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Abstract: Interspecific hybrids between Bombina bombing (LINNAEUS) and Bombina
variegata (LINNAEUS) were reared under laboratory conditions. Taxonomic characters of la-
boratory and field specimens of the two species were subjected to a comparative analysis.
A system of classification was worked out and on its basis the metamorphosed hybrids were
classified. A description of the phenotype is given.

INTRODUCTION

The premature death of Jerzy MIcHALOWSKI interrupted the actualization
of his scheme of studies on the relationship between the two species of European
Bombinae. His last paper of this series, issued posthumously, includes the results
of researches on the taxonomic characters of the tadpoles of Bombina bombina
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and Bombina variegata as well as the tadpoles obtained by crossing these species
under laboratory conditions (MICHALOWSKI, 1966).

The present paper is an elaboration of materials left by the late author.
They concern metamorphosed forms of F1 hybrids. The materials were secured
and next delivered to the co-author of this paper by Prof. Ryszard WROBLEW-
SKI, Head of the Department of General Biology, Silesian Academy of Medi-
cine at Zabrze-Rokitnica, for which T owe him my heartfelt thanks.

The objective of the present paper has been 1) a comparative analysis
of the most important taxonomic characters of the two species of Bombina
obtained from laboratory rearing and those from the field and 2) a description
of the characters of metamorphosed F1 hybrids.

This topic is closely connected with the still unexplained problem of the
genesis of the well-known variation, characteristic of Bombina in the region
where the ranges of the two species overlap. This variation ig interpreted in
two ways: some authors believe it to be a result of interspecific crossing, others
regard it as a micro-evolutionary phenomenon independent of crosses (STU-
GREN and PoPowIC, 1961). This problem has recently become still more inte-
resting in the light of the results of investigations on Bombina bombina living
in complete isolation from Bombina variegata (MADEJ, 1967) and showing
similar variation even under such conditions. In this situation the crossing
of the two forms and selection of characters which will allow the distinction
of the true hybrid from other atypical specimens of either species becomes
indispensable for the further progress of study of these intricate genetico-
evolutionary problems.

Although HERON-ROYER crossed the two species of Huropean Bombina
as early as 1891, it should be kept in mind that his description of the phenotype
of hybrids was based on 4 young specimens, hardly 22 mm long. Moreover,
at that time there were no systems of classification of Bombina and genetics,
as a branch of science, did not exist at all. It was, therefore, difficult to give
a right interpretation of hybrids. For this reason, it became necessary to repeat
HeroN-ROYER’S experiment,.

I owe my sincere thanks to Prof. Zyomunt Gropzitskr for reading the typeseript and hig
valuable criticism.

MATERIAL AND METHOD

1. The Origin of Parental Forms

The parental material used to produce interspecific hybrids and control
specimens was collected in areas which are known on the basis of the previous
studies by MicmArowskt (1958) and MADES (19642a) to be inhabited exclusi-
vely by pure forms of one of these species. Yellow-bellied toads were taken
at Biertowice (My§lenice District, 270 m.a.s.1.) and Mogilany (Krakéw Digtriet,
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380 m.a s.1.) and fire-bellied toads at Katowice (region of the Kofciuszko
Park). -

Catching was done just before or at the beginning of the mating season
(the end of April and beginning of May). Out of the large number of specimens
caught only the most typical representatives were used for study. Experiments
were made in 1961, 1962, and 1963, those in 1961, being preliminary, served
to master the technique of rearing. The material used in the present study
comes exclusively from the years 1962 and 1963.

2. Combinations of Parental Pairs

The following combinations of pure forms were used to obtain interspecific
hybrids and control specimens:

a) Bombina bombine (LINNAEUS) @ X Bombina bombina (LINNAEUS) &
b) Bombina bombina (LINNAEUS) @ X Bombina variegata (LINNAEUS) &
¢) Bombina variegata (LINNARUS) @ X Bombina bombina (LINNAEUS) &
d) Bombina variegata (LINNAEUS) @ X Bombina variegate (LINNAETUS) &

The manner of obtainment of spawn and rearing animals was described
in detail in the previous paper of MICHALOWSKT (1966). We should only mention
here that prompt and spontaneous amplex always occurred in the ,,b“ combi-
nation, whereas in the other cases an injection of gonadotropin became neces-
sary. The larval development took 2 months in B. variegata, 3 months in B. bom-
bina, and had intermediate values for hybrids. This period was followed by the
metamorphosis and fairly fast growth of specimens.

Only part of the rich material obtained in this way was used for the present
study, whereas the rest was left in the laboratory for further experiments,
the purpose of which was to examine the fertility of hybrids, to backeross them
and to investigate the influence of lighting upon the number of coloured patches
on the ventral side of body in Bombina. Unfortunately, these last experiments
were conducted during the prolonged disease of their author and next, directed
by his collaborators, for more than one year after his death. The results obtained
are known to the co-author of this paper in outlines, but it is hard to foresee
whether it will be possible to work them out definitively, since some data,
especially the methodical ones, are wanting.

The specimens for the present study were taken successively from particular
rearing aquaria, when the animals had reached about 30 mm in length. Their
age ranged from 13 to 25 months. After a careful scrutiny and the recording
of needed data, the material was fixed in the form of skins by the method
described by Juszczyk (1952). The quantitative results are as follows: a) Bom-
bina bombina — 18 specimens, b) erbrids I (female B. bombina % male B. varie-
gata) — 22 specimens, ¢) Hybrids II (female B. variegata x male B. bombina) —
18 specimens, and d) Bombina variegata — 20 specimens.

1*
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CLASSIFICATION

The description of the phenotype of hybrids demands references to the
typical parental forms of both the species crossed. However, as the parental
forms were taken in the field and the hybrids went through individual devel-
opment under laboratory conditions, one must allow for modifications induced
in the course of ontogenesis by the environmental circumstances of rearing,
different from those in the wild. Hence it has become necessary to carry out’
keen comparisons of laboratory specimens (combinations ,a“ and ,,d%) with
pure forms caught in the field and, basing oneself on their results, to establish
distinet diagnoses of particular characters used for the classification of either
form. It is only then that it will be possible to classify the hybrids according
to the diagnoses made for the laboratory specimens and to compare them
with the parental forms derived from the field.

1. Comparative Analysis of Taxonomic Characters in Wild and Laboratory
Specimens

I. Dorsal Papillae

Various authors regard the appearance of the dorsal papillae as a taxonomic
character of Bombina, though they assume different diagnoses of these papillae
and ascribe different taxonomic values to them. MICHALOWSKI (1958) observed
the presence of papillules disposed concentrically round the main papilla (in
B. variegata) or their lack (in B. bombina) and considered them to be a primary
character (marked with 3 points). MADEJ (1964a) gives a similar diagnosis,
but he believes that the dorsal papillae are of lower taxonomic value and, con-
sequently, a secondary character (2 points). STUGREN (1959) and STUGREN
and PorowIl (1961) emphasize, above all, the conical shape of the papillae
in B. variegata and their flatness in B. bombina. LAcC (1961) gives attention

Table 1
Development of Dorsal Papillae
Species Number of Specimens v vb b

B. bombina from :

the field 30 — 2% 98%
B. bombina from 18

the laboratory : T 7% 93%
B. variegata from 30 93% 2% 5%,

the field
B. variegata from

the laboratory 20 56% 449, Lt




to the arrangement of the papillae as well as to their endings and roughness,
which qualities, according to him, constitute a primary character (3 points).
In some regions of the range of the yellow-bellied toad MADEJ (1964 b, 1966)
found the prevalence of specimens with intermediate papillae and some depen-
dence of the papillae on sex in respect of their development.

a) Own material: Composed of field and laboratory specimens, the material
was examined for appearance of the dorsal papillae. The comparative data
obtained are presented in Table 1. The symbol ,,vb* denotes very poorly marked
concentrical systems of papillules.

