
Herpetologica Romanica                                                                                                                                                            Vol. 3, 2009, pp.63 -75 
ISSN: 1842-9203                                                                                                                                                                              Article No. 031110 

 
 
©Romanian Herpetological Society,Cluj-Napoca / Oradea, Romania, 2009                                                                                                    Herpetol. Rom, 3, 
http://herpetofauna.uv.ro/herprom.html                                                                                                                                                               2009, Romania 

 
 

What have we accomplished in the past years? Monitoring the amphibians from the  
thermal habitats from western Romania 

 
István SAS ¹*, Severus-Daniel COVACIU-MARCOV ¹, Nicoleta DIMANCEA², Iuliana LUKACS ³ 

 
1. University of Oradea, Faculty of Sciences, Department of Biology; 1 Universităţii str., Oradea 410087, Romania 

2. University of Oradea, Faculty of History, Geography and International Relations, Environmental Geography,  
1 Universităţii str., Oradea 410087, Romania 

3. Oradea, Romania 
* Corresponding author – E-mail address: sas_steve19@yahoo.com 

 
 

Abstract. We monitored the amphibians from 11 thermal habitats from western Romania during two cold seasons 
(2006/2007 and 2007/2008). In this respect, we identified three amphibian species that were active during winter 
(Bombina bombina, Pelophylax ridibundus and Rana dalmatina). P. ridibundus was the only species at which we also 
observed other biological modifications (the continuous reproduction and the larval gigantism). In comparison to 
the previous study, most of the thermal habitats presented modifications. There are cases in which the habitat 
evolved positively once with the increase of the thermal water flow, but there are also situations in which it had 
restrained. We observed both the appearance and disappearance of some thermal habitats due to the influence of 
man, including during the study period. The thermal habitats and their amphibian populations are extremely 
exposed to the anthropogenic influences. These determine even the existence of some habitats. This impact leads to 
a decrease of the water level from some habitats, because it is used by man in various domains. Moreover, some of 
the habitats are polluted with oil products or detergents, originated from domestic activities. 

 
Key words: thermal habitats, Amphibians, continuous reproduction, anthropogenic influences 

 
 
 
Introduction  
 
The amphibians from the thermal waters have 

recently been in the attention of several studies 
regarding this unusual situation, which has a 
distinct theoretical and practical importance 
(Covaciu-Marcov et al. 2003a, 2004a, 2006, Sas et al. 
2007, Sas & Covaciu-Marcov 2007).  

The existing data until 2004 were reunited in a 
monograph (Covaciu-Marcov et al. 2006). It cites 
and describes in detail 11 thermal habitats from 
north-western Romania in which there are 
amphibian populations active during winter. 
Afterwards, another three thermal habitats were 
recorded in this part of the country (Sas & 
Covaciu-Marcov 2007).  

Several natural thermal springs are found in 
western Romania, at the contact area between the 
Panonian Plain and the hilly and mountainous 
sectors situated towards the east (Oncescu 1959). 
Together with these, a series of thermal waters 
have been collected, using drillings, which are 
presently supplying the swimming pools 

(Covaciu-Marcov et al. 2006), or other economic 
objectives. 

The conditions from these habitats have 
determined biological modifications at the 
amphibians present in them. The most important 
factor is the high and constant thermic level of the 
thermal waters (Covaciu-Marcov et al. 2006). The 
influence of the water temperature upon the 
amphibians is a major one, being revealed at 
different levels (Bachman 1969, Rome et al. 1992, 
Riis 1991). Thus, several amphibian species that are 
active during the cold season have been recently 
identified in the thermal waters from western 
Romania (Covaciu-Marcov et al. 2006). Regarding 
the marsh frog, Pelophylax ridibundus, these 
modifications reach the next level, affecting the 
reproduction biology, the species reproducing 
during the whole year, while the tadpoles reach 
very large dimensions. Even the trophic spectrum 
of these populations greatly differs of that of the 
normal populations active during the warm season 
in the non-thermal habitats (Covaciu-Marcov et al. 
2003b, 2004b, 2005, Sas et al. 2004). 
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The present study represents a continuation of 
the research previously undertaken (Covaciu-
Marcov et al. 2006). The objective of our study is 
represented by the monitoring of the amphibian 
populations from 11 thermal habitats from western 
Romania during three years and two cold seasons, 
aiming their evolution in comparison to the 
situation previously presented. The present 
research occurs after 3 years from the ending of the 
previous investigation (Covaciu-Marcov et al. 
2006). Moreover, we have intended to evaluate to 
what extent man influences these unique 
populations. 

 
 
Materials and methods  
 
The study was realised during 2006 – 2008. We investigated 

11 thermal habitats from 5 counties from western Romania. 
Regarding the habitats found nearby of Oradea (Felix Spa, 1 
Mai Spa) we performed monthly fieldtrips, while concerning 
the habitats situated at a significant distance (in Hunedoara 
County) we performed fieldtrips twice a year, one in the warm 
season and one in the cold one. We investigated all of the 11 
thermal habitats during each year of the study period. 

We used the direct visual observation method (Brown 1997, 
Cogălniceanu 1997). We also monitored the pairs found in 
amplex and their egglayings.  

Another method was the capturing and studying of the 
larvae during the entire year. An important technique in the 
establishing of the continuous reproduction was represented by 
the observation of the males’ song.  

In most of the cases, the amphibians were directly 
identified, without being captured. However, in the situations 
in which the frogs had to be captured, they were caught by 
hand or with the help of different nets. Once the frogs were 
determined and photographed, the amphibians were released 
in their habitat of origin. 

