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Abstract: We analysed the trophic spectrum of two populations of Pelophylax ridibundus and two populations of 
Pelophylax kl. esculentus from Igneşti and Prunişor locality, Arad County, Romania. Our study took place in the 
spring of 2007, when we examined 212 individuals. There are several differences between the trophic spectrum of 
the species, in the case of Pelophylax kl. esculentus we observed a higher food diversity. The Coleopterans, 
Brahicerans, Formicidas and Araneida registered the highest amounts. The majority of the consumed preys were 
terrestrial. Alongside animal preys, we also identified vegetal fragments, shed skin and minerals (resulted from the 
ingestion of Trichoptera larvae). 
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Introduction 
 
Amphibians are considered model systems for 
molecular, developmental and evolutionary 
biology; and environmental sensors of the 
manifold habitats where they reside (Browne and 
Zippel 2007). They are used as indicators for 
different environmental changes, like the condition 
of the habitat (Funk et al. 2005) or the 
environmental contaminants (Relyea 2005a). 

For environmental change evaluation the 
scientific literature submits a lot of different 
methods like the skeleton elemental analysis 
(Simon et al. 2009), ecological, biological and 
biogeographical studies (Ayaz et al, 2007, Covaciu 
Marcov et al. 2009) or the analysis of their trophic 
spectrum (Sas et al. 2007, 2009). 

Pelophylax kl. esculentus is a hybrid form 
between Pelophylax lessonae and Pelophylax 
ridibundus. These species arrived in this country 
before the glaciation from the Quaternary (Stugren 
1957). The less of the reproductive isolation, 
respectively the unusual aggressiveness of the P. 
lessonae males in the breeding period (Berger 1969) 
formed the base of the hybridization, this 
phenomenon appearing very often on the whole 
common area (Berger 1973). 

In herpetology, Pelophylax kl. esculentus is 
considered an exception between the usual 
hybrid forms, which can reproduce independent 
of the parental species, by the phenomenon of 
hybrido-genesis (Schultz 1969).  

For this reason, many authors have studied 
the biology, ecology and the trophic spectrum of 
the green frogs (Guidali et al. 2000, Sas et al. 2007, 
2009, etc.). 

The objective of our study is to compare the 
trophic spectrum of two populations of Pelophylax 
ridibundus and two populations of Pelophylax kl. 
esculentus, analysing the differences that appear 
between the species, habitats, the variations 
between the study periods, respectively that 
appears in function of the development stage. 
 
 
Material and methods 

 
We analysed the trophic spectrum of two populations of 
Pelophylax ridibundus and two populations of Pelophylax kl. 
esculentus.  

The studies were performed on several occasions, near two 
localities, Igneşti and Prunişor in Arad County. The samples 
were taken in April and May of 2007, analysing 212 individuals 
of green frogs. 

Both of the habitats are situated at the side of the road, thus 
being exposed to anthropogenic effects. 
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The habitat from Igneşti is represented by a puddle with a 
big surface, measuring about 15m2 and its ground is covered 
with a dense layer of mud.  The depth varies, the maximum 
one, of 60 cm, being situated in the middle of the puddle.  

The vegetation is abundant, there are some species of 
grassy plants, respectively Juncus sp. The fauna of this habitat 
is rich, being present many species of invertebrates and 
amphibians. 

The habitat from Prunişor has a bigger surface, 75 m2, 
proportioned to this fact, its depth is also bigger. The 
anthropogenic effect is highly pronounced here, being reflected 
in the sweeping discharge. The vegetation is rich on the banks 
of the puddle, being represented by some algae and grassy 
plants.The capturing of the individuals was made directly by 
hand, or with the help of a long handled net. 

 The sampling was performed immediately after capturing, 
taking into account that the amphibians’ digestion is very quick 
(Wang et al. 2001), fact that can interfere with the results. The 
samples were taken using the stomach flushing method, 
recommended by many authors (Solé et al. 2005, Sole and Pelz 
2007, Legler and Sullivan 1979), this technique allowing the 
sampling without damaging the animals. The stomach contents 
were preserved in tubes, in a solution of 4% formaldehyde. 
Immediately after taking the stomach contents, the frogs were 
released in their habitat of origin, in this mode the negative 
effect of this study on the population being minimal.We 
realised the analysis of the stomach contents in the laboratory, 
using the scientific literature (Radu and Radu 1967, Móczár 
1990). The obtained data was interpreted statistically, 
following more aspects of the trophic spectrum: the origin, 
the frequency and the amount of preys, the presence of 
vegetal fragments, shed skin and minerals, the food diversity, 
the feeding intensity, the rate of the feeding activity.  

