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part of the river Wista valley

(Maps I—I1 and 1 text-figure)

THE PROBLEM

A chain of hills running westwards of Krakéw and called
the Krak6w—Chrzanéw Ridge (Lencewicz 1957) is one of the
more interesting areas in Poland in the herpetological aspect,
thanks to an ,isle“-like distribution of mountain species of
amphibians. Thus Fudakowski (1954) found the mountain
newt (Triturus alpestris Laurentus) in Dulowa near
Trzebinia, and skalski (1953) found a spotted salamander
(Salamandra salamandra (L.)) near Byczyna in the western pro-
longation of the Ridge towards Jaworzno. The finding in this
area of the mountain bombinator (Bombina variegata (L.))
deserves especial attention; it has been quoted from the en-
virons of Trzebinia by Pongracz (Fejervary 1923).
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As the Krakéw—Chrzanéw Ridge belongs to the distribu-
tion area of the lowland bombinator (Bombina bombina (1..))
(BAYGER 1937), the question arose whether the data on the
appearance of the mountain bombinator in this territory are
correct, and if it is so, what is its distribution and its influence
on the population of the lowland bombinator. Moreover, as
the southern part of the river Wista valley belongs to the mixt
zone (MICHALOWSKI 1958), it should be ascertained whether
river Wista forms an ecological barrier for the bombinators
and whether their localities on both sides of the river will
significantly differ from one another.

Investigations were performed in the years 1956—1958
on the territory of the Krakéw—Chrzanéw Ridge, the valley
of river Wista, the Krzeszowice trough fault and the southern
border of the Krakéw Jurassic landscape.

THE TERRITORY

The investigated territory lies in the Krakéw district, in
the counties Krakéw and Chrzanéw. Its total area amounts
to about 520 squ. kilometres. The most important part, i. e.
the Krak6éw—Chrzanéw Ridge (LENCEWICZ, 1957; also called
the Tenczyn elevation by KLIMASZEWSKI 1946), with a mean
altitude of 350—400 metres above sea-level, forms the southern
part of the Krakéw Upland, in the north separated from the
chief massif by the Krzeszowice trough fault (maps 1 and 2).
In the south the Ridge borders with the valley of river Wisla,
in the east it reaches the town Krakéw (Mt. Sowiniec 358 metres,
Mt. Sikornik 333 metres above sea-level). The latter hills are
separated from the chief massif by the Cholerzyn depression
(240 metres above sea-level). The highest elevations in the
central and western part of the massif placed near the villages
Rudno and Plaza exceed 400 metres above sea-level. The sur-
face of the Ridge in its eastern part is chiefly covered by loess
soils, in the western part there is a large proportion of rendzina
soils besides loess (TOMASZEWSKI, 1950). The rock substratum
iy made up of Triassic and Jurassic sediments.
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The Krzeszowice trough fault (230—300 metres above
sea-level) is a tertiary tectonical trough formed during the
Carpathian orogeny. Its bottom is covered by loess soils and
loamy sand soils (KLIMASZEWSKI, 1946; ToMASZEWSKI, 1950).

The valley of river Wista lying in the south comprises two
terrace levels; the lower one (about 240 metres above sea-level)
is covered by heavier alluvial soils, and the higher one (about
280 metres above sea-level) — by loamy and sandy soils (LEN-
CEWICZ, 1957; TOMASZEWSKI 1950).

The Krzeszowice trough fault and the northern part of the
‘Ridge are reckoned by RoMER (1949) to the climate area of
the central uplands, while the southern slopes of the Ridge
and the river Wista valley belongs already to the climate region
of the foot-hills dales and valleys.

The chief water course is river Wisla, forming numerous
meanders and old closed meanders; the river net is supplemented
by its affluents — small rivulets as the Chechlo, Rudawa, and
Sanka. There are ponds everywhere; however, they do not
form larger groups. Moreover, smaller ponds or larger puddles
are frequent, although they are mnearly completely absent
in more rationally managed localities.

