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ABSTRACT. Data on feeding habits in aquatic ecosystems are of great importance in determining the role 
that a certain fish species plays in its habitat and in related ecosystems. In this study, the diet composition of 
Mediterranean horse mackerel, Trachurus mediterraneus was investigated for 728 specimens from the central 
Aegean Sea to compare our data with those from other regions of the Mediterranean Sea and throughout all 
four seasons. Catches from five major groups were identified. Crustaceans (particularly copepods) proved to be 
the most important food item considering the index of relative importance (IRI). At least 58 different copepod 
species were identified. Abundant copepod species that occur in every season were Corycaeus sp., Oncaea 
media, Oncaea spp., Isias clavipes, Euterpina acutifrons and Oithona nana. Isias clavipes occurred only in 
spring, with all of them appearing in the diet with a %IRI >10. Although found in a relatively smaller quantity, 
teleost larvae ranked as the second most important prey in the overall diet, with increasing quantities in fish 
larger than 18.0 cm. 
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InTrODuCTIOn

Mediterranean horse mackerel, Trachurus 
mediterraneus (Steindachner, 1868) is a 
common semipelagic carangid fish distributed 
across the entire Mediterranean Sea and the 
eastern Atlantic coasts (Smith-Vaniz 1986). 
Despite its abundance and commercial value, 
few data are available on its feeding habits. Ben-
Salem (1988) conducted a study on the stomach 
contents of T. trachurus and T. mediterraneus 
in the eastern Atlantic and the Mediterranean 
but only provided frequency of occurrence 
of food items because of a low number of 
samples. Quantitative analysis of main prey 
in T. mediterraneus was made by KyrtatoS 
(1998) based on specimens from the central 
Aegean Sea between 1979 and 1980. SeVer 
& Bayhan (SahinoGlu) (1999) presented 
preliminary results from analysing the main food 

of this species in Izmir Bay. Diet composition 
and feeding intensity of Mediterranean horse 
mackerel in the eastern Adriatic were also 
examined by Šantić et al. (2004). 

Data of feeding studies in aquatic ecosystems 
are of great importance in determining the role 
that a certain species plays in its habitat and 
related ecosystems. Although food composition 
of the species has been comprehensively studied 
in various regions of the Mediterranean Sea, 
there are no studies in which groups of food 
items have been compared for different seasons 
and in relation to the length categories of the 
target species. It is the purpose of our study to 
identify the most important food groups of the 
horse mackerel and their seasonal variation.

We believe that the results of the present study 
can be applied to stock management of the 
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investigated Mediterranean region for both the 
target species and other species with which it 
competes for food in the same habitat.

MATerIAl AnD MeThODS

Samples were obtained from commercial 
fishermen, who generally use purse seine and 
gill nets in Izmir and Candarli Bays, Turkish 
Aegean Sea, which covered significant fishing 
grounds in the central part of the sea in 2008. 
A total of 728 T. mediterraneus were collected 
all year round, with total lengths ranging from 
9.7 to 25.3 cm (175 in June and August; 192 in 
September, October and November; 180 January 
and February; 181 in March, April and May). Fish 
were dissected soon after capture and stomachs 
removed and stored in formalin (4 %) until 
contents were analysed. Stomach contents were 
homogenized in petri dishes and then examined 
using a SZX7 Olympus stereo microscope with 
0.8-5.6 x (zoom) and 10 x resolution. Except for 
Copepoda, for which identification was made 
at the species or generic level, prey items were 
identified to the lowest possible taxonomic level. 
Once counted, the individuals of the same prey 
species were weighed together (wet weight to the 
nearest ± 0.0001 g), after excess moisture was 
removed by blotting prey items on tissue paper. 

