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INTRODUCTION

Information on the quality and quantity of consumed

food by fish is important for the classic ecological

theory, mainly in identifying omnivory, feeding com-

petition, assessing predator-prey functional responses

and structure as well as the stability of food webs

(Gerking, 1994). Diet composition data are also used

for the estimation of trophic levels. The trophic level

expresses the relative position of an animal in the

food webs that nourish them ranging, for marine an-

imals, between 2 (herbivores / detritivores) and 5.5

(specialised predators such as marine mammals)

(Pauly et al., 2000). The estimation of trophic level al-

lows the development of new approaches to the ana-

lysis of marine food webs and thereby it is essential

for the management of fisheries resources as well as

for quantifying the effects of fishing on the ecosystem

(Pauly et al., 2000; Stergiou & Karpouzi, 2002). 

Coastal lagoons and estuaries play an important

role as nurseries, offering food and shelter for the

larval, juvenile and adult stages of numerous fish spe-

cies that spawn in the open sea (Costa et al., 2002).

The improvement of aquatic lagoon environments is

among the aims of the EU Directive 2000/60/EC (Wa-

ter Framework Directive, WFD), which defines qual-

itative, quantitative and ecological objectives aiming

at the protection of these highly valuable ecosystems

(Elliott & McLusky, 2002). 
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The sea bass Dicentrarchus labrax (Linnaeus, 1758)

is a demersal fish of high commercial interest which

inhabits coastal waters up to about 100 m depth, al-

though it is more common in shallow waters, on vari-

ous substrates. It is a euryaline and eurythermal spe-

cies, entering estuaries, lagoons and sometimes as-

cending rivers. Young fish form schools, but adults

appear to be less gregarious. It is distributed in the

North Atlantic from Norway and the British Isles,

southward to Morocco, Canaries and the Senegal as

well as in the Mediterranean and Black Seas (Pickett

& Pawson, 1994). 

Sea bass, along with gilthead sea bream (Sparus
aurata) are the most important species of the Medi-

terranean aquaculture industry. Their total produc-

tion in the Mediterranean reached 17×104 tn in 2004,

with Greek aquaculture industry claiming almost half

of the production and the relative contribution of the

sea bass being about 40% (Dimitriou et al., 2007). It

is also very important for lagoon fisheries in the Me-

diterranean because of its euryhalinity and high com-

mercial value (Ardizzone et al., 1988); in Greek la-

goons it represents about 5% of the annual yield (A-

nonymous, 2001).

An extensive amount of literature exists concern-

ing sea bass feeding. Most of these studies were con-

ducted in the estuarine systems of European Atlantic

(Kennedy & Fitzmaurice, 1972; Aprahamian & Barr,

1985; Kelley, 1987; Pickett & Pawson, 1994; Cabral &

Costa, 2001; Hampel et al., 2005; Sa et al., 2006; Mart-

inho et al., 2008) as well as in estuarine and lagoonal

Mediterranean regions (Ktari et al., 1978; Barnabe,

1980; Ferrari & Ghieregato, 1981; Roblin & Brusle,

1984; Kara & Derbal, 1996). These studies mainly fo-

cus on the young stages of the species, whereas few

studies cover only adult (Kelley, 1987; Kara & Der-

bal, 1996) and/or adult specimens of the species (Ken-

nedy & Fitzmaurice, 1972; Barnabe, 1980; Pickett &

Pawson, 1994). However, the ontogenetic variation of

the trophic level of sea bass has not yet been estimated.

Hence, the study of trophic ecology is fundamen-

tal and useful towards the understanding of the func-

tional role of fish within their ecosystem. The need of

quantifying the feeding behavior of fish in these eco-

systems becomes more imperative if one considers

the rapid expansion of aquaculture in the coastal

zone and the increased awareness concerning its pos-

sible impact on the lagoonal fish populations (Dim-

itriou et al., 2007). Also, a last aspect potentially re-

lated with the changes in the habits of the lagoonal

species concerns the modification of environmental

parameters of the lagoons in the context of global cli-

matic changes.

Under this scope, information concerning the feed-

ing habits of sea bass in the area proved to be partic-

ularly useful not only for comparison with future stu-

dies but also for understanding the trophic role of the

species in the ecosystem. The aim of the present stu-

dy was to provide qualitative and quantitative infor-

mation on food, feeding habits and trophic level of

sea bass in the Messolonghi-Etoliko lagoon complex

(Western Greece) with special emphasis on the onto-

genetic and seasonal variation of its diet. 

