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RUNNING HEAD

Trophic shift in YoY mullets in salt marshes

ABSTRACT

This study investigated the trophic shift of yousfethe-year (YoY) thinlip grey mullets
Liza ramadaand golden grey mulletsiza aurataduring their recruitment in a salt marsh
located on the European Atlantic coast. Stabl®s®signaturesst’C ands*°N) of the fishes

followed a pattern, with enrichments C and™N to increasing length**C in fishes < 30

TAuthor to whom correspondence should be address#d.+33 (0)5 16 49 67 31; Fax.: +33
(0)5 46 45 82 65; email: benoit.lebreton@univ-Ir.fr
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mm ranged from -19.5 to -15.0%o, whereas in fishe30>mm&*°C ranged from -15.8 to -
12.7%o, closer to the level in salt marsh food reses. Large differences between taN
values of mullets and those of food sources (6.0Phoawmerage) showed that YoY are
secondary consumers, like older individuals, whesading in the salt marsh. YoY mullets
shift from browsing on pelagic prey to grazing oenthic resources from the salt marsh
before reaching 30 mm in length. The results hgjttlthe role of European salt marshes as

nurseries for juvenile mullets.
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INTRODUCTION

Salt marshes are among the most productive ecosysie Earth (McLusky, 1989). Their
high level of primary productiore(g., halophytic plants, benthic microalgae) providesdfo
resources for benthic macrofauna and supports glesnfood web (Currinet al, 1995;
Deegan & Garritt, 1997; Rieet al, 2000). Salt marsh habitats are important feednegnds
for transient specie®(@.,fishes, crustaceans), which perform tidal migraito feed on salt
marsh primary producers and locally produced faitmeeib, 1997; Zimmermast al, 2000;
Laffaille et al, 2001; Gibson, 2003; Lebreten al, 2011). These habitats also provide other
ecosystem services, including serving as refugasticplarly for juveniles, against fish
predation (Craig & Crowder, 2000; Zimmermahal, 2000). As a result, salt marshes are
considered major nurseries for fishes and crustecé@@ecket al, 2001). Along the European
Atlantic coast, numerous fish juveniles, includimgluable commercial species, colonize
creeks to forage on salt marsh resources (Laffeilbd, 1998; Laffailleet al, 2001; Lebreton
et al, 2011).

Mullets are widespread in tropical and temperateimaavaters (Nelson, 1994) and, due
to their high abundance and daily feeding migraifoaffaille et al., 1998; Lebreton et al.,
2011), they fulfil an important ecological role agporters of organic matter from salt
marshes to adjacent areas and fuel offshore foduswdullets turn the organic matter they
forage on into high quality matteird., fish tissues) as well as low quality mattee.( feces)
(Laffaille et al,, 1998; Lefeuvrest al, 1999; Deegaet al, 2000).

Along the European Atlantic coasts, two speciesiollets migrate in intertidal salt marsh
creeks: the thinlip grey mulldtiza ramada(Risso 1827) and the golden grey mulléta
aurata (Risso 1810jLaffaille et al, 1998; Parlieet al, 2006; Lebretomt al, 2011). In these
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habitats, mullets exploit benthic food resourcessbsaping mud surfaces and sorting food
items using their gill rakers (Hickling, 1970). Mostudies abouk. ramadaandL. aurata
food sources focus on adults (Lam Hoi, 1969; Bruk®81; Almeidaet al, 1993; Cardona,
1996; Laffailleet al, 2002; Almeida, 2003) whereas there has beenféess on young-of-
the-year (YoY) (Albertini-Berhaut, 1973; AlbertiBierhaut, 1974; Ferrari & Chieregato,
1981; Lebretoret al, 2011). These two species reproduce on the aartah shelf: from
August to February foc. aurataand from autumn to winter fdr. ramada but the spawning
period can vary depending on location and spedfest( et al, 2011). Recruitment also
varies in coastal areas and generally lasts froenetid of winter through to the summer
(Hickling, 1970; Gautier & Hussenot, 2005).

