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Introduction
Due to the fact that the diversity of the amphibian’s 
feeding is correlated with the quality of habitats 
(Kovács et al. 2007), the differences among their 
feeding between various habitats are usually impor-
tant (Hirai & Matsui 2000, Bisa et al. 2007, Covaciu-
Marcov et al. 2010a, Ferenti et al. 2010, Çiçek 
2011). For amphibians, thermal waters from Western 
Romania are special habitats, where they stay active 
all along winter because of water high temperatures 
(Covaciu-Marcov et al. 2003, 2006, 2010b, 2011, 
Sas et al. 2007, Bogdan et al. 2011). Although most 
of the thermal habitats are in Northwestern Romania, 
thermal habitats with active amphibians during the 
winter were recently pointed out in the south-west-
ern part of the country as well, more specifically in 
Banat region (Covaciu-Marcov et al. 2010b, Bogdan 

et al. 2011). Past studies looked after the particulari-
ties of the populations from thermal waters and their 
feeding. Studies regarding feeding are relatively old 
and were carried out only in Northwestern Romania 
(Covaciu-Marcov et al. 2004, 2005a, b, 2006, Sas 
et al. 2004). They demonstrated that the feeding of 
the populations from thermal waters is strongly re-
duced during winter (Covaciu-Marcov et al. 2006). 
New knowledge regarding the feeding of the marsh 
frog from regular habitats was acquired in the past 
few years (Çiçek & Mermer 2006, Mollov 2008, 
Mollov et al. 2010, Paunović et al. 2010, Cicort-
Lucaciu et al. 2011). Thus, we set out to study a 
Pelophylax ridibundus population from a recently 
identified thermal habitat, from a region where such 
studies were not carried out before.
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Material and Methods
The samples were taken monthly, between October 
2010 and September 2011. In total, we analyzed 364 
P. ridibundus specimens, each month their number 
being roughly around 30 (Table 1). The habitat is 
located close to the village of Carpinis, in Timis 
County (Covaciu-Marcov et al. 2010b). It consists 
of a canal some hundred meters long, filled by a 
high-flowing thermal water well. The canal varies in 
width, generally being 0.5 m wide, but can some-
times reach 1.5 m. Right around the well, the water 
presents only green algae, but farther along there 
are plenty of reeds both in and around the water. Its 
temperature exceeds 30 °C (Covaciu-Marcov et al. 
2010b). The sector of the ditch where the frogs are 
active throughout winter is more than 200 m long. 
The canal is surrounded by agricultural fields culti-
vated with corn. Despite the fact that they start only 
at about 1-2 m from the water, the vegetation on the 
banks is extremely abundant.

The frogs were captured using round nets and 
were stocked in water buckets, which were kept par-
tially submerged in the warm waters if the outside 
temperature was low. The stomach contents were 
sampled using the stomach-flushing method (Solé 
et al. 2005). In the end, the frogs were set free in 
the area of the canal where they were captured from. 

The stomach contents were stored in test tubes, con-
served with formalin and determined in the labora-
tory. The data was analyzed statistically, calculat-
ing the percentage abundance (% A), frequency of 
occurrence (% f), the environment of origin for the 
preys and the average and maximum number of 
preys/individual. Dietary diversity was estimated 
with Shannon-Wiener (1949) diversity index (H). 
The Kruskal-Wallis test (Zar 1999) was calculated 
in order to establish if there are significant differ-
ences among the months of study. The trophic niche 
overlap among the study months was determined 
with Pianka test (Pianka 1973). 

Results
Not all the frogs had stomach content. The high-
est frequency of empty stomachs was recorded in 
December (31.03%). Unfed frogs were documented 
only in winter, in October – February interval (Table 
1). The amphibians presented four types of stomach 
contents: vegetal remains, shed skin fragments, in-
organic elements and animal preys. Inorganic ele-
ments were ingested only in 8 months whereas veg-
etal remains and shed skin were consumed regularly. 
These stomach contents had different consumption 
frequencies among the months of study (Table 1).

Table 1. The frequency of occurrence of empty stomachs, vegetal parts, shed-skin and mineral parts (T-Total). 

Year 2010 2011
T

Month X XI XII I II III IV V VI VII VIII IX
Empty 6.25 3.23 31.03 6.45 3.23 - - - - - - - 4.12
Vegetal parts 68.75 80.65 41.38 67.74 70.97 62.50 71.88 88.89 66.67 79.31 82.76 80.65 71.70
Shed-skin 15.63 22.58 13.79 29.03 35.48 34.38 3.13 14.81 6.67 41.38 44.83 61.29 26.92
Mineral parts 6.25 12.90 - - 3.23 - 12.50 - 3.33 3.45 6.90 3.23 4.40

Table 2. The number of the studied individuals, the feeding intensity and the origin of the consumed preys (T – Total).