It will be seen from this table that the development of the papillae, especially
in the yellow-bellied toad, is to a great extent subject to modifications depen-
dent on environmental circumstances.

b) Conclusions: The appearance of the dorsal papillae may be assumed as
a taxonomic character, formulated for field specimens in the following manner:
dorsal papillae surrounded by a large number of small papillules arranged
concentrically — B. variageta; single dorsal papillae — B. bombina; secondary
character — 1 point *. For laboratory specimens: dorsal papillae surrounded
by a large number of small papillules, which form more or less distinet concen-
trical systems — B. variegata; single dorsal papillae — B. bombina; primary
character — 2 points. '

II. Degree to Which Orange and Yellow Patches Cover the Belly

In taxonomic practice the estimation of this character, as often as not made
by eye, has hitherto been rather inexact. Diagnoses were also formulated in
different ways. MICHALOWSKI (1958), LAc (1961) and MADEJS (1964 a) observed
the degree to which the belly was covered with coloured patches, assuming
50 per cent as a limit value (patches occupying less than 509, of the belly area
were treated as a character of B. bombina and those covering 509, and more
of the belly area as a character of B. variegala). STUGREN (1959) and STUGREN
and PorowIC (1961) pay attention to the fact whether the patches merge into
each other (B. variegata) or whether they are isolated and the black colour
prevails (B. bombina).

a) Own material: In the present study the term ,belly* has been defined -
precisely and restricted to a definite area, and, in addition, the surface area
of the patches has been measured exactly (the outlines of the belly area and
those of the patches were traced on a sheet of paper by means of an episcope,
then cut .out, weighed and their percentage value was calculated). For this
reason the results obtained cannot be compared with the previous findings
concerning the less precisely defined and probably larger area. Forty per cent
has been assumed to be the demarcating value. Specimens with 409, of the belly

* Two grades of the taxonomic value of characters ave distinguished in this study, and
they are marked witch 1 or 2 points, respectively.
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area or more occupied by yellow patches were numbered among the yellow-
bellied toads. A similar value for laboratory specimens is 30 per cent. The re-
sults of comparisons are presented in Tables 2 and 3.

Tabhle 2
Area Covered by Coloured Patches on the Belly

Material : " x+s Cm e
B. bombina 20—29 mm 7l 27-34-6-3 2-39 23-0%,
B. bombina 30—29 mm P sii g0 1-31 24-39,
B. bombina 33 40 mm — 32 270493 1-65 34-49,
B. bombina 99 40 mm — 20 260 1 6-21 1-39 23-99,
B. bombina from the laboratory 18 15‘2&4.74—~ 1-12 31-19,

B. bombina — Katowice 6 20-6 +5-49 2:24 26-6% 4
Hybrids T e s 12:19
Hybrids II 18 31:6 4407 0-96 1299,
B. variegaia 20—29 mm 7 62:6 13-4 508 21-49,
B. variegata 33 30—39 mm 26 6024093 | 172 15:09
B. variegats 29 30—39 mm 3 50-1 +1-64 0-48 2:9%¢
B. variegata 33 40 mm — 30 59:0 +6-37 1-16 10-89,
B. variegate 22 40 mm — 31 52-7 4711 1-28 13-59,
B. variegata from the laboratory 34 7 48:0 4-8-21 3:12 17-2
B. wariegata — Mogilany 5 48:54-4-62 v 2:06 9-59%,
B. variegata — Biertowice 10 44-2 1-6-85 2-17 1559,

Abbreviations: n — number of specimens examined; # -— mean percentage area of patches;
s — standard deviation; m — standard error; v — coefficient of variation.

Table 3
Coloured Patches on the Belly
Species v b
B. bombina from the field 10% 909,
B. bombina from the laboratory — 1009
B. variegata from the field 97% 3%._~__
B. wvariegata from the laboratory ; 959, 5%,
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It will be seen from these tables that

1. both the Bombina species lack ontogenetic differences in the number
of coloured patches on the belly,

2. the number of coloured patches undergoes a remarkable reduction both
in the yellow-bellied toad and in the fire-bellied toad under laboratory con-
ditions,

3. sexual differences occur in the yellow-bellied toad,

4. in spite of the existence of sexual dimorphism in the yellow-bellied toad,
one can distinguish the two species from each other by the number of these
patches to a great, over 90 per cent, certainty, if the species-demarcating value
is established fairly low (40 or 309,).

b) Conslusions: the degree to which coloured patches cover the belly may
be used as a taxonomic character and, what is more, as a primary one — 2 points.
It can be defined as follows: yellow patches occupy 40 (30) or more per cent
of the belly area — B. variegata; orange and yellow pmtches cover less .than
40 (30) per cent of the belly area — B. bombina.

Since in everyday practice the determination of the number of patches
on the belly by the method described above would be very laborious, a series
of photographs showing the skins of yellow-and fire-bellied toads, with
their areas of coloured patches specified is, offered. These photographs may
be used as standards for comparison and determination of approximate areas
of the patches in specimens examined.

III. Breast Patches

MICHALOWSKI (1958) and LAc (1961) used this character, defined as fol-
lows: On the breast there are two yellow patches connected by an arch with
the yellow patches on the ventral side of the arm — B. variegata; on the breast
there are two isolated orange patches — B. bombina; secondary character —
2 points. MADET (1964a) applied this character, similarly defined, but as pri-
mary (3 points), laying stress on the fact that only in the fire-bellied toad
it is not subject to significant variation. STUGREN (1959) has not introduced
-this character at all.

Table 4
Breast Patches
Species v vb b
B. bombina from the field — — 1009,
B. bombina from the laboratory — —_— 1009,
B. variegata from the field 95% 49, 1%
B. variegata from the laboratory 509, 509%, —
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a) Own material: Data obtained from our material are presented in
Table 4. The symbol ,vb* is used for specimens in which the patches are
isolated unilaterally only. Although the presence or lack of isolation of
these patches refers, as a rule, both to the arm pathes and to the ventral
ones, it should be emphasized that in the estimation of specimens we have
taken into consideration the -isolation of the breast pathes, or its lack,
from the arm pathes.

Table 4 shows that this character undergoes great modifying changes in
the yellow-bellied toad, which fact, however, does not prevent its application,
because it is absolutely stabilized in the fire-bellied toad.

b) Conclusions: The appearance of the breast patches may be accepted
as a primary taxonomic character — 2 points. The definition of this character
for field specimens is as follows: breast patches connected with arm patches
bilaterally — B. variegata; breast patches isolated from arm patches on hoth
sides — B. bombina. For laboratory specimens: breast patches connected with
arm patches at least unilaterally — B. variegata; breast patches isolated from
arm patches on both sides — B. bombina.

IV. Patches on the Boundary of the Belly with the Thighs

STUGREN (1959) does not mention these patches. MICHALOWSKI (1958)
LAc (1961) and MADEJ (1964a) emphasize the presence of discrete inguinal
patches in the fire-bellied toad and their connection with other patches
in the yelow-bellied toad. However, LAc (op. cit.) and MADEJS (op. cit.) lay
stress on the connection of these patches with or their isolation from the
patches on the thigs, whereas MICHALOWSKI (1958) considers them in relation
to the patches on the belly. On the other hand, MICHALOWSKI (op. cit.) and
LAc (op. cit.) treat these patches as a secondary character and MADEJ as
a primary character. ' b

a) Own material: Preliminary observations of our own material indicate
that the classification of specimens according to either alternative leads to

Table 5
Inguinal Patches
Species v vb b
B. bombina from the field . 1% 99%
B. bombina from the laboratory — = 1009,
B. variegata from the field 97% 3% e
B. variegate from the laboratory 829, 149 49 W

similar results. Nevertheless, a somewhat better criterion for distinetion will
be attained by using the alternative put forward by LAc (op. cit.) and MADES
(op. cit). Table 5 has been made on the basis of this criterion,
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b) Conclusions: The appearance of inguinal patches may by used as a pri-
mary character for distinction between the Bombina species — 2 points. For
field specimens this character presents itself as follows: patches on the boundary
of the belly and thighs (inguinal patches) connected with thigh patches bila-
terally — B. variegata; inguinal patches isolated from thigh patches on both
sides — B. bombina. For laboratory specimens: inguinal patches connected
with thigh patches at least unilaterally — B. variegata; inguinal patches iso-
lated frem thigh patches on both sides — B. bombina.

V. Arcuate Black Patches over the Scapﬁlae

MICHALOWSKI (1958) and MADEJS (1964a) found this character useful for
taxonomy and described it as follows: no distinet arcuate patches between
the scapulae on the back — B. variegata; two dark arcuate patches between
the scapulae on the back — B. bombina. It is a third-grade character — 1 point,.
STUGREN (1959) and LAc (1961) do not use this character in classification.

a) Own material: Results obtained are presented in Table 6. The designation
,Vb* indicates specimens in which a distinet arcuate pateh oceurs on one side
of the body and on the other side is completely lacking or disrupted in the
middle.

