POLSKA AKADEMIA NAUK
ZAKLAD ZOOLOGIISYSTEMATYCZNEJ

A G A 760 00 G.1 GA
R A CO VI ENSIA

Tom IX Krakéw, 30 V 1964 Nr 3

Zdzistaw MADEJ

Studies on the Fire Bellied Toad (Bombina bombina (LINNAEUS, 1761))
and Yellow Bellied Toad (Bombina variegata (LINNAEUS, 1758)) of Upper Silesia
and Moravian Gate

[4 maps and 8 text-figures]

Studia nad kumakami (Bombina bombina (LINNAEUS, 1761) i Bombina variegata (LINNAEUS,
1758)) Goérnego Slaska i Bramy Morawskiej

Hccnenosanus o »xepaaHkaM (Bombina bombina (LINNAEUS, 1761), Bombina variegata
(LINNAEUS, 1758)) Bepxmueii Cuaesun m Mopasckux Bopor

CONTENTS

Preface ta sl SR sy v b e i e e A e e T 2
Part I. Taxonomys s sl sl . S S At LSl R S e S R S 3
JeIntroduction St mirasnsesmeie i ol ol TR Bl i e e T e 3
2ieMethod and Materiall "or Rt v e T e S s 3

a. Collection and Preparation of Material . . . . . . . . . . . . . ... : 3

b @lassifieationsofMateriall = i e e e e S L 5

3: - Resultsiiofs Clagsifications o e .0 ol s o R e S 9

4. Statistic Analysis of Specific Charaeters . . . . . . . . . .. . . ... .. 11
aSkimi@oloraiion: and: Papillae i i L e 11

b Biometric Indicest -l BT Rl e R 13

etz ColourofiiNeston il il i Ole Bt S R s e e e e 15
disAarivingeatSSexwal iMaturityss St 19

es Body: WengthtiniBothe Specieniivlies iy vl i e e i 08 Gt e 20

SRR IHCTSRION G At s g Bl R s T e s e e Sl 20

6 Conclusions wae Eagente 2 b UGl S R e T e R 20
Part Tl Physiography: JEaa B Sonagide sl covas Se sl i il e e 23
T Introductions e v aresh b e e e s e e s 23
28eStudy: Arear o u i oG s e e e 26

Acta Zoologica Cracoviensia nr 3 1



292 2

8. Environments Dweltt by Betht Speciegit s iatavae e B0 G800 oo o 26

4. Geographic. Distribution: [ 7 it SRR TR S e L e S 28
rianteSudetes g 0 L N B g e e e 28
bi-Regions of sthe Moravian Gate ' .- ok eas anse i as L oo n o 30

¢:= Raciborz=@8wiceim Basin i s v 550 N0 coul e el g 30

dis StlesnsUplanded ol oo e o s Ll o TR N e 32
eraWienteBenkildr o [HES R e i oD IR O L 0 T e e R e 32
HieRanges oo Bothspecier o iBombitraitscsiiay, © 0 o i Tl L i TR 34

6t BontglacialiMigrations’ off Bemibing %l o sssiia 50 o Gl 00 S e e 35
RGIOTCIEARE S o Min i il e B s L o s e R e Sl ST e i O R 37
Shi i ARG i Ol e b e e S S e e e S R e S e el Ll 39
SIInTALY (R ERRIAE Fesessisor sl L melie s e e e R T T 42

PREFACE

The field study and collection of material for the present paper were car-
ried out in 1959—1961: in the Polish territory in 1959—1960 and in Czecho-
slovakia in 1960—1961. A total of over 2000 specimens were collected from
251 localities. As the material included both of the European species of Bom-
bina and was sufficiently abundant, it was used not only for a physiographic
study but also to analyse specific characters statistically. Thus, two parts
of the paper sprang up, each on a different subject: the taxonomic part and
the physiographic one. This division into two parts seems to have been necessary
considering the dissimilarity of the problems dealt with as well as the fact
that the reader is not always interested in both questions.

I wish to express my hearty gratitude to Prof. Z. GRoDZINSKI, who sug-
gested and guided the study, for his valuable information and advice, which
he never spared me during my work, and for his help with arranging my
journey to Czechoslovakia and obtaining a financial grant from the Polish Aca-
demy of Sciences.

During my field study in the territory of Czechoslovakia I enjoyed the
hospitality and help afforded me by Dr Z. TESAR, Head of the Zoological Di-
vision of the Silesian Museum at Opava, who, among other things, put the
Biological Station at Jesenik at my disposal for the period of my work in that
region. Dr Z. Kux, Head of the Zoological Division of the Moravian Museum
at Brno, was very helpful in working out the Moravian and Slovakian regions,
rendering the whole material possessed in the Museum accessible and helping
with the field work in many other ways, not to mention his hospitality. I am
also indebted for aid, among others, to Mr J. LAc of the Slovakian Academy
of Sciences and Dr O. OrivA of the Prague University.

I give my heartfelt thanks to all the naturalists mentioned above as well
as to Mr H. SKRzZYNSKI, who accompanied me and assisted on my numerous
excursions into the country, and to all unnamed who offered aid during my
work.
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Part I

TAXONOMY

1. INTRODUCTION

C. L. Bonaparte (1832) was the first to give attention to the differences
among the European members of Bombina. The essential morphological dif-
ferences between both species, Bombina bombina (LINNAEUS, 1761) and Bombina
variegata (LINNAEUS, 1738), were described by G. A. BOULENGER (1898), then
by E. SCHREIBER (1912), and others. Though the specific characters of Bom-
bina have been precisely defined, the matter of their taxonomy has not been
explained as yet. It is so mainly because there occur frequent forms uncon-
formable to the classical diagnoses of the species. Such forms are met with over
the area extending from the North Sea to the lower Danube, where the ranges
of both the species overlap (R. MERTENS, 1928). Great variation character-
izing the Bombina populations of this area is interesting on account of its
causes; on the other hand, it presents difficulties in physiographic work of all
kinds. The exact determination of specific characters and of their taxonomic
value is a problem of great importance.

The opinions on the nature of variation in Bombina disagree: is it heredi-
tary and then does it result from specific crosses, or is it of the nature of modi-
fications dependent on environment (B. STUGREN and N. Porowic, 1961)?
The question may be answered by experimenting, which no one has been doing
recently. The only publication on an interspecific hybrid obtained in captivity
was issued in the XIX century ( HERON-ROYER, 1891) and is still waiting for
confirmation. In the latest times P. V. TERENTYEV and S. H. CHERNOW (1947),
J. MIcHALOWSKI (1958, 1961), B. STUGREN (1959), and others have been work-
ing at the determination of specific characters of both species of Bombina.
It seems that so far only J. MICHALOWSKI (1958) has dealt with establishing
the taxonomic value of characters. The aim of this part of the paper is to ana-
lyse the characters of both species by statistical methods so as to determine
their taxonomic value.

2. METHOD AND MATERIAL

a. Collection and Preparation of Material

The areas from which the material has been collected are very varied as
far as both their hypsometry and the make-up of Bombina taken in them are
concerned (see Part II—Physiography). Table 1 shows exact numerical results

1*
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of collections in the particular years and months. These results, however, are
not only an exponent of intensity of the field work in the given period, as they
depend also on the occurence of Bombina in or their absence from the region

Table 1

Number and sex of Bombina specimens collected in particular years and months

Species Bombina variegata Bombina bombina
1959 1960 1961 1959 1960 1961

Monfhs 2lodul @ b Sl @il | 009 |0 g bl 6 | 9
May IogEriate S e et B R T A

June 3 1 19 8 16 13 70 54 41 32 64 78
July 43 11 37 31 — — 147 109 3 6 s .
August 254 | 210 | 351 | 276 - — 27 38 12 5 e R
Total 300 | 222 | 407 | 316 16 13 277 | 223 99 101 68 81

The table does not include intermediate forms.

searched. Specimens were collected wherever they were come across, but the
region was searched carefully at 3-kilometre intervals. These intervals were
reduced only where the hypsometric and ecological differences or the differences
in characters of Bombina were. considerable. Collection of 10 specimens at
each locality was made the rule, though, of course, it was not always possible. At
particularly abundant localities in the regions where the ranges of both species
of Bombina overlapped more specimens were taken, but the number never
exceeded 20.

The animals having been put to death, the lengths of their bodies, thighs,
shins, and feet, the width of eyelids, and the distance between the inner eye
angles were measured by means of dividers. The coloration of the digit tips
of the forelimbs and the state of the nuptial pads and vocal pouches were noted.
The specimens were stripped of skin and the skins dried by the method of
“W. Juszozyk (1951, 1952). The specimens being stripped, their bodies were
cut open to determine the sex and to note the colour of the testes in males
and the stage of maturity of the ovaries in females. The dried skins were stuck
on pieces of white cardboard, 14-5 cm long by 9-5 cm wide. The stamp, made
for this purpose, with blank spaces for the number of locality, the number of
specimen at the given locality, the time and place of collection, the nature of
environment, all the other data noted previously, and after identification the
specific name and class of the individual, was impressed at the side of the skin
on the cardboard. The skins thus prepared were placed in separate envelopes
and arranged in the form of a card-index, which made the finding and compa-
ring of specimens from any locality very easy. The whole material has been
deposited in the Institute of Systematic Zoology of the Polish Academy of
Sciences in Krakow.,



b. Classification of Material

The distinction of the species presents no difficulties, if the specimens
come from typical localities, for the differences in appearance between the
two species of Bombina are very characteristic and never raise doubt. This
is not the case, if the specimens under study are from the so-called transition
zones, where they show a considerable confusion of characters, or such cha-
racters as have not developed fully. A reliable method of classification is then
necessary to identify the species and to determine the admixture of characters
of the other species. The application of such a method is also important be-
cause except the morphological characters no other particulars such as type
of water reservoir, the altitude and relief of terrain, or the kind of voice uttered,
can be used for this purpose, since some pure populations of the fire-bellied
toad were found at an altitude of 600 m. a. s. 1. and those of the yellow-bel-
lied toad in lowlands (190 m), and there was a whole population of the fire-
bellied toad the males of which had not vocal pouches (Cmok near Myslowice).

There are many characters diseriminating the two species, both in their
appearance, body proportions and in their internal structure. Not all of them,
however, are suitable for being used as a basis for classification, because they
are difficult in mass application, e. g., the thickness of skin, or are partly or
completely connected with sex, e. g., vocal pouches, horny growths on the hind-
limbs of males, colour of the testes, etc. Therefore, the number of characters
used for classification must necessarily be limited. The unequal value of parti-
cular characters seen clearly in atypical individuals presents another diffi-
culty, for some characters never or very seldom occur in atypical individuals
of the opposite species, while others are very often present in them. All the
characters are generally well developed in all the specimens from typical lo-
calities, and so the value of characters cannot be considered on the basis of
typical populations.

The large number of characters differentiating the two species and the
difficulties mentioned above probably caused the fact that almost every author
dealing with the European species of Bombina applied a different system of
classification. The system of L. HoORBULEWICZ (1927) was based on subjective
estimation without using any closely measurable values, and for this reason
it cannot be taken into account nowadays. P. V. Terentyev and S. A. CHERNOV
(1947) as well as J. MICHALOWSKI (1961) suggest the application of some bio-
metric indices. However, as my preliminary study has shown, these, too, are as-
sociated at least partly with sex. The system adopted by B. STUGREN (1959)
and B. STUGREN and N. Porowic (1961) in their works makes it possible not
only to distinguish the species but also to determine the admixture of charac-
ters of the other species in a measurable manner. The weak point of this system
is that the value of characters is not differentiated and the colour of the back
of the body is treated as a character equivalent to the others. It is well-known
that this character varies with environment. The most purposeful and practical
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Classification of Bombina according to the external characters
of coloration and the type of skin papillae

Table 2

Species

Cha-
racter

Bombina variegata

Bombina bombina

Conventio-
nal value of
character

Category I

Two yellow patches on the

breast with arcuate conexions to

yellow patches on the ventral
side of the arms.

Two isolated orange patches on
the breast.

Yellow patches of the abdo-

men connected with yellow

patches on the ventral side of
the thighs.

Orange patches of the abdomen
without connexions to orange
patches on the ventral side of
the thighs. Two transverse iso-
lated patches on the border of
the abdomen with the thighs.
They are continuous or broken
into several smaller spots.

3 points

Category II

Dorsal papillae surrounded by
a large number of concentrically
arranged tiny papillae.

Dorsal papillae single.

Yellow patches occupy over

509, of the surface area of the

ventral side of body. Tips of all

digits of the hand yellow on
the palmar side.

Orange patches occupy less than

509, of the surface area of the

ventral side of body. No orange

spots on tips of digits III and

IV on the palmar side of the
hand.

2 points

Category III

Lack of distinct arcuate patches
between the scapulae on the
dorsum.

Two dark arcuate patches be-
tween the scapulae on the dor-
sum.

White spots on the flanks of
body lacking or very few.

White spots on the blackblue

background of the ventral side

of body, particularly numerous
on the flanks.

1 point

in application seems to be the system of J. MicHALOWSKI (1958). It is based
only on essential characters and introduces the differentiation of the value
of characters. For this reason, I apply it with slight modifications in the present

study.

