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Abstract
The feeding habits of two omnivorous fish species, Vimba vimba (L., 1758) and Scardinius
erythrophthalmus (L., 1758) from the Büyükçekmece Reservoir (Turkey) were investigated
through stomach content analyses. Samplings were carried out monthly to describe the
dietary composition of two species and to assess whether it overlapped. The diet spectrum
of V. vimba consisted of eight prey categories: Diptera, Insecta extremities, plants,
Cladocera, Bivalvia, Ostracoda, Pisces and detritus. Detritus has the highest value in terms
of modified index of relative importance and it was followed by Insecta. The diet
composition of S. erythrophthalmus consisted of four prey categories: Insecta extremities,
plants, Bivalvia and detritus. Plant has the highest value in terms of modified index of
relative importance and it was followed by detritus. No dietary overlap was detected,
except for the fish collected in spring. Fractional trophic level (TROPH) and its standard
error (SE) were estimated as 2.62±0.25 for V. vimba and 2.45±0.19 for S. erythrophthalmus.
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Introduction
Studying trophic relationships among fishes is important
for better understanding the role of fish in the food
network, prey-predatory interactions, fish farming and
biomanipulation processes. Additionally, investigations
of diet in fish assemblages in a particular area allow
understanding the ecological mechanisms by which a
several number of species are able to coexist in the same
community and the manner in which food is shared
(Novakowski et al., 2008).
Shallow lakes with a high surface area relative to their
volume tend to be productive because frequently mixing
of external and internal nutrients from top to bottom
enriches its productivity (Drake et al., 2011; Peel et al.,
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2019). Within this context, they constitute important
habitats for fish assemblages with complex trophic
interactions. Especially omnivorous fishes living in the
shallow and productive lakes are able to consume
alternative food sources and may show large diet
modification (Blanco et al., 2003).
Büyükçekmece Reservoir is located in the northwest
of Turkey, and is one of the special shallow lake
ecosystems with its drastic change from past to present;
while it was a lagoon connected with the Sea of Marmara
in the past, its sea connection was blocked by a dam
construction in 1985, and this lagoon became a
freshwater lake over time (Özuluğ, 1999). The main
freshwater inlet is the Stream Karasu; other sources are
some small-scale streams and surface waters. In this
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reservoir, the species composition has also shown a
rapid alteration in parallel with the drastic change of the
environmental conditions. Freshwater fish species living
in the tributaries of the reservoir has become dominant
in the lake over time. However, marine species such as
Pomatomus saltatrix (L., 1766) and Engraulis
encrasicolus (L., 1758) has eliminated from the lake.
Recently, the invasive gibel carp, Carassius gibelio
(Bloch, 1782) has been introduced into the lake in the
early 1990s (Özuluğ, 1999) and has increased its
population in time (Saç & Okgerman, 2015).
One paper investigated the diet of zooplanktivorous
Clupeonella cultriventris (Nordmann, 1840) in the
Büyükçekmece Reservoir (Saç, 2012). To the best of
author’s knowledge, there have been no other studies in
the lake, which demonstrate and/or compare the feeding
of native fish. This paper, therefore, attempts to evaluate,
for the first time, the ontogenetic and seasonal dietary
patterns of native Vimba vimba (L., 1758) and Scardinius
erythrophthalmus (L., 1758) and to investigate whether
there is a significant overlap between their diet
composition in the Büyükçekmece Reservoir, where the
environmental conditions and the fish fauna have
dramatically changed over time.