The investigated area is comparatively well afforested,
especially in the higher parts of the Krakéw—Chrzanéw Ridge.
There is a large forest complex, the Dulowa Great-Forest, lying
south-east of Trzebinia. In the lower parts of the Wista valley
only fragments of forests were conserved.

THE MATERIAL AND METHODS

The survey was made in the years 1956, 1957, and 1958,
from the end of April to the first half of August. The methods
of searching, of catching, and conservation of the material
were identical with those used in the area between rivers Wista,
Skawa, and Raba (MICHALOWSKI, 1958). The search was inten-
ded to be very through in all localities of the area. If no bombi-
nators were found, the investigation was repeated, sometimes
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even three times, in other seasons of the year or in other years.
This was based on a series of observations from which it resulted
that the bombinators of both species, or even of one of the
species but living in different reservoirs, may show a different
activeness in different times of the year or of the day. An in-
teresting living-place was found in Mloszowa near Trzebinia,
where the bombinators croaked on the shore hidden in rotted
tree-trunks or under stones. They were probably frightened
out of the pond by feeding ducks.

The classification of the material does not differ from that
used previously (MIcHALOWSKI, 1958). Thus six pairs of featu-
res were chosen (table I) for a nearer determination of both
species of bombinators. According to their importance, marks —
from 1 to 3 — were allotted to each feature. The maximum
of marks obtained by a skin amounts to 12, the minimum —
to 6. The classified skins were divided into four classes:

class I, 12—11 marks, typical form;

class IT, 10—9 marks, non-typical form with some features
belonging to the other species;

class ITI, 8—7 marks, non-typical form with many features
belonging to the other species;

class IV, 6 marks, intermediate form with features equiva-
lentely belonging to both species.

The average calculated from the total marks, as obtained
from all the skins of bombinators caught, was used to characte-
rise a given locality. This means for instance that a locality
of the mountain bombinator of class I may comprise — besides
dominating numbers of clags I bombinators — also a few of
these belonging to other classes of this species.

Some water reservoirs were considered as two or even three
localities, if intermediate forms (class IV) or those belonging
to the other species were found.

RESULTS

The data obtained from an investigation of the collected
material are presented in two lists, two maps, and table IL.
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The characteristic and classification of the skin colouring and the disposition
of skin warts in Bombina bombina (L.) and B. variegata (L.)

Conventio-
Species | Bombina variegate (L.) | Bombina bombina (L.) |nal value of
feature
Dorsal warts surrounded
by a larger number of | . o
Feature concentrigcally disposed el donal nans
wartlets
3 marks
Orange-coloured areas
off the || Yellow dreas ocoupy occupy less than half
Ist order |more than half of ven-| ;¢ yopip) part of the
tral part of the body body
On the breast there are
two yellow areas uni- |On the breast there are
ting arc-wise with the |two isolated orange-
yellow blots on ventral | -coloured areas
of the |part of the arm
IInd 2 marks
order Orange-coloured areas
on abdomen do not
unite with orange areas
Yellow areas on abdo- | ° Jeruel pavr.t (_)f 1o
. & mur. On the limit bet-
men unite with yellow
! ween abdomen and
areas on ventral part |
of femur femurs therhe are two
transverse isolated ora-
nge blots, continuous
or divided into several
smaller ones
On the back between |On the back between
the shoulder-blades the shoulder-blades
there are no distinet there are two black,
arched blots arc-like blots
ol 7 1 mark
ngd On the black-blue un-
T | On the hody sides there | der-ground of the body
are no white spots or underside there are
only a few of them white dots, especially
on the body sides
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List I

