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Abstarct. Throughout the 2006-2008 periods we conducted a monitoring study of the known 
thermal habitats with non-hibernating populations of P. ridibundus from north-western Romania. 
For the first time, on the 4th of January 2007, in the thermal water habitat at C�lan Spa 
(Hunedoara County), we noticed the presence of small-sized tadpoles of Pelophylax ridibundus. 
Hundreds of tadpoles of P. ridibundus were identified both in the winter of 2006/2007 and 
2007/2008. In both cold seasons of the study, beside the tadpoles, were observed calling males and 
pairs in amplexus, which demonstrates unequivocally the wintertime breeding of this population. 
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In the Pannonian Basin, as well in the Western 
Plain (north-western Romania), there are signi-
ficant low enthalpy geothermal resources suit-
able for direct heat utilisation (see in: Antal & 
Rosca 2008, Antal et al. 2009, Petrescu-Mag et 
al. 2009). The thermal aquifer systems from 
north-western Romania represent a source of 
heat during winter not only for human popula-
tion, since there have been identified several 
thermal habitats populated by amphibians 
(Covaciu-Marcov et al. 2006, Sas et al. 2007, 
2009a). Thermal habitats are relatively nume-
rous in north-western Romania and subsist 
due to the existence of both some natural 
thermal springs and some drillings supplying 
thermal swimming pools (e.g. Covaciu-Marcov 
et al. 2006, Sas et al. 2009a). The conditions 
from thermal water habitats have determined 
biological modifi-cations at the amphibians 
present in them (e.g. lack of hibernation, win-
tertime reproduction) (see in: Covaciu-Marcov 
et al. 2006, Sas & Covaciu-Marcov 2007, Sas et 
al. 2007, 2009a). 

In Romania, there are two valid species 
from the water frogs’ group {Pelophylax lesso-
nae (Camerano, [1882]) and Pelophylax ridi-
bundus (Pallas, 1771)} and the hybrid form 
between them {Pelophylax kl. esculentus (Lin-
naeus, 1758)}. These three water frogs are 
often encountered together in north-western 
Romania (in different population systems, 
e.g. Covaciu-Marcov et al. 2007, 2008a,b, 
2009a,b, Sas et al. 2009b), however in the 
thermal habitats from here, the P. ridibundus 
species exclusively constitutes non-hibernat-
ing populations (see the discussion in: Sas et 
al. 2009c). The lack of hibernation was observ-
ed in all species of amphibians identified in 
thermal habitats. Nevertheless, only in the 
case of P. ridibundus species there were found 
two populations that breed during winter, the 
populations from 1 Mai Spa and Felix Spa 
(see in: Covaciu-Marcov et al. 2006). 

Throughout the 2006-2008 periods we 
conducted a monitoring study of the known 
thermal habitats with non-hibernating popu-
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lations of P. ridibundus from north-western 
Romania (Fig.1) (see in: Sas et al. 2009a). In 
this survey, it was also included the thermal 
habitat near C�lan locality (Hunedoara 
County), where there are three thermal habi-
tats, represented by the Roman thermal pond, 
by an abandoned thermal pond and by a 
channel in which the thermal waters from the 
spa are discharged (Fig.2, Fig.3) (see in: 
Covaciu-Marcov et al. 2006, Sas et al. 2009a). 

For the first time, on the 4th of January 
2007, in the thermal habitat represented by 
the channel that collects water from the spa, 
we noticed the presence of some small-sized 
tadpoles of P. ridibundus (Fig.4). Considering 
the size of the observed tadpoles (1-1.5 cm), 
they hatched from eggs laid previously by a 
maximum of one month. Hundreds of tad-
poles of P. ridibundus were identified both in 
the winter of 2006/2007 and 2007/2008. 
During the study, there were never found 
tadpoles longer than 1.5 cm. This is probably a 
consequence of the fact that the thermal 
channel from C�lan Spa is flowing water, the 
bigger tadpoles most likely being drained by 
water flow to colder areas downstream, where 
eventually they die. In both cold seasons of the 
study, we heard calling males at each sampling 
event and respectively, there were observed 
pairs in amplexus. The presence of calling 
males and pairs in amplexus demonstrates 
unequivocally the wintertime breeding of this 
population. 