The alterations made in this system consist in asecribing different values
to some characters. In addition, a new character has been introduced in it
(colour of the tips of digits III and IV of the forelimb); however, it is not treat-
ed separately, only as a support of another character partly linked with it.
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The frequency of the particular characters typical of one species but present
in atypical individuals of the opposite species and the frequency of the parti-
cular characters in relation to sex were chosen as criteria of the value of char-
acters. It was realized that the more rarely a character occurs in atypical
individuals of the opposite species and the more loosely it is connected with
sex, the greater is the value of this character. In order to determine the value
of characters in this way I used the results of the classification of J. MIcHA-
LOWSKI (1958), and on this basis the characters occurring in the members of
the opposite species most rarely were ascribed the highest value — 3 points,
the characters occurring most often — 1 point, and those of intermediate
frequency — 2 points. It must be admitted that even such estimation was
not free from difficulties, for some pairs of characters appeared to have different
values for either of the species: if, for instance, the isolated patches occurring
on the border of the abdomen with the thighs are hardly ever present in atyp-
ical members of the yellow-bellied toad and consequently on the basis of
this one character a specimen can be classified in the species Bombina bombina,
the lack of such isolated patches is rather often met with in atypical members
of this species and so it cannot be used to prove that a specimen belongs to
the species Bombina variegata. This is also true of the other pairs of characters.
At any rate, I succeeded in determining the value of at least one character
of each pair in each category. Besides, estimating the value of the characters
I took into consideration their usefulness, that is to say, whether they can be
recognized easily, for not all of them have this quality. Dealing, for instance,
with the skin papillae or with the number of yellow patches occupying the
ventral side of body in atypical specimens (for which, first of all, this method
has been worked out) it is sometimes hard to decide how to treat them and
mistakes are possible. If their value is then established as low, the possible
error will be less important. The values of characters thus determined are
shown in Table 2.

As can be seen from the foregoing considerations, the alterations introduced
into the adopted method of classification do not concern the very manner of
classifying. Nevertheless it will be purposeful to present the principles of this
method here. They are based on Table 2, which offers 6 pairs of characters
and their values expressed in points. The maximum scorve of a skin is 12 points,
the minimum 6. The skins thus appraised are divided into 4 classes:

Class I: 11—12 points. Typical form.

Class IT: 9—10 points. Atypical form with small admixture of characters
of the other species.

Class ITI: 7—8 points. Atypical form with large admixture of characters
of the other species.

Class IV: 6 points. Intermediate form with equivalent characters of both
species.

Although the method offered above is based on a small number of charac-
ters, which is its weak point as its author has already stated, it renders a fairly
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Numerical indices of characters of particular classes of Bombina and

numbers of specimens examined within classes

8

Table 3

Name of form

Numerical indices

Number of specimens

Total | g Q

Bombina variegata 3v3v 2v2v lvlv 683 437 246
Class I 3v3v 2v2v 1blv 328 183 145
Points: 11—12 3v3v 2v2v 1lvlb 59 35 24
Bombina bombina 3b3b 2b2b 1blb 502 257 245
Class I 3b3b 2b2b 1vlb 207 118 89
Points: 11—12 3b3b 2b2b 1blv 40 16 24
Bombina variegata 3v3v 2v2v 1blb 31 16 15
Class II 3v3v 2v2b lvlv 15 6 9
Points: 9—10 3v3v 2b2v lvly 59 b 54
3v3v 2v2b 1vlb 1 0 1

3v3v 2v2b 1blv 6 6 0

3v3v 2b2v 1vlb b 2 3

3v3v 2b2v 1blv 44 6 38

Bombina bombina 3b3b 2b2b 1vlv 16 8 8
Class II 3b3b 2b2v 1blb 20 8 12
Points: 9—10 3b3b 2v2b 1blb i 1 0
3b3b 2b2v 1blv i 0 7

3b3b 2b2v 1vlb 14 9 5

3b3b 2v2b 1vlb 1 1 0

3b3v 2b2b 1blb 15 7 8

Bombina variegata 3v3v 2v2b 1blb 4 1 3
Class III 3v3v 2b2v 1blb 6 1 5
Points: 7—8 3v3v 2b2b lvlv 3 1 2
3v3v 2b2b 1vlb 1 1 0

3v3v 2b2b 1blv 1 0 1

3b3v 2v2v lvlb 7f 2 5

3b3v 2v2v 1lblvy 7 6 1

3b3v 2v2v 1blb 6 5 1

3b3v 2v2b lvlv 7 6 1

3b3v 2b2v lvlv 2 0 2

Bombina bombina 3b3b 2b2v lvlv 2 0 2
Clags III 3b3b 2v2v 1blb 2 1 1
Points: 7—8 3b3v 2b2b 1blv 3 3 0
3b3v 2b2b 1vlb 8 7 1

3b3v 2b2b 1vlv 2 1 1l

3b3v 2b2v 1blb 9 5 4

Intermediate form from 3v3b 2b2v 1lvlb 1 1 0
highland locality 3v3b 2v2b 1lvlb 2 1 1
Class 1V 3b3v 2v2b 1lvlb i5) 4 1
Points: 6 3b3v 2v2b 1blv 4 2 2
. 3b3v 2b2v 1blv 10 6 4

Intermediate form from 3b3v 2b2v 1vlb 11 S 8
lowland locality 3v3b 2b2v 1blv 2 1 1

Class IV
Points: 6
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accurate and objective appraisal of skins possible. First of all, it is
very convenient in use, which is not without significance in mass appli-
cation.

Table 4

Dependence of variation upon species and sex

Species Bombina variegata Bombina bombina
TS Number
Total 3 Q Total o) Q
Clasd - %
Class I 1070 655 415 479 391 358
Class II 161 41 120 74 34 40
Class III 44 23 21 26 17 9
Total 1276 719 556 ° 849 442 407
Class IV 35 18 il
Table 5
General comparison of material
Number of specimens in particular
% of total
Total rf)ux(;b e: :f classes and 9, of total number of
Species num‘.ber of specimens of specimens of given species
specimens sl R :
Class I Class IT Class IIT
Bombina variegata 1275 60.09, 1070/849, 161/13% 44/39,
Bombina bombina 849 38.49, 749/889, 74/9% 26/3%
Intermediate form
Class IV 35 1.89%
Total 2159 100.0%,

3. RESULTS OF CLASSIFICATION

The numerical results of classification are shown in Tables 3, 4, and 5.

Of these only Table 3 needs explanation. The letters b and v placed at the
side of the numerical values indicate the origin of the character. The letter b
points to the characters proper to Bombina bombina and v those proper to
Bombina variegata. The order of figures in the horizontal rows corresponds
to the order of the characters in the vertical columns for either species in Table 2.
Tables 4 and 5 were made on the basis of the data from Table 3.

It will be seen from these tables that:

a. The yellow-bellied toad outnumbers the fire-bellied toad in the study
area.
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b. Males outnumber females in both species. They form 569, of the total
of yellow-bellied toads and 529, of fire-bellied toads.

c. The fire-bellied toad shows a greater stability of characters (889, speci-
mens in Class I) than the yellow-bellied toad (849, of specimens in Class I).

d. Out of the typical individuals (Class I) of both species, a majority (on
the average 65%) are specimens showing no essential divergencies under the
classification adopted. The variation of the remaining specimens includes
mainly dark arcuate patches occurring between the scapulae on the back (on
the average 30%) and, to a considerably lower degree (on the average 59%),
white spots on the ventral side and on the flanks of the body.

e. Among the atypical individuals Class II is the most numerous (aver-
aging 11%), Class III is remarkably less abundant (39, in each species), while
the intermediate forms (Class IV) oceur occasionally (1:6%).

f. Females of Bombina variegata show the greatest variability so far as the
characters used for classification are concerned. The specimens of Bombina
bombina and intermediate forms of both sexes show nearly the same degree
of variability.

g. The variation of individuals of Class IT concerns, first of all, the charac-
ters of the second and third categories (see Table 2). The variation of indi-
viduals of Classes ITII and IV includes the characters of all categories.

The detailed description of the external characters in the typical individ-
uals of both species has been given by J. MICHALOWSKI (1958).

Frequency of particular characters in atypical member

Bombina variegata
Total
Character Species . ?
Num- o Num- o Num- o
ber o ber o ber 7o
; (v) A :
Patches on breast () a 19 30 i 5 o
Patches on border of abdo- (v) B
men with thighs (b) b 0 0 0 0 0 0
N (v) C
Skin papillae () © 16 diigs fos | 74191 | B9
Patches covering ventral side (v) D :
of body (b) d 21 33 17448 38 | 18.5
Dark arcuate patches on dor- (v) E
sum (b) e 41 64 64 | 45 | 105 | 61,2
White spots on flanks and (v) F
on ventral side (b) £ 28 44 33 23 615 29,7
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4. STATISTIC ANALYSIS OF SPECIFIC CHARACTERS
a. Skin Coloration and Papillae

The aim of the analysis is to determine the taxonomic significance of the
particular characters and to examine whether the qualification of the value
of the characters carried out provisionally on the basis of the data obtained
by MICHALOWSKI (op. cit.) and adopted for classification of material in the
present study is correct. The criterion of the value of characters was discussed
in detail in the section entitled ,Classification of Material“. For the practical
purposes the particular characters proper to Bombina variegata are marked
by the capital letters A, B, C, D, E, F, and the corresponding characters proper
to Bombina bombina by the small letters a, b, ¢, d, e, f. Their order in Table 6
corresponds to the order in which they are arranged in Table 2. The numerical
data are those of Table 3. The results obtained are presented graphically in
Figs. 1 and 2.

It will be seen from Table 6 and Figs. 1 and 2 that the particular characters
used as a basis for classification are not equivalent so far as taxonomy is con-
cerned. This is apparent both in the distribution itself and in the correspon-
dence of the distribution of characters in the particular species to the distri-
bution of these characters in the intermediate forms. The characters a and ¢ of
the fire-bellied toad occur most rarely in atypical members of the yellow-

Table 6
of the opposite species and in intermediate forms
Bombina bombina Intermediate form
e 0 Total 3 0 Total

Num- o Num- o Num- o Num- %5 Num- 5 Num- 5
ber /o ber o ber . ber /o ber 7o ber 7o

0 0 0 0 0 0 3 1 2 11 5 14.3

15 83 15 89 30 84.3

23 45 14 29 37 37 15 83 15 89 30 84.3

g 3 17 2 11 5 14.2

3 6 il 2 4 4 7 39 4 23.5 11 31.0

11 61 13 76.5 24 68.5

23 45 31 21 54 54 11 61 13 76.5 24 68.5

7 39 4 23.5 11 31.0

26 51 17 35 43 43 9 50 10 59 19 54.0

9 50 7 41 16 45.0

12 23 18 37 30 30 9 50 7 41 16 45.0

9 50 10 59 19 54.0
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bellied toad and consequently they have the highest taxonomic value for the
fire-bellied toad, while the characters B and D have the highest value for the
yellow-bellied toad. The characters Ee and Ff are equivalent for both species.
However, occurring rather frequently in atypical specimens and also in the
typical members of the opposite species, they have a comparatively low taxo-

Characters of Bombina varie- Characters of Bombina bom-
gata in atypical members of bina in atypical members of
Bombina bombina Bombina variegata

W80706050403020100/02030405060708090

Percentage frequency of particular characters

Fig. 1. Diagram showing occurrence of particular characters of Bombina in typical members
of the opposite species

nomic value for both species. As Table 6 shows, the characters Cec and Dd
display the closest correlation with sex. Thus, the warts typical of the yellow-
bellied toad (C) occur in the atypical males of the fire-bellied toad three times
as often as in the females and, vice versa, the warts typical of the fire-bellied

Characters of Bombina Characters of Bombina
variegata bombina

[l =e

@
RS

N
©
e e ——

S

0 80 70 60 50 40 30 20 10 G 10 20 30 40 50 60 70 80 90

Percentage frequency of particular characters

Fig. 2. Frequency of particular characters in intermediate forms

toad (c) occur in the atypical females of the yellow-bellied toad three times
as often as in the males. The case is somewhat different when we deal with
the number of yellow patches on the ventral side of the body. These patches,
covering over 509, of the ventral surface of the body (character D distinctive
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of the yellow-bellied toad), occur in the atypical males of the fire-bellied toad
twice as often as in the females. A smaller number of patches, occupying less
than 509, of the surface area of the abdomen (character d distinctive of the
fire-bellied toad), also occur nearly three times as often in the atypical males
of the yellow-bellied toad. In the first case the correlation is, therefore, bila-
teral, in the second unilateral. In both cases, however, such a correlation of
characters with sex depreciates their taxonomic value. Considering the fore-
going, the discrimination of the particular characters according to their value
for classification must be regarded as correct.

b. Biometric Indices: T: 1L, F: L, P: L

The biometric indices of Bombina have already been analysed many a time.
There were, however, weak points in these analyses, such as the poor material
the authors had at their disposal and their disregard of sexual-differences,
which have inclined me to take the work up once again. The abundant material
available for this study makes it possible to obtain reliable results, to divide
the specimens into groups according to their body length, and to treat sexes
separately. :

Only the material from typical localities (Cl. I) was used for study. The
measurements were taken in millimetres on fresh specimens, adopting the
measuring points established by P. V. TERENTYEV and S. A. CHERNOV (1947).
The indices were calculated as percentages of the body length; thus expressed
they are easier to compare. The results obtained have been presented not in
tables but graphically as smoothed curves based on averages, thanks to which
the picture gains in clarity. To check the accuracy of measurements taken on
fresh material, they were made additionally on skeletons. Since these mea-
surements were treated as control ones, they were restricted to the T: L index
in the skeletons with L exceeding 39 mm. After working up the results and
drawing the curves I found that the results obtained in both ways as a rule
agreed with each other (Fig. 3A). Then it may be supposed that the remaining
results are adequately accurate as well.

