Almeida, 2003; Lebreton et al., 2011). 225 

Liza ramada and juveniles of L. aurata are very euryhaline (Lasserre & Gallis, 1975; 226 

Shusmin, 1990), and can thus access this part of the salt marsh, where large and sudden 227 

salinity variations can occur. YoY mullets have already been observed in salt marsh creeks 228 

during spring and summer (Laffaille et al., 1998; Parlier et al., 2006). Nevertheless, Lebreton 229 

et al. (2011) observed that YoY were not exploiting salt marsh food resources but neritic food 230 

resources (i. e. zooplankton) in spring just after coastal recruitment. 231 

Mullets presented a wider range of lengths in summer (21 to 94 mm) than in spring (16 to 232 

42 mm). The relatively close values observed for the smallest fishes between spring and 233 

summer suggest that coastal recruitment of mullets was ongoing at the end of July in 234 

Aiguillon Bay, as at some other locations on the French Atlantic coast (Lam Hoï, 1969; 235 
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Labourg, 1985; Keith et al., 2011). On the contrary, the maximum lengths observed in 236 

summer mullets were strikingly larger than those of spring mullets. These maximum lengths 237 

observed in summer correspond well with a 4 month period of growth since the mullets were 238 

recruited in coastal areas, following the growth curves of YoY L. aurata and L. ramada from 239 

Aiguillon Bay (Parlier, unpublished results). This shows that YoY recruited during spring 240 

have grown and that they still colonize salt marsh creeks. This sampling and data from 241 

Lebreton et al. (2011) thus represent a large range of mullet lengths in two seasons. It is 242 

therefore possible to determine the shift in mullet diet in relation with their growth. 243 

 244 

 245 

Dietary shift in YoY mullets between spring and summer 246 

 247 

 248 

In summer, the large range of YoY δ13C values demonstrates that YoY could access a 249 

large range of food sources. Very 13C-depleted YoY mullets had a diet based on neritic food 250 

resources (SPOM, phytoplankton), like in the spring (Lebreton et al., 2011). This group of 251 

13C-depleted individuals was only composed of very small – and thus very young - mullets 252 

with FL < 30 mm. The young ages of the fishes and the neritic origin of their food resources 253 

demonstrate that they had just arrived in coastal areas, confirming that YoY recruitment was 254 

ongoing and continuous during the summer (Koussoroplis et al., 2010). Their high δ15N 255 

values in comparison with those of neritic food sources (SPOM, phytoplankton) demonstrate 256 

that these mullets were secondary consumers when feeding in neritic ecosystems, with a diet 257 

probably based on zooplankton, as already observed in the spring (Lebreton et al., 2011). 258 

Some other fishes with FL < 30 mm were a few more enriched, suggesting that the diet of 259 

these individuals was shifting. 260 
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Older mullets (FL > 30mm) were 13C-enriched, showing that they were using food 261 

resources from the salt marsh. It therefore appears that YoY can exploit food resources from 262 

the salt marsh as soon as they reach a fork length of 30 mm. Some stomach content 263 

observations revealed some sediment (Lebreton, unpublished results), providing support for a 264 

shift from a pelagic to a limno-benthophagous diet. This confirms the assumption made by 265 

Lebreton et al. (2011) that YoY mullets undergo a trophic shift in relation to their size when 266 

they colonize salt marshes. Many authors have demonstrated that an ontogenic dietary shift 267 

occurs for numerous species of mullets, with fishes passing from browsing on pelagic prey to 268 

grazing on benthic resources (Odum, 1970; Bruslé, 1981; Eggold & Motta, 1992; 269 

Koussoroplis et al., 2010). 270 

Differences between the δ15N values of individuals > 30 mm and those of salt marsh 271 

primary sources (Spartina maritima, microphytobenthos), reaching on average 6.0‰, showed 272 

that these mullets were not primary consumers, and were at least secondary consumers. When 273 

mullets have a limno-benthophagous diet in the salt marsh, the bulk of ingested sediment and 274 

organic matter contains large quantities of meiofauna and small macrofauna (Lebreton, 275 

personal observation). These items are easily digestible and the assimilation rates of these 276 

food sources are higher than those of fresh and detrital plant organic matter, explaining why 277 

mullets are secondary consumers (Lebreton et al., 2011).  278 

This shift from a pelagic to a limno-benthophagous diet between spring and summer is 279 

clearly related to the length – and thus to the age – of individuals, as shown by the sharp 280 

increases in the δ13C and δ15N values of mullets from 20 to 30 mm long. This range of fork 281 

lengths fits well with observations made by Albertini-Berhaut (1973; 1974) and Ceccherelli et 282 

al. (1981), who determined that this dietary shift occurred at the post-larval stage (15–25mm) 283 

for L. ramada and L. aurata. This change in feeding habit has also been observed in other 284 

species of mullets of similar lengths (Odum, 1970; Bruslé, 1981; Eggold & Motta, 1992; 285 
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Koussoroplis et al., 2010). Eggold & Motta (1992) determined with Mugil cephalus that the 286 

observed trophic shift was not related to morphological changes in the mouth and gill rakers 287 

of YoY. This change in diet appears mostly related to a change in trophic behaviour before 288 

