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Summary

Diet composition, feeding rhythm, gastric evacuation rate and
daily ration were investigated in juvenile Mullus surmuletus
(Linneo, 1758). Fish were collected in the lagoon of the Stag-
none di Marsala in western Sicily, in July 1995, during a 24h
sampling period. Copepoda, Polychaeta, Amphipoda and
Tanaidacea were shown to be the most frequent prey items.
The feeding index values showed two different daily feeding
times. A unimodal trend in the daily rhythm of food con-
sumption was derived, with a peak in feeding between 1200 and
2000 h. Gastric evacuation in juvenile M. surmuletus is best
described by an exponential model, with a gastric evacuation
rate R=0.66gh™" (r=0.88) (T =24.45+0.64°C). The
amount of food consumed daily, calculated according to the
Elliott and Persson model, was 0.079 g, equal to about 8% of
the average dry weight of the fish.

Introduction

The striped red mullet (Mullus surmuletus Linneo, 1758) belongs
to the Mullidae family and is very common along the coasts of
the Mediterranean and Adriatic Seas. It is also found in the
Atlantic Ocean, from the Canary Isles to southern Scandinavia
and around the Azores (Hureau 1986). Striped red mullet lives
mainly near the shore, on sandy or rocky bottoms covered
by submerged vegetation (studies cited in Garcia-Rubies and
Macpherson 1995), but it can also be found at depths of greater
than 150 m (Tortonese 1975). The young show a gregarious
habit, while adults live alone or in small groups (Tortonese
1975). The lengths of the adults range from 100 to 250 mm,
with some specimens reaching lengths of 450 mm (Costa 1991).

Most of the studies regarding M. surmuletus have dealt with
the biological and ecological aspects, particularly those con-
cerning the sexual cycle and reproduction (Menu and Girin
1978; Gharbi and Ktari 1981b; N’Da and Déniel 1993; Refiones
etal. 1995), age and growth (Andaloro 1981; Andaloro and
Giarritta 1985; Morales-Nin 1986; Refiones etal. 1995), dis-
tribution in its natural habitat (Garcia-Rubies and Macpherson
1995) and fishing (Bruno etal. 1979; Andaloro 1982; Sanchez
etal. 1983; Refiones etal. 1995).

A number of studies have also investigated aspects of diet
and trophic relationships in adults of the species (Gharbi and
Ktari 1979; Arculeo etal. 1989a; b; Badalamenti and Riggio
1989; Ben-Eliau and Golani 1990; Golani and Galil 1991; N’Da
1992; N’Da and Déniel 1993). It has been demonstrated that
adults feed exclusively on benthic organisms and mainly on
Crustacea, Polychaeta, Mollusca, Echinoderma and small
fishes.

Golani and Galil (1991) emphasised the trophic role of Deca-

poda in the diet of M. surmuletus in the eastern Mediterranean.
Indeed, Decapoda are the most heavily preyed taxa as far as
number of species is concerned, although according to the litera-
ture cited above, Polychaeta is the most important taxa in terms
of biomass. Only N’Da (1992) has studied the feeding habits of
young M. surmuletus along the French Atlantic coast (Bay of
Biscay), emphasising the role of pelagic prey in their diet.

This article concerns the feeding characteristics of young
specimens of M. surmuletus during their recruitment peak in a
Mediterranean shallow coastal environment. The aims of the
study were: (i) to characterize the feeding habits in the study
area; (ii) to study the diel feeding rhythm and (iii) to calculate
the daily ration of young M. surmuletus.

Materials and methods

The study was carried out in the Stagnone di Marsala in western
Sicily (37°52’N, 12°27’E), a shallow coastal area in which M.
surmuletus is a transient and relatively uncommon species. In
two recent articles (Sara etal. 1996; Scilipoti 1998) the sum-
mertime was identified as the main period during which juv-
eniles of the species are present in the area. Consequently,
samples of M. surmuletus were collected in July 1995 near the
southern mouth of the Stagnone di Marsala, which has tidal
exchange with the open sea (Pusceddu etal. 1997). The mean
depth of the sampling site was 0.8 m and the submerged veg-
etation was characterized by a scant pelouse of Cymodocea
nodosa.

The fish were collected with a beach seine (length, 6 m and
mesh size, 10 mm) every 4 h over a 24 h cycle.