MATERIALS AND METHODS

Study area

The Messolonghi-Etoliko lagoon complex (Fig. 1)

represents one of the most important coastal lagoon

systems in the Mediterranean Sea and the largest one

in Greece (150 km2), accounting for approximately

50% of the total Greek lagoon surface (Anonymous,

2001). It consists of six distinct lagoons (Fig. 1) that

can be defined by their topographic, hydrological and

biological characteristics. In the adjacent coastal area,

a large number of fish farms (more than 25% of the

total Greek fish farms) and hatcheries (20% of the

total Greek hatcheries) operate which in 2004 pro-

duced more than 15% of the Mediterranean produc-

tion and the relative contribution of the sea bass was

about 40% (Dimitriou et al., 2007). The total annual

fish landings from the lagoonal complex decreased

from 1500-2000 tn in the 1960’s to 1300-1500 tn in re-

cent years (1988-1998) and is provided by 200 fisher-

men working at the barrier traps and 700 individual

fishermen fishing in the lagoon using several fishing

gears (i.e. net, spear, long line, light) (Katselis et al.,
2003). The mean annual percentage contribution of

the species of landings coming from the barrier traps

during the period 1988-1998, was 51.9% Mugilidae

species (Liza saliens, Liza aurata, Liza ramada, Che-
lon labrosus and Mugil cephalus), 18.1% eels (Anguil-
la anguilla), 13.7% gilthead sea bream and 1.4% sea

bass (Katselis et al., 2003). Sea bass in the lagoon is

mainly being exploited by individual fishermen with

various gears (nets, spear and long lines) but avail-

able data on its production do not exist. Hence, the

sea bass landings were estimated at 4-5% of the la-

goons total landings (Rogdakis, 2003). Water tem-

perature in lagoons, is rapidly affected by air temper-

ature due to the limited depth and a high correlation

(R2>0.8) has been found between these two parame-
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ters in the study area (Ramfos et al., 2007). Other bi-

otic and abiotic features of the biotope as well as the

fishing exploitation system and the seasonal analysis

of the landings were presented in earlier papers (Kat-

selis et al., 2003, 2007). 

Sampling

Samples of sea bass were collected on monthly basis,

during the period from November 1993 to December

1994. Each month, one-daily sea bass landing was

provided by a professional fisherman who was main-
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FIG. 1. Map of the study area.



ly operating at the central part of the lagoon (R3, Fig.

1) with trammel nets (mesh size of 22 to 24 mm). In-

dividuals smaller than 60 mm were collected month-

ly by means of a fine-meshed beach seine net (mesh

size 3 mm) at a station in Klisova lagoon (R2, Fig. 1).

Immediately after collection the individuals were pre-

served in 10% formalin solution. Total length (TL)

and wet weight (TW) of each specimen were measured

to the nearest 0.1 mm and 0.01 g, respectively. After-

wards, the stomach was carefully removed and emp-

tied. All prey items were identified and sorted to the

lowest possible taxonomic level under a binocular

stereoscope. Wet weight (PW) of each prey category

in each stomach was obtained to the nearest 0.001 g

after removal of all superficial water with filter paper.

In total, the stomach content of 570 specimens was e-

xamined.

To estimate stomach fullness, the  index defined 

as: was used. Four stomach fullness 

categories were defined; =0%: empty, 0%<<1%:

semi-empty, 1%<<2%: semi-full and >2%: full

stomach, according to Barnabe (1976).

The following indices were also used for the eval-

uation of the diet of the species (Hyslop, 1980):

Frequency of Occurrence (Fpi): Fpi=(Ni/Np), where

Ni is the number of the stomachs in which the i th food

item was found and Np is the number of non-empty

stomachs.

Numerical Percentage (Ci): where

ni is the number of the ith food item and m the num-

ber of food items encountered in the stomach. 

Gravimetric Percentage (Wni): 

where ni is the number of the ith food item and m the

number of food items. 

The relative importance of a food item in the diet

of sea bass was assessed by the percent of modified

Pinkas’s Index of Relative Importance (IRI) (Pinkas

et al., 1971):

The Shannon-Wiener index (H′) was used to esti-

mate the trophic diversity in each stomach according

to the formula where pi is the rel-

ative abundance of the ith prey and m is the number

of prey items in each stomach. 

The trophic level (TrL) was estimated per season

and per length class as follows (Pauly et al., 2000): 

, where TrLi is the fractio-

nal trophic level of prey i, Wnij is the gravimetric per-

centage of the ith prey in the diet of j season or length

class, and m is the total number of prey items. TrL
values were calculated from each dataset using Troph

Lab (Pauly et al., 2000), which is a stand-alone appli-

cation for estimating TrLs and their standard errors

(SE) (Stergiou & Karpouzi, 2002).