Year 2010 2011
T

Month X XI XII I II III IV V VI VII VIII IX

No. of frogs 32 31 29 31 31 32 32 27 30 29 29 31 364
No. of preys 186 338 64 110 80 264 449 432 392 147 137 127 2726
Medium no. of preys 5.81 10.90 2.21 3.55 2.58 8.25 14.03 16.00 13.07 5.07 4.72 4.10 7.49

Maximum no. of preys / 
individual 11 93 3 5 16 33 13 38 48 4 7 7 93

% of aquatic preys 2.15 2.07 15.63 7.27 28.75 5.30 3.79 3.70 20.15 0.68 2.92 0.79 6.75
% of terrestrial preys 97.85 97.93 84.38 92.73 71.25 94.70 96.21 96.30 79.85 99.32 97.08 99.21 93.25
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A total number of 2726 preys were consumed 
throughout the year. Their number varies depending 
on the period, but the smallest values were record-
ed during winter, in December only 64 preys being 
consumed (Table 2). The same situation is recorded 
for the maximum and average numbers of preys/
individual, which also have low values during the 
winter (Table 2). The highest value for the maxi-
mum number of preys/individual was recorded in 
November, but it is a consequence of the consump-
tion of very small preys such as Aphids (Table 3). 
The highest values for the average number of preys/
individual were documented in spring, in April, May 
and June (Table 2). Overall, the percentage of terres-
trial preys was over 90%. The amounts of preys cap-
tured from the terrestrial and aquatic environments 
differ a lot in the various periods (Table 2).

The animal preys belonged to 49 prey taxa, 
out of which only 5 were consumed throughout all 
the 12 months (Araneida, Heteroptera, Coleoptera, 
Nematocera and Formicida). The number and type 
of consumed prey taxa differ a lot among the months 
(Table 3). The highest number of prey taxa was 
consumed during spring and in the beginning of 
summer while the smallest number was consumed 
during winter and at the end of summer. Generally, 
Coleoptera had the highest amount, followed by 
Nematocera and Aphida (Table 3). In terms of fre-
quency, Coleoptera again had first place, but this 
time followed by spiders and then mosquitoes (Table 
4). The amounts and frequencies of consumed prey 
taxa had significant modifications among periods 
(Table 3, 4).

The overlap of trophic niches indicates great 
differences among certain months (Fig. 1). There 
were months between which the niches overlapped 
a lot, the feeding being therefore similar, but also 
months between which the overlap was reduced, 
the niches being more different. Great overlaps of 
trophic niches exist between August and September, 
between April and May and also between December 
and the autumn months (Fig. 1). The differences of 
feeding between consecutive months are usually not 
significant. Significant differences occur between 
October and February, between the end of spring 
and the beginning of summer months and between 
the summer and autumn months (Table 5). 

Discussion
Generally, the feeding of P. ridibundus population 
from Carpinis is similar to the feeding of other non-
hibernating populations (Covaciu-Marcov et al. 
2004, 2005a, b, 2006, Sas et al. 2004). In the case of 
those populations, it has been noted that their feed-
ing is reduced during the winter, as air temperature 
modifies the trophic offer available from the ter-
restrial environment. Such an evolution can be ob-
served at Carpinis, too. Although our study was done 
at almost 10 years since the previous researches, the 
factors that influence the feeding of non-hibernating 
populations remain the same. This is how only in the 
winter there are frogs with empty stomachs, their 
percentage being sometimes quite considerable. 
Furthermore, the number of prey taxa and the maxi-
mum and average number of preys/individual were 
also decreased during winter. In case of amphibians, 
individuals without food indicate the rarity of avail-
able trophic resources (Aszalós et al. 2005, Kovács 
et al. 2007).

However, despite the fact that the rules stated 
prior to our study are respected, certain differences 
do appear at Carpinis. Thus, January is an exception, 
all the followed parameters having higher values 
than in any other winter months, values sometimes 
resembling the warm season. This apparent elusion 
from the rule, followed by a comeback to normal in 
February, was a consequence of thermic particulari-
ties of sampling date in January 2011. In this inter-
val, there was a short, yet important, warm-up pe-
riod. During our sampling date, the temperature in 
the air was about 10 °C, similar to what occurred in 
March. This allowed the activity of a higher number 
of terrestrial preys, leading to the raise of the di-
versity in the frogs’ diet. Unlike January, the feed-
ing was more reduced in December and February. 
Significant differences appear between these two 
months and the months from late spring-early sum-
mer, when the amphibians` feeding was very in-
tense. During December and February, the outside 
air temperatures were typical for winter, fact that 
affected the frogs’ diet in the previously described 
way (Covaciu-Marcov et al. 2004, 2005b, 2006). 
Distinctly from them, January differs significantly 
only in comparison to June. 

The most different feeding was recorded in 
February and April. Both months differs significant-
ly from other 3 months. In addition, between them, 
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Table 3. The percentage abundance (%) and the diversity of the consumed preys (l.- larvae, aq.- aquatic, T – Total).