The following indices were used to quantify 
the importance of different prey items in 
the diets of T. mediterraneus: (i) percentage 
frequency of occurrence (%F) for each prey 
group computed separetly=number of stomachs 
in which a food item was found divided by the 
total number of non-empty stomachs, multipled 
by 100 (ii) percentage numerical abundance 
(%Cn)=number of each prey item in all non-
empty stomachs, divided by the total number 
of food items in all stomachs, multipled by 100 
and (iii) percentage gravimetric composition 
(%Cw)=wet weight of each prey item, divided by 
the total weight of stomach contents, multiplied 
by 100 (hySlop 1980). Main food items were 
identified using the index of relative importance 
(IRI) by pinKaS et al (1971). This index has been 
expressed as: IRI=%Fx(%Cn+%Cw) where 

% Cn and % F are, respectively, numerical 
abundance and the frequency of occurrence, and 
% Cw is the volumetric percentage of the prey 
type. In addition, %IRI was calculated, being the 
proportion of IRI of each prey type in relation to 
the total IRI value. %IRI=(IRI/ Σ IRI)x100. The 
vacuity index (VI) was used for feeding intensity. 
The percentage of empty stomachs to the total 
number of examined stomachs was expressed 
as the vacuity index (VI). Vacuity index (%VI): 
%VI=100x (number of empty stomachs / number 
of examined stomachs) (BerG 1979).

reSulTS

Of a total of 728 stomachs of the Mediterranean 
horse mackerel, 106 were empty (14.56 %). VI 
was low during autumn (12.77 %) and spring 
(13.33 %) but somewhat higher values were 
observed in winter (15.56 %) and summer (16.67 
%). Stomach contents of T. mediterraneus 
included prey from five major taxonomical 
groups (Polychaeta, Crustacea, Mollusca, 
Chaetognatha, Osteichthyes). Frequency of 
occurence, numerical abundance, gravimetric 
composition and index of relative importance 
of different prey species found in the stomachs 
are presented in Table 1. Given numerical occur-
rence, there was a clear dominance of crustaceans 
comprising 92.65 % of the diet in total. Fish 
larvae (47.23 %) and crustaceans (46.19 %) 
were present in similar proportions regarding 
gravimetric composition, both of which formed 
the major weight percentage of prey. According 
to the %IRI, crustaceans were the most important 
prey group while other taxa, i.e. molluscs and 
teleost fishes were less important in the diet. 
Of crustaceans, copepods contributed most 
importantly to the diet (%IRI=78.38), followed by 
larvae of decapod crustaceans (%IRI=7.63), and 
the non-crustacean bivalves (%IRI=5.85) and fish 
larvae (%IRI=5.75). Copepods were the primary 
food in all seasons, despite quantities ranging 
between 55.48 and 88.03 of %IRI (Table 2). 
The majority of the copepods were identified to 
species or generic level and at least 58 different 
prey taxa were determined (Table 3). Abundant 
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Fig. 1. – Dendrogram of the cluster analysis showing 
diet similarity (%W) in relation to seasons, using 
Bray-Curtis index.

Prey groups %F %Cn %Cw IrI %IrI
Polychaeta
   Errantia 0.96 0.06 0.09 0.14 <0.01
Crustacea
   Ostracoda 2.57 0.16 0.24 1.04 0.01
   Copepoda 75.24 79.49 27.29 8033.56 78.38
   Cladocera 16.08 1.10 0.97 33.19 0.32
   Mysidacea 19.94 1.55 2.38 78.39 0.77
   Euphausiacea 14.47 0.97 3.18 59.99 0.59
   Isopoda 0.96 0.06 0.023 0.07 <0.01
   Amphipoda 1.29 0.07 0.28 0.46 <0.01
   Natantia 0.96 0.06 0.43 0.47 <0.01
   Brachyura 7.40 0.72 1.96 19.82 0.19
   Stomatopoda 2.25 0.14 0.29 0.97 0.01
   Decapod larvae (unidentified.) 44.69 8.34 9.16 782.03 7.63
Mollusca
   Gastropoda (Mesogastropoda) 19.94 1.75 0.76 49.89 0.49
   Bivalvia (Filibranchiata) 61.09 4.32 5.50 599.96 5.85
   Cephalopoda 1.93 0.20 0.16 0.60 0.01
Chaetognatha
   Sagitta sp. 0.64 0.05 0.13 0.16 <0.01
Osteichthyes 
    Eggs and larvae of teleosts 12.22 0.97 47.23 588.90 5.75

TABLE 1

Diet composition of Trachurus mediterraneus (%F: frequency of occurrence, %Cn: percentage numerical 
composition, %Cw: percentage gravimetric composition, IRI:  index of relative importance and %IRI: percentage 
index of relative importance).