In Aiguillon Bay (French Atlantic coast), YoY mutleecruitment begins in March, and
then the fishes start performing daily migrationtoisalt marsh creeks. However, YoY are
still foraging on neritic zooplankton even whenititig) salt marsh creeks (Lebretent al,
2011) just after their recruitment, whereas onet thmee-year-old and older mullets use salt
marsh resources from the very moment when theyncothe salt marshes in spring
(Laffaille et al, 2002; Lebretoret al, 2011). YoY undergo a diet shift as they grow,
switching from pelagic resourcese({ zooplankton) to benthic resources (Albertini-Bertha
1973; Albertini-Berhaut, 1974). The aim of thisdtuvas to determine at what size and when
this diet shift occurs, to determine when YoY beeomtependent on salt marsh food
resources. To that aim, food sources used by YoYetsuwere determined in summer by
using stable isotope ratio analyses. This appr@dolws the determination of food sources
actually assimilated by fishes (Pinnegar & Poludi®99) and is thus regularly used to assess
changes in diet during migrations (Fry, 2006). Shenmer results were compared with those

from spring (Lebretoret al, 2011). The relationship between stable isotogeasures and
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fish length allows a determination of the size &ick YoY shift from neritic to salt marsh

food resources.

MATERIALSAND METHODS

Study site

Aiguillon Bay, located on the French Atlantic cqai& an embayment of 56 Km
including 38 kni of bare mudflats and 18 Knof salt marshes (Fig. 1) (Verger, 2005).
Aiguillon Bay is very shallow, with a depth not e@eding 1m below the hydrographic zero
(Verger, 1968). It is a semi-diurnal macrotidalteys, with a tidal range higher than 5 m at
mean high water springs, which generates relatigeigng tidal currents (0.2 — 0.6 s
(SHOM, 2001). Fresh water inputs come from the &&iortaise River, the Lay River and
many channels, of which the largest one is the Qiv@nnel. Inputs of fresh water in the bay
are man-managed thanks to gates: fresh water iopats mainly from autumn to spring and
are very scarce after March or April, following sloe of the gates (Meunier and Joyeux,
unpublished results). The gates were closed in Madsh during the sampling year. As a
result, salinities were low at the beginning of Bfa(3-5 to 4-5) and were close to those of
oceanic waters (29 to 35) afterward. The sampliteg(46°15’49 N, 01°07°09 W), located in
the salt marsh and exposed to the air at everytidey is the same as in Lebretenh al
(2011). It is a tributary creek of the Curé channdbich drains a 10 ha watershed on the
southern part of Aiguillon Bay (Parliet al. 2006). This site is located 50 m upstream from

the creek mouth and has a cross-section 15 m widésan deep. In this area, the salt marsh
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vegetation is dominated by halophytic plants, sasHalimione portulacoidegMeunier and
Joyeux, unpublished results). No vegetation isgreen the creek banks, which are covered

with extensive patches of microphytobenthos.

Fish sampling

Young-of-the-year mullets were sampled in summer J@ly 2005) during spring tides.
Fish collection was carried out following the saprecedure as in Lebretcet al (2011),
using a fyke net (4 mm mesh size, 5 m deep, 1.80gm 20 m long) set up across the creek.
The net was set up on the creek for periods of gtutes, then removed for 5 minutes to
empty it. Sampling was therefore efficient for 8@¥%the whole tide (20 minutes of sampling
every 25 minutes) allowing collection of represéimeasamples of the YoY fish community
(Laffaille et al, 1998; Parlieet al, 2006). All samples were stored in iceboxes m fibld

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

Stable isotope ratio analysis

Sample processing was the same as in Lebretoal (2011). All individuals were
measured (fork length) to the nearest mm. Agesbiels was defined based on: 1. population
structure defined during the same year (Lebregbml. 2011); 2. growth curves from Le

Dantec (1955), Lam Hoi (1969) and Parlier (unpinglcs results), and tables in Gautier &
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136 Hussenot (2005). All these data show a very gotatioaship between length and age of
137 YoY. Individuals used for stable isotope analysesersub-sampled so as to be representative
138 of the size structure of the YoY population. Mul&0 mm in length or more were identified
139 to the species level using the identification kef$-arrugio (1977), Cambrony (1984), also
140 reviewed in Gautier & Hussenot (2005), and Kedthal (2011). Mullets less than 50 mm
141 long, for which identification is very difficult (@nbrony, 1984, Keitlet al, 2011), were not
142 identified.