Year 2010 2011
T

Month X XI XII I II III IV V VI VII VIII IX
Oligocheta – Lumbricidae 1.20 1.34 1.72 5.88 1.32 0.54 31.51 7.07 - 0.75 - - 7.01
Gasteropoda (snails) 4.82 5.37 10.34 - 2.63 0.54 4.43 9.69 3.11 16.54 - - 5.12
Gasteropoda (snails) (aq.) - 0.34 3.45 - - - - - - - - - 0.13
Gasteropoda (slug) 3.61 1.01 3.45 - - - 0.26 - - - - - 0.52
Aranea – Araneidae 4.22 2.35 18.97 9.41 1.32 4.30 4.17 5.76 9.63 22.56 21.60 20.72 8.21
Aranea – Acari - - - - - 0.54 - - - - - - 0.04
Aranea – Opilionida - - - - - - - - 0.31 - - - 0.04
Crustaceea – Cladocera (aq.) - - - - 21.05 - - - - - - - 0.69
Crustaceea – Amphipoda (aq.) - - - - - - - 0.52 - - - - 0.09
Crustaceea – Isopoda 1.20 0.67 1.72 - 3.95 1.61 0.26 0.79 0.93 3.76 2.40 1.80 1.20
Crustaceea – Isopoda (aq.) - - - - - - - - - - 0.80 - 0.04
Miriapoda – Chilopoda - - - 1.18 1.32 - 0.26 0.79 - - - - 0.26
Miriapoda – Diplopoda 0.60 - - 3.53 - 0.54 - 0.26 - - - - 0.26
Efemeroptera (l.) - - - - - - 0.26 - 0.31 - - - 0.09
Odonata (l.) - 0.67 - - - 1.08 0.26 - - - - - 0.21
Odonata - - - - - 1.08 - - 2.48 - 0.80 - 0.47
Ortoptera - - - - - - - - 1.55 0.75 - - 0.26
Heteroptera 8.43 1.01 1.72 5.88 - 1.61 2.34 0.79 2.80 6.77 6.40 5.41 3.01
Heteroptera (aq.) - 0.34 - 2.35 5.26 3.76 1.04 0.52 3.11 0.75 - - 1.33
Homoptera – Afidinae 5.42 60.74 - 14.12 - - - - - - - - 8.68
Homoptera – Cicadellidae 16.27 - - 1.18 - 8.06 - 0.52 7.14 - - - 2.92
Coleoptera (l.) – undet. 1.20 - 1.72 1.18 - - - - - 0.75 0.80 - 0.26
Coleoptera – Dytiscidae (l.) (aq.) 1.20 0.67 3.45 1.18 - 0.54 0.52 2.09 - - - - 0.77
Coleoptera – Dytiscidae (aq.) 1.20 1.01 3.45 2.35 - 0.54 0.26 - 1.24 - 0.80 - 0.69
Coleoptera – undet. 7.23 11.74 8.62 11.76 3.95 10.75 1.82 1.57 5.59 3.76 0.80 5.41 5.50
Coleoptera – Cantaridae - - - - - - - - 1.24 - - - 0.17
Coleoptera – Carabidae 1.81 0.67 - 3.53 - 2.69 5.21 2.88 4.97 2.26 7.20 5.41 3.35
Coleoptera – Cerambicidae - - - - - - 1.04 1.05 - - - - 0.34
Coleoptera – Coccinelidae 0.60 - 1.72 - - - 0.26 - - 1.50 - 1.80 0.30
Coleoptera – Curculionidae 0.60 0.34 - 1.18 - 1.61 4.69 3.93 0.93 0.75 - 0.90 1.89
Coleoptera – Crysomelidae - - - - - - 0.26 - 2.80 2.26 - 0.90 0.60
Coleoptera – Elateridae - - - - - - 1.04 2.36 3.42 - 0.80 - 1.07
Coleoptera – Scarbeidae - - - 4.71 1.32 26.34 2.34 0.79 2.17 - 0.80 - 3.18
Coleoptera – Stafilinidae 1.81 0.67 - 8.24 - 0.54 0.26 0.52 0.62 - - - 0.77
Lepidoptera (l.) 6.02 0.34 3.45 1.18 - 0.54 1.30 2.09 0.93 2.26 5.60 7.21 2.11
Lepidoptera - - - - - - - - 0.31 0.75 0.80 0.90 0.17
Trichoptera - - - - 1.32 - - - - - - - 0.04
Mecoptera - - - - - - - - 0.31 - - - 0.04
Diptera – Nematocera (l.) - - 1.72 2.35 2.63 - 1.56 - 18.63 - - - 3.05
Diptera – Nematocera – Cullicidae 10.84 4.36 3.45 4.71 44.74 14.52 26.82 45.29 1.24 3.76 1.60 1.80 16.64
Diptera – Nematocera – Tipulidae - - - - - - - 5.50 - - - 0.90 0.95
Diptera – Brahicera (l.) 3.01 0.67 3.45 - 2.63 0.54 - - - 0.75 - - 0.56
Diptera – Brahicera (l.) (aq.) - - 5.17 1.18 1.32 2.69 1.04 1.05 1.55 - 1.60 0.90 1.12
Diptera – Brahicera – Muscidae 9.04 2.68 18.97 4.71 3.95 4.30 2.34 0.26 9.01 16.54 27.20 35.14 7.87
Diptera – Brahicera – Tabanidae - - - - - - - - 1.86 0.75 - - 0.30
Hymenoptera – undet. 4.22 - - 5.88 - 2.15 - 0.26 - 2.26 0.80 0.90 0.95
Hymenoptera – Formicidae 5.42 2.68 3.45 2.35 1.32 8.06 4.43 3.66 11.80 9.77 17.60 9.01 6.49
Hymenoptera – Apidae - - - - - 0.54 - - - - 1.60 0.90 0.17
Anura – R. ridibunda - 0.34 - - - - - - - - - - 0.04
Shannon-Wiener 
Diversity Index (H) 2.78 1.62 2.58 2.84 1.91 2.53 2.24 2.17 2.81 2.41 2.15 2.09 3.35
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they have the most significant differences. During 
February the feeding was extremely reduced, this 
being a typically winter month. The biggest amount 
for aquatic preys was also recorded in February, as 
a compensation for the poor trophic offer available 
from terrestrial environment (Covaciu-Marcov et al. 
2005b). In opposition, the feeding during April was 
intense, even though it was not the most intense. In 
April the significant difference comes from the fact 
that the feeding is focused on preys that are missing 
or are very rare during other months. This is how, 
in April, the earthworms occurred in high amounts. 
This is caused by a rainy period and work on the 
neighboring agricultural fields, which brought a lot 
of earthworms to the surface. Since those agricultural 
fields are very close to the water, the frogs could eas-
ily hunt them. Thus, not just the special conditions 
documented in winter, but also the accidental ther-
mic particularities have induced major differences in 
the feeding of the frogs.

