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Abstract. Our study targeted the populations of the Bombina genders of the middle basin of Siret River and
analyzed 20 features in 191 individuals. The study was realized in 3 habitats from Bacdu County and 4 habitats
from Neamt County. In the studied area we identified, both populations of Bombina bombina, Bombina variegata,
and one hybrid population. The populations closer to Bombina bombina are found at lower altitude, in plain
areas, usually near the terrains used for agriculture. In the hilly areas are found the populations belonging to
Bombina variegata species, increase of the altitude and the modification of the aspect of relief having as result a
growth of the weight of characters of Bombina variegata. All of the investigated populations they not appear to
be affected by the human activities, not but that near the majority of this habitats are found terrains used for
agriculture. Exception makes the population of Bacdu (Bistrita River Flood Plain) for witch we found a small
number of individuals, this one seemed to be affected by the intense human activities carried on in this area.

Key words: amphibians, Bombina bombina, Bombina variegata, hybrids

Introduction

The concept of species is built on the basis of reproductive isolation towards other similar taxonomic
units (Mayr 1942, Bandrescu & Boscaiu 1973). Though, cases are known about some related species between
which reproductive isolation did not settle among which viable individuals exist. These kinds of situations
appear to every group of vertebrates (Barton & Hewitt 1985). The large number of hybridization of Europe is
considered to be a consequence of the last glacial ages (Hewitt 2000). The hybrids of the two European
species of the Bombina gender take a special place in this context. The hybridization area of the two has a
great length (Szymura 1993) and it represents an important theme to study in Europe (Mara et al. 1999). The
two species of the Bombina gender and the hybrids among these were also studied in Romania (Stugren &
Vancea 1968, Stugren 1980, Ghira & Mara 2000, Ghira et al. 2003). Detailed studies were conducted in the
West of the country lately, including here some populations of the North of Bihor County (Covaciu - Marcov
et al. 2001, 2002, 2004, Sas et al. 2005). The goal of our study is the analysis of some populations of the
Bombina gender of the middle basin of Siret river in Bacdu and Neamt Counties. It is a region where this kind
of studies were not conducted, only the presence of the hybrid populations were mentioned (Ghiurca et al.
2005, 2006).

Material and methods

Our study took place in the spring of 2006 in the April - May interval. We analyzed 191 exemplars belonging to the
Bombina gender, originating form seven localities. The exemplars we researched were captured by hand or by net, depending on
the habitat. The animals were released in their biotope after the study. The work method consists in the analysis of some
morphological and chromatic characteristics of the two species. The morphological characteristics are, most times, indicators of
the belonging of populations (Szymura 1993). The two species differ through a lot of characteristics: morphological, chromatic,
ecological, ethological, and genetical (Fuhn 1960, Szymura 1993, Mara et al. 1999). The characteristics we considered are the
most important characteristics of the two species as famous authors in this field (Stugren, Szymura and Gollman) determinate
their value. We analyzed 20 characteristics using two grids grouping 10 characteristics each.

The first grid analyzes the morphology, the dimensions and the ratios of light spots on the ventral part of the body, red
in Bombina bombina and yellow in Bombina variegata (Fuhn 1960). At Bombina bombina black pigment is predominant with isolated
spots of light colored pigment. On the other hand, at Bombina variegata yellow pigment is predominant with isolated black spots.
The grid analyses the degree of confluence or separation of the light colored ventral spots of different body parts identifying 10
chromatic groups (Table no. 1). The grid was developed by Szymura, Gollmann being used by numerous foreign authors
(Szymura & Barton 1991, Gollman 1984, Gollmann et al. 1993). If the light spots are separated among them by black pigment,
the characteristic belongs to Bombina bombina and if the light spots are united, the light pigment appearing uniform, the
characteristic belongs to Bombina variegata.
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The second grid analyzes 10 characteristics, too and was elaborated by Stugren (1980) and modified by Ghira & Mara

(2000) (Table no. 2).

D. Ghiurca & I. Gherghel.

Table no. 1 Grid 1 of differentiation of the European species of the Bombina genders
(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

Table 2. Grid 2 of differentiation of the European species of the Bombina genders
(after Stugren 1980, Ghira & Mara 2000, modified by Covaciu-Marcov 2004)

Figure 1. The model of ventral pattern
for differentiation of European species at

Bombina genders

Chest - Chest

Basin - Tight

Abdomen - Basin

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 Black Yellow
top of fingers

3. Dorsal colouring Black Pale grey
4. The relation tarsian and plantar open spots Separated United
5. Ventral colour Orange spots on black Black spots on yellow

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

the head
7. The drawing of lateral and ventral parts White spots around the Without white spots around
verrucae 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 Not touching Touching
stylopode and the zeugopode are parallel
Chin - Chin
Shoulder - Arm Chin - Chest