The relationship between TrL and the mid point

of each length class considered here was quantified

using the following modified logistic equation:

, where

TrLmin and TrLmax are the low and upper asymptotic

trophic level of species which represented the lower

and maximum trophic level of the species, respecti-

vely. This equation describes two asymptotic trophic

levels (upper and lower), a fact that is expected at

feeding studies in relation to ontogenetic stages of

fishes. Thus, this is more realistic than the one usual-

ly applied to the quantification of the relationship be-

tween the trophic level and length class size (Cortes,

1999), which describes only an upper asymptotic tro-

phic level. Coefficients a and b of the above equation

were estimated by non-linear regression analysis (Zar,

1999), using the SPSS 14.0 package (SPSS Inc, Chica-

go IL, USA).

Statistical differences in the diet composition with

respect to length class and season were assessed by

one-way analysis of variance by ranks (Kruskal-Wallis

test) on the arcsine-root transformed numerical abun-

dance of a given food item. The variation in fullness

category was also tested by a chi-square test (¯2) over a

contingency table of number of stomachs (Zar, 1999).

In addition, in order to examine similarities on the

IRI index among months, a simple clustering tech-

nique based on the Bray-Curtis similarity index was

used (Bray & Curtis, 1957). To determine whether or

not major shifts in species composition occurred be-

tween the groups defined by the cluster analysis we

used a non-parametric analysis, permutation-based

one-way analysis of similarities (One-Way ANOSIM

test, R-statistic) (Clarke & Gorley, 2001). All prey ca-

tegories with an overall value of IRI less than 0.03

were excluded from subsequent analyses (Field et al.,
1982). The analyses were performed with the SPSS

14.0 (SPSS Inc, Chicago IL, USA) and PRIMER 5

(PRIMER-E Ltd, Ivydridge, UK) packages.

TrL(TL)= TrLmin +
(TrLmax -  TrLmin)

1+e-α•TL+b

TrLj= 1+Σ Wnij  ΅  TrLi

m

i=1

H’= -Σ pi  ΅  ln pi

m

i=1

IRIi=
Σ

Fpi    Ci
2 + Wni

2

m

i=1
Fpi    Ci

2 + Wni
2

΅ 100

Wni= Σ   PWi

PWi
m

i=1

Ci= Σ   ni

ni
m

i=1

π= 100 ΅ PW
TW
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RESULTS

The total length of the captured individuals (n=570)

ranged from 17 to 748 mm (Fig. 2C). The mean total

length showed significant differences among sam-

pling months (Kruskal-Wallis test, H=94.2, df=11,

p<0.05) presenting higher values from March to Ju-

ly (Fig. 2B). 

Feeding intensity

Of the 570 stomachs of sea bass examined, 197 (34.5%)

were empty. The monthly proportion of empty stom-

achs varied significantly during the study period (¯2=

62.7, df = 11, p < 0.05) showing maximum value in

November (50%) and minimum in May (12.1%) (Fig.

3A). The proportion of empty stomachs among size

classes also presented significant differences (¯2=30,

df = 7, p < 0.05) ranging from 9% (class size: 17-31

mm) to 58% (class size: 141-200 mm). In general,

specimens longer than 141 mm showed higher pro-

portions of empty stomachs than smaller ones (TL

<140 mm) (Fig. 3B).

Diet composition

A total of 22 different prey items were identified in

all stomachs, belonging to five major groups: crusta-

ceans (copepods, isopods, amphipods, mysids, shrimp

and crab larvae, shrimps –three genera– and crabs),

finfish (six genera of finfish and finfish eggs), mol-

luscs (bivalves, gastropods), polychaetes and aquatic

plants. In terms of IRI index values, the most impor-

tant prey items were amphipods (Gammarus sp., IRI

=25.3%), shrimps (Palaemon sp., IRI=22.5%), crabs

(Carcinus sp., IRI=20.8%), finfish (Atherina boyeri,
IRI=9.9%) and mugilids (Mugilidae) fry and juve-

niles (IRI=8.9%) and copepods (IRI=6.99%). The

remaining prey items showed lower contribution in

the diet of the species with IRI values ranging from

0.001 to 1.35% (Table 1).

Food in relation to fish size

The diet composition presented strong differences

between fish size classes (Fig. 4). The contribution of

the dominant prey items in the diet (copepods, am-

phipods, shrimps, crabs and fish) expressed either as

gravimetric or as numerical percentage, differed sig-

nificantly among the size classes (Kruskal-Wallis test,

H > 33.7, df = 7, p < 0.05). The sea bass diet shifted

from small size crustaceans (copepods and nauplii of

decapods) at small individuals (TL: 17-31 mm), to

medium size crustaceans (amphipods: Gammarus sp.
and isopods: Sphaeromatidae and Idoteidae) at juve-

niles (TL: 32-200 mm) and to amphipods (Gammarus
sp.), small shrimps (mainly Palaemon sp.) and crabs

(Carcinus sp.) at the size class of 201-280 mm. At the

larger size classes, the diet composition of sea bass

shifted progressively to small and medium size fish

like A. boyeri and young individuals of Mugilids (fry

and juveniles) (Fig. 4A). 