e :
: bé E’ Kind and location | _ é (Average) Evalua-
Locality 22 ; i S g ; , :
by of reservoir = tion of material
| < + 0
: | 7 B. bomb. cl. II,
Aleksandrowice | 275 m pond 9 9 Tterniod.
: ditch and swamp on
Bielany 220 m e 7 |7 B. bomb. cl. I
puddles and small 3 B. varieg.cl. II,
BrodlaA 2 ponds > 2 B. bomb. cl. III
. ponds near river 2 B. bomb. cl. III,
P 220 m Rudawa - 1 intermed.
; small ponds in =
Buréw 300 m e 5 |5 B. bomb. cl. II
i 9 B. bomb. cl. II,
Chelm 230 m | pond 10 I it
11 d -
Cholerzyn 220 m Slrzirepon sl 6 |6 B. bomb. cl. II
Cichy Kacik |220 m | puddle 6 |6 B. bomb. cl. II
e Lt 8 B. bomb. cl. II,
Czernichéw 225 m | pond near higway 11 el
small ponds in
] 4 ,
Grojec 370 m il 4 B. bomb. cl. II
; small ponds near
J 8 £
Jankowice 230 m e 8 B. bomb. cl. I
; small ponds near 8 B. bomb. cl. I,
Jeziorzany 225 m e 9 e
puddles near houses 5 B. bomb. cl. II,
Kamien 260 m and small pond on 7 1 B. varieg. el. III,
meadow 1 intermed.
Kaszow 930 m | pond in village 4 |4 B. bomb. cl. II
Kleszezow 340 m |loamy ponds 6 |6 B. bomb. cl. II
Klokoezyn 225 m | ditch on meadow 1 |1 B. bomb. el. I
small ponds near ;
Kryspinow 220 m village 7B bomb. cl. 1I
small ponds near
Luszowice 305 m railway line 8 |8 B. bomb. cl. I
L 5 B. varieg. cl. II,
Mirow 260 m | puddle 10 5 B. bomb. cl. II
; pond near manor /
hbarmoe. 1l (caught on shore) 9 |9 B. bomb. el. I
small l near dam
Miyhiska Géra 230 m | oy Dopc nea 5 |5 B. bomb. cl. I

of water-supply
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A2 . . g
Localit S F Kind and location | _, 2 (Avarage) Evalua-
ocaliny S of reservoir *2 g | tion of material
< & + w
Mniké : : ; ; 6 B. bomb. cl. II,
nikow 260 m | pond in ravine 1 B. varieg. cl. III
2 g small pond on mea- i
Nieporaz 300 m dow near village 1 1 B. bomb. cl. I
Oklesna 230 m | puddles on pasture 8 B. bomb. cl. II
Piekary 225 m | puddles on pasture B. bomb. cl. I
Pi 0 small pond near
isary 260 m railway line 8 |8 B. bomb. cl. II
Podleze on 0 water gathered on 9 B. bomb. cl. I,

r. Wisla M1 meadow L0 1 B. varieg. cl. III
S . puddles and small 3 B. bomb. cl. I,
Eorcba dosoty 4220 swamps - 1 B. varieg. ¢l. I1I

Przeginia 089 | lowmy diteh g 7 B..b‘omb. cl. 11,
1 intermed.
i diteh near railway 2 B. bomb. cl. III,
Hectoo am station - 2 B. varieg. cl. II1
, - small ponds near :
Rozkochow 230 m W 6 |6 B. bomb. cl. I
“ small ponds near
Rudawa 240 m railway line 5 |5 B. bomb. cl. II
ddles 1d B. el
e 930 m puddles and o 10 7 B bomb. cl. II,
meander 3 B. varieg. cl. II
Rzaska 240 m | pond near Pasternik | 12 |12 B. bomb. cl. II
4y : { : 6 B. bomb. cl. II,
Sanka 375 m | ponds in village 7 TR s
Siersza 325 m | ponds near forest g |8 B. bomb. cl. I
Szezyglice 235 m small pondynear 6 |6 B. bomb. cl. I
r. Rudawa
small ponds and pud- 7 B. bomb. cl. L,
Sciejowice 295 m| dles in village and| 10 2 B. varieg. cl. III,
on meadows 1 intermed.