Material and Methods
Fishes were collected monthly from March 2009 to
February 2010 from the Büyükçekmece Reservoir using
gillnets with different mesh sizes (10×10 mm, 20×20
mm, 30×30 mm, 40×40 mm and 50×50 mm). Gillnets
were hauled parallel to shore and the sampling was
conducted in darkness approximately on a 10-12 h
timescale. Immediately after capture, alive fish specimens
were killed with an overdose of clove oil and then
transferred to the laboratory in cold conditions (portable
freezer, -18°C) for further examinations. Fish samples
were measured to the nearest 0.1 cm for fork length (FL)
and total body weight (W) was weighed on a digital
balance with a 0.01 g accuracy.
To determine the diet composition, fish were
dissected and the digestive tracts were removed and
fixed in a 4% formaldehyde solution before examinations.
The prey items were identified to the lowest possible
taxonomic level under a binocular microscope, thereafter
dried at 80˚C (2–4 h) and weighted to the nearest 0.0001
g. The modified index of relative importance (ΜΙ%) of
each food items were calculated according to Castriota
et al. (2005) as follows:
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MI%=[(F%×W%)/Σ(F%×W%)]×100, where F% is the
percentage of frequency of occurrence [(number of
digestive tracks containing a food item/total number of
digestive tracks with food)×100], and W% is the
percentage gravimetric composition. The index was
estimated for both length classes (6.0–8.9, 12.0–14.9,
15.0–17.9, 18.0–20.9, 21.0–23.9) and seasons in two
fish species. According to the literature, an average
interval of 3 cm can represent age classes for both
species (Czerniejewski et al., 2011; Gürsoy Gaygusuz,
2018). Fractional trophic level (TROPH) and its standard
error (SE) were estimated for each of the seasons and
length classes, using the ACCESS stand-alone
application TROPHLAB (Pauly et al., 2000).
Schoener’ Index (a) was used to assess dietary
overlap among length classes and seasons (Schoener,
1970) as follows; a=1-0.5(∑(Pxi–Pyi)), where Pxi and Pyi
are the points proportions of food category i, in the diets
group x and group y. The index ranges from 0 (no
overlap) to 1 (total overlap); the overlap value of a ≥ 0.6
is considered to be biologically significant in terms of
prey items consumed by groups x and y (Macpherson et
al., 2010). Considering the low individual numbers
corresponding to each length classes, the samples were
gathered into three length classes (15.0–17.9, 18.0–20.9,
21.0–23.9 cm) for food overlap analysis. Where
appropriate, data are presented as the mean ± SD
(standard deviation).

Results
Diet of V. vimba
During the sampling period, a total of 258 V. vimba
specimens were captured from the reservoir. The fork
length of the specimens ranged from 6.4 to 24.4 cm (mean
16.5 ± 3.9 cm) and the body weight from 3.66 to 269.4 g
(mean 76.0 ± 53.6 cm).
Of the total stomachs, 163 (63.2%) were empty. The
diet spectrum of V. vimba consisted of eight prey
categories: Diptera, Insecta extremities (unidentified),
plants (terrestrial plant and algae), Cladocera, Bivalvia,
Ostracoda, Pisces (eggs and larvae) and detritus. Detritus
has the highest value in terms of modified index of
relative importance (69.02%), the percentage gravimetric
composition (56.0%) and the percentage of frequency of
occurrence (64.06%), and it was followed by Insecta with
the values of 24.96% (MI%), 25.95% (W%) and 50.0%
(F%) (Table 1). The values of the index of relative
importance (ΜΙ%) among length classes and seasons
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were given in Table 2 and Table 3. In all seasons and
length classes, the major foods of V. vimba were detritus.
The diversity of food items in the diet of fish has increased

Diet of S. erythrophthalmus
A total of 305 S. erythrophthalmus specimens were
collected from the reservoir. The FL of the specimens

Table 1. The values of the modified index of relative importance (ΜΙ%), the percentage gravimetric composition (W%), the percentage
of frequency of occurrence (F%) and the trophic index for V. vimba and S. erythrophthalmus in the Büyükçekmece Reservoir.
V. vimba (n=65)
MI (%)
W (%)
0.50
3.30
24.96
25.95
1.45
6.03
<0.01
0.07
4.07
8.45
<0.01
0.03
0.01
0.17
69.02
56.0
2.62±0.25

Prey items
Diptera
Insecta extremities
Plants
Cladocera
Bivalvia
Ostracoda
Pisces
Detritus
TROPH ± SE

F (%)
7.81
50.0
12.5
1.56
25.0
4.69
1.56
64.06

Prey items
Insecta extremities
Plants
Bivalvia
Detritus

S. erythrophthalmus (n=61)
MI (%)
W (%)
1.75
4.66
61.70
53.58
0.02
0.42
36.53
41.34

TROPH ± SE

F (%)
15.22
46.74
2.17
35.87

2.45±0.19

Table 2. The values of the modified index of relative importance (ΜΙ%), the percentage gravimetric composition (W%), the percentage
of frequency of occurrence (F%) and the trophic index among seasons for V. vimba in the Büyükçekmece Reservoir.
Prey items
Diptera
Insecta extremities
Plants
Cladocera
Bivalvia
Ostracoda
Pisces
Detritus
Food category
numbers
TROPH ± SE