Alongside the differences between the feeding 
in winter and spring/summer, significant and almost 
significant differences appear between the summer 
and the autumn months. The difference between June 

and September is significant, while the differences 
between June and August and May and September 
are almost significant. Actually, they tend to be more 
and more significant as we compare summer to au-
tumn months. Although smaller than the differences 
between summer and winter, the differences between 
summer and autumn are significant. In other cases a 
reduction in the feeding of frogs was recorded during 
summer, not autumn. This aspect is valid for thermal 
water populations (Covaciu-Marcov et al. 2005b), 
but also for other amphibians as well, feeding dur-
ing autumn being intense (Kovács et al. 2007, Yu et 
al. 2009). However, at Carpinis things were different, 
because of the specific climatic features of the time 
frame, in Western Romania 2011 autumn being very 
dry. As such, in the months from late summer and 
early fall, trophic offer was greatly reduced due to 
the drought. Prey taxa linked to high humidity, such 
as earthworms or snails, disappeared from the diet of 
the frogs. Moreover, the number of consumed prey 
taxa has reduced in autumn. As such their number 
from September 2011 was smaller than that from 
October 2010 (17 to 23 respectively). This fact is also 
confirmed by the narrow overlap of trophic niche be-

Fig. 1. Trophic niche overlap between different months of the study (Pianka index).
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Table 4. The frequency of occurrence of the consumed preys (l.- larvae, aq.- aquatic, T – Total).

