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. Abstract. This paper presents the results of ten-year investigation on the phenology
and ecology of 11 amphibian species occurring in the Czestochowa region (51°N, 19°E, altitude —
200—400 m a.s.1.). Identical observations were carried out in five different sites at the same
time. The area covered by study was about 50 sq. km. Attention was given to the biological
succession of all the main stages of the 11 amphibian species: the beginning of active life,
mating season, development of embryos and larvae, active life after the mating season, autumn
migrations and hibernation. The dependence of the time of phenological phénomena upon
meteorological conditions varying from year to year was also investigated. The optimurn tem-
peratures, most favourable to the biological processes of particular species, were determined.
Much attention was given to the mating season and to the causes and conditions of spring and
autumn migrations. The minimum and maximum periods of hibernation are given in tables.
The observation material is illustrated with phenograms, tables and graphs.
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INTRODUCTION

Polish herpetology lacks comprehensive phenological studies which would
both cover all the amphibian species of this country and deal with important
abiotic factors that influence the ways of life of these animals. This is why
Roszrowskr (1924) wrote that nearly all that was known of the periodical
Phenomena in the life of amphibians concerned the regions situated to the west
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of Poland and that it was necessary to collect phenological materials in various
parts of Poland. This still remains a question of the moment. Thus, 40 years
later KowALSKI and MEYNARSKI (1965) emphasize lack of continuous phenome-
nological observations concerning the mating season and hibernation in amphi-
bians and reptiles in mountainous regions. ”This question is generally poorly
known and calls for a modern elaboration”.

In Poland only Wlodzimierz Juszozyk has been carrying out close studies
on the annual rhythm in Rana temporaria and the genus T'riturus for many years.
Some of his studies have already been completed and published (JUszczyYx, 1938,
1961, 1967a, b). In the paper entitled "The Phenomenon of Annual Rhythm
in Amphibians” (1967) he presented ecograms of the amphibian species against
the annual cycle of their life, paying attention to essential vital phenomena
of these animals.

Out of the other publications contributing many new data to the phenology
of amphibians, we must mention atlases of and keys to the vertebrates of Poland
(BAYGER, 1937; BERGER and MICHALOWSKI, 1963; MLYNARSKI, 1966) and the
studies on biological mechanisms existing in animal organisms and controlling
the alternating periods of activity and rest (EMME, 1962; CENA and WOLOSZYN,
1966).

Numerous papers by Juszozyk (1938, 1967a, b) and RIABININ (1955, 1961,
1968a, b and others) mention the achievements of the phenologico-ecological
investigations carried out in this country and suggest some subjects for study
in the near future. Among the most important tasks in the field of animal pheno-
logy these authors place the focusing of studies on autonomous scientific pro-
blems, the carrying-out of observation on material obtained from natural
environments, the relating of the results of studies to the climatic and ecological
factors, and the conducting of observation throughout the year so as to cover
all the biological phenomena in the life of animals under study.

In 1960—1968 I carried out systematic investigation on the annual rhythm
of amphibians in the region of Czestochowa, situated at 51°N and 19°E and at
an altitude of somewhat above 200 m a.s.l. I selected environments which
contrast with each other and are typical of the given region. The Olsztynski
Forest near Kucelinka is a typical coniferous forest, whereas in the Blachownia,
region there are deciduous and mixed forests. The site at Ostatni Grosz represents
vanishing peatbogs and moors and Brzeziny lies in a dry sandy area, resembling
a desert in places. Zloty Potok is a nature reserve with numerous weathering
limestone island rocks (monadnocks) grown over by deciduous wood.

In my observation I included the biological succession of all fundamental
stages of 11 amphibian species: the outset of active life and mating season,
the development of embryos and larvae, the active life after the mating season,
autumnal migrations and hibernation.

I also investigated the dependence of the time of phenological occurrences
upon meteorological-climatic conditions, varying from year to year; this makes
it possible to distinguish some regularities and make generalizations.
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CHARACTERISTICS OF STUDY AREA

On RoMER’S map of climatic areas the Czestochowa District is included in the
climatic region named the Slask—Krakéw Uplands. As regards climate and
biotopic conditions the character of this region is very varied. ‘ '

The Krakéw—OCzestochowa Ridge extends in the southern part of this
district. The ridge consists of a number of detached hills, often divided by wide
and shallow valleys. The hills average 300—400 m in altitude. They are covered
by. thick deciduous forests with surprisingly numerous tree species.