143 Stable isotope analyses were performed on wholsecerated fishes with the head
144  removed for mullets less than 50 mm long and ontevtiorsal muscle for fishes > 50 mm
145 long. Muscles were dissected with the greatest waesoid the presence of bone fragments.
146  All samples were freeze-dried and ground usinglanid. Fish samples from mullets < 50
147 mm were acidified with 1 mol L HCI to remove carbonates, then dried in a dry ba0°C
148 and ground again. Since acidification may havefteceons™N values, these samples were
149 analysed separately for determination36IN (raw samples) and**C (acidified samples)
150 values. Preliminary tests were performed on santplebeck for a possible effect of lipids on
151 &"C values. Since no significant effect of lipids waisserved, no delipidation process was
152 carried out.

153 Samples were analysed using an EA-IRMS (Isoprime&rdvhass, UK). Isotope ratio
154 values were expressed & unit notation as deviations from standards (Vieee Dee
155 Belemnite ford'*C and atmospheric Nfor '°N) following the formula:5'°C or §°N=
156  [(Rsample/ Retandard-1] % 1C°, where R is **C/*C or "N/*N. Calibration was done using
157 reference materials (USGS-24, IAEA-CH6, IAEA-600 éarbon; IAEA-N1, -N2, -N3, -600
158 for nitrogen). Analytical precision based on analysf acetanilide (Thermo Scientific) used
159 as an internal laboratory standard was 0.15%. a2fdoGor carbon and nitrogen, respectively.
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Data and statistical analyses

Length,5"C and8™N of YoY mullets sampled in summer 2005 were coragdp those
observed in spring 2005 (Lebreten al, 2011). Stable isotope compositions of YoY were
compared with those of potential food sources aeg from the same bay (Rieghal, 1999;
Lebretonet al, 2011; Richard, unpublished results). B\ primary producer baseline was
computed by averaging™N values for phytoplankton and microphytobenthdsces they
were not statistically different. Primary and sedary consumer theoretical baselines were
determined by adding the average and standardtoevigalues of trophic fractionation from
Vander Zanden & Rasmussen (2001) to &8N baseline: 2.5 + 2.5% from primary
producers to primary consumers and 3.2 + 0.4%. fgmmary consumers to secondary

consumers.

RESULTS

Population characteristics

Two hundred and twenty three mullets were colleatetthe field. Among them, 74 were
L. ramadaand 29 werd.. aurata>50 mm in length. Mullet length was 45 + 20 mm on
average. The smallest individuals were 21 mm lamdjthe longest ones were 90 and 94 mm

long for L. aurata and L. ramada respectively. In spring, the average length ofY Y&

8
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standard deviation) was 20 + 2 mm and ranged fréntol42 mm (Lebretoret al, 2011).
Taking both species together, the length of YoY wigber in summer than in spring (Student

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

Stable isotope ratios

Muscle stable isotope composition was determine@d@nndividuals. Signature ranges
were wide in summer, with values ranging from -18512.7%. for6*°C and from 9.7 to
13.3%0 for 8N (Fig. 2). A distribution pattern was observed §fC values, with a>C-
enrichment related to increasing length. The smeaftaullets (< 30 mm) showed a wide range
of *°C values, from -19.5 to -15.0%., whereas the largesiiets (> 30 mm) presented a
narrower range 05'°C, with values from -15.8 to -12.7%.. Mullets largaan 30 mm were
thus more**C-enriched than mullets < 30 mm (Student test;=82; p < 0.001). The same
pattern of distribution was observed f6F°N (Fig. 2): smallest individuals (< 30 mm)
presented lowes™N values (from 9.7 to 12.0%.) than largest onesn(frb0.7 to 13.3%o)
(Student test; d.f. = 82; p < 0.001).