The relation of the length of the shin to that of the body (T: L) is given
in Fig. 3 B, 0, D. It shows that there is a difference in shin length between
Bombina bombina and Bombina variegata. 1t is noteworthy that the T: L ratio
changes when the body length reaches about 40 mm. The difference between
males and females of the yellow-bellied toad is also distinetive. The graph and
the arithmetic means show that the mature females of the yellow-bellied toad,
exceeding 40 mm in body length (L), stand right midway between the male
fire-bellied toad and the male yellow-bellied toad. The difference, being smaller
in immature individuals (less than 40 mm long), must be regarded as a typical
sexual character. It makes the determination of the limit value of the index
impossible, and thus this index cannot be used for taxonomy of Bombina.
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The relation of thigh length to body length (F: L) is shown in Fig. 4A, B, C.
It indicates that the two species differ also in this respect, though by 309, less
than in the case of the T: L index. As the body grows the proportions change,
but gradually during the whole period of growth. The sexual differences are
like those in the T: L index.

Fig. 5A, B, C shows the relation of foot length to body length (P: L). The
differences between males and females of Bombina variegata are here remark-
able, but only in individuals more than 40 mm long. The fire-bellied toad
takes an intermediate position between them. It may be stated that excepting
sexual differences there are no interspecific differences in this respect. It is,
however, interesting that in both species the P: L ratio is the highest when
the body length ranges between 30 and 40 mm. It may be connected with
the ways of living of these animals in this period of life. A very high standard
deviation (9) indicates that the foot length is various in particular specimens.

To find the correlation, if there is any, between body proportions and alti-
tude, the indices T: L and F:L were calculated for adult specimens of the
typical forms of the fire-bellied toad from the lowest and the highest locali-
ties. The mean altitude of the lowest localities from which the specimens were
taken was 176 m a. 8. 1. (the valley of the upper Odra and the Danube Low-
lands), that of the highest localities 490 m (the Bohemian-Moravian Highlands).
Unluckily, the material at my disposal was poor, for it consisted of 47 specimens
from the lowest localities and 43 from the highest. For this reason the results
presented in Fig. 6A and B are to be treated only as approximate. Nevertheless,
they show that there are differences between the specimens of the same species
but coming from various altitudes, though they are not so distinet as the dif-
ferences between the species. On the other hand, the sexual differences in the
specimens from the highest localities are nearly the same as in the yellow-
bellied toad.

¢. Colour of Testes

It was noticed during the collection of material that there was a difference
in coloration of testes between the males of Bombina bombine and those of
Bombina variegata. This character does not seem to have been recorded in

A.a—N=119 M=3145 8=+ 1.93 B. a— N =227 M = 33.50

=4 221

b—N=106 M=30.71 §= -+ 2.09 b—N=207 M=32.90 5= 1+ 2.06
c—N= 72 M=3691 8=+ 1.66 c— N=265 M=39.14 5=+ 227
d— N =101 M=238466 =4+ 1.81 d—N=170 M = 386.27 § = + 2.32
C.a—N=102 M=235.72 3 = & 2.09 D.a—N= 61 M=386.71 § = 4+ 2.28
b—N= 93 M=235.28 8§ =4 2.35 b—N= 58 M=236.89 § =+ 2.51
¢— N=231 M=4041 3= 4+ 1.40 ¢c—N=159 M=4044 8§ = + 2.12
d— N =126 M =40.05 § = + d=4 243

2.24 d— N =119 M = 40.01



306

201
L - b
Cc
A 10t d
cpeeeeretpitin gt
< 25 49
B +1©
O J
49
ZOF
G 10k
. 25 29 49

A. a— N = 227
b— N = 207
¢ — N = 266
d— N =170

M=32.08-d=+ 232
M =— 32:16" 6 = -
M =35.97 6 = £ 11.40
M=23438 6=+ 2.76

C. a— N =

B:

a—N=102 M=34.71 § = + 2.15
b—N= 93 M =23443 5= 1 2.66
c—N=231 M=3791 6 = + 3.24
d— N =126 M =23740 5= £ 1.08

61 M=23745 8§ =+ 2.86

b— N= 58 M=236.85 8§ = 4+ 2.53
c— N=159 M =39.27 8§ = 4 2.87
d— N=119 M =39.01 5 =4 3.00

Fig. 4. Smoothed curve showing the distribution of the index F': L

16

literature hitherto. It is noteworthy that the coloration of testes does not
depend on the age of specimens. Unfortunately, this phenomenon was no-
ticed relatively late, when a half of the material had already been collected.
None the less, it was observed carefully from that time forth. The results ob-
tained are shown in Table 7.
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Instead of symbolic designations, testes with their colour marked have
been drawn in the spaces for ,,Colour“ in the caption of Table 7. The differen-
tiation of the testes is characteristic and permits the distinction of 6 groups
among them: from both testes quite black, through one testis black and one
grey, one black and one colourless, both grey, one grey and one colourless,
to both colourless.

Acta Zoologica Cracoviensia nr 3 2
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A. a—M=233.00 8§ =+ 2.84 B. a—M32.71 § = + 3.20
b—M =33.29 3 = + 2.40 b—M33.11 § = + 2.29
¢c—M=23547 § = 4 1.98 c—M34.62 8§ = 4 2.46
d—M = 3345 8 = + 1.67 d-—M32.96 &= 4 148

Tig. 6A. Smoothed curve showing the distribution of the index T: L in Bombina bombina from
the highest and the lowest localities

Fig. 6B. Smoothed curve showing the distribution of the index ¥ : L in Bombina bombina from
the highest and the lowest localities

a, b — 33 99 from localities of a mean altitude of 176 m a. s. 1.; ¢, d — 33 22 from localities
of a mean altitude of 490 m a. s. 1.

It will be seen from Table 7 that the black coloration of testes evidently
prevails in Bombina bombina, while the lack or a small amount of pigment in
the testes is characteristic of Bombina variegata. The results concerning the
distribution of the amounts of pigment in atypical and intermediate indivi-
duals are not significant, because the material is too scanty. At any rate, at-
tention should be given to this phenomenon in the future, particulary so when
carrying out interspecific crosses. For this reason it is worth notice in further
studies on Bombina.
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Table 7

Correlation of testis colour with species

. Colour

w7 0000 0001
Number

I
Bombina variegala
Class I 382 5.7 0.4 5.2 161 (1) 5.9 TAs
Bombina variegata
Class II 29 3.4 — 3.4 10.4 10.3 72.

(23

Bombina variegata
Class IIT 7 14.3 — —— 14.3 14.3 b7l

Intermediate form .
Class 1V /53 20.0 20.0 — 20-0 — 40.0

Bombina bombina
Class ITI 6 1653 - 1657 17-0 — 50.0

Bombina bombina
Class II 15 ChRG] 20.3 19.3 6.0 — 2

Bombina bombina

Class I 135 57.0 ) 15.6 6. 3.3 10.1

<

d. Arriving at Sexual Maturity

The determination of the age at which Bombina matures sexually under
natural conditions is impossible, because no age indices, such as are known
for many other animals, have been found for it so far. It necessitated the use
of body length for this purpose. However, even such comparison seems in-
teresting, since the body proportions change as an individual grows, and these
changes vary with sex. Thus, there is a chance to grasp a correlation between
these phenomena if there is any.
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Fig. 7. Relationship between sexual maturity and body length: —— Bombina variegata,
N=492; ----- Bombina bombina. N=326.
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The maturity of specimens was determined on the basis of the ripeness of
their ovaries and, in males, of nuptial pads. The use of nuptial pads for this
aim is possible, as they are present in the males of Bombina all the time of
their breeding activity, which lasts from spring to autumn. The results are
offered in Fig. 7.

The graph shows that the process of maturing runs alike in both species
and falls in the period of life when they reach a length of 30—40 mm. The
percentage of mature individuals increases continuously but very slowly up
to 38 mm. There is an obvious rise between 38 and 40 mm. Hence it may be
supposed that the regularity falls within these limits of body length.

e. Body Length in Both Species

In order to establish whether there is any difference in body length between
the two species of Bombina, the whole material of typical individuals (Class I)
was tabulated according to body length at group intervals of 3 mm. Next the

L

D Bombina variegata

%
. Bombina bombina

wk

o/® of total number

9 22 2% 28 3 34 37 40 43 46 49 2
body length in mm

Fig. 8. Comparison of body lengths classified in groups at a group interval of 3 mm

abundance of each group was calculated in percentages and the results were
used to make the histogram presented in Fig. 8. It shows that, although the
maximum length of body is the same in both Bombina species (it amounts
to 53 mm), the mean body length is greater in the fire-bellied toad. A major-
ity of specimens of the yellow-bellied toad collected belong to the 43-milli-
metre group and in the case of the fire-bellied toad to the 46-millimetre group.

5. DISCUSSION

The method of J. MICHALOWSKI (1958) used hitherto to determine the
value of characters consisted in comparison of a number of sking derived from
the most typical localities and exhibiting the least variability. Then the fre-
quency was established for each character, which undoubtedly rendered it
possible to grasp the most distinctive characters of both species but little spoke
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of their taxonomic value, because in typical specimens all the characters are
generally present and well developed. The principal difference between this
method and the method adopted in the present work depends on the fact that
in this work the value of characters was analysed on the material of atypical
specimens and the determination of frequency of the particular characters
was based not on the specimens of the species whose character was being con-
sidered but on those of the opposite species. Such an inversion is admissible,
since the variation of Bombina for taxonomic characters, with which we are
concerned here, always regards the admixture of characters of the other species.
It was far easier to determine the degree of stability of the particular characters
in this way and, first of all, this method made it possible to base oneself on the
comparative statistical material. The rarer the occurrence of a character of
a given species in the atypical individuals of the opposite species, the greater
its taxonomic value. On the other hand, the character which is equally frequent
in atypical specimens of both species speaks very little of the specific mem-
bership of a given individual.

A lack of differentiation in the value of characters or the incorrect defi-
nition of this value leads to serious consequences in the taxonomy of Bombina.
The comparison of the results concerning variation obtained during the present
study with the data that could be obtained by applying the values of char-
acters as they were established hitherto — such a comparison is possible on the
basis of Table 3 — will show considerable differences. They consist in changes
in the classification of atypical specimens of the yellow-bellied toad in 70 cases
and of the fire-bellied toad in 33 cases. Moreover, the general pattern of var-
iation is different: the number of specimens in Class IIT and that of interme-
diate forms increase, in the latter case from 35 to 46, while the number of spe-
cimens in Class IT decreases. It may be expected that the pattern of variation
would be similar, if all the characters were treated uniformly, e. g., the number
of intermediate individuals would increase by 509, In general, it may be
stated that the pattern of variation in the same population of Bombina bombina
changes according to the value given to the characters. The results obtained
in our case indicate a narrower range of variation than it was judged by the
results of classifications carried out by other methods. However, it should
be emphasized that these differences do not concern typical forms, their number
being always the same irrespective of the method of classification used. It is
why these differences do not undermine the main results of the physiographic
studies carried out on the basis of other classifications.

The distribution of characters in both species and its accordance with the
distribution of the same characters in the intermediate forms prove unequi-
vocally, as will be seen from Figs 1 and 2, that the particular specific characters
of Bombina differ in degree of stability. This suggests the genetic interpretation
of the phenomenon. The genetic methods would provide the taxonomy of
Bombina with solid foundations and contribute to the solution of many obscure
problems.
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The biometric indices T: L, F: L, and P: L were analysed in Bombina by
P. V. TERENTYEV and S. H. CHERNoW (1949), B. STUGREN (1959), J. MICHA-
LOWSKI (1961), J. LAc (1961), and B. STUGREN and N. Porowic (1961). They
are also presented in an anonymous work entitled Fauna Republici Populare
Romine (1960). In this last case the number of specimens examined was not
mentioned. The results obtained by all these authors and those of the present
work agree in the fact that the two species of Bombina ditfer in body proportions,
that is to say, the thighs and shins of the yellow-bellied toad are longer than
those of the fire-bellied toad. However, the authors disagree as to the taxonomic
value of these differences probably because they have not applied the classifi-
cation in groups according to body length, or the group intervals used by them
are not the same. Moreover, not all of them treat each sex separately. It appers
that the body proportions vary with age, the changes being particularly clear
in the period of sexual maturation. There are also apparent sexual differences
in the yellow-bellied toad. These differences have been confirmed by the results
obtained by J. LAc (1961), who treats each sex separately, and by the data
from the above-mentioned anonymous study. The sexual differences have
not allowed the determination of the limit value of indices between the two
species. Besides, as the comparison of the indices T: L and F: L in the fire-
bellied toad from the lowest and the highest localities shows, they presum-
ably have the nature of modifications dependent on environment. Consequently,
it is doubtful whether they have any major taxonomic value in Bombina.
B. StuGrREN and N. Porowic (1961) came to similar conclusions, stating that
most of the Bombina populations are from the statistical point of view diver-
gent for L, T, and F. The indices discussed may, however, be of some impor-
tance in the interpretation of ecological and zoogeographical problems con-
cerning Bombina.