A large plain lies south-west and north-east of the Krak6w—Ozgstochowa
Jurassic Ridge. No limestone hills can be seen here, for the Jurassic formations
are overlain by later glacial deposits. Half the area of the Czestochowa plain is
under cultivation and about 25 per cent of it is occupied by mixed forests in
which the pine predominates evidently.

The climate of the Czestochowa region is characterized by great variation
and remarkable fluctuations in the progress of the seasons in consecutive years.
One of the main factors which has a specific effect on the climatic conditions is
rainfall. In this region about 40 per cent of the total rainfall falls in the summer
months, 16 per cent in the winter months, and the rest in the spring and autumn,
periods. ! : :

According to the data of the Hydrological-Meteorological Station, PIHM,
at Czestochowa (261 m a.s.l.), the values of the basic elements of climate are-as
follows (Table I). :

Table I
* The data on meteorological factors in the investigation-area in 1965
Meteoro- e 2 - Months v : year
logical 1965
factor T e v i e [T el

Mean tem-
perature 251 1,6 21 72|13 | 16| 17,8 | 16,8 13,2 | 7,9 2,6 0,9 7,6

of month

| Rainfall,
| in mm 14034 | 38 | 54| 66| 84| 102 77 52 49 43 41 680

Number
of days
| with snow 16 | 16 6 1| —|—] — —_ — — - — 39
cover

Number

of days
with pre- 14 | 13 12 14 | 13 | 14 14 13 14 13 13 12 159

| cipitation
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The annual amplitude is 20-3°C. The vegetation season with mean temperatu-
res above 0°C lasts from 27 March to 17 November (= 236 days) and with mean
temperatures above 5°C from 1 May to 4 November (= 218 days).

Taking into consideration the fact that systematic phenological observations
were carried out at four selected localities (Kucelinka, Brzeziny, Blachownia,
Ostatni Grosz) and sporadically at Zloty Potok, which are marked by specific
ecological-biological characteristics and lie a long way from each other, below I
give short descriptions of particular environments.

1. Kucelinka

The region of Kucelinka is situated in a partly wooded area of the Krak6w—
Czestochowa Jurassic Ridge. -

The whole area is covered with a thick layer of diluvial sands overlying the
primary Jurassic formations, which outerop at places only and form limestone
hills.

The wide valleys that stretch between hills and the plains are overgrown with
coniferous and mixed woods and the Jurassic Irarst island hills with rich deciduous
vegetation. The occasional peatbogs and marshes abound in various sorts of
quagmires, exploited claypits, seasonally drying-up or lasting puddles. Along the
Warta River there are old riverbeds, which are now being overgrown with
vegetation.

2. Brzeziny

The village of Brzeziny lies 6 km south of Czestochowa. It is surrounded
by woodless area all around, cultivated fields, pastures, fallows and meadows
providing habitats for thermophilous species.

The soil is mostly sandy and poor. The region is deficient in water, owing
to the permeability of sands. Its part situated between Brzeziny and Czesto-
chowa, 24 hectares in area, resembles a desert to some degree. Barren sands are
only partly covered with heather, lichens and wasted flower plants. The most
valuable feature of this area are its contrasts. Dry heated sands border upon
small swamps and lasting or seasonal water reservoirs left after the exploitation
of sandbeds. On account of the great exposure to the sun’s rays, the temperature
in this region is markedly higher than in the surrounding areas. Here snow thaws
earlier and the Urodela and Anura leave their winter shelters earlier in the spring.

The country lowers considerably south of Brzeziny and is crossed by a small
rivulet, the Brzezinka (a tributary of the Konopka), which flows in a wide
valley. The river valley abounds in old riverbeds and small pools of still water,
providing favourable conditions for the reproduction and life of amphibians.

3. Ostatni Grosz

A vanishing peatbog and moor, about 4 square kilometres in area, lies in the
vicinity of Czestochowa, south-west of the town. The deforestation of this area
caused far-reaching ehanges in the climatic and water-soil conditions and
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contributed to the extinction of many plant and animal species adapted to life
in an exclusively marsh environment.