During the study, we followed and measured different 
physical and chemical parameters of the thermal waters. Thus, 
we determined the water temperature, in different points of the 
habitats in comparison to the air temperature, using simple 
thermometers. We used pH paper in order to determine the 
water pH. 

 
 
Results and discussions 
 
There are differences between the previous 

situation and the one registered in the present 
study. Thus, some habitats have changed during 
the passing of the years. There are habitats that 
have become more favourable for the frogs, and 
habitats in which the conditions have slowly 
deteriorated. In addition, there are also cases, in 

which new habitats have appeared, because of 
human activities. Last, there are also situations in 
which the habitats have been modified during our 
study, also as a result of human activities. 

In the 11 localities with thermal habitats, we 
identified 3 species at which the conditions from 
the thermal waters have induced biological 
modifications, respectively: Bombina bombina, 
Pelophylax ridibundus and Rana dalmatina. P. 
ridibundus is the only one that is present in all of 
the 11 habitats. The three species have also been 
previously recorded in the 11 thermal habitats 
(Covaciu-Marcov et al. 2006). We did not 
encounter all of the three observed species in either 
of the habitats, only in few of these recording two 
of the species, and in one habitat, we did not 
record any of the species in either of the study 
period (table 1). The absence of the frogs from the 
thermal habitat from Acâş was also previously 
signalled (Covaciu-Marcov et al. 2006), this fact 
being caused by the anthropogenic factors that 
modified the habitat, situation which was 
constantly present during the study period. 

The modifications induced by the thermal 
waters at these amphibian species were the ones 
previously signalled (Covaciu-Marcov et al. 2006), 
respectively: 1. the disappearance of the 
hibernation, 2. the continuous reproduction and 3. 
the appearance of the larval gigantism. We have 
not observed any new modifications and neither 
the disappearance of one. Thus, it can be stated 
that as long as the same external factors act upon 
the amphibians, and their influence is a constant 
one, the induced modifications are the same. All of 
the three modifications of the amphibians’ biology 
are  present  only in one habitat,  respectively  at  1 
Mai Spa. Further on, the situation will be pre-
sented in detail regarding each habitat. 

 
1. The thermal habitat from 1 Mai Spa. The 

most important and obvious modification that 
affected this habitat in comparison to the previous 
data (Covaciu-Marcov et al. 2006) was represented 
by the slow but continuous decrease of the lake’s 
water level. Vertically, the decrease was of 
approximately 10 cm during an interval of 5 years. 
Horizontally however, this decrease reached 
several meters, due to the very gentle slope of the 
lakeside, which made the drop in level to be felt on 
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wide surfaces. The water decrease is a consequence 
of the uncontrolled overtake of thermal water, 
which is in a continuous increase. In the two cold 
seasons of our monitoring, the amphibians from 
the thermal lake presented the modifications 
described in the scientific literature (Covaciu-
Marcov et al. 2006). Thus, the marsh lake, P. 
ridibundus, presented the classic modifications, 
respectively the disappearance of the hibernation, 
the continuous reproduction and only to a smaller 
extent the larval gigantism. Also presently, the 

marsh frogs are present and active during the 
whole year in the thermal habitat from 1 Mai Spa. 
The negative effect of the anthropogenic disturb-
ances from the last years is not felt upon this 
aspect of the frogs’ ecology from the thermal 
waters. However, the continuous decrease of the 
habitat has a negative long effect upon the size of 
the populations. Meanwhile, the negative effect is 
also experienced by the frequency of appearance of 
the larger frogs, which are smaller in number in 
comparison to the beginning of the year 2000. 

 
 

Table 1. The amphibian species that are active during winter in the studied thermal habitats 
 

 Bombina bombina Pelophylax ridibundus Rana dalmatina 

Cold season 2006/2007 2007/2008 2006/2007 2007/2008 2006/2007 2007/2008 

1 Mai Spa - - X X - - 

Felix Spa - - X X - - 

Răbăgani  - - X X - - 

Mădăras X - X X - - 

Livada - - X X - - 

Chişlaz - - X X X X 

Boghiş - - X X - - 

Acâş - - - - - - 

Călacea  - - X X - - 

Geoagiu roman basin - - X X X X 

Geoagiu canal - - - X - - 

Călan - - X X - - 

 
 
The frogs from the thermal lake continue to 

permanently reproduce despite the reduction in 
size of the habitat. Our study confirms the 
presence during the whole year, regardless of the 
period, of the pairs in amplex, the egglayings and 
the tadpoles of different sizes. Regarding the 
egglayings it must be mentioned that they have a 
smaller size than the ones described in the 
scientific literature, thus they have a lower number 
of eggs. These data confirm the previous suppo-
sition (Covaciu-Marcov et al. 2006) according to 
which the green frogs from the thermal waters 
behave in the same manner as the ones from the 
tropical regions, concerning the reproduction, 
permanently laying a small part of their eggs. In 
the temperate region, the amphibians generally 
reproduce once a year, while in the tropical region 
they can lay several eggs per year as a result of the 

climatic conditions (Tsuji & Lue 2000). Due to the 
water temperatures, the marsh frogs from the 
thermal habitats from 1 Mai Spa present a similar 
reproduction to the ones of the species from the 
tropical region. The gigantic larvae are fewer and 
of smaller size. Thus, during our study we have 
identified only occasionally larvae of maximum 9.5 
cm, although in 2003 we recorded larvae of 10.2 
cm, and at Felix Spa of even 12 cm (Covaciu-
Marcov et al. 2003a). Normally, in Romania, the 
larvae of the marsh frog reach 8.8 cm at 
metamorphosis (Fuhn 1960). At 1 Mai Spa, the 
gigantic tadpoles are present throughout the whole 
year (Covaciu-Marcov et al. 2006), situation also 
confirmed by us in the years 2006, 2007 and 2008.  

