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Abstract. The food composition of Pelophylax bedriagae was studied in the province of Mugla, southwestern Anatolia. The food
contents of 32 individuals (16 males, 16 females) were collected by using the stomach-flushing method. A total of 128 different food
items were detected and identified to the lowest possible taxa. Class Insecta was the most dominant prey category, 60% in number,
87% in frequency and 33% in volume. Among orders, Diptera was the highest prey group in both number (27%) and frequency
(53%) whereas Coleoptera was the highest in volume (17%). Similarly, Culicidae was the highest prey group in both number (20%)
and frequency (33%) among families while Scarabaeidae was the highest in volume (17%). There was no difference between the

number of preys consumed by females and males.
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Introduction

Approximately one-third of all amphibian species in the
world are categorized under threat (AmphibiaWeb 2021).
The main reason for the numerical decrease of amphibians is
the destruction of freshwater habitats caused by degradation
of wetlands, pollution, climate change and animal diseases.
Decrease and/or extinction of amphibians is clear evidence
of the harmful effects of humans on natural ecosystems
(Halliday 2008). Understanding the reasons for decreasing
amphibian populations requires detailed
research on their ecological role in ecosystems. To this aim,
feeding biology is one of the first aspects that must be
investigated to fully understand the ecology of a species
(Hirschfeld & Rodel 2011). Amphibians are generally
and they feed on various
invertebrate animals (Duellman & Trueb 1986). They are
usually opportunistic predators (Duellman & Trueb 1986,
Sugai et al. 2012) that usually prey on pests and their larvae.
In this way, they play an important role in preventing
agricultural economic losses by contributing to biological
and protection of agricultural plants. This
underlines the important role of amphibians in biological
control of insects (Yiyit et al. 1999, Cicek & Mermer 2006,
Pesarakloo et al. 2017). One of the main benefits of studying
amphibians’ feeding habits is to acquire knowledge to assess
the most suitable habitats for them (Gunzburger 1999).
Information about the diet of a species can also help develop
protection and conservation strategies (Camera et al. 2014).

Until today, many researchers have carried out studies
on the feeding habits of the ranid species in Anatolia (Atatiir
et al. 1993, Cicek & Mermer 2006, Cicek & Mermer 2007,
Cicek 2011). However, there is still a lack of information on
the diet of the Southwestern Anatolian populations. The
objective of the present study was to collect detailed
information on the feeding habits of the Levant marsh frog
(Pelophylax bedriagae) in Southwestern Anatolia.
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Materials and Methods

The study site is located in the Lake Kocagol within the borders of

Kapukargin Village, which is 6 km away from Dalaman town in the
province of Mugla [Lat. = 36.68854°, Long.= 28.826636°, 0 m a.s.L].
Frogs were captured by hand between 22:00 to 00:00 hours in June
and August 2018. The sex of each individual was determined by the
presence of vocal sacs and vocal slits in males and their absence in
females (Basoglu et al. 1994). Then, snout-vent length (distance from
the tip of the snout to the cloaca, SVL) was measured using a calliper
to the nearest 0.1 mm. Within an hour following capture, their
stomach contents were collected in the field by flushing the stomach
with pressurized water (Hirai & Matsui 1999). The food items were
preserved in 70% alcohol for subsequent analysis. All captured frogs
were released in their environment within one hour.
were identified to the lowest possible taxa. After the identification of
nutrients from the stomach, the lengths (L) and widths (W) of the
prey were calculated with the help of a graph paper on the
microscope. Prey numbers in the stomach (n), percentage of prey (%
n), frequency (f), percentage of frequency (% f), volume (V) and
percentage of volume (V%) were calculated. The prey length and
width were measured, and the prey volume was calculated using
ellipsoid formula (Dunham 1983): V= 4/3m (L/2) (W/2)? (V: prey
volume; L: length of prey; W: width of prey). To determine the
relative importance of each prey category in the diet of the species,
the Index of Relative Importance (IRI) (Hart et al. 2002) was
calculated using the following formula: IRI = (N% + V%) F %, where
N% is the numerical proportion of each prey in the diet; V% is the
volumetric proportion of each prey in the diet; F% is the relative
frequency of occurrence of prey.

