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The aim of this study was to evaluate the seasonal diet composition and feeding strategies of northern
pike (Esox lucius) located in Siddikli Kiigiikbogaz Dam Lake (Kirsehir, Tiirkiye). Monthly sampling from
September 2015 to August 2016 resulted in the collection of 133 northern pike individuals, with their total
lengths ranging from 23.4 to 86.6 cm (mean length 53.84 + 10.51 cm). Stomach content analyses and stati-
stical tests, including a Kruskal-Wallis analysis, were employed to assess the seasonal variation in feeding
intensity. Although numerical differences in the feeding intensity were observed, with the highest values
recorded in summer (FI = 1.59) and the lowest in winter (FI=0.51), these differences were not statistically
significant (K-W test, p < 0.05). Among the physicochemical parameters of the surface water, tempera-
ture emerged as the primary environmental factor influencing the feeding patterns, based on the results
of a Spearman’s rank correlation. The northern pike exhibited an exclusively piscivorous diet, primarily
consuming 7inca tinca (44.83% by number and 56.16% by frequency of occurrence) as well as Atherina
boyeri. Despite the availability of multiple prey species within the habitat, the northern pike demonstrated
a strong prey specialisation toward these two fish species throughout the year. The observed consistency
in this dietary preference underscores the species’ role as a specialised top predator and provides critical
ecological insights for the management and conservation of similar freshwater reservoir ecosystems.
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Understanding the feeding ecology of predatory  and energy transfers, all of which are critical for
fish is essential for interpreting their functional role  biodiversity conservation and population regulation
in aquatic food webs and for supporting ecosystem-  (Layman et al. 2007; Schmitz et al. 2010). A stom-
based fisheries management (Gerking 2014; Polis &  ach content analysis, although limited to a short-
Strong 1996; Yazici et al. 2025). Diet studies offer  term dietary snapshot, remains a widely-adopted
insights into predator-prey dynamics, trophic niches  and cost-effective method for diet reconstruction.
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It is particularly useful in environments where stable
isotope or molecular techniques are not feasible due
to logistical, financial or ecological constraints. For
instance, a stable isotope analysis often requires the
collection of muscle tissue and access to mass spec-
trometry facilities, which may not be available in re-
mote or resource-limited areas (Post 2002; Jardine
& Cunjak 2005). Similarly, molecular techniques
such as DNA barcoding or metabarcoding can be
hindered by sample degradation, as well as the need
for cold-chain storage or a lack of reference librar-
ies for local species (Valentini et al. 2009; Deiner
et al. 2017). In such cases, traditional morphological
or ecological indicators provide a practical alterna-
tive (Baker et al. 2014; Nielsen et al. 2018). While
a stomach content analysis allows for the identifi-
cation of the consumed prey at relatively fine taxo-
nomic levels (particularly in the case of short-term
dietary snapshots), biomarker—based methods such
as a compound-specific isotope analysis (CSIA)
of fatty acids and amino acids (e.g. hydrogen and
carbon CSIA of fatty acids: Pilecky et al. 2021; or
0N CSIA of individual amino acids: McMahon
& McCarthy 2016; Martinez et al. 2020), and mo-
lecular techniques (e.g. DNA metabarcoding of the
gut contents: Leray ef al. 2013; Deiner et al. 2017)
generally offer a superior taxonomic resolution and
more robust seasonal or ontogenetic insights into
feeding behaviours. Therefore, a stomach content
analysis should be seen as complementary to these
approaches, rather than as a full substitute.

The northern pike (Esox lucius L., 1758) is a widely
distributed, top-level piscivorous predator found in
freshwater habitats across the northern hemisphere.
It significantly shapes fish community structures
through prey selection and top-down pressure. North-
ern pike are known for their opportunistic feeding,
yet their diet composition may reflect the availabil-
ity of habitat-specific prey and predator behaviour
(Jepsen et al. 2001; Craig 2008). The species holds
economic importance for both commercial and rec-
reational fisheries and is considered to be a key bioin-
dicator for lentic ecosystems (Skov & Nilsson 2018).

Numerous studies have examined the diet of the
northern pike across North America and Europe
(Kangur & Kangur 1998; Liao et al. 2002; Winfield
etal. 2012). However, there is limited information on
its seasonal feeding dynamics in the artificial fresh-
water reservoirs of Central Anatolia. Turkish lentic
systems, which are often characterised by fluctuat-
ing hydrology, variable habitat complexity and inva-
sive prey fish populations, offer a unique context to
study the pike’s feeding ecology (Yilmaz & Unver
2014; Yazicioglu et al. 2018). These reservoirs differ

ecologically from temperate natural lakes in terms of
the nutrient inputs, shoreline vegetation and the prey
fish assemblages.

This study aims to fill this knowledge gap by fo-
cusing on the seasonal feeding ecology of northern
pike located in Siddiklh Kiigiikbogaz Dam Lake,
a mid-sized reservoir in Central Anatolia, Tiirkiye.
Monthly sampling and a stomach content analysis
conducted over a one-year period enabled us to as-
sess the diet composition, prey selectivity and feed-
ing intensity in relation to environmental variations
and prey availability. We hypothesised that the diet
composition of northern pike (Esox [ucius) would
vary seasonally and be influenced by the abundance
and availability of prey species.

Materials and Methods

All operations in relation to the fish capture and
dead fish studied in the laboratory were carried out
in accordance with animal health and welfare ethical
rules. This study was approved by the Animal Ex-
periments Local Ethics Committee (Document No:
68429034/05). In addition, our study complies with
the ARRIVE 2.0 guidelines.

Study Area and Sampling

Siddikli Kiigiikbogaz Dam Lake (formerly called
Karababa Dam) is a zonal dam built on Ko&rpeli
Bogaz Creek, located on the border of Kirsehir
Province in Central Anatolia, Tiirkiye. Its construc-
tion began in 1991 and was completed in 2002. The
dam is composed of clay with a central core and is
filled with rock. The reservoir has a surface area of
1.62 km? and an active water volume of 25.3 hm?
(Akkan et al. 2018). The dam lake, which was
14 years old at the time of the sampling, has an oval
shape and features distinct habitat zones: shallow
littoral areas with submerged aquatic vegetation;
moderately sloping intermediate shelves; and deeper
central pelagic zones. Based on the duration of the
lake since its formation, the lake currently exhibits
characteristics of a mid-successional reservoir eco-
system, with established fish populations and rela-
tively stable aquatic vegetation (Yazic1 2018).

