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Abstract. Eight Bombina variegata populations from Oaş and Apuseni Mountains also present Bombina bombina 
characters. Their amount is different between the populations, thus the ones from Oaş are more pure than the ones 
from Apuseni, which are situated at higher altitudes. These differences could be explained by the different 
ecological factors that act upon the habitats. Although the influence of the characteristics of each habitat is obvious, 
it has a local action, not being able to explain the differences between the regions. These differences are probably a 
consequence of the postglacial migration routes of the yellow bellied toad. Thus, the Apuseni Mountains were not 
directly colonized from the Banat Mountains’ refuge, the toads not crossing over Mureş towards north, because it 
would have been difficult for a species connected to the high areas and to the temporary habitats from these zones. 
The migration probably began from the Eastern Carpathians, continuing along the highest area of Transylvania’s 
Plateau, after the species had migrated along the main branch of the Romanian Carpathians. During the migration 
through Transylvania’s Plateau highlands, the populations of B. variegata came into contact with the ones of B. 
bombina, species which had already reached Transylvania, alongside Mureş and probably Someş River. Therefore, 
the B. variegata populations from Apuseni Mountains present more B. bombina characters than those from Oaş 
Mountains, due to their contact along their postglacial dispersion. 
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Introduction 

 
Two species of the Bombina genus are present 
throughout Romania: Bombina bombina and 
Bombina variegata (Fuhn 1960). The areas of the two 
species are vicariant, B. variegata being present in 
the highlands, while B. bombina in the lowlands 
(Cogălniceanu et al. 2000).  

Depending on the region, the boundary 
between the areas of the two species varies from 90 
to 420 m altitude (Covaciu-Marcov et al. 2009; 
Gherghel et al. 2008).  

These two species heavily hybridize in the 
sectors in which their areas come into contact, this 
situation being recorded both in Romania as in the 
other parts of its area (eg: Ghira et al. 2003; 
Covaciu-Marcov et al. 2003a, 2004, 2005, 2006; Sas 
et al. 2005; Ferenţi et al. 2008). Despite the 
extensive hybridization sector, the two species are 
well differentiated by many characters (Szymura 
1993). The most important morphological and 

chromatic features of the species are reunited in 
two grids, commonly used in the study of the 
hybridization area (Stugren 1980; Ghira & Mara 
2000; Ghira et al. 2003; Gollmann et al. 1993; 
Szymura & Barton 1991).  

Following an analysis of some populations 
situated at a distance of the hybridization area, an 
important amount of the characters of the one 
species has been recorded at the populations from 
the sister species (Stugren 1980).  

This seems to be a general fact in Romania, but 
the amount of the characters seems to be different, 
depending on the region of the country (Covaciu-
Marcov et al. 2002, 2003b, 2007; Groza et al. 2007). 
Thus, our aim is to investigate the differences bet-
ween populations of B. variegata, from different re-
gions of Romania. Because it is linked to high 
altitude areas, B. variegata is present in mountains, 
which are sometimes separated through low areas 
populated by the sister species. Therefore, in the 
present study we analysed several B. variegata 
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populations from different highlands in the 
western part of Romania, in order to establish and 
explain the presence and amount of the sister 
species’ characters. 
 
 
Materials and Methods 
 
The study took place in the summer of 2005. On a whole, we 
captured 291 specimens of B. variegata, either directly by hand 
or with different types of nets. 

They belong to 8 populations, situated in the neighbouring 
area of 4 different localities.Two of them are located in Oaş 
Mountains, belonging to the western Carpathians, while two 

are situated in the Pădurea Craiului Mountains, belonging to 
Apuseni Mountains (Figure 1).  

Studied habitats. We studied 8 habitats from 4 localities: 
Bratca, Turţ, Vadu Crişului and Oraşu Nou (Table 1). In Bratca 
we studied two different altitude habitats: one of them found at 
328 m altitude (a large pond in the village) and the other 
situated at 393 m altitude (one discontinue ditch expanding a 
long way into the forest along a tourist road).   

The village habitat (BVP) is a wide spread pond with 
shallow water, a rich diversity of humidity loving plants and a 
position that makes the sun’s warmth and light reach it all day 
long.  

In comparison, the sun’s rays reach the forest habitat (BFD) 
but just for a short period of the day (several hours), due to the 
thickness of the forest that surrounds it. 