6. CONCLUSIONS

1. The external characters of coloration and the skin papillae of Bombina
have unequal taxonomic values. The character which permits the unambi-
guous determination of the specific membership of a given specimen in Bombina
bombina is the isolated orange patches on the border of the abdomen with the
thigh. Two yellow patches on the breast with arcuate connexions to the yellow
patches on the ventral side of the arms are a similar character in Bombina
variegata. The remaining characters do not constitute unequivoecal criteria
of the specific membership of a given individual.

2. There are differences in body proportions between the two species of
Bombina. The thigh and shin of the yellow-bellied toad are longer than the
corresponding body parts of the fire-bellied toad. In addition, the yellow-bel-
lied toad shows sexual differences in lengths of thigh and those of shin: they
are larger in males than in females. This last difference makes the determination



23 313

of the limit value of indices impossible and, consequently, they cannot be
applied for the taxonomy of Bombina without reserve.

3. There are differences in coloration of testes in the males of both species
of Bombina. Black coloration of the testes prevails in the fire-bellied toad,
while in most specimens of the yellow-bellied toad the testes are colourless.

4. Both species of Bombina reach sexual maturity when their body length
ranges between 30 and 40 mm, but most frequently between 38 and 40 mm.

5. The maximum body length of both species is 53 mm, but the average
length of the fire-bellied toad is larger than that of the yellow-bellied toad.

Part II

PHYSIOGRAPHY

1. INTRODUCTION

The fire-bellied toad Bombina bombina and the yellow-bellied toad Bombina
variegata differ in their environmental demands and for this reason dwell dif-
ferent areas. The fire-bellied toad is very closely associated with water en-
vironment and inhabits lowlands up to an altitude of 250 m. above sea level,
abounding in permanent water reservoirs, which are situated mostly in river
valleys. The yellow-bellied toad lives in highlands and mountains up to an
altitude of 2000 m. (M. RADOVANOVIG, 1951), in small water reservoirs, sea-
sonally drying pools, ditches filled with water, but obviously avoiding large
reservoirs. Thus, this species is a little less closely associated with water envi-
ronment. In areas where the ranges of both species overlap there occur indi-
viduals or whole populations showing characters of both species mixed up.
In the opinions of most authors (L. MEHELY, 1905; E. SCHREIBER, 1912; L. HOR-
BULEWICZ, 1927, H. SzARrsSkI, 1939, J. MICHALOWSKI, 1958, and others) this
state is due to interspecific crossings, which doubtless prove a close kinship
of these species. Such a geographic distribution and close relationship of the
fwo species made some authors regard the Ice Age as a factor bringing about
their differentiation. A general conception of the splitting of original species
in isolated refuges was set forth by B. STRESEMANN (1919). It was developed
in detail and based on ecological data for Bombina by R. MERTENs (1928),
whose opinion has been maintained up to the present time (Z. GRODZINSKT, 1954).
According to this opinion the population of the Pliocene form of Bombina *,
which probably inhabited the plains throughout Europe, was severed owing

* Fossil materials, so far known only from the ,pregacial layers“ of Hungary and Ruma-
nia, are unreliable (M. MEYNARSKI, 1961).
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to the transgression of the glacier and compelled to move away from the gla-
cier, eastwards and westwards. The eastern group found a refuge in the southern
part of the East-European steppes on the Black Sea. The western group re-
treated to South and Central France, leaving the plains for the elevated area
of the Central Massif. It is believed that in these new and dissimilar conditions
Bombina developed different adaptations to the lowland and highland en-
vironments. J. LAc (1961) has recently put forward a supposition that the
Pannonian Lowlands, especially their southern part, or the steppe areas of
the southern part of the European U. S. S. R., may have been such a refuge
as well. The shrinking and expanding of the ranges of both species are supposed
to have taken place in the particular glacial and interglacial periods. It may also
be assumed that these shifts were the main factor of selection. The final ex-
pansion of both species followed the disappearance of the glacier in the Holo-
cene, the eastern form moving north-westwards and the western one north-
eastwards.

The fire-bellied toad (E. FrRoMMHOLD, 1959) occupies the lowlands of Central
Europe, reaching as far as Oldenburg and the Weser to the west, Denmark
and southern Sweden to the north, and the Ural Mts. to the east. On the south
.it borders upon the northern range of the yellow-bellied toad, and its boundary
runs from the Vienna region across Hungary, northern Yugoslavia, Rumania,
Bulgaria, the Ukraine up to the Caucasus. The yellow-bellied toad dwells in the
uplands and mountains from France (except the Pyrenees) through Belgium,
Holland, western and southern Germany, Alpine countries, Italy (north of
the Po) to the Balkans (north of Dalmatia, Albania and Macedonia). On the
north its range includes the Carpathians, Czechoslovakia, Thuringia, Harz
Mts., Brunswick, and Hannover.

The data concerning the geographic distribution of Bombina obtained
from the herpetological literature are general in many cases and often based
on casual observations or fragmentary collections. On the other hand, there
are few detailed works recording all the localities or their lack in particular
areas. Basing on this material it is, therefore, difficult to say anything strict
about one or the other direction of the postglacial migrations of Bombina.
The aim of this part, which also governed the selection of the study area, was
to check R. MERTENS’S hypothesis (1928) of the postglacial migration of the
yellow-bellied toad in the region of the Moravian Gate, assuming its passage
from the Alps to the Carpathians.

In the foreland of the Carpathians (Podkarpacie) the distribution of both
Bombina species was carefully studied between Stryj and Sambor and between
Dobromil and Jarostaw (L. HORBULEWICZ, 1927, 1933), as well as in the Krakow
region bordered by the Vistula, the Skawa, the Raba, and the Krakéw-Chrzanow
Ridge (J. MICHALOWSKT, 1958, 1961). The occurrence of Bombina in the adjoin-
ing regions was recorded fragmentarily and information obtained rather casually.

This is also true of the knowledge of the distribution of Bombina in Czecho-
slovakia. The territory of Slovakia has been an exception since it was fairly
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well explored by J. LAc (1961). O. STEPANEK (1949) deals with the distribution
of Bombina in Bohemia and Moravia. He discusses the problem in general,
mentioning scarcely some dozen of localities of the fire-bellied toad and several
ones of the yellow-bellied toad on the basis of museum collections.

Thus, the secondary purpose cf this paper is to complete the knowledge
of the distribution of Bombina in this very interesting but unexplored area.

2. STUDY AREA

The area of the present study is situated at the contact of various physio-
graphic units making up the territories of Poland and Czechoslovakia. In
respect of physiography the most prominent of them are the West Sudetes,
part of the West Beskids, southern part of the Silesian Uplands, the valley
of the upper Vistula and its tributaries, the valley of the upper Odra, and
the region of the Moravian Gate. These units include a number of subregions
shown on Map 1.

The physiographic division of the area into subregions used in this paper
is rather arbitrary. It is so because there is no agreement as to the criteria of
division applied in Poland and those applied in OCzechoslovakia, as well as for
practical purposes. The division worked out by M. KLiMASzZEWSKI (1946) and
S. LENCEWICZ (1959) has been taken as a basis for the Polish area and that
published by A. WRzosEK (1960) for Czechoslovakia.

The areas studied additionally are not included in Map 1, as they were
explored less carefully and unsystematically. They cover the north-western
part of the Bohemian-Moravian Highlands, the region of Usti on the Orliei,
and the regions of Brno and Bratislava. The remaining areas, from the Klodzko
Basin to the Danube Lowlands (Gab¢ikovo) were explored only along the
main highroads. :

3. ENVIRONMENTS DWELT BY BOTH SPECIES

Table 8 has been made up in order to determine the most typical habitats
of both species of Bombina.

It will be seen from this table that fish ponds, clay pits and different conta-
minated water reservoirs are the most typical habitats of Bombina bombina.
Clay pits and pools are the moest suitable habitats for Bombina variegata, while
greatly contaminated reservoirs suit this species less. In contrast with the fire-
bellied toad, the yellow-bellied toad rather frequently comes out on to the dry
land. It obviously avoids fish ponds and oftener than the fire-bellied toad
dwells in slow-flowing waters. Clay pits are a habitat suitable for both species
of Bombina, which is also evidenced by the fact that they form mixed localities,
very frequently inhabited by intermediate forms.
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Table 8
Occurrence of Bombina in various habitats
Localities of Localities of Mixed
Sabitat Bombina bombina | Bombina variegata localities

Number o5 Number v Number %

Fish ponds 27 30-7 e - 2 45
Clay pits and ditches with water 27 30-7 73 57-9 21 56-7
Pits with dungwater and other 19 21-6 14 11-1 5 13:5
similarly contaminated reservoirs

Muddy pools and marshes 11 12:5 2 1:6 1 2:7
Seasonal drying pools 2 2:3 24 19:0 if 19-0
Slow-flowing water b 1.1 3 24 1 2:7

Damp meadows, furrows of cul-
tivated fields, and other land
environments 1 11 10 8:0 b =0

To comlete the characteristics of habitats of Bombina it is necessary to add
some explanations based on field studies. It has been found beyond doubt
that if in a given area a fire-bellied toad has different habitats to choose, it
always chooses clay pits, other pits, and muddy pools with strongly contami-
nated water, and not fish ponds or clay pits with clean water. And above all,
it lives in sites best protected against enemy, strewn with branches, rubbish,
rumble ete. The fire-bellied toad very rarely inhabits all the ponds of a system,
but most frequently chooses one pond, usually the smallest, often fishless,
contaminated and shallow, and even then occupies only a part of it. In general,

~out of the 27 localities of that kind examined, only in 6 the occurrence of Bom-
bina in medium or large numbers was ascertained.

The foregoing observations on the environment preference in the fire-bellied
toad do not refute the opinion that it chooses fairly large reservoirs of clean
water for nuptial season. In several cases, tadpoles and very young specimens
of this species were found in such reservoirs, while adult specimens were com-
pletely lacking in them. In other cases, spawn and tadpoles at various stages
of development occurred in clean clay pits and pools of rain water in the close
vicinity of the extremely contaminated muddy pools inhabited by large num-
bers of adults. Finally, tadpoles and very young individuals were found accu-
mulated in the cleanest parts of reservoirs, abounding in algae and other ve-
getation.

The yellow-bellied toad leaves water reservoirs in masses after showers
and occupies all kinds of pools. In July and August it was often met out of
water reservoirs. If the ground was uneven, adults occurred in elevated places
and the young of that year in damper places, mostly in holes left in the ground
by cattle hooves and filled with water.
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4. GEOGRAPHIC DISTRIBUTION

The area being very extensive and diverse in respect both of its geographic
aspect and of Bombina present in it, I decided to divide it into several regions
and subregions so as to make the description of geographic distribution as
clear as possible and to render it easier for the reader to find the data on the
particular parts of the area. A list of localities showing the species and classes
of Bombina occurring in them was made for each region. The numbers given
in brackets in the text are the serial numbers of localities in the lists and are
also used to mark these localities on Map 2. The lists together with the whole
material have been deposited in the Institute of Systematic Zoology of the
Polish Academy of Sciences in Krakéw. Map 2 shows the distribution of local-
ities. The occurrence of Bombina in the area covered by Map 2 is discussed in
the Section entitled Ranges of Both Species. Additional areas, examined per-
functorily, are dealt with in the Section on the postglacial migrations of Bom-

bina.

a. Bast Sudetes

Jesenik Hruby. No specimens of Bombina were found in this area with
a mean altitude of about 1000 m above sea level, nearly completely wooded
and uninhabited except for the deep valleys of the rivers Bé&l4 and Stari¢ at
altitudes of 400—600 m. Its main town is Jesenik and the highest summit
Pradéd (1491 m.). As can be seen from this short deseription, the areais lacking
in habitats suitable for Bombina. The two above-mentioned river valleys make
an exception, but they provide only a few poor localities at DomaSov, Adol-
fovice, and Dolna Lipové. Besides, in the region of Rejviz at an altitude of
769 m. there are marshes and a small lake, which could possibly constitute
a habitat suitable for Bombina. The western part, in the region of Stare Mésto
and Branni, has more places in which one might expect to find the yellow-
bellied toad, but even there it has not been seen. The situation presents itself
similarly on the south-western slopes, in the region of Sumperk and Sternberk.
But coming down farther towards the Upper Moravian Depression, I met
pure forms of Bombina bombina (59).