The dam lake’s fish species are: big-scale sand
smelt (Atherina boyeri Risso, 1810), common carp
(Cyprinus carpio L, 1758), tench (7inca tinca (L.,
1758)), Wels catfish (Silurus glanis L., 1758), Sey-
han dace (Squalius seyhanensis Turan, Kottelat &
Dogan, 2013), northern pike (Esox lucius L., 1758),
Caucasian bleak (4/burnus escherichii Steindachner,
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1897) and Anatolian khramulya (Capoeta tinca
(Heckel, 1843) (Yazic1 2018).

Pike gill nets were simultaneously used to collect
fish samples monthly from September 2015 to Au-
gust 2016 at Siddikli Kiigliikbogaz Dam Lake. The
nets were set at dusk, left in the water for a mini-
mum of 12 hours and were hauled in between 08:00
and 09:00 a.m. Gill nets, with bar mesh sizes rang-
ing from 20 to 80 mm (knot to knot), were deployed
to target a wide range of fish sizes. The sampling
was conducted across all major habitat types of
the dam lake, including the shallow vegetated lit-
toral zones (0-2 m), moderately sloped transitional
shelves (2-5 m) and the deeper pelagic areas. In the
pelagic region, nets were deployed to depths reach-
ing approximately 30 metres, corresponding to the
maximum skirt length of the gill nets. This spatially
inclusive sampling approach ensured the representa-
tion of the full depth gradient and habitat heteroge-
neity within the lake ecosystem.

Some physical and chemical parameters of the
lake water, such as the dissolved oxygen (DO), tem-
perature, salinity, pH, conductivity and total dis-
solved solids (TDS), were measured monthly from
September 2015 to August 2016 (Yazic1 2018) and
the environmental variables are given in Table 1.

Laboratory Methods and Stomach Content Analysis

A total of one hundred thirty-three (133) samples
were examined for the stomach analysis. In the labo-
ratory, all of the fish samples were measured in cm
(total length) and weighed in grams. The stomachs
were removed by dissection from each specimen
and preserved in a 4% formaldehyde solution for the
later analysis. The stomachs were opened during the
examination, and the prey was identified, weighed in
grams, sorted and classified to the lowest taxonomic
level, before being preserved in 70% ethanol. Also,
the full and empty stomach weights were measured
with a precision of 0.01 g. When a prey item was
mostly digested, identification of the prey fish was
based on the scales, pharyngeal bones (cyprinids),
opercular bones, vertebrae, and the location of the
mouth and eyes (Pavlovi¢ et al. 2015).

To compare the changes of feeding intensity be-
tween seasons the fullness index (FI = weight of
stomach content/weight of fish * 100) and the va-
cuity index (VI% = the number of empty stomachs/
total number of the examined stomachs * 100) were
calculated (De Santis & Volta 2021). Low feeding
activity is considered to have occurred when a high
vacuity index is observed (Martinho ef al. 2012). The

Kruskal-Wallis test was applied to evaluate seasonal
differences in the fullness index (FI), since the data
did not meet the normality assumptions required for
a parametric ANOVA. Normality was assessed us-
ing Shapiro-Wilk tests. The Spearman’s rank corre-
lation was used to assess the relationship between
the fullness index (FI) and surface water physico-
chemical parameters, including the temperature, dis-
solved oxygen, pH, conductivity, salinity and the to-
tal dissolved solids. Also, a Chi-square test (%) was
applied to determine changes in the vacuity index
(VI%) between the seasons.

Traditional methods such as the percentage fre-
quency of occurrence (FO% = number of stomachs
containing prey i/number of stomachs with any food
item * 100), numerical percentage (N% = number
of prey i/total number of all prey items * 100) and
percentage by weight (W% = weight of prey i/total
weight of all prey items * 100) of the dietary analysis
were used to determine the feeding features (Hyslop
1980). The main food items were identified using the
index of relative importance (IRI) of Pinkas et al.
(1971), as modified by Hacunda (1981).

IRI = (N% + W%) x FO%

This index has been expressed as the percentage of

IRI
%IRI = (— ) x 100
> IRI

each prey item;

For the computation of the relative amounts of in-
traspecific competition between seasons, a simplified
Morisita-Horn index (C,) based on %N data was
used (Horn 1966):

2(3p,Py)
C,=
szl] + z p2ik

where C, is the Morisita-Horn index of diet overlap
between different seasons, p; is the proportion of
food type ‘i’ of the total food quantity by seasons ‘j’,
p, is the proportion of food type i’ of the total food
used by seasons ‘k’, and n is the total number of food
types. The degree of overlap was classified as low
(0.0-0.29), moderate (0.30-0.59) and high (0.60-1.00)
(Langton 1982).
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Table 1

Monthly changes in some physicochemical parameters of the surface water in Siddiklit Dam Lake
from September 2015 to August 2016 (Yazici 2018)

Water Parameters
Months Temperature pH DO Salinity TDS Conductivity

(O (mg/) (%o) (mg/) (nS/cm)
September 2015 2291 8.22 9.38 0.48 6.63 940.00
October 15.77 7.51 14.90 0.52 6.73 850.00
November 10.40 8.41 7.16 0.78 9.95 1100.00
December 3.68 8.41 11.03 0.63 8.29 750.00
January 2016 3.10 8.21 11.79 0.40 5.35 820.00
February 7.40 8.15 11.76 0.44 5.77 890.00
March 8.78 8.25 9.24 0.35 4.55 700.00
April 14.93 8.16 8.79 0.34 4.48 690.00
May 18.10 8.31 7.18 0.34 4.52 700.00
June 20.85 8.40 6.86 0.32 4.28 650.00
July 24.48 8.31 6.02 0.33 4.42 680.00
August 23.05 8.37 5.97 0.33 4.72 700.00

The selectivity of prey categories in the diet was
statistically tested with the y>-test, utilising Pearre’s
C index of prey selection. The index value (Va) varies
from -1 (prey avoidance) to +1 (prey selection), with
0 indicating a random prey selection (Pearre 1982).

(ad % be) N (ae % bd)
Na xb xdxe

a =

where Va is Pearre’s index for the pike’s selection of
prey a, a, is the abundance of prey a in the diet, b, is
the abundance of all other prey in the environment,
b, is the abundance of all other prey in the diet, and
a, is the abundance of prey a in the environment.
Values without subscripts are expressed as follows:

a=ad+ a,
b=bd+be
d=a,+b,
e=ae+be

The statistical significance of the selection index
value (Va) was tested using the Chi-squared test.