The SPSS Statistical Program (vers. 22.0) was used for the
statistical analyses of the data. Mann-Whitney U test was used to
compare the difference between prey numbers, lengths, and prey
volumes of male and female individuals. The relationship between
SVL, number of food and prey volume of P. bedriagae specimens was
investigated by calculating Kendall’s correlation coefficient (tau_b).
All the analyses were made and evaluated at a 95% confidence
interval (Zar 2009). P < 0.05 was considered statistically significant.

Food items

Results

Data from a total of 32 individuals (16 females, 16 males)
were collected. Two females (6.25%) were found to have
empty stomachs. The total number of consumed preys was
128. The total prey number found was 60 from the 14
females and 68 from the 16 males. The average prey number
per stomach was found to be 4.27: 4.29 and 4.25 for females
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and males, respectively.

Small structures such as antennas, wings, and heads
with unidentifiable single parts, which have been added
only to total volume, have been omitted. The total prey
volume was 17,653.08 mm?3 (mean= 201.82, SD= 1,046.57).
The total volume of the stomach content was 12,015.21 mm3
(mean = 187.73, SD = 493.37) for 14 females and 5.637.87
mm?3 (mean = 68.75, SD = 231.99), for 16 male individuals.
According to Mann-Whitney U test, there was a significant
difference in total volume between male and female
individuals (U test, Z = -3.603, P < 0.05). However, no
significant difference was found between sexes in terms of
consumed food amount (U test, Z = -0.358, P = 0.72).

Ozcan et al.

The minimum SVL of females was 68.39 mm and the
maximum distance was 95.73 mm (mean=80.59) while the
same values were 65.84 mm and 77.69 mm (mean=72.01) for
males respectively.

The diet of P. bedriagae
Arthropoda (Insecta, Arachnida,
Malacostraca), Mollusca (Gastropoda)
(Clitellata). According to the IRI, the most important taxa in
the diet was Diptera (IRI = 1,555.41). Other important prey
taxa were Hymenoptera (IRI = 1.174.30), Basommatophora
(IRI = 991.13) and Araneae (IRI = 862.52). High values
indicate high importance of the particular prey in the diet
(Table 1).

consisted primarily of
Chilopoda
and Annelida

and

Table 1. IRI and percentage rates of number, frequency, and volume of preys in the diet of Pelophylax bedriage.

Classis n% f% V% Order n% f% V% IRI Familia n% f% V%
Insecta 60.16 86.67 33.16 Homoptera 078 333 090 556 Delphacidae 0.78 333 0.89
Hymenoptera 17.97 46.67 7.25 117430 Apidea 2.34 10.00 1.80

Formicidae 10.94 2333 1.64

Vespidae 469 16.67 3.76

Coleoptera 781 26.67 17.70 679.02 Cantharidae 0.78 333 0.09

Carabidae 391 1333 044

Coccinellidae  1.56 6.67 0.04

Elateridae 0.78 333 0.01

Scarabaeidae 0.78 333 17.08

Diptera 27.34 5333 1.79 155541 Culicidae 19.53 33.33 1.54

Muscidae 7.81 2333 0.23

Hemiptera 234 6.67 313 3635 Cicadellidae 0.78 333 3.04

Gerridae 0.78 333 0.05

Nabidae 078 333 0.03

Ephemeroptera 0.78 333 003 269 Ephemerllidae 0.78 3.33 0.03

Heteroptera 234 10.00 050 2841 Pentatomidae 2.34 10.00 0.50

Odonata 078 333 201 92 Aeshnidae 0.78 3.33 2.00

Arachnida  10.16 36.67 13.37 Araneae 10.16 36.67 13.46 862.52 Araneidae 781 2667 13.19
Agelenidae 156 6.67 0.17

Philodromidae 0.78 3.33 0.002

Gastropoda 17.97 40.00 6.81 Basommatophora 1797 40.00 6.21 991.13 Lymnaeidae 13.28 30.00 5.30
Planorbidae 4.69 20.00 1.51

Malacostraca 10.16 30.00 16.58 Amphipoda 781 2333 1248 47136 Gammaridae 7.81 2333 1239
Isopoda 156 6.67 019 11.68  Oniscidae 0.78 3.33 0.09

