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In the present paper we studied the diet of two centracanthid species, Spicara maena and S.
smaris, in the N Aegean Sea. Overall, 282 and 118 individuals were examined, respectively. Both
species preyed upon zooplankton, notably Copepoda (54.3 and 63.5%, respectively). S. maena
included in its diet a wider variety of food items (36 taxa) compared to S. smaris (12 taxa). The
individual trophic levels for both species ranged from 3.00 to 4.50 (mean values + strandard error:
3.21+0.058 for S. maena and 3.05+0.068 for S. smaris). Given their trophic position and local abun-
dance, they play a crucial role in the flux of energy from low to high trophic levels of the Aegean

benthic and pelagic food webs.
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INTRODUCTION

The family Centracanthidae includes 2 gen-
era (Centracanthus and Spicara) and 7 species
(FishBase: www.fishbase.org; FROESE & PAULY,
2012). The genus Spicara is represented in the
Mediterranean by two species, S. maena and
S. smaris, which are of small to medium size
(www.fishbase.org) and economic value (SUMAI-
LA et al., 2007; STERGIOU et al., 2011). According to
FishBase and ESCHMEYER (2012), S. flexuosa is
considered a synonym of S. maena, yet there is
genetic evidence that they are two separate spe-
cies (e.g. TURAN, 2011; MINOS et al., 2013). Their

global fisheries production originates mostly
from Greece, where they are mainly fished in
the waters surrounding Cyclades Islands and
their populations are fully exploited (STERGIOU
et al., 2011), but it also plays important role in
Croatian coastal fisheries and as traditional food
(e.g. DULCIC et al., 2000, 2003; MATIC-SKOKO et al.,
2011).

The biology of both species has been studied
in the Mediterranean (e.g., S. maena: MYTILIN-
EOU, 1987; DULCIC e al., 2000; MATIC-SKOKO et al.,
2004; SOYKAN et al., 2010; S. smaris: TSANGRIDIS
& FILIPPOUSIS, 1991; VIDALIS, 1994; ISMEN, 1995;
DULCIC et al., 2003). With respect to the feeding
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habits of S. maena, they have been studied in
various areas of the western (Gulf of Lions:
KHOURY, 1984; Algerian coasts: HARCHOUCHE
et al., 2009) and central Mediterranean Sea (Pat-
raikos Gulf: MYTILINEOU, 1987), whereas no
such information exists for the eastern Mediter-
ranean. The diet of S. smaris has been studied
in the Gulf of Marseille (BELL & HARMELIN-
VIVIEN, 1983), the Cretan Sea (VIDALIS, 1994) and
the South Evvoikos Gulf (PETRAKIS et al., 1993).

In this paper we (a) describe the feeding hab-
its of these two species, by sex and season, in
the North Aegean Sea, Greece; and (b) estimate
fractional trophic levels (1) for describing the
position of these species in the Mediterranean
food webs.

MATERIALS AND METHODS

Samples were collected in the North Aegean
Sea, on a seasonal basis from June 2001 to Janu-
ary 2006, using professional fishing vessels (i.e.
purse seiners, trawlers and small-scale gill net-
ters). Specimens caught were preserved in 10%
formalin. In the laboratory, all specimens were
measured (total length (TL), 0.1 cm), the diges-
tive tract was removed and the stomachs were
isolated. Sex was also determined, by visual
examination of the gonads. Consequently, the
vacuity coefficient (VC) was estimated as the
percentage of empty stomachs and the stomach
contents were examined, by identification of
food items to the lowest possible taxonomic
level. Subsequently, each food category was
weighed (0.001 g) and expressed as a percent-
age of the total stomach content (W%; HYSLOP,
1980). Additionally, the frequency of occurrence
of each prey

_ number of stomachs where prey item i was observec
(FO= 100 x 2y )

number of stomachs containing food
was estimated. Using the FO and W% values,
the Costello graph (COSTELLO, 1990) was con-
structed, in order to define the importance of
each prey item in the diet of the two species and
the feeding strategy (i.e. generalised preference
or specialisation) of the two studied species
towards prey items. More details regarding sam-
plings and stomach content analysis is presented
in KARACHLE & STERGIOU (2008). Based on the

W% values, T per individual per species was
estimated using TrophLab (PAULY et al., 2000)
and, subsequently, the mean individual t-values
between the two species were tested for differ-
ences using t-test (ZAR, 1999).