: small pond near road 3 B. bomb. cl. II,
Wolowice 226 m to CzernichoOw 4 1 B. Varieg. cl. I1I
7 : : small swamp near 6 B. bomb. cl. II,
iate 20 highway 2 2 B. varieg. cl. I1I

; swampy meadow
Zwierzyniec 225 m | mnear road to 11 |11 B. bomb. cl. I

Przegorzaly



706 J. Michalowski 8
List II
Localities in which no bombinators were found
.« O ﬁ
. 83 : g
Locality 5= Ecological data Date of survey g
245 @
]S ~
Alwernia 300 m O* 7. VII. 56 Xk
Babice 270 m (0) 20. VII. 57, 17. V.58 | X
Balice 260 m (6) 29. VII. 56 X
: Many ponds and : 17. V.
Bolecin 300 m small ponds 17. V. 58, 16. VI. 58 X
: - 2.VIII
Brzoskwinia 310 m | Pond in the village |2. VIII. 57, 14.V. 59 X
, A few puddles, not )
Budzyn 220 m: large 28. VII. 56 X
Chrosna 340 m (0] 29. VII. 56 X
Czuléow 270 m | 0 3. V. 58 X
Small puddles (ap-
' parently there is
Czuléwek 260 m a fish pond, not 3. V. 58 X
visited)
Some small ponds 2
Dulowa 310 m | and puddles along hrst2 h;lf :;HI' o1 12}'( ¥
railway line ol
Frywald 280 m | Large ponds in forest | 29. VII. 56 X
A : Small puddles near )
Liszki 235 m han 3. VI. 56 X
Morawica 270 m 0 29. VII. 56 X
Nawojowa Goéral 270 m | Pond near forest 2. VIII. 57 X
Myslachowice |400 m (0) 19. VII. 57 X
Nielepice 270 m -0 2. VIII. 57 X
Nowa Wies S Rather numerous 5 1L 56
Szlachecka 1 ponds and puddles 28 o
Plaza 385 m’ 0 17. V. 58, 16. VI. 58| X
. 20. VII. 57,
Pogorzyce 340 m | Pond in village 16. VI ;8 X
Ditches with water
Puszeza 00 0| loup road and 17. V.58,51)6- VI. 58, |17.v.58
Dulowska small swamps 17/ L X
Rather numerous ;
Rudno 360 m | small ponds and first half 5V8HI‘ oty 12}'{‘['
puddles 12. V.
* ,0“ —no adequate habitats for Bombina sp. in the locality.
** X“ —in the given day Bombina sp. was seen or caught in other

localities.
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o . ¥}
Locality =l é Ecological data Date of survey g
Sy o
3 ~
Small ponds and
: swamps, especially | 3. VI. 56, 7. VII. 56,
Rybna 2ol near road to 3. V. 58 -
Chrzanow
Stara Wola 295 m | A few small swamps|12. V. 58 X
Some small swamps | e
Tenczynek 270 m | and pond closing ﬁrig h?flt r\;HI' o, 12}'<V'
by overgrowth Toaay
Wygielzow 270 m | Pond near forest 20. VII. 57, 17.V.58| X
Tiags Numerous large 7. vV %
agorze 300 m and small ponds . V. 58
Zalas 1340 m 0 | 3. VI. 56 X

Table II

Frequency of appearance of separate groups of bombinators in the inves-
tigated area

o number of
Species specimens class I | class II | class IIT
« Bombina bombina (L.) 250 132 60 58
Bombina variegata (L.) 23 4 3 16
Intermediate form (cl. IV) 11 — — —
Wotal [ Ded
DISCUSSION