During the sampling period, the mean temperature was
24.45 + 0.64°C (maximum 25.41°C at 1600h, minimum
23.77°C at 0800h), mean salinity was 42.14 + 0.63%o
(maximum 43.10%0 at 1200 h; minimum 41.41%. at 0400 h),
and the mean dissolved oxygen concentration was
6.22 + 0.19 mg L' (maximum 6.43 mg L~ at 2000 h; minimum
5.95mgL~" at 1200 h). Inorganic matter made up 89% of total
sedimentary matter, whilst organic matter represented only
approximately 10% (Pusceddu etal. 1997).

During the sampling cycle, 435 specimens were caught [mean
standard length (SL) = 48 + 1.67 mm; mean body wet weight
(BWW) = 1.79 + 0.25¢g], of which 324 were used for dietary
analysis. Table 1 summarizes the biometries of the specimens
collected at each sampling time. From each sample, 54 speci-
mens were chosen at random. Thirty-of these specimens were
then narcotized in chloroform and fixed in a neutral solution
(10%) of formalin. These were subsequently separated into two
equal lots for the qualitativecand quantitative analyses of the
diet.
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Table 1 ‘ o A third model was also applied (Eggers 1979): C, — (S, —
Biometrics of specimens collected at each sampling time S,) = S,,Rt where C, is consumption over time 7, S, is the mean
Time (h) i SL (mm) BWW (g) stomgch coptent over tnpe t, S, is the mean stomach content
starting at time zero, S,, is the mean stomach contents over the
1200 81 46.06 + 6.37 1.49 + 0.90 entire diel cycle, R is the instantaneous gastric evacuation rate
1600 73 48.06 + 6.13 1.71 + 1.01 and ¢ is the interval duration in hours (24 h).
2000 79 46.68 £5.70 1.73 £ 0.85 In order to verify the differences in the distribution of abun-
2400 60 50.13 +5.20 2.18 + 0.81 ds ¢ 1 £ at ies in the st h
0400 56 4974 1 4.74 198 ¥ 0.73 ance as percentage volume of prey categories in the stomac
0800 36 4712 ¥ 5.33 1.64 + 0.85 contents over different hours of sampling, the Kruskal-Wallis

n = number of specimens caught; SL = mean standard length;
BWW = mean total wet weight.
Standard deviations are reported.

In order to calculate the rate of gastric evacuation, the
remaining specimens from each sample were transferred to
small wooden cages positioned at the same sampling site. These
cages were covered with a fine mesh which prevented food
organisms from entering (Thorpe 1977). The fish were killed at
regular 30 min intervals and preserved as above. Only the sto-
mach contents were used for the analysis (Berg 1979). Ninety
specimens were used for the qualitative analysis (mean
SL =47.99 + 5.50 mm; mean BWW = 1.80 + 0.81 g), 90 for
the quantitative analysis (mean SL = 48.27 + 5.87 mm; mean
BWW = 1.77 + 0.93 g) and 144 for the calculation of the rate
of gastric evacuation (mean SL =48.03 + 5.61 mm; mean
BWW = 1.85 + 0.87 g).

For the quantitative dietary analysis, the relative weights of
the dry eviscerated fish (BDW; g) and of the dry stomach
contents (DW; g) were measured after being dried at 60°C to
constant weight. The latter were expressed as g dry weight
¢ 'BDW (Arrhenius and Hansson 1994). Each stomach was
dissected under the stereomicroscope and the main items of the
diet counted and classified, where possible, to the species level.
The volume and space taken up by each item relative to the
overall gastric content of each sample was calculated using the
method proposed by Hellawell and Abel (1971). The principal
simple indices such as the coefficient of vacuity (%CV), fre-
quency occurrence (%Fr) (Kennedy and Fitzmaurice 1972), the
percentage in number of prey (%N) and the percentage in
volume of prey (% V) were also calculated. Among the com-
posite indices, only the feeding index (IA = %Fr x %V/100)
according to Lauazanne (1975) was calculated. The feeding
rhythm was derived by plotting the corrected dry mean weights
of stomach contents at different sampling times. The values of
stomach contents at different times, expressed as corrected dry
weight (DW; g), were compared using the Wilcoxon test (Sokal
and Rohlf 1981). The food consumption for each sampling
interval was calculated following Thorpe (1977): C,=s,—
s, + A, where C, is the dry weight of food consumed in ¢ hours,
s, is the amount of food in the stomach at time ¢,, s, is the
amount of food in the stomach at time #, and A4 is gastric
content evacuated in ¢ hours.