The value of relative abundance (a,) used in the
prey selection index for each fish species inhabiting
Siddikli Dam Lake was obtained from Yazici (2018).

The feeding strategy was determined from a plot
of the percentages of prey-specific abundance (Pi%)
against the frequency of occurrence (FO%). The prey
specific abundance, which is the percent numerical
abundance of a prey item averaged over the stom-
ach samples in which it occurs, was calculated using
the methodology detailed in Amundsen et al. (1996).

Pi= (ézl) x 100

where Pi = prey specific abundance of the prey i;
Si = abundance of prey in the stomachs; and Sti = to-
tal abundance of prey in the predators that contain
prey i. For specialist feeding, the prey items appear
in the upper part of the plot, while generalists have
all prey points in the lower part.

Results

During this study, 133 specimens of Esox lucius
were collected. The total length values of the ex-
amined sample (133 specimens) were distributed
between 23.4-86.6 cm, and the average total length
value was determined as 53.84 (Sd = 10.51) cm. Of
these, 73 specimens (54.9%) had food items, while
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60 specimens (45.1%) had empty stomachs. The
feeding intensity of E. lucius according to the season
is shown in Fig. 1. The length distribution and num-
ber of samples examined according to the season are
given in Table 2.

Fig. 1. The mean fullness index (FI) and vacuity index (VI %)
for seasons in the northern pike inhabiting Siddikli Kiigiikbogaz
Dam Lake.

Table 2

Sample numbers and total length values
in different seasons

Sample Total Length (cm)
Seasons -

No. Mean Min Max
Spring 29 55.9 40.8 86.8
Summer 21 50.1 234 75.1
Autumn 24 52.7 33.6 64.4
Winter 59 54.5 42.7 853

Table 3

The vacuity index (VI%) was highest during the
winter (49.2%) and lowest during summer (28.6%)
(Fig. 1). The VI% values did not reveal signifi-
cant differences between the seasons (y*> = 2.832,
p > 0.05). The fullness index, which is a real indi-
cator for feeding intensity, exhibited the highest
values during the summer (FI = 1.59) and autumn
(F = 1.13), while the lowest values were recorded
during the winter (FI = 0.51) and spring (FI = 1.07)
(Fig. 1). The changes between the seasons in the va-
cuity index were not found to be statistically signifi-
cant (K-W test, p > 0.05).

The Spearman’s rank correlation analysis indi-
cated that there was a positive correlation between
the fullness index (FI) and temperature (rs = 0.117),
pH (rs = 0.05), total dissolved solid (TDS) (rs = 0.061)
and conductivity (rs = 0.064), but it was not statisti-
cally significant (p > 0.05). A negative correlation
between the fullness index (FI) and dissolved oxy-
gen (rs = -0.058) and salinity (rs = -0.173) was de-
tected. The differences were statistically significant
in the case of the salinity parameter (p < 0.05), while
the differences were not statistically significant in
the dissolved oxygen parameter (p > 0.05).

General Diet Composition

The diet of northern pike was comprised of six (6)
food items, containing only prey fish species. The di-
ets of 73 individuals included 116 prey items, includ-
ing Tinca tinca (52), Atherina boyeri (40), Cyprinus
carpio (8), Squalius seyhanensis (8), Alburnus
escherichii (5) and unidentified fish (3). (Table 3).

T tinca was the dominant preysin terms of
the number with 44.83%, followed by 4. boyeri
(N = 34.48%). The frequency of the occurrence
of T tinca was the highest (56.16%), followed
by A. boyeri (27.4%). The total wet weight of the
116 prey items was 675.88 g. T. tinca was the most

General diet composition of the pike (Esox lucius) in Siddikli Kiigiikbogaz Dam Lake. n — prey
number; N% — numerical percentage; W — prey weight; W% — percentage by weight; O — frequen-
cy of occurrence; FO% — percentage frequency of occurrence; IRI — index of relative importance

Food items n N% W W% o FO% IRI IR1%
T tinca 52 44.83 450.66 66.68 41 56.16 6262.402 79.51
A. boyeri 40 34.48 54.41 8.05 20 274 1165.322 14.80
C. carpio 8 6.9 36.2 5.35 8 10.96 134.26 1.70
S. seyhanensis 8 6.9 106.08 15.7 8 10.96 247.696 3.14
A. escherichii 5 43 13.38 1.98 5 6.85 43.018 0.55
Unidentified fish 3 2.59 6.12 0.91 3 4.11 14.385 0.18
Fish remains - - 9.03 1.33 5 6.85 9.1105 0.12
Total 116 100 675.88 100 7876.193 100
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Fig. 2. Seasonal diet composition of the northern pike inhabiting Siddiklt Dam Lake.

frequently consumed prey item with 66.68% by
weight, followed by S. seyhanensis with 15.7%. Ac-
cording to the relative importance index (IRI), the
most important food item was 7. tinca (79.51%), fol-
lowed by A. boyeri (14.8%) (Table 3).

There was a little seasonal variation in the food
habits of Esox lucius in the studied area (Fig. 2).
T. tinca was the dominant prey group during all sea-
sons, particularly during spring (IRI % = 79.71) and
summer (IRI% = 80.28). A. boyeri and S. seyhanensis
were also present in the diet throughout the year, with
a peak value recorded in the winter (IRI % = 27.38)
and spring (IR1% = 9.39), respectively. C. carpio
was present in the stomach contents during all sea-
sons except autumn, while 4. escherichii were only
found in the autumn.

These prey items were observed in smaller quan-
tities in the diet. The Morisita-Horn index showed
a high degree of dietary overlap between seasons,
ranging from 0.775 to 0.967 (Table 4). These overlap
values indicate that the fish fed on similar food items
when living in this habitat throughout the year. It
showed that the least amount of dietary similarity
(0.775) occurred in autumn-winter. In contrast, the
food of the northern pike showed an extremely high
degree of dietary overlap (0.967%) in spring-summer.