In the thermal habitat from 1 Mai Spa we have 
also observed amphibian species, which reproduce 
earlier than in the normal conditions from the non-
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thermal habitats. It is the case of the common newt 
Lissotriton vulgaris and of the scabby toad Bufo bufo. 
During our study, these species also began their 
reproduction earlier in the habitat from 1 Mai Spa, 
with approximately a week in advance in 
comparison to the non-thermal habitats from the 
area. Thus, the situation is similar to the one 
previously signalled (Covaciu-Marcov et al. 2006). 

Due to the anthropogenic impact expressed 
through the clearcuts from the neighbouring areas 
of the thermal lake, we have not observed during 
our study period individuals of Rana dalmatina or 
Hyla arborea, as we did in the years before 2000 
(Covaciu-Marcov et al. 2006). Also, desilting 
activities presently continue in the thermal habitat 
from 1 Mai Spa. These take place annually, 
resulting in the removal from the lake of some 
impressive vegetal mass quantities. Together with 
the plants, numerous egglayings and P. ridibundus 
tadpoles are also taken out of the lake. 

In both of the cold seasons of the study we 
identified frogs that are active in winter in both of 
the sectors situated downstream of the thermal 
lake, which are found under the influence of the 
thermal habitat. Thus, the frogs behave in the same 
manner as in the lake both upstream of Rontău 
dam, and in the two canals situated downstream of 
it. In all of the three habitats, the marsh frogs are 
active during winter and they reproduce during 
the entire year. Therefore, the two artificial 
habitats, realised in the year 2002, were rapidly 
integrated in the thermal ecosystem, the amphi-
bians behaving in the same manner as in the 
natural one. 

 
2. The thermal habitat from Felix Spa. The 

thermal habitat from Felix Spa is relatively low 
modified in comparison to the previous situation 
(Covaciu-Marcov et al. 2006). However, the habitat 
has partially evolved and this evolution has 
greatly been a positive one. Thus, the most 
important modification registered at Felix Spa is 
represented by the permanent supply with thermal 
water of the 4th basin during the entire cold season 
2006 / 2007 and 2007 / 2008. In the past, this basin 
was just occasionally supplied with thermal water. 
Presently, the area found near of the 4th basin has 
been partially modified, some trees being cut. 
Moreover, the basin is permanently full with 

thermal water. As a result of this fact, marsh frogs 
are permanently present both in the 4th basin as 
well as in the other 3, being active during winter. 

Two biological modifications occur at the 
marsh frogs from Felix Spa, respectively the 
disappearance of the hibernation and the 
continuous reproduction. Although the larvae 
gigantism has been signalled in the past, being 
recorded larvae of even 12 cm (Covaciu-Marcov et 
al. 2006), in the past 3 years of our study we have 
not identified this type of larvae. During our entire 
investigation, we have observed extremely few 
larvae, being mainly present in the 3rd basin. 

The general rarity of the tadpoles and the lack 
of the giant ones can be a consequence of the 
introduction in the past years of numerous 
predators in the thermal basins from Felix Spa. 
Thus, numerous exotic fish species have been 
introduced in the habitats. The number of exotic 
fish is very large, in the basins being present 
several hundreds of individuals. Even more 
serious for the P. ridibundus larvae is the 
introduction in the 1st and 2nd basin of at least 15 
individuals of exotic tortoise, Trachemys scripta 
elegans. This is a carnivorous species, a predator, 
which is an important consumer of the marsh 
frogs’ larvae. Although it is an exotic species, 
Trachemys scripta elegans has been recently 
introduced in several areas of Europe, sometimes 
individuals have been accidentally released in 
nature by their breeders (Puky et al. 2005). 

However, it is difficult to accept that only the 
predators would be responsible for the disappear-
ance of the gigantic tadpoles from the thermal 
habitats from Felix Spa. Thus, it can be considered 
that the larger larvae are less exposed to the 
predators than the ones of smaller size (Semlitsch 
1990). At Felix Spa, it was considered that the most 
important predators for the P. ridibundus larvae 
from the thermal waters are the adults of their own 
species, being recorded numerous situations in 
which they consumed their larvae (Covaciu-
Marcov et al. 2006). At Felix Spa, the presence of 
the large sized tadpoles was connected with the 
fact that the adults do not have sufficient preys in 
the cold season, while the larvae have an import-
ant trophic basis, represented by the abundant 
phytomass from the thermal basins. Presently, 
however, the abundance of certain large sized pre-
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dators, such as the tortoises, practically prevent the 
tadpoles to reach larger sizes, for a tortoise probab-
ly a 12 cm tadpole does not represent a difficult 
prey to catch. 

The marsh frogs that are active during winter 
were constantly present in the two cold seasons in 
all of the four thermal basins from Felix Spa. 
However, the number of marsh frogs observed 
during winter was permanently in decrease in the 
first habitat. This descending evolution of the 
number of frogs is most likely a result of the 
impact that the introduced predators have had 
upon the P. ridibundus populations.  

The largest number of frogs that are active 
during winter was registered in the second basin, 
which was less affected by the exotic tortoises. A 
less modified habitat was the third basin. In the 4th 
basin, which was permanently in function during 
winter, there were probably present several tens of 
P. ridibundus individuals. The marsh frogs 
permanently reproduced in all of the four basins 
from Felix Spa. Therefore, in all of the basins we 
observed during the entire year both pairs in 
amplex and egglayings or different sized tadpoles.  