In order to calculate daily ration, the exponential model
proposed by Elliott and Persson (1978) was also used. Fol-
lowing this model, consumption over a given time interval ¢ is
described by the equation: C, = R«(S,—Sy,e *)/1 —e * where
C, is consumption over time ¢, S, is the mean stomach content
over time ¢, S, is the mean stomach content starting at time
zero, and R is the instantaneous gastric evacuation rate (Elliott
and Persson 1978). Total consumption over an entire diel cycle
was obtained by summing the positive values of C, (Sagar and
Glova 1988).

test (Sokal and Rohlf 1981) was carried out, considering the
time of sampling as a source of variation. The association
between items in the structuring of the diel diet was inferred by
performing factorial correspondence analysis (FCA) (Benzecri
1973) on the feeding index/time matrix.

Results

Qualitative and quantitative analysis of diet and feeding rhythm

The stomachs appeared to be full (%CV = 0) in four out of the
six samplings of the diel cycle, but the two samples caught
during the night hours (2400 and 0400 h) presented %CV equal
to 100. The taxonomic groups identified as prey are reported in
Table2. From the analysis of the mean dry weights of the
stomach content (DW,) over 24 h a unimodal diel feeding rhy-
thm (Fig. 1) was derived. The feeding phase begins between
0800 and 1200h (0800 versus 1200, P < 0.01) with a peak
between 1200 and 2000h (1200 versus 1600, P > 0.05; 1200
versus 2000, P > 0.05; 1600 versus 2000, P > 0.05). The peak
dry stomach content, observed at 1600 h, was equal to 33% of
the total diel DW .. At 2400 and 0400 h, feeding is absent (2000
versus 2400, P < 0.001; 2400 versus 0400, P > 0.05; 0400 versus
0800, P < 0.01). The values of frequency, number and volume
percentages and the feeding index of all the categories of prey

Table 2
List of prey categories
MONOCOTYLEDONEAE
Cymodocea nodosa
POLYCHAETA
SEDENTARIA
Cirratulidae
Capitellidae
Capitella sp.
CRUSTACEA
OSTRACODA
Cypridina mediterranea
COPEPODA
Tisbe sp.
MALACOSTRACA
Mysidacea
Paramysis helleri
Anchialina agilis
Cumacea
Cumella limicola
Leucon mediterraneus
Tanaidacea
Apseudes latreillei
Leptochelia savigny
Isopoda
Gnathiasp.
Idotea sp.
Cymodoce truncata
Amphipoda

Leptocheirus gittaius
Maera_inaequipes
Gammarus aequicauda
Lysianassa [ongicornis
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Fig. 1. Diel feeding rhythm (% DW,. is the mean corrected dry weight of stomach contents)

for each sampling time are reported in Tables 3, 4 and 5. Prey
with %Fr values of less than 1.0 were considered ‘accidental
prey’ and were placed in the category ‘other’. From the com-
parison of the %Fr values at 1200 and 2000 h, Polychaeta and
Copepoda were the ‘preferential prey’ (%Fr > 50). All other
categories were ‘secondary or accidental prey’, in terms of %Fr.
At 1600 h, in addition to Polychaeta (% Fr = 87) and Copepoda
(%Fr = 73), Amphipoda (%Fr = 73) fell into the category of
‘preferential prey’.

In the samples caught during the night hours (at 2400 and

0400 h) all the stomachs were observed to be completely empty.
At 0800 h this species began to feed again, preferring prey such
as Tanaidacea (%Fr = 87) and Copepoda (%Fr = 67). The
values of IA showed that Polychaeta at 1600 h, Tanaidacea and
unidentified Crustacea at 2000 were the only ‘not-negligible’
prey (according to Lauazanne 1975). Tanaidacea and Poly-
chaeta were the ‘fundamental prey’ items in the 0800 and 1200 h
samplings, respectively. All others may be considered ‘sec-
ondary prey’.