A pond and several smaller water reservoirs occur in the central part of this
area. The area of the largest pond is about 500 square metres.

Early in the spring, in the mating season, aggregations of common and
field frogs are conspicuous. These animals haunt both in the zone near the banks
of the large pond and in inaccessible pools situated in the bogs.

4. Blachownia

Blachownia lies 12 km west of Czestochowa. It is a sort of clearing in the
forest. Pine and mixed forests stretch as far west and south as Opole. The area
of sandy soil, north-east of Blachownia, is covered with uniform coniferous
pine-dominant forest. Areas of clayey soil, situated lower, are grown over by
denser and wetter woods. Here grow oaks with an admixture of birches, forming
magnificent woods, called ”dabrowy”. The peatbogs and marshes are grown
over by the dwarfed pine and birch.

In this region there are a few large ponds and more than ten smaller ones,
about 50 hectares in area altogether. All the ponds have a long past history
and are rich in the flora and fauna. For its proximity to Czestochowa and the
beauty of nature the Blachownia region is frequently visited by naturalists and
geographers.

5. Zloty Potok

Ztoty Potok is situated 28 km east of Czestochowa in the Krakéw—Ozesto-
chowa Jurassic Ridge. It is characterized by a great variety of its flora and fauna.
A long chain of more than 30 fish-ponds, connected with each other by the very
rapid Bystrzyca River, extends between two elevations of the Jurassic Ridge.
The banks of the ponds are hard and accessible, being covered with deciduous
trees and shrubs at places. The ponds are generally shallow, with a sandy or
rocky bottom and with clear and always cold water. Gucowski Pond is the most
beautiful of them.

High rocky limestone hills rise east and west of the ponds and are covered
with oak-beech woods. Streams of extremely cold and clear water well mightily
up from under the rocks. This is really a sort of oasis of coolness, dampness
and shade.

The park at Ztoty Potok and oak-beech woods on the rocky hills beside the
ponds have been separated as a National Reserve of Nature.

METHODS
Among the physical factors that exert an influence on the biology of amphi-

bians I number, in the first place, the air, soil and water temperatures, the
exposure to the sun’s rays, and the humidity of the atmosphere.



397

I measured air temperature at a standard height of 2 m above the ground
twice a day. The maximum air temperatures were recorded between 1 and 2 p.m.
and the minimum ones at 1 or 7 a.m.

Soil temperature was measured at a depth of 10 em in all the five study areas
twice daily: at 2—3 p.m. to record the maximum temperatures and at 6—7 a.m.
for the minimum temperatures.

In view of the fact that the amplitudes of water temperature are slight,
I took temperature at a depth of 10 cm once daily, at 3 p.m. The temperature of
the upper layers of water is always higher than that of the lower layers and the
difference may reach 2—3°C, but the mating specimens and the embryos and
larvae which develop in the following period generally stay in the upper and,
consequently, warmer water layers. ,

The humidity of the air was measured using a hair hygrometer also at 3 p.m.
The humidity of the air in early morning hours and late in the evening and,
especially, by night is, as a rule, remarkably higher than it is in the daytime,
and for this reason the humidity measured at 3 p.m. may be regarded as the
lowest.

I determined the weather conditions (insolation, cloudiness, and rainfall)
on the basis of my observations made during a day and night. The air and soil
temperatures in the open area and the humidity of the air have been compared
with the data obtained from the Hydrological-Meteorological Station, P.I.H.M.,
at Czestochowa. Our records are either very similar or, most frequently,
identical.

Phenological observation of amphibians was made at different hours of day
and night everyday so as not to fail to observe the most important moments
connected with the subject of this study. During the mating season the specimens
of particular species were kept under constant observation from early morning
till night. In the case of species which mate also in the night observation was
continued into the night. I did not move from one site to another until the
intensity of the process observed had slackened.

The action of low temperatures as a factor that inhibits life processes was
observed during the spells of rapid cooling in the natural habitats of amphibians,
whereas the influence of high temperatures, torridity, and low humidity upon
various aspects of life manifestations in amphibians, when such weather condi-
tions occurred in the study area. I searched the sand at the bottom of holes and
ditches for winter shelters of the spadefoot toad and natterjack, which hibernated
there in masses. The winter quarters of the other amphibians are relatively
shallow and easier to find.