Chest - Shoulder

Chest - Abdomen

Abdomen - Abdomen

Basin - Basin

Each of the 20 characteristics gets a mark, for both work grids: 1 if it is a Bombina variegata characteristic or 0 if it is a
Bombina bombina characteristic. Thus, adding the characteristics, a certain individual can get for each grid a score from 0 to 10.
The score 0 means that the individual is pure Bombina bombina and the score 10 indicates a pure Bombina variegata individual.
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Values close to 0 or 10 indicate Bombina bombina or Bombina variegata - like individuals. The middle scores, 4, 5, 6, indicate the
presence of hybrids. Then, after establishing the score for each individual, we calculated the average of the scores of the
individuals of each population for each grid and the average of the two grids. We obtained a figure (%) that expresses the
belonging to the population, values close to 0 indicating a Bombina bombina population and values close to 100 indicating a
Bombina variegata population.

Our study was realized in 3 habitats from Bacdu County (Luncani,
Bacdu - Bistrita River Flood Plain and Gioseni) and 4 habitats from Neamt
County (Doamna, Turturesti, Dulcesti and Faurei). These habitats are found near
the terrains used for agriculture (as is the case for Gioseni, Turturesti and Faurei
habitats), but also in forests (in case of Luncani, Bacdu - Bistrita River Flood
Plain, Doamna and Dulcesti habitats).

We studied a total of 191 individuals belonging to Bombina genders in 7
habitats. These individuals were found in habitats with different characteristics,
the morphology of these habitats influenced the composition of the hybrid
populations, were two species meet (MacCallum et al. 1998). For this
considerate, we make a description of the habitats in witch we found these
taxons.

Figure 2. The map with investigated habitats
(with black dots)

The description of the investigated habitats:
1. Bacdiu County

The habitat of Bacdu - Bistrita River Flood Plain (Photo no. 1) is placed at the northern border of Bacdu City, at an
altitude of 160 m. This habitat is represented by ponds witch are placed on the road that going through this flood plain of the
Bistrita River. The water in this pond is maximum 10 cm deep, and the layer under the water is muddy. The predominant
species in this flood plain is aspen (Populus sp.).

O i S T -

Figure 3. The investigated habitat at Bacdu Figure 2. The habitat investigated at Luncani
- Flood Plain of Bistrita River

The habitat of Luncani (Photo no. 2) is placed at an altitude of 290 m, at 15 km west of Bacdu City. This habitat is
represented of ponds witch are formed in the ditches on the edge of the forest road. The predominat species in the forest is the
beech (Fagus sp.). The water is 30 cm deep and 50 cm width. The layer under the water is muddy. The left edge of the ponds is
covered with vegetation represented in big proportion from perennial herbs.

The habitat of Gioseni (Photo no. 3) is placed at an altitude of 220 m and 20 km south from Bacdu City, on the left bank
of the Siret River. The ponds that we studied are placed at the end of some areas used for agriculture, near the road that lead to
Racaciuni, locality witch is placed 35 km south from Bacdu City. The ponds are maximum 30 cm deep, and the layer under the
water is muddy. The edges of the ponds are covered with vegetation represented in big proportion from perennial herbs.
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Figure 4. The habitat investigated
at Gioseni

2. Neamt County

The habitat of Doamna (Photo no. 4) is placed at 2 km
west of Piatra Neamt City and is represented by ponds that are
found in the mixed forest (beech and spruce fir). The area is
found at an altitude of 320 m, and the water is maximum 50 cm
deep. The layer under the water is muddy and is cover with
vegetal debris.

The habitat of Dulcesti (Photo no. 5) is placed near the road witch connect the localities Roman and Piatra Neamt, at an
altitude of 220 m. This area is represented of a mixed forest; a spring and a place were is a plantation with osier willow. The
majority of the ponds are found near the forest, but there is a pond witch has bigger surface, is 1 m deep, the layer under the
water is very muddy and the edges are covered with perennial herbs. In the water there is common reed. The others ponds are
10 cm deep; the layer under the water is muddy. The edges of the ponds are covered with vegetation represented in big
proportion from perennial herbs.

The habitat of Faurei (Photo no. 6) is represented by a big pond witch is placed in the village with the same name. This
pond is placed in the middle of a surface used as terrain for agriculture, at an altitude of 380 m. The pond has a surface of 1 ha,
the layer under the water is muddy, but is covered with some submerse plants, common reed, Dutch rush, and the edges are
covered with perennial herbs.