 
 

 
 

Figure 1. The location of the studied habitats 
 

 
Turţ had 2 habitats of interest: an artificial pond (TAP), 2 m 
deep and 6 m2 wide and a natural one, formed near a forest 
(TPNF) 500 m distance from the first one. TAP appears to be 
excavated for a thick pipe maintenance work. Maybe some of 
the water comes from this pipe, and it appears to be polluted, 
due to its colour and the death of 4 adult toads in only 2 weeks 
time.  

The pond is situated on a hills foot near a road and has a 
grey colour soil. The sun’s rays reach this habitat all day long. 
TPNF is a relatively large habitat (40 m2) with a deepness 
varying between 5 cm at the edges and 80-100 cm in the centre. 
The toads were caught in the shallow area.  

The soil from this pond is almost black because of the 
decaying leaves and branches falling off the trees above. Sun 
exposure here is relatively short due to the positioning of the 
pond against the forest. Vadu Crişului is a locality in Bihor 
County located in the Criş gorge. Here we studied 3 popu-
lations from 3 different habitats. 

 One of the habitat (VCT) is situated at 432 m altitude, being 
the highest habitat studied. This habitat is made up of 4 ponds, 
3 of them being connected with one another in the rainy 
periods. The other one is situated 10 meters away from the 3rd. 
The habitat is situated in a forest, has a grey coloured soil, and 
occupies a total area of approximately 45 m2 of water. The sun 

exposure is almost maximum, because of its southerly 
placement the surrounding trees rare crowning. Another high 
altitude habitat from Vadu Crişului is VCV, an association of 3 
different sized ponds (12 m2, 6 m2 respectively 2 m2) situated at 
332 m altitude.  

This is another forest habitat where the sun couldn’t reach 
all day long, but this time we’re talking about a dark soil 
habitat.  

The last studied habitat (VCPUM) from Vadu Crişului is 
situated under a mountain cliff at village altitude level (311 m). 
It was represented by just one large pond, 75 m2 in the moment 
of the study. Its water surface varies between rainy and dry 
periods. Sun exposure is minimal, due to the cliff and the trees 
from the opposite direction. Water plants are present here and 
the edge of the pond is full of moss.  

The soil is dark. Here we studied 3 populations from 3 
different habitats.  

One of the habitats (VCT) is situated at 432 m altitude, 
being the highest habitat studied by us.  

This habitat is made up of 4 ponds, 3 of them being 
connected with one another in the rainy periods. The other one 
is situated 10 meters away from the 3rd. The habitat is situated 
in a forest, has a grey coloured soil, and occupies a total area of 
approximately 45 m2 of water.  
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Table 1   Studied habitats and some of their features 
 

Habitat name 
Habitat 

code 

Number of studied 

individuals 

Altitude 

(m) 
Habitat type 

Soil 

colour 

Sun 

exposure 

Bratca village pond BVP 45 328 Wide surface pond Light All day long 

Bratca forest ditch BFD 61 393 Ditches Light Several hours 

Vadu Crişului pond under the mountain VCPUM 28 311 Wide surface pond Dark All day long 

Vadu Crişului near village VCV 31 332 Wide surface ponds Dark Several hours 

Vadu Crişului towards Tomnatic VCT 36 432 Wide surface ponds Light All day long 

Turţ artificial pond TAP 26 268 Wide surface pond Light All day long 

Turţ pond near forest TPNF 28 280 Wide surface pond Dark Several hours 

Portăriţa Monastery PM 36 145 Ditches Light Several hours 

 
 

The sun exposure is almost maximum, because of its 
southerly placement the surrounding trees rare crowning. 
Another high altitude habitat from Vadu Crişului is VCV, an 
association of 3 different sized ponds (12 m2, 6 m2 respectively 2 
m2) situated at 332 m altitude.  

This is another forest habitat where the sun couldn’t reach 
all day long, but this time we’re talking about a dark soil 
habitat. The last studied habitat (VCPUM) from Vadu Crişului 
is situated under a mountain cliff at village altitude level (311 
m). It was represented by just one large pond, 75 m2 in the 
moment of the study. Its water surface varies between rainy 
and dry periods. Sun exposure is minimum, due to the cliff and 
the trees from the opposite direction.  

Water plants are present here and the edge of the pond is 
full of moss. The soil is dark.PM is the last studied habitat. It is 
situated near a monastery in Oraşu Nou locality, Satu Mare 
County. This habitat is formed by lots of vehicle made ditches 
spreading far into a thick forest. The sun is almost absent all 
day long because of the thickness of the tree crowning. A light 
colour soil forms the ditches’ substrate.  