The results were compared, analysing the seasonal 
variation in function of the developmental stage, the 
differences that appear between the habitats and between the 
species that live in the same habitat. 

 
 

Results 
 

In the spring of 2007, we analysed the trophic 
spectrum of two populations of Pelophylax 
ridibundus and two populations of Pelophylax kl. 
esculentus from Igneşti and Prunişor localities.  

The samples were taken periodically, most of 
the captured individuals were females and 

juveniles. The number of males was very low, the 
data obtained from the analysis of their stomach 
content becoming irrelevant for the study (Table1).  

Concerning the number of empty stomachs, 
there were few individuals without stomach 
content, 1.19 % in the case of Pelophylax kl. 
esculentus, and 4.44 % in the case of Pelophylax 
ridibundus. Thus, the rate of the feeding activity 
was high. There are two parameters for estimating 
the feeding intensity, these being the maximum 
number of prey / individual and the average 
number of preys (Table 2, Table 3).  

Regarding the maximum number of prey / 
individual, we can observe higher values at 
Prunişor, but concerning Pelophylax kl. esculentus 
species, and with respect to the developmental 
stage, the adults hold the higher value. The 
maximum number of prey / individual is 
influenced by the presence of the high number of 
small sized preys. 

The situation is similar in the case of the 
average number of the prey, the females 
presenting higher values.  

In the case of Pelophylax ridibundus we can 
observe high differences between the feeding 
intensity of the adults and juveniles, the females 
presenting sometimes values that are three times 
higher. These values are more homogenous in the 
case of Pelophylax kl. esculentus. 

Regarding the period, there are several 
variations of the amount of preys with aquatic 
origin, both of the species feeding with preys from 
both of the environments, but they feed mostly 
with terrestrial preys. Generally, Pelophylax 
ridibundus is the one that feeds with more 
terrestrial preys.The animal preys were classified 
in 50 taxonomical groups, their number being 
different by the period, habitat, developmental 
stage and species. 

 
 

Table 1. The number of the analysed individuals 
 

Pelophylax kl. esculentus Pelophylax ridibundus Locality / Date Females Males Juveniles Total Females Males Juveniles Total 
Igneşti, 21. IV 54 - 12 66 6 - 2 8 
Prunişor, 21. IV 37 - 6 43 4 - 6 10 
Prunişor, 05. V 20 - 27 47 3 1 23 27 
Prunişor, 20. V 9 1 1 11 - - - - 
Total 120 1 46 147 13 1 31 45 
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These values are more homogenous in the 
case of Pelophylax kl. esculentus. 

Regarding the period, there are several 
variations of the amount of preys with aquatic 
origin, both of the species feeding with preys 
from both of the environments, but they feed 
mostly with terrestrial preys. Generally, 
Pelophylax ridibundus is the one that feeds with 
more terrestrial preys.The animal preys were 

classified in 50 taxonomical groups, their number 
being different by the period, habitat, developmental 
stage and species.  

The majority of the taxa, belong to the 
invertebrates, but there also appear some vertebrates 
(tadpoles, Triturus vulgaris), respectively remains of 
some vertebrates (feathers). Beside the animal preys, 
we identified vegetal fragments, shed skin and 
minerals. 

 
 

Table 2. The feeding diversity, the average no. of prey/individual, the maximum no. of prey/individual, 
the origin of the preys, and the frequency of vegetal fragments, shed skin and minerals at Pelophylax ridibundus 

 
 Pelophylax ridibundus 

 Ig.21.04 Ig.21.04 Pr.21.04 Pr.21.04 Pr.05.05 Pr.05.05 

 F J F J F J 

Diversity  1.51 0.64 1.94 1.6 2.25 2.55 

The avg. no of prey/ind 5.66 1.5 7.25 4 9.75 5.60 

The max. no. of prey/ind. 10 2 10 7 14 12 

Terrestrial pr. 100 100 100 100 89.74 86.82 

Aquatic pr. - - - - 10.26 13.18 

Vegetal fragm. 33.33 50 - 66.67 75 65.22 

Shed skin - - - 33.33 - 8.69 

Minerals - - - - - 4.34 
 
 
Table 3. The feeding diversity, the average no. of prey/individual, the maximum no. of prey/individual, the origin of the preys, and 

the frequency of vegetal fragments, shed skin and minerals at Pelophylax ridibundus 
 