In the autumn I also observed the migrations of amphibians to their winter
shelters and recorded the time of their sinking into winter sleep.

I produced appropriate equipment for catching amphibians and their larvae
to make measurements and observations on them.

The results of observations in five study areas were plotted on special phenolo-
gical charts illustrated by an example given below (Fig. 1). The phenological
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charts for these areas are in the author’s possession. Individual processes and
phenomena in the life of amphibians under study are represented in the chart by
suitable symbols (Fig. 2).

ANNUAL CYCLE OF THE CRESTED NEWT TRITURUS ORISTATUS (LAURENTI, 1768)

In the specimens hibernating both on land and in water the period of torpidity
ends during the first spell of warmer weather in the early spring, at a diurnal
soil and water temperature of about 3—4°C (the maximum air temperatures
rise to about 7°C in this period). At a temperature of 4-5—5°C the adult speci-
mens leave their winter shelters situated in deeper layers of earth and pass
through various holes and clefts to the superficial layer. This is a preparatory
period for active terrestrial-aquatic life.

The outset and course of the mating migration depends on the weather,
especially on the occurrence of rain and suitable air and soil temperatures.
Under the climatic conditions of the Czestochowa District the appearance of the
first crested newts in closed water reservoirs or ditches falls in the second half of
March, at relatively low soil and water temperatures (about 5—7°C). The
minimum soil temperature at which only few sexually mature specimens start
on their spring migrations is 4°C.

In February 1968 the influx of masses of warm air from the west caused
the air temperature to rise dramatically to 11°C and the soil and water tempera-
tures to above 5°C, which resulted in the appearance of newts in water as early
as 7 February. After the tenday spell of warm weather the temperature dropped
below 0°C and a several-centimetre layer of ice covered the reservoirs of still
water. The newts stayed under ice for about a month. During this period many
of them perished owing to anoxia.

In the early spring the differences between the temperatures in open (Sites 2
and 3), shaded and wooded (Sites 1 and 4) areas may reach 4—5°C and this is why
newts do not appear in all water reservoirs simultaneously, but first in open
areas (7—15 March) and later in wooded regions (256 March — 10 April). Since
in this period ground frost occurs by night, newts wander in the daytime,
mostly in the afternoon and in the evening. A factor that favours these migra-
tions is frequent heavy cloudiness and a high percentage of water vapour in the
atmosphere (75—10079,).

As their habitat for the mating season adult crested newts choose reservoirs,
sometimes reaching 80-—100 cm in depth and so deeper than those in which
common newts stay. They breed both in reservoirs of clear still water overgrown.
by aquatic plants and in new ditches, pools or depressions left after clay or sand
exploitation and filled with dirty and muddy water, void of any plants at all.
These newts occur also in ditches along railway tracks, the bottom of which i
formed by a thick layer of stones. Under such conditions newts are accompanied
by fairly numerous fire-bellied toads and edible frogs.
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The pre-mating period — from the appearance of the first specimens till
egg-laying — lasts 12—27 days, being dependent on the prevailing weather
conditions, and in 1968 it exceptionally lasted from 7 February to 15 April,
or as many as 66 days.

Females begin to lay eggs in thick submerged vegetation about 10 April
at a water temperature of 10—12°C. The mating season of newts lasts from
10—15 April to mid-June with short breaks caused by drops in water temperature
below 9°C. Water temperatures between 15 and 20°C constitute the optimum
conditions for egg-laying; such favourable conditions occur mostly in May,
when female newts lay the largest numbers of eggs (several eggs daily). In the

a0 I P MET EAmEEE T T 0 W M1
35 7
30 3
25 7 A
= W
20 W
15 7|
- \ﬂ
E //\ o
5 /// \\\ ’\::
Y :/\'\/ ips T
B Nl
, I
| ] i
i 9

Fig. 3. Mating seasons of the crested newt 7T'riturus cristatus (LAUR.) and the common newt

Tritwrus vulgaris (L.) against the background of meteorological conditions (Site 1,1967). Explana-

tion of symbols: 1 maximum air temperatures, 2 maximum water temperatures, 3 minimum air

temperatures, 4 rainy, 5 cloudy, 6 sunny, 7 mating season of crested newt, 8 mating season of
common newt, 9 decades of month

second half of April the water temperature persists below the optimum values
and in June it overtops them, and in these periods females lay at most one egg
daily. Within the limits of extreme temperatures (10—27°C) newts mate both
on rainy days and during fine sunny weather (at a relative humidity of
28—1009,). However, the process of egg-laying is the intensest during rain or
soon after it has stopped, since then all the sexually mature specimens participate
in mating and the females lay two or, more rarely, three eggs daily.