RESULTS AND DISCUSSION

Overall, 282 individuals of S. maena and 118
individuals of S. smaris were examined (Table
1). For S. maena, the highest VC was recorded
in autumn (65.1%) and the lowest one in sum-
mer (3.6%) whereas for S. smaris, the highest
value was observed in summer (87.9%) and the
lowest one in spring (47.1%) (Table 1).

Thirty six taxa were identified in the stom-
ach contents of S. maena as opposed to only 12
taxa in S. smaris (Table 1). Copepoda was the
most important food item, in terms of weight
contribution, for both species (Table 1, Fig. 1),
and was the dominant and preferred prey for
both species (Fig. 1). However, S. smaris also
exhibited a specialization preying upon fish
larvae, with the later being a rare prey (Fig. 1).
Indeed, large quantities of fish larvae (32.1%)
were recorded (Table 1, Fig. 1) in the stomach
content of only one female individual in spring.
The higher diversity of taxa observed in the
stomach contents of S. maena, combined with
the presence of fish larvae in the stomachs of S.
smaris, indicate that, despite the overlap of prey
items, the two species may use the resources
differently. Indeed, it has also been observed in
small pelagic fishes, such as Engraulis encrasi-
colus, Sardina pilchardus and Sardinella aurita,
preying upon the same food items, that they use
resources differently in order to avoid competi-
tion and meet with the energetic demands of
reproduction (KARACHLE & STERGIOU, 2014).
Yet, in the case of the species studied here, this
hypothesis needs further investigation.

For both species, diet in spring differed from
that in the remaining seasons, with stomach con-
tent including high percentages of Mysidacea
for S. maena, and fish larvae for S. smaris. In S.
maena, in almost half of the individuals (32 out
of 67 specimens) the percentage of Mysidacea
in the diet was >75%, possibly reflecting high
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Figure 1. Costello graphs (COSTELLO, 1990) using
weight percentage (W%) and frequency of occurrence for
Spicara maena (top) and Spicara smaris (bottom) from
the N-NW Aegean Sea, Greece, spring 2001- winter 2006.
Aca: Acartia spp.; Amp: Amphipoda; App: Appendicu-
laria; BFU: unidentified bony fish; Cen: Centropages spp.;
Cep: Cephalopoda; Cha: Chaetognatha; Cop: Copepoda;
Cru: digested Crustacea; Dla: Decapoda larvae; Egg: eggs;
Ela: Euphaciacea larvae; Err: Errantia; Feg: fish eggs; Fla:
fish larvae; Het: Heteropoda; Iso: Isopoda; Mpp: metazoan
larvae of Portunus puber; Mys: Mysidacea; Nud: Nudi-
branchia; Onc: Oncea spp.; Oth: others; Pen: Penillia spp.;
Pol: Polychaeta; Tha: Thaliacea. Fish drawings are taken
from FAO (www.fao.org).

abundances of this taxon in the environment. In
S. smaris, on the other hand, this seasonal dif-
ferentiation is attributed to the presence of large
quantities of fish larvae (32.1%) in one indi-
vidual. However, such a difference should be
considered with caution because of the relatively
low sample size for autumn, winter and summer
(<33 individuals) and the large VC in those three
seasons (ranging from 67 to 88%) (Table 1).
With respect to the differentiation of feed-
ing with sex, no differences were found in S.
maena. In contrast, female S. smaris included
large amounts of fish larvae (33.0%, Table 1),
which was not observed in the stomach contents

of males. The latter included large quantities of
Mysidacea (28.6%, Table 1), a prey item that
was not consumed by females. Again, such a
difference is greatly affected by the strongly
uneven sample size with sex (108 females and
only 7 males) (Table 1).

The mean (+standard error) individual t was
3.214£0.058 (range: 3.00-4.50) and 3.05+0.068
(range: 3.00-4.50) for S. maena and S. smaris,
respectively (Fig. 2). For S. maena, the majority
(91.7%) of t values ranged between 3.00 and
3.50, with only 11 values (8.2%) being higher
than 3.45 (Fig. 2). Accordingly, for S. smaris
97.8% of 1 values ranged between 3.00 and 3.20,
with only one value (2.2%) being equal to 4.50
(Fig. 2). In the case of S. maena, the maximum
value of 4.50 was recorded for 7 individuals,
which consumed unidentified bony fish (Table
1). In two more cases T values were notably
high: the first one (t = 4.20+0.33) was a female
that included large quantities of cephalopods
(77.4%) in its diet, and the second one (1 =
3.87+0.62) was a male that preyed on almost
equal quantities of fishes (42.4%) and other
invertebrates (57.6%). Correspondingly, for S.
smaris, as mentioned above, only the female
which consumed fish larvae scored the highest
t-value. The mean individual t differed signifi-
cantly (p <0.01) between the two species. Mean
individual t-values (Fig. 2) and overall t (taken
from KARACHLE & STERGIOU, 2006, 2008; Table
1) did not differ in the case of S. maena. How-
ever, there was a difference of 0.45 t-units in
the case of S. smaris (Table 1, Fig. 2), which is
attributed to the high contribution of fish larvae
by one individual.