Year 2010 2011
T

Month X XI XII I II III IV V VI VII VIII IX

Oligocheta – Lumbricidae 6.25 9.68 3.45 9.68 3.23 3.13 81.25 29.63 - 3.45 - - 12.64
Gasteropoda (snails) 18.75 29.03 10.34 - 3.23 3.13 31.25 59.26 10 37.93 - - 16.48
Gasteropoda (snails) (aq.) - 3.23 3.45 - - - - - - - - - 0.55
Gasteropoda (slug) 12.50 9.68 6.90 - - - 3.13 - - - - - 2.75
Aranea – Araneidae 21.88 22.58 27.59 19.35 3.23 25.00 34.38 44.44 53.33 68.97 55.17 45.16 34.62
Aranea – Acari - - - - - 3.13 - - - - - - 0.27
Aranea – Opilionida - - - - - - - - 3.33 - - - 0.27
Crustaceea – Cladocera (aq.) - - - - 3.23 - - - - - - - 0.27
Crustaceea – Amphipoda (aq.) - - - - - - - 7.41 - - - - 0.55
Crustaceea – Isopoda 6.25 6.45 3.45 - 9.68 9.38 3.13 11.11 10 10.34 10.34 6.45 7.14
Crustaceea – Isopoda (aq.) - - - - - - - - - - 3.45 - 0.27
Miriapoda – Chilopoda - - - 3.23 3.23 - 3.13 11.11 - - - - 1.65
Miriapoda – Diplopoda 3.13 - - 6.45 - 3.13 - 3.70 - - - - 1.37
Efemeroptera (l.) - - - - - - 3.13 - 3.33 - - - 0.55
Odonata (l.) - 3.23 - - - 6.25 3.13 - - - - - 1.10
Odonata - - - - - 3.13 - - 16.67 - 3.45 - 1.92
Ortoptera - - - - - - - - 13.33 3.45 - - 1.37
Heteroptera 28.13 6.45 3.45 16.13 - 9.38 21.88 11.11 20 24.14 27.59 9.68 14.84
Heteroptera (q.) - 3.23 - 6.45 9.68 12.50 12.50 7.41 10 3.45 - - 5.49
Homoptera – Afidinae 15.63 22.58 - 22.58 - - - - - - - - 5.22
Homoptera – Cicadellidae 34.38 - - 3.23 - 25.00 - 7.41 30 - - - 8.52
Coleoptera (l.) – undet. 6.25 - 3.45 3.23 - - - - - 3.45 3.45 - 1.65
Coleoptera – Dytiscidae (l.) (aq.) 6.25 6.45 3.45 3.23 - 3.13 6.25 22.22 - - - - 4.12
Coleoptera – Dytiscidae (aq.) 6.25 6.45 6.90 6.45 - 3.13 3.13 - 13.33 - 3.45 - 4.12
Coleoptera – undet. 28.13 45.16 10.34 29.03 9.68 34.38 18.75 14.81 40 17.24 3.45 19.35 22.80
Coleoptera – Cantaridae - - - - - - - - 10 - - - 0.82
Coleoptera – Carabidae 9.38 6.45 - 3.23 - 12.50 40.63 25.93 36.67 10.34 17.24 16.13 14.84
Coleoptera – Cerambicidae - - - - - - 9.38 11.11 - - - - 1.65
Coleoptera – Coccinelidae 3.13 - 3.45 - - - 3.13 - - 6.90 - 6.45 1.92
Coleoptera – Curculionidae 3.13 3.23 - 3.23 - 3.13 31.25 40.74 10 3.45 - 3.23 8.24
Coleoptera – Crysomelidae - - - - - - 3.13 - 23.33 10.34 - 3.23 3.30
Coleoptera – Elateridae - - - - - - 12.50 29.63 30 - 3.45 - 6.04
Coleoptera – Scarbeidae - - - 9.68 3.23 25.00 21.88 11.11 23.33 - 3.45 - 8.24
Coleoptera – Stafilinidae 9.38 6.45 - 22.58 - 3.13 3.13 7.41 6.67 - - - 4.95
Lepidoptera (l.) 15.63 3.23 6.90 3.23 - 3.13 12.50 22.22 6.67 10.34 17.24 25.81 10.44
Lepidoptera - - - - - - - - 3.33 3.45 3.45 3.23 1.10
Trichoptera - - - - 3.23 - - - - - - - 0.27
Mecoptera - - - - - - - - 3.33 - - - 0.27
Diptera – Nematocera (l.) - - 3.45 6.45 3.23 - 3.13 - 10 - - - 2.20
Diptera – Nematocera – Cullicidae 34.38 19.35 6.90 12.90 48.39 31.25 78.13 81.48 10 13.79 6.90 6.45 29.12
Diptera – Nematocera – Tipulidae - - - - - - - 44.44 - - - 3.23 3.57
Diptera – Brahicera (l.) 15.63 6.45 3.45 - 6.45 3.13 - - - 3.45 - - 3.30
Diptera – Brahicera (l.) (aq.) - - 10.34 3.23 3.23 15.63 12.50 14.81 16.67 - 6.90 3.23 7.14
Diptera – Brahicera – Muscidae 34.38 19.35 20.69 6.45 9.68 21.88 15.63 3.70 50 34.48 62.07 51.61 27.47
Diptera – Brahicera – Tabanidae - - - - - - - - 13.33 3.45 - - 1.37
Hymenoptera – undet. 21.88 - - 9.68 - 12.50 - 3.70 - 6.90 3.45 3.23 5.22
Hymenoptera – Formicidae 18.75 16.13 3.45 6.45 3.23 25.00 25.00 33.33 53.33 34.48 31.03 16.13 21.98
Hymenoptera – Apidae - - - - - 3.13 - - - - 6.90 3.23 1.10
Anura – R. ridibunda - 3.23 - - - - - - - - - - 0.27
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tween those months. Additionally, the consumption 
of shed skin and vegetal material has also risen during 
autumn, reaching higher frequency values even than 
in the winter. This aspect is important as it has been 
observed, for other amphibians, that the consumption 
of shed skin appears when the feeding is poor, being 
an upshot of a reduced trophic offer (Cicort-Lucaciu 
et al. 2005, Kovács et al. 2010). However shed-skin 
was consumed in summer by amphibians that feed 
properly (Ferenti & Covaciu-Marcov 2011)

The reduction of feeding during autumn is the 
second particularity of the population from Carpinis. 
Besides, the amount of aquatic preys has also dropped 
during autumn, which could have partially compen-
sated for the reduced offer due to the drought. This 
fact is partially a consequence of the massive growth 
of the surrounding terrestrial vegetation that covered 
the surface of the water in areas where the canal is 
narrower. In the wider areas, water level dropped 
massively, or even dried out completely. These re-
sults show the importance of meteorological condi-
tions on the feeding of amphibians and how much 
the feeding can differ in terms of habitat or between 
years. Although the conditions from thermal waters 
seem stabile because of constant water temperature, 
they are still exposed to the influence of general cli-
mate. The water conditions are stabile, but amphib-
ians depend on the trophic offer of terrestrial envi-
ronment and this, in turn, is modified by meteoro-
logical changes. It was previously suggested that the 
temperature can be an important limiting factor of a 
feeding activity (Yu et al. 2009).