The Jesenik Nizky is a relatively flat upland with a few summits reaching
750—800 m. above sea level, sloping steeply southwards and south-westwards
to the Upper Moravian Depression and the Moravian Gate. It slopes more
gently eastwards and north-eastwards, towards the Ostrava-Karvina Basin
and the Lowlands of the Upper Odra. This area is drained by many streams,
such as the Podolsky, Mlynsky, Bélokamenny, Cerny, Bukovy, all emptying
into the Moravice, and on the south by the tributaries of the Morava: Bystrice,
Silka, and others. The soils prevailing here are clay loams overlying the Upper
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Carbonian rocks. The region is poorly wooded, with spruce woods predominating.
Bombina occurs in insular localities, of which I managed to find only three:
at Jelenia near Bruntal (1) and at Détrichov (2) with Bombina variegata in its
pure form, and at Stablovice (3), where intermediate forms accompanied Bom-
bina variegata.

The Oderske Mountains constitute the south-eastern border of the East
Sudetes. The relief of this area is very varied. The country abounds here in
elevations of medium altitude (360—680 m.), cut by the valleys of rivers flow-
ing to the upper Odra, especially in the middle and northern parts, in the
region of Suchdol, Mo¥nov, and Studénka. As in Jesenik Nizky, clay loams
predominate in this area. It is moderately wooded, more densely only in the
south-western part, by spruce forests. Bombina wariegata occurs here in its
pure form in modest numbers (4—17), in the south-eastern part of this region
it is seen more rarely.

Opava Hills (350—650 m.). This is a strongly undulating and poorly
wooded area, mostly under cultivated fields. The soil in its south-western
part is clay loam, in the north-eastern part clay. The main rivers are the CiZina,
Hofyna, and Hvozdnice, flowing into the Opava and Moravice. No specimens
of Bombina were found in this region. Environments suitable for Bombina
are also very scarce. Some were observed at Heimanice, Vel. Heraltice, Ne-
palovice and in the Krnov region.

Hluéin Hills. This very poorly wooded and mostly agricultural, wavy
area is covered with loess soils on the sandy substratum. It abounds in pits,
for the most part sandy pits, which do not often contain water owing to this
permiable substratum. Specimens of Bombina were found only on the border
with the Jesenik Nizky at Otice (18), on the border with the Oderske Mts. at
Lhota Dolna (19), and at Hluéin itself (20). In addition to the pure forms of
Bombina variegata, intermediate forms and Bombina bombina of Class II ap-
peared in all these localities. In the remaining parts of this area, from the river
Opava up to the Polish-Czechoslovakian frontier, no specimens of Bombina
were found. Environments suitable for Bombina were recorded from Chuchelnia,
Bolatice, and Dolny BeneSov.

The Foreland of the Sudetes was explored superficially, because it tran-
scended the scope of the present work. None the less it may be stated that
Bombina do not generally occur in this region. Only two localities were found:
a mixed one at Niemyslowice (21) near Prudnik and the other at Niewnica (22)
near Nysa. The last-mentioned locality was not examined because of difficulties
in catching specimens. Judging from the field observations and the sonorous
voice of animals, they were pure forms of the fire-bellied toad.
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b. Region of the Moravian Gate

The Ostrava-Karvina Basin (200—300 m.) is very varied as far as its
relief is concerned and poorly wooded, with clay soils prevailing. The effect of in-
dustrial activity of man, manifesting itself in an increasing number of barren
areas, is here striking. All this forms suitable conditions for Bombina to spread.
The localities of both species of Bombina are present throughout this region:
Bombina bombina (25, 31) or mixed populations (24, 27) were met on the Odra
in the western part, Bombina variegata, not always in its pure form, in the
other parts (23, 26, 28, 29, 30, 32—38).

The Moravian Gate (250—310 m.) is a narrow and long basin crossed in
the middle by the river Odra. It rises to its greatest altitude (310 m.) where the
Bedéva comes near the Odra in the region of Bélotin. As regards the distribution
of Bombina, large marshes and fish ponds, extending along the Odra from
the Mognov region to Klimkovice, deserve special attention. The soil is here
mostly clay loam and, in the southern part, clay. It is almost woodless farm-
land. Bombina variegata, for the most part in its pure form, occurs in this area
(39—58) except the above-mentioned fishpond region, in which no specimens
of Bombina were found at all. The occurrence of Bombina bombina cannot,
however, be ruled out definitely, as the area was to a great extent inaccessible
owing to the flood at the time of study. People living in this region do not
know this species.

Upper Moravian Depression. Only the northern part of the Upper
Moravian Depression, between Olomouc and Sumperk was explored. This
is a flat, woodless, eminently agricultural country lacking in environments
proper to Bombina. I succeeded in finding only one locality of the pure form
of Bombina bombina at Unidov (59). Bombina bombina appears also in the
central and southern parts of the area, as can be seen from literature.

¢. Racibérz-O§wiecim Bagin

The Racibérz Basin (190—250 m.) is a narrow wedge pressed between the
Glubezyce Plateau and the Rybnik Plateau. All along the basin there are
numerous meadows and pastures and in the regions of Lubomia and Syrynia
as well as at Ksigzeca Zawada there are large fish ponds. Another basin, Niecka
Kozielska (180—220 m.), stretching from Glogéwek eastwards to the region of
Gliwice, is included in this area. A layer of dune sand is spread over its bottom
drained by the Klodnica. Bombina bombina predominates decidedly in the
Odra Valley (60—66). At Racib6rz and farther to the south, in the regions
of Krzyzanéw (68) and Chalupki (69), mixed localities are present. No local-
ities of Bombina were found in Niecka Kozielska, which is probably due to
its sandy substratum and, consequently, the lack of water reservoirs.
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The Glubczyce Plateau (250—280 m.) constitutes a higher western bank
of the valley of the upper Odra. This area is built of Miocene clays covered
by a thick layer of diluvial formations (moraine, sands, loess). It is wavy, cut
up by tributaries of the Odra, and abounds in claypits and sandpits, though
only some of them holding water. The only locality of Bombina variegata found
was at Lewice (70).

The Rybnik Plateau (260—370 m.) lies between the upper Odra and the
upper Vistula. The highest places of this area are the hills of Wodzistaw and
Pszow (300—368 m.), which slope gently towards the Vistula until they reach
the level of the sandy region of Pszezyna (2560—270 m.). The western part
of the plateau is heavily dismembered by tributaries of the Odra. It is where
Bombina bombina in its pure form reaches sporadically. Its localities were
found at Szymocice (71) and Rzuchow (72). At the latter locality catching failed
and it was recognized only on the basis of field watching. In the remaining
parts of this area, in spite of careful and repeated explorations, no specimens
of Bombina were found.

The O§wiecim Basin extends between the Rybnik Plateau, the Silesian
Uplands and the Silesian Highlands. On the south-west it borders on the Ostrava-
Karvina Basin in the region of Zebrzydowice, on the north-east on the Przemsza
Valley and the Krakéw Gate. Two levels can be distinguished in this valley: the
lower terrace, 2—4 m. high, accompanying the meandering Vistula and its trib-
utaries and the higher terrace spreading widely 6—8 m. above the level of
the river (KLIMASZEWSKI, 1946). Extensive bogs, marshes and a large number
of fish ponds together with the Goczalkowickie Lake and the Paprocariskie
Lake form the most distinctive characteristic of this area. A broad zone of
fish-ponds ranges from Zebrzydowice through Ochaby, Piericiec, Itownica,
Ligota, Goczatkowice, Czechowice, Bestwina, Kaniéw, Przecieszyn, Gora,
Harmeze to O$wigeim. In this area the pure form of Bombina bombina occurs
almost exclusively, and its localities are most densely accumulated in the re-
gions of Ofwiecim, Wilamowice, and Czechowice (73—114). The western
boundary of its range runs from Kostuchna through Tychy, Goczatkowickie
Lake up to Skoczéw. On the border with the Ostrava-Karvina Basin there
are localities of incompletely pure forms of Bombina variegata at Zebrzydowice
(115), Pogwizdéw (116), and Hazlach (117). Moreover, mixed localities and
localities of Bombina bombina with a remarkable admixture of characters
of the yellow-bellied toad occur all along the boundary with the Silesian High-
lands (118—130).

The valley of the Przemsza and its tributaries lies in the north-eastern
part of this area. The region has natural connexions with the O§wiecim Basin
and so is discussed together with it. It extends on the border of the Silesian
Uplands with the Jurassic Questa. The pure form of Bombina bombina occurs
here (131—135), especially at the junction of the rivers Biala Przemsza, Czarna
Przemsza, and Brynica.
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d. Silesian Uplands

The Southern Part of the Silesian Uplands displays a scenery of pla-
teaux and rounded hills with sides cut off by faults, as well as numerous tectonic
and denudational basins. Industrial activity of man apparently dominates
this scenery of the whole coal basin. The highest elevations are here the La-
ziska Hills ranging between Czerwionka Orzesze and Mikoléw, reaching an
altitude of 360 m., and their eastern extension, the Murckie Hills with an
altitude of 350 m. Another range of hills runs north of the above-metioned
ones, on the right bank of the upper Klodnica near Halemba (300 m.) and
then forms the so-called Katowice Hills (335 m.) south of Katowice. Finally,
the third group, called the Chorzow Hills, reaches an altitude of 320 m. north
of Katowice (J. SZAFLARSKI, 1955). As can be seen from the foregoing data,
most of the area exceeds the upper boudary of the normal range of Bombina
bombina, and this is probably the reason for its uncommonly rare occurrence
and even then mostly in river valleys. On the other hand, it is difficult to ex-
plain the complete lack of the yellow-bellied toad, as the area provides very
suitable conditions for this form. The localities of the pure form of Bombina
bombina are most numerous in the Katowice region (137—139), occasional
and very poor localities were found in the Murcki region, at Giszowiec (140),
Kostuchna (141), and at Borowa Wie§ between Mikoléw and Gliwice (142).
The last three localities were so poor that I gave up collecting material and
let the specimens go after identification. A rich locality, but obviously insular,
was encountered at Labedy (143).

Krakéw-Czestochowa Jurassic Ridge. Only part of this unit, namely
the south-western part between Krzeszowice, Trzebinia and Olkusz, was
searched, but then very carefully. This territory is characterized by a complete
lack of habitats suitable for Bombina. Favourable conditions were found at
Olkusz and Trzebinia. At Trzebinia the pure form of Bombina bombina occurs
in a brickyard (144).

e. West Beskids

-----

the west to TFinec on the east. The 400 m. contour line has been assumed
to be the southern boundary separating this area from the Silesian-Moravian
Beskids. It forms a zigzag line running from Fren§t4dt through Kozlowice,
Frydlant on the Ostrava, RoSkowice, Komorna Lhotka, Oldiichovice to
T¥inec. The north-western boundary is the 300 m. contour, running through
Novy Ji¢in, Rychaltice, Stafic, Frydek-Mistek and Terlicko near Tefin.
The scenery of this area is greatly diversified by lime rocks of the so-called
,Bxternal Klippen Belt“. Some of them can be seen in a few places in the
regions of Novy Ji¢in and Stamberk (WRZOSEK, 1961). In the eastern part
isolated elevations, of which the most outstanding ones are Ondfejnik and
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Palkovicke Hurki, range between 550 and 690 m. above sea level. All these
hills are mostly wooded, the remaining portions of the area are woodless and
their soil is clay loam. The basin is drained by very many streams flowing
into the Odra and Olza. The whole area is inhabited by the yellow-bellied
toad in its pure form (145—148, 150—152, 154—161, 164—168), or with a slight
admixture of characters of the fire-bellied toad (149, 153, 163). The intermediate
form found at Palkovice (153) is an exception. No Bombina were ascertained
in the wooded regions of the hills mentioned above.

The Silesian Highlands range from the Olza to the Sola. There is no dis-

tinet piedmont scarp here, so I use the 400 m. and 300 m. contour lines to mark
out the area. The 400 m. contour line, separating the Highlands from the
‘Silesian Beskids, runs through Leszna Goérna, Cisownica, Ustron, Lipowiec,
then it cuts into the Beskids up to Br¥nna to continue its further course through
Gorki Wielkie, Jaworze Gorne, Wapiennica Goérna, Kamienica, Mikuszowice
Slaskie, and Porgbka. The northern boundary (300 m. contour line) ranges
through Pogwizdéw, Hazlach, Debowiec, Rudzica, Migdzyrzecze, Komorowice,
Bestwina, Janowice, Kety, and Kobiernice. The whole area is inclined north-
wards, and consequently the rivers flow in the same direction, the country being
divided into drainage basins with meridional courses (KLIMASZEWSKI, 1946).
As regards the distribution of Bombina, attention should be given to numerous
fish ponds cutting in between the watersheds and connected with the complex
of ponds in the O§wiecim Basin. The zone of ponds in the Debowiec-Dolny
Dwor region, that in the Mata Rudzica-Jasienica region and the ponds at Sko-
* cz6w Pogorze are the most significant.

The relief of the area described above has a very great effect on the distri-
bution of Bombina. Besides not very numerous localities of the pure form of
Bombina variegate (171, 172, 174, 175, 185, 192, 196), there are localities of
Bombina variegata with various, usually considerable, admixtures of characters
of Bombina bombina (169, 170, 173, 181, 187, 190), those of intermediate
forms (189, 191, 194, 195, 197) and only a few of Bombina bombina (183, 193).
The fire-bellied toad undoubtedly came here by way of those systems of ponds.
As will be seen from the foregoing, the Silesian Highlands are a typical zone
of overlapping of the ranges of both Bombina species.