STERGIOU & KARPOUZI (2002), in their review
of feeding and trophic levels of Mediterranean
fish, present five studies on the diet and estimate
1 for the two study species (S. maena: 3.00+£0.00
(PINNEGAR & POLUNIN, 2000), 3.16+0.27
(KHOURY, 1984), and 3.30+0.39 (MYTILINEOU,
1987); S. smaris: 3.00£0.04 (BELL & HARMELIN-
VIVIEN, 1983), and 3.10+0.35 (PETRAKIS et al.,
1993). Two more studies were found since the
study of STERGIOU & KARPOUZI (2002) (Table
2). Thus, from all these 7 studies, the estimated
T ranged from 3.00+0.00 to 3.30 + 0.39 for S.
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Figure 2. left: Box-whisker plots for fractional trophic level (), as they were estimated for each individual separately,
for Spicara maena (top) and Spicara smaris (bottom) from the N-NW Aegean Sea, Greece, spring 2001- winter 2006. The
central box indicates the range of values representing the 50% of cases around the median (vertical lines), the whiskers
(horizontal lines) show the range of the values, and the cross (+) indicates the mean value. Right: relation of estimated
individual fractional trophic level (t) with individual total length (TL). Fish drawings are taken from FAO (www.fao.org).

maena, and 2.87 + 0.31 to 3.50 £ 0.48 for S.
smaris (Table 2). Both species can be classified
as omnivores with preference to animal material
in all cases, with one exception for S. smaris
(overall diet; classified as omnivore with pref-
erence to plant material) (Table 2). This differ-
ence must be attributed to the fact that VIDALIS
(1994) reports significant quantities of detritus
and plants in the overall diet of S. smaris and,
hence, the estimated t was lower than that of
other cases.

The two studied benthopelagic species are
zooplanktivorous having 1 ranging around

3.00-3.50. They are preyed by larger demersal/
benthopelgic (e.g. Conger conger, Merluccius
merluccius, Muraena helena, Phycis phycis,
Scorpaena scrofa, Squalus acanthias, Urano-
scopus scaber, Zeus faber) and pelagic fishes
(Sarda sarda) (DULCIC et al., 2000, 2003; FROESE &
PAULY, 2012; and references therein) all of which
generally have 14 (STERGIOU et al., 2011). Thus,
given the relatively high abundance of Spicara
spp. in Greek waters (i.e. their landings amount-
ing to around 15,000 t in late 2000s: STERGIOU
et al,, 2011), they play a crucial role in the flux
of energy from low to high trophic levels of the
Aegean benthic and pelagic food webs.
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SAZETAK

U ovom radu prikazani su rezultati istrazivanja prehrane dviju vrsta iz porodice girovki, traglja
Spicara maena i gire S. smaris , sa sjevernog podrucja Egejskog mora. Istrazeno je 282 jedinki traglja
te 118 jedinki gire. Obje vrste u svojoj prehrani koriste zooplankto, osobito veslonosce Copepoda
(54.3% tragalj, 63.5% gira). Tragalj u svojoj prehrani koristi znatno Siri raspon organizama (36
svojti) dok gira znatno manje (12 svojti). Pojedina¢na troficka razina za obje vrste se krece od
3.00 do 4.50 (srednja vrijednosttstandardna pogreska: 3.21+0.058 za traglja i 3.05+0.068 za giru).
Glede njihove troficke razine i lokalne brojnosti, obje vrste igraju znacajnu ulogu u protoku energije
od najnizih do najvisih trofickih razina u Egejskom moru u okviru pelagijskog i bentoskog lanca
prehrane.

Kljuéne rijeci: probavni sustav, prehrana, troficka razina, sjeverni dio Egejskog mora
Centracanthidae, Grcka