The Shannon-Wiener index (H′) also differed sig-

nificantly among fish size classes (H = 26.2, df = 7, 
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FIG. 2. Box-plots of adult (A), juvenile (B) sea bass total length and overall length distribution of the caught individuals (C)

during the study period. The number of specimens is shown in parentheses. 
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p < 0.05). In general, smaller specimens (TL < 201

mm) showed mean values of H′ less than 1 (except

class 32-60 mm: H′=1.58) whereas larger specimens

(TL>281 mm) had mean H′ values higher than 1.90

(Fig. 4B). 

Prey mean weight (PmW, g) showed an exponen-

tial increase in respect to predator total length (TL,

mm): (PmW=5.3×10–6TL2.01; R2=0.95; p<0.05).

The trophic level (TrL) of sea bass in the Messo-

longhi-Etoliko lagoons ranged from 3 to 4.6 showing

increasing values with fish size (H = 42.1, df = 7, p
<0.05). The lower value of TrL was recorded at the

size class of 17-30 mm. The TrL of small specimens

(TL<200 mm) was close to 3.3 whereas in the larger

ones (TL>400 mm) it was close to 4.2. An interme-

diate value of TrL (3.60) was recorded for specimens

belonging to size class 201-280 mm. The relationship

between TrL and total length (TL, mm) was:

[R2=0.91; Standard error of estimate (SEest)=0.16]

(Fig. 7).

Seasonal variation in diet composition 

Bray-Curtis clustering based on monthly IRI values

of prey items identified four groups of months at the

56% similarity level. Group I included autumn and

winter months (from September to February), Group

II summer months (June and July), Group III spring

TrL(TL)= 3.15 +
(4.33 - 3.15)

1+e-0.02•TL+4.6
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FIG. 3. Seasonal (A) and according to size classes (B) variation in the frequency of stomach fullness categories of sea bass in

the Messolonghi-Etoliko lagoon complex. Number of specimens used in each size class is shown in parentheses.



months (April and May) and finally Group IV in-

cluded August and March (Fig. 5). These groups dif-

fered significantly in their species composition (R-

statistic <0.93; p<0.01). Kruskal-Wallis test based

on the individually arcsine-root transformed gravi-

metric as well as numerical percentage of a given food

item, also, showed that the diet composition of sea

bass was significantly different among the month-

clusters (H = 37.1, df = 11, p < 0.05). The Shannon-

Wiener diversity index of diet composition (H′) also

differed significantly among the groups defined by

the cluster analysis (H=12.1, df=3, p<0.05).

Group I was characterized by the strong presence

of Carcinus sp. (IRI=28.2%), Gammarus sp. (IRI=

24.8%), A. boyeri (IRI=18.3%) and Mugilids fry (IRI

=12.7%) as well as by the high diversity in diet com-

position (H′=1.84). The diet composition in Group

II was characterized by the dominance of Gammarus
sp. (IRI=63.2%), the low importance of Palaemon
sp. (IRI = 14.3%) and Carcinus sp. (IRI = 9.6%) as
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FIG. 5. Dendrogram of the cluster analysis comparing the diet of sea bass in the different sampling months, based on the

monthly Index of Relative Importance (IRI).

FIG. 6. IRI values of the different prey items in each Group of months as these were defined by the cluster analysis. Average

values for the Shannon-Wiener diversity index (H′) and estimated Trophic level are also shown for each Group. SD: standard

deviation; SE: two times the standard error; a, b denote statistically homogenous values of H′ among Groups.



well as by the high diversity of diet composition (H′=
1.94) (Fig. 6). The diet composition in Group III was

characterized by the lower diversity among Groups

(H′=0.96) whereas two prey items dominated (cope-

pods: IRI=60.3% and Palaemon sp.: IRI=34.2%).

The last group (IV) was characterized by the domi-

nance of Palaemon sp. (IRI=86.6%) (Fig. 6) as well

as by high diversity (H′=1.83). 

Finally, no significant differences were found in

the trophic level among the clusters (H=4.2, df=3,

p>0.05). 