Development of Embryo and Larva

The embryonic development of the newt, from the fertilization of the egg
to the emergence of the larva from the double egg membrane, lasts 10 to 20 days
in a natural environment. The length of this period is dependent, above all.
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upon the water temperature, for the influence of nutritional, biological chemical
and other factors is here still out of question.

- In the pond at Zloty Potok the larvae hatch after 20 days at a water tempera-
ture ranging between 4 and 17°C and a daily mean temperature of 10°C. The rise
of the mean water temperature by 0-7°C shortens the developmental period
by 1 day. At the other sites the mean temperature is considerably higher in
April. At a water temperature between 7 and 20°C and a daily mean temperature
of 12°C the embryonic stage lasts 17 days. At a water temperature of about
25°C the embryos developing in the eggs laid at Sites 1 and 2 towards the end
of May leave the eggs as early as 10 days later (Table III).

The rate of development of larvae depends on a whole complex of ecological
and biological factors, which present themselves differently in almost each water
reservoir. In order to examine the influence of temperature on the development
of larvae I had to make observations in the same water reservoirs under various
weather and thermic conditions in various seasons and years. The results obtained
show that larvae respond to changes in the thermic conditions of the environ-
ment, but endure fluctuations in temperature better than the embryos do in the
first days of life. Thus, at a water temperature ranging between 7 and 32°C and
a daily mean of 20-5°C (Sites 1 and 2) the development of larvae lasts about
72 days, whereas at a temperature higher by 1°C (Site 2) the larval stage was
shorter by hardly 3 days. The full period of embryonic and larval development
is altogether from 88 to 91 days.

The earliest newly metamorphosed newts leave water reservoirs in the first
decade of July, but the time of their coming out on to the land in large numbers
falls in the third decade of July and the first half of August. The whole period
during which young newts leave water is fairly long, as it extends over more
than 4 months (from the first decade of July to mid-November). A small number
of larvae, namely those which develop from the eggs laid latest and fail to
metamorphose by the middle of November, hibernate in this state without
going through further metamorphosis till the spring of the next year. They
hibernate at the bottom, in the bank zone of water reservoirs, amidst a thick
growth of the water-thyme (Elodea canadensis RicH.), water nimfoil (Myria-
phyllum  spicaium L.) , pond-weeds (Potamogetonaceae) and other plants, but
most of the larvae perish of various causes in the winter-spring season.

Active Life after Mating Season

After the termination of the mating season the adult specimens leave the
water environment (3rd decade of July—August) and live on land, especially
in shady and damp places. Only a very small number of the specimens stay in
fairly deep water reservoirs for a whole year. Terrestrial newts occur in nearly
all types of biocenoses of this region, i.e. in forests, meadows and marshes.
Their activity beging at twilicht and lasts till dawn.

In the autumn . characterized by a gradual drop in air, water and soil tempera-
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tures and great amplitudes between diurnal and morning temperatures
(17—20°C), the agility of newts subsides and in this connection the intensity of
food intake decreases considerably. In the first half of October, when the night
temperatures drop to 3—5°C, a slight torpidity of these animals is observed;
they become vigorous again in the afternoon owing to a remarkable rise in
ambient temperature. The temperature at which they sink into torpidity is
about 1—2°C. In forest sites with higher soil temperatures in the transitional
period newts sink into winter sleep a few days later than the specimens hiberna-
ting in open areas do.

Tables II, III, V and VI present the meteorological conditions and the times
of appearance, breeding, coming out on to land and sinking into torpidity for the
crested newt in the Czestochowa region in 1960—1968.