The anthropogenic impact is constant, the 
negative human actions being similar to the ones 
previously signalled (Covaciu-Marcov et al. 2006), 
being represented by the removal of the vegetation 
from the water, action which is annually realised. 
Such actions result in the destruction of the 
egglayings, the adults and their tadpoles. Not only 
the marsh frog is affected, but even the scabby frog 
which reproduces here during spring, exactly in 
the period in which the desilting occurs. 

 In addition, in the past years the neighbouring 
area has been massively modified together with 
the explosive development of tourism in the resort. 
In the last years, the resort has known a strong 
development and a massive rush of tourists. 

 
3. The thermal habitat from Răbăgani. The 

thermal habitat from Răbăgani is an extremely 
unstable one due to the reduced dimensions and 
its localisation in a heavily modified area, being 
situated inside a locality. This instability has also 
been signalled in the past (Covaciu-Marcov et al. 
2006) and during our study. Despite the 
permanent oscillations, the populations from this 
thermal habitat seem to be in a slight progress, 

firstly due to the constant maintenance of the 
thermal water supply. In both of the cold seasons, 
the thermal water level from the basin was 
relatively high, exceeding 0.5 m in depth during 
the winter of 2006 / 2007, and in the following 
year surpassing even one meter, reaching until the 
superior limit of the concrete border that separates 
the two basins. 

The buildings of the former swimming pool 
were completely broken down during the years of 
our study. Although the thermal basins from 
Răbăgani represent a scientific reservation, they 
are considered to be owned by some villagers, 
which are very possessive, even intending to deny 
us access in the thermal swimming pool. The water 
birds of these locals are constantly present in the 
thermal waters, representing a permanent stress 
factor for the amphibians, fact that has been 
previously recorded in this thermal habitat 
(Covaciu-Marcov et al. 2006). 

P. ridibundus was the only species that was 
active during winter, although in the past the 
common newt, Triturus vulgaris, was also signalled 
here (Covaciu-Marcov et al. 2006). This is probably 
due to the high number of birds that are found in 
the thermal waters, which consume these small 
sized amphibians. The only biological modification 
of the marsh frog registered in this habitat is 
represented by the disappearance of the 
hibernation, although in the past the continuous 
reproduction was recorded here (Covaciu-Marcov 
et al. 2003a). 

Frogs that are active during winter were 
observed from both sides of the concrete dam, but 
by far the majority were recorded on the side 
towards the spring and forest of the dam, where 
the water level was much higher. In the cold 
season between 2006 and 2007, the second basin 
had no water, in the first basin being present 
approximately 30 P. ridibundus individuals, 
registering a general size of under 4 cm. The water 
temperature was similar to the one registered 
before (Covaciu-Marcov et al. 2006), reaching 25°C 
at the spring exit. However, the aquatic vegetation 
was very developed in both of the cold seasons of 
the study, forming a compact line at the basis of 
the dam that separates the two basins. Probably, 
this explosive development of the aquatic 
vegetation represented an encouraging factor for 
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the frogs, which hide completely under the 
vegetation at the smallest sign of danger. The fact 
represents an advantage, assuring protection for 
the frogs towards the water birds. 

In the cold season 2007 / 2008, when the water 
level was maximum, the number of observed frogs 
was double in comparison to the previous year. 
Thus, it is confirmed that there is a connection 
between the water level and the number of active 
frogs. The higher the water level, the more frogs 
remain in activity during the cold season. 

Although we have not observed proof 
regarding the continuous reproduction of the 
frogs, it must be mentioned that there are indirect 
evidence of this biological modification. Thus, 
during the cold season we have often heard the P. 
ridibundus males singing. Moreover, in January 
2008 we recorded juveniles in the second basin, 
which obviously originated from recently 
metamorphosed larvae. The fact that we did not 
manage to observe any larvae is probably due to 
their distinct rarity, as a result of the intensive 
hunting performed by the water birds. The adults 
of the marsh frogs have large dimensions and high 
speed, thus cannot be captured by ducks. 
However, the juveniles and especially the larvae, 
are extremely vulnerable towards these water 
birds. 

The fate of the thermal habitat from Răbăgani is 
hard to predict. Even if presently, the 
nonhibernating P. ridibundus population is found 
in an ascending evolution, this fact can be at any 
time modified, due to the anthropogenic 
interventions upon the habitat. The thermal habitat 
has a great importance, especially because of the 
fact that a Rana temporaria individual was recorded 
together with the marsh frogs, during the cold 
season between 2006 and 2007 (Sas & Covaciu-
Marcov 2007). 

 
4. The thermal habitat from Mădăras. The 

thermal habitat from Mădăras has suffered 
important modifications during the two years of 
study. Thus, in the cold season 2006 / 2007 the 
situation of the habitat was unchanged in 
comparison to the one previously registered 
(Covaciu-Marcov et al. 2006). However, in the fall 
of 2007, vast desilting actions occurred at the canal 
from the swimming pool from Mădăras, which is 

actually the thermal habitat. Thus, the aspect of the 
canal and its conditions were modified. 
Simultaneously with the removal of the thick layer 
of silt from the substratum of the canal, the 
excavators also destroyed the vegetation from the 
shoreline. Both the grassy vegetation and the 
shrubs were completely removed, which bordered 
the canal’s shores in the past and protected it 
towards the strong winds from the field. However, 
in the cold season 2007 / 2008 active amphibians 
were observed. The fact is probably due to the 
maintenance of a constant high thermal flow in the 
canal regardless of the period of year. The 
continuous flow of thermal water is a consequence 
of the fact that the thermal swimming pool is also 
opened during winter. This aspect represents the 
condition for which the frogs can remain active 
during winter. 