YoY reach a size of 30 mm. 289 

After this trophic shift, the diet of YoY is similar to these of G1 and G3+ mullets when 290 

they colonize salt marshes for the purpose of feeding (Lebreton et al., 2011). As assumed for 291 

G1 and G3+ individuals (Lebreton et al., 2011), the migration of YoY into salt marshes is 292 

probably related to the large quantities of high quality food resources in this habitat (Kneib, 293 

1997; Cattrijsse & Hampel, 2006). This is particularly the case for nematodes, whose 294 

abundance can be several times higher in salt marshes (Heip et al., 1985; Giere, 1993) than in 295 

the bare mudflats adjacent to the marshes (Rzeznik-Orignac et al., 2003). Colonization of salt 296 

marshes at feeding purpose may be necessary for YoY mullets because high quantities of 297 

energetic food resources would allow them to maximize food intake and growth (Gibson, 298 

2003).  299 

Salt marshes are known to be essential habitats for aquatic organisms, particularly juvenile 300 

fishes, because they provide food resources and refuge. They are thus considered to be very 301 

good nurseries because fishes can optimize their foraging, growth and survival (Beck et al., 302 

2001; Cattrijsse & Hampel, 2006). This study thus highlights the role of European salt 303 

marshes as feeding areas for YoY mullets along the French Atlantic coast. 304 

 305 

 306 

ACKNOWLEDGEMENTS 307 

 308 

 309 



14 

 

This study was part of B. Lebreton’s Master’s thesis. B. Lebreton is grateful to P. G. 310 

Sauriau and J. Hussenot for their help during bibliographic research. The authors thank P. 311 

Pineau for his help during fish sampling, as well as the team of the ‘Réserve naturelle 312 

nationale de la baie de l’Aiguillon’, particularly F. Meunier. 313 

 314 

 315 

REFERENCES 316 

 317 

 318 

Albertini-Berhaut, J. (1973). Biologie des stades juvéniles de Téléostéens Mugilidae Mugil 319 

auratus Risso 1810, Mugil capito Cuvier 1829 et Mugil saliens Risso 1810. I : 320 

Régime alimentaire. Aquaculture 2, 251-266. doi: 10.1016/0044-8486(73)90158-0 321 

Albertini-Berhaut, J. (1974). Biologie des stades juvéniles de Téléostéens Mugilidae Mugil 322 

auratus Risso 1810, Mugil capito Cuvier 1829 et Mugil saliens Risso 1810. II : 323 

Modifications du régime alimentaire en relation avec la taille. Aquaculture 4, 13-324 

27. doi: 10.1016/0044-8486(74)90015-5 325 

Almeida, P. R., Moreira, F., Costa, J. L., Assis, C. A., Costa, M. J. (1993). The feeding 326 

strategies of Liza ramada (Risso, 1826) in fresh and brackish water in the River 327 

Tagus, Portugal. Journal of Fish Biology 42, 95-107. doi: 10.1111/j.1095-328 

8649.1993.tb00308.x 329 

Almeida, P. R. (2003). Feeding ecology of Liza ramada (Risso, 1810) (Pisces, Mugilidae) in a 330 

south-western estuary of Portugal. Estuarine, Coastal and Shelf Science 57, 313-331 

323. doi: 10.1016/S0272-7714(02)00357-8 332 

Beck, M. W., Heck Jr., K. L., Able, K. W., Childers, D. L., Eggleston, D. B., Gillanders, B. 333 

M., Halpern, B., Hays, C. G., Hoshino, K., Minello, T. J., Orth, R. J., Sheridan, P. 334 



15 

 

F., Weinstein, M. P. (2001). The identification, conservation, and management of 335 

estuarine and marine nurseries for fish and invertebrates. Bioscience 51, 633-641. 336 

doi: 10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2 337 

Bruslé, J. (1981). Food and feeding in grey mullet. In Aquaculture of the Grey Mullet (Oren, 338 