It results from an analysis of the material that the investi-
gated area is inhabited principally by the lowland bombinator
(Bombina bombina (L.)). The mountain bombinator (Bombina
variegata (L.)) is represented by a few specimens, usually non-
typical at that. However, alone the fact of finding them (Fig. 1),
and on a comparatively low territory, too (e. g. Rusocice, circa
230 metres above sea-level), lying away from the mountains
and separated from the Carpathian foot-hills by river Wista
and its affluents, is very important. The existence of the moun-
tain bombinator in lower altitudes has been described by many
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Fig. 1. Bombina variegate (L.) cl. T from the village Rusocice

scientists. They supposed that this bombinator avoids wide
lowlands but may be found even in low altitudes on areas neigh-
bouring with the mountains (DUERINGEN 1897, MERTENS 1928,
BURESCH & ZONKOW 1942, TERENTEV & CERNOV 1949, M1cHA-
LOWSKI 1958). The appearance of the mountain bombinator
in parts of the Krakéw—Chrzandow Ridge and the valley of
river Wista may be explained e.g. by the ftransport of
larval forms, eggs, or adult specimens from the mountains
onto lowlands by floods. This reasoning is used for instance
by Pax (1921, 1925) in an attempt to explain an ,isle“-
like distribution of the mountain newt (Tviturus alpestris
LAURENTUS) in Lower Silesia. Changes of the course of river
Wista could also play a part in causing such a distribution
of the bombinators; these changes may be either natural
or caused by man (river course regulation — INGARDEN 1916).
In the Pleistocenian this river flowed through the Cholerzyn
depression of to-day and directed its course to the northeast
towards rivulet Rudawa. A trace of the old course changed
naturally is found in the ground-waters circulating till to-day
in this area (POMIANOWSKI 1916, JASZCZUROWSKI 1917, INGAR-



11 Bombinators of the Krakéw —Chizanéw Ridge 709

DEN 1917). During such changes of the course of river Wisla
a part of the bombinator population living south of the river
could be found north of the latter. Some part could also be played
by active migrations of the bombinators. Juszezyk (personal
communication) observed in Stanistawice near Bochnia a toad
actively swimming across river Raba, rather wide in this place,
and in Mszana Dolna a mountain bombinator swimming across
the stream Mszanka. The results of the investigations, however,
supplied no actual proof corroborating any of the enumerated
hypotheses.

The reasons of a distribution in form of ,islands® of the
mountain bombinator in the investigated area should, as it
seems, be sought for in the phylogeny of the bombinators,
especially towards the end of the Pleistocenian. About 14 000
years ago, after the cool and forest-less Dryas period, there
came the warmer Alleroed period in which conditions arose
allowing the return of the bombinators from their Pleistocenian
refuges. As the climatic conditions were still rather severe
(the upper forest limit at the beginning of the Alleroed period
being found as low as 250 metres above sea-level — SZAFER
1952a.), the first to invade could have the mountain bombinator
as the more resistant species (e. g. in the Tatra Mts. it reaches
the upper forest limit — FupAxkowskI 1957). Tt could then live
only in the lowlands and in a part of the uplands. As the climate
grew warmer during the Alleroed, and especially at the begin-
ning of the Holocenian, there came conditions allowing the
return of the lowland bombinator. The mountain bombinator
could have reached the mountains and foot-hills at the time;
however, it was extruded from the plains either completely
or forming ,isles* of distribution in some areas (e. g. the Kra-
kow—Chrzanéw Ridge), thus in relic localities (MICHALOWSKI
1959) of a post-glacial relic type (SZAFER 1952b.).

Similar views were held by HorBULEWICZ (1927, 1933)
who supposed that the causes of the existing distribution of the
bombinators are to be looked for in the history of the range
of glaciation; according to this author the mountain bombi-
nator primarily inhabited the Little-Polish Upland (Wyzyna
Matopolska) and the Swietokrzyskie Mts., from where it could
have been extruded by the lowland bombinator invading the
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territory along river valleys. Map 2 illustrates a fact in confor-
mance with the view of HORBULEWICZ (op. cit.), the existence
of two areas of appearance of the mountain bombinator. These
two areas are separated by the valley of river Wista which could
have been the zone of invasion of the lowland bombinator;
however, it is no boundary in the distribution of bombinators
ag the individuals which inhabit the northern or southern part
of the valley represent similar types (map 1).

It is interesing that the chief localities of the mountain
bombinator are on the cuesta (Kuc 1956) of the Jurassic lima-
stone area. This cuesta at the same time forms the western
boundary for this species in the described area.