Table 6 shows that

Table 6
Dark Arcuate Patches on the Back
Species ) vb b
B. bombina from the field 189, 29%, 53%
B. bombina from the laboratory e 2% 53%
B. variegata from the field / 649 229, 149%
B. variegata from the laboratory 23% 419%, 369%

1) the typical development of this character is observed in the slight majority
of field specimen, whereas about a quarter of the population have the same
appearance of patches in both species;

2) in laboratory specimens an evident shift towards the development of
,»,b% — type arcuate patches can be seen in both species.

b) Conclusions: The character under discussion is not fit to be used in the
clagsification of Bombina, which agrees with the opinions of LAc (1961) and
STUGREN (1959). :

VI. White Spots on the Ventral Side of the Body

MICHALOWSKI (op. cit.) defines this character as follows: no white spots
or only very few ones on the body flanks — B. variegata; white spots visible
on the black-blue ground-colour of the ventral side and particularly numerous
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‘on the flanks — B. bombina. Third-grade character — 1 point. LAc (1961)
and MADEJ -(1964a) accept this character and give very similar definitions.
STUGREN (1959) does not introduce it at all.

a) Our own material is summarized in Table 7, which shows that

1) this character is found in nearly all field specimens in the form described
above;

Table 7
White Spots on the Venter and Flanks of Body
Species v b b
B. bombina from the field — 5%, 959,
B. bombina from the laboratory ey S 1009
B. variegate from the field : 969, 49, —
B. variegata from the laboratory 959%, 5%, e

2) in laboratory specimens a fairly large number of white spots occur in
the yellow-bellied toad.

b) Coneclusions:

1) This character may be regarded as significant in the taxonomy of Bom- -
bina.

2) Its definition for field specimens may be formulated as follows: lack
of white spots or occurrence of only single ones on the ventral and lateral sides
of the body — B. wariegata; white spots on the venter and flanks occur in
large numbers and great density — B. bombina. Primary character — 2 points.

3) In the case of laboratory specimens this definition runs in these words:
white spots on the ventral side and on the flanks few or absent — B. variegata;
large numbers of white spots densely disposed on the ventral side and on the
flanks — B. bombina. Secondary character — 1 point.

VIIL. Colour of Belly Patches

This character has been introduced into the taxonomy of Bombina by STU-
GREN (1959), who expressed the specific differences in the following way: yellow
patches on the belly — B. wvariegata; fiery-red, orange-red or orange-yellow
patches on the belly — B. bombina. LAc (1961) also used this character, ascrib-
ing a third-grade value to it — 1 point. He defined it as follows: coloration
of the belly in all tints from yellow to orange — B. variegata; orange-red,
orange and fiery-red colour of the patches — B. bombina.

a) Own material: The taxonomic value of this character has not been ana-
lysed on our own material, for though in general one must admit its occurrence,
yet it cannot find any fairly wide application for practical purposes. It cannot
be applied for skins or fixed specimens and thus to any kind of dead material,
the advantage of which is that it allows the repetition of comparisons. Classi-
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fication of Bombina on the basis of the coloration of patches, being less precise
and more rarely- used, is possible only with living specimens. But even then
there are some contraindications. For example, in accordance with the actual
situation and the data given by other authors, STUGREN (1959) writes about
the possibility of occurrence of yellow patches also in the fire-bellied toad.
Besides, the belly patches of very young specimens of the fire-bellied toad
are always yellow, which also restricts the application of this character.

VIIL. Patches on the Ventral Side of the Thighs

Table 8
Patches on the Ventral Side of the Thigh
Species v vb b
B. bombina from the field ’13% 419, 469,
B. bombina from the laboratory - 399%, 619,
B. variegata from the field 97% 3% —
B. variegata from the laboratory 95%, 5% —

STUGREN (1959) directs attention to the significance of the appearance
of these patches, giving the following description: patches of the ventral side
of the thigh large and connected with each other — B. variegata; patches of the
ventral side of the thigh small and isolated — B. bombina.

a) Own material: presented in Table 8.

This Table shows that

1) In field specimens of the yellow-bellied toad the pattern of thigh patches
corresponds to the description given by STUGREN (1959). The fire-bellied toad
iy fairly often represented by specimens of the intermediate, , vb¥, type which
have yellow-bellied toad type patches on one thigh and those of the fire-bellied
toad type on the other. :

2) In laboratory specimens of both species the situation is similar only that
the patches of the yellow-belliad toad type are never observed on both thighs
of the fire-bellied toad.

b) Conclusions: The appearance of thigh patches may be assumed as a taxo-
nomic character, but it is seconary for field specimens — 1 point — and pri-
mary for laboratory animals — 2 points. Their description is as follows: patches
of either thigh connected with each other — B. variegata; patches of at least
one thigh disrupted into several smaller ones — B. bombina.

IX. Colour of Finger Tips

Out of the above-mentioned authors, the creators of classificatory systems,
only STUGREN (1959) and, marginally, MADES (1964a) have dealt with this
character. STUGREN (op. cit.) actually distinguishes two characters here: colour
of the upper side of thumbs and the colour of toe tips. In hoth cases the colour
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is light in the yellow-bellied toad and dark in the fire-bellied toad. MADEJ
(op. cit.) considers the colour of finger tips in combination with the degree to
which the belly is covered by yellow or orange patches. He gives the following
description of this character: all finger tips yellow — B. wariegata; lack of
orange spots on the tips of fingers III and IV — B. bombina.

a) Own material: Irrespective of the colour of the ‘tips of fingers and toes
when seen from above, it can be found in both species that it is the darker,
the closer to the outer side a given digit is positioned on the limb. This is
usually the reason why it is impossible to establish one colour for all the digits;
moreover, there is great individual variation in this respect and, finally, in
genetically indubitable yellow-bellied toads living under laboratory conditions
the digit tips show no yellow shades, and yet they are light. As a result, the
digit tips are defined only as light or dark. The light colour includes such tints
as light-grey, grey-yellow, yellowish, yellow, yellow-orange and orange, and

the shades regarded as dark are dark-grey, grey, blackish and black.
: Summary 1 _ :
bombina (field specimens) — at least fingers III and IV dark — 1009,
bombina (laboratory specimens) — at least finger IV dark — 899
variegala (field specimens) — fingers I—IV light — 1009,
variegata (laboratory specimens) — fingers I—IV light — 1009,
b) Conslusions:
1) The colour of finger tips is fit to be used as a taxonomic character: pri-
mary for field specimen§ — 2 points, secondary for laboratory specimens —
1 point.

~2) The colour of finger tips in field specimens presents itself as follows: tips
of all fingers seen from above light — B. variegata; tips of at least fingers ITT
and IV seen from above dark — B. bombina.

3) The colour of finger tips in laboratory specimens: tips of all fingers seen
from above light — B. variegata; at least the tip of finger IV is dark when
seen from above — B. bombina.

SRR

X. Colour of Toe Tips

a) The discussion and description of the character on the basis of our own
material as in Section IX.
Summary 2

B. bombina (field) — toes III—V dark — 1009,
B. bombina (laboratory) — toes III—V dark — 949,
B. variegata (field) — toes I—V light — 979%

B. variegata (labolatory) — toes I—V light — 100%

b) Conclusions: The colour of toe tips may be applied as a primary taxo-
nomic character (2 points) for both field and laboratory specimens. The deserip-
tion is also the same for both these groups of material: all toe tips seen from
above light — B. variegata; tips of at least toes IIL, IV and V dark when seen
from above — B. bombina.
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XI. Connection of Tarsal and Plantar Patches

STUGREN (1959) treats the occurrence or lack of connections between the
tarsal and plantar patches as a taxonomic character, which he defines as follows:
tarsal and plantar patches connected bilaterally — B. variegata; tarsal and
plantar patches isolated bilaterally — B. bombina.

a) Own material: The results of examination of this character are given
in Table 9. The designation ,,vb* indicates the state where the patches of one
leg are connected and those of the other leg separated. It will be seen from the
Table that

Table 9
Tarsal and Plantar Patches
Species v vb b
B. bombina from the field - 129, 889%
B. bombina from the laboratory — — 1009,
B. variegata from the field 60% 299, 197
B. variegata from the laboratory —- 539, 479,

1) a high proportion of field specimens have this character developed inter-
mediately (vDh);

2) the proportion of specimens with isolated — even bilaterally — patches
increases remarkably among the laboratory specimens of the yellow-bellied
toad and none of them hags connected patches on both legs (v).

b) Conclusions: The taxonomic value of the character under discussion
is not very high. It may be used only for the determination of field specimens
and even then as a secondary character — 1 point. Its description goes as fol-
lows: yellow patches of the tarsal and plantar portions of the hind limb connected
at least on one leg — B. variegata; orange patches of the tarsal and plantar
portions of the hind limb isolated on both legs — B. bombina.