O. H., ed.), pp. 185-217. Cambridge: Cambridge University Press. 339 

Cambrony, M. (1984). Identification et périodicité du recrutement des juvéniles de Mugilidae 340 

dans les étangs littoraux du Languedoc-Roussillon. Vie et Milieu 34, 221-227. 341 

Cardona, L. (1996). Microalgae selection by mullets (Mugil cephalus and Liza ramada) in 342 

Israeli semi-intensive fish ponds. The Israeli Journal of Aquaculture - Bamidgeh 343 

48, 165-173. 344 

Cattrijsse, A., Hampel, H. (2006). European intertidal marshes: a review of their habitat 345 

functioning and value for aquatic organisms. Marine Ecology Progress Series 346 

324, 293-307. doi: 10.3354/meps324293 347 

Ceccherelli, V. U., Ferrari, I., Gaiani, V. (1981). Zooplankton and zoobenthos role in the diet 348 

of juvenile stages of different fish species in an embayment of the Po River Delta. 349 

Kieler Meeresforschungen 5, 259-261. 350 

Craig, J. K., Crowder, L. B. (2000). Factors influencing habitat selection in fishes with a 351 

review of marsh ecosystems. In Concepts and Controversies in Tidal Marsh 352 

Ecology (Weinstein, M. P., Kreeger, D. A., eds.), pp. 241-266. New York, NY: 353 

Kluwer Academic Publishers. 354 

Currin, C. A., Newell, S. Y., Paerl, H. W. (1995). The role of standing dead Spartina 355 

alterniflora and benthic microalgae in salt marsh food webs: considerations based 356 

on multiple stable isotope analysis. Marine Ecology Progress Series 121, 99-116. 357 

doi: 10.3354/meps121099 358 



16 

 

Deegan, L. A., Garritt, R. H. (1997). Evidence for spatial variability in estuarine food webs. 359 

Marine Ecology Progress Series 147, 31-47. doi: 10.3354/meps147031 360 

Deegan, L. A., Hughes, J. E., Rountree, R. A. (2000). Salt marsh ecosystem support of marine 361 

transient species. In Concepts and Controversies in Tidal Marsh Ecology 362 

(Weinstein, M. P., Kreeger, D. A., eds.), pp. 333-365. New York, NY: Kluwer 363 

Academic Publishers. 364 

Eggold, B. T., Motta, P. J. (1992). Ontogenetic dietary shifts and morphological correlates in 365 

striped mullet, Mugil cephalus. Environmental Biology of Fishes 34, 139-158. doi: 366 

10.1007/BF00002390 367 

Farrugio, H. (1977). Clés commentées pour la détermination des adultes et des alevins de 368 

Mugilidae de Tunisie. Cybium 2, 57-73. 369 

Ferrari, I., Chieregato, A. R. (1981). Feeding habits of juvenile stages of Sparus auratus L., 370 

Dicentrarchus labrax L. and Mugilidae in a brackish embayement of the Po river 371 

delta. Aquaculture 25, 243-257. doi: 10.1016/0044-8486(81)90186-1 372 

Fry, B. (2006). Stable Isotope Ecology. New York, NY: Springer. 373 

Gautier, D., Hussenot, J. (2005). Les mulets des mers d'Europe : Synthèse des connaissances 374 

sur les bases biologiques et les techniques d'aquaculture. Plouzané: Ifremer. 375 

Gibson, R. N. (2003). Go with the flow: tidal migration in marine animals. Hydrobiologia 376 

503, 153-161. doi: 10.1023/B:HYDR.0000008488.33614.62 377 

Giere, O. (1993). Meiobenthology. The Microscopic Fauna in Aquatic Sediments. 1st edn 378 

Berlin: Springer-Verlag. 379 

Heip, C., Vincx, M., Vranken, G. (1985). The ecology of marine nematodes. Oceanography 380 

and Marine Biology. An Annual Review 23, 399-489. 381 



17 

 

Hickling, C. F. (1970). A contribution to the natural history of the English grey mullets 382 

(Pisces, Mugilidae). Journal of the Marine Biological Association of the United 383 

Kingdom 50, 609-633. doi: 10.1017/S0025315400004914 384 

Keith, P., Persat, H., Feunteun E., Allardi, J. (2011). Les Poissons d'Eau Douce de France. 385 

Mèze: Biotope Editions, Paris: Museum National d'Histoire Naturelle. 386 

Kneib, R. T. (1997). The role of tidal marshes in the ecology of estuarine nekton. 387 

Oceanography and Marine Biology. An Annual Review 35, 163-220. 388 

Koussoroplis, A.-M., Bec, A., Perga, M.-E., Koutrakis, E., Desvilettes, C., Bourdier, G. 389 