ANNUAL CYCLE OF THE COMMON NEWT TRITURUS VULGARIS (LINNAEUS, 1758)

The waking of newts from torpidity is strictly dependent on the thermic
conditions of the terrestrial environment in which they take shelter for winter..
In warm and dry areas (Site 2) newts wake from winter sleep in the first decade
of March, at a soil temperature of about 3°C. In the wooded area of the Krakéw—-
Czestochowa Jurassic Ridge, characterized by a great variety of configuration,
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the interval between the appearance of the first and last specimens in water
reaches 20—30 days. The specimens hibernating in valleys, forest clearings,
and light pine forests wake up from torpidity earlier and those taking shelter
in rock clefts in the northern slopes of the Jurassic elevations, covered with
damp deciduous forests, later. Ice and snow cover sometimes linger here up to
15—20 April, which, in turn, delays the moment of awakening of newts from
torpidity. Generally speaking, in ill-differentiated woodless areas newts leave
their winter shelters and travel towards water reservoirs as early as the 3rd
decade of March, whereas in wooded regions they do that in the 2nd and 3rd
decades of April. The first specimens appear in water at as low a temperature
as 4°C above zero. Mass migrations of newts are observed at an air temperature
ranging between 10 and 15°C and at soil and water temperatures above 7°C.
Spring migrations of newts from forests to water reservoirs situated out of them
occur throughout April.

The common newt is not very sensitive to the pollution of water and fluctua-
tions in temperature; its mating takes place in the reservoirs of warm water
and in spring-water ponds (Zloty Potok), in which the temperature keeps
within limits of 8—17°C in spring and summer.

The females begin laying single eggs as early as the 1st decade of April, in
waters warmed by the sun radiation at least to 9°C. However, mass mating
occurs in May at a temperature from 15 to 22°C. At that time all the mature
specimens display sexual activity and the females lay as a rule 2 eggs daily.
The extreme temperatures at which this species reproduce are 9 and 30°C.
In a typical year the mating season lasts from the beginning of April to mid-July.
Only moderate temperatures of air and water and rainy weather in summer may
cause the prolongation of this period till 3 August.

Development of Embryo and Larva

In the pond of Zloty Potok, supplied with spring water from the Jurassic
hills, the development of a May embryo lasts about 20 days (the daily mean
temperature is 10-1°C in the 1st decade of May). In the same pond but somewhat
later, at a water temperature ranging from 7 to 17°C and a daily mean of 11-7°C,
the period of embryonic development is shortened by 2 days.

At Sites 1 and 3 the water temperature keeps up at a level of 25°C in June.
Under the influence of such high temperatures the embryos of newts achieve
the state of full development in as few as 12 days.

The larvae are less sensitive to ambient temperature but here, too, there is
a certain difference in the time of particular developmental stages in the reservoirs
observed. At Site 4, for example, at a water temperature fluctuating between
7 and 17-5°C and a mean of 14°C the embryos break the egg membrane, settle
on its surface and metamorphose in 78 days. At the same time in Sites 1 and 3 at
a mean temperature of 20-1°C the developmental process of the larva, including
its metamorphosis, takes only 66 days and at a daily mean of 21—25°C (Site 2)
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as few as 62 days. It follows that the 8°C difference in temperature causes the
shortening of the larval stage by about 16 days.

Comparing the results obtained at the sites mentioned during the period of
several years, I found that the time of full development of the embryo and
larva is altogehter about 82—98 days in dependence on the environmental
thermic conditions.

The earliest young specimens appear on the land about 20—25 June, whereas
the period when they leave water in masses is July and the 1st decade of August.
Few Jarvae metamorphose as late as September and October at a temperature
above 7°C.

In all the four sites observation on the development of the embryos and
larvae was carried out in reservoirs of clean water, open and exposed to the
sun’s rays, with a silty-sandy or clayey bottom covered with fairly exuberant
vegetation. They contained enough vegetable and animal food for the developing
young organisms.

Terrestrial Life

After the mating season the first adult specimens leave water in the 3rd decade
of June and the last ones in the 3rd decade of August. Thus, the period during
which newts leave the water environment after the mating season lasts a fairly
long time, on the average about two months.

In the area examined the common newt is a frequent animal occurring
in large numbers. It inhabits nearly all biocenoses of this region, taking shelter
in shady and damp places and leading a nocturnal and hidden mode of life.

Migrations of newts from retreats unsuitable for wintering to safer shelters,
situated deeper underground, are observed in October.