Fig. 2. – Dendrogram of the cluster analysis showing 
diet similarity (%W) in relation to fish size, using 
Bray-Curtis index.
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copepod species that occurred in every season 
were Corycaeus sp., Oncaea media, Oncaea 
spp., Isias clavipes, Euterpina acutifrons and 
Oithona nana. Isias clavipes occurred only in 
spring, and all of them appeared in the diet with 
a %IRI>10. A clear peak of decapod crustacean 
larvae was observed during winter and spring, 
which sharply decreased to %IRI<1 in all other 
seasons. Mollusca was the second most important 
category except in summer. Teleost larvae were 
present in the diet throughout the year but the 
most remarkable quantity was in summer. A 
comparison of seasonal %IRI and %W values of 

major taxonomical groups based on Bray-Curtis 
index revealed that winter and autumn were 98.98 
% and 97.69 % similar whereas the other seasons 
had an 88.91 % and 90.26 % diet similarity 
(Table 2, Fig. 1). Following examination of diet 
composition in relation to fish size, two groups 
were formed based on weight percentage of food 
items (Fig. 2). Gravimetric composition of prey 
ranged from 0.51 to 1.34 g (mean = 1.06 g) for 
fish lengths of up to 18.0 cm, which increased to 
a mean prey weight of 2.53 g (1.81–3.51 g) for 
fishes larger than 18.0 cm, primarily due to a diet 
shift to teleost larvae. 

TABLE 2

Percentage index of relative importance (%IRI) of species and prey groups by seasons for T. mediterraneus. 

Bahar Bayhan, Tuncay Murat Sever & Ali Kara

Prey groups January and 
February

March, April 
and May

June and 
August

September, 
October and 
november

N 180 181 175 192
Mean TL (cm) 18.4 17.8 18.6 18.0
Std. Dev. 1.09 1.33 1.49 1.57
Prey groups
Polychaeta
   Errantia <0.01 <0.01 <0.01
Crustacea
   Ostracoda 0.01 0.01 0.01 0.02
   Copepoda 56.64 55.48 78.79 88.03
   Cladocera 0.01 0.05 0.75 0.83
   Mysidacea 5.92 0.95 0.52 0.71
   Euphausiacea <0.01 <0.01 <0.01
   Isopoda 0.72 0.03 0.04 0.21
   Amphipoda 0.01 <0.01 <0.01 0.01
   Natantia 0.01 <0.01 0.01
   Brachyura 0.15 0.09 0.30 0.17
   Stomatopoda 0.02 0.04
   Decapod larvae (unident.) 27.75 22.86 0.15 0.15
Mollusca
   Gastropoda (Mesogastropoda) 0.02 5.63 <0.01 0.01
   Bivalvia (Filibranchiata) 8.78 6.61 1.20 9.81
   Cephalopoda 0.05 <0.01
Chaetognatha
   Sagitta sp. 0.01
Osteichthyes
    Eggs and larvae of teleosts <0.01 8.23 18.23 <0.01
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DISCuSSIOn