Two species that are active during winter were 
observed in the thermal habitat from Mădăras, 
respectively P. ridibundus and Bombina bombina. 
The last one was recorded only in the cold season 
between 2006 and 2007, afterwards being probably 
affected by the human activities of desilting. From 
the three biological and ecological modifications of 
the amphibians, only the disappearance of the 
hibernation was observed in this habitat. 

In the winter between 2006 and 2007, the 
vegetation from the shoreline was very thick, fact 
which favoured the frogs. Thus, alongside of only 
10 m of canal towards the river mouth of the 
thermal waters, seven frogs were counted in 
January 2008. In the cold season 2007 / 2008, 
together with the workings at the canal, the 
number of observed frogs during the same 
distance dropped to just four. On the one side, this 
fact can be a result of the direct killing of some 
frogs.  

On the other side, it is possible that the frogs 
could have been stressed by the human activities 
and express vulnerability because of the lack of 
vegetation, and thus be very cautious and take 
shelter in the silt much sooner than in the pervious 
year, being therefore hard to notice. In the past, it 
has been recorded that in many of the thermal 
habitats, the marsh frogs did not stay in the water 
as much as they did in the vegetation from the 
shoreline (Covaciu-Marcov et al. 2006). Therefore, 
for the P. ridibundus population from Mădăras, the 
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removal of the vegetation from the shoreline can 
represent a serious problem in the future. 

 
5. The thermal habitat from Livada. The 

thermal habitat from Livada presented important 
modifications both between the two cold seasons 
of the study and in comparison to the previous 
situation (Covaciu-Marcov et al. 2006). The most 
obvious modification was represented by the 
almost complete reduction of the classic supply 
with thermal water from the end of the canal. In 
the past, the thermal canal from Livada was 
supplied by several drillings situated between 
Plastor unit and the locals’ houses, drillings that 
have mainly been stopped. This fact should have 
led to the ceasing of the activity of the populations 
that are active during winter. However, although 
some drillings have been closed, others have 
opened. 

In the three years of our study, the thermal 
water supply of the canal was realised through a 
new drilling with a much higher flow that 
originated directly from Plastor factory. This flows 
in the thermal canal of under the road, at 25 km 
downstream of the old entering point of the 
thermal waters in the canal. As a result of this fact, 
the frogs disappeared alongside the 25 m situated 
upstream of the actual entering point of the waters 
in the canal, but also alongside approximately 10 
m downstream of it, due to the very high 
temperatures of the waters that supply the canal 
(approximately 60° C). However, due to the much 
higher flow of thermal waters from the new 
drilling (about 3 - 4 times higher than in the past), 
the area occupied by the populations that are 
active during winter has greatly spread, occupying 
a length of up to 30 m alongside the stream in 
which the canal flows into. As a consequence, the 
number of frogs that are active during winter is 
also much higher than in the past. 

In the cold season 2007 / 2008 the situation 
from the main thermal habitat was almost 
unchanged, just the flow of thermal water was 
slightly reduced. In this habitat, the water flow is 
directly connected to the production from Plastor 
unit.  

During the years of our study, the factory 
operated much more intensely than in the 2000’s. 
Thus the canal was permanently supplied with 

high quantities of water, although in the past there 
were recorded situations in which the supplying of 
the canal with thermal water completely ceased in 
some periods (Covaciu-Marcov et al. 2006). 
Moreover, in the same season, in the court of the 
factory, two basins of approximately 7 m² were 
supplied with thermal water. In one of these, we 
observed P. ridibundus individuals that were active 
during winter. However, they lacked from the 
other basin, due to the high temperatures of the 
thermal water, which reached 50° C.  

We established both the expansion of the 
thermal canal and the appearance of a new thermal 
habitat, represented by the basin found inside 
Plastor factory. Thus, this thermal habitat evolved 
positively regarding the amphibians that are active 
during the cold season. 

Only one biological modification was registered 
at the thermal habitat from Livada, respectively 
the disappearance of the hibernation. This affects 
only one species, respectively P. ridibundus. On 31 
XII 2006, during one transect that was realised on 
one shore of the canal, we observed 43 Rana 
ridibunda individuals that were active. The 
respective date was in the middle of winter, the air 
temperature being of -3° C, while a layer of snow 
covered the soil. The frogs were present both near 
the shores and in the areas from the centre of the 
canal, on different zones with a higher substratum 
or on artificial supports (different waste that are 
thrown in the water). 

 
6. The thermal habitat from Chişlaz. If 

spectacular modifications occurred during our 
study at the habitat from Livada, the general 
aspect of the habitat from Chişlaz did not modify 
radically neither during our study, nor in 
comparison to the previous situation (Covaciu-
Marcov et al. 2006).  

The water level and the frog species that were 
active during winter were approximately the same. 
A single modification affected especially the canal 
with thermal water, respectively the partial 
desilting of it, which led to the restriction of the 
diverticulum from the area of the former farm.  

Moreover, in comparison to the previous years, 
the flow of the thermal canal was supplemented in 
the cold season with water from the swimming 
pool and not just from the thermal pipe used by 
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the locals to wash their laundry. This swimming 
pool also partially operated in the cold season. 