Sphaeromatidae 0.78 3.33 0.09

Decapoda 0.78 333 4.03 1594 Palaemonidae 0.78 3.33 4.00

Chilopoda  0.78 3.33 10.67 Scolopendromorpho 0.78 3.33 10.75 38.17  Scolopendridae 0.78 3.33 10.67
Clitellata 078 333 0.67 Lumbriculida 078 333 0.67 482 Lumbriculidae 0.78 3.33 5.30

Class Insecta had the highest value in terms of numerical
proportion (n= 60.16 %), frequency (f= 86.67 %) and volume
(V=133.16 %). In both females and males, Diptera was found
to be the highest in frequency (fremates = 64.29 %, fmates = 43.75
%) and numerical proportion (Nfemates = 28.33 %, Nmates = 26.47
%). However, due to the small volume (Viemales = 1.14 %,
Vinales = 3.24 %), insects were detected in very low rates
(Table 2).

According to the Mann-Whitney U test, there was no
difference in the prey numbers between male and female
individuals. However, there was a significant difference in
total volume between the males and the females. According
to the results, it was concluded that females feed with larger
prey and have the highest prey volume. There was no
correlation between SVL and the number of prey (tau_b = -

0.017, P = 0.450). However, the number of prey and prey
volume were positively related. Since P. bedriagae finds more
food, the stomach volume increases in correlation with the
prey number.

Discussion

According to the results of the present study, the average
prey number of P. bedriagae individuals was 4.27. Similarly, a
study done by Fathinia et al. (2016) reported that the average
number of preys for P. ridibundus individuals to be 4.35
while it was found 9.87 by Balint et al. (2010), 3.24 by
Paunovié et al. (2010) and 5.41 by Cicort-Lucaciu et al. (2013).
Moreover, it was 3.44 in P. lessonae and 3.52 in P. esculentus
(Paunovi¢ et al. 2010).



Table 2. Percentage rates of number, frequency and volume of preys based on sex in the diet of
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Pelophylax bedriage.
Prey category 22 33 ?% 33 @9 33
Classis Ordo Familia nkh nk f% % Vh V%
Insecta Homoptera Delphacidae 0.00 147 000 625 000 278
Hymenoptera Apidea 3.33 147 1429 625 257 014
Formicidae 3.33 1765 714 3125 098 3.02
Vespidae 500 441 2143 1250 359  4.09
Coleoptera Cantharidae 0.00 147 000 625 000 0.29
Carabidae 6.67 147 2143 625 051 029
Coccinellidae 0.00 294 000 1250 0.00  0.11
Elateridae 167 000 714 000 001  0.00
Scarabaeidae 1.67 000 714 000 2508 0.00
Diptera Culicidae 1833 2059 5714 3125 092 092
Muscidae 1000 588 1429 1875 022 025
Hemiptera Cicadellidae 0.00 147  0.00 6.25  0.00 9.50
Gerridae 0.00 147 000 625 000 014
Nabidae 167 000 714 000 003  0.00
Ephemeroptera Ephemerllidae 0.00 147  0.00 6.25  0.00 0.08
Heteroptera Pentatomidae 0.00 441 0.00 18.75 0.00 1.55
Odonata Aeshnidae 167 000 714 000 294  0.00
Arachnida Araneae Araneidae 8.33 7.35 1429 3125 1886 1.09
Agelenidae 0.00 294 000 1250 000 0.54
Philodromidae 1.67  0.00 7.14 0.00 421 0.00
Gastropoda Basommatophora Lymnaeidae 16.67 1029 50.00 1875 4.21 7.63
Planorbidae 500 441 2143 1875 1.80 0.86
Malacostraca ~ Amphipoda Gammaridae 1500 147 4286 625 1798 046
Isopoda Oniscidae 0.00 147 000 625 000 0.29
Sphaeromatidae 0.00 147 000 625 0.00 029
Decapoda Palaemonidae 0.00 147  0.00 6.25  0.00 12.53
Chilopoda Scolopendromorpho  Scolopendridae  0.00 147  0.00 6.25  0.00 33.41
Clitellata Lumbriculida Lumbriculidae 0.00 147  0.00 6.25  0.00 2.08
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We suggest that the average prey number per stomach
was affected by the number and distribution of the species,
season of the study, as well as the size of the population that
the frogs were captured from. Since a single population was
studied and individuals captured only in summer were used
in the present study, as expected, average number of preys
was lower (Kutrup et al. 2005).