XII. Colour of the Black

This character has been adopted as a taxonomic one only by STUGREN
(1959), according to whom the ground colour of the back of the yellow-bellied
toad resembles that of clay or earth and in the fire-bellied toad is black. MADES
(1964 a) raised reservations as to the taxonomic value of this character, referring
to the fact found by him that the colour of the back depends to a great extent
on environmental conditions. However, in view of the uniform environment
in which the laboratory specimens of both species livied, the character has
been reanalysed.
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Table 10
Colour of the Back
Species v vb b

B. bombina from the field 3% 23% 749,

B. bombina from the laboratory — - 1009,

B. variegata from the field 649, 33% 3%

B. variegate from the laboratory 509%, 329%, 189,
Table 11

Classification Table for Bombina Specimens Derived from the Field

Species

Character

Bombina variegata

Bombina bombina

Primary

. All finger tips seen from above

light — 2 points

Tips of at least fingers IIT and IV
dark when seen from above — no
points

. All toe tips seen from above light

2 points

Tips of at least toes III, IV and V
dark when seen from above — no
points

. Breast patches connected with

arm patches on both sides — 2
points

Breast patches isolated from arm
patches on both sides — no points

. Yellow patches cover 40 and more

per cent of the belly area — 2
points

Orange patches cover less than 40 per
cent of the belly area — no points

. Want of white spots on the ven-

ter and flanks of body or, if pre-
sent, they are single — 2 points

boundary of the belly with the
thighs connected with thigh pat-
ches on both sides — 2 points

. Yellow patches (inguinal) on the

White spots present in 1a,rge num-
bers“on the venter and flanks of
body — no points

Orange patches on the boundary of
the belly with the thighs isolated
from thigh patches on both sides —
no points

Secondary

. Dorsal papillae surrounded by

numerous, concentrically arran-
ged papillules — 1 point

Dorsal papillae single — no points

. On both thighs yellow patches
. connected with each other — 1

point

Orange patches of at least one thigh ;
disrupted into several smaller ones —
no points

Yellow tarsal and plantar patches
connected with each other on at
least one hind-limb — 1 point

Grange tarsal and plantar patches
isolated from each other on both
hind-limbs — no points
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a) Own material: Application of the colour of the back as a taxonomic
criterion seems to be very difficult in the case of fixed specimens and not quite
truthful for skins, whose colour undergoes modifications after the animal
has been killed and its skin dried. Some differences can, however, be observed.
Therefore, one specimen of either species was chosen such as to correspond
in its colour of the back to the description given by StTucrEN (1959) and these
specimens were regarded as standards. The coloration that was intermediate
in relation to these specimens was marked with the symbol ,,vb¥. The results
are presented in Table 10, which shows that

Table 12
Classification Table for Bombina Specimens Derived from the Laboratory

Specimens

Bombina variegata Bombina bombing

Character

A. Dorsal papillae surrounded by | Dorsal papillae single — no points
numerous small papillules which
form more or less distincetly mar-
ked concentrical systems — 2
points

B. All toe tips seen from above | Tips of at leats toes III, IV and V
light — 2 points dark when seen from above — no
points

C. Yellow breast patches connected | Orange breast patches isolated from

with arm patches at least on one | arm patches on both sides — no
side — 2 points points

Primary D. Yellow patches occupy 30 or | Orange patches occupy less than 30
more per cent of the belly area — | per cent of the belly area — no
2 points points

E. Yellow (inguinal) patches on the | Orange patches on the boundary be-
boundary between the belly and | tween the belly and thighs isolated
the thighs connected with thigh | from thigh patches on both sides —
patches at least on one side — 2 | no points

points

F. Thigh patches connected with | Thigh patches divided into several
each other on either side — 2 | smaller ones at least on one thigh —
points no points

G. Back in light or brown shades —
1 point Back in black shades — no points

H. All finger tips seen from above | At least the tip of finger IV dark
light — 1 point when seen from above — no points

Secondary

/ I. White spots on the venter and | White spots on the venter and
flanks of body not numerous or | flanks of body numerous — no
absent — 1 point points
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1) the ,vb“ group, and so that of specimens which cannot be classidied
on the basis of this character, is fairly numerous among the specimens of both
species, especially the field ones;

2) in laboratory specimens of both species the back is evidently darker
(a higher proportion of specimens with a dark back).

b) Conclusions: The character ,colour of the back“ may be applied exclu-
sively for laboratory specimens and even then as a secondary character — 1 point.
The species are distinguished like this: back in light or brown shades — B. varie-
gata; back in dark or black shades — B. bombina.

A summary of the analysis of the taxonomic characters presented above
is shown in Tables 11 and 12. It can be seen from these tables that the maximum
number of points that a specimen can receive comes to 15, the minimum to 0.
Specimens with 8—15 points, therefore, belong to Bombina variegata and those
with 0—7 points to Bombina bombina.
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Fig. 1. Freguency of Particular Characters in Hybrids I
* Characters developed as in Bombina variegate
** Characters developed as in Bombina bombina

2. Results of Classification of Hybrids

The classification of hybrids was performed on the basis of Table 12, and
its results are presented in Tables 13 and 14. The symbols A — T correspond
with those in Table 12. The data from Tables 13 and 14 were used to construct
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Table 13

A Survey of the Results from Classification for Hybrids I (B. variegata @ x Bombina bombina 3)

N B © D E P G I 1 Total Sex

1 0 0 0 2 2 0 0 1 0 7 3

2 2 2 D 1 0 1 0 8 0
o 0 2 2 2 2 2 1 1 0 12 o

4 2 2 0 0 0 2 o s 3 Q

B 7 3
B L e 0 2 0 1 0 7 i

7 0 2 G e, 1 0 7 e

G D e T 1 0 7 3

9 2 2 0 Ay 1 0 1 T 7 Q

o Il e e e R e e 3

11 0 S T DR 8 o

12 0 2 0 0 1 2 0 1 0 7 Q

13 0 2 0 2 0 2 1 -1 0 8 Q

14 0 2 o By 2 0 1 1 6 Gt

e o 2 2 ) 1 1 0 10 3

16 2 2 0 0 0 2 0 1 0 7 3

PR ST e TR S R S R 9 o

18 0 2 2 2 0 2 i 1 0 10 Q

o s SRR D L D 12 3

oo o IR gl 7 3

21 0 2 0 0 2 2 a0 1 1 8 Q

22 ol 0 2 0 2 0 1 1 10 3

Table 15, which illustrates the membership of the hybrids in the particular
species, whereas the frequency of characters of either species in the hybrids
is presented graphically in Figs. 1 and 2. Finally, in order to obtain general
data on the nature of both hybrid populations, the mean sums of points of these
populations were calculated and amounted in both cases to 7.8 and so they
lie exactly on the boundary between the species. These data constitute a basis

for the characterization of the hybrids.

Acta Zoologica Cracoviensia Nr 9



190

Table 14

A Survey of the Results from Classification for Hybrids IT (B. bombina Q x B. variegata 3)

Nr A B C D E F G H I ‘ Total ] Sex
1 0 2 0 2 2 2 0 1 1 10 3
2 2 2 0 2 0 2 0 1 1 10 &
3 0 2 0 0 2 1 0 1 0 6 Q
4 0 2 0 0 0 2 0 1 0 5 S
5 0 2 2 2 2 1 0 1 1 11 3
6 2 2 0 0 0 2 0 1 0 7 &
7 0 2 0 2 2 2 0 1 0 9 &
8 0 2 0 0 0 0 0 1 1 4 &
9 2 2 0 2 2 2 0 1 1 12 3

10 2 2 0 2 2 2 0 1 1 12 3

11 0 2 0 0 9 1 1 1 0 7 Q

b s 0 0 0 1 0 e 4 3

13 0 2 0 2 0 2 1 1 0 8 Q

14 2 2 0 0 2 2 0 1 0 9 : a

15 2 2 0 2 9 2 0 1 0 11 a

16 0 2 0 2 2 0 1 1 0 8 Q

17 0 2 0 2 2 0 0 1 0 7 ?