Work methods. For each individual we analysed some 
morphological and colour based characteristics, using the two, 
already, well known grids for this specie (Table 2, Table 3).  

Each grid contains 10 characteristics defined by other 
authors as typical for Bombina variegata and Bombina bombina 
(Stugren 1980; Szymura & Barton 1991; Ghira & Mara 2000).  

 
 

Table 2   Grid 1 of differentiation of the European species of the Bombina gender 
(the characteristics of the ventral pattern) 

 

Characteristic (light spots on): Bombina bombina Bombina variegata 

1. Chin – chin Separated United 

2. Chin – chest Separated United 

3. Chest – chest Separated United 

4. Chest – shoulder Separated United 

5 Shoulder – arm Separated United 

6 Chest – abdomen Separated United 

7 Abdomen – abdomen Separated United 

8 Abdomen – basin Separated United 

9 Basin – basin Separated United 

10. Basin – thigh Separated United 
 
 

We used binary expressions to describe the affiliation of the 
analyzed character to Bombina bombina or Bombina variegata. 
Thus we used “1” for a character expressed like in B. variegata 
and “0” for a character expressed like in B. bombina. For every 
grid we calculated the sum of these characters.  

A sum between 0 – 2 interval means that the studied 
individual belongs to Bombina bombina species, a sum between 8 
– 10 interval makes the individual a Bombina variegata. 
Although in many cases the sum interposes between 2 – 4 or 6 – 
8 interval, making the individual a Bombina bombina - like 

respectively Bombina variegata - like. In other words the 
individual is not pure, having between 20 % to 40 % of the 
characteristics from the other species.  

A value of the sum between 4 – 6 interval, makes the 
individual a hybrid between the two species.Using the data 
from Table 1 and the percentage of Bombina variegata 
characteristics we wanted to find a correlation between the 
characters of the toad and some features of their habitat. 
Statistics were used for this purpose (Pearson test) (Millar 
2001).  
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We used the number “1” for: the most sun exposed ponds, 
light colour soil and ditches like habitats, all of these 
representing features of the habitat close to Bombina variegata’s 
needs and “0” for the little exposed ponds, dark colour soil and 
wide spread ponds, features of the habitat closer to Bombina 

bombina’s requirements (MacCallum et al. 1998; Cogălniceanu et 
al. 2000). Paired t-test was also used to determine if the 
differences between populations are statistically significant. We 
analysed side by side each of the 20 characters for all of the 8 
studied populations. 

 
 

Table 3  Grid 2 of differentiation of the European species of the Bombina gender 
(after Stugren, Ghira & Mara, modified) 

 

             Character Bombina bombina Bombina variegata 

1. Colour of open ventral spots Red, orange, yellowish Yellow 

2. Colour of upper part of the first finger and the top of fingers Black Yellow 

3. Dorsal colouring Black Pale grey 

4. The relation tarsian and plantar open spots Separated United 

5. Ventral colour Orange spots on black 
background 

Black spots on yellow 
background 

6. The relation between the length and width of the head Length > width Length < width 

7. The drawing of lateral and ventral parts White spots around the 
verrucae 

Without white spots around the 
verrucae 

8. The drawing of the dorsal part Regulated black tubercles Black scattered verrucae 

9. Dorsal verrucae Lens – shaped, squatted Sharp, rough 

10. The ratio of tibia – tarsian joints when the stylopode and the 
zeugopode are parallel Not touching Touching 

 
 
 

Results 
 

All of the studied populations have B. bombina 
characters. Only one individual from the 291 
analysed samples, has exclusively B. variegata 
features. This pure individual was captured in 
Turţ. The amount of B. bombina characters is 

different between the studied populations, high 
differences appearing between populations from 
the same locality.  

At Vadu Crişului, the difference between the 
most distant populations is almost 13 % (Figure 2). 
In general, the higher the altitude, the higher the 
amount of the B. variegata features. 
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Figure 2.  The amount of Bombina variegata characteristics and the habitat altitude 

for all of the studied populations 
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Overall, we found that the populations from Turţ 
are more pure than those from the Apuseni 
Mountains, although they are situated at lower 
altitudes. Although the populations from Apuseni 
Mountains are located at altitudes higher with 200 
m than the previous ones, the amount of the B. 
variegata characters is at most equal, but generally 
it is lower than in the case of Oaş Mountains’ 
populations.  