Silesian-Moravian Beskids are exactly like the Silesian Beskids in their
character. They do not bring anything new regarding the distribution of Bom-
bina. It is known from literature that Bombina variegata occurs here frequently,
and for this reason no collection was done.

The Silesian Beskids extend from the Jablunkov Pass to the Sola. This
area is characterized by wooded steep slopes and the highest rainfall in the Be-
skids. The northern slopes are drained by the Vistula, Brenica and Biala, the
eastern by numerous tributaries of the Sola, of which the Bystra and Zylica are
the most important. The valleys of these rivers together with the Zywiec Basin
are the main peopled regions in the Silesian Beskids, which doubtless has

Acta Zoologica Cracoviensia nr 3 3
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exerted an influence upon the distribution of Bombina, for they are admittedly
synanthropic animals. The pure form of Bombina variegata is common in the
higher-lying regions (205—211, 214, 217—231), while in the river valleys it

Table 9
Localities of Bombina in the particular regions of the study area
Inter-
A 2 : : ; edi-
Bombina variegata | Bombina bombina
No. of ate
Region loca- form
lities
Class
¥ IT 111 I I VIRERE e
1 Jesenik Hruby - — | — - — — s —
2 Jesenik Nizky 4 3| — — - — e 1
3. Oderske Mts. : 14 14 | — - — ] —
4. Opava Hills - — ] — — —_ i e
5. Hluc¢in Hills 5 1 2 - - Il - 1
6. Foreland of the Sudetes 3 — 1 e — — 1 il
7 Ostrava-Karvina Basin 22 9 7 - 2 e 1 3
8. Moravian Gate 21 19 1 — — - — 1
9. Upper Moravian Depression 1 — | — e 1 — — -
10. Raciborz Basin 12 - 2 - 9 1 - -
i Glubezyce Plateau 1 1 i £ o = Lo,
12. Rybnik Plateau 2 iyl g 2 i &5 o
137 Oswiecim Basin 70 2 4 3 49 5 1 6
Przemsza Valley 5 St B 5 L i 15
Silesian Uplands 8 — | — e 8 e e 52l
153, Krakéw-Czestochowa i e = i 1 3 s i
Jurassic Ridge
16. Silesian-Moravian 25 21 3 - e - — 1
Highlands
17 Silesian Highlands 48 il 14 2 10 1 1
18. Silesian Beskids 36 | 30 4 — — — 1 1
19. '
Total 278 | 111 38 5 87 8 5 24

loses its purity, especially in the valleys of the Vistula and the Biala (199—204,
212, 213, 215). I even found one specimen of Bombina bombina of Class III at
Lodygowice near Zywiec (216).

5. RANGES OF BOTH SPECIES OF BOMBINA
Map 2, on which all the localities mentioned are plotted, shows the distri-

bution of Bombina in the study area. It can be seen from this map and from
the destailed description that the range of the yellow-bellied toad includes
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1 — Localities of Bombina bombina cl. I, 2 — Localities of Bombina bombina cl. T1, 3 — Localities of Bombina bombina cl. ITI, 4 — Localities of intermediate form cl. IV, 5 — Localities of Bombina variegata cl. 111,
6 — Localities of Bombina variegata cl. 11, 7 — Localities of Bombina variegata cl. I, 8 — Not investigated localities of Bombina bombina, 9 — Typical habitats examined in which no Bombina were found, 10 — Towns,

11 — Rivers and lakes, — Contour line
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the West Beskids, the Silesian-Moravian Highlands with a part of the Ostrava-
Karvina Basin, the Moravian Gate and the adjoining part of the East Sude-
tes, the Oderske Mts., and the Jesenik Nizky. The fire-bellied toad appears
only in the valleys of the Vistula and Przemsza on the east and in the valley
of the Odra on the west. Between the ranges of the two species there is a tran-
sitional zone including the Silesian Highlands (except the Cieszyn region)
and the region of Ostrava. Both species, mostly impure or intermediate forms,
occur in this zone. As the range of the fire-bellied toad in the study area is
broken by the Silesian Uplands and the Rybnik Plateau, the transitional zone
also shows a distinct break in the region of Cieszyn and Karvina, where the
yellow-bellied toad occurs.

6. POSTGLACIAL MIGRATIONS OF BOMBIN A

According to R. MERTENS (1928), in the postglacial period the yellow-
bellied toad spread eastwards from its western refuge, invading the Carpa-
thians among other territories. It may be taken on the basis of its distri-
bution in Upper Silesia, in the region of the Moravian Gate, and in the adjoin-
ing areas described above that the route of this species from the Alps to
the Carpathians led through the Bohemian-Moravian Highlands, East Su-
detes, and Moravian Gate. Then I resolved to carry out additional study so
as to check the occurrence of the yellow-bellied toad in the Bohemian-Mo-
ravian Highlands and the areas bordering on them. It was expected that,
unless this form occurred there in masses, it had at least left some traces of
migration such as isolated relic localities or hybrids. In the course of the study
it turned out that not only the yellow-bellied toad was lacking there completely,
but there were localities of the fire-bellied toad, and then, what is more, of
its pure form. The exploration of the wide zone from the Kladzko Basin south-
wards revealed rich localities at Rychnov (1), Usti on the Orlici (2), Ofechiv
(3) near KiyZanov, Bobrova (4), Cerny Les (5) north of Brno, and Velk4 Bite§
(6). Besides, at Jadovnice (7) at the foot of Macocha an uncommonly abundant
locality of the fire-bellied toad was found, but the conditions of catching were
so hard that no specimens were taken. Rich localities of the fire-bellied toad
were also in the south-eastern part of the Bohemian-Moravian Highlands.
The material collected from them was put at my disposal in the Moravian
Museum in Brno. The localities were particulary abundant at Jihlava (8),
Popice (9), Studenecké Rybniki (10) at the foot of Mrakotin, and in the region
of Tulegice (11). Only in this last locality the presence of some impure forms
with an admixture of characters of the yellow-bellied toad was found, which
may have been connected with the close vicinity of the Alps. However, on
account of its geographic situation this locality has no bearing on the problem
discussed. Thus, the hypothesis of the migration of the yellow-bellied toad
by way of the Bohemian-Moravian Highlands had to be ruled out.

3%
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There is another possibility left, that is to say, the immediate migration
from the Alps to the Carpathians through the region of Vienna and that of
Bratislava to the Malé and Bile Karpaty. To solve this problem the exploration
was extended over the area stretching from Brno south-eastwards up to Gab-
¢ikovo in the Danube Lowlands. The results were as follows: localities of the
fire-bellied toad were found at Pohofelice (12) and Bieclav (13), from which
some specimens were, however, impure (Class II). Fire-bellied toads with
a remarkable admixture of characters of the yellow-bellied toad (Class III)
were found at Samoryn (17) and its pure form at Gabéikovo (18). The Malé
Karpaty Mts. were also searched, but no specimens of Bombina or habitats
suitable for it were found. Only at the foot of these mountains, at Pernek (19)
one specimen of the fire-bellied toad was collected. In addition, I received the
material from two localities, Zahor (20) and Sur (21), in the foreland of the
Malé Karpaty from Mr. J. Lac of the Slovakian Academy of Sciences. They
were also fire-bellied toads of Class I. Localities of the yellow-bellied toad were
ascertained at Myjava (22) and Vélka (23) on the border of the Malé Karpaty
with the Bilé Karpaty. They were either pure forms or with a slight admixture
of characters of the fire-bellied toad. The same was found on the border of
the Bilé Karpaty and the Upper Moravian Depression at HradiSte (24). At
Blatnice (25) some intermediate forms were found in addition to the pure
forms of the yellow-bellied toad.

Local small migrations of Bombina have often been observed (L. HORBU-
LEWICZ, 1927; R. MERTENS, 1928; I. A. BAYGER, 1937; J. MICHALOWSKI, 1958).
I also observed such migrations and, besides, often met yellow-bellied toads
in meadows or, sometimes, even in quite dry places. The reasons for these
migrations are various: drifting with water at the time of flood, drying of
water reservoirs, looking for breeding sites or food sources, and retreats for hi-
bernation. All these migrations are probably of great biological significance,
because they keep off the danger of inbreeding and, first of all, contribute to
an increase of the number of individuals and to their dispersal.

The migrations on a large scale result from small migrations continued
for a very long time. To frame a hypothesis as to their direction one must
necessarily base oneself on indirect evidences such as the geographic distri-
bution, occurrence of insular localities, or the ascertainment of an admixture
of character of the opposite species where the ranges of both species do not
overlap. Map 3 shows the geographic distribution of Bombina in the study
area and the adjoining territories, for which the data were obtained from li-
terature (J. Lic, 1961; E. FroMMHOLD, 1959; I. SzABO, 1959). It presents
the ranges of both species and the zones of their overlapping. Basing on the
data shown on the map, and on my own field observations I cautiously made
an attempt to trace the directions of migrations of both species in the study
area. The results are shown on Map 4.

The explanation of migrations of the fire-bellied toad does not present
difficulties. It is quite apparent that this form migrates along river valleys.
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Map. 3. Range of Bombina

1 — No Bombina, 2 — Continuous range of Bombina bombina, 3 — Continuous range of Bombina variegaia, 4 — Insular
localities of Bombina bombina, 5-— Insular localities of Bombina variegata, 6 — Zone of overlapping of the ranges of
both species, 7 — Zone in which the presence of Bombina was not checked
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Map. 4. Migrations of Bombina

1 — Direction of migration of Bombina bombina, 2 — Direction of migration of Bombina variegata 3 — Supposed
direction of migration of Bombina variegata
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The insular localities in the Bohemian-Moravian Highlands can be explained
by the presence of large fish ponds and marshes, to which fire-bellied toads
came from lowlands along river valleys. Having found convenient conditions,
they have multiplied considerably in spite of the great altitude of the region.

The only way by which the yellow-bellied toad could come from the West
Beskids to the East Sudetes led through the Moravian Gate. The biotope of this
region, as may be inferred from the detailed description, was tavourable, its
clay soils playing the chief role. The area abounded presumably in pools, muds
and the like after the last glaciation. Then, many claypits and ditches were
formed as a result of human activity, providing good conditions for migration.
The migration was brought to a stop in the Jesenik Hruby owing to the lack
of suitable conditions.

The essential problem, i. e., the passage of the fire-bellied toad from the Alps
to the Carpathians remains to be discussed. If the hypothesis of R. MERTENS
(1928) is right, this migration led through the regions of Vienna and Bratislava.
The localities of the fire-bellied toad with a remarkable admixture of characters
of the yellow-bellied toad at Samoryn and Lewai are the only evidence sup-
porting this hypothesis. These admixtures may be regarded as a relic from
the period of migration of the yellow-bellied toad in this region, as it is not the
zone where the ranges of both species overlap. Even if the yellow-bellied toad
lived here once, it disappeared when the climate changed (rise in temperature,
lack of its typical habitats). If we, however, reject this hypothesis as ill
grounded, we shall have to seek quite a different solution. It might be the assump-
tion that the yellow-bellied toad got to the Carpathians by a roundabout way,
not from the west but from the east, from the north-western Balkans. Hence
it moved through Rumania northwards and westwards, finally reaching the
Sudetes. This alternative is acceptable to the extent that according to KARA-
MAN (1922) the yellow-bellied toad occurs in the regions of Zagreb and Bel-
grade, and so in the western part of the Balkans. In Rumania, as recorded by
B. SruGrREN and N. Porowic (1961), the yellow-bellied toad appears in the
Carpathians and both species, ecologically isolated, in Transylvania. A close

examination of this alternative is, however, beyond the scope of the present
work.
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STRESZCZENIE

Rodzaj kumak (Bombina OKEN, 1816) reprezentowany jest w faunie eu-
ropejskiej przez dwa gatunki. Sg to: kumak nizinny (Bombina bombina (LINNA-
BUS, 1761) i kumak goérski (Bombina variegata (LINNAEUS, 1758). Gatunki te
stanowig interesujgcy przedmiot badan. Zréznicowanie si¢ tych gatunkow
wigze sie z epokg plejstocensky (R. MERTENS, 1928), w czasie ktorej plioceriska
populacja kumaka, zamieszkujgca wowczas prawdopodobnie réwniny calej
Europy, zostata zmuszona do wycofania si¢ przed transgresja lodowea na wschéod
i na zachéd. W nowych i réznych warunkach §rodowiska mialy powstaé¢ dwa
odmiennie przystosowane gatunki kumakéw. Po zniknigeiu zapory lodowej
rozprzestrzenity sie one ponownie, przy czym kumak goérski ze swych zachod-
nich ostoi przenosi si¢ ku péinocnemu wschodowi, kumak nizinny ze swych
ostoi wschodnich rozprzestrzenia si¢ ku pémocnemu zachodowi. Na gruncie
tej hipotezy powstalo sporo problemdéw wymagajacych wyjasnienia jak np.
réznice morfologiczne obydwu gatunkow, réznice ekologiczne, rozmieszezenie
geograficzne oraz kierunki ich migracji. Problemy te zostaty opracowane w ni-
niejszej pracy. Przy wyborze obszaru badan chodzilo o tereny zréznicowane
pod wzgledem ekologicznym, na ktérych wystepuja oba gatunki, a nadto
lezgee na szlaku przypuszezalnyeh wedréwek kumakéw w okresie postgla-
cjalnym.