18 0 2 0 2 0 2 0 1 0 ] é

PHENOTYPE OF HYBRIDS

1. General Characteristics

/

The two types of hybrids (MI and MII) do not, as a rule, differ from each
other. The huge majority of specimens resemble one of the parental species,
the number of characters of the given species being different in particular
individuals. In the whole population of hybrids the specimens with predomina-
ting characters of yellow-bellied toad somewhat outnumber those in which
the characters of fire-bellied toad predominate. .
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Table 15
Membership of Hybrids in Species
Niibor Number of Specimens
Species : S Total i
of Points M1 M II
15 = o
14 e ot
13 - —
Bombina variegata 12 2 2 22 55
11 = 2
10 4 2
9 1 2
8 5 2
7 9 4
6 1 1
5 — 1
Bombina bombina 4 — 2 18 45
3 = i
9 ) e
1 il i
0 o o

2. Characters of Hybrids

Hybrids of both types (MI and MII) show a coincidence in respect of 8
out of the 9 characters considered and for these characters they can be analysed
all together. The only differences occur in the size of the area covered by yellow
patches on the belly, in which most of the MT hybrids resemble the fire-bellied
toad and, vice versa, most of the MII hybrids are similar to the yellow-bellied
toad. The other characters present themselves as follows:

a) characters developed in all or nearly all specimens as in the yellow-bellied
toad: thigh patches, colour of finger tips and that of toe tips;

b) characters developed in most specimens as in the yellow-bellied toad
mutual relation between inguinal and thigh patches,

¢) characters developed in most-specimens as in the fire-bellied toad: distri-
bution and number of white spots on the venter and flanks of body, appearance
of dorsal papillae, colour of the back;

d) characters developed in all or nearly all specimens as in the fire-bellied
toad: appearance of breast patches.

As a result, these of the above-mentioned characters which have the same
quality in all or nearly all specimens may be used as diagnostic ones. A typical
hybrid of either type (MI or MII) has therefore the colour of the tips of fingers

Q%
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and toes like that in the yellow-bellied toad (light), the yellow thigh patches
connected at least on one thigh, and the yellow breast D: atches bilaterally isola-

ted (Table 15).
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Fig. 2. Frequeney of Particular Characters in Hybrids II
* Characters developed as in Bombina variegafa
** Characters developed as in Bombina bombina

3. Explanation of Similarities

As has been mentioned above, specimens with characters of both Bombina
species occur among the hybrids, though those similar to the yellow-bellied
toad predominate. This evidently disagrees with the data presented by HERON-
RovEr (1891) and the opinions of many other authors. In the light of the pres-
ent study there is no doubt that.this one-sided attribution of predominance
to the characters of fire-bellied toad was due to the lack of close analysis of
specimens described, whose appearance, at first sight, seems to indicate their
indubitable greater similarity to the fire-bellied toad. Out of the eight charac-
ters under discussion, in respect of which the hybrids commonly show uni-
formity irrespective of the direction of crossing, four represent a more or less
distinet predominance of the elements of Bombina variegata and four others
the predominance of the Bombina bombina elements, which seemingly points
to the perfect balance of these characters. It has, however, appeared that there
are three obviously predominating characters of yellow-bellied toad and only
one of fire-bellied toad. The yellow-bellied toad type has generally three pri-
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mary characters in four hereditary ones, whereas the fire-bellied toad type
has only two in five hereditary characters. On that account, though at first
sight a specimen under study may more resemble B. bombina, a close
examination with special attention given to the systematic value of the cha-
racters included does not always confirm those observations. Perfunctory
analysis of the coloration of the belly and, in general, of the ventral side of the
body greatly contributes to the subsistence of the wrong supposition about
the absolute and regular similarity of hybrids to the fire-bellied toad. As can
be seen from Table 2, in hybrids the amount of the yellow colour on the belly
(arithmetic mean) is almost exactly intermediate between those in the parental
species. In view of the fact that in the yellow-bellied toad the yellow patches
on the belly occupy most of its area but, none the less, only slightly more than
509, of it, and in the fire-bellied toad the orange patches cover a markedly
smaller area of the belly (twenty odd per cent), in a hybrid with an intermediate
amount of maculation the greater part of the area of the belly will naturally
be dark and void of patches. Consequently, a perfunctory analysis of the colour
of the belly in such hybrids shows their similarity to the fire-bellied toad. On
the other hand, inasmuch as, for instance, the colour of the belly or the pre-
sence of isolated patches on the breast readily strikes the eye, the determina-
tion of the colour of the digit tips needs a closer analysis. At the same time,
it should be kept in mind that the items so important to the characte-
rization of hybrids as the appearance of thigh patches and the colour of
oligit tips were virtually left out by most authors, to receive attention, and
justly, from SrucrEN (1959) only.

DISCUSSION

The comparative analysis of the taxonomic characters of Bombina obtained
both from the field and from laboratory breeding shows that each of them
is subject to smaller or larger modifications induced by environmental factors.
The number of coloured patches on the belly and the colour of the back belong
to the characters which are modified to the same extent in both of the species.
The inguinal and breast patches and the spots on the venter and flanks of the
body represent the characters which more often undergo modifications in the
yellow-bellied toad, whereas the patches of the ventral side of the thigh and
the colour of the tips of fingers and toes are modified in an essential manner
in the fire-bellied toad. Naturally, only these modifications were evaluated
which change the character in the direction appropriate to the other species. .
A comparison of the distribution of these characters in hybrids with that in
controls, however, allows the statement that their development is influenced
to a mush higher degree by the hereditary factor. There are therefore no obsta-
cles to apply the characters in question in taxonomy, though when estimating
materials obtained from the field, one should allow.for modifications caused
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by different living conditions of the specimens examined. However, the simul-
taneous application of many characters in classification reduced the posibility
of making errors to an insignificant minimum.

The characteristics of hybrids presented above show that they do not differ
from the so-called atypical forms encountered in the zone where the ranges
of these two species overlap. In this way the impediments to accept the opinion
that variation of Bombina in this zone is due to interspecific crosses have been
definitively removed. Moreover, it must be added that, though it has not been
published formally, J. MICHAZOWSKI carried out backcross experiments with
positive results, which indicates the fertility of hybrids, and thus the possibility
of the free passage of genes between the two-Bombina species under favourable
geographical and ecological conditions has been confirmed decidedly.

It may therefore be stated that there are no genetic isolating mechanisms
between both Bombina species. It is, however, hard to decide whether there
are any ethological and ecological mechanisms of this kind and, if so, how
effective they are. At any rate, it is certain that interspecific crosses of the
Bombina species occur in nature and that the hybrids are viable. Nevertheless,
it is not known whether they are adapted better or worse than the parental
forms and thus whether they undergo positive or negative selection.

A comparison of interspecific hybrid populations obtained by laboratory
crossing with populations of the so-called atypical forms which occur in the
zone where the ranges of both species overlap shows a difference in the fre-
quency of particular forms, for if the hybrids obtainefl are clagsified according

Table 16

Results of Classification of Hybrids by the Method Used for the Zone of Overlap of the Ranges
of Both Species

Bombina bombina Intermediate Bombina variegata
N Form
Gl LT G ClL. IV. @I Cl e G DT
MI 22 3 10 4 5 — = By
M II 18 3 5. 4 5 e ) 1
Total 40 6 15 8 10 o — —_ 1
% 100 15 375 20-0 o0 - 2:5

to the system used for classification of material from the zone of overlap of
the ranges, it will appear that the characters of fire-bellied toad are decidedly
predominant in the hybrids, whereas the so-called atypical forms of this zone
include both the specimens that show the predominance of the characters
of B. bombina and those with the predominant characters of B. variegata and, what
is more, the latter specimens slightly outnumber the former ones (MrcHA-
LOWSKI, 1958, 1961; \IADEJ, 1964a). The results of this classification are given
in Table 16.
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A striking thing in this table is the fact that on the basis of this classifica-
tion some hybrids were numbered in Class L of B. bombina, which shows that
so far the classificational systems are not sufficiently precise. None the less,
it remains an unaltered fact that such atypical forms with the definitive pre-
dominance of the characters of B. wvariegata are much more often met with
in the field than among authentic hybrids.