The population from Portăriţa Monastery 
registers a lower amount of B. variegata features, 
although it is located in Oaş Mountains. The fact is 
a consequence of the low altitude at which the 
habitat is situated. This population is practically 
found at the lowest altitude (145), near the 
hybridization area, which is situated at just 13 km 
south-west, at 25 m lower (Covaciu-Marcov et al. 
2009). Thus, regarding the above mentioned facts, 
the proportion of B. variegata features is, however, 

very high for the low altitude of the location. The 
fact is even more relevant when compared with 
the population of VCPUM, where at a higher 
altitude (311 m), the weight of B. variegata 
characters is even smaller, although the 
hybridization area is just about 32 km to the west. 
This comparison exactly points out the higher 
purity of the B. variegata populations from Oaş area 
compared to the one from Apuseni Mountains. 

Within every studied population there are 
characters from the two grids that are expressed at 
the majority of the individuals like in the case of 
the B. bombina species, although overall these 
populations belong to the B. variegata species 
(Table 4). The characters in question are the ones 
that are generally expressed at the B. variegata 
populations from the western part of the country 
as in the case of B. bombina (Covaciu-Marcov et al. 
2003b, 2009). 

  
Table 4. The features ratio in the two grids of the studied populations 

 

Habitat BVP BFD TAP TPNF VCPUM VCV VCT PM 

Character Grid 1 

1 80 85,24 86,53 92,85 96,42 61,74 100 80 

2 8,88 13,11 7,69 5,35 1,78 8,06 23,61 0 

3 5,55 16,39 19,23 19,64 3,57 0 33,33 16,66 

4 76,66 76,22 92,3 87,5 64,28 59,67 73,61 52,77 

5 100 100 96,15 100 100 100 94,44 100 

6 12,22 32,78 21,15 35,71 7,14 6,45 43,05 16,66 

7 76,66 95,9 92,3 100 100 90,32 94,44 88,88 

8 80 90,16 90,38 96,42 75 90,32 86,11 72,22 

9 81,11 90,98 88,46 92,85 78,57 61,74 77,77 61,11 

10 98,88 100 100 100 96,42 100 98,61 94,44 

Character Grid 2 

1 53,33 86,88 96,15 75 92,85 90,32 97,22 100 

2 100 100 100 100 92,85 100 100 94,44 

3 100 100 100 100 92,85 100 100 100 

4 71,11 78,68 75 62,5 46,42 72,58 75 77,77 

5 91,11 96,72 96,15 100 92,85 90,32 91,66 77,77 

6 100 100 100 100 71,42 100 75 72,22 

7 100 98,36 100 100 39,28 96,77 69,44 83,33 

8 68,88 60,65 57,69 53,57 3,57 41,93 50 27,77 

9 100 100 100 100 92,85 100 94,44 94,44 

10 68,88 75,4 92,3 71,42 28,57 61,74 50 22,22 

Total 73,66 79,87 80,67 79,64 63,83 72,49 76,38 66,8 

 
The differences between the populations were 
analysed with the help of the paired t-test. Paired 

t-test was applied to all populations for each of the 
two grids. Thus, significant differences were found 
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between the populations of TAP and PM, BFD and 
PM. Differences for the first grid are much 
stronger (p=0.026; t=2,656; MD=11,145; df=9 
respectively p=0.005; t=3,712; MD=11,804; df=9), 
but the differences that occur for the second grid 
are significant too (p=0.042; t=2,372; MD=16,733; 
df=9 respectively p=0,04; t=2,406; MD=14,673; 
df=9). The junction between the yellow spots from 
chin and chest, chest and shoulders, abdomen and 
basin, and between the spots of the basin is more 
pronounced for the TAP population. Almost the 
same thing happens between BFD and PM 
populations. However, BFD contains more 
individuals with chin-chest united spots than TAP, 
but the proportion of individuals with chest-
shoulder united spots is reversed. Still, other set of 
differences makes the final result of the grid very 
close to one another (BFD: 70,08 %; TAP: 69,61 %).  

Differences are small between TAP and BFD 
populations resulting an overall score for the 
second grid of 91,73 % respectively 89,67 %. 
Characters 5, 6, 7, 8, 10 are those that make the 
difference between these habitats and PM in this 
case. The most predominant feature of B. bombina 
in PM population is the shorter length of their back 
legs. This feature is determined by the plain 
surface of the plateau where the toad doesn’t have 
the need for long legs for moving from one place 
to another. PM population is more closely to a 
hybrid population, just 66,8 % of their features are 
close to B. variegata characteristics. 