P. ridibundus generally consumes terrestrial 
preys (Çiçek & Mermer 2006, Mollov 2008, Cicort-
Lucaciu et al. 2011), relying on the conditions from 
terrestrial environment surrounding the habitat. The 
seasonal differences of the amounts and frequencies 
of consumed prey taxa are primarily a result of the 
seasonal modifications of the environment condi-
tions that ultimately changed frogs’ accessibility to 
those particular prey taxa. An obvious proof for this 
is the case of earthworms. However, seasonal differ-
ences were not noted for the feeding of all amphib-
ians (Ferreira & Teixeira 2009). Such variations do 
not occur for species from tropical regions, that feed 
on preys constantly abundant (Ferreira & Teixeira 
2009). In other cases, seasonal modifications of the 
feeding are evident (e.g. Houston 1973, Ao et al. 
2001, Kovács et al. 2007, Sas et al. 2009). 

The trophic offer of the aquatic habitat from 
Carpinis is poor, an obvious fact if we look at the 
low amount of aquatic preys in the frogs’ diet. The 
habitat is an artificial one and thus, frogs’ feed most-
ly on terrestrial preys just like they do in other ar-
tificial habitats (Cicort-Lucaciu et al. 2011). If the 
aquatic habitat is favourable, the frogs do consume 
many aquatic preys during winter (Covaciu-Marcov 
et al. 2005b, 2006), but this does not happen here. 
However, although it is artificial and surrounded by 
agricultural field, the neighboring terrestrial habitat 
presents a trophic offer that’s sufficient for the stud-
ied population, a fact proven by the numerous ter-
restrial prey taxa consumed. In this context, the main 
role is that of the vegetation girdle that borders the 

Table 5. The significance of the differences between the month of the study (Kruskal-Wallis test, p level).

Month X XI XII I II III IV V VI VII VIII IX
X 1 0.723 0.116 0.582 0.047 0.744 0.766 0.606 0.312 0.513 0.252 0.162
XI 1 0.424 0.874 0.101 0.992 0.557 0.265 0.082 0.965 0.604 0.255
XII   1 0.536 0.317 0.324 0.105 0.030 0.021 0.452 0.807 0.675
I     1 0.128 0.929 0.458 0.186 0.046 0.876 0.710 0.305
II       1 0.175 0.045 0.013 0.001 0.107 0.270 0.720
III         1 0.534 0.446 0.171 0.861 0.488 0.310
IV           1 0.902 0.498 0.401 0.194 0.109
V             1 0.796 0.195 0.089 0.055
VI               1 0.160 0.055 0.010
VII                 1 0.645 0.307
VIII                   1 0.522
IX 1
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water and a secondary role is held by the agricultural 
fields. Still, preys like the terrestrial Heteroptera had 
most likely come from the agricultural fields. The 
only vertebrate consumed, in November, was a P. 
ridibundus juvenile, however in other cases the con-
sumption of vertebrates is known to be more impor-
tant for this species (Çiçek & Mermer 2006, Mollov 
2008). This is probably a consequence of the reduced 
offer of thermal canal and the existence of sufficient 
terrestrial preys.

The results of this study modulate the previous-
ly stated rules regarding the feeding of P. ridibundus 
populations form thermal waters during winter. Thus, 
we bring out the special importance of the habitat and 
of the general meteorological conditions on the frogs’ 
diet. Weather conditions generally affect the feeding. 
So, not just the low temperatures during winter but 
also the drought have a negative effect on the feeding. 
The feeding of the population from Carpinis confirms 
that the fluctuations in time of the feeding of amphib-
ians are linked with the meteorological conditions, 
with rain and with the air temperature (Cogalniceanu 

et al. 1998). Since the habitat is artificial, the trophic 
offer available for the frogs come from the surround-
ing terrestrial habitat, which is in turn anthropogeni-
cally affected and depends on climate conditions 
(cold, drought, rain). Drought has the same effect as 
the cold, shrinking the trophic offer available to frogs 
and hence reducing the feeding. These results raise 
question marks referring to the possible influence of 
the climate changes on the feeding of amphibians, the 
influence of climate changes on biodiversity being a 
very actual subject (Kapelle et al. 1999, Botkin et 
al. 2007, Heller & Zavaleta 2009, Kannan & James 
2009). Our results show how much annual meteoro-
logical variations can influence the feeding of a com-
mon species from Romania, such as P. ridibundus 
(Cogalniceanu et al. 2000).

Acknowledgements: This work was partially supported by 
the strategic grant POSDRU/88/1.5/S/53501, Project ID53501 
(2009), co-financed by the European Social Fund-Investing in 
People, within the Sectorial Operational Programme Human Re-
sources Development 2007-2013.

References 

Ao M., S. Bordoloi and A. Dutta 2001. Food and feeding 
behavior of Hyla annectans (Jerdon, 1870) in Nagaland, 
India. – Zoos’ Print Journal, 16 (7): 535-536.

Aszalós L., H. Bogdan, É. H. Kovács and V. I. Peter 2005. 
Food composition of two Rana species on a forest habitat 
(Livada Plain, Romania). – North-Western Journal of 
Zoology, 1: 25-30.

Bisa R., S. Sfenthourakis, S. Fraguedakis-Tsolis and B. Chon-
dropoulos 2007. Population density and food analysis 
of Bombina variegata and Rana graeca in mountainous 
riverine ecosystems of northern Pindos (Greece). – Journal 
of Biological Research-Thessaloniki, 8: 129-137. 