Obszar badan lezy nastyku réznych jednostek fizjograficznych wehodzacych
w sklad terytorium Polski i Czechoslowacji. Sg to: Sudety Wschodnie, czesé
Beskidéw Zachodnich, poludniowa cze$é Wyzyny Slaskiej oraz obnizenia
rozdzielajgce te jednostki fizjograficzne, a wige Brama Morawska z Kotling
Ostrawsko-Karwinskg, Kotlina Raciborsko-O§wiecimska z Plaskowyzami Glub-
czyckim i Rybnickim. Nadto dla wyjagnienia kierunkéw ‘migracji kumakéw
przebadano mniej dokladnie szeroki pas biegngcy od Kotliny Klodzkiej przez
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poludniowo-zachodnia cze$¢ Wyzyny Czesko-Morawskiej, Czesko-Morawskie
Miedzygorze, okolice Brna i dalej ku poludniowemu wschodowi przez Male
i Biale Karpaty, okolice Bratystawy az do Niziny Naddunajskiej.

Material gromadzono w latach 1959—1961 i uzyskano ponad 2000 okazéw
pochodzgeyeh z 251 stanowisk. Material zbierano z kazdego napotkanego
stanowiska, starajac sie zlowié 10 okazéw w kazdym.

Ze wzgledu na réznorodnos$é zagadniern wyrézniono w niniejszej pracy
dwie czedci: czesé taksonomiczng i cze$é fizjograficzng. Czedé taksonomiczna
zawiera statystyczng analize cech zewnetrznych stuzgeych przede wszystkim
do odréznienia obu gatunkéw. Omoéwiono tu kolejno takie cechy, jak ubar-
wienie. skéry i brodawki skoérne, wskazniki biometryczne i jako nie uwzgled-
niong dotad ceche systematyczng — ubarwienie jader u samcow.

7 dokonanej analizy wynika, ze cechg o najwyzszej wartosci taksonomicznej
jest u kumaka nizinnego obecnogé izolowanych plam pomarariczowych lezgcych
na pograniczu brzucha i ud, u kumaka goérskiego za§ obecnogé dwu zoltych
plam lezgeych na piersiach i lgezacych si¢ lukowato z zottymi plamami
brzusznej strony ramienia. Pozostale cechy, aczkolwiek sg przydatne w takso-
nomii, nie moga stanowi¢ jednoznacznego kryterium dla odrdéznienia obu
gatunkow. ;

Analiza wskaznikéw biometryeznych T: L, F: L, P: L wykazala, ze miedzy
obydwoma gatunkami kumakow istniejg réznice w proporcjach ciala. Kumak
gbérski ma golen i udo dluzsze niz nizinny, a ponadto u kumaka gérskiego wy-
stepuja roznice pleiowe w dlugosei goleni i uda utrudniajgce i uniemozliwiajgce
czesto wyznaczenie wartosci granicznej wskaznika.

W wyniku analizy ubarwienia jader u sameéw stwierdzono, ze wystepuja
tu roznice miedzy obydwoma gatunkami kumakéw. U kumaka nizinnego
_przewaza czarne zabarwienie jader, u gorskiego w wiekszo$cei przypadkow
jadra sa bezbarwne.

W drugiej, fizjograficznej czesci pracy autor przedstawia wystepowanie
obu omawianych gatunkéw na badanym obszarze i warunki, w jakich one
wystepuja. Na podstawie zdobytych danych wykre§lono mape zasiegu obu
gatunkéw. Mapa ta, jak réwniez obserwacje terenowe postuzyly do rozwazan
nad kierunkami postglacjalnych migracji kumakow.

7 badan autora wynika, ze areal kumaka goérskiego obejmuje Beskidy
Zachodnie, Pogérze Slasko-Morawskich Beskidow z czescig Kotliny Ostrawsko-
Karwinskiej, Brame Morawska i przylegla do niej cze$ei Sudetéw Wschodnich,
Gory Odrzanskie i Jesionik Niski. Kumak nizinny wystepuje na badanym
obszarze w dolinach rzek: Wisly i Przemyszy na wschodzie oraz Odry na za-
chodzie. Miedzy arealami obydwu gatunkéw wystepuje tu sfera przejsciowa
obejmujaca Pogoérze Slaskie (bez okolic Cieszyna) i okolice Ostrawy. Wy-
stepuja tu obydwa gatunki, najezesciej w formie nieczystej lub formy posrednie.
Poniewaz zasieg kumaka nizinnego na tym obszarze jest rozerwany przez
Wyiyne Slaska i Plaskowyz Rybnicki, stad i strefa przejsciowa wykazuje
rozerwanie w okolicach Cieszyna i Karwiny, gdzie wystepuje wylgeznie kumak
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gorski. Ponadto wystepowanie kumaka nizinnego stwierdzono w calej dolinie
rzeki Morawy, w okolicach Brna i — co stanowilo zupele zaskoczenie — na
Wyzynie Czesko-Morawskiej, gdzie siega wysokogei okolo 600 m npm.

Rozwazania nad postglacjalnymi wedréwkami kumakéw oparto z koniecz-
nosci na dowodach posrednich wobec zupelnego braku materialéw kopalnych.
Jako podstawe przyjeto rozmieszcezenie geograficzne, wystepowanie stanowisk
wyspowych, badZ stwierdzenie domieszki cech drugiego gatunku tam, gdzie
zasiegi obu gatunkéw nie pokrywajg sie. Kumak nizinny na badanym obszarze
wedruje wylaeznie dolinami rzek. Obecnogé stanowisk wyspowych na Wyzynie
Ozesko-Morawskiej tlumaczy si¢ zdaniem autora wystepowaniem tam duzych
staw6w rybnych i moczaréw, do ktérych zawedrowaly kumaki z nizin dolinami
rzek. Zmajdujge tak dogodne warunki, mimo znacznej wysokosei, silnie sie
rozmnozyly. ¢

Kumak gorski na obszar Sudetéw Wschodnich mégt przywedrowad tylk
z Beskidow Zachodnich przez Brame Morawska. Biotop tego regionu sprzyjal =
temu. Przede wszystkim odegraly tu role gleby gliniaste. Jak mozna przy-
puszezaé, po ostatnim zlodowaceniu byly tu katuze, blota itp. Potem znéw
skutkiem dzialalnosei czlowieka powstawalo wiele glinianek, rowéw, a tym
samym powstawaly warunki migracji. Na Jesioniku Wysokim zatrzymat
sie on z braku odpowiednich warunkow frodowiska.

Zasadniczym problemem jest wyjasnienie migracji kumaka goérskiego ze
swych ostoi zachodnich na Karpaty. Poczgtkowo sadzono, ze droga jego we-
drowki wiodla z Alp przez Wyzyne Czesko-Morawskg do Sudetéw Wsehodnich,
astgd przez Brame Morawska do Beskidéw Zachodnich. Po stwierdzeniu
jednak, ze na Wyzynie Czesko-Morawskiej wystepuje wylacznie kumak ni-
zinny i to w czystej formie, hipoteze taka nalezalo odrzucié. Wobec tego
pozostaly dwie inne mozliwo§ci. Pierwsza z nich przyjmuje, ze kumak goérski
przywedrowal bezposrednio z Alp do Malych i Bialyeh Karpat przez okolice
Wiednia i Bratystawy. Za jej przyjeciem przemawiaja stanowiska kumaka
nizinnego ze znaczng domieszkg cech kumaka goérskiego w okolicach Braty-
stawy (Samoryn i Levare). Domieszki te mogg by¢ uwazane za relikt z okresu
wedrowki kumaka goérskiego w tym rejonie, poniewaz obszar ten nie stanowi
strefy nakrywania si¢ zasiegéw obu gatunkéw kumakéw. Jezeli kiedys byl
tutaj kumak gorski, to znikngl ze zmiang klimatu (ocieplenie, brak typowych
dla tego gatunku warunkéw biotycznych) i nie wytrzymal konkurencji z ku-
makiem nizinnym. Przeciw tej hipotezie przemawia caltkowity brak kumakéw
w Malych Karpatach.

Druga, bardziej prawdopodobng hipotezg jest, ze kumak gorski przedostal
sie w Karpaty ze swych ostoi zachodnich drogg okrezng nie od zachodu, lecz od
wschodu. Moégt on mianowicie przywedrowaé z Alp wzdluz Goér Dynarskich
na péinocno-zachodni Balkan, stad za§ na Karpaty Wschodnie i dalej wzdluz -
Karpat rozprzestrzenil si¢ na zachdéd docierajac do Sudetéw Wschodnich.
Dokladne przesledzenie tej przypuszezalnej drogi migracji wykracza juz jednak
poza ramy niniejszej pracy.
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PE3IOME

Poj sxepisinok (Bombina OKEN, 1816) npeficraBien B eBpOIeHCcKoi (haBHE ABYMS
BHUJIAMY : JKEPIISTHKOM KpacHoOproxoit [Bombina bombina (LINNAEUS 1761)] u sxepisH-
KoM skenTobproxoit [Bombina wvariegata (LINNAEUS, 1758)] Bupbl oatu sBistrorcs
WHTEPECHBIM IIpemeTom wucciegoBanuii. luddepennuanusa uX OTHOCHTCSI K IUIEHCTO-
neny (MERTENS, 1928), B TeueHwe KOTOPOIO IUIMOLEHCKOE PACIHPOCTPAHEHUE KEp-
JISIHKY, B TO BpeMsI 3aHMMaBlllee BEPOSITHO DaBHUHBI BCceil EBpombl, ObUIO BBIHY-
JIEHO OTCTYIHUTH IIepe] TPAHCTPECCHEil JIe[JTHNKA Ha BOCTOK WM HA 3amaj[. B HOBBIX yCIIO-
BUSIX Cpelibl 00pasoBauCh /IBa, 10 PA3HOMY IIPHCIOCOOJIEHHbBIE BUA sKepJistaku. TTocie
HMCUYE3HOBEHUSA JIEJHUKOBOrO 0aphepa PacIpOCTPAHUIIMCH OHH BHOBB, IIPU UEM JKEIITO-
Oproxass JKepJISHKA M3 CBOUX 3alaJHBIX IIOCEJIEHUI IIEPEXOJUT HA CEBEPO-BOCTOK,
a KpacHOOPIOXasi »KEPJIAHKA PACIPOCTPAHSETCS M3 CBOMX BOCTOUHBIX IIOCEJIEHHMU K ce-
Bepo-3anaay. Ha ocHOBe 9TOM IruIoTe3nbl 00pasoBayicss psifi Mpobsem TPeOYIOMUX BBI-
SICHEHUSI, HA IIP. OTHOCHTEJIHFHO MOP(HOJIOTHUECKON M 9KOJIOTHUECKUX OTJIMUME MEXKTY
oboma BuAamu, reorpaduueckoro pacupesesieHusi UX M HAIPaBIICHUS WX MUCPALHH.
Otum mmpobiiemam M IOCBSAIIEHA HACTOsass pabora. Ilpu BBIOOpE 00aCTH JIJIsSL UCCIIE-
JoBaHM 00panieHo BHAMaHue Ha obsactu auddepeHIMpOBaHHbIE B CMBICIIE 9KOJIOIHH,
HA KOTOPBIX IIPEJCTABJIEHBI 00a BU/A, 4 KOTOPbIE HAXOAATCA Ha IIyTH IPEANOJIOMKU-
TEJIFHOI'0 IIEPEABIIKEHUA JKEPJISAHOK B IIOC/IEIEHUKOBYIO JIIOXY.

WccnemoBannass 0671acTh pacHojioyKeHa Ha pyberkax pasHbIx (usuorpaduueckux
equHUIl, cocTaBstomux rteppuropuio Ilompmmm m Yexocmoakuu. OnHa 3axirouaer :
Bocrounsre Cypersl, yacts 3amagabix Beckun, 10ykHyo uacth Cuiie3cKoil BO3BBIIIEH-
HOCTH, 4 Tax)Ke IOHMYKEHHBIE 00JlacTu, pasjeisoume oTu (husuorpaduyeckue emu-
HuIpI, T. e. Mopasckue Bopota ¢ OcrpaBcko-KapBunckoi KoT10BuHOM 1 Panubopcko-
OCBEHIMMCKYIO KOTJIoBUHY ¢ [iryOuniickoit u PhIGHUKCKON BO3BBINIEHHOCTAMU. Kpome
TOrO0, JiJIsA BBIACHEHUS HANPaBJIEHUs MUIPAIMM YKEPJITHOK, ObLIa MCCIeIOBaHA MEHee
OJIpOOHO IIMPOKAsi II0JI0ca, NpocTHparomasaca oT KilofsKckol KOTIOBUHBI, uepes 3a-
NMagHyio uacth Yemicko-MopaBcKoi BO3BBIIEHHOCTH, Yemicko-MopaBckoe Mexxiu-
ropbe, OKpecTHoctd BpHa u [anee K I0ro-BocTokKy uepe3 Manble u Benpie Kapmarsr,
okpectHoctu Bparuciasel mo HammyHallcKylo HU3MEHHOCTD.