Pelophylax kl. esculentus 

Ig.21.04 Ig.21.04 Pr.21.04 Pr.21.04 Pr.05.05 Pr.05.05 Pr.20.05 Pr.20.05 
 
 

F J F J F J F J 

Diversity  2.5 1.9 2.6 1.9 2.9 2.92 1.9 0.45 

The avg. no of prey/ind 6.46 3.91 5.54 5.67 7.85 6.74 11 12 

The max. no. of prey/ind. 13 7 16 11 14 12 47 12 

Terrestrial pr. 88.25 95.74 95.6 100 97.5 94 99 100 

Aquatic pr. 11.75 4.25 4.39 0 2.55 6 1 0 

Vegetal fragm. 42.6 50 43.2 50 40 44.4 30 100 

Shed skin - 8.33 8.11 16.7 10 - - - 

Minerals 3.7 - - - - - - - 
 

 
The vegetal fragments were present in all of the 

periods at both species with a high frequency of 
occurrence, the higher value being registered in 
the case of the juveniles.  

Shed skin appears with a higher frequency at 
the juveniles, this being in a negative correlation 
with the frequency of the vegetal fragments at 
Pelophylax ridibundus.  
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The minerals are represented exclusively by the 
Trichoptera larvae, the value of their frequency 
being different of the frequency of the Trichoptera 
larvae, these being also consumed without case. 

Regarding the amount of the animal preys, the 
preys with the highest amount are Coleopterans, 
represented by many families, from which the 
Elateridae hold the highest values. The Brahiceras 
Muscidae register second place, being present in 
all of the study periods with a high number. 

In the case of other preys, we can observe some 
differences (Table 4). Araneids appear in all of the 
study periods, in the first one their amount being 
lower.  

We can observe in the case of both species that 
the amount of Araneids is higher in the case of the 
females.  

The Collembollas appear only at Pelophylax 
ridibundus and only in the first period of the study 
at the habitat from Igneşti.  

The terrestrial Heteropteras have a higher 
amount in the case of both species in the first two 
periods of the study.  

It is interesting that at the habitat from Igneşti 
the terrestrial Heteropteras appear only at 
Pelophylax kl. esculentus.  

The amount of the Dytiscidae is high at the 
puddle from Igneşti, which can influence the high 
amount of terrestrial preys in this period.  

The caterpillars present high amounts in May, 
the females having consumed them in higher 
quantities, the Pelophylax ridibundus females 
registering a double value (Table 5).  

In the case of the adults of Hymenoptera, the 
Pelophylax ridibundus females held the higher 
amount.  

The Formicidae appear with a greater amount 
at the Pelophylax kl. esculentus juveniles and the 
Pelophylax ridibundus females. 

The values of the same prey taxa are higher in 
the case of their frequency of occurrence than in 
that of their amount.  

On the other hand, the differences are 
homogenous, the amount value rises in parallel 
with the frequency value.  

Regarding the food diversity, we can observe 
that Pelophylax kl. esculentus feeds more diversely, 
but with regard to the developmental stage, the 
females present the higher values. 

Discussion 
 

The high rate of the feeding activity suggests that 
the feeding conditions were optimum. This species 
is considered the most aquatic among the Ranids, 
living in big puddles (Cogălniceanu et al. 2000). If 
the conditions in the habitat are not optimum, it 
has to hunt in a terrestrial environment, which 
determines the higher frequency of empty 
stomachs in the case of Pelophylax ridibundus, these 
populations being smaller. 

The size of the preys influences the feeding of 
these frogs, taking into account the „optimal 
feeding theory” that supposes that the maximum 
efficiency of the energy is favoured by the natural 
selection (Pyke 1984). We can observe in the case 
of the females the presence of large sized preys 
with a greater amount (Himenoptera adults, 
Araneida). In the same time, at the juveniles the 
preys with the largest amount are the small-sized 
ones (Collembolla, Formicidae). 