(2010). Nutritional importance of minor dietary sources for leaping grey mullet 390 

Liza saliens (Mugilidae) during settlement: insights from fatty acid δ13C analysis. 391 

Marine Ecology Progress Series 404, 207-217. doi: 10.3354/meps08485 392 

Labourg, P.-J., Clus, C., Lasserre, P. (1985). Résultats préliminaires sur la distribution des 393 

juvéniles de poissons dans un marais maritime du Bassin d'Arcachon. 394 

Oceanologica Acta 8, 331-341. 395 

Laffaille, P., Brosse, S., Feunteun, E., Baisez, A., Lefeuvre, J. C. (1998). Role of fish 396 

communities in particulate organic matter fluxes between salt marshes and coastal 397 

marine waters in the Mont Saint-Michel Bay. Hydrobiologia 373/374, 121-133. 398 

doi: 10.1023/A:1017079823670  399 

Laffaille, P., Lefeuvre, J. C., Schricke, M. T., Feunteun, E. (2001). Feeding ecology of 0-400 

group sea bass, Dicentrarchus labrax, in salt marshes of Mont Saint Michel Bay 401 

(France). Estuaries 24, 116-125. doi: 10.2307/1352818 402 

Laffaille, P., Feunteun, E., Lefebvre, C., Radureau, A., Sagan, G., Lefeuvre, J. C. (2002). Can 403 

thin-lipped mullet directly exploit the primary and detritic production of European 404 

macrotidal salt marshes? Estuarine, Coastal and Shelf Science 54, 729-736. doi: 405 

10.1006/ecss.2001.0855 406 



18 

 

Lam Hoï, T. (1969). Contribution à l'étude de la biologie des Mugilidés (Poissons 407 

Téléostéens) des côtes du Massif Armoricain. Travaux de la Faculté des Sciences 408 

de Rennes, Série Océanographie Biologique 2, 55-182. 409 

Lasserre, P., Gallis, J. L. (1975). Osmoregulation and differential penetration of two grey 410 

mullets, Chelon labrosus (Risso) and Liza ramada (Risso) in estuarine fish ponds. 411 

Aquaculture 5, 323-344. doi: 10.1016/0044-8486(75)90053-8 412 

Le Dantec, J. (1955). Quelques observations sur la biologie des muges des réservoirs de 413 

Certes, à Audence. Revue des Travaux de l´Institut Scientifique des Pêches 414 

Maritimes 19, 93-116. 415 

Lefeuvre, J. C., Laffaille, P., Feunteun, E. (1999). Do fish communities function as biotic 416 

vectors of organic matter between salt marshes and marine coastal waters? 417 

Aquatic Ecology 33, 293-299. doi: 10.1023/A:1009956605842 418 

Lebreton, B., Richard, P., Parlier, E. P., Guillou, G., Blanchard, G. F. (2011). Trophic ecology 419 

of mullets during their spring migration in a European saltmarsh: A stable isotope 420 

study. Estuarine, Coastal and Shelf Science 91, 502-510. doi: 421 

10.1016/j.ecss.2010.12.001 422 

McLusky, D. S. (1989) The Estuarine Ecosystem, 2nd edn. New York, NY: Chapman and 423 

Hall. 424 

Nelson, J. S. (1994). Fishes of the World, 3rd edn. New York, NY: John Wiley & Son. 425 

Odum, W. E. (1970). Utilization of the direct grazing and plant detritus food chains by the 426 

striped mullet Mugil cephalus. In Marine Food Chains (Steele, J. H., ed.), pp. 427 

222-240. Berkeley, CA: University of California Press. 428 

Parlier, E. P., Albert, F., Cuzange, P.-A., Don, J., Feunteun, E. (2006). Impact of vegetation 429 

structure dynamics and usage on the nursery function of West European tidal salt-430 

marshes. Cahiers de Biologie Marine 47, 47-62. 431 



19 

 

Pinnegar, J. K., Polunin, N. V. C. (1999). Differential fractionation of δ13C and δ15N among 432 

fish tissues: implications for the study of trophic interactions. Functional Ecology 433 

13, 225-231. doi: 10.1046/j.1365-2435.1999.00301.x 434 

Riera, P., Stal, L. J., Nieuwenhuize, J., Richard, P., Blanchard, G. F., Gentil, F. (1999). 435 

Determination of food sources for benthic invertebrates in a salt marsh (Aiguillon 436 