The dietary pattern of Esox lucius is graphically
shown in Fig. 3, where the prey-specific abundance
(Pi%) is plotted against the frequency of occurrence
(FO%). The feeding strategy of the northern pike
showed a variety of prey items. The diet of the north-
ern pike was mostly based on rare species that were
eaten occasionally and in relatively small amounts,
such as Cyprinus carpio, Squalius seyhanensis,
Alburnus escherichii and unidentified fish, except

Table 4

Results of Morisita-Horn indices for
the diet overlaps between seasons in the
northern pike

C, Spring Summer Autumn Winter
Spring -
Summer 0.967* —
Autumn 0.882* 0.870* -
Winter 0.884* 0.965* 0.775* -

* Statistically significant

Fig. 3. Costello graph. Prey-specific abundance vs. frequency of
occurrence in the diet of the northern pike, Esox lucius.

for Tinca tinca and Atherina boyeri, which tended to
be the dominant prey. The population of the northern
pike can be considered as a generalist predator with
a relatively broad niche width; however, the popu-
lation consists of some specialised individuals that
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feed widely on T tinca (i.e. prey with a high prey-
specific abundance and more than a 50% frequency
of occurrence) and A. boyeri (i.e. prey with a high
prey-specific abundance and a less than 40% fre-
quency of occurrence). 7. tinca and A. boyeri were
located in the upper middle part of the diagram, and
this situation demonstrates the importance of these
prey items in the diet of northern pike, as well as
a trend toward population specialisation regard-
ing this prey. These specialised fish shift the feed-
ing strategy of the northern pike towards a higher
between-phenotype contribution to the utilisation
of the resource gradient or niche width (Fig. 3). In
other words, for a generalist predator like E. lucius,
the sharing of food resources is ensured by certain
individuals who specialise in consuming a limited
but plentiful prey.

According to the Yazici (2018) study, among the
fish species identified in Siddikli Kiiciikbogaz Dam
Lake, Atherina boyeri exhibited the highest relative
abundance (43.6%), whereas Capoeta tinca and
Alburnus escherichii had the lowest values, account-
ing for 0.29% and 0.85% of the fish, respectively. For
the remaining fish species, the relative abundances
were as follows: Cyprinus carpio (14.48%), Tinca
tinca (13.64%), Silurus glanis (11.95%), Squalius
seyhanensis (8.43%) and Esox lucius (6.76%). Ac-
cording to the prey selection index (Va), there was
a positive selection for Tinca tinca (Va= 0.523) and
Alburnus escherichii (Va = 0.111), along with a neg-
ative selection for Cyprinus carpio (Va=-0.119) and
Squalius seyhanensis (Va = -0.025), and a close to
neutral selection for Atherina boyeri (Va = 0.009) by
northern pike individuals. The estimated prey selec-
tion indices of the prey fish were statistically insig-
nificant (p > 0.05), except for 7. tinca (Fig. 4).

C.tinca V.= 0.000
= 0.l

E.lucius V.= 0.000
= 0.

S.glanis V,=0.000
S.seyhanensis V,=-0.252
A. escherichii V,=0.111
A.boyeri V.= 0.009
C.carpio V,=-0.119

T.tinca Va=0.523*

60 40 20 0 20 40 60

% prey fishes number in dam lake % prey fishes number in diet

Fig. 4. Pearre’s selectivity index of the prey fishes in Siddikli
Dam Lake. *Significant at p < 0.05 in the x>-test.

Discussion

This study provides information on the food items
and feeding habits of Esox lucius, a predatory fish
species caught from Siddiklt Dam Lake in Tiirkiye’s
inland water. It was observed that the percentage of
empty stomachs (VI%) was generally high during
the study. The highest vacuity index was detected in
the winter season. Arrington et al. (2002) stated that
the presence of a high percentage of empty stomachs
is a common situation in piscivorous fish. Similar-
ly, the value of VI expressed as the percentage of
empty stomachs was high in the study area and it
was generally consistent with the results of previous
studies (Kangur & Kangur 1998; Didenko & Gurbyk
2016). It has been found that the empty stomach rate
(VI%) of the northern pike varies between 10.24%
and 77% in studies conducted in different habitats
(Soupir et al. 2000; Yilmaz & Polat 2005; Alp et al.
2008; Yilmaz et al. 2010; Yazicioglu et al. 2018).
Chapman et al. (1989) reported that the proportion
of empty stomachs in northern pike is positively re-
lated to the frequency of the occurrence of prey fish
in the stomach. Most empty stomachs are probably
related to the stay time of fish in the nets and the
digestive process after the fish are caught. The high
rate of empty stomachs may also be due to the sam-
pling method (gill nets) that causes predator fish to
vomit their stomach contents (Didenko & Gurbyk
2016).

Our findings show that the values of the fullness
index (FI) followed an inverse trend to the vacuity
index values (V1%). This finding is consistent with
the results from previous studies in different species
or habitats (Giarrizzo & Saint-Paul 2008; Yazicioglu
et al. 2018). The fullness index is used to assess the
feeding intensity of the fish. The positive relationship
between the water temperature and fullness index in-
dicates that the highest increase in the feeding activ-
ity of this species occurs in summer. In addition, the
feeding intensity may vary depending on the spawn-
ing time (Yazicioglu et al. 2016), seasonal changes
in the water temperature (Okgerman et al. 2013) and
the type of food items available (Yazicioglu et al.
2018). Seasonal variations in the feeding intensity
revealed an increase in the fullness index during the
summer, whereas a decrease in this index was de-
tected in winter throughout the study. Bregazzi and
Kennedy (1980) determined that feeding increased
in the summer and autumn, with less intensive feed-
ing taking place during the spawning season and in
winter. Alp et al. (2008) reported that the percentage
of empty stomachs among this species in Civril Lake
was highest in winter, and that it fed more intensive-
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ly during the spring and summer seasons. The rea-
son for the lower feeding intensity in winter is most
likely due to lower water temperatures, which slow
down the metabolism. In this study, it was deter-
mined that the main environmental factor affecting
the feeding intensity of fish is the water temperature
(Okgerman et al. 2013; Yazici et al. 2022).