DISCUSSION

The stomach content analysis of sea bass in the Mes-

solonghi-Etoliko lagoon complex revealed the signif-

icant ontogenetic and seasonal variation in the diet

composition of the species. The feeding habits and

strategies of sea bass have been studied in different a-

reas using stomach content analysis (Kennedy & Fitz-

maurice, 1972; Ktari et al., 1978; Barnabe, 1980; Fer-

rari & Ghieregato, 1981; Roblin & Brusle, 1984; A-

prahamian & Barr, 1985; Kelley, 1987; Pickett &

Pawson, 1994; Kara & Derbal, 1996; Cabral & Costa,

2001; Hampel et al., 2005; Sa et al., 2006; Martinho et
al., 2008) and have revealed marked preferences for

small crustacean (zooplanktivores) in young ages. As

predator size increases, a progressive shift in the diet

occurs and the species feeds mainly on epibenthic

taxa (amphipods, isopods, shrimps and crabs) and af-

terwards on small fish, while showing an opportunis-

tic feeding behavior at all sizes according to prey avai-

lability (Pickett & Pawson, 1994). As a general trend,

this feeding behavior was also observed in the present

study. However, significant discrepancies on lower

taxonomic groups of prey items are more or less ex-

pected when comparing results from various geo-

graphical regions due to differences in prey composi-

tion and availability among the ecosystems (Martin-

ho et al., 2008). 

The availability of prey with the appropriate size,

along with water temperature, have been considered

as the most important factors affecting the intensity

of sea bass feeding (Pickett & Pawson, 1994). In the

present study the maximum feeding intensity of sea

bass (minimum percentage of empty stomachs: 12-

15%) occurred during the period from April to July

(Fig. 3A) and coincided with the first appearance of

sea bass fry in the lagoon (Fig. 2B; Rogdakis, 2003).

During this period of the year, copepod abundance

usually presents an annual peak in Mediterranean la-

goons (Lam Hai, 1985; Sei et al., 1996; Ramfos et al.,
1999), thus increasing the possibility of consumption

of this food by the majority of sea bass fries. Indeed,

small-sized individuals of sea bass (17-31 mm) showed

the maximum feeding intensity (percentage of empty

stomachs <10%, see Fig. 3B) as well as a strong pref-

erence for copepods as prey (Fig. 4A). These findings
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support the important role of the Messolonghi-Eto-

liko lagoons as a nursery ground for the species, as

has already been demonstrated for the 0+ age group

in lagoonal, estuarine and salt-marsh environments

(Ferrari & Ghieregato, 1981; Hampel et al., 2005; Sa

et al., 2006; Martinho et al., 2008). Moreover, the

presence of both small (0+) as well as large (adult) in-

dividuals of sea bass in the Messolonghi-Etoliko la-

goons (Rogdakis, 2003) reveals the twin role of the

area on the ecology of species both as a nursery and

feeding ground.

The progressive changes observed in the diet com-

position between small and large sea bass individuals

were accompanied by an increase in prey diversity

with predator size. This shift in diet reflects a combi-

nation of anatomical changes in the capture devices

of the predator (mouth size and distance among the

gill rakers) as well as the improved ability in captur-

ing and handling larger prey (Gerking, 1994). Larger

specimens consume larger prey and have a wide diet

range as they can consume prey items that are not

available to smaller fish. Given that prey size is cor-

related with its energetic value, it is possible that the

larger fish try to maximize the energy intake by in-

creasing the consumption of larger prey (Wooton,

1990). On the other hand, in general, diversity in diet

composition was found low in sea bass individuals

smaller than 200 mm, where copepods and amphipods

constituted the main prey items. According to Eggers

(1977), the diet diversity decreases with increasing

prey density and populations of both copepods and

amphipods are known to exhibit strong peaks in Me-

diterranean lagoons, especially during spring and

summer months (Mistri et al., 2001; Sei et al., 1996).

In all cases, differences in the diet pattern between

individuals with different size decreased the intra-

specific competition giving an advantage to the spe-

cies to better exploit the available feeding resources. 

The maximum percentage of empty stomachs

(> 35%) in the study area occurred mainly during

winter (i.e. November to February). The low temper-

atures of this period could partly explain the reduc-

tion in feeding intensity of sea bass. It has been noted

that adult sea bass feed much less avidly in waters

with temperatures below 10ÆC (Pickett & Pawson,

1994) while in juveniles food intake decreases rapid-

ly at temperatures below 10ÆC and ceases at temper-

atures below 7ÆC (Russell et al., 1996). In the study

area, the lower average minimum monthly air tem-

perature estimated from a seven years time series

(1991-1998) (Katselis et al., 2007) was recorded in Fe-

bruary (4.9±3.4ÆC) while in November it was 9.24±

3.3ÆC having a direct effect on water temperature

(Ramfos et al., 2007). On the other hand, the season-

ality on the feeding activity of sea bass could be relat-

ed with their spawning maturity (Wooton, 1990).