The intensity of the feeding is higher in the case 
of the females. It results from the fact that they are 
in the breeding period (April, May) and thus feed 
more intense in order to keep up the energy for 
laying eggs. 

Depending on the habitat, the higher feeding 
intensity is observed at the puddle from Prunişor. 
This fact suggests that this habitat is more 
favourable for feeding, even if the anthropogenic 
factor has more effects in this place, but because of 
the size of the puddle the conditions are more 
propitious. 

The maximum number of preys is influenced 
by the incidental presence of the preys with very 
small size (eg. Araneids consumed together with 
their cocoon). 

The high differences between the average 
number of preys at the females and juveniles of 
Pelophylax ridibundus, suggest that the adults hunt 
in different environments. In the trophic spectrum 
of the adults, we can find more terrestrial preys, 
which suggests that they hunt in the terrestrial 
environment, having access to more types of preys. 
In the trophic spectrum of the juveniles, we can 
find shed skin (there are individuals that 
consumed exclusively shed skin), which suggests 
that they hunt more in the aquatic environment, 
having access to few types of preys. 
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Table 4. The amount of the prey taxa (F – female, J – Juvenile, Ig – Igneşti. Pr – Prunişor) 
 

Pelophylax kl. esculentus 
Ig.21.04 Ig.21.04 Pr.21.04 Pr.21.04 Pr.05.05 Pr.05.05 Pr.20.05 Pr.20.05 

 

F J F J F J F J 
Lumbricida 1.15 - 0.98 - 0.64 2.75 2.73 - 
Gasteropoda-(aq.) 1.72 - - - - - - - 
Planorbis 0.29 - - - - - - - 
Limax 1.15 2.13 - - - - - - 
Araneida 9.17 12.8 9.27 5.88 10.8 8.79 50.9 - 
Opilionida - - - - 0.64 - - - 
Isopoda(aq.) - - 0.98 - - 2.75 - - 
Isopoda(t) 0.29 - - - 0.64 - 0.91 - 
Diplopoda - - 0.49 - 0.64 - - - 
Chilopoda - - - - 0.64 - 0.91 - 
Collembola - - - - - 0.55 - - 
Odonata L. - - - - 0.64 2.2 0.91 - 
Odonata - - 0.49 - 1.91 0.55 - - 
Blatoidea - - - - 0.64 - 4.55 - 
Raphidioptera - - - 2.94 - - - - 
Orthoptera - - - - - 2.2 0.91 - 
Cicadina 0.29 - 0.49 - - - 0.91 - 
Afidina 0.29 - - - - 1.65 - - 
Heteroptera(aq.) - - 0.98 - - - - - 
Heteroptera(t) 8.02 2.13 6.83 8.82 1.27 3.85 - - 
Coleoptera-L (t) - - 0.98 - - - - - 
Coleoptera-ad. (t) 29.2 38.3 17.6 17.6 10.8 14.3 12.7 83.3 
Dytiscida-L - - 1.46 - - 0.55 - - 
Dytiscida 8.6 4.26 - - 0.64 - - - 
Carabida 3.44 - 3.9 2.94 3.18 2.2 2.73 - 
Cantarida - - - - 5.1 1.1 - - 
Stafilinida 0.57 4.26 0.49 - 1.91 - - - 
Elaterida 1.43 - 2.93 - 14 6.59 6.36 - 
Scarabeida 0.86 - 1.46 - 1.91 3.85 - - 
Cerambicida 0.86 - 0.49 - 0.64 - - - 
Coccinelida 0.29 - - - 0.64 - - - 
Curculionida 0.86 - 0.49 2.94 2.55 0.55 - - 
Crizomelida 0.29 - 0.49 5.88 - 1.1 0.91 - 
Lepidoptera-L 1.15 - 0.49 - 10.2 4.4 5.45 - 
Lepidoptera - - 1.46 - 1.91 0.55 - - 
Trichoptera L 0.86 - 0.49 - - - - - 
Trichoptera - - 0.98 - - - - - 
Nematocera-L 0.29 - - - - - - - 
Typulida - - 1.95 - 6.37 5.49 0.91 - 
Culicida 1.43 6.38 1.46 2.94 0.64 1.1 - - 
Brahicera-L. (aq.) - - - - - 0.55 - - 
Brahicera-L. (t) - - - - 1.91 1.65 - - 
Muscida 10 12.8 22.4 32.4 8.92 11.5 2.73 16.7 
Hymenoptera ad. 3.44 2.13 11.7 - 1.27 6.59 - - 
Formicida 10.3 12.8 6.34 17.6 4.46 8.79 4.55 - 
Apida 3.44 2.13 - - 1.91 1.1 - - 
Vespida - - - - - 0.55 - - 
Mecoptera 0.29 - 1.46 - 1.27 2.2 0.91 - 
Triturus - - 0.49 - 1.27 - - - 
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Table 5. The amount of the prey taxa  (F – female, J – Juvenile, Ig – Igneşti. Pr – Prunişor) 