The causes of this state of things may be numerous. Firstly, the backerosses
in the direction of the yellow-bellied toad may be more frequent than those
in the direction of the fire-bellied toad. This statement is grounded on the fact
that at the time of mating pairs in different combinations spontaneous amplexus
always and almost immediately takes place between male yellow-bellied toads
and female fire-bellied toads and between male yellow-bellied toads and female
hybrids. In all the other combinations amplexus must be stimulated by injections
of gonadotropin. It may therefore be assumed that similarly at liberty male
- yellow-bellied toads prefer females of hybrids to those of their own species and,
on the contratry, males of the fire-bellied toad, as in the laboratory, show
aversion to enter into amplexus with females not belonging to their species.
It is due to this very fact that the introgression of genes from B. bombina to
B. variegata can be seen more frequently than that in the opposite direction.

Secondly, the more frequent introgresion of genes in the direction of B. varie-
gate may also be caused by the well-known fact that the yellow-bellied toad
has a stronger inclination to undertake migrations than the fire-bellied toad, the
genetic effect of which may be that there are more heterozygotes in the popu-
lations of the yellow-bellied toad than in those of the fire-bellied toad, where
inbreeding prevails.

Thirdly, some micro-evolutionary phenomena, discussed by STUGREN
and Popowi¢ (1961), may come to be independently of crosses. This opinion
has been confirmed by the results of the study on variation in the fire-bellied
toad carried out in the Suwalki Lake District (MADEJ, 1967), where the POssi-
bility of interspecific crosses is excluded and yet there is variation like that
in the zone of overlap of the ranges of both species.

Finally, it may result from modifications or other paragenetic phenomena
about which we do not know anything at present.

As can be seen, the determination of the causes of such characteristic varia-
tion in Bombina appears to be much more intricate than it may have looked
to be. Some further studies will be needed to draw an exact distinction between
a cross and micro-evolutionary phenomena and between these last and modi-
fications, which perhaps will eventually allow the definitive solution of the
problem.,

Dr Zdzistaw MADES
Katowice
Pl. Grunwaldzki 4b, m. 71
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STRESZCZENIE

W latach 1961—1966 Jerzy MICHALOWSKI przeprowadzil w laboratorium
miedzygatunkowg krzyzéwke obu europejskich gatunkéw kumakéw Bombina
bombina i Bombina variegata. Wyniki zamierzal oglosi¢ w kilku kolejnych pu-
blikacjach. Pierwsza z nich zostala opracowana przez autora (MICHALOWSKI,
1966) i dotyczyla wynikéw badan nad cechami taksonomicznymi kijanek obu
gatunkéw kumakéw oraz kijanek otrzymanych ze skrzyzowania z sobg tych
gatunkow zwierzat. Druga miata dotyczy¢ przeobrazonych form, znéw nastepne
miaty byé po§wiecone plodnosei mieszanicow i krzyzéwkom wstecznym. Nie-
stety, dluga choroba zakonczona $miercia uniemozliwila mu kontynuacje
tych prac. Poniewaz jednak jeszcze w poczatkach choroby zdazyl on skomple-
towaé materiat do drugiej publikacji, przeto stalo si¢ mozliwe jego opracowanie
przez wspoélautora.
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Tak wige celem niniejszej publikacji jest: (1) analiza poréwnawecza cech
taksonomicznych obu gatunkéw kumakéw pochodzacych z hodowli i z terenu,
oraz (2) opis cech przeobrazonych mieszancow pokolenia F1.

Pozostaje to w Scistym zwigzku z nie wyjasnionym dotad problemem przy-
czyn charakterystycznej zmiennoSci kumakoéw w strefie nakrywania sie zasie-
gbw obu gatunkow. Zmienno§é ta interpretowana jest dwojako: jedni uwazaja
ja za rezultat krzyzdéwek miedzygatunkowych, inni jako zjawisko mikroewo-
lucyjne, niezalezne od krzyzéwek. W tej sytuacji przeprowadzenie krzyzéwki
w laboratorium i uchwycenie cech pozwalajacych odréznié autentycznego
mieszafica od innych nietypowych osobnikéw kazdego gatunku bylo rzecza
nieodzowng dla postepu dalszych badan tych zawitych problemow genetiyczno-
ewolucyjnych. ;

Material rodzicielski nzyty do krzyzowek pochodzil z terendw, o ktorych
wiedziano, ze wystepuja tam wylgeznie formy typowe. Tak wiec kumak gorski
zostat odlowiony w Biertowicach, powiat myslenicki i Mogilanach, powiat
krakowski, kumak nizinny w Katowicach.

Dla otrzymania mieszancéw miedzygatunkowyeh i okazéw kontrolnych
uzyto nastepujacych kombinacji par rodzicielskich:

a) Bombina bombina (L) Q X Bombina bombina (L) &

b) Bombina bombine (L) @ x Bombine variegata (L) 3

¢) Bombina variegata (L) @ x Bombina bombina (L) 3

d) Bombina variegata (L) @ X Bombina variegata (1) &

Do ampleksu, w razie potrzeby, zmuszano okazy rodzicielskie zastrzykami
gonadotropiny. W rezultacie otrzymano bogaty material skrzeku, kijanek,
a nastepnie form przeobrazonych. Do niniejszej pracy odlawiano okazy po
osiggnieciu przez nie okoto 30 mm dlugodei ciata. Liczbowo przedstawiaty
sie nastepujaco: a) B. bombina — 18 okazéw, b) Mieszanice I (B.b.2 x B.v. 3) —
22 okazy, ¢) Mieszance IL (B. v. @ x B. b. 3) — 18 okazéw, d) B. variegata —
20 okazow.

Opis fenotypu mieszancow wymagal odniesienia do typowych form rodzi-
cielskich obu krzyzowanych z soba gatunkéw. Poniewaz jednak te ostatnie
pochodzily z terenu, za§ mieszance przeszty rozwdéj osobniczy w warunkach
laboratoryjnych, przeto trzeba bylo sie liczyé z modyfikacjami wywolanymi
wplywem odmiennych warunkéw §rodowiska hodowlanego. Dlatego konieczne
bylo dokonanie wnikliwej analizy okazéw hodowlanych (kombinacja ,a
i,d“) z formami odlowionymi w terenie i na tej podstawie ustalenie odrebnych
diagnoz poszezegdlnych cech u jednych i drugich. Wyniki tej analizy przedsta-
wiajg tabele 11 i 12. W oparciu o tabele 12, zawierajaca diagnozy dla okazdéw
hodowlanych, dokonano klasyfikacji mieszancow.

Rezultaty przedstawiaja sie nastepujaco: 1) obydwa typy mieszancow
(MI i MII) nie réznig sie zasadniczo miedzy sobg, 2) ogromna wiekszo$é upo-
dabnia si¢ do jednego z gatunkéw rodzicielskich, przy czym nieco wiecej jest
osobnikéw o przewadze cech kumaka gérskiego, 3) typowy mieszaniec posiada
kolor paleéw przednich i tylnych tap taki jak kumak gérski (jasny), polaczone
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przynajmniej na jednym udzie z6lte plamy udowe w jedng calo§é, oraz zétte
plamy piersiowe obustronnie izolowane od plam ramienia (vide ilustr. Tabl.
XIX, XX).

Mieszance na pierwszy rzut oka zdecydowanie wydaja si¢ by¢ podobne do
kumaka nizinnego. Jednakze dokladna analiza poszczegélnych cech nie po-
twierdza takiego mniemania. Okazuje si¢ bowiem, ze wyraznie dominujgcych
cech kumaka gérskiego jest trzy, a nizinnego tylko jedna. Ponadto na powsta-
nie blednego mniemania o podobienstwie mieszaicow do kumaka nizinnego
ma duzy wplyw powierzchowna ocena ubarwienia brzucha. Jak wykazuja dane
tabeli 2, ilo§¢ barwy zoltej na brzuchu jest u mieszancéw dokladnie posrednia
w stosunku do gatunkéw rodzicielskich i wynosi okolo 30 procent, co sklania
do zaliczenia ich do kumaka nizinnego.

Wykazano rowniez, ze kazda z cech taksonomicznych kumakéw podlega
w mniejszym lub wiekszym stopniu modyfikacjom wywolanym czynnikami
§rodowiska, chociaz w niejednakowym stopniu u obu gatunkéw. Niemniej
jednak zdecydowanie przewazajacy wpltyw na ich uksztaltowanie si¢ ma czyn-
nik dziedziczny i dlatego nie ma przeszkod w stosowaniu ich w taksonomii,
pod warunkiem jednakze stosowania jednocze$nie wielu cech.