Although the reproduction of the species occurs at

the open sea during the period from December to

March, at the same period the adults of lagoonal po-

pulation were on the pre-maturity stages (Rogdakis,

2003). In our results, specimens at size classes be-

tween 141-280 mm showed higher percentages of

empty stomachs (44-58%, Fig. 3B) when compared to

larger specimens (TL>281 mm), where the percent-

age of empty stomachs ranged from 15 to 32% (Fig.

3B). The observed high proportion of small individu-

als with empty stomachs in the present study could al-

so be related to the onset of their seaward migration.

Landings from the barrier traps, which reflect the

rate of seaward migration, indicated that massive sea-

ward migration of the species occurred mainly during

November and the migrating population was com-

posed mainly by young individuals (141-280 mm)

(Katselis et al., 2003). Young sea bass individuals are

more sensitive than older ones to the drop of tem-

perature (Pickett & Pawson, 1994) and their reduced

feeding intensity could be a symptom of unfavourable

ambient conditions which is followed by a seaward

migration for refuge (Wooton, 1990). This migrating

pattern of the species is also supported by the land-

ings from nets deployed in the lagoon (no migrating

specimens) during the period from November to Fe-

bruary, which were mainly composed of older indi-

viduals (250-650 mm) (Katselis, unpublished data).

Moreover, the diet of individuals belonging to the

size class of 201-280 mm, which were mainly present

in the samples from June to November (Fig. 2A), was

characterised by changes in prey composition (de-

crease of amphipods and increase of shrimps and

crabs) as well as by a progressive increase in the pro-

portion of empty stomachs from summer towards

winter months. This fact might indicate that the sea-

ward migration of the species is also related to the re-

duced availability of the food sources in the lagoon in

the context of a top-down control, as has been pro-

posed by Wooton (1990). In this case, a possible re-

duction of the available food items with an appropri-

ate size drives the fish to the sea-bed (Pickett & Paw-

son, 1994). 

In the present study a seasonal variation of the di-

et composition, was also observed. However, given

the strong seasonality of the new recruits (fry and 0+
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age group) in the lagoon, the observed seasonal vari-

ation of the diet composition of sea bass, could be at-

tributed mainly to the size class diet variation of the

species and less to the species diet adaptation on the

seasonal prey availability. 

The estimated trophic level of sea bass in the stu-

dy area ranged between 3 for younger and 4.6 for

older individuals. The observed shift of the diet com-

position in relation to size was reflected in the corre-

sponding increase of the species trophic level. The re-

sults of meta-analysis in sea bass diet data from other

regions (Roblin & Brusle, 1984; Kara & Derbal, 1996;

Hampel et al., 2005) confirm both the range and the

shift of the trophic level (Fig. 7). It is clear that the

trophic level of 0+ age group is rather constant in re-

lation to fish size (3 to 3.5). In this stage, a possible

competition for the available food resources might

exist with other lagoonal species such as gilthead sea

bream, black goby (Gobius niger), red mullet (Mullus
barbatus), sharpsnout seabream (Diplodus puntazzo),

and flatfish (Solea sp). These species occur in notable

quantities in the landings of the study area (Katselis

et al., 2003) and their trophic level has been estimated

between 3.2 and 3.6, whereas their diet composition

covers a similar to the young sea bass prey spectrum,

including copepods, amphipods, mysids and decapods

(Stergiou & Karpouzi, 2002).

Finally, a study during the period 2000-2004 indi-

cated that, the landings of gilthead sea bream in the

Messolonghi-Etoliko lagoon complex have increased

remarkably (~80%) and catches are dominated by

small sized individuals. Although these changes in fish

populations of the area have not yet been properly

described and their exact causes still remain unclear,

their connection to the adjacent fish farms seem to be

a realistic scenario (Dimitriou et al., 2007). Moreover,

the general sense of researchers and fishermen is that

the abundance of both species (sea bream and sea

bass) has increased in the last years. During the pre-

sent study, the annual Greek production of fish farms

was about five folds lower than in 2004 (Dimitriou et
al., 2007) and thus, the expected impact of fish farms

on the lagoonal population of sea bass may be con-

sidered as low. On the other hand, potential changes

in the habits of lagoonal populations could be related

to the modification of environmental parameters of

lagoons in the context of global climatic changes. The-

se facts reveal the importance of this study as a base-

line for future studies.

In conclusion, this paper provides information on

the feeding habits of sea bass in one important la-

goonal Mediterranean ecosystem where mid-term

changes on biotic aspects have been recorded while

this is also expected on abiotic aspects. Our results

showed that two critical changes can be recognized in

sea bass feeding behaviour. The first change took

place at the length of 30 mm where the species shifted

from plankton feeding to benthic feeding. The second

change took place at the length of 201 to 280 mm

where feeding shifted towards larger epifaunal prey

such as shrimps and crabs, as well as small nektonic

organisms (small finfish). The Messolonghi-Etoliko

lagoon complex comprises a nursery and feeding

ground for the species. The seasonal drop of water

temperature and/or prey availability might be the com-

mon causes stimulating the massive seaward migra-

tion of the species in early winter. 