 

 Pelophylax ridibundus 

 Ig.21.04 Ig.21.04 Pr.21.04 Pr.21.04 Pr.05.05 Pr.05.05 

 F J F J F J 

Gasteropoda-(aq.) - - - - - 0.77 

Planorbis - - - - 2.56 3.87 

Araneida 5.88 - 3.44 - 12.82 11.63 

Isopoda(aq.) - - - - 5.12 3.10 

Collembola - 33.33 - - - - 

Odonata L. - - - - 2.56 3.87 

Blatoidea - - - - - 1.55 

Orthoptera - - - - 2.56 - 

Cicadina - - 3.44 - - 0.77 

Afidina - - 3.44 4.16 - 1.55 

Heteroptera(aq.) - - - - - - 

Heteroptera(t) - - 6.89 4.16 2.56 2.32 

Coleoptera-ad. (t) 47.06 - 10.34 20.83 7.69 30.23 

Carabida - - - 4.16 - 1.55 

Stafilinida - - - - - 0.77 

Elaterida - - - - 5.12 1.55 

Scarabeida - - - 4.16 - 1.55 

Cerambicida - - 3.44 - - - 

Curculionida - - 3.44 - - 4.65 

Lepidoptera-L - - - - 23.08 1.55 

Lepidoptera - - - - - 0.77 

Trichoptera L - - - - - 0.77 

Trichoptera - - - - - 0.77 

Typulida 2.94 - - - - 0.77 

Culicida 5.88 - - 4.16 - - 

Muscida 5.88 - 31.03 50 23.08 8.52 

Hymenoptera ad. 8.82 66.67 24.14 4.16 5.12 2.32 

Formicida 23.5 - 10.34 4.16 2.56 10.08 

Apida - - - - 2.56 - 

Mecoptera - - - - 2.56 3.87 

Tadpole - - - - - 0.77 

 
 

On the other hand, this can also be interpreted 
by the size of the population. The Pelophylax kl. 
esculentus population is bigger, occupying more 
from the aquatic environment, which determines 
the Pelophylax ridibundus population to come out 
from the puddle to hunt in the terrestrial 
environment. Thus, the trophic niche of the adults 

and juveniles is more similar in the case of 
Pelophylax kl. esculentus than in the case of 
Pelophylax ridibundus. 

The presence of the vertebrates in the trophic 
spectrum of these frogs is well known in the 
scientific literature (Vancea et al. 1961, Lőw et al. 
1990, Ruchin and Ryzhov 2002, Sas et al. 2009). 
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Their appearance is not necessarily due to the 
presence of some selectivity towards these preys, 
but they are consumed because of their mobility, 
the amphibians consuming mobile preys (Zimka 
1966). Secondary, their size is adequate for 
swallowing, and being large sized (especially the 
newts) represent a large quantity of food procured 
with relatively little energy loss. 

The presence of the feathers can be considered 
as accidental, because they do not have a 
nutritional content. The frogs may have captured 
the preys from the surface of the water, 
swallowing also the feathers that arrived there 
accidentally. 

Based on studies of a few model taxa, 
amphibians have been considered stereotyped in 
their feeding movements relative to other 
vertebrates (Deban et al. 2001). This stereotypy is 
also observed in our case. In the trophic spectrum 
of the females we can observe the presence of more 
preys with large size and low mobility 
(Lepidoptera larvae, Heteroptera, etc.). This fact 
suggests that these use the “sit-and-wait” hunting 
method, this being profitable energetically (Perry 
and Pianka, 1997). In the case of the juveniles 
beside the large preys we can find smaller preys 
with a higher mobility. This fact suggests that 
these use another hunting strategy, “active-
foraging” (Huey and Pianka, 1981). 