The northern pike consumed a narrow range of
prey items in this study and their diet consisted of
only prey fish. The northern pike exhibited piscivo-
rous feeding features in this area, and the present re-
sults are similar to the findings of Liao et al. (2002)
in Spirit Lake (Iowa, USA), as well as Yilmaz et al.
(2010) in Lake Uluabat (Bursa, Tiirkiye), Yilmaz
and Unver (2014) in Sidikli Dam Lake (Kirsehir,
Tiirkiye) and Pavlovi¢ ef al (2015) in the Sumarice
Reservoir (Serbia). It is thought that the consumption
of only fish species in the study is due to the size dis-
tribution of the studied samples and the larger body
size of the food fish compared to benthic inverte-
brates. Additionally, feeding exclusively on fish may
be due to the small surface area of the aquatic habitat
studied and the high fish density. However, previ-
ous studies have reported that this species displayed
a highly diversified diet and consumed a broad range
of prey items, ranging from invertebrates to verte-
brates (Soupir et al. 2000; Alp et al. 2008; Yazicioglu
et al. 2018; Cathcart et al. 2019). In this study, a to-
tal of five different food fish were detected in the
stomachs of the pike, where the most important prey
fishes were 7. tinca and A. boyeri, respectively. Méro
(2015) reported that a total of 51 prey-fish species
were observed in the stomachs of pike in different
studies. The differences among the prey fish in the
diet composition are mainly due to the availability
of prey items in different habitats. Cannibalism has
been generally detected in northern pike populations
(Alp et al. 2008; Cathcart et al. 2019); however, in-
traspecific predation (cannibalism) did not occur in
the northern pike population observed in this study.
Other researchers have also not observed cannibal-
ism among northern pike found in different fresh-
water ecosystems (Yilmaz et al. 2010; Pavlovi¢
et al. 2015; Jacobson et al. 2019). The reason for
the absence of cannibalism is due to the abundance
of prey fish in the lake and the low density of preda-
tor species. Furthermore, Craig (1996) found that the
occurrence of cannibalism varied according to the
availability of prey fish and the pike density.

The feeding habits of northern pike and their pre-
dation on fish showed little change depending on the
seasons. The most consumed food in all seasons was
T. tinca, followed by 4. boyeri and S. seyhanensis,
respectively. Many studies have stated that there are

seasonal changes in the diet of the pike (Liao ef al.
2002; Alp et al. 2008). These seasonal variations in
the diet can be associated with the density, abun-
dance and availability of prey items.

The results of this study showed that some of the
analysed specimens specialised in certain types of
prey fish, whereas the entire sample seems to have
a generalised feeding strategy. This feeding strat-
egy can be deduced from the fact that a few prey
items had a high prey-specific abundance (Pi%)
and a low frequency of occurrence. The generalist
feeding strategy of the northern pike is likely associ-
ated with the fact that the pike is an opportunistic
feeder (Sandlund ef al. 2016) and can shift its prey
consumed depending on the prey’s availability (in-
cluding its behaviour) and abundance (Craig 2008).
Among the northern pike, some individuals tended to
exhibit a specialist feeding strategy towards 7. tinca
and 4. boyeri in all seasons, while other prey fishes
had a low prey-specific abundance and were gener-
ally rare prey for the northern pike with generalist
feeding strategies. Pike exhibited a similar feeding
strategy in The Natural Park of the Ruidera Lakes.
Specifically, this species showed a specialised feed-
ing strategy towards crayfish, but a generalised strat-
egy towards other food items (Elvira et al. 1996).
Cathcart et al (2019) indicated that the feeding
strategies of northern pike inhabiting 31 different
waterbodies in Alaska differed among size classes,
while the feeding strategy showed a specialisation
toward vertebrate prey, with a generalisation toward
macroinvertebrate prey, except dragonflies. Yazicioglu
et al. (2018) reported that changes in the feeding fea-
tures of northern pike living in Ladik Lake depended
on the size groups (with generalist feeding features
in small individuals and specialists in the large sam-
ples).

In the present study, 7Tinca tinca (C = 0.523) and
Alburnus escherichii (C =0.111) were the most-pre-
ferred prey fish. Cyprinus carpio (C = -0.119) and
Squalius seyhanensis were negatively selected by the
northern pike. 4. boyeri, the most abundant species in
the lake, exhibited a close to neutral selection by the
northern pike. The environmental prey abundance
did not shape the prey selection of this fish species
in Siddikli Dam Lake. Similar results regarding the
prey preferences of northern pike were also reported
in Civril Lake (Alp et al. 2008). Alp et al. (2008) re-
ported that Chondrostoma meandrense, Gobio gobio
and 7inca tinca were the most preferred food species
in Civril (Denizli) Lake, where Hemigrammocapoeta
kemali and Aphanius anatolicus were not preferred.
The littoral zone of lakes and dam lakes is important
for fish species, especially herbivorous and omnivo-
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rous species, due to the protection it provides from
predatory fish, breeding, and nesting or shelter. For
marine and freshwater ecosystems, aquatic vegeta-
tion that supports a varied and abundant fish popula-
tion is an important biogenic habitat (Akin & Turgut
2003). Since the northern pike is an ambush predator
that needs aquatic vegetation to hide from their prey
items, their density is highest in the littoral zones of
shallow lotic and lentic ecosystems (Haught & Von
Hippel 2011). Thus, they can exhibit predation on
Tinca tinca and Alburnus escherichii that are abun-
dant in littoral zones where aquatic plants occur.
The fact that carp is not preferred by pike may be
due to the high body height of C. carpio. Factors
such as the soft rays (Eklov & Hamrin 1989; Tyus &
Beard 1990) and body height (Alp et al. 2008) of the
prey fish plays a role in the pike’s preferences for its
prey. Size, shape and swimming speed of the prey,
as well as the quantity and quality of prey available
and the level of predator satiation and competition
can play a role in the prey’s selective by a predator.
Mouth form and the size of the predator can also be
effective in choosing the type and size of the food
(Juanes et al. 2002). Magnhagen and Heibo (2001)
determined that the gape size of the predator and the
body depth of the prey are the main factors deciding
whether a northern pike can ingest a potential prey
fish. Pavlovi¢ et al. (2015) reported that the northern
pike can shift its prey preference due to changes in
the abundance and vulnerability of prey items in an
aquatic environment. Aquatic vegetation provides
a significant biogenic habitat for marine and fresh-
water ecosystems (Akin & Turgut 2003) and reduces
the foraging success of predatory fish by obstruct-
ing the vision and attack movements of predators.
Therefore, the capture time increases (Gotceitas
1990). Similarly, it is thought that the negative se-
lection of S. seyhanensis and the natural selection
of A. boyeri may have been due to the abundance
of aquatic vegetation in the coastal area of the lake.