An FCA analysis (Table6) showed the existence of two

Table 3
Frequency occurrence of prey categories
Items 1200 h 1600 h 2000 h 2400 h 0400 h 0800 h
Amphipoda 40.00 73.33 46.67 0.00 0.00 40.00
Copepoda 73.33 73.33 86.67 0.00 0.00 66.67
Cumacea 46.67 33.33 13.33 0.00 0.00 0.00
Isopoda 26.67 26.67 6.67 0.00 0.00 6.67
Mysidacea 20.00 20.00 26.67 0.00 0.00 26.67
Ostracoda 33.33 26.67 26.67 0.00 0.00 20.00
Polychaeta 66.67 86.67 60.00 0.00 0.00 46.67
Tanaidacea 20.00 20.00 26.66 0.00 0.00 86.66
Crustacea 26.67 0.00 66.67 0.00 0.00 13.33
Sea grasses 0.00 0.00 6.67 0.00 0.00 0.00
Other items 40.00 13.33 33.33 0.00 0.00 6.67
Detritus 46.67 80.00 93.33 0.00 0.00 66.67
Table 4
Percentage number and percentage volume of principal items

1200 h 1600 h 2000 h 2400 h 0400 h 0800 h
Items %N %V %N %V %N %V %N %V %N %V %N %V
Amphipoda 11.54 14.21 14.07 7.35 2.38 1.25 0.00 0.00 0.00 0.00 3.32 4.50
Copepoda 19.78 1.91 19.44 2.00 19.35 2.05 0.00 0.00 0.00 0.00 25.73 4.25
Cumacea 8.24 8.12 2.30 4.19 0.28 0.15 0.00 0.00 0.00 0.00 0.00 0.00
Isopoda 3.85 3.69 1.28 0.43 0.14 1.64 0.00 0.00 0.00 0.00 0.83 2.92
Mysidacea 1.65 2.51 0.77 0.97 2.66 3.09 0.00 0.00 0.00 0.00 3.73 5.33
Ostracoda 6.59 3.97 1.53 0.55 0.70 0.46 0.00 0.00 0.00 0.00 1.66 1.03
Polychaeta 35.71 44.85 18.67 18.87 5.19 15.52 0.00 0.00 0.00 0.00 4.56 6.08
Tanaidacea 4.40 1.02 41.43 34.07 67.88 38.56 0.00 0.00 0.00 0.00 59.34 47.28
Crustacea 0.00 6.32 0.00 0.00 0.00 17.80 0.00 0.00 0.00 0.00 0.00 4.74
Sea grasses 0.00 0.00 0.00 0.00 0.00 0.31 0.00 0.00 0.00 0.00 0.00 0.00
Other items 8.24 2.17 0.51 1.46 1.40 3.89 0.00 0.00 0.00 0.00 0.83 O
Detritus 0.00 11.23 0.00 30.12 0.00 15.29 0.00 0.00 0.00 0.00 0.00 2323
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Table 5 Table 7
Feeding index of principal items Kruskall-Wallis test of items between time
Items 1200h  1600h 2000h 2400h 0400h 0800h Kruskall-Wallis test Main effect Time
Amphipoda 5.68 5.39 0.58  0.00 0.00 1.80 x* (d.f. 3; N 60) P-level
Copepoda 1.40 1.47 1.77  0.00 0.00 2.84 Amphipoda 5.09 0.16 (NS)
Cumacea 3.79 1.40 0.02 0.00 0.00 0.00 Copepoda 5.37 0.15 (NS)
Isopoda 0.98 0.11 0.11  0.00 0.00 0.19 Cumacea 11.20 0.01 (**)
Mysidacea 0.50 0.19 0.83  0.00 0.00 1.56 Isopoda 3.55 0.31 (NS)
Ostracoda 1.32 0.15 0.12 0.00 0.00 0.21 Mysidacea 4.32 0.23 (NS)
Polychaeta 2990 16.35 9.31 0.00 0.00 2.84 Ostracoda 1.18 0.76 (NS)
Tanaidacea 0.20 6.81 10.28  0.00 0.00  40.97 Polychaeta 8.81 0.03 (*)
Crustacea 1.69 0.00 11.86 0.00 0.00 0.63 Tanaidacea 24.85 0.00 (***)
Sea grasses 0.00 0.00 0.02  0.00 0.00 0.00 Crustacea 22.20 0.0001 (*¥*%*)
Other items 0.87 0.19 1.30  0.00 0.00 0.01 Sea grasses 3.00 0.39 (NS)
Detritus 524 2500 1427  0.00 0.00  15.50 Other items 6.04 0.11 (NS)
Detritus 10.59 0.01 (**)
d.f. =degree of freedom; N% =size; * P<0.05; ** P<0.01; *** P<0.001;
NS = non-significant difference (P > 0.05).
Table 6
Results of FCA performed on IA values
Time (h) Coordinates
while the Eggers (1979) method estimated a corrected daily
1200 -0.86 consumption of 0.10gDW g~!' BDW, equal to about 10% of
éggg 78?2 the mean dry weight of the fish (equivalent to
. —1
0800 0.91 0.023gDW g~ BWW).
Items Coordinates : :
D
Amphipoda -0.53 1seussion
Copepoda 0.21 Feeding habits of M. surmuletus in the Stagnone di Marsala
Cumacea -0.99 From the analysis of the qualitative data regarding gastric con-
Isopoda -0.68 tents it is clear that the juveniles of M. surmuletus in the Stag-
Mysidacea 0.47 . S X .
Ostracoda 075 none di Marsala are ‘strictly’ benthivorous (Lombarte and
Polychaeta _0.65 Aguirre 1997), with 100% of stomach contents represented by
Tanaidacea 0.85 benthic organisms (see Table2). They feed on organisms that
Explained variance (%) 94 live in association with Cymodocea nodosa or in the upper layer