ACKNOWLEDGEMENTS

This work is dedicated to the memory of Dr. Y. Rog-

dakis. The authors would also like to thank the two

anonymous referees for their comments and sugges-

tions that greatly improved the manuscript.

REFERENCES

Anonymous, 2001. Study of management of fishery exploita-
tion of Greek lagoons. Project PESCA, task 12. Mini-

stry of Agriculture of Greece, Direction of Aquacul-

ture.

Aprahamian MW, Barr CD, 1985. The growth, abundance

and diet of 0-group sea bass, Dicentrarchus labrax,

from the Severn Estuarine. Journal of the marine bio-
logical association of the UK, 65: 169-180.

Ardizzone GD, Cataudella S, Rossi R, 1988. Management
of coastal lagoon fisheries and aquaculture in Italy.

FAO Fisheries Technical Paper, 293, FAO, Rome.

Barnabe G, 1976. Contribution a la connaissance de la bio-

logie du loup Dicentrarchus labrax (Poisson Serrani-

dae) de la region de Sete. Thèse d’Etat, Université

des Sciences et Techniques de Languedoc, Montpel-

lier.

Barnabe G, 1980. Exposé synoptique de données biolgiques
sur le loup Dicentrarchus labrax (Linné, 1758). FAO

Fisheries Synopses, 126, FAO, Rome.

Bray JR, Curtis JT, 1957. An ordination of the upland forest

communities of southern Wisconsin. Ecological mo-
nographs, 27: 325-349.

Cabral H, Costa MJ, 2001. Abundance, feeding ecology

and growth of 0-group sea bass, Dicentrarchus labrax,

within the nursery areas of the Tagus estuary. Journal
of the marine biological association of the UK, 81: 679-

682.

Clarke KR, Gorley RN, 2001. Primer v5: User Manual /Tu-

24 Yiannis Rogdakis et al. — Feeding habits of sea bass (Dicentrarchus labrax)



torial. Primer-E, Plymouth, United Kingdom.
Cortes E, 1999. Standardized diet compositions and trophic

levels of sharks. ICES Journal of marine science, 56:

707-717.

Costa MJ, Cabral HN, Drake P, Economou AN, Fernan-

dez-Delgado C, Gordo L, Marchand L, Thiel R, 2002.

Recruitment and production of commercial species

in estuaries. In: Elliott M, Hemingway KL, eds. Fish-
es in estuaries. Blackwell Science Ltd, Oxford: 54-123.

Dimitriou E, Katselis G, Moutopoulos DK, Akovitiotis C,

Koutsikopoulos C, 2007. Possible influence of reared

gilthead sea bream (Sparus aurata, L.) on wild stocks

in the area of the Messolonghi lagoon (Ionian Sea,

Greece). Aquaculture research, 38: 398-408.

Eggers DM, 1977. The nature of prey selection by plankti-

vorous fish. Ecology, 58: 46-59.

Elliott M, McLusky DS, 2002. The need for definitions in

understanding estuaries. Estuarine, coastal and shelf
science, 55: 815-827.

Ferrari I, Chieregato AR, 1981. Feeding habits of juvenile

stages of Sparus auratus L., Dicentrarchus labrax L.

and mugilidae in a brackish embayment of the Po

River delta. Aquaculture, 25: 243-257.

Field JG, Clarke KR, Warwick RM, 1982. A practical stra-

tegy for analysing multispecies distribution patterns.

Marine ecology progress series, 8: 37-52.

Gerking SD, 1994. Feeding ecology of fish. Academic Press,

San Diego, CA, USA. 

Hampel H, Cattrijsse A, Elliott M, 2005. Feeding habits of

young predatory fishes in marsh creeks situated along

the salinity gradient of the Schelde estuary, Belgium

and the Netherlands. Helgoland marine research, 59:

151-162.

Hyslop EJ, 1980. Stomach contents analysis: a review of

methods and their application. Journal of fish biology,

17: 411-429.

Kara MH, Derbal F, 1996. Régime alimentaire du loup Di-
centrarhus labrax (Poisson Moronidae) du golfe d’ An-

naba, Algérie. Annales de l’institut oceanographique,

72: 185-194.

Katselis G, Koutsikopoulos C, Dimitriou E, Rogdakis Y,

2003. Spatial patterns and temporal trends in the

fishery landing of the ªessolonghi-∂toliko lagoon sy-

stem (western Greek coast). Scientia marina, 67: 501-

511.