Spring (n=34)
MI (%) W (%)
F (%)
0.88
3.97
11.76
45.09
32.44
73.53
2.64
7.92
17.65
0.01
0.11
2.94
1.61
5.79
14.71
0.01
0.04
0.36
49.77
49.73
52.94

Summer (n=5)
MI (%) W (%)
F (%)
10.72
13.61
40.0
25.65
32.56
40.0
63.63
53.84
60.0

Autumn (n=18)
MI (%) W (%)
F (%)
6.93
16.57
22.22
0.32
3.05
5.56
14.12
16.88
44.44
0.09
0.89
4.96
78.54
62.60
66.67
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5

5

2.50±0.25

2.52±0.23

2.41±0.22

2.12±0.12

MI (%)
0.88
0.40
0.12
0.05
98.55

Winter (n=8)
W (%)
6.36
2.91
0.86
0.39
89.48

F (%)
12.5
12.5
12.5
12.5
100.0

Table 3. The values of the modified index of relative importance (ΜΙ%), the percentage gravimetric composition (W%), the percentage
of frequency of occurrence (F%) and the trophic index among size groups for V. vimba in the Büyükçekmece Reservoir.
6.0–8.9 cm (n=4)
Prey items
Diptera
Insecta extremities
Plants
Cladocera
Bivalvia
Ostracoda
Pisces
Detritus
Food category numbers
TROPH ± SE

MI
W
(%)
(%)
91.43 21.95
8.57 78.05

F
(%)
25.0
75.0

12.0–14.9 cm (n=16) 15.0–17.9 cm (n=16)

21.0–23.9 (n=16 )

2

6

4

4

6

2.86±0.26

2.48±0.25

2.34±0.19

2.73±0.30

2.32±0.20

with an increase in fish length. Fractional trophic level
(TROPH) and its standard error (SE) were estimated as
2.62±0.25 and the values for each of the seasons and
length classes were given in Table 2 and Table 3.
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18.0–20.9 (n=13)

MI
W
F
MI
W
F
MI
W
F
MI
W
F
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
0.19 0.67 15.38 2.63 7.67 18.75
28.77 38.81 43.75 9.59 15.21 37.5 73.85 46.76 84.62 13.19 14.45 50.0
1.75 5.51 18.75 0.01 0.09 6.25
5.95 13.03 25.0
0.06 0.58 6.25
0.08 0.37 12.5 9.02 14.30 37.5 4.23 14.72 15.38 2.26 3.97 31.25
0.07 0.22 18.75
0.05 0.41 6.25
69.27 54.52 75.0 81.38 70.40 68.75 21.73 37.85 30.77 75.92 60.48 68.75

ranged from 6.2 to 24.8 cm (mean 16.5 ± 3.4 cm) and the
W ranged from 4.04 to 344.0 g (mean 95.3 ± 58.6 cm).
Of the total stomachs, 244 (80.0%) were empty. The
diet spectrum of the species consisted of four prey
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Discussion

categories: Insecta extremities (unidentified), plants
(terrestrial plant and algae), Bivalvia and detritus. Plant has
the highest value in terms of modified index of relative
importance (61.70%), the percentage gravimetric
composition (53.58%) and the percentage of frequency of
occurrence (46.74%), and it was followed by detritus with
the values of 36.53% (MI%), 41.34% (W%) and 35.87%
(F%) (Table 1). Table 4 and Table 5 show the values of the
index of relative importance (ΜΙ%) for length classes and
seasons. While detritus is the main food consumed by fish
in the spring, the plant has become a primary food in all
other seasons. The importance of plants in the diet of fish

The results presented in this study are in agree with the
previous studies which reported that the feeding of both
of the species can be characterized as omnivorous (Ravera
& Jamet, 1991; García-Berthou & Moreno-Amich, 2000;
Okgerman et al., 2013). The high proportions of the
empty stomachs for both species can be explained by the
fact that the fish specimens remain alive for a while after
being caught in gillnets and, the loss of dietary information
due to post-capture digestion (Hammerschlag et al.,
2010). Additionally, it may also be related to some factors

Table 4. The values of the modified index of relative importance (ΜΙ%), the percentage gravimetric composition (W%), the percentage
of frequency of occurrence (F%) and the trophic index among seasons for S. erythrophthalmus in the Büyükçekmece Reservoir.
Prey items
Insecta extremities
Plants
Bivalvia
Detritus
Food category
numbers
TROPH ± SE