A single biological and ecological modification 
of the amphibians is registered at Chişlaz, 
respectively the disappearance of hibernation, 
which affects two species: P. ridibunda and Rana 
dalmatina. From these, the last is just an accidental 
occurrence, in each cold season of the study 
observing one individual. During the cold season 
of 2006 / 2007 the Rana dalmatina individual was 
found dead near the thermal canal. The rarity of 
the Rana dalmatina individuals from the 
neighbouring area of the thermal habitat is not 
only due to the difficult conditions from the cold 
season, but to the fact that the area is unfavourable 
for the agile frog. Thus, the canal is found near a 
relatively affected pasture, which presents only 
few grassy vegetation, representing thus a difficult 
habitat for Rana dalmatina, which is a species 
connected to the forested areas (Fuhn 1960). 

Regarding the number of observed marsh frogs, 
this is relatively high. Thus, on 28 XII 2007 we 
counted 39 marsh frogs at a single transect realised 
alongside the canal. In the cold season 2007 / 2008 
the number of observed frogs was lower due to the 
desilting activities that affected the canal. 

Each year, we observed in the cold season dead 
marsh frogs, frozen near the thermal canal. This 
fact is because the frogs left the water, either to 
avoid the pollutants from the water, or as an 
attempt to feed. This thermal habitat lacks its own 
trophic resources, either due to the high water 
temperature, or due to pollution. Thus, the marsh 
frogs that are active during winter, feed very 
poorly in the cold season, the only preys identified 
during the interval in their stomach contents being 
terrestrial ones (Covaciu-Marcov et al. 2003b). 
These are captured from land, near the shores of 
the canal, being terrestrial animals that also 
remained active because of the thermal influence. 

As in the past (Covaciu-Marcov et al. 2006), the 
thermal habitat from Chişlaz is regularly affected 
by pollution. Detergents or soaps frequently reach 
the water. This type of pollution results from the 
fact that locals wash their laundry in the pipe that 
supplies the canal. Even agricultural machinery 
are occasionally washed with this water, thus oil 
products reach the thermal canal. The frogs 
generally manage to avoid the actions of these 

toxic substances, leaving the water and sheltering 
on the shores near the water, enjoying the 
beneficent effect of the high temperatures, but 
avoiding the effect of the oil products. However, 
this fact is even more difficult in the superior 
sector of the canal, which was desilted. Other 
biological and ecological modifications of the 
amphibians probably lack from this habitat, such 
as the continuous reproduction, also a result of the 
fact that the frogs frequently leave the water. 

 
7. The thermal habitat from Boghiş. The 

thermal habitat from Boghiş registers a very 
oscillating evolution, both during our study and in 
the past (Covaciu-Marcov et al. 2006). Variations of 
the frogs’ presence in different years have also 
been recorded in the past. The marsh frogs were 
active during the cold season 2006 / 2007, but 
completely lacked in the cold season 2007 / 2008. 
Despite the lack of frogs from the classic thermal 
habitat, a new thermal habitat was identified at 
Boghiş during the cold season 2007 / 2008. 

The only biological modification of the 
amphibians registered at Boghiş was represented 
by the disappearance of the hibernation. This 
affected only one species, P. ridibundus, probably 
the only species also present in the warm season in 
these habitats. In the classic thermal canal, in 
which active frogs during winter were also 
described in the past, six P. ridibunda individuals 
were observed in the cold season 2006 / 2007 
alongside 10 m length of canal. Thus, extrapolating 
with the canal length, we can state that several tens 
of P. ridibunda individuals were active during that 
winter. These were mainly present near the shores 
of the canal. When we surprised them, some frogs 
took shelter in the water, burying themselves in 
the silt, while others took shelter in the thick 
vegetation from near the shores. At 15 m from the 
entering point of the thermal water in the canal, it 
had a temperature of 25° C, this habitat being thus 
extremely favourable for the marsh frogs. The 
habitat is extremely affected by man, containing 
many waste originated from the neighbouring 
resort. 

However, in the cold season 2007 / 2008 we did 
not identify any individual in the habitat. The fact 
is even stranger, as the water level from the canal 
was similar to the one from the previous year. At 
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Boghiş, the disappearance of the active population 
during winter was explained in the past by the 
strong decrease of water level (Covaciu-Marcov et 
al. 2006). In our case, this explanation is excluded, 
the only logical explanation being that of some 
eventual strong and rapid fluctuations of the water 
level from the canal. 

The new habitat from Boghiş is situated at a 
distance of 100 m of the previous one, at the level 
of a pasture. It is represented by a bogging area 
with a diameter of approximately 10 m², formed at 
the level of a broken pipe with thermal water. The 
pipe is obvious at the level of the substratum of the 
pond. The water temperature is similar to the one 
from the main canal, reaching 27° C. The water 
depth reaches maximum 0.5 m, the substratum 
presenting silt, on the shores being present grassy 
vegetation and a shrub. We counted on 2 I 2008 
nine marsh frogs, in the conditions in which the air 
temperature was -1° C. 

The presence of the frogs in the new habitat 
that are active during winter, raises even more 
questions upon their absence from the main canal. 
The new pond is directly exposed to the cold air 
currents, being situated at the level of a pasture, 
without beneficiating of the vegetal protection, 
while the canal is practically bordered by several 
trees on both sides. These facts plead for the 
validity of the above mentioned theory regarding 
the high flow fluctuations from the main canal, as 
a cause of the absence of active frogs from the cold 
season 2007 / 2008.  

 
8. The thermal habitat from Acâş. The thermal 

habitat from Acâş does not contain any amphibian 
species that is active during winter and any 
biological and ecological modifications that are set 
under the action of the thermal waters. This 
situation was a general one in both of the cold 
seasons of our study.  

However, it represents a thermal habitat, or 
even more correct, it was a thermal habitat until 
2002, when the thermal canal was build with 
concrete, the water being lead through a pipe 
buried in the soil (Covaciu-Marcov et al. 2006).  