Results from our study clearly reveal that T. 
mediterraneus is a zooplanktophagous species, 
concurring with earlier findings (FiScher et al 
1987, deudero 2001, Šantić et al 2004). A 
wide range of prey items was found in stomachs 
but several of them were rarely consumed. 
Crustaceans clearly dominate the diet in terms 
of numerical occurrence (92.65 %) but they 
shared the great portion of the diet together with 
teleost larvae, as far as gravimetric occurrence 
is concerned. The difference observed 
between %Cn and %Cw is due to the fact that 
Mediterranean horse mackerel frequently fed 
on planktonic crustaceans, whose total weights 
were low in comparison with the less frequently 
ingested teleost larvae. Similar results were 
obtained in the Adriatic Sea (Šantić et al 2004) 
for T. mediterraneus, as well as for the other 
species of the genus, T. trachurus (JardaS et al 
2004). Of the crustaceans, copepods were the 
most important prey group (78.38) followed by 
decapod larvae (7.63), while others (Amphipoda, 
Euphausiacea, Mysidacea etc.) had %IRI < 1. It 
is striking to note that Ben-Salem (1988) did 
not record any copepod species in stomachs of 
Mediterranean horse mackerel from the Aegean 
Sea. However, in view of the low number of full 
stomachs (n=43) found by Ben-Salem (1988), 
relevant evidence does not seem comparable. 
Copepods are known to be abundant all 
year round in the Aegean Sea (moraitou-
apoStolopoulou 1972, SterGiou et al 1997), 
and they are also of great importance in the diet 
of several pelagic and semi-pelagic fishes such 
as Sardina pilchardus (SeVer et al. 2005) and 
Scomber japonicus (SeVer et al. 2006). No 
copepods were observed in the diet of Adriatic 
Sea specimens of T. mediterraneus either, while 
euphausids consisted of more than 50 % of the 
total IRI (Šantić et al. 2004). This prey shift 
between different localities could be a good 
indication for the ability of T. mediterraneus 
to modify its diet in response to available food 
items. A sudden change in the feeding habits 
of the Mediterranean horse mackerel was also 
reported along the southern Spanish coast due to 

the availability of new and abundant food items 
(Fernandez-JoVer et al. 2007).

In general, the percentage of empty stomachs 
of T. mediterraneus was relatively low when 
compared to results of previous studies. The VI 
ranged between 12.77 % and 16.67 % according 
to season, which is much lower than the overall 
ratio of 50.50 % observed by Šantić et al. (2004) 
in the Adriatic Sea. Percentage of empty stomachs 
was also high in the Gulf of Lyon (32.50 %) while 
percentages closer to our study were observed at 
the Tunisian coast (16.46 %) and Aegean Sea 
(14.50 %) (Ben-Salem 1988). This difference 
may be attributed to the favorable environmental 
conditions in the Aegean Sea supporting feeding 
intensity of T. mediterraneus throughout the year 
probably with abundant food supplies. There was 
no prominent variation in seasonal diet in our 
study. Crustaceans were the primary prey all year 
round, with lowest %IRI in spring (79.48) and 
highest in winter (91.20). Molluscs, especially 
Bivalvia ranked as the second most important 
category, excluding the summer season when the 
dominant copepod prey were followed by teleost 
larvae. In contrast, KyrtatoS (1998) indicated 
differences in the seasonal feeding habits of the 
horse mackerel, with a clear decrease of teleost 
larvae from spring to winter and an increase of 
copepods, mysids and other crustaceans during 
the corresponding interval. Little diet variation 
was observed in Adriatic Sea specimens of T. 
mediterraneus among seasons (Šantić et al. 
2004). Mean prey weight in stomachs increased 
with fish size as expected. Food preferences and 
quantity change with growth and the ability of 
large mackerels to capture larger prey increases 
(Šantić et al. 2005). In our study, teleost larvae 
became importance in the diet of Mediterranean 
horse mackerel with lengths greater than 18 
cm, although this prey shift was not very strong 
even in fish of the maximum length examined 
in the study. Also other researchers found that 
larvae and postlarvae of teleosts are important 
for the diet of Trachurus spp. especially for 
individuals larger than 20 cm (Šantić et al. 2004, 
Fernandez-JoVer et al. 2007). Although total 
lengths of up to 60 cm have been reported for 
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the horse mackerel in other studies (for example, 
FiScher et al. 1987),  it appears unlikely to 
observe T. mediterraneus specimens larger than 
40 cm in the Adriatic Sea (Šantić et al. 2005). 

Nowadays, trophic levels are used for the 
development of ecosystem-origin fishery mana-
gement strategies. Depending on the trophic 
controls that are formed upwards from the bottom 
of the food chain and downwards from the top 
of the food chain, the long-term changes of fish 
stocks through the years and intervals between 
the low and high stock regimes could be defined 
(daSKaloV 2002, daSKaloV et al. 2007). As 
a consequence, the findings obtained from this 
research will contribute to the ecosystem-origin 
fishery management that will be conducted in the 
Aegean Sea.
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