Food competition is influenced by more factors, 
one of them being the differences of the mouth size 
(Relyea and Auld 2005b). This fact determines the 
juveniles to have more small preys in their trophic 
spectrum. 

The presence of prey with different size 
highlights the opportunistic character of the 
feeding of these frogs, the capturing of the prey 
being not selective, the frogs consuming the preys 
that are more accessible around them. This is 
confirmed by the fact that in their trophic 
spectrum we can find preys with defensive organs 
(Hymenoptera) (Cristea et al. 1972). 

The vegetal fragments appear with a high 
frequency at both females and juveniles. The 
amphibians are considered to be predators 
(Cogălniceanu et al. 2000), thus they feed with 
vegetal fragments only in the larval stage (Dutra 
and Callisto, 2005). Therefore, its appearance can 
be considered as accidental, being regarded in the 

same manner by other authors from the scientific 
literature (Covaciu Marcov et al. 2002 a, b). 

Minerals that appear result exclusively from the 
cases of Trichoptera larvae and are consumed only 
by the females. Because these elements have no 
nutritional value, their presence can be considered 
as accidental. Secondary, this fact shows that the 
frogs hunt on the ground of the water, thus the 
Trichoptera larvae, which are immobile, become 
an easy, accessible food type for them. 

It is interesting the presence of large quantities 
of larvae, especially in the case of the females. This 
fact can be explained by the period in which the 
study was performed, respectively that of the 
breeding time. Taking into account the fact that 
some authors consider the larvae to be more 
nutritive (Brooks et al. 1996), their consumption 
can be regarded as a manifestation of procuring 
more food without energy loss. 

The presence of Araneids with a low amount in 
the first period of the study, can be explained by 
their replacement with other more abundant preys. 
Towards summer these preys despair from the 
habitat, the frogs being needed to come out from 
the puddle to consume the preys that are abundant 
around the habitat, like Araneids. In the scientific 
literature, the trophic spectrum of the amphibians 
is also correlated with the preys’ accessibility 
(Houston 1973, Yilmaz and Kutrup 2006). 

The shed skin eating corresponds with the 
presence of the aquatic preys in the trophic 
spectrum of these frogs. Taking into account that 
its frequency is low, we can consider that the shed 
skin eating is accidental together with the mobile 
preys. 

The higher food diversity in the case of 
Pelophylax kl. esculentus can result from the 
characteristics of the habitat, predator and 
competitor environments having profound effects 
on prey foraging structures (Relyea & Auld, 
2005b). This species compared with Pelophylax 
ridibundus, lives in smaller puddles. Taking into 
account that this population in more numerous, 
and these two populations have the same trophic 
niche we can consider that the first has more 
favourable conditions. In the same time Pelophylax 
ridibundus needs to come out for hunting in the 
terrestrial environment, this determining lower 
food diversity. The individuals that hunt more in 
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the aquatic environment present more flying 
species (Hymenoptera) in their stomach contents, 
compared to those from the terrestrial 
environment, where the Coleopterans dominate 
(Török and Csörgő, 1992). The effect of the 
environment on the activity model of a species is 
observed better when the animal is studied in its 
normal conditions (Stugren 1994). Thus 
comparing the values of the food diversity with 
the other populations, we can observe that in 
normal conditions it is higher at Pelophylax 
ridibundus (Ferenti et al. 2009) but at Pelophylax kl. 
esculentus there are no differences (Sas et al. 2007). 
The explanation can be that this habitat is more 
favourable for Pelophylax kl. esculentus. The higher 
food diversity in the case of the adults can be a 
result of the higher feeding intensity. 

The differences between the values of the 
amount and frequency are not very high. The ones 
that appear are due to the presence of large preys, 
their consumption representing a benefit of 
energy. Thus, a prey consumed in smaller 
numbers can be present in the stomach contents of 
more individuals. On the other hand, the fact that 
the values rise in parallel suggests a homogeneity 
of these frogs’ feeding, respectively the fact that 
these preys were present in the habitat with a 
uniform abundance. There are few exceptions, in 
the case of some preys with gregarious life, but 
their frequency is high because of the low number 
of the studied individuals. 
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