Uzyskane wyniki pozwalaja stwierdzié, ze krzyzowki miedzygatunkowe
kumakéw europejskich sa mozliwe i moga zachodzi¢ nawet spontanicznie
oraz ze autentyczne mieszance nie r6znig sie od tzw. nietypowych form spoty-
kanych w strefie nakrywania sie zasiegow obu gatunkéw. Ponadto autor po-
wolujac sie na znane mu a nie opublikowane dotad pozytywne wyniki krzyzowki
wstecznej podkresla, ze i mieszance sg plodne, co definitywnie potwierdza
mozliwo§é swobodnego przeptywu genéw miedzy obydwoma gatunkami kuma-
kéw, jesli tylko warunki geograficzne i ekologiczne na to pozwalaja. Wszystko
to zdaniem autora nie zaprzecza mozliwosei zachodzenia zjawisk mikroewo-
lucyjnych, dajacych podobne efekty w naturze, na co istniejg oczywiste dowody.

W pracy pordwnano réwniez populacje otrzymanych mieszancéw z popu-
lacjami tzw. nietypowych form wystepujacych w strefach nakrywania sie
zasieg6w obu gatunkéw i stwierdzono réznice w czestosei wystepowania poszeze-
g6lnych form. Mianowicie w§réd tzw. nietypowych form tej strefy czelciej
wystepuja okazy o przewadze cech kumaka goérskiego niz to ma miejsce wsréd
otrzymanych mieszancow. Praca koticzy sie probg interpretacji tego zjawiska
i sugestiami odnog$nie do dalszych badan w jego zakresie.

PE3IOME

B 1961—1966 romax Exxu MuxanoBcku IpoBén B J1AG0PATOPUE MEKBUIOBOE CKpE-
IIMBaHIE 000UX EBPONENCKUX BUIOB KepJIAHOK Bombina bombina u Bombina variegata.
Pe3ysbTaThl HAMEPEBAJICS ONYOJIMKOBAThH B HECKOJBKUX OUEPENHBIX IyOJIMKAIUAX.
IlepBast u3 HUX, paspaboranHas aBTOpoM (MuxanoBcku, 1966), xacanack pe3yabTaTOB
HCCNIENOBAHNMA HAJ TAKCOHOMHUECKMMU TIPU3HAKAMH Y TOJIOBACTHKOB OOOMX BUIOB
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YKEPJISIHOK, 4 TaKyKE TOJIOBACTHMKOB, IOJIYYEHHBIX IIyTEM CKPELIMBAHUSA MEXIY Co00ii
9TUX BUJIOB YKUBOTHBIX. Bropas myOiuKanusi HoJDKHA ObLIA PACCMOTPETh MeTamopgu-
yecKre (OPMBI; — M 3aTeM CIIefyIonue 6L ObI MOCBSAIEHB! IUIOOBUTOCTH THOPUIOB
¥ BOSBDAaTHBIM CKpEWIMBAHMAM. K COajleHmio, [UIATENbHAs GOJIE3Hb, 3aKOHUEHHAS
CMEPTBHIO BOCIIPENATCTBOBANIA €My JlaJIbHEHIIIee MPoIoiDKeHue 9Tux pabor. Tax Kak emd
B Hayase OOJIE3HM OH YCIeJI YKOMIUIEKTOBATh MATEPHUAl KO BTOPOH IyOIMKALHM, Cie-
JlajlaCh BO3MOYKHOH €ro o0paGoTKa COaBTOPOM.

Wrax, nenpio HacTOsel myGimKanuy ssisiercs: (1) cpaBHUTENBHBIA aHATINS TaKCO-
HOMUYECKHUX NIPU3HAKOB OOOMX BHOB YKEPJISTHOK, NPOMCXOMAIMX U3 PA3BENEHHSI U U3
TIOJIEBBIX YCIOBUH, a Taloke (2) onMCaHHe NPU3HAKOB TMOPUIOB M3 IOKOJeHHs I,
npomreauux meramopdos.

OTO OCTAETCS B TECHOH CBF3H C HEPABICHEHHON /10 CHX MOpP HPOOIEMOil MPUUMH
XapaKTEPUCTUUECKOH HM3MEHUMBOCTH YKEP/ITHOK B 30HE 3aXOyKAEHUsS [Apyr Ha Jpyra
IPEJesioB PAaclpoCTpaHeHusi 000MX BHIOB. OTa HSMEHUMBOCTh HHTEPIPETHPYETCSH
JBOSIKO: O/IHH MCCJICIOBATENN TI0JIAraioT, YTO OHA SIBJISIETCA PE3YJIBTATOM MEYKBUIOBBIX
CKPEIMBAHUIL, IPYIUE, UTO 9TO MUKPOIBOJIOIMOHHOE SIBJIEHHE, HE3aBMCHUMOE OT CKpe-
umBaHuil. B Taroit ofcraHoBKe, I JaJIbHEMIIEro mporpecca MCCIEOBAHME ITHX
CJIOYKHBIX TEHETHUYECKO-IBOIOMOHHBIX IIPOOJIEM, BOSHHUKIIA HEOOXOMMMOCTh IIPOBE-
IeHusi J1ab0paTOPHOrO CKPENMBAHMA U HAXOIKH TIPUSHAKOB, II03BOJIIIOIIAX OTJIAYATH
TO[VIMHHBIA THOPU/T OT JPYrUX HETUIIMUHBIX 0COOEH Kaykoro BHjA.

PopuresnbCKuii Marepran mpOMCXOAMI M3 MECTHOCTH, O KOTOPOH OBUIO H3BECTHO,
UTO TaM BBICTYNAIOT MCKJIIOUMTEIIFHO THIIMUHBIE (hopMBI. MTaK »kéITo6pIoxas yKepIaHKa
Obma moiimana B beproBuiax, MBICIIEHUIKOTO ye3[a U B Mormwisinax, KpakoBckoro
ye3[a, a KpacHOOpIoXas >Kepisiuka — B KaTOBHIAX.

JL71s1 mostyuenust MEXKBUIOBBIX THOPU/IOB U KOHTPOJIBHBIX 9K3EMILISPOB YIOTPEGIICHO
CIIeYIOIME KOMOMHALME DOIUTEIIEH ;

a) Bombina bombina (L) @ x Bombina bombina (L) &

6) Bombina bombina (L) @ x Bombina variegata (L) 3

B) Bombina variegata (L) @ x Bombina bombina (L) 3

r) Bombina variegata (L) @ x Bombina variegata (L) &

K ammexcy, B ciyuae HEOOXOAMMOCTH, 3aCTABIANM POIUTEILCKUE 0COGH YKOIAMH
rOHAZOTPONMHa. B pesysbrare IOJyYeHO GoraThlii Marepuall HKPbHI, TOJOBACTHKOB,
a sarem opm, npomenumx Meramoppos. K macrosuueir pabore OTJIABIMBATNCh >Kep-
JIAHKM, MMEoLIpe JUmHy Tela oKoyo 30 mm. ITofmanmbIit Marepuall, BBIPAYKEHHBIN
B u(]pax, IPEICTABILIICA CIEAYIOUMM o6pasom: a) B. bombina — 18 ocobeit, 6) ['n-
Opuner I (B.b.Q x B.v. ) — ocobu, B) 'ubpuner II (B.v.9 x B.b.3) — 18 ocobeit,
r) B. variegata — 20 ocobeii.

Omuce emornnma ruGpuaoB TPEOOBANA OTHECEHMS K THIMUHBIM DOIATEIHCKAM
(bopmam 060MX, CKpelEBaeMbIX MEXIy CO00i BumOB. Tak Kak 9TH MOC/IETHHE B3ATO
M3 TPUPOJHBIX YCIOBMiA, a IIOMECH IPOIIM UHIMBHIYaJbHOE PA3sBUTHE B Jaboparop-
HBIX YCJIOBUSIX, IIO3TOMY HAno OBLIO YUYeCTh MOAUGMHMKAIMK, BHISBAHHBIE BIIASHUEM
MHBIX yCJIOBMH Cpe/bl pasBeeHus. 1109ToMy OBLIO HEOOXOMMMO IIPOMEIATh TIATEbHBIH
aHayms ocobeil, MOJTYyUEHHBIX U3 pasBeleHUsT (KOMOMHANMA ,,a“ u »T') ¢ molMaHHBIMU
(bopmamu B IPHPOHBIX YCIOBHAX M HA 9TOM OCHOBAHMH YCTAHOBUTH 0COOBIE JMACHO3BI
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OTHENBHBIX IPUSHAKOB Y ONHMX W Apyrux. VITorm ororo amanmmsa mokasano B 11 um 12
rabnunax. Omupasick HA JaHHbBIe 12 TaOIMIBI, COepIKalllie IUArHo3bl LI ocobeit,
HOJIyUEHHBIX U3 DPA3BE/ICHUs, IPOUSBENEHO KJIACCH(DUKANMIO MHOPHIOB.