The problem of a lack of bombinators in some parts of the
investigated area arose during the collection of the material.
In view of the remarks made in chapter ,Material and methods*
and the data of list IT any objection based on the inaccuracy
of the survey or the inadequacy of the catching period could
hardly be justified. There may be several reasons for the lack
of bombinators, namely (a) the investigated area is chiefly
inhabited by the lowland bombinator, more exacting in respect
to environment conditions, and many of the surveyed localities
contained no ponds or puddles; (b) the altitude of a large part
of the localities where the species was not found surpassed
300 metres above sea-level, i. e. an attitude rarely reached
by the lowland bombinator; (¢) the fact of a lack.of bombinators
in the western part of the area deserves attention, as this wes-
tern part is not only rather high but ‘also industrialised and
possesses sandy soils.

A study of the geographical distribution of the bombinators
in this area, together with the former description of the distri-
bution of these animals on the area between rivers Wista, Skawa,
and Raba (MicHALOWSKI 1958), brings further information
on the bembinators in the environs of Krakéw. The neighbou-
ring parts of the Krakéw—~Czestochowa Jurassic area need
investigation in the first place. They are most probably inha-
bited by the lowland bombinators; this is corroborated by the
finding of lowland bombinators of class I north of Trzebinia
by the author, as well as data from the literature (MERTENS
1928, BAYER 1937). Juszozyk (1939) quotes the lowland bom-
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binator from Bialy Kogciél and Zelkéw, and SzZAFER & GOT-
KIEWICZ (1954) from Ojcéw. However, the species is probably
not too frequent because of considerable altitudes and the
dryness of this area. :

Silesian Academy of Medicine
Department of General Biology.
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STRESZCZENIE

Badania przeprowadzono na obszarze ok. 520 km2 obejmu-
jacym wzniesiony do 400 m n. p. m. Grzbiet Krakowsko-Chrza-
nowski i Doling Wisty. Mialy one na celu poznanie rozsiedlenia
kumakow na tym terenie, sprawdzenie danych o wystepowaniu
kumakow gorskich (Fejervary 1923) i rozstrzygniecie, czy
ptynaca réwnoleznikowo Wista stanowi jaka$ granice w roz-
mieszczeniu kumakéw. Olbrzymia wiekszo$¢ zebranego ma-
teriatlu stanowig kumaki nizinne, wystepujagce w poéinocnej
i potudniowo-zachodniej czesci w do$¢ czystej postaci. Zna-
leziono ponadto 23 okazy kumaka gorskiego i 11 okazéw o réwno-
cennych cechach obydwu gatunkéw. Poniewaz wystepujg one
wraz z kumakiem nizinnym w mieszanych stanowiskach, gru-
pujacych sie w potudniowej czesci badanego terenu, dlatego
tez Dolina Wisty nosi charakter strefy mieszanej, podobnie
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jak i w potudniowej swej czesci (Michatowski 1958). Przyczy-
nami wystgpienia kumaka gorskiego na tym terenie mogty by¢
jego wedréwki czynne i bierne, jak tez zmiany koryta Wisty,
naturalne czy sztuczne. Autor najmocniej wigze omawiane
zjawisko z czynnikami epoki lodowej.

Jak wynika z analizy klimatycznej schytku plejstocenu,
kumaki goérskie mogty zasiedlic rowniny wczesniej niz kumaki
nizinne. W miare polepszania sie warunkéw klimatycznych,
kumaki gorskie zajmowaly pogdrze i géry, réwnocze$nie za$
postepujgca na rowninach inwazja kumakdéw nizinnych ograni-
czata ich zasieg do wyspowych stanowisk reliktowych.

W rejonie zachodnim nie znaleziono kumakoéw, co by¢ moze
taczy sie z takimi czynnikami jak: do$¢ znaczne wzniesienie
terenu, czesty brak zbiornikéw wodnych, uprzemystowienie.