In conclusion, this study has presented the food
items, feeding intensity and feeding habits of the
northern pike during various seasons and the feed-
ing strategy of the species in Siddikli Dam Lake,
Tiirkiye. Furthermore, it has also revealed the rela-
tionships between environmental parameters and the
feeding intensity. Esox lucius showed variations in
the feeding intensity according to a seasonal basis.
It was observed that the environmental food abun-
dance had no effect on the prey preference of this
fish species in the research area. Finally, it is thought
that the morphological structure of the prey fish
mostly affects the pike’s food preferences.

Acknowledgments

We would like to thank the local fisherman Ali
Aydemir for helping us catch the fish.

Funding

This work was financially supported by
Kirgehir Ahi Evran University, Project No. PYO.
MYO0.4001.15.001.

Conflict of Interest

The authors declare no conflict of interest.

Author Contributions

Research concept and design: O.Y.; Collection
and/or assembly of data: O.Y., R.Y.,, AY.,, M.Y;
Data analysis and interpretation: O.Y., R.Y., A.Y,,
M.Y.; Writing the article: O.Y.; Critical revision of
the article: O.Y.; Final approval of the article: O.Y.,
R.Y.

References

Akin S., Turgut E. 2003. A review paper on the effects of aquat-
ic vegetation on predator-prey interactions. JAFAG 20: 49-53.

Akkan T., Yazicioglu O., Yazici R., Yilmaz M. 2018. Assessment
of irrigation water quality of Turkey using multivariate statisti-
cal techniques and water quality index: Siddikli Dam Lake.
Desalin. Water Treat. 115: 261-270.
https://doi.org/10.5004/dwt.2018.22302

Alp A., Yegen V., Yagci-Apaydin M., Uysal R., Bigen E.,
Yagct A. 2008. Diet Composition and Prey Selection of Pike,
Esox lucius, in Civril Lake, Turkey. J. Appl. Ichthyol. 24: 670-677.
https://doi.org/10.1111/j.1439-0426.2008.01119.x

Amundsen P.A., Gabler H.M., Staldvik F.J. 1996. A new ap-
proach to graphical analysis of feeding strategy from stomach
contents data - Modification of the Costello (1990) method.
J. Fish Biol. 48: 607-614.
https://doi.org/10.1111/1.1095-8649.1996.tb01455.x

Arrington D.A., Winemiller K.O., Loftus W.F., Akin S. 2002.
How often do fishes “Run on empty”? Ecology 83: 2145-2151.
https://doi.org/10.1890/0012-9658(2002)083[2145:HODFRO

2.0.CO;2

Baker R., Buckland A., Sheaves M. 2014. Fish gut content analysis:
Robust measures of diet composition. Fish Fish. 15: 170-177.
https://doi.org/10.1111/faf.12026



https://doi.org/10.5004/dwt.2018.22302
https://doi.org/10.1111/j.1439-0426.2008.01119.x
https://doi.org/10.1111/j.1095-8649.1996.tb01455.x
https://doi.org/10.1890/0012-9658(2002)083%5b2145:HODFRO%5d2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083%5b2145:HODFRO%5d2.0.CO;2
https://doi.org/10.1111/faf.12026

Feeding features of northern pike 101

Bobori D.C., Salvarina I., Michaloudi E. 2013. Fish dietary pat-
terns in the eutrophic lake Volvi (East mediterranean). J. Biol.
Res. Thessalon. 19: 139-149.

Bregazzi P.R., Kennedy C.R. 1980. The Biology of Pike, Esox
lucius L., in A Southern Eutrophic Lake. J. Fish Biol. 17: 91-112.
https://doi.org/10.1111/1.1095-8649.1980.tb02745.x

Cathcart C.N., Dunker K.J., Quinn T.P., Sepulveda A.J.,
von Hippel F.A., Wizik A., Young D.B., Westley P.A.H. 2019.
Trophic plasticity and the invasion of a renowned piscivore:
a diet synthesis of northern pike (Esox lucius) from the native
and introduced ranges in Alaska, USA. Biol. Invasions 21:
1379-1392. https://doi.org/10.1007/s10530-018-1909-7

Chapman L.J, Mackay W.C., Wilkinson C.W. 1989. Feeding
Flexibility in Northern Pike (Esox lucius): Fish Versus Inverte-
brate Prey. Can. J. Fish. Aquat. 46: 666-669.
https://doi.org/10.1139/f89-085

Craig J.F. 1996. Population dynamics, predation and role in the
community. In: Pike: biology and exploitation. Craig, J.F.
(ed.). London, Chapman and Hall, pp. 201-208.

Craig J.F. 2008. A Short Review of Pike Ecology. Hydrobiologia
601: 5-16. https://doi.org/10.1007/s10750-007-9262-3

De Santis V., Volta P. 2021. Spoiled for Choice during Cold Sea-
son? Habitat Use and Potential Impacts of the Invasive Silurus
glanis L. in a Deep, Large, and Oligotrophic Lake (Lake
Maggiore, North Italy). Water 13: 2549.
https://doi.org/10.3390/w13182549

Deiner K., Bik H.M., Michler E., Seymour M., Lacoursiére—
Roussel A., Altermatt F., Creer S., Bista 1., Lodge D.M.,
de Vere N., Pfrender M. E., Bernatchez L. 2017. Environmen-
tal DNA metabarcoding: Transforming how we survey animal
and plant communities. Mol. Ecol. 26: 5872-5895.
https://doi.org/10.1111/mec.14350

Didenko A.V., Gurbyk A.B. 2016. Spring diet and trophic rela-
tionships between piscivorous fishes in Kaniv Reservoir
(Ukraine). Folia Zool. 65: 15-26.
https://doi.org/10.25225/f0z0.v65.i1.a4.2016

Eklov P., Hamrin S.F. 1989. Predatory Efficiency and Prey Se-
lection: Interactions Between Pike Esox [ucius, Perch Perca
SAuviatilis and Rudd Scardinius erythrophthalmus. Oikos 56:
149-156. https://doi.org/10.2307/3565330

Elvira B., Nicola G.G., Almodovar A. 1996. Pike and Red
Swamp Crayfish: A New Case on Predator-Prey Relationship
Between Aliens in Central Spain. J. Fish Biol. 48: 437-446.
https://doi.org/10.1111/1.1095-8649.1996.tb01438.x

Gerking S.D. 2014. Feeding ecology of fish. Academic Press:
Elsevier. 416 p.

Giarrizzo T., Saint-Paul U. 2008. Ontogenetic and seasonal
shifts in the diet of the pemecou sea catfish Sciades herzbergii
(Siluriformes: Ariidae), from a macrotidal mangrove creek in

the Curuga estuary, Northern Brazil. Rev. Biol. Trop. 56: 861-
873.