Bogdan H. V., S.-D. Covaciu-Marcov, C. Antal, A.-Ş. Cicort-
Lucaciu and I. Sas 2011. New cases of winter active 
amphibians in the thermal waters of Banat, Romania. 
– Archives of Biological Sciences, Belgrade, 63 (4): 
1219-1124.

Botkin D. B., H. Saxe, M. B. Araujo, R. Betts, R. H. W. Brad-
shaw, T. Cedhagen, P. Chesson, T. P. Dawson, J. R. Et-
terson, D. P. Faith, S. Ferrier, A. Guisan, A. S. Hansen, 
D. W. Hilbert, C. Loehle, C. Margules, M. New, M. J. 
Sobel and D. R. B. Stockwell 2007. Forecasting the ef-
fect of global warming on biodiversity. – BioScience, 57 
(3): 227-236.

Cicort-Lucaciu A.-Ş., A. Ardeleanu, D. Cupşa, N. Naghi and A. 
Dalea 2005. The trophic spectrum of a Triturus cristatus 
(Laurentus 1768) population from Plopiş Mountains area 
(Bihor County, Romania). – North-Western Journal of 
Zoology, 1: 31-40.

Cicort-Lucaciu A-S., D. Cupsa, D. Ilies, A. Ilies, S. Baias and 
I. Sas 2011. Feeding of two amphibian species (Bombina 
variegata and Pelophylax ridibundus) from artificial habi-
tats from Padurea Craiului Mountains (Romania). – North-
Western Journal of Zoology, 7 (2): 297-303.

Cogălniceanu D., F. Aioanei, V. Ciubuc and A. Vădineanu 1998. 
Food and feeding habits in a population of common spade-
foot toads (Pelobates fuscus) from an island in the lower 
Danube floodplain. – Alytes, 15 (4): 145-157.

Cogălniceanu D., F. Aioanei and M. Bogdan 2000. The Amphib-
ians from Romania, Key. Ed. Ars Docendi, Bucharest. (In 
Romanian).

Covaciu-Marcov S.-D., I. Ghira, A. Ardeleanu and D. 
Cogălniceanu 2003. Studies on the influence of thermal 
water from Western Romania upon Amphibians. – Biota, 
4 (1-2): 9-20.

Covaciu-Marcov S.-D., I. Sas, D. Cupşa, A.-Şt. Cicort-Lucaciu 
and R. Zsurka 2004. The trophic spectrum of a non-
hibernating population of Rana ridibunda Pallas, 1771 
from the thermal habitat from Livada (Bihor County, Ro-
mania). – Oltenia, Studii şi Comunicări, Ştiinţele Naturii, 
20: 258-264. (In Romanian).

Covaciu-Marcov S.-D., I. Ghira, D. Cupşa and I. Sas 2005a. 
Feeding habits of Rana ridibunda Pallas 1771 (Anura, 
Ranidae) during winter at thermal sources from Bihor 
County (Romania). – Russian Journal of Herpetology, 12 
(2): 87-93.

Covaciu-Marcov S.-D., I. Sas, D. Cupşa, H. Bogdan, and J. 
Lukacs 2005b. The seasonal variation of the food of a 



Food Composition of a Pelophylax ridibundus (Amphibia) Population From a Thermal...

261

non-hibernated Rana ridibunda Pallas 1771 population 
from the thermal lake from 1 Mai Spa, Romania. – Analele 
Universitatii din Oradea, Fascicula Biologie, 12: 77-85.

Covaciu-Marcov S.-D., I. Sas, and A.-Şt. Cicort-Lucaciu 2006. 
The Amphibians of thermal waters from western Romania. 
Ed. Universităţii din Oradea. (In Romanian).

Covaciu-Marcov S.-D., A.-Ş. Cicort-Lucaciu, I. Sas, D. Cupşa, 
É.-H. Kovács and S. Ferenţi 2010a. Food composition of 
some low altitude Lissotriton montandoni (Amphibia, Cau-
data) populations from north-western Romania. – Archives 
of Biological Sciences (Belgrade), 62 (2): 479-488.

Covaciu-Marcov S.-D., I. Sas, C. Antal, A.-Şt. Cicort-Lucaciu 
and M. Buncan 2010b. We cannot hibernate again: new 
amphibian populations active during winter in the thermal 
habitats from Western Romania. – Biharean Biologist, 4 
(2): 153-159.

Covaciu-Marcov S.-D., C. L. Rosioru and I. Sas 2011. Hot 
winters: new thermal habitats with frogs active in winter 
in north-western Romania. – North-Western Journal of 
Zoology, 7 (1): 81-86.

Çiçek K., A. Mermer 2006. Feeding Biology of the Marsh Frog, 
Rana ridibunda Pallas 1771, (Anura, Ranidae) in Turkey’s 
Lake District. – North-Western Journal of Zoology, 2 (2): 
57-72.  

Çiçek K. 2011. Food composition of Uludağ frog, Rana macrone-
mis Boulenger, 1885 in Uludağ (Bursa, Turkey). – Acta 
Herpetologica, 6 (1): 87-99.

Ferreira R. B., R. L. Teixeira 2009. Feeding pattern and use of 
reproductive habitat of the Striped toad Rhinella crucifer 
(Anura: Bufonidae) from Southeastern Brazil. – Acta 
Herpetologica, 4 (2): 125-134.