The habitat of Turturesti (Photo no. 7) is placed also near the road witch connect the localities Roman and Piatra
Neamt (as is the case of the habitat investigated at Dulcesti), but at 3 km east of Piatra Neamt City, at an altitude of 370 m. It is
represented by a former concrete pond, but also by some small ponds witch is found near this artificial pond. The ponds have
the layer under the water covered with mud, are 15 cm deep and the edges covered with perennial herbs.

Figure 5. The habitat investigated at Doamna Figure 6. The habitat investigated at Dulcesti

Results and Disscusions
1. Bacdu County
Analyzing the ratio of the characteristics of the two species for the investigated populations, we

identified in the Bacdu County a population close to Bombina bombina, one close to Bombina variegata and a
hybrid population (Table no. 3).
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One of the population studied belong clearly to one of two species - Bombina variegata. This
population is the one placed at Luncani. At this population the percent of the characteristics closer to
Bombina bombina is very small (10%). The presence of some characteristics belonging to one of the species in
the population of the other there was previously pointed out (Covaciu-Marcov et al. 2002b, 2003). It seems
that for the populations of Bombina bombina and Bombina variegata is typical the presence in small percent of
some characteristics belonging to the other species (Covaciu-Marcov et al. 2002b, 2003), including here
populations of Bombina variegata from Retezat Mountains in witch is found characteristics belonging to
Bombina bombina (Ghira & Mara 2000). One of the population studied is closer to Bombina bombina, and we
speaking here of the population present at Gioseni. Also, we identified a hybrid population, in witch the
characteristics of the two species are found in approximate equal percent.

Figure 7. The habitat investigated at Faurei Figure 8. The habitat investigated at Turturesti

For the population of Bombina bombina situated at Gioseni, the left bank of Siret River represents an
corridor from witch this species penetrate the near hilly area, because of the slowly evolution of altitude and
the existence at almost the whole length of the valley of habitats favorable to this species.

Table no. 3 The amount (%) of characters at the investigated populations in Baciu County

Baciu - Flood Plain of Gioseni Luncani
Bistrita River
N= 5 24 30
Average Grid 1 46,00 23,33 85,33
Average Grid 2 44,00 37,91 98,00
Average Grid 1 + Grid 2 45,00 30,62 91,66
Belonging of population Hibrid Bombina bombina - like Bombina variegata

The population of Bacdu - Flood Plain of Bistrita River is typically hybrid. Although the amount of
Bombina variegata characteristics is closer to 50%, the majority of individuals are closer to Bombina bombina.
There are individuals that show the characteristics of the two species in equal percentages. This type of
habitat is favorable for Bombina bombina, that because this habitat is placed at the small altitude (160 m).

For the population of Gioseni, the percent of the characteristics belonging to Bombina variegata is
quite big, not but that, on the whole, this population has characteristics close to Bombina bombina. From 24
individuals studied here, only one presents major’s characteristics close to Bombina variegata. The habitat is
situated near Siret River on the left side, in an area with plain relief; despite the hills witch surround this
habitat. This area has requirements closer to Bombina bombina. The fact that this population penetrates into
the hills and has the characteristics closer to Bombina bombina indicates the fact that the valley of Siret River
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function as a corridor from witches Bombina bombina penetrate into the hills. The fact that Bombina bombina
can ascend the long way of this valley is determined by the slowly evolution of altitude, witch permit the
existence of habitats favorable to this species.

The population of Luncani is the most closer to Bombina variegata out of the 3 populations studied in
Bacau County. All individuals from this population present major characteristics of the species Bombina
variegata; we discover individuals witch not present neither characteristics belonging to Bombina bombina.
This fact is in concordance with the higher altitude (290 m) and with the morphology of the relief. Also, the
habitat correspond with requirements of the species Bombina variegata, witch is represented by ponds placed
in the forest or in one of the edge of the forest road. In the dry season most of this ponds drops out, knowing
the fact that Bombina variegata is more terrestrial that the other species (Madej 1973).

2. Neamt County

Analyzing the ratio of the characteristics of the two species for the investigated populations, we
identified in the Neamt County populations close to Bombina bombina and populations close to Bombina
variegata (Table no. 4).

Three of the four populations studied can be framed clearly to one of two species - two to Bombina
bombina (for the populations studied at Faurei and Dulcesti) and one to Bombina variegata (for the population
studied at Doamna). In one of populations closer to Bombina bombina species the weight of the characteristics
belonging to Bombina variegata it's about 10%. The existence of some characteristics of the species Bombina
variegata, at the populations of Bombina bombina was previous pointed out in Russian Plain (Stugren 1980), or
in ler Valley (Covaciu - Marcov et al. 2002 b). Only one population of the studied ones has predominant
characteristics closer to the species Bombina variegata. We didn’t identify any hybrid population.

