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This study aims to identify the spring diet composition and feeding strategy of the
European sprat, Sprattus sprattus. Diet composition of European sprat was investigated
for the first time in the central Black Sea coast of Turkey. Examined of the 115
specimens (6 - 9.1 cm total length) of stomach, 12 (10.4%) had emty. Diet analysis was
described based on gravimetric percentages (W%), frequency of abundance (N%),
frequency of occurrence (%F) and relative importance index (IR1%). Feeding strategy
was analyzed and graphically (Costello) represented, considering the frequency of
abundance (N%) and frequency of occurrence (%F) indexes and grouping prey into
higher taxonomic categories. Twenty species were identified, belonging to four prey
groups: Polychaeta, Crustacea, Mollusca and Chaetognatha. Finally copepods proved to
be the most important food item considering the above-cited indexes. All other prey taxa
were identified as accidental preys. At least seven copepod species were identified, where
Calanus euxinus appeared all round with %IRI>50. Also results of feeding strategy
analyses revealed a trophic specialization toward a single prey.
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Bu ¢aligmanin amaci; Caga baligi Sprattus sprattus’un ilkbahar mevsimindeki diyet
kompozisyonu ve beslenme stratejisini belirlemektir. Caga baliginin diyet kompozisyonu
Tiirkiye’nin Karadeniz kiyilarinda ilk defa incelenmistir. 115 bireyin (6-9,1 cm total boy)
midesi Orneklenmistir, 12 adedi (%10,4) bos olarak saptanmustir. Diyet analizleri;
gravimetrik yilizde (% W), bolluk frekans1 (%N), bulunus frekansi (%F) ve nispi énemlilik
indeksi (%IRI) temel alinarak tanimlanmustir. Beslenme stratejisi analiz edilmistir ve
grafik olarak (Costello) gosterilmistir, bolluk frekanst (%N) ve bulunma frekans (%F)
indeksleri dikkate alinmistir ve sistematik kategorilere gore avlar gruplanmustir.
Polychaeta, Crustacea, Mollusca ve Chaetognatha olmak iizere 4 av grubuna ait 20 tiir
belirlenmistir. Sonug¢ olarak Kopepodlar yukarida bahsedilen tiim indeksler dikkate
alindiginda en Onemli besin olarak saptanmistir. Diger tim av gruplari rastgele avlar
olarak belirlenmistir. Calanus euxinus tiiriiniin %IRI>50 degerinde saptandigi en az 7
kopepod tiirii belirlenmistir. Ayrica beslenme stratejisi analizine gore tiir, tek bir av
grubuna dogru trofik uzmanlagma gostermektedir.
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Introduction

The European sprat Sprattus sprattus (Linnaeus,
1758) is a small pelagic and schooling clupeid fish,
distributed in shelf waters of the Northeast Atlantic,
including the Mediterranean, Black Sea, North Sea and
Baltic Sea (Limborg et al., 2009). The Baltic Sea is a
suitable area for the reproductive potential of the species.
Although the Baltic Sea has been exposed to a lot of
ecological changes over the last twenty years, the sprat
population has been reported to increase in a dramatic
way (lvanov and Beverton, 1985).

The Black Sea is one of the most isolated seas in the
world. The Black Sea coast of Turkey is the most fertile
sea with approximately 71% of the annual fish
production. The production amount of sprat on Turkish
coasts is 9764 tones, 9758,6 tones coming from the Black
Sea and only 5,4 tones obtained from the Marmara Sea
(TUIK, 2013). Also, the Sprat production takes the fifth
place in total fish production following Anchovy, Horse
Mackerel, Sardine, and Bonito. Sprat show a wide
distribution in the European coast of the Mediterranean,
especially in the Adriatic and Black Sea, and its economic
value has significantly increased over the last couple of
years (Avsar, 1994). Sprat fishing was only done with
traps and net fishing in all countries that it is found until
1970. After 1970, pelagic trawls were introduced in
Bulgaria (lvanov and Beverton, 1985). The first
commercial sprat fishing in Turkey was performed in the
early 1990’s with midwater trawls in the central Black
Sea. The species does not have a direct consumption habit
in Turkey, almost all of the produced amount is used as
raw material in fishmeal and fish oil factories. Not having
a consumption habit, use of sprat as the raw material
needed in fishmeal and fish oil factories instead of
anchovy is reported to be both more economical and also
a great asset to national fishing, since it means making
use of an underutilized resource found in our seas
(Kalaycr et al., 2006). Furthermore small pelagic fish
comprise important ecological links between plankton
production and higher, piscivorous trophic levels; these
fish are of substantial economic importance. The species
has an important role in the food chain in regions it is
found as it takes part in diet composition of its predators
such as Merlangius merlangus (Hislop et al., 1991) and
Merluccius merluccius (Du Buit, 1996). Sprat is an
ecologically important pelagic fish species, acting as a
link between plankton and production on higher trophic
levels. 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. The
availability of suitable food is usually considered to be a
key factor in determining the recruitment and growth of
fish. Nowadays, trophic levels are used in order to
develop ecosystem based fisheries management strategies.
Depending on the trophic controls forming upwards from
the lowest level and downwards from the highest level of
the food chain, long-term changes in fish stocks and leaps
between low and high stock regimes can be identified
(Daskalov, 2002). Although there are a large number of
articles related to the feeding ecology of sprat in the
Baltic (Arrhenius, 1996; Mo6llmann et al., 2004; Casini et
al., 2004; Baumann et al., 2007) and the North Sea (Last,