Marepuansr 6 cobpausl B 1959—1961 rr. Beuio cobpano ceeuue 2.000 06-
pasuoB u3 251 mecronaxoykiaeHusi. Marepuaibl cOOMpaNCh U3 KaXKAOI'0 BCTPEUEHHOI'O
MECTOHAXOYK/IEHUsI, IPUUEeM COOHpAaTed CTapalycCh BBUIOBUTH M3 Kaykiaoro mo 10 o6-
pastos.

B cBf3uM ¢ PasHOBUIHOCTHIO IIPOOJIEMBI, HACTOAIIAsA PaboTa JAETUTCA Ha JiBE YacTH:
TAKCOHOMMUECKYI0O U (pusmorpaduueckyro. TaKCOHOMUYECKAs. YacTh COJIEPIKUT CTAaTH-
CTUYECKUI aHa/IM3 BHEIUHUX IPUSHAKOB, CIIy KAIlUX IIPEXJe BCEr0 I OTIMYEHHMS
000uX BH/IOB. 3IECh OOCY’KIAIOTCS TaKMe NMPU3HAKU, KAK OKPACKa KOXKHM M KOYKaHbIE
0OpoJaBKM, OMOMETPHUECKME IIOKA3aTelM M 0 CHX IIOp He pacCMaTpUBaBIIMMCA CH-
CTEMATUYECKUH IIPU3HAK: OKPACKa MOILIOHOK y CAMIIEB. ;

W3 nmpousBeNeHHOro 3[IeCh aHAIM3a CIEYET, UTO CAMBIM IIEHHBIM TaKCOHOMUUECKUM
[PUSHAKOM JKEPJISHKHM KpPAaCHOODIOXOH SIBJISIETCSI HAIWUYMe H30JHMPOBAHHBIX IISATEH
OPaHYKEBOr'0 IIBETa Ha Py0OerKe YKUBOTA U OeJiep, a ¥ YKeNTOOPIOXOH YKEPIITHKY HAJIMYKNE
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JIBYX >KENTBIX IIATEH HA TPYIU, AYTOOOPasHO COEHUHSIONIUXCH C MKEJITHIMU IISATHAMU
OpIOLIHOM CTOPOHBI Iieya. OcrajbHble IPU3HAKH, XOTS U I0JIESHBIE JIJIA TAKCOHOMUH,
HE MOCYT SIBJIATHCA OJHO3HAUHBIMM KPUTEPUAMH IS OTJIMUMA OOOMX BHAOB.

Anamus Ouomerpuyeckux mnoxasaresed T:L, F:L, P:L mnoxasam, uro mexny
9TUMU BUJAMM YKEPJIAHOK MMEIOTCS PA3HUIBI B IPOIOPIUAX Teja. Y YKEPIIAHKH HKEJITO-
Oproxoil rojeHb M OeApo JNMHHEE, YEM Y IKEPIISIHKH KpPAacHOOPIOXOH, a KpOME TOro
Y SKEPISTHKH YKENTOOPIOXOM MMEIOTCA IOJIOBbIE DAsSHUUBI B [UIMHE roJieHM M Oenpa,
KOTOpBIE YacTO IPENATCTBYIOT M [AEJIAl0T HEBO3MOXKHBIM OIIPEJeJIEHHE IPEAeIbHOM
BEJIMYUHBI [TOKA3aTeJIsA. :

B pesyinprare aHanm3a OKpacKd MOIIOHOK Yy CaMIEB ONIPENENICHO, UTO U 3[eCh hMe-
IOTCA PA3HUIBI MEYKAY 000Ma BHIAMH JKEPJISTHOK. Y YKEPIISHKU KpPACHOOPIOXOM Impe-
o0yiafjaeT YepHass OKpPAacKa MOIUOHOK; y JKEJTOOPIOXOH — B OOJIBIIMHCTBE CIIyuacB
MOILIOHKA JIMIIEHA OKPACKH.

Bo Bropo#, ¢usnorpaduueckoit yacti paGoThbl aBTOP MPECTaBIACT HATAYHME 000MX
BU/IOB B MCCIJIE/JOBAHHOM O0NIACTH M YCIIOBHSI, B KAKUX OHHM BBICTymHaior. Ha ocroBaHMK
co0paHHbIX CBEJeHHH ObLIA COCTABJIEHA KapTa PAacpOCTpaHeHusi 000MX BHIOB. B cBoIO
ouepe/ib, 9Ta Kapra U HaOJIIOEHUsI HAa MECTaX HCIOJIb30BAJMCh JJIsL PACCY KCHMM O Ha-
IIPABJICHUH ITOCTIJIAIMATIBHON MUTPAIUU JKEPIIHOK. ;

W3 mccemoBaHuil aBTOpa CJIEHYET, UTO YKENTOOPIOXAs YKEPJISTHKA PaCIpOCTpaHeHa
B 3amagupix beckuiax, Bo B3ropeax Cunedcko-MopaBckux Beckum v B uactu Ocrpas-
cko-KapBunckoil Ko110BuHbI, B MopaBckux Boporax M npumbIKaromed K HEH 4acTu
Bocrounbix CypneroB, B Opepckux ropax u Ecémuxe-Huckom.

KpacnoOpioxasi yKepJisiHKa PaclipOCTPaHEHa B HMCCIIEHAOBAHHOM 007acTH B HMOJHMHAX
pex Bucaer u Ilp)kemumn ma Bocroke u pexu Ojpbl Ha 3amaje.

Mexty paiioHamu pacnpocTpaHeHus: 000MX BHIOB ObLia OOHApY»KeHA IEPEXOjHast
110J10ca, B cocraB Koropod Bxoaur Cuileackoe B3ropse (6e3 oxpecrnocreil Termua)
n oxpecraoct Ocrpasel. TyT sKuByT 06a BuIa, IVIABHBIM 00pasoM B HEUHMCTOH, MIIH
npomMerKyTouHoit gopme. Mecra paclpoCTpaHEHHsT YKEPIIAHKU KPAaCHOOPIOXOM B 9TOH
110J10Ce  pacTopyKeHbl CHJIe3CKOH BOSBBIMIEHHOCTHIO M PBIGHUKCKUM ILIOCKOTODBEM,
B CJIEJICTBHE UETO M IIePeXOiHas II0JI0Ca PacToprKeHa B okpecrHocTsix Temmna u Kap-
BHHBI, I'7Ie BCTEPYACTCA HCKIIIOUNTEIIBHO YKeIToOpIoxast yxepianka. Kpome Toro kpacso-
Oproxas ykepJisiHKa OblIa 06HApy)KeHa BO BCeH JoymHe peku MopaBbl, B OKPECHOCTSX
Bpua um ma Yemicko-MopaBcKoil BO3BBIIIEHHOCTH, HA KOTOPOH ee HAIMYUE COBCEM
HEOYKUJIAHHO, T.-K. OHA JOXOIMT Tam 0 OoKoyio 600 m Hajy ypoBHEM MOpS.

Paccysk/ienuss o mocTIIaluabHbIX HEPEMEMECHUAX YKEPIISTHOK TIPUIIIOCH OCTPOMT
Ha KOCBCHHBIX JI0KA3aTesIbCTBaX, T.-K. HCKOIAEMBIX MaTepHasoB HET. B KayecTBe OCHO-
BaHusA ObUIO NPUHATO IIPU TOM Ieorpa@uuecKoe pacnpoCTpaHeHHe, OT/IeIbHbIE MECTO-
HAXOMJICHUA-0CTPOBA, HMJIM NPHUMECH NPHU3HAKOB. JIPYroro BUJA TaM, IJle PacHpoCTpa-
Henbl He o0a Buaa. B mccieoBaHHON 00J1aCTH KpacHOGPIOXast »KEpIAHKA IepeiiBH-
raeTCst MCKJIIOUUTETIHHO JIoJmHamu pek. Ee Mectonaxoykmenuss — ocrposa na Yenicko —
MopaBckoii BO3BBILIEHHOCTH OOBACHAIOTCA, TI0 MHEHMIO aBTOPA, HAJMUMEM GOJIBIIMX
PBIOHBIX IPY/IOB ¥ 6GOJIOT, K KOTOPBIM YKEPJIAHKU NPUILTM M3 HU3UH JOJMHAMH DEK.
B GnaronpuATHRIX YCIOBUSIX OHM TaM, HE CMOTPSI Ha OOJBIIYI0 BBICOTY, CHJIBHO pas-
MHOYKHJIACE .
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XKenroGproxast »KepJisTHKA cmoriia npuitd B Bocrounsle Cypers! TONBKO u3 3a-
mamueix Beckup uepes MopaBckue Bopora. Buoron sroro paiiona crmocoGcTBOBanm €.
Camyio IJIaBHYIO pOJb ChIrpajla IpH TOM INIMHUCTasg mousa. Ilo Bcell BeposATHOCTH,
II0CJIe TOCJIEHEro OO0JIeEHEHUsI OCTAINCh 3[EeCh JIy KU, 00JI0Ta U Ip., a4 B CIEJCTBHE
JIEATENIFHOCTA YeJIOBEKAa IOSIBMUIMCh TaM MHOTOYMCIIEHHBIE IJIMHAHBIE Kaphephl M Ka-
HaBBI, CO3JABIINE OJArOIPUATHBIE YCJIOBUA MUrpamuu. l3-3a OTCYTCTBHUSL COOTBET-
CTBYIOIINX GHOJIOTMYECKUX YCIOBHH MUTpalus 9Ta 3aAepykanack Ha EcéHuke Bbicokom.

OcHOBHOM TPOGIEMON SIBJISIETCS BBIACHEHWE MUTPAIUU YKEITOOPIOXOM IKEPJITHKH
u3 3anaga B Kapmarer. B Hauane cuuraiock, 4To ee myTh Bes u3 Aubn ueped Yemicko-
Mopasckyio Bo3BbImeHHOCTs K Bocrounbmm Cyperam, a orryma uepes Mopasckue
Bopora x 3amammemm Beckupam. Opmaxo ycraHoBuB, uyro Ha Yemicko-Mopasckoit
BO3BBIIIEHHOCTH HAXOIUTCS OJ{HA TOJIBKO KPAaCHOOPIOXasi YKEPJIIHKA, JIa U TO B YHCIOM
BHJIEe, TUIOTE3y 9Ty CiefoBaio orépocuts. Ocrarorcss aBe apyrue runoressl. [lepsas
Y3 HUX [IPUHUMAET, UTO JKENTOOPIOXasi YKEPJISHKA IPHUIIIA HEMOCPEICTBEHHO U3 AJIBII
B Marsle u Bensie Kapnarer uepe3 oxkpecrHocty Benbr u BpartuciaBel; ee ToKaszaTessb-
CTBOM SIBJISIFOTCSI MECTOHAXOXKICHHSI YKEPIITHKH KPACHOOPIOXOM CO 3HAYMTEIIBHON Ipu-
MECBIO TIPUSHAKOB JKEPJITHKH JKEITOOPIOXOH B OKpecTHOCTsX Bpatucnasel. (Camopbin
u Jlesape). Ilpumecu 9TH MOYKHO CUHMTATh OCTATKAMH U3 OIOXM MUIPALUM YKEJITOOPIOXOL
JKEPJISIHKY B 3TOM paifoHe, T.-K. OH HE SBJIAETCA PaHOHOM DPACIPOCTPAHEHHST 00OMX
BUJIOB Kepiisiuku. Ecim Korma-Hubymp 31ech ObLIa YKeITOOpIOXas YKEPIIAHKA, TO OHA
HCcUe3sa B CBSASH C M3MEHEHMEM Kimumara (OTEIUIEHHE), OTCYTCTBHE THIMYHBIX [JIA 9TOr0
BujIa GHOTHUECKUX YCIIOBHIA) U HE BBIJIEPIKajia COEPHUUECTBA C KPACHOOPIOXOM YKEPIIsTH-
Koii. ITpotuB 3TOH TUIOTE3BI F'OBOPUT IOJIHOE OTCYTCTBHE KepistHku B Mansix Kap-
raTax.

Bosiee BepoATHA Apyrasi CUIOTE3A, II0 KOTOPOH JKeITOOpPIOXask YKEpJsiHKA IIPUIILIA
B Kapnarer U3 CBOMX 3amajHBIX MECTOHAXOYKICHHI KPY)KHBIM IIyTeM — He M3 3amaja,
a U3 BOCTOKA. MIMEHHO, OHA MOIVIA MPUHTH U3 AJbI BJ0Jb [IuHApCKUX TOP B CEBEPO-
BocTounble Bankauer, a orryma B Bocrounwie Kapmarer u Bmoss Kapnar pacnpocrpa-
HUThCA Ha 3amap mo Bocrounmsle Cymerbl. OHAKO TOYHOE HCCIIENOBAHUE ITOrO IIPef-
IIOJIOYKUTEJIBHOTO IIyTH MUTPAlMM BBIXOAUT 3a IIpeJIesibl HACTOALIEH paboThI.
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