PE3SIOME

ViccnefosaHms npoBoAvnChL Ha Tepputopum 520 KB. KWIOM.,
BMeLLaoLLEe BO3BbILLAKOWMIACS Ha 400 M. Hag YpoBHEM MOps Kpa-
KOBCKO-XpKaHOoBCKUA [pebeHb 1 [onuHy Bucnbl. Llenbto  atux
nccnefoBaHUiA  ObINO  M3ydYeHWe pacCeneHuss JKepNsHOK Ha  9TOWA
TEppMUTOpUK, NPOBEPKA [AaHHbLIX, KaCaloLWMXCA NPUCYTCTBUA Trop-
HbIX XepnsHOK (P aep Bapbl, 1923) M paspelleHVe BOMpoca, Co-
CTaBfifieT W MponnblBaloWwas napanneno Bucna kakyto-HUBYab
rpaHuLy B paccefieHun XXepnsHoK. MpoMagHoe 6OMbLUMHCTBO CobpaH-
HOro MaTepuasa, 310 KPacHOOPIOXME YXEPAHKMW, BCTPeYatoLLmecs B ce-
BEPHOI W tOro3anafHoii Yact TeppuTopuM B [AOBOLHO YMCTOKPOB-
HOI thopme. HaiigeHo 6bino 23 3K3EMMNAPOB XKENTOOPHOXO XKEPNSAHKN
M 11 3K3eMNNApPoB C'paBHOLEHHLIMU MpU3HaKamy 060MX BUAOB. Tak
KaK OHU XKWMBYT COBMECTHO C HU3MEHHBLIMU XXEP/IAHKaMW B CMeLLaHHbIX
MECTOHAX0XAEHMAX, TPYNNUPYIOLLUXCS B HOXKHOW YacTW Mccnedyemoi
TeppuTOpUN, BCNELCTBME 3TOro JofivHa Buc/ibl MMeeT XapakTep CMe-
LUaHHOM MONOChl, PaBHO, Kak W ee oHas YacTb (MuxanoBCKWUiA,
1958). MpnunHOIi NOABMAEHUSA FOPHOW XXEPNAHKN B 3TUX MeCTax, MOru
ObITb €6 aKTWBHblE W MacCMBHblE MUrpauuM, a Takke HaTypasbHble
N UCKYCTBEHHbIE W3MeHeHus B pycne Bucnbl. ABTOp TeCHO BSXKET
ONKUCbIBAEMOE fB/IEHME C (paKTOpamMy NeAHUKOBOIo nepuoga. M3 knu-
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MaTHYECKOrO aHaJIN3a KOHIA IIIeHCTOLeHa CIIEYeT, UTO YKEJITOOPIOXUE
AEPJITHKE MOIJIM 3aCeJIATh PABHMHBI PaHBIIE, YeM HU3MEHHBIE YKep-
naHkd. o mepe yiIydllleHMsT KIMMATHUYECKUX YCIOBHM, YKEJITOOPIOXUE
YKEPJIAHKY 3aHMMaIN Mpenropus ¥ ropbl. OJHOBPEMEHHO IPOIBU-
FAOLIUHCS HAIJIBIB KPAaCHOOPIOXUX KEPJIAHOK HA DABHUHBI, OTPAaHAYM-
BaJI paJuyC 3aceJIeHUs FOPHBIX YKEPJISTHOK [0 PEIMKTOBBIX OCTPOBHBIX
MECTOHAXO0IK/ICHHUH .

B samagHpIx palioHax »KepJIAHKY He ObLIN HalAeHbI. BbITh MOXKET.
YTO SIBJICHHE 9TO HAXOJMUTCA B CBS3M C TaKUMH (haKTOpamy, KakK J0-
BOJIBHO 3HAYMTEJIBHAA BO3BBIIIEHHOCTh MECTHOCTH, HEIOCTATOK BO-
JOEMOB M HHIYCTPHAIM3aIusI. :

Redaktor zeszytu: dr M. Mlynarski
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