The situation is maintained unchanged in the 
present, the discharge of the thermal waters taking 
place through a concrete pipe buried in the soil. 

However, at the exist from the swimming pool, 
the pipe enters in a long canal of several hundreds 
of meters and a width of 3 - 4 m.  

At the entering point in the canal, the thermal 
water has 18-20° C, thus it would be hot enough to 
allow the marsh frogs to be active. Despite the 
efforts that were made, in the respective canal we 
did not observe any amphibian that was active in 
the cold season. The aspect of the canal, which is 
very wide, but has a low depth, completely lacking 
of vegetation, is probably the cause of this fact. 
Because of this fact, the water surface is extremely 
rapidly cooled, being directly exposed to the action 
of the cold winds from the field. The necessity of a 
favourable ratio between the surface, depth and 
water temperature, as the necessity of a protection 
dose of the thermal habitat were also highlighted 
before (Covaciu-Marcov et al. 2006). 

 
9. The thermal habitat from Călacea. At 

Călacea it was previously signalled the existence of 
two thermal habitats, connected to the presence of 
a swimming pool (Covaciu-Marcov et al. 2006). 
The main thermal habitat, situated inside the 
swimming pool, maintained unchanged during the 
three years of the study, as well as during the 
previous periods. Thus, the water level was 
constant; the area with the active frogs having the 
same length, and the number of observed frogs 
that were active was similar. 

The second habitat from Călacea, situated 
outside of the swimming pool, did not exist 
anymore at the beginning of the study, the broken 
pipe at the level of which it was formed being 
replaced. However, in the cold season 2006 / 2007, 
another thermal habitat was present outside of the 
thermal swimming pool. This was also formed at 
the level of a broken pipe, being represented by a 
reduced sized puddle (approximately 3 m²), and 
formed near the respective pipe. The water had a 
temperature of approximately 20° C and a depth of 
maximum 30 cm. At the level of this puddle, we 
observed three individuals of P. ridibundus on 31 
XII 2006. Although the air temperature was 
negative and the soil was covered with a layer of 
snow, spiders were active alongside the heated 
shores of the puddle, while micro-crustacean were 
present in the water.  
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However, this habitat also disappeared in the 
cold season 2007 / 2008, the fissure from the pipe 
that supplied it, being repaired. Thus, at Călacea, 
the only permanent habitat for the nonhibernating 
frogs is the one from inside of the thermal 
swimming pool. 

These data prove how dependent are the 
thermal habitats to the anthropogenic influence. 
Practically, the appearance and disappearance of 
numerous secondary thermal habitats, has been 
observed at Călacea ever since studies regarding 
the influence of the thermal waters upon the 
amphibians have been performed. At least 
indirectly, these represent the result of some 
actions made by man. Meanwhile, these facts 
demonstrate the mechanisms of the appearance of 
the nonhibernating populations and underline the 
main factor responsible for the maintenance of the 
frogs in activity during winter, respectively the 
constant temperature of the water. 

Only one modification of the biology and 
ecology of the amphibians can be recorded at 
Călacea, respectively the disappearance of the 
hibernation. This modification affects only one 
species, P. ridibundus. Although there are other 
amphibian species in the area, such as Bombina 
bombina or Rana dalmatina, these have not been 
observed during winter. The main habitat is too 
small to be favourable for them, while the others 
are probably too instable. The anthropogenic 
impact is reduced at Călacea, although the habitat 
is situated in a resort visited by numerous tourists. 

 
10. The thermal habitat from Geoagiu Spa. 

The thermal habitat from Geoagiu is relatively low 
affected by man in comparison to the previous 
studies (Covaciu-Marcov et al. 2006). Therefore, 
two sectors with thermal waters existed here 
during our study, respectively the roman basin 
and the canal from the resort. Only one 
modification of the biology and ecology of the 
amphibians was observed, which is the 
disappearance of the hibernation. This was 
recorded at two species, Rana dalmatina and P. 
ridibundus. From these, only P. ridibundus appears 
in both of the thermal habitats, while Rana 
dalmatina is observed exclusively in the roman 
basin. 

The water level from the roman basin was a bit 
more reduced than in the past, being probably in a 
continuous decrease, similar to the habitat from 1 
Mai Spa. This is also probably due to the effect of 
the anthropogenic activities connected to the 
exploitation of the thermal waters from the resort. 
The water temperature from the roman basin has a 
low temperature in comparison to other thermal 
habitats, without surpassing 15° C. However, this 
temperature is sufficient to maintain in activity 
some invertebrates, beside the amphibians, such as 
Dytiscida. 

The thermal canal from the resort had a 
different evolution in the two cold seasons of the 
study. Thus the frogs that are active during winter 
were completely lacked from the first habitat. 
During the interval, the water level was very low, 
while the water temperature did not surpass 10° C. 
Obviously, in these conditions the frogs entered 
into hibernation. The fact underlines that the 
mechanism, which triggers the hibernation of the 
amphibians is represented by the drop in the water 
temperature. Even in the case of the populations 
that are generally active during winter, a decrease 
in the water temperature forces the frogs to 
hibernate. If afterwards, the thermic conditions 
restabilize, the frogs will resume their activity. This 
fact is underlined by the resuming of the activity of 
the population in the cold season between 2007 
and 2008. It is difficult to understand what caused 
the interruption of the supply of the canal, 
especially that it receives several independent 
sources of thermal water both from the swimming 
pool and from independent drillings or even 
houses.In the cold season 2007 / 2008 the situation 
returned to normal, the canal appearing as before 
of 2006, the water level being the same as in the 
past, its temperature surpassing 25° C. On 29 XII 
2007, when the air temperature was -3° C and the 
soil was slightly covered with snow, on a transect 
of only 10 m realised on the shore of the canal, we 
counted 20 frogs. Due to the fact that the sector, on 
which the frogs are present, has several hundreds 
of meters long, the nonhibernating population is 
very large, surpassing several hundreds of 
individuals.  