Bay, France) by carbon and nitrogen stable isotopes: importance of locally 437 

produced sources. Marine Ecology Progress Series 187, 301-307. doi: 438 

10.3354/meps187301 439 

Riera, P., Montagna, P. A., Kalke, R. D., Richard, P. (2000). Utilization of estuarine organic 440 

matter during growth and migration by juvenile brown shrimp Penaeus aztecus in 441 

a South Texas estuary. Marine Ecology Progress Series 199, 205-216. doi: 442 

10.3354/meps199205 443 

Rzeznik-Orignac, J., Fichet, D., Boucher, G. (2003). Spatio-temporal structure of the 444 

nematode assemblages of the Brouage mudflat (Marennes Oléron, France). 445 

Estuarine, Coastal and Shelf Science 58, 77-88. doi: 10.1016/S0272-446 

7714(03)00061-1 447 

SHOM (2001). Courants de Marée de la Côte ouest de France: de Saint Nazaire à Royan, 448 

Brest: Service Hydrographique et Océanographique de la Marine. 449 

Shusmin, A. G. (1990). Effects of change on salinity on survival, oxygen threshold and level 450 

of standard metabolism of young of the golden grey mullet (Liza aurata). Journal 451 

of Ichthyology 30, 139-145. 452 

Vander Zanden, M. J., Rasmussen, J. B. (2001). Variation in δ15N and δ13C trophic 453 

fractionation: implications for aquatic food web studies. Limnology and 454 

Oceanography 46, 2061-2066. doi: 10.4319/lo.2001.46.8.2061 455 



20 

 

Verger, F. (1968). Marais et Waddens du Littoral Français : Etude de Géomorphologie. 456 

Bordeaux: Biscaye Frères. 457 

Verger, F. (2005). Marais et Estuaires du Littoral Français. Paris: Belin. 458 

Zimmerman, R. J., Minello, T. J., Rozas, L. P. (2000). Salt marsh linkages to productivity of 459 

Penaied shrimps and blue crabs in the Northern Gulf of Mexico. In Concepts and 460 

Controversies in Tidal Marsh Ecology (Weinstein, M. P., Kreeger, D. A., eds.), 461 

pp. 293-314. New York, NY: Kluwer Academic Publishers. 462 

 463 

 464 

FIGURE CAPTIONS 465 

 466 

 467 

Figure 1. Location of Aiguillon Bay and the sampling site. 468 

 469 

 470 

Figure 2. Relationships between stable isotope ratios in muscle (δ13C & δ15N) and fork length 471 

of YoY in spring and summer 2005.  472 

 473 

 474 

Figure 3. Stable isotope signatures (δ
13C & δ15N) of YoY and of potential food sources and 475 

prey. For YoY, each point represents one individual. Dotted lines represent theoretical δ
15N 476 

baselines for primary producers, and primary and secondary consumers (see Materials and 477 

Methods for calculations). Potential food sources and preys: Ann: annelids, Mpb: 478 

microphytobenthos, Nem: nematodes, Phy: phytoplankton, Pma: Plantago maritima, Sma: 479 

alive Spartina maritima. Sma det: detritic Spartina maritima, SPOM: suspended particulate 480 
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organic matter, SSOM: sediment surface organic matter, Pla det: plant detritus. Food source 481 

data taken from Lebreton et al. (2011) are in bold face type, those from Richard (1998, 482 

unpublished results) are italicized, those from Richard (2004, unpublished results) are 483 

underlined and those from Riera et al. (1999) are in normal face type. 484 



1°30 W 1°20 W 1°10 W 

46°20 N 

46°10 N 

0                           4 km 

 

Isle of Ré 

Pertuis Breton 

N 

 

Aiguillon 

Bay 

Curé channel 

10 m 20 m 

 

Sampling 

site 

FRANCE 

Salt marsh 

Intertidal area 

Sèvre Niortaise 

 River 

Lay  River 



δ
1
5
N

 (
‰

) 
δ

1
3
C

 (
‰

) 

Fork length (mm) 

5 

6 

7 

9 

10 

12 

13 

14 

8 

-24 

-22 

-20 

-16 

-14 

-12 

-10 

-18 

Spring 

Summer 

0 20 40 60 80 100 
4 

11 

10 30 50 70 90 



-26 -24
0

-22 -20 -18 -16 -14 -12 -10

2

4

6

8

10

12

14

δ13C (‰)

δ
15

N
 (

‰
)

YoY spring

YoY summer

Food sources

Pma

SPOM

SSOM

Phy Mpb

Nem

Pla det

Ann
Nem

Sma

SmaMpb

Sma det

Mpb
Primary producer baseline

Primary consumer baseline

Secondary consumer baseline