Spring (n=34)
MI (%) W (%)
F (%)
23.21
29.74
41.38
2.47
4.22
31.03
0.18
2.70
3.45
74.14
63.33
62.07

Summer (n=5)
MI (%) W (%)
F (%)
<0.01
0.06
6.67
94.88
83.14
100.0
5.11
16.80
26.67

Autumn (n=18)
MI (%) W (%)
F (%)
95.84
85.20
100.0
4.16
14.80
25.0

4

3

2

4

2.39±0.23

2.00±0.00

2.00±0.00

2.00±0.00

MI (%)
<0.01
59.69
<0.01
40.31

Winter (n=8)
W (%)
<0.01
49.68
<0.01
50.32

F (%)
6.25
93.75
6.25
6.25

Table 5. The values of the modified index of relative importance (ΜΙ%), the percentage gravimetric composition (W%), the percentage
of frequency of occurrence (F%) and the trophic index among size groups for S. erythrophthalmus in the Büyükçekmece Reservoir.
Prey items
Insecta extremities
Plants
Bivalvia
Detritus
Food category
numbers
TROPH ± SE

6.0–8.9 cm (n=4)
MI
W
F
(%)
(%)
(%)
100.0 100.0 100.0
-

12.0–14.9 cm (n=16)
MI
W
F
(%)
(%)
(%)
10.19 18.49
50.0
89.81 81.51 100.0

15.0–17.9 cm (n=16)
MI
W
F
(%)
(%)
(%)
14.82 21.06 33.33
29.48 26.18 53.33
55.70 52.76
50.0

18.0–20.9 (n=13)
MI
W
F
(%)
(%)
(%)
3.34
7.06
30.77
87.87 74.35 76.92
<0.01
0.01
7.69
8.79
18.59 30.77

21.0–23.9 (n=16 )
MI
W
F
(%)
(%)
(%)
60.98 55.12 93.33
39.02 44.88 73.33

1

2

3

4

2

3.10±0.30

2.00±0.00

2.25±0.18

2.09±0.11

2.00±0.00

Table 6. The values of food overlap in different length classes and seasons between V. vimba and S. erythrophthalmus in the
Büyükçekmece Reservoir.
Seasons
Spring
Summer
Autumn
Winter

Schoener’ Index value (a)
0.76*
0.31
0.04
0.40

Length classes (cm)
15.0–17.9
18.0–20.9
21.0–23.9

Schoener’ Index value(a)
0.50
0.50
0.50

*: Significant; a>0.6

has increased with an increase in fish length. TROPH ± SE
was estimated as 2.45±0.19 and the values for each of the
seasons and length classes were given in Table 4 and Table
5. No significant overlap in food composition was observed
except for the spring sample (Table 6).
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such as the ability to obtain food from the environment,
prey availability, nocturnal sampling, spatial or temporal
behavior of fish and digestion rate (Labropoulou et al.,
1998; Hammerschlag et al., 2010; Morote et al., 2010; El
Qendouci et al., 2018).
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Although V. vimba migrates from the lake to the
tributaries for spawning in spring (Hänfling et al., 2009),
both the number of individuals caught and the variety of
food were the highest in this season. Similar results were
also found in the spring feeding of S. erythrophthalmus,
which shows a relatively narrower food spectrum.
However, a seasonal change in the food preference was
observed for both species; V. vimba fed mainly detritus in
other seasons, while S. erythrophthalmus preferred the
plant as the main food type. The relatively high food
variety in the diet of a fish during the spring months might
be attributed to the requirement of reserves prior to
spawning (both rapid replacement of body mass following
winter and for high energy demand) and to the increase of
prey availability in their environment (Všetičková et al.,
2014). The food overlap is mainly related to the fact that
both fish changed their food preferences in spring and
consumed the same food categories substantially.
Okgerman et al. (2013) reported an ontogenetic shift in
the feeding of V. vimba in the Sapanca Lake in which the
ostracods were consumed by only juveniles whereas
Bivalvia was mostly eaten by the adults. Similar results are
obtained in the present study as ostracods were consumed
by only 12.0-14.9 cm size group. Although food preferences
in most length classes of V. vimba mainly on detritus, the
occurrence of relatively larger-sized preys such as fish in
the stomach of adult fish is related to the fact that fish
typically consume larger food items as the mouth gape
increases. The ontogenetic difference in diet can be
attributed to the mouth gape limitation of young or adult
individuals’ prey type (Probst & Eckmann, 2009; Klein et
al., 2016). According to Ravera & Jamet (1991), S.
erythrophthalmus was considered omnivorous fish with an
evident preference on the plant as food and this preference
has increased with the age. A similar ontogenetic difference
in food preference was also observed in the diet of S.
erythrophthalmus; while the plant is the main food item for
the adult fish, fish smaller than 18.0 cm mostly preferred
the detritus as food. Ontogenetic shifts in the diets may also
be related to changes in microhabitat use (Alcaraz &
García-Berthou, 2007; Nunn et al., 2012). The different
food preferences in the different length classes of these two
fish resulted in no significant food overlap values (a<0.6).
In conclusion, the findings with the present study have
documented for the first time a detailed dietary study on
two native fish from a shallow reservoir area. The results
showed that the seasonal change in the food preferences
of V. vimba and S. erythrophthalmus were affected by
seasonal variations in the food supply. However, the
18