Pesarakloo et al. (2017) identified 36 different prey
groups in the stomach content of P.ridibundus. Paunovié et
al. (2010) found a total of 32 prey taxa in 3 Pelophylax species
in which 26 of them were invertebrates. They also found
that, in summer, the two main groups of prey were
Coleoptera and Lepidoptera in P. ridibundus, Gastropoda
and Coleoptera in P. lessonae and Coleoptera and
Gastropoda in P. esculentus. Fathinia et al. (2016) found 23
invertebrate taxa in the diet of P. ridibundus and numerically
the most abundant diet was composed of Diptera followed
by Amphipoda. In addition, Pafilis et al. (2019) found that
Coleoptera and Araneae are the most abundant and the most
frequently consumed prey taxa by P. cerigensis. In this study,
a total of 28 different prey was identified in P. bedriagae diet
with Diptera being the highest in both number and
frequency. It can be argued that the reasons of the variance
of the number and main taxa of prey observed in different
studies are related to the number of samples collected and
the habitat conditions when the studies were realized.

There are a number of reports indicating that many

species in the Ranidae family feed without selectivity. In the
case of P. ridibundus, it has been shown that it does not have
any specific food preference indicating a trophic
opportunism (Parker & Goldstein 2004, Cicek & Mermer
2006, Paunovi¢ et al. 2010). In line with previous findings in
Pelophylax genus as well as other anurans, our results
reported that P. bedriagae feeds without showing selectivity
and environmental
composition (Lépez et al. 2009).

Contents like sand, wood, minerals and plants/seeds
have been found in anuran stomachs (e.g., Lopez et al. 2009,
Cicort-Lucaciu et al. 2013, Fathinia et al. 2016). Das (1996)
reported that the energy required for Rana hexadactyla was
provided from plant materials. Additionally, Anderson et al.
(1999) argued that plant consumption might be beneficial
against parasites.

Plant remains were found in the stomach of P.
ridibundus, P. lessonae and P. esculentus (Balint et al. 2010,
Paunovic et al. 2010). In P. bedriagae 18.75% of the stomachs
were found to have vegetative materials and stone
fragments. These items were not included in the calculations
since they were swallowed by the frogs accidentally (Hirai &
Matsui 1999, Pough et al. 2001, Mahan & Johnson 2007).

In the stomach contents of P. bedriagae, no vertebrate species
were observed. However, in other studies, vertebrates such
as lizards, fish, small mammals, frogs and salamanders have
been reported (Sas et al. 2009, Nicolaou et al. 2014).

availability ~dominates the diet
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Specifically, in genus Pelophylax, unidentified Actinopterygii
parts (Fathinia et al. 2016), amphibian Lissotriton vulgaris
(Balint et al. 2010) and Triturus sp. (Ferenti et al. 2009),
reptilian Podarcis tauricus, mammalian Mus sp. (Mollov et al.
2010) and other unidentified vertebrate parts were reported
(e.g., Paunovic et al. 2010, Pafilis et al. 2019). Additionally,
cannibalism is reported for some Marsh frog species (Mollov
2008, Mollov et al. 2010, Cicort-Lucaciu et al. 2013) but not in
the present study. Hirai & Matsui (2000) reported that there
was no difference between sexes in terms of the number of
consumed prey.

Mollov (2008) found that even though males had a
broader trophic niche, the frequency of the most important
prey categories and numeric proportion of prey taxa were
indistinguishable between sexes. In the present study, no
significant difference was found between sexes in terms of
consumed food amount, which supports results from
previous studies. However, significant difference in total
volume between male and female individuals, could be an
indication of sexual dimorphism in P. bedriagae in which
females are larger and heavier than males (Baskale et al.
2018).

Several studies on amphibian feeding report pest species
in their diet, suggesting that this group contributes to
biological control of insects (Pough et al. 2001, Cicek &
Mermer 2006).

Some insect species recorded in the trophic contents in
this study belong to Pentatomidae, Apidae and Scarabaeidae
families, that are harmful to agriculture. By consuming preys
that are considered agricultural pests, the frogs provide a
reduction or stabilization of the insect populations in
agricultural areas. This is also valid for some species
potentially dangerous for endothermic vertebrates and
especially for humans, such as Culicidae and Muscidae
families. These results show that P. bedriagae’s ecological
niche and importance in ecological balance is worthy of
further research.
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