The presence of larvae is likely in the 
Roman pond too (Fig.2a), but its steep walls 
did not allow us to get close enough to water. 
At the same time, it is possible that even if 
larvae are present, they are being eaten by fish 
from the pond. Generally amphibians avoid 
habitats with fish (see in: Hartel & �llerer, 
2009), which feed on their larvae. Concerning 
the third thermal habitat (the abandoned pond) 
(Fig.2b), no tadpoles were observed, although 
here the walls allowed us to approach close 
enough to the water. Probably, the lack of 

tadpoles is due to the presence of fish in the 
pond. 

With regard to the non-hibernating popu-
lations of P. ridibundus, so far breeding during 
winter was reported only for the populations 
from 1 Mai Spa and Felix Spa (Covaciu-
Marcov et al. 2006). These thermal habitats 
have existed since the glacial periods. Thus, it 
was assumed that the adaptation to reproduc-
tion during winter periods, too, was a long 
process. This consideration had also been 
attested by the fact that in the case of thermal 
populations which owe their existence to 
human activities (Covaciu-Marcov et al. 2006, 
Sas et al. 2007, 2009a) neither eggs nor larvae 
of P. ridibundus were observed during winter. 

The observation of continuous reproduc-
tion of marsh frogs at C�lan Spa does not deny 
consideration that the adaptation to conti-
nuous reproduction of the P. ridibundus popu-
lations from thermal waters was a long pro-
cess (see in: Covaciu-Marcov et al. 2006). The 
thermal waters from C�lan Spa are known 
since Roman times (Pescaru & Pescaru 2006), 
the thermal waters from here having origins 
and ages close to the thermal habitats from 1 
Mai Spa or Felix Spa. Lack of previous observa-
tions on breeding during winter of the non-
hibernating marsh frog’s population from 
C�lan Spa is primarily due to the hampered 
approachability of the thermal habitat. Due to 
the great antiquity of the thermal habitat 
represented by the Roman pond (ca. 2000 
years) and to the relatively natural initial state, 
here the accommodation of frogs to thermal 
waters has a considerable age, a fact which 
combined with the permanent character and 
constant level of water may explain the appear-
ance of continuous reproduction at C�lan Spa 
too. 

Amphibians are animals, which in the 
conditions from temperate regions, breed only 
within a certain period of the year, the matu-
ration  of  gametes taking place  in autumn and 
early  winter  (Loumbourdis  &  Kyriakopou- 
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Figure 1.  Distribution map of the thermal habitats in north-western Romania (see in: Covaciu-
Marcov et al. 2006, Sas et al. 2007). The red dot indicates the new P. ridibundus population with 
wintertime breeding from C�lan. The blue dots indicate the previously know populations (Felix 
Spa, 1 Mai Spa). [AR- Arad county, BH- Bihor county, HD- Hunedoara county, SJ- S�laj county, 
SM- Satu-Mare county, TM- Timi� county] 

 
 

 

Figure 2.  Aspects of the three thermal 
habitats at C�lan: (a) the roman 
termal pond, (b) the abandoned 
thermal pond, (c) the channel (for 
details see the text or see in Sas et al. 
2009a). 

a. 

  b. 

  c. 
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Figure 3.  Individuals of P. ridibundus in the thermal habitats (29 December 2008). 
 
 

 
 

Figure 4.  Detail of the third thermal habitat with observed tadpoles (29 December 2008). 
 
 

 
lou-Sklavounou 1996). Wells (1977) distin-
guishes  two breeding  systems  in anurans:  ex- 
plosive breeding and prolonged breeding. These 
two categories represent two ends of a conti-
nuum, ranging from reproduction occurring 

during a single night in some species to the 
reproduction covering several months in other 
species (Wells 1977, also see in: Hartel 2005, 
Hartel et al. 2007). Explosive breeding is cha-
racterized by a large agglomeration in and/or 
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near the breeding sites and a short breeding 
period (days to weeks). Prolonged breeding is 
characterized by extended breeding periods 
(see the discussion and the cited references in 
Hartel et al. 2007). 