ontogenetic difference in feeding seems to have resulted
in the dietary segregation of length classes in both of the
species. More detailed studies on the trophic interactions
in Büyükçekmece Reservoir will be critical in the
potential future management options.
Peer-review: Externally peer-reviewed.
Author Contributions: Conception/Design of study: G.
S.; Data Acquisition: G. S.; Data Analysis/Interpretation:
G. S.; Drafting Manuscript: G. S.; Critical Revision of
Manuscript: G. S.; Final Approval and Accountability: G.
S.; Technical or Material Support: G. S.; Supervision: G. S.
Conflict of Interest: The authors declare that they have
no conflicts of interest.
Financial Disclosure: The present study was supported
by the Scientific Research Projects Coordination Unit of
the Istanbul University. (Project no: 2799).
Acknowledgement: The study is dedicated to Hacer
Okgerman, who passed away on February 14, 2015.
Author would like to thank fisherman Arif Paşa, who
helped in field works.

References
Alcaraz, C. & García-Berthou, E. (2007). Food of an endangered
cyprinodont (Aphanius iberus): ontogenetic diet shift and prey
electivity. Environmental Biology of Fishes, 78, 193–207.
Blanco, S., Romo, S., Villena, M. J. & Martínez, S. (2003). Fish
communities and food web interactions in some shallow
Mediterranean lakes. Hydrobiologia, 506–509, 473–480.
Castriota, L., Scarabello, M. P., Finoia, M. G., Sinopoli, M. &
Andaloro, F. (2005). Food and feeding habits of pearly
razorfish, Xyrichtys novacula (Linnaeus, 1758), in the southern
Tyrrhenian Sea: variation by sex and size. Environmental
Biology of Fishes, 72, 123-133.
Czerniejewski, P., Rybczyk, A., Tański, A., Keszka, S. & Antoszek,
A. (2011). Growth rate and condition of vimba, Vimba Vimba
(Actinopterygii: Cypriniformes: Cyprinidae), a species under
restitution in the Odra River Estuary. Acta Ichthyologica et
Piscatoria, 41 (3), 215-222.
Drake, D. C., Kelly, D. & Schallenberg, M. (2011). Shallow coastal
lakes in New Zealand: current conditions, catchment-scale
human disturbance, and determination of ecological integrity.
Hydrobiologia, 658, 87–101.
El Qendouci, M., Amenzoui, K., Baali, A., El Qoraychy, I. & Yahyaoui,
A. (2018). Diet of anchovy Engraulis encrasicolus (Engraulidae)
in Moroccan Atlantic coast. AACL Bioflux 11 (4), 1388-1398.
Turk J Biosci Collect. 2020

Saç

García-Berthou, E. & Moreno-Amich, R. (2000). Rudd (Scardinius

Okgerman, H. C., Yardımcı, C. H., Dorak, Z. & Yılmaz, N. (2013).

erythrophthalmus) introduced to the Iberian peninsula feeding

Feeding ecology of vimba (Vimba vimba L., 1758) in terms

ecology in Lake Banyoles. Hydrobiologia, 436,159-164.

of size groups and seasons in Lake Sapanca, northwestern

Gürsoy Gaygusuz, Ç. (2018). Age and Growth of Rudd, Scardinius
erythophthalmus (Linnaeus, 1758), in Ömerli Reservoir (İstanbul,
Turkey). Aquatic Sciences and Engineering, 33 (1), 25-31.
Hammerschlag, N., Ovando, D. & Serafy, J. E. (2010). Seasonal
diet and feeding habits of juvenile fishes foraging along a
subtropical marine ecotone. Aquatic Biology, 9, 279-290.