different feeding times. The first (1200 and 1600 h) took place
during daytime hours and is associated with the presence in the
diet of Isopoda, Ostracoda, Cumacea, Polychaeta and Amphip-
oda. The second (2000 and 0800h) is represented by sunset
and sunrise and is associated with Copepoda, Mysidacea and
Tanaidacea.

The results of the Kruskal-Wallis test are reported in Table 7.
Prey categories such as Cumacea (x% P = 0.01), Tanaidacea
(%% P =0.00), Polychaeta (x*; P = 0.03), unidentified Cru-
stacea (x* P = 0.00) and detritus (x* P = 0.01) showed sig-
nificant differences in abundance between different sampling
times.

Daily ration

At regular 30 min intervals, 24 fish from each sample were killed
and the weight of their gastric contents studied with regression
analysis as a function of time. The gastric emptying of juvenile
M. surmuletus fitted an exponential model with a gastric evacu-
ation rate R equal to 0.66gDWh™' (r=0.88; P < 0.05;
n = 144). The corrected amount of food consumed daily,
0.034 g DW g~ ! BDW, calculated according to Thorpe’s (1977)
model, was equal to 3.4% of the mean dry weight of the fish
(equivalent to 0.008 gDW g~ ' BWW). According to the Elliott
and Persson (1978) model, the corrected daily consumption was
0.079 gDW g~ ' BDW, equal to approximately 8% of the mean
dry weight of the fish (equivalent to 0.019gDW g~' BWW),

of sediment.

In contrast, N'Da (1992) reported that the main component
of the diet of the juveniles of M. surmuletus in the Bay of Biscay
that were 2 to 7cm was represented (as a percentage number)
by pelagic prey (approximately 70%), against approxi-
mately 30% of benthic prey.

The present results showed that in terms of IA, Polychaeta
and Copepoda Harpacticoida represent the preferential prey
(sensu Lauazanne 1975) at almost all feeding times, although
Tanaidacea are the preferential prey only at sunrise (0800 h).
Polychaeta represent the most important taxonomic group in
the diet in terms of number, volume and frequency, while Cope-
poda, due to their small size, are important in terms of number
but not volume, providing a scant contribution to the stomach
contents of juvenile M. surmuletus. These results confirm the
importance of the role of Polychaeta in the diet of juvenile M.
surmuletus, as has already been documented for adults both in
Mediterranean and Atlantic areas (Arculeo etal. 1989a, b;
N’Da 1992; Golani 1994).

In contrast, the Crustacea Decapoda and Mollusca which
represent an important component in the diet of adults (Golani
and Galil 1991; Golani 1994; Guillén and Martinez 1995) do
not seem to be important in the diet of juveniles, being replaced
by smaller prey such as Copepoda, Harpacticoida, Amphipoda
and Tanaidacea. On the other hand, several studies carried out
in coastal and estuarine areas (Knox 1986; Coull 1990) have
shown that juveniles of different fish species feed abundantly
on Harpacticoida which, with their high fatty acid content
(Volk et al. 1984), provide animportant contribution to growth
(Watanabe etal. 1983).
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The rare occurrence of phanerogame fragments in the sto-
mach contents could be the result of chance ingestion during
feeding on organisms living on C. nodosa or directly on the
sediments.