Table no. 4 The amount (%) of characters at the investigated populations in Neamt County

Doamna Dulcesti Faurei Turturesti
N= 6 12 89 25
Average Grid 1 83,33 12,50 15,95 56,00
Average Grid 2 90,00 10,83 21,34 88,40
Average Grid 1 + Grid 2 86,66 11,66 18,64 72,20
Belonging of population Bombina variegata Bombina bombina Bombina bombina Bombina variegata -
like

The population of Doamna is closer to Bombina variegata, the characters of this species being
expressed by the bigger amount of individuals belonging to this species rather than the other one. This fact is
in concordance with the altitude here, and with the morphology of the relief. Also, the habitat correspond to
the requirements of Bombina variegata species, this one being represented by a hilly area, with springs, brooks
and forest ponds, ponds witch can dry out in the summer, knowing the fact that Bombina variegata is more
terrestrial that the other species (Madej 1973).

The population of Dulcesti is the most closer to Bombina bombina of the four populations studied. All
the individuals from this population present major characteristics of the species Bombina bombina. The
altitude in witch is found this habitat correspond to the requirements of this species. Interesting is the fact
that the relief in this area isn’t plane, presenting obvious vertical wrinklings. Also, in the closer proximity of
the ponds, were we identified this population there is a forest, favorable habitat for Bombina variegata.
Starting from this affirmation and in correlation to the fact that in Baile Felix area the species Bombina
variegata descend to 140 m altitude (Covaciu - Marcov 1999), we search, however without success,
populations belonging to Bombina variegata in the forest nearby. We don’t know witch is the motif of possibly
destruction of the Bombina variegata populations. Nevertheless, characteristics of this populations were
preserved in some individuals of Bombina bombina from this area. Responsible for the weight of the
characters of Bombina variegata at the grid 2 is the relation of tarsian and plantar open spots witch are united
at all the individuals, and for the grid 1 is the character of light spots on the shoulder - arm, witch also are
united for all the studied toads.
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In the population situated at Faurei the weight of the characteristics closer to Bombina variegata is
bigger, not but that, in the ensemble, is a population much closer to Bombina bombina. Of the total number of
89 toads studied here, only one presents major characteristics of Bombina variegata. The habitat situated at
Fdurei, as one of Dulcesti, its closer to Bombina bombina species, excepting here the altitude witch is not
characteristic to this species (380 m). The relief has however the different structure, being plainer than the
preceding population, the pond were we identified this population being quite large, favorable habitat for
the development of this species.

The population of Turturesti is closer to Bombina variegata species, nut but that; in here we found
individuals with some characteristics of Bombina bombina. The majority of the characters in grid 1 indicate a
hybrid population, with two exceptions, the rest of the individuals obtained middle scores of 4, 5 and 6. The
balance incline to a population of Bombina variegata - like, because the characters of grid 2 are closer to
Bombina variegata. A number of two individuals present clearly hybrid characteristics, having for both grids
middle scores of 4, 5 and 6.

100
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Figure 9. The amount of characteristics at the investigated populations

As we seen earlier, both populations of Bombina bombina, and the populations of Bombina variegata
presents in different weights some characteristics of the other species. These values are presented in figure
no. 3, both for characteristics in grid 1, and in grid 2. In the weight of characters appears both the value 0,
and 100, some of the characters belonging at population level, either to variegata form, or the one of bombina.
Concerning the weight of the characteristics of the variegata form at some populations of Bombina bombina,
these have different values. At the populations of Bombina bombina, after the chromatic grid we found that
one character - the spots from shoulder - arm, is present in a weight witch is much closer to the variegata
form for each of the studied populations. After the morphological grid, also one character - the relation of
tarsian and plantar open spots witch are united, presents a big weight, very close to the variegata form. In the
populations of Bombina wvariegata investigated at Luncani and Doamna, analyzing the weight of the
characteristics only by chromatic grid, appear three characters witch tend to values of bombina form (light
spots on chin - chest, chest - chest and chest - abdomen), the rest of the characters having values over the
50%.

Conclusions

In the studied area we identified, both populations of Bombina bombina, Bombina variegata, and one
hybrid population. The populations closer to Bombina bombina are found at lower altitude, in plain areas,
usually near the terrains used for agriculture. There is one exception represented by the population of Faurei
(Neamt County) witch was identified at a bigger altitude (380 m). In the hilly areas are found the
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populations belonging to Bombina variegata species, increase of the altitude and the modification of the aspect
of relief having as result a growth of the weight of characters of Bombina variegata. The morphology of the
habitats represents, also an important factor for the population studied. All of the investigated populations
they not appear to be affected by the human activities, not but that near the majority of this habitats are
found terrains used for agriculture. Exception makes the population of Bacdu (Flood Plain of River Bistrita)
for witch we found a small number of individuals, this one seemed to be affected by the intense human
activities carried on in this area.
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