The direct effects of man are limited at Geoagiu 
Spa, being almost completely represented by the 
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elimination in the canal of waste by tourists or 
locals.  

 
11. The thermal habitat from Călan Spa. We 

identified a new thermal habitat at Călan Spa, 
respectively the roman thermal basin. The new 
habitat is situated inside the swimming pool, at 
approximately 30 meters from the one previously 
described. It is represented by a thermal natural 
spring, modified under the form of baths since 
roman times. The basin has been used until 
nowadays by the locals (Pescaru & Pescaru 2006), 
but afterwards a new thermal swimming pool was 
built here, thus the basin being abandoned. The 
roman basin is dug in a hard rock massif. The 
water had a temperature of 16° C at it’s exist from 
the basin. There is relatively rich aquatic 
vegetation in the water and little silt at the level of 
the substratum. In this habitat we counted 15 
green frogs on 29 XII 2007. Fish are also present in 
the basin, being probably released by man due to 
aesthetic reasons. Due to the high age of the 
habitat and its initial natural state, the 
accommodation of the frogs at the thermal water 
has a higher age.The second habitat from Călan is 
represented by a canal in which are discharged the 
thermal waters from the actual swimming pool. 
Active frogs during winter have been previously 
signalled in the past (Covaciu-Marcov et al. 2006). 
The only modification of this habitat was 
represented by the cutting of the reed, which is 
very abundant in the canal, starting with 10 m 
downstream of its formation point.  

The cutting of the reed allowed a better 
observation of the frogs. The water level was 
constantly high, the water temperature at the 
entering in the canal being of 20° C. The 
population of P. ridibundus from this habitat is 
relatively high, at only one transect we counted 26 
frogs in 2006 / 2007 and 38 in 2007 / 2008. The 
marsh frogs are mainly present near the shores, 
hiding in the vegetation at the slightest sign of 
danger. The third habitat is represented by an 
abandoned basin of the swimming pool, from 
which permanent thermal water comes out of its 
substratum.  

This basin is unmodified in comparison to the 
previous study (Covaciu-Marcov et al. 2006). 
During both of the cold seasons of our study, in 

the water of the abandoned basin we counted 15-
20 individuals of P. ridibundus. 

 
 
Conclusions 
 

Between 2006 and 2008, we monitored 11 
thermal habitats from the western part of 
Romania, where we identified in the past 
modifications of the biology of the amphibians. 
Presently, amphibian populations that are affected 
by the thermal waters are present in 10 of them. In 
only one habitat, at Acâş, Satu-Mare County, there 
are no longer amphibian populations because of 
the anthropogenic activities. Three types of 
modifications of the amphibians’ biology are 
registered in the thermal waters, respectively the 
disappearance of the hibernation, the continuous 
reproduction and the appearance of the larval 
gigantism. The disappearance of the hibernation 
affects three species, B. bombina, P. ridibundus and 
R. dalmatina, while the other two modifications 
influence only the second species. In addition, P. 
ridibundus is the only species present in most of the 
habitats. The disappearance of the hibernation is 
the only modification that is present in all of the 11 
thermal habitats. The continuous reproduction is 
registered in two habitats (1 Mai and Felix Spa), 
while the appearance of the larval gigantism is 
recorded in only one habitat, 1 Mai Spa. 

Some thermal habitats have positively evolved 
during the years, while others have suffered in this 
interval.  

Thus, at Livada the habitat has evolved 
positively, being present both the classic and a new 
habitat. Moreover, in two localities with thermal 
waters (Boghiş and Călan) we have identified two 
new thermal habitats. Călacea is situated on the 
other side, where one of the habitats with thermal 
waters has disappeared.  

The effect of the anthropogenic activities is also 
extremely obvious in the present, several of the 
habitats appearing as a result of these activities. 
Meanwhile, the disappearance of some thermal 
habitats is also a consequence of the human 
activities. This influence upon the evolution of the 
thermal systems is very obvious at Călacea, where 
different thermal habitats have appeared and 
disappeared year by year, including during our 
study,  
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Figure 2. The studied thermal habitats: Rabagani (a), Madaras (b), Livada (c), Boghis (d), Chislaz (e), 1 Mai (f), Calan (g), Calacea (h) 
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due to the activity of the thermal swimming pool. 
In other cases, the human impact has manifested 
through pollution, as in the case of the habitat 
from Chişlaz, or through the desilting of the 
thermal basins such as in the case of Felix and 1 
Mai Spa. The most negative impact upon the most 
complex thermal habitat, respectively the lake 
from 1 Mai Spa, is represented by the continuous 
decrease of the water level.  

On a whole, the 11 thermal habitats present the 
same particularities and evolutionary directions as 
in the previous study. However, there are also 
negative evolutions, for example at 1 Mai Spa, 
some amphibian species have completely 
disappeared from near the thermal habitat as a 
result of the human activities. Also at 1 Mai Spa, in 
comparison to the previous study, the gigantic 
larvae are found in regress both as dimension and 
as number. The desilting activities have affected 
not only the thermal habitats from 1 Mai and Felix 
Spa, but also the habitats from Chişlaz or Mădăras, 
without having such profound effects. 
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