Another frequent component of the gastric contents was
detritus, the presence of which can be justified by the typical
feeding behaviour of this species. It is well documented that
striped red mullet, after recognizing prey items by means of
their barbels (Lombarte and Aguirre 1997), swallow them tog-
ether with some sedimentary detritus which is then expelled
through the gills (Tortonese 1975). The presence of detritus in
the gastric contents of these striped red mullet could indicate a
role in the energetic metabolism of the organism. The role of
detritus in the diet of benthivorous fish is unclear (Mann 1988).
It is well known that in some species, the bacterial fraction
attached to the detritus (Valiela 1984) can represent a poten-
tially significant source of energy (Mann 1988).

From this scenario, the wide variety of the diet of juvenile
M. surmuletus leads us to conclude that in this ontogenetic
phase this species shows opportunistic feeding habits. This
behaviour could be due, above all, to the nature of the sub-
stratum and the abundance of species linked to it, rather than
to the types of prey as such (Scilipoti 1998). The high values of
some items in the gastric contents (in terms of number, volume
and frequency) leads us to substantiate the hypothesis that food
intake in striped red mullet may be related to the availability of
the given prey in the environment at the time rather than to
selection alone. As confirmation, Campolmi etal. (1997) has
documented the dominance of tycoplanktonic species during
the year in the study area.

Diel feeding rhythm and daily ration in young M. surmuletus in the
Stagnone di Marsala

The unimodal trend in the daily feeding rhythm shows that
the juveniles of M. surmuletus feed almost exclusively during
daylight hours. This fact can be explained in terms of the trophic
distribution of resources between small size residential species
that live in the area and juveniles of transient species that use
the Stagnone as pabulum. Indeed, other studies carried out in
the same area (Scilipoti et al. 1996, 1997; Scilipoti 1998) showed
that other species such as Pomatoschistus tortonesei, Aphanius
fasciatus and Atherina boyeri also feed widely on the same
resources (Copepoda, Polychaeta, Amphipoda and Tanai-
dacea). A comparison of the diel feeding cycles of these species
suggests that there is a shift in feeding times in order to reduce
trophic competition.

During the hours around midday M. surmuletus feeds on
infauna, while other species are taken mainly during the first
hours of the morning and at sunset. For example, Tanaidacea
are preyed upon when they come out of their mucus, vegetal
and mineral detritus burrows, and Mysidacea when they are in
the descending phase of their diel migration (Campolmi et al.
1997). Copepoda, on the other hand, provide a constant con-
tribution to the juvenile diet.

The juveniles of M. surmuletus present an exponential model
of gastric evacuation, as do most other fish species (Persson
1986). The high value of this rate, recorded at a temperature
of approximately 24°C and equal to 0.66g DWh~', could be
explained both by the small size of the prey ingested and by the
hypothesis of ‘continuous foraging’ according to which feeding
takes place continuously during daylight hours and is absent at
night.

Estimates of daily food consumption calculated in the present
study using three methods (Thorpe; Eggers; and Elliott and

Persson methods) produced different results. The results
obtained using the methods of Eggers and Elliott and Persson
were fairly similar, but were higher with respect to the results
produced using the Thorpe method. These findings are con-
sistent with those of Jobling (1981) who documented the tend-
ency of the Thorpe method to underestimate food consumption.
For this reason, the Thorpe method has been neglected in a
number of recent papers (Amundsen 1994; Tudela and Palomera
1995), while the Elliott and Persson and Eggers models were
widely applied as they produced more accurate estimates of
food consumption.

The results for food consumption (approximately 8% BDW)
fall well within the range of estimates obtained by the Elliott
and Persson model for juvenile Solea vulgaris (7.3% body dry
weight; Lagardére 1987), Oncorhynchus tshawytscha (8.3%
body dry weight; Sagar and Glova 1988) and for juveniles
of Clupea harengus (10.2% body wet weight; Arrhenius and
Hansson 1994). This relatively high consumption value can be
justified by the probable interaction between various factors
such as food abundance, fish size and water temperature
(Arrhenius and Hansson 1994). Water temperature can affect
feeding processes both by its direct influence on metabolism
(Jobling 1994; Wootton 1995) and, indirectly, on the gastric
evacuation rate (Jobling and Spencer Davies 1979; Parrish and
Margraf 1990; Dos Santos and Jobling 1991).

The lack of adequate information in the current literature on
feeding processes in young Mediterranean fish makes com-
parison with the results presented here difficult. Further
research on the trophic ecology of these species is needed.
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