Pe3ynpTaThl IPENCTABIAIOTCA CieAyommm obpasom: 1) O6a tuma rubpumos (M I
g M II) IpUHIMIHMAIBHO HE OTJIMUAIOTCS MEXKIY Co00if, 2) OrpoMHOE OOJBIIMHCTBO
VIOZOBIseTC K OIHOMY M3 DOJUTEIBCKHX  BHAOB, IPUUEM HEMHOIo Oosbiie ocobei
HMeeT IPU3HAKU YKEITOOPIOXON YKEPIITHKH, 3) THIMYHBIN THOPHI MMEET OKPACKY KOH-
I0B TAIBLIEB, IEPEHAX W 3aJHUX HOI TAKyIO J>KE, KaK OIKENTOOpIOXas >KEpPIIIHKA
(cBeTnas), coenMHEHBI XOTsI ObI Ha OfHOM Oenpe »KETble GelpEeHHbIE ISITHA B CAUHOC
LIEJIOe, 4 TAKYKe CPYJHBIE »KENThHIE ISITHA C 00eUX CTOPOH H30JIMPOBaHbI OT IIITEH IUIEUa
(cm. mutocrpanwst, Tadn. XIX, XX).

Tubpuapl Ha IEPBBIA BIILL KAKYTCA HNOXOXKHMU HA KPACHOODIOXYIO YKEPIIAHKY.
OJHAKO THATEIFHBIM aHAJIU3 OTAEIbHBIX IPU3HAKOB HE IOATBEPYKIAET ITOI0 MHEHMS.
OKasbIBAECTCS, UTO YKENTOOPIOXAs KEpIIAHKA UMEET TPU PE3KO MOMUHUPYIOIHME IIpHU-
3HAKM, a KPacHOOPIOXas YKEPISIHKA TOJNBKO ofuH. Kpome TOro, Ha ommGOUHOE MHEHHE
0 TIOXOOHU THOPHUIOB K KPACHOGPIOXON >KEpJIAHKE MMEET OOJIbIIOE BJIMSAHME NOBEPX-
HOCTHASI OLEHKA OKPACKH JKMBOTA. Kak BHAHO U3 NAHHBIX TaOJIMIBI 2 KOJMYECTBO
WENTOH OKPACKM HA YKMBOTE Y TMOPH/IOB SBJIAETCS TOYHO NPOMEKYTOUHBIM IO OTHO-
IIEHAX K OTIIOBCKUM BHAAaM M COCTaBisieT oKoyo 30%, UTO CKIIOHFET K 3aUMCIEHHUIO
UX K KPaCHOOPIOXUM >KEPIITHKAM.

OOHAPYEHO TAKKE, UTO KAXKAbIH TAaKCOHOMHUUECKUH IIPUSHAK MKEPJIAHOK IIOJJIE-
JKUT B OoJbluell WUIM B MEHbIUEH CTeleHH MOIU(bMKANMsAM, BHISBAHHBIM (aKTopamu
OKpY»Karomieit Cpefbl, HO He B OJJMHAKOEOH cremeHu y obomx BuioB. Tem me memee,
OJIHAKO, PEINMTENFHO MPEMMYIECTBEHHOE BIMSHHE HA MX CHOPMUPOBAHHE HMEET Ha-
CJIe[ICTBEHHBIA (DAKTOP U, TI03TOMY HET NPENATCTBHH B NPUMEHEHUM MX B TAaKCOHOMUU,
IpU YCIOBAM IPUMEHEHHS OJHOBPEMEHHO MHOTHUX TPYM3HAKOB.

TlonydyeHunle pPe3ysbTAaThl IIO3BOJIAIT KOHCTATUPOBATH, UTO MEXKBUIOBBIE CKpe-
IUBaHUSA €BPONEHCKUX YKEPJISTHOK BO3MOKHBEI M MOTYT IIPOMCXOIUTH NaXKe CaMOIPOH3-
BOJIBHO M UTO IOUTMHHBIE THOPUBI HE OTJIMYAIOTCS OT T. H. HETUNMYHBIX (OPM, BCTpe-
YaeMbIX B 30HE 3aXO)KJIECHWS MpPENeNoB 000MX BHIOB. Kpome TOro, aBTOp, ONHMPAsCh
Ha eMy M3BECTHBIE, HO HE OIyOJIMKOBAaHHBIE IIOJIOYKUTENIBHBIE PE3YJIBTAThI BO3BPATHOIO
CKPEIIMBAHAA, IOMUEPKUBACT, YTO THOPHABI TaKKe ABJIIIOTCA IUIOMOBMTBIMHU, -UTO
OKOHUATEJIFHO IIOATBEPIKIAET BO3MOYKHOCTh CBOOO/HOIO IIEPEXO/IA TEHOB MEYKIY 000uMmu
BUIAMHA YKEPJITHOK, €CJIM TOJIBKO reorpaduyeckue U OKOJIOTHUECKHIE YCIIOBHA HA 9TO
MO3BOJIAIOT. BCE 3TO IO MHEHMIO aBTOpPA HE OTPHUIACT BO3MOXKHOCTH BOSHUKHOBEHHUS
MUKPOSBOJIIONIOHHBIX SBJICHHH, JAIOMUX MOA00HEIE 39MEKTHI B IPHUPOJE, HA UTO HUME-
IOTCSI SIBHBIE JIOBOJBI.

B paboTe CPaBHEHO TAKYKE IONYJISLHUIO TOJIYYEHHBIX THOPUEOB M3 TOIYJISIHSIMU
T. H. HETUIMYHBIX (DOPM, HAXOJAIIMKCS B 30HAX 3aXOKIEHUs MPEeoB 000MX BUJIOB,
¥ KOHCTaTHPOBAHO DASHUIILI B JACTOTE IOSABJIEHMsA OTAeNbHBIX (opm. Cpenu T. H. He-
TUIHNYHBIX (DOPM 9TOM 30HBI Yallle MOABJIAIOTCA 0COOM C NPEUMYIIECTBEHHBIMU TIPU3HA-
KamMu SKENTOGPIOXOM YKEPIISTHKM, UeM 9TO MMEET MECTO CPeIH IOJYUYEHHBIX IHOPHIIOB.
Pabora 3aKaHUMBAETCS IOMBITKOM HMHTEPIIPETALMK 3TOLO ABJICHUA U IMPENJIOYKCHUSMU
OTHOCHTENBHO NANBHEHIINX HCCIENOBAHMIT B €ro oGBEMe,
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Plate XIX

Photographs of Sking of Bombina

. Bombina variegata (L.) — parental form from the field; yellow patches occupy 619%,

of the belly area

. Hybrid I from the laboratory; yellow patches occupy 34:09, of the belly area
. Bombina wvariegata (L.) — control specimen from the laboratory; yellow patches

oceupy 529, of the belly area

. Bombina bombina (L.) — parental form from the field; orange patches occupy 12:29,

of the belly area

. Hybrid II from the laboratory; yellow patches occupy 26:09, of the belly area
. Bombina bombina (L.) — control specimen from the laboratory; orange patches

occupy 23:09, of the belly area



Acta Zoologica Cracoviensia, v. X1V

Phot. 5

J. Michalowski, Z. Madej

Phot. 4

Phot. 6
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Plate XX

Photographs of Skins of Bombina
Phot. 7. Bombina variegata (L.) — control specimen from the laboratory; yellow patches
occupy *38:69, of the belly area
Phot. 8. Hybrid I from the laboratory; yellow patches occupy 31:69 of the belly area
Phot. 9. Bombina bombina (L.) — control specimen from the laboratory; orange patches
occupy 10-99; of the belly area
Phot. 10. Hybrid IT from the laboratory; yellow patches occupy 31:69% of the belly area
Phot. 11. Hybrid II from the laboratory; yellow patches occupy 28:6% of the belly area
Phot. 12. Hybrid II from the laboratory; yellow patches occupy 40-19% of the belly -area
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