1987; Voss et al.,, 2009; Falkenhaug and Dalpadado,
2014). Unfortunately, the number of studies on the
biological properties of this species found in Turkish
coast is limeted (Avsar, 1994; Sahin, 1999) and there is
not any study available on its diet composition.

In our study conducted as a pioneer in this sense, the
diet composition and strategy of sprat, found in the Black
Sea coast of Turkey, will be identified for the first time.
The resulting findings will undoubtedly be a reference for
more detailed future studies on the diet composition and
habits of the species. Also, in line with ecosystem-based
fisheries management widely used today, we hope that
this study will contribute to development of management
strategies of this species, which has economic value for
the Black Sea coast of Turkey.

Material and Methods

Samples were obtained from commercial fishermen,
who generally use two boat pelagic trawl in Black Sea
coast of Turkey (coordinates between 41°41,040' N-35°
25,193' E and 41°08,874' N - 37° 10,112' E), which
consist of sprat fishing grounds in central part of the
Black Sea concerned during spring 2014.

A total of 115 S. sprattus were collected all year
round, with total lengths ranging 6.0 to 9.1 cm (65 in 6-
7.5 em; 50 in >7.5 cm). Fish stored in formalin (10%)
until the they were analysed. Stomach contents were
homogenized in petri dishes, which were then, examined
using a SZX7 Olympus stereo microscope at 0.8-5.6x
(zoom) and 10x resolution. Prey items were identified to
the lowest possible taxon, except for Copepoda, where
identification was made at the species or generic level. In
case of digested copepods, identification was made from
body parts (MPC, 2015).

Once counted, the individuals of the same species
were weighed together (wet weight to the nearest £0.0001
0), after excess moisture was removed by blotting prey
items on tissue paper. Following indices have been used
to quantify the importance of different prey items in the
diets of S. sprattus:

e Percentage frequency of occurrence (F%) for each
prey groups computed separetly = the number of
stomachs in which a food item was found divided
by the total number of non-empty stomachs,
multipled by 100.

e Percentage numerical abundance (N%) = the
number of each prey item in all non-empty
stomachs, divided by the total number of food
items in all stomachs, multipled by 100.

e Percentage gravimetric composition (W%) = the
wet weight of each prey item, divided by the total
weight of stomach contents, multiplied by 100
(Hyslop, 1980).

The main food items were identified using the index
of relative importance IRl = F% * (N% + W%). The
index was expressed as: IR1% = (IRI/ Y IRI) * 100.

The percentage of empty stomachs to the total number
of examined stomachs was expressed as the vacuity index
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(VI). Vacuity index, V1% = 100 x (number of empty
stomachs / number of examined stomachs) (Berg, 1979).
Costello defined relative abundance of prey as the
percentage of total stomach contents (volume, weight or
numbers) in all predators comprised by that given prey.
Differences in the diet composition of the sprat were
analysed using the graphical method (Costello, 1990)

(Fig. 1).
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Fig 3 Relationship between prey-specific abundance and
frequency of occurrence of prey items in the diet of
Sprattus sprattus, collected in the Turkish Black Sea coast

Results and Discussion

Examined of the 115 specimens of stomach, 12 were
found to be emty. The vacuity index was low during
spring (10.4%). The percentages of empty stomachs
closer to ours were observed in the Hardangerfjord,
western Norway (10.1%, 5.6% for 2009 and 2010 spring
period respectively) (Falkenhauga and Dalpadado, 2014).