Due to the wide range of valugs>C for mullets sampled in summer were close to the
81*C values of many potential food sources, from ppigokton, SPOM and SSOM to vegetal
or animal salt marsh resources (microphytobenttiesh or detritaSpartina maritima plant
detritus, nematodes or annelids) (Fig. 3). A grofif individuals with3*C values lower than
-18%o could be identified; these mullets all meaduess than 30 mm in length (Fig. 2 and 3).

In spring,5*°C values ranged from -22.3 to -18.4%. atitN values ranged from 8.0 to

12.4%o (Lebretoret al, 2011).8**C values of mullets < 30 mm sampled in summer were

9
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higher than those of mullets sampled in spring .(Rig(Student test; d.f. = 57; p < 0.001).
8N value of mullets < 30 mm sampled in summer (¥1079%. on average) were mord\-
enriched than in spring (average = 9.9 + 1.3%o; &tuidest; d.f. = 35; p = 0.032; figure 2 and

3) and very close to the theoretical secondarywmess™N value (11.2 + 0.4%o).

DISCUSSION

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

Two species of YoY mullets colonized the salt matahing summerL. ramadaandL.
aurata, as already described by Parlier et al. (2006)hBpecies are known to colonize salt
marsh creeks for the purpose of feeding, eithemwthey are one year oldl..(ramadaandL.
aurata) or adults .. ramadg (Laffaille et al, 2002; Almeida, 2003; Lebretast al, 2011).
Liza ramadaand juveniles ofL. aurata are very euryhaline (Lasserre & Gallis, 1975;
Shusmin, 1990), and can thus access this parteokdit marsh, where large and sudden
salinity variations can occur. YoY mullets haveeally been observed in salt marsh creeks
during spring and summer (Laffaileg al., 1998; Parlieet al, 2006). Nevertheless, Lebreton
et al (2011) observed that YoY were not exploiting sadtrsh food resources but neritic food
resourcesi( e. zooplankton) in spring just after coastal recreitrn

Mullets presented a wider range of lengths in sum@ikto 94 mm) than in spring (16 to
42 mm). The relatively close values observed fa $mallest fishes between spring and
summer suggest that coastal recruitment of mulles ongoing at the end of July in

Aiguillon Bay, as at some other locations on thenEh Atlantic coast (Lam Hoi, 1969;
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Labourg, 1985; Keithet al, 2011). On the contrary, the maximum lengths ek in

summer mullets were strikingly larger than thosesmfing mullets. These maximum lengths
observed in summer correspond well with a 4 mosetiog of growth since the mullets were
recruited in coastal areas, following the growthves of YoYL. aurataandL. ramadafrom

Aiguillon Bay (Parlier, unpublished results). Thehows that YoY recruited during spring
have grown and that they still colonize salt macskeks. This sampling and data from
Lebretonet al (2011) thus represent a large range of mullegtlenin two seasons. It is

therefore possible to determine the shift in mudiet in relation with their growth.

Dietary shift in YoY mullets between spring andrsem

In summer, the large range of Ya¥°C values demonstrates that YoY could access a
large range of food sources. Verg-depleted YoY mullets had a diet based on nefidiic]
resources (SPOM, phytoplankton), like in the spribgbretonet al, 2011). This group of
3c-depleted individuals was only composed of verglém and thus very young - mullets
with FL < 30 mm. The young ages of the fishes dr&rteritic origin of their food resources
demonstrate that they had just arrived in coastdsa confirming that YoY recruitment was
ongoing and continuous during the summer (Koussisrag al, 2010). Their high5*>N
values in comparison with those of neritic food rees (SPOM, phytoplankton) demonstrate
that these mullets were secondary consumers wihaglinfg in neritic ecosystems, with a diet
probably based on zooplankton, as already obsarvede spring (Lebretoret al, 2011).
Some other fishes with FL < 30 mm were a few mameched, suggesting that the diet of

these individuals was shifting.
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Older mullets (FL > 30mm) wer&’C-enriched, showing that they were using food
resources from the salt marsh. It therefore appihatsyoY can exploit food resources from
the salt marsh as soon as they reach a fork leahtB0O mm. Some stomach content
observations revealed some sediment (Lebreton,blished results), providing support for a
shift from a pelagic to a limno-benthophagous didtis confirms the assumption made by
Lebretonet al. (2011) that YoY mullets undergo a trophic shiftr@tation to their size when
they colonize salt marshes. Many authors have dstraiad that an ontogenic dietary shift
occurs for numerous species of mullets, with figh@ssing from browsing on pelagic prey to
grazing on benthic resources (Odum, 1970; Brusk8ll Eggold & Motta, 1992;
Koussoroplist al, 2010).