Katselis G, Koukou K, Dimitriou E, Koutsikopoulos C,

2007. Short-term seaward fish migration in the Mes-

solonghi-Etoliko lagoons (Western Greek coast) in

relation to climatic variables and the lunar cycle. E-
stuarine, coastal and shelf science, 73: 571-582.

Kelley DF, 1987. Food of bass in U.K. waters. Journal of the
marine biological association of the UK, 67: 275-286.

Kennedy M, Fitzmaurice P, 1972. The biology of the bass,

Dicentrarchus labrax, in Irish Waters. Journal of the
marine biological association of the UK, 52: 557-597.

Ktari MH, Boun Ain A, Quignard JP, 1978. Régime ali-

mentaire des loups (Poissons, Teleosteens, Serrani-

dae) Dicentrarchus labrax et Dicentrarchus punctatus
des cotes Tunisiennes. Bulletin de l’institut national
scientifique et technique d’océanographie et de pêche de
salammbô, 5: 5-15.

Lam Hai T, 1985. Evolution saisonniere du zooplancton

dans trois sites peu profonds de Thau, une lagune

Nord-Mediterraneenne. Hydrobiologia, 128: 161-174.

Martinho F, Leitão R, Neto JM, Cabral H, Lagardère F,

Pardal MA, 2008. Estuarine colonization, population

structure and nursery functioning for 0-group sea

bass (Dicentrarchus labrax), flounder (Platichthys fle-
sus) and sole (Solea solea) in a mesotidal temperate

estuary. Journal of applied ichthyology, 24: 229-237.

Mistri M, Rossi R, Fanno EA, 2001. Structure and secon-

dary production of a soft bottom macrobenthic com-

munity in a brackish lagoon (Sacca di Goro, north-

eastern Italy). Estuarine, coastal and shelf science, 52:

605-616.

Pauly D, Froese R, Sa-a P, Palomares ML, Christensen V,

Rius J, 2000. TrophLab Manual. ICLARM, Manila.

Pickett GD, Pawson MG, 1994. Sea bass. Biology, exploita-
tion and concervation. Chapman & Hall, London. 

Pinkas L, Oliphant MS, Iverson ILK, 1971. Food habits of

the albacore, bluefin, tuna and bonito in California

waters. California fish and game, 152: 1-105.

Ramfos A, Fragopoulou N, Koutsikopoulos C, Lykakis I,

1999. The zooplankton in Papas lagoon (SW Patrai-

kos Gulf). Proceedings of the 9th Panhellenic Congress
of Ichthyologists, Messolonghi: 69-72.

Ramfos A, Georgakakis I, Dimitriou E, Koutsikopoulos C,

Katselis G, 2007. Analysis of high frequency water

temperature records in Messolonghi-Etoliko Lagoons

(Western Greece). Proceedings of the 1st lagunet and
3rd European conference on lagoon research, Naples,
19-23 November 2007: 92.

Roblin C, Brusle J, 1984. Food and feeding of fry and juve-

niles of sea-bass from Mediterranean lagoons in the

Gulf of Lion France. Vie et milieu, 34: 195-208.

Rogdakis Y, 2003. Biology of sea bass (Dicentrarchus la-
brax) in Messolonghi-Etoliko lagoon complex. Com-

parison by the intensive rearing systems. Ph.D. The-

sis, University of Patras. 

Russell NR, Fish JD, Wooton RJ, 1996. Feeding and growth

of juvenile sea bass: the effect of ration and tempera-

ture on growth rate and efficiency. Journal of fish bio-
logy, 49: 206-220.

Sa R, Bexiga C, Veiga P, Vieira L, Erzini K, 2006. Feeding

ecology and trophic relationships of fish species in

the lower Guadiana River Estuary and Castro Marim

e Vila Real de Santo AntÔnio Salt Marsh. Estuarine,
coastal and shelf science, 70: 19-26.

Sei S, Rossetti G, Villa F, Ferrari I, 1996. Zooplankton va-

riability related to environmental changes in a eutro-

Yiannis Rogdakis et al. — Feeding habits of sea bass (Dicentrarchus labrax) 25



phic coastal lagoon in the Po Delta. Hydrobiologia,
329: 45-55.

Stergiou KI, Karpouzi VS, 2002. Feeding habits and trophic

levels of Mediterranean fish. Reviews in fish biology
and fisheries, 11: 217-254.

Wooton RJ, 1990. Ecology of teleost fishes. Chapman and

Hall, London. 

Zar JH, 1999. Biostatistical analysis, 4th edition. Prentice-Hall,

Newark, NJ, USA. 

26 Yiannis Rogdakis et al. — Feeding habits of sea bass (Dicentrarchus labrax)