Gotceitas V. 1990. Variation in plant stem density and its effects
on foraging success of juvenile bluegill sunfish. Environ. Biol.
Fish. 27: 63-70. https://doi.org/10.1007/BF00004905

Hacunda J.S. 1981. Trophic Relationships Among Demersal
Fishes in A Coastal Area of the Gulf of Marine. Fish. Bull. 79:
775-788.

Haught S., Von Hippel F.A. 2011. Invasive pike establishment in
Cook Inlet Basin lakes, Alaska: diet, native fish abundance and
lake environment. Biol. Invasions 13: 2103-2114.
https://doi.org/10.1007/s10530-011-0029-4

Horn H.S. 1966. Measurement of overlap in comparative eco-
logical studies. Am. Nat. 100: 419-424.
https://doi.org/10.1086/282436

Hyslop E.J. 1980. Stomach Contents Analysis-A Review of
Methods and Their Application. J. Fish Biol. 17: 411-429.
https://doi.org/10.1111/j.1095-8649.1980.tb02775.x

Jacobson P., Bergstrom U., Eklof J. 2019. Size-dependent diet
composition and feeding of Eurasian perch (Perca fluviatilis)
and northern pike (Esox lucius) in the Baltic Sea. Boreal Envi-
ron. Res. 24: 137-153.

Jardine T. D., Cunjak R. A. 2005. Analytical error in stable iso-
tope ecology. Oecologia 144: 528-533.
https://doi.org/10.1007/s00442-005-0013-8

Jepsen N., Beck S., Skov C., Koed A. 2001. Behavior of pike
(Esox lucius L.) in a turbid reservoir and in a clearwater lake.
Ecol. Freshw. Fish 10: 26-34.
https://doi.org/10.1034/j.1600-0633.2001.100104.x

Juanes F., Buckel J.A., Scharf, F.S. 2002. Feeding ecology of
piscivorous fishes. In: Handbook of fish biology and fisheries
Hart P.J.B., Reynolds, J.D., (eds). Blackwell Publishing Com-
pany, Oxford, pp. 267-279

Kangur A., Kangur P. 1998. Diet Composition and Size-Related
Changes in The Feeding of Pikeperch, Stizostedion lucioperca
(Percidae) and Pike, Esox lucius (Esocidae) in The Lake Peipsi
(Estonia). Ital. J. Zool. 65(sup1): 255-259.
https://doi.org/10.1080/11250009809386828

Langton R.W. 1982. Diet overlap between the Atlantic cod
Gadus morhua, silver hake, Merluccius biliniaris and fifteen
other northwest Atlantic fin fish. Fish. Bull. 80: 745-759.

Layman C.A., Arrington D.A., Montana CG., Post D.M. 2007.
Can stable isotope ratios provide for community-wide meas-
ures of trophic structure? Ecology 88: 42-48.
https://doi.org/10.1890/0012-9658(2007)88[42:CSIRPF]2.0.CO:2

Leray M., Agudelo N., Mills S.C., Meyer, C. P. 2013. Effective-
ness of annealing blocking primers versus restriction enzymes
for characterization of generalist diets: Unexpected prey re-


https://doi.org/10.1086/282436
https://doi.org/10.1111/j.1095-8649.1980.tb02775.x
https://doi.org/10.1034/j.1600-0633.2001.100104.x
https://doi.org/10.1080/11250009809386828
https://doi.org/10.1890/0012-9658(2007)88[42:CSIRPF]2.0.CO;2
https://doi.org/10.1111/j.1095-8649.1980.tb02745.x
https://doi.org/10.1007/s10530-018-1909-7
https://doi.org/10.1139/f89-085
https://doi.org/10.1007/s10750-007-9262-3
https://doi.org/10.3390/w13182549
https://doi.org/10.1111/mec.14350
https://doi.org/10.25225/fozo.v65.i1.a4.2016
https://doi.org/10.1111/j.1095-8649.1996.tb01438.x

102 O. YAZICIOGLU et al.

vealed in the gut contents of two coral reef fish species. PLoS
ONE 8: €58076. https://doi.org/10.1371/journal.pone.0058076

Liao H., Pierce J., Larscheid G. 2002. Diet Dynamics of The
Adult Piscivorous Fish Community in Spirit Lake, lowa, USA
1995-1997. Ecol. Freshw. Fish 11: 178-189.
https://doi.org/10.1034/.1600-0633.2002.00015.x

Magnhagen C., Heibo E. 2001. Gape Size Allometry in Pike
Reflects Variation Between Lakes in Prey Availability and Re-
lative Body Depth. Funct. Ecol. 15: 754-762.
https://www.jstor.org/stable/826725

Martinez S., Lalzar M., Shemesh E., Einbinder S., Goodman
Tchernov B., Tchernov D. 2020. Effect of different derivatiza-
tion protocols on the calculation of trophic position using ami-
no acid compound-specific stable isotopes. Front. Mar. Sci. 7:
561568.
https://doi.org/10.3389/fmars.2020.561568

Martinho F., S4 C., Falcdo J., Cabral H.N., Pardal M.A. 2012.
Comparative feeding ecology of two elasmobranch species,
Squalus blainville and Scyliorhinus canicula, off the coast of
Portugal. Fish. Bull. 110: 71-84.
http://hdl.handle.net/1834/25341

McMahon K.W., McCarthy, M.D. 2016. Embracing variability
in amino acid 8'°N fractionation: mechanisms, implications,
and applications for trophic ecology. Ecosphere 7: e01511.
https://doi.org/10.1002/ecs2.1511

Meéré T.O. 2015. The first recording of the threatened species,
the European weather loach, Misgurnus fossilis (Berg, 1949),
in the diet of the pike. Turk. J. Zool. 39: 967-970.
https://doi.org/10.3906/z00-1407-41

Nielsen J.M., Clare E.L., Hayden B., Brett M.T., Kratina P.
2018. Diet tracing in ecology: Method comparison and selec-
tion. Methods Ecol. Evol. 9: 278-291.
https://doi.org/10.1111/2041-210X.12869

Okgerman H.C., Yardimci C.H., Dorak Z., Yilmaz N. 2013.
Feeding ecology of vimba (Vimba vimba L., 1758) in terms of
size groups and seasons in Lake Sapanca, northwestern Anato-
lia. Turk. J. Zool. 37: 288-297.
https://doi.org/10.3906/z00-1107-1

Pavlovi¢ M., Simonovi¢ P., Stojkovi¢ M., Simi¢ V. 2015. Analy-
sis of diet of piscivorous fishes in Bovan, Gruza and Sumarice
reservoir, Serbia. Iran. J. Fish. Sci. 14: 908-923.