Anatolia. Turkish Journal of Zoology, 37, 288-297.
Özuluğ, M. (1999). A taxonomic study on the fish in the basin of
Büyükçekmece Dam Lake. Turkish Journal of Zoology, 23,
439–451.
Pauly, D., Froese, R., Sa-a, P., Palomares, M.L., Christensen, V.,
Rius, J., 2000. Trophlab manual. ICLARM, Manila, 3 pp

Hänfling, B., Dümpelmann, C., Bogutskaya, N. G., Brandl, R. &

Peel, R. A., Hill, J. M., Taylor, G. C. & Weyl, O. L. F. (2019).

Brändle, M. (2009). Shallow phylogeographic structuring of

Food web structure and trophic dynamics of a fish community

Vimba vimba across Europe suggests two distinct refugia during

in an ephemeral floodplain lake. Frontiers in Environmental

the last glaciation. Journal of Fish Biology, 75, 2269–2286.

Sciences, 7, 192. doi: 10.3389/fenvs.2019.00192.

Klein, Z. B., Hardy, R. S. & Quist, M. C. (2016). Diet of juvenile

Probst, W. N. & Eckmann, R. (2009). Diet overlap between young-

burbot and insight into gape limitation. Intermountain Journal

of-the-year perch, Perca fluviatilis L., and burbot, Lota lota

of Sciences, 22 (4), 55-69.

(L.), during early life-history stages. Ecology of Freshwater

Labropoulou, M., Tserpes, G. &Tsimenides, N. (1998). Age,

Fish, 18, 527–537.

Growth and Feeding Habits of the Brown Comber Serranus

Ravera, O. & Jamet, J. L. (1991). The diet of the rudd (Scardinius

hepatus (Linnaeus, 1758) on the Cretan Shelf. Estuarine,

erythrophthalmus, L.) in relation to the possible consequences

Coastal and Shelf Science, 46, 723–732.

for the removal of this species from an eutrophic lake. Archiv

Macpherson, A., Holmes, J. A., Muir, A. M. & Noakes, D. L.

fur Hydrobiologie, 123 (1), 99-109.

(2010). Assessing feeding competition between lake whitefish

Saç, G. (2012). Some biological characteristics of Clupeonella

Coregonus clupeaformis and round whitefish Prosopium

cultriventris (Nordmann, 1840) living in Büyükçekmece

cylindraceum. Current Zoolgy, 56 (1), 109-117.

Reservoir (İstanbul). Istanbul University Journal of Fisheries

Morote, E., Olivar, M. P., Villate, F. & Uriarte, I. (2010). A

& Aquatic Sciences, 27 (2), 23-33 (in Turkish).

comparison of anchovy (Engraulis encrasicolus) and

Saç, G. & Okgerman, H. (2015). Growth and reproduction of a

sardine (Sardina pilchardus) larvae feeding in the Northwest

non-native fish species Carassius gibelio (Bloch, 1782) from

Mediterranean: influence of prey availability and ontogeny.

Büyükçekmece Lake (İstanbul, Turkey). IUFS Journal of

ICES Journal of Marine Science, 67, 897–908.
Novakowski, G. C., Hahn, N. S. & Fugi, R. (2008). Diet seasonality
and food overlap of the fish assemblage in a pantanal pond.
Neotropical Ichthyology, 6 (4), 567-576.

Biology, 74 (1), 1-12.
Schoener, T. W. (1970). Non-synchronous spatial overlap of lizards
in patchy habitats. Ecology, 51, 408-418.
Všetičková, L., Janáč, M., Vašek, M., Roche, K. & Jurajda, P.

Nunn, A. D., Tewson, L. H. & Cowx, I. G. (2012). The foraging

(2014). Non-native western tubenose gobies Proterorhinus

ecology of larval and juvenile fishes. Reviews in Fish Biology

semilunaris show distinct site, sex and age-related differences

and Fisheries, 22, 377–408.

in diet. Knowledge and Management of Aquatic Ecosystems,

Nunn, A. D., Tewson, L. H. & Cowx, I. G. (2012). The foraging

414, 10.

ecology of larval and juvenile fishes. Reviews in Fish Biology
and Fisheries, 22, 377–408.

Turk J Biosci Collect. 2020

19