They hibernate in groups, forming clusters of several tens or even hundreds
of specimens, often together with members of other amphibian species. Single
specimens of the common newt assume a characteristic posture, bending the
fore part of body backwards. Newts sink into a light torpidity as early as the 1st
half of November at a temperature of 4—5°C, but they achieve the state of
full torpidity in the 2nd half of the month, when the temperature drops below
3°C (Tables II, IIT, V and VI).

ANNUAL CYCLE OF THE FIRE-BELLIED TOAD BOMBINA BOMBINA (LINNEUS, 1761)

The specimens hibernating at Sites 1, 2 and 3, in gaps between stones of
which the railway embankment is made, as a rule end their torpidity season
in the 2nd decade of March, at a soil temperature of 3—4°C. A further rise in soil
temperature to 7—8°Cincites fire-bellied toad to move from the deeper parts
of burrows and clefts of various sorts close to the opening leading to the surface.
In the 3rd decade of March and the 1st decade of April, at air and soil temperatu-
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res of 15 and 11°C respectively, the fire-bellied toads leave their winter shelters
on the land and start on a migration to a water environment. They enter water
warmed by the sun’s rays to at least 11°C. In the region of Kucelinka and
Brzeziny the earliest appearance of Bombina in the 9 years of my investigation
fell on 21 March 1968.

Males appear earlier and begin to utter mating calls, at first weak and so
audible at a distance of hardly some dozen metres. As the temperature rises,
more and more new specimens of both sexes occur in water; they hibernated in
shady places or places covered with a thick layer of snow, where a relatively low
soil temperature persisted for a fairly long time. This is why at Site 4 the speci-
mens wintering under tree trunks in the forest appear in water 2—3 weeks later
than the ones which hibernated in open areas, well exposed to the sun’s rays.
We may assume that the lowest temperature at which Bombina appears — both
on land and in water — approximates to 11°C. On account of different thermic
conditions at Sites 1—4, the spring migration season lasts on the average for
about a month. They leave their winter hiding-places in the daytime during
warm and sunny weather or in a spell of rains. Recurrences of cool spring weather
and drizzle make fire-bellied toads take shelter in burrows of mammals, gaps
under stones, or even they return to winter retreats, if these are situated near
the water reservoir.

In observing Bombina’s life, I came to the conclusion that this animal
is not very particular about the water environment in which it mates. It occurs
in all water reservoirs, large or small, clean or dirty, sometimes even in current
waters into which the sewers of the steelworks and different factories of Czesto-
chowa open. In the Blachownia region mating takes place in ponds polluted with
sewage and at Kucelinka in ditches receiving sewage from the municipal refuse
heap. Specimens of Bombina are encountered both in permanent and in seasonal
water reservoirs. After several-day heavy rains they stay in masses in flooded
meadows and spawn, attaching their eggs to submerged plants. In my opinion,
fire-bellied toads mate in all water reservoirs, both permanent and seasonal, in
which they find plants suitable for attaching packets of eggs to, close to the
water surface.

In Bombina the pre-mating season may last from 8 to 41 days according to
the thermic conditions of the environment. Pairing occurs at a water temperature
exceeding 15°C, but the largest number of pairs mate in water warmed to 20°C
and somewhat above.

Females of this species lay spawn most often on aquatic plants at a depth
of 15—30 cm in the zone well exposed to the sun’s rays and oxygenated. A female
lays on the average 100 brown eggs, dividing them into several packets and
attaching them mostly to the tops of submerged plants. The highest and lowest
temperatures of water, at which only a small number of females lay eggs, are
14 and 30°C, whereas the optimum conditions for spawning exist at a water
temperature between 17 and 27°C. A rise in water temperature to above 30°C
accompanied by long-lasting sunny weather compells the fire-bellied toads to

2 — Acta Zoologica Cracoviensia, t. XIX, nr 18
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leave water and take shelter on land. For this purpose they use not only burrows,
depressions under stones and trunks, and all sorts of clefts in earth but also thick
waterside thickets, where the soil temperature is lower than the water tem-
perature by several degrees. After the period of dry and sunny weather the
specimens of both sexes return to water and resume mating (they also retreat
on. to the land when the water and air temperatures drop below 12°C). I am
convinced that within the limits of extreme temperatures the mating of fire-
bellied toads proceeds normally both at the time of dry sunny weather (at
2 humidity of 27—359%,) and on cloudy and rainy days. However, in warmer
years with more abundant rains the mating season is considerably prolonged as
compared with its length in the years marked by lower temperatures and a light
rainfall. Thus, e.g. in 1964, 1966 and 1968 the total rainfall of the spring-summer
months (April-August) was 400—600 mm; these years were warm but wet and
had a prolonged mating season of Bombina, from the end of April to 8—10 August.
In the spring-summer periods of 1962, 1963 and 1967 the dry and sunny weather
with a light rainfall (300—350 mm) prevailed, and for this reason the sexual
activity was given up by Bombina as early as 12—15 July. It should also be
emphasized that the highest number of eggs is laid in June, that is, in the month
characterized by both an increased rainfall and. the occurrence of optimum water
temperatures.