Ferenţi S., S.-D. Covaciu-Marcov 2011. Comparative data on 
the trophic spectrum of syntopic Bombina variegata and 
Rana temporaria (Amphibia: Anura) populations from 
the Iezer Mountains, Romania. – Ecologia Balkanica, 3 
(1): 25-31.

Ferenţi S., I. Ghira, I. Mitrea, O. Hodişan and S. Toader 2010. 
Habitat induced differences in the feeding of Bombina var-
iegata from Vodiţa Valley (Mehedinti County, Romania). 
– North-Western Journal of Zoology, 6 (2): 245-254.

Heller N. E., E. S. Zavaleta 2009. Biodiversity management in 
the face of climate change: A review of 22 years of recom-
mendations. – Biological Conservation, 142: 14-32.

Hirai T., M. Matsui 2000. Myrmecophagy in a Ranid Frog Rana 
rugosa: Specialization or Weak Avoidance to Ant Eating? 
– Zoological Science, 17: 459-466.

Houston W. W. K. 1973. The food of the Common frog, Rana 
temporaria, on high moorland in northern England. – Jour-
nal of Zoology (London), 171: 153-165.

Kannan R., D. A. James 2009. Effects of climate change on global 
biodiversity: a review of key literature. – Tropical Ecology, 
50 (1): 31-39.

Kapelle M., M. M. I. Van Vuuren and P. Baas 1999. Effects of 
climate change biodiversity: a review and identification 
of key research issues. – Biodiversity and Conservation, 
8: 1383-1397.

Kovács É.-H., I. Sas, S.-D. Covaciu-Marcov, T. Hartel, D. 
Cupşa and M. Groza 2007. Seasonal variation in the diet of 
a population of Hyla arborea from Romania. – Amphibia-
Reptilia, 28: 485-491.

Kovács I., E. Bodenciu, C. Bodenciu, R. Nagy and C. Pintea 
2010. Data upon the feeding of some newt populations 
(Triturus cristatus and Lissotriton vulgaris) from Almas-
Agrij Depression, Salaj County, Romania. – South-Western 
Journal of Horticulture, Biology and Environment, 1 (1): 
29-55. 

Mollov I. A. 2008. Sex Based Differences in the Trophic Niche 
of Pelophylax ridibundus (Pallas, 1771) (Amphibia: 
Anura) from Bulgaria. – Acta Zoologica Bulgarica, 60 
(3): 277-284.

Mollov I. A., P. Boyadzhiev and A. Donev 2010. Trophic role 
of the marsh frog Pelophylax ridibundus (Pallas, 1771) 
(Amphibia: Anura) in the aquatic ecosystems. – Bulgarian 
Journal of Agricultural Science, 16 (3): 298-306. 

Paunović A., O. Bjelić-Čabrilo and S. Šimic 2010. The diet of 
water frogs (Pelophylax esculentus ‘Complex’) from the 
Petrovaradinski Rit Marsh (Serbia). – Archives of Biologi-
cal Sciences (Belgrade), 62 (3): 797-804.

Pianka E. R. 1973. The structure of lizard communities. – Annual 
Review of Ecology and Systematics, 4: 268-271.

Sas I., É. H. Kovács, V. Peter, D. Cupşa and B. Antal 2004. 
Feeding of a non-hibernating Rana ridibunda Pall. 1771 
population. – Analele Universităţii din Oradea, Fascicula 
Biologie, 11: 83-90. (In Romanian).

Sas I., S.-D. Covaciu-Marcov and A.-Şt. Cicort-Lucaciu 2007. 
New thermal water habitats with non-hibernating Pelophy-
lax ridibundus populations from north-western Romania. 
– Analele Universităţii din Craiova, Biologie, Horticultură, 
Tehnologia Prelucrării Produselor Agricole, Ingineria 
Mediului, 12: 229-235.

Sas I., S.-D. Covaciu-Marcov, A. Strugariu, A. David and C. 
Ilea 2009. Food Habit of Rana (Phelophylax) kl. esculenta 
Females in a New recorded E-System Population from a 
Forested Habitat in North-Western Romania. – Turkish 
Journal of Zoology, 33: 1-5.

Shannon C. E., W. Wiener 1949. The mathematical theory of 
communication. Univ. Illinois Press, Urbana, 144 p.

 Solé M., O. Beckmann, B. Pelz, A. Kwet and W. Engels 2005. 
Stomach-flushing for diet analysis in anurans: an improved 
protocol evaluated in a case study in Araucaria forests, 
southern Brazil. – Studies on Neotropical Fauna and En-
vironment, 40 (1): 23-28.

Yu T. L., Y. S. Gu, J. Du and X. Lu 2009. Seasonal variation 
and ontogenetic change in the diet of a population of Bufo 
gargarizans from the farmland, Sichuan, China. – Biharean 
Biologist, 3 (2): 99-104.

Zar J. H. 1999. Biostatistical analysis, 4nd Edition. New 
Jersey, Prentice Hall, 663 p. 

Received: 21.12.2011 
Accepted: 18.04.2012