Differences between th&"™N values of individuals > 30 mm and those of sadtrsh
primary sources3partina maritimamicrophytobenthos), reaching on average 6.0%dvsdo
that these mullets were not primary consumersvaré at least secondary consumers. When
mullets have a limno-benthophagous diet in themsaltsh, the bulk of ingested sediment and
organic matter contains large quantities of meiofdawand small macrofauna (Lebreton,
personal observation). These items are easily tligesand the assimilation rates of these
food sources are higher than those of fresh anitalgilant organic matter, explaining why
mullets are secondary consumers (Lebretoal., 2011).

This shift from a pelagic to a limno-benthophagdiet between spring and summer is
clearly related to the length — and thus to the -ag# individuals, as shown by the sharp
increases in thé'*C ands™N values of mullets from 20 to 30 mm long. Thisgarof fork
lengths fits well with observations made by AlbeirBBerhaut (1973; 1974) and Ceccheretli
al. (1981), who determined that this dietary shiftwoced at the post-larval stage (15-25mm)
for L. ramadaandL. aurata This change in feeding habit has also been obdeirv other

species of mullets of similar lengths (Odum, 19B@yslé, 1981; Eggold & Motta, 1992;
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Koussoropliset al, 2010). Eggold & Motta (1992) determined witugil cephalusthat the
observed trophic shift was not related to morphiclgigchanges in the mouth and gill rakers
of YoY. This change in diet appears mostly rela®é change in trophic behaviour before
YoY reach a size of 30 mm.

After this trophic shift, the diet of YoY is simildo these of G1 and G3+ mullets when
they colonize salt marshes for the purpose of fegfliebretoret al, 2011). As assumed for
G1 and G3+ individuals (Lebretaat al, 2011), the migration of YoY into salt marshes is
probably related to the large quantities of higlaliqy food resources in this habitat (Kneib,
1997; Cattrijsse & Hampel, 2006). This is particiylathe case for nematodes, whose
abundance can be several times higher in salt mau(steipet al, 1985; Giere, 1993) than in
the bare mudflats adjacent to the marshes (Rz&andaacet al, 2003). Colonization of salt
marshes at feeding purpose may be necessary for nfollets because high quantities of
energetic food resources would allow them to mazérfood intake and growth (Gibson,
2003).

Salt marshes are known to be essential habitaegieatic organisms, particularly juvenile
fishes, because they provide food resources angeefThey are thus considered to be very
good nurseries because fishes can optimize theagifog, growth and survival (Beat al,
2001; Cattrijsse & Hampel, 2006). This study thughhghts the role of European salt

marshes as feeding areas for YoY mullets alondgrteach Atlantic coast.
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FIGURE CAPTIONS

Figure 1. Location of Aiguillon Bay and the samgplisite.

Figure 2. Relationships between stable isotopesati muscle§**C & §'°N) and fork length

of YoY in spring and summer 2005.

Figure 3. Stable isotope signaturé§°C & 5'°N) of YoY and of potential food sources and
prey. For YoY, each point represents one individ@aitted lines represent theoretiGaiN
baselines for primary producers, and primary armbrsgary consumers (see Materials and
Methods for calculations). Potential food sourcesd apreys: Ann: annelids, Mpb:
microphytobenthos, Nem: nematodes, Phy: phytoptemkPma:Plantago maritima Sma:
alive Spartina maritima.Sma det: detritiSpartina maritima SPOM: suspended particulate
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481 organic matter, SSOM: sediment surface organicena®a det: plant detritus. Food source
482 data taken from Lebretoat al (2011) are in bold face type, those from Rich¢@rfl98,
483 unpublished results) are italicized, those fromhgrd (2004, unpublished results) are

484  underlined and those from Riegtal (1999) are in normal face type.
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