Stomach contents of a total of individuals were
examined in the study, and it was identified that the
species fed on Copepoda (especially calanoida, Calanus
euxinus and Pseudocalanus elongatus) in terms of
quantitative presence and relative importance index
(Table 1). The Black Sea zooplankton community
structure is more productive. Generally most of researches
were made about copepod species. Eight copepods
species (e.g. C. euxinus, A. clausi, P. elongatus e.g) were
identified in the Sinop region (Bat et al., 2011). In
addition, there is not much data on zooplankton species
composition of the central Black Sea region, since most
studies conducted in the Black Sea focused on the coastal
part. However, many species available in coastal waters
are known to be available in the central Black Sea, e.g.
Sagitta setosa or copepods such as C. exinus and P.
elongatus (Kovalev et al.,, 1999; Deniz and Goniilol,
2014). Therefore, we see that copecod species found in
stomach contents of sprat are consistent with copecod
species previously identified in the environment.

According to several studies on the diet composition
of the species, sprat is planktivore and feeds particularly
on planktonic copepods, which is similar to our findings
(Sirotenko and Sorokalit, 1979; Last, 1987; Thiel et al.,
1996; Oven et al., 1997). For example, copepods were
found to be among the most important prey of sprat in
Hardangerfjord. The numerically most important food
species for sprat in the Hardangerfjord was the planktonic
harpacticoid copepod Microsetella norvegica (Falkenhaug
and Dalpadado, 2014). This is in agreement with previous
studies on sprat from the North Sea (De Silva, 1973; Last,
1987; Voss et al., 2009) and the Baltic Sea (Arrhenius,
1996; Mollmann et al., 2004; Casini et al., 2004). Also
another study have shown a high selectivity for Temora,
which is related to its high swimming activity (Mollmann
et al., 2004) and Centropages hamatus (Baumann et al.,
2003). Therefore, it can be said that sprat’s diet
composition varies depending on zooplankton species
composition of different habitats, in other words, sprat’s
preferred feeding group consists of prey group found
abundantly in the environment.

The diet composition of the species varies slightly
depending on the length. For example, polychaetes were
observed only in the fish group longer than 7.5 cm in
terms of qualitative abundance, while the other food
group consisting of copepod, bivalvia and sagitta was
observed in both length groups (Fig. 2). Similarly, with
increasing size of sprat larvae, a trend towards larger prey
items was observed. For example, Clausocalanoid nauplii
were by far the most important prey item for small sprat
larvae (3.5-<8.5 mm) followed by the group of
unidentified copepods. In the 8.5-<14.5 mm length class
clausocalanoid nauplii were the most frequently occurring
prey, while unidentified copepods dominated by weight in
the German Bight, North Sea (Voss et al., 2009).
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According to Costello graph analysis, it was
determined that C. exuinus from copepods, dominant
calanodia and P. elongatus were important in the feeding
strategy of sprat during spring, and other prey groups
identified in the stomach content of the species had low
importance (Fig. 3).

In conclusion, this study is the first attempt to provide
detailed information on the diet composition and feeding
strategy of sprat in the Black Sea coast of Turkey. We
have shown that sprat feeds on small-sized prey.

Table 1 Principal prey items found in diet of sprat
Sprattus sprattus (N%, F%, W% and %IRI, percentage
numerical composition, frequency of occurrence,
gravimetric composition and of relative importance
respectively)

Prey groups N% F% W%  IRI%
Polychaeta 0.041 1.220 0.024 <0.001
Crustacea
Copepoda
Calanoida 24.887 67.073 25.212 16.801
Acartia clausi 1.197 1220 1.231 0.015
Calanus euxinus 55.799 90.244 55.684 50.303
Paracalanus parvus 0.041 1.220 0.041 0.001
Pseudocalanus elongatus | 17.251 37.805 17.216 6.515
Oithona spp. 0.165 2439 0.162 0.004
Harpacticoida 0.083 2439 0.086 0.002

Decapoda 0.041 1.220 0.107 0.001

Crustacea yumurtast 0.124 3.659 0.041 0.003

Mollusca

Bivalvia 0.248 3.659 0.142 0.007

Chaetognatha

Sagitta sp. 0.124 1.220 0.054 0.001
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