Pearre S.J.R. 1982. Estimating Prey Preference by Predators:
Uses of Various Indices, and A Proposal of Another Based on
x% Can. J. Fish. Aquat. Sci. 39: 914-923.
https://doi.org/10.1139/{82-122

Pilecky M., Winter K., Wassenaa, L.1., Kainz, M.J. 2021. Com-
pound - specific stable hydrogen isotope (62H) analyses of
fatty acids: A new method and perspectives for trophic and
movement ecology. Rapid Commun. Mass Spectrom. 35: €9135.
https://doi.org/10.1002/rcm.9135

Pinkas L., Oliphant M.S., Iverson I.L.K. 1971. Food Habits of
Albacore, Bluefin Tuna, and Bonito in California Waters. Fish
Bull. 152: 1-105.

Polis G.A., Strong D.R. 1996. Food web complexity and com-
munity dynamics. Am. Nat. 147: 813-846.
https://www.jstor.org/stable/2463091

Post D.M. 2002. Using stable isotopes to estimate trophic position:
Models, methods, and assumptions. Ecology 83: 703-718.
https:/doi.org/10.1890/0012-9658(2002)083[0703:USITET]2.0.CO;2

Sandlund O.T., Museth J., Qistad S. 2016. Migration, growth
patterns, and diet of pike (Esox lucius) in a river reservoir and
its inflowing river. Fish. Res. 173: 53-60.
https://doi.org/10.1016/j.fishres.2015.08.010

Schmitz O.J., Hawlena D., Trussell G.C. 2010. Predator control
of ecosystem nutrient dynamics. Ecol. Lett. 13: 1199-12009.
https://doi.org/10.1111/].1461-0248.2010.01511.x

Skov C., Nilsson P.A. 2018. Biology and ecology of pike. In:
Biology and ecology of pike. Craig J.F. (ed.). Boca Raton, FL:
CRC Press, pp. 1-26.

Soupir C.A., Brown M.L., Kallemeyn L.W. 2000. Trophic ecol-
ogy of largemouth bass and northern pike in allopatric and
sympatric assemblages in northern boreal lakes. Can. J. Zool.
78: 1759-1766. https://doi.org/10.1139/z00-126

Tyus H.M., Beard J.M. 1990. Esox lucius (Esocidae) and Stizos-
tedion vitreum (Percidae) in The Green River Basin, Colorado
and Utah. Great Basin Nat. 50: 33-39. https://www.jstor.org/
stable/41712567

Valentini A, Pompanon F, Taberlet P. 2009. DNA barcoding for
ecologists. Trends Ecol. Evol. 24: 110-117.
https://doi.org/10.1016/j.tree.2008.09.011.

Winfield LJ., Fletcher J.M., Ben James J. 2012. Long - term
changes in the diet of pike (Esox lucius), the top aquatic preda-
tor in a changing Windermere. Freshw. Biol. 57: 373-383.
https://doi.org/10.1111/§.1365-2427.2011.02607.x

Yazict R. 2018. Biological Properties of Wels Catfish (Silurus
glanis L., 1758) in Siddikli Kiigiikbogaz Dam. PhD Thesis,
Kirsehir Ahi Evran University, Kirsehir, Turkiye.

Yazici R., Yazicioglu O., Yilmaz S., Polat N. 2022. Food compo-
sition and feeding strategies of an invasive species, Carassius
gibelio (Bloch, 1782) inhabiting a eutrophic lake in Middle
Black Sea region. Indian J. Fish. 69: 48-55.
https://doi.org/10.21077/ijf.2022.69.2.109176-06

Yazici R., Yilmaz M., Yazicioglu O. 2025. Exploring Prey Se-
lectivity and Feeding Habits of Wels Catfish (Silurus glanis L.,
1758) in a Deep Anatolian Reservoir: Seasonal, Length, and


https://doi.org/10.1890/0012-9658(2002)083[0703:USITET]2.0.CO;2
https://doi.org/10.1016/j.fishres.2015.08.010
https://doi.org/10.1139/z00-126
https://doi.org/10.1111/j.1365-2427.2011.02607.x
https://doi.org/10.1034/j.1600-0633.2002.00015.x
http://hdl.handle.net/1834/25341
https://doi.org/10.3906/zoo-1407-41
https://doi.org/10.1111/2041-210X.12869
https://doi.org/10.3906/zoo-1107-1
https://doi.org/10.1139/f82-122
https://doi.org/10.1002/rcm.9135

Feeding features of northern pike 103

Age - Dependent Diet Analysis. Aquac. Nutr. 2025: 4619857.
https://doi.org/10.1155/anu/4619857

Yazicioglu O., Polat N., Yilmaz S. 2018. Feeding biology of
pike, Esox lucius L., 1758 inhabiting Lake Ladik, Turkey.
Turk. J. Fish. Aquat. Sci. 18: 1215-1226.
http://doi.org/10.4194/1303-2712-v18 10 _08

Yazicioglu O., Yilmaz S., Yazict R., Erbasaran M., Polat N.
2016. Feeding ecology and prey selection of European perch,
Perca fluviatilis inhabiting a eutrophic lake in northern Turkey.
J. Freshw. Ecol. 31: 641-651.
https://doi.org/10.1080/02705060.2016.1220432

Yilmaz M., Gaffaroglu M., Polat N., Emiroglu O. 2010. The
Dietary Regime of The Pike (Esox lucius L., 1758) in Lake
Uluabat (Bursa, Turkey), J. Anim. Vet. Adv. 9: 651-653.

Yilmaz M., Polat N. 2005. Digestive System Content of the Pike
(Esox lucius L., 1758) Living in Simenit Lake (Terme-Sam-
sun). Firat Univ. J. Eng. Sci. 17: 589-598 (in Turkish with an
abstract in English).

Yilmaz M., Unver E. 2014. Feeding Dietary of Pike Esox lucius
L.,1758 Inhabiting Sidikl1 Kii¢ciikbogaz Dam Lake. Black Sea
J. Sci. 4: 37-45 (in Turkish with an abstract in English).


https://doi.org/10.1080/02705060.2016.1220432