Generally, the water frogs from the Pelo-
phylax esculentus complex and Ranids, respecti-
vely, are included in the category of anurans 
with prolonged breeding (e.g. Van Gelder & 
Hoedemaekers 1971, Kusano & Fukuyama 
1989, and also see in: Hartel et al. 2007). 
However, the non-hibernating populations of 
P. ridibundus from thermal waters, at which the 
phenomenon of continuous reproduction was 
encountered, can not be considered to fall into 
this category. They, because of continuous (and 
not delayed) breeding feature, resemble more 
with the populations of amphibians from 
tropical regions which due to the climatic 
conditions can lay multiple egg clutches per 
year (Tsuji & Lue 2000). For some populations 
of P. ridibundus from Greece, laying of two 
clutches per year was reported (Kyriakopo-
lou-Sklavonou & Loumbourdis 1990), and in 
the southern regions of Italy, P. kl. esculentus 
can lay three clutches of eggs per year 
(Rastogi et al. 1983). Most likely, due to the 
high temperature of water in which marsh 
frogs from thermal habitats are living, their 
gametes mature faster, the high temperature 
accelerating the physiological processes of 
amphibians (McLaren & Cooley 1972, Zweifel 
1977). 

Hartel and his collaborators (2007), in 
considering the wide range of habitat types in 
Romania (also see in Hartel et al. 2008), believe 
that significant contributions can be made from 
this side of Europe towards identifying the role 
environmental conditions play in determining 
intraspecific variation in the reproductive stra-
tegies. This statement becomes even more im-
portant by taking account of these populations 
of amphibians from temperate zone, with con-
tinuous reproduction induced by the adapta-
ion to conditions from thermal habitats. Thus, 

beside the classic model of two breeding 
systems (sensu Wells 1977) there is a third, 
more special and unique category, that with 
continuous reproduction, making a Tropics 
patch in the Holarctic. 

 
 
 

References 
 
Antal, C., Setel, A., Gavrilescu, O. (2009): Exploitability of 

geothermal resources in Pannonia Depresion. Analele 
Universitatii din Oradea, Fasc. Energetica 15: 154-157. 

Antal, C., Rosca, M. (2008): Current status of geothermal 
development in Romania. Art.44, pp.1-8. In: The 30th 
Anniversary Workshop of the UNU Geothermal 
Training Programme. United Nations University, 
Reykjavík, Iceland. 

Covaciu-Marcov, S.D., Sas, I., Cicort-Lucaciu, A.�. (2006): 
Amfibienii apelor termale din vestul României. Ed. 
Universit��ii din Oradea, Oradea, Romania. [in 
Romanian] 

Covaciu-Marcov, S.D., Sas, I., Cicort-Lucaciu, A.S. (2007): 
Distribution of the pool frog, Rana lessonae, in the North-
Western Romania. Biota-Race 8: 5-10. 

Covaciu-Marcov, S.D., Bogdan, H.V., Paina, C., Toader, S., 
Condure, N. (2008a): The herpetofauna of the north-
western region of Bihor County, Romania. Biharean 
Biologist 2: 5-13. 

Covaciu-Marcov, S.D., Sas, I., Cicort-Lucaciu, A.S., Bogdan, 
H.V., Kovacs, E.H., Maghiar, C. (2008b): The 
herpetofauna of the Natural Reservation from the 
Inferior Course of the Tur River And Its Surrounding 
Areas. In: Sike, T. & Mark-Nagy, J. (eds.): Flora �i Fauna 
Rezerva�iei Naturale „Râul Tur”. Biharean Biologist 2 
(Supl.1): 111-128. 

Covaciu-Marcov, S.D., Dinc�, I., Dimancea, N. (2009a): The 
herpetofauna of the hydrographical basin of the Moca 
stream from Valea lui Mihai town, Bihor County, 
Romania. Biharean Biologist 3: 125-131. 

Covaciu-Marcov, S.D., Sas, I., Cicort-Lucaciu, A.S., Kovacs, 
E.H., Pintea, C. (2009a): Herpetofauna of the Natural 
Reserves from Carei Plain: zoogeographical significance, 
ecology, statute and conservation. Carpathian Journal of 
Earth and Environmental Sciences 4: 69-80. 

Hartel T. (2005): Aspects of breeding activity of Rana 
dalmatina and Rana temporaria reproducing in a 
seminatural pond. North-Western Journal of Zoology 1: 
5-13. 

Hartel, T., �llerer, K. (2009): Local turnover and factors 
influencing the persistence of amphibians in permanent 
ponds from the Saxon landscape of Transylvania. North-
Western Journal of Zoology 5: 40-52. 

Hartel, T., Sas, I., Pernetta, A. P., Geltsch, I. C. (2007): The 
reproductive dynamics of temperate amphibians: a 
review. North-Western Journal of Zoology 3: 127-145. 