Other significant differences were found 
between other populations but just in the case of 
one of the grids. Significant differences in the 
pattern of the yellow spots were found between 
BVP and BFD, TAP, TPNF (p<0.01). Same 
differences were recorded between VCT and PM, 
and between VCV and TPNF and BFD. In the case 
of the second grid the differences are not 
significant between these populations.  

 
 
Discussions 
 
The main issue raised by our data is not to 

explain the presence of B. bombina characters in the 
studied B. variegata populations. This was already 
explained in the past, both species having for all 
characters both types of alleles genes (Stugren 

1980), expressed differently, depending on the 
situation. This explanation is linked to the theory 
of the successive contacts and to the gene exchange 
during the different interglacial periods (Maxon & 
Szymura 1979). 

Our main goal is to explain the differences, 
both between the analysed populations and 
between these populations and other populations 
studied in the past in other parts of Romania (eg. 
Covaciu-Marcov et al. 2003a, b, 2004, 2005, 2006, 
2007, 2009; Ferenţi et al. 2008; Groza et al. 2007). 
Likewise, of maximum importance is to explain 
the differences between the populations from Oaş 
and Apuseni Mountains and why the populations 
from Oaş are more pure than those from Apuseni, 
even if the altitude is higher for the second area. In 
order to explain this situation, we can invoke two 
types of arguments: ecological and 
zoogeographical. 

Ecological scenario. According to this model, 
the differences between the populations are 
determined by the habitat features. In general, the 
altitude induces variations in the amount of the 
features of the two species, the increasing of the 
amount of B. variegata characters being connected 
to the increasing of the altitude (Covaciu-Marcov 
et al. 2009). This can also be verified for the present 
study. For example, the differences between the 
population from Portăriţa Monastery and the ones 
from Turţ can be linked to the increasing of the 
altitude. Similar differences can be seen between 
the populations from Bratca. Otherwise this rule 
can not be applied if we compare the populations 
from the two geomorphological units. Thus, the 
altitude theory has just a local applicability, for the 
populations from the same massif, but starting 
from different premises, different speeds and with 
other transition depending on the unit. It seems 
that there isn’t a linear evolution between different 
massifs, the B. variegata populations from Oaş and 
Apuseni being different. Therefore, although a 
higher purity of the B. variegata population is 
linked with a higher altitude, this process has its 
particularities based on the geomorphologic unit. 

Another factor, responsible for the differences, 
may be the habitat type, its morphology being an 
important factor in the aspect of the hybrid 
populations (MacCallum et al. 1998). B. variegata 
generally uses small temporary ponds 
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(Cogălniceanu et al. 2000). In our case, there are 
also some situations where the amount of B. 
variegata features is larger in small, temporary, 
wooded areas. It is the case of the two habitats 
from Bratca, where the forested habitat situated at 
a higher altitude and the favourable environmental 
conditions for B. variegata, lead to a higher amount 
of its features. However, while this fact is obvious, 
it does not answer the questions raised by the 
study. In addition, the two habitats from Turţ, in 
Oaş, are very different from one another, while the 
amount of the populations’ characters are very 
similar. Therefore, at least in Turt there is another 
cause factor, more important than habitat 
morphology. Here, this feature seems to be much 
less relevant, modifying the aspect of the 
populations in relation to the altitude, which 
appears to be the decisive factor. The influence of 
the habitat type linked with the increase of the 
altitude was previously observed in the western 
part of the country (Covaciu-Marcov et al. 2009). 
The evenness of the Turţ populations can be 
explained as a result of the existence in the area of 
a metapopulation. Although, there is a distance of 
1 km between the habitats, it is well documented 
that B. variegata can migrate more than 1 km on 
land (Hartel 2008). In addition, many favourable 
temporary ponds appear between habitats and in 
the entire area. 

There could be other factors that could 
influence the amount of B. variegata features. Thus, 
the correlation between soil colour and the 
percentage of B. variegata features is due to the 
perfect resemblance between the back of the toad 
and the bottom of the pond. Almost 100% of the 
studied individuals had a grey back while hill and 
mountain soil has most of the time a grey colour. 

Sun exposure may be an important factor in 
increasing the percentage of B. variegata features. It 
is known that sun exposure affects indirectly the 
amount of carotenoids in the skin of the male 
guppies (Grether et al. 1999) so we believe this can 
also be the case of B. variegata. 

 All of the above are true and explain the 
differences between populations, however they 
cannot adequately explain the differences between 
the populations from Apuseni and Oaş. Hereby, 
we consider that only the zoogeographic scenario 
can thoroughly explain these differences. 

Zoogeographic scenario. If the differences 
between the two groups of populations cannot be 
explained through the present ecological factors, 
they must be set on some past factors. Thus, the 
most important factors are linked with the 
consecutive dynamics of the last ice age and the 
colonization of the present area by the two B. 
variegata groups. Thus, as differences exist between 
the two groups, these distinctions had to have 
appeared somewhere in the past as they cannot be 
otherwise explained.  

Although, initially it was thought that the 
species’ refuge was localized in the Balkan 
Peninsula, south of Romania (Szymura 1993), 
recently it was proven that the refuge of two 
distinct evolutionary groups of B. variegata is 
found in two separate areas from the Romanian 
Carpathians (Hofman et al. 2007). However, these 
refuges were located in Banat Mountains and 
Curburii Carpathians, therefore a different area 
from that analyzed by us. According to this data, 
the populations from Oaş and Apuseni belong to 
the same group (Hofman et al. 2007). Apparently 
this data is enhancing the difficulty of our 
explanation of the differences. 

The explanation of the problem is, in our 
opinion, in the manner, direction and period in 
which B. variegata colonized the current territory of 
Apuseni Mountains, which is different from the 
species colonizing Oaş Mountains.  

The habitat of the yellow bellied toad from 
Apuseni Mountains is mostly isolated within the 
habitat of the yellow bellied toad from the 
Pannonian Plain and the divagations that follow 
Mureş River towards south and Someş River 
towards north (Fig. 3) (Fuhn 1960; Cogălniceanu et 
al. 2000; Ghira et al. 2002). Most likely, the 
populations currently present in the Apuseni 
Mountains did not colonize this massif crossing 
Mures River.  

This settlement most likely followed a 
migration path situated to the north-east, the 
colonisation beginning from the Eastern 
Carpathians, from the highest area that interposes 
between the hydrographic basin of Mureş and 
Someş in central Transylvania. The species 
penetrated Apuseni Mountains, ascending hills 
with altitudes of approximately 500 m that crossed 
the Transylvanian Plain (Tufescu 1986). Presently, 
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the species is also well represented in the area 
(Ghira et al. 2002). 

The B. variegata populations that left the refuge 
from Banat Mountains (Hofman et al. 2007), 
migrated along the Middle Carpathians, then the 
Oriental Carpathians, subsequently colonising 
Apuseni Mountains from this direction. At the 
same time, B. bombina had probably already colo-
nised the Pannonian Plain, advancing and pegging 
into the meadows of Mureş and probably Someş, 

also reaching the lowlands of the Transylvanian 
Plain. B. bombina penetrated the Transylvanian 
Plateau about 10000 years ago (Vines et al. 2003).  

Thus, the group of B. variegata populations that 
colonised Apuseni Mountains came into contact 
with these B. bombina populations in the same 
period in which they occupied the present area of 
Apuseni. This could explain the high amount of B. 
bombina characters at the B. variegata populations 
from Apuseni. 

  
 

 
 

Figure 3.  The distribution of B. bombina and B. variegata in Romania 
 
 

On the contrary, the populations from Oaş 
Mountains advanced towards this massif, being 
isolated from the contact with B. bombina, and thus 
are more pure than those situated in Apuseni at 
twice the altitude. In this sense, the yellow bellied 
toad populations from the west Carpathian group, 
except those from Apuseni, situated at similar 
altitudes and habitats with the ones from Apuseni 
should have a smaller amount of B. bombina 
features than the populations from Apuseni. For B. 
variegata the migration path along the highlands 
between Mureş and Someş seems more plausible 
than the direct path over Mureş, given the 
ecological requirements of this species, which 
prefers temporary small habitats (Cogălniceanu et 
al. 2000), which lack from the Mureş meadow. 

This scenario also explains the uniformity of B. 
bombina populations from north-western Romania 
in comparison to B. variegata populations with 
whom they come in contact at the lower limit of 
different massifs (Covaciu-Marcov et al. 2003a, 

2004, 2005, 2006, 2009). In conclusion, the 
hybridization zone located at the border between 
the hills bordering Apuseni Mountains and the 
Pannonian Plain is probably a secondary 
hybridization area. The B. variegata populations 
from Apuseni Mountains came in contact once 
more with B. bombina in comparison to the other 
Carpathian populations, which migrated along the 
Carpathian’s ridges, without interfering with the 
populations of B. bombina from the plains, only 
once when they reached the lower limit of these 
massifs. 
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