Wintertime breeding of a P. ridibundus population in NW Romania 

 
North-West J Zool, 6, 2010 

133

Hartel, T.R., Moga, C.I., Öllerer, K., Demeter, L., Sas, I., Ru�ti, 
D.M., Balog, A. (2008): A proposal towards the 
incorporation of spatial heterogeneity into animal 
distribution studies in Romanian landscapes. North-
Western Journal of Zoology 4: 173–188. 

Kusano, T. and Fukuyama, K. (1989): Breeding activity of a 
stream - breeding frog (Rana sp.). pp. 314-322. In: Matsui, 
M. et al. (eds): Current Herpetology in East Asia. 
Herpetological Society of Japan, Kyoto. 

Kyriakopoulou-Sklavounou, P., Loumbourdis, N. (1990): 
Annual ovarian cycle in the frog Rana ridibunda in 
Northen Greece. Journal of Herpetology 24: 185-191. 

Loumbourdis, N., KyriakopoulouSklavounou, P. (1996): 
Follicle growth during hibernation in the frog Rana 
ridibunda in northern Greece. Israel Journal of Zoology 
43: 275-285. 

McLaren, I.A., Cooley, J.M. (1972): Temperature adaptation of 
embryonic development rate among frogs. Physiological 
Zoology 45: 223–228. 

Pescaru, A., Pescaru, E. (2006): Valori ale patrimoniului 
hunedorean. Ed. Muzeul Civiliza�iei Dacice �i Romane, 
Deva, Romania. [in Romanian] 

Petrescu-Mag, R.M., Roba, C., Petrescu, D.C. (2009): The 
Romanian perspective on geothermal energy resources. 
The chemistry of the geothermal waters from Oradea 
Triassic aquifer. AACL Bioflux 2(1): 9-17. 

Rastogi, R.K., Izzo-Vitiello, I., di Meglio, M., di Matteo, L., 
Franzese, R., di Constanzo, M.G., Minucci, S., Iela, L., 
Chieffi, G. (1983): Ovarian activity and reproduction in 
the frog Rana esculenta. Journal of Zoology (London) 200: 
233-247. 

Sas, I., Covaciu-Marcov, S.D. (2007): Overwintering without 
winter: the exceptional case of two terrestrial anurans 
from the thermal habitats in Romania. North-Western 
Journal of Zoology 3: 121-126. 

Sas, I., Covaciu-Marcov, S.D., Cicort-Lucaciu, A.�. (2007): 
New thermal water habitats with non-hibernating 
Pelophylax ridibundus populations from north-western 

Romania. Analele Universit��ii din Craiova, Biologie, 
Horticultura 12: 229-235. 

Sas, I., Covaciu-Marcov, S.D., Dimancea, N., Lukacs, I. 
(2009a): What have we accomplished in the past years? 
Monitoring the amphibians from the thermal habitats 
from western Romania. Herpetologica Romanica 3: 63-
75. 

Sas, I., Covaciu-Marcov, S.D., Strugariu, A., David, A., Ilea, C. 
(2009b): 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. 

Sas, I., Kovács, É.H., Covaciu-Marcov, S.D. (2009c) Are the 
hibernating water frogs from Pelophylax (Rana) esculentus 
complex (from North-Western Romania) able to adapt to 
the thermal water conditions? AES Bioflux 1: 37-41. 

Tsuji, H., Lue, K.Y. (2000): The reproductive ecology of female 
Rana (Limnonectes) kuhlii, a fanged frog of Taiwan, with 
particular emphasis on multiple clutches. Herpetologica 
56: 153–165. 

Van Gelder, J.J., Hoedemaekers, H.C.M. (1971): Sound activity 
and migration during the breeding period of Rana 
temporaria, L., R. arvalis Nilsson, Pelobates fuscus Laur. 
and Rana esculenta L. Journal of Animal Ecology 40: 599-
568. 

Wells, K.D. (1977): The social behaviour of anuran 
amphibians. Animal Behavior 25: 666-693. 

Zweifel, R.G. (1977): Upper thermal tolerances of Anuran 
embryos in relation to stage development and breeding 
habits. American Museum Novitates 2617: 1-21. 

 
 
 

Submitted: 11 January 2010 
/  Accepted: 17 April 2010 

 
Published Online: 02 May 2010 

 
 
 
 