In the Ozestochowa region the mating season of the fire-bellied toad begins
as a rule towards the end of April or at the beginning of May and lasts till the
end of July, its maximum range being from 15 April to 10 August.

Development of Embryo and Larva

At Sites 1 and 3 larvae hatch as early as the third day at a mean daily water
temperature of 20°C. Under similar conditions the larva stays on the surface
of the mother spawn for another three days.

At temperatures ranging from 9 to 30°C with a daily mean of 21°C the
development of the larva, including its metamorphosis, takes 90 days and at
a mean daily water temperature of 22-5°C it is reduced to 75 days. Thus, the
total time of development of the embryo and larva, from the moment of the
laying of eggs to that when the young freshly metamorphosed specimens leave
water, is 78 to 93 days.

The first juveniles appear on the banks of the water reservoirs (or on islets)
in the second half of July, whereas mass metamorphosis oceurs in August.

Under favourable environmental conditions females of Bombina may lay
eggs as late as the 1st decade of August (1960, 1964, 1968) and the larvae derived
from these eggs do not leave water before the end of October and some tadpoles
hibernate without metamorphosing.
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Post-mating Season

In the mating season adult specimens stay close to the banks of the reservoir
or in isolated groups in shallows at any distance from the bank. After mating
they move to deeper water reservoirs, where they live both in water and on the
bank among exuberant gramiheous plants. The favourite summer habitat of
Bombina are tiny wet islets grown over with rich marsh vegetation.

Having metamorphosed young specimens form aggregations in shallows
near the banks or stay on the banks of reservoirs, hiding in water while in danger.

During a dramatic cooling of the atmosphere and water in summer fire-
bellied toads take shelter in burrows, under stones, and also in different clefts
and depressions in the ground, but when the warmer weather comes again they
leave their shelters on land and return to their previous habitats.

Fire-bellied toads leave summer habitats relatively early, in the 1st and 2nd
decades of September. The main factors that determine the time of commence-
ment of their autumnal migrations to winter shelters are, in my opinion, an
increase in the diurnal ranges of temperatures to 10—19°C and the systematic
lowering of the daily temperatures of air, soil and water (from 22 to 15°C) and,
above all, nocturnal temperatures from 12 to 2-5°C. The transitional period
of Bombina (from the time when they leave their summer habitats to that of
their becoming torpid) last more than two months. In this period they are active
and agile. When the air and soil temperatures rise, they often come close to the
surface through chinks in the earth and a small number of juveniles even come
out on to the surface, whereas when the temperature falls below 5—6°C and at
night they hide in the chinks at a considerable depth.

At Sites 1, 2 and 3 the fire-bellied toads hibernate in gaps between stones
of the railway embankment and at Site 4 in burrows, under tree roots and under
stones. All their generations spend this passive period of life together, forming big
aggregations of several hundred individuals in exceptionally favourable places.
In the Kucelinka region I counted as many as 318 fire-bellied toads of various
age in the chinks in a dump of furnace slag (6 cum.m in volume), accompanied by
11 common newts and 9 crested newts.

Fire-bellied toads as a rule take shelter for winter in crevices at a depth
of 2—4 m from the surface. Occasional specimens hibernate singly or in small
groups in the burrows of mammals and in other holes, buried at a depth of several
tens of centimetres, and also under stones, tree trunks and heaps of dry branches.
The temperature at which they fall into torpidity is 2—3°C (Tables II, IIT,
V and VI).

ANNUAL CYCLE OF THE COMMON SPADEFOOT PELOBATESFUSCUS (LAURENTI, 1768)

At Site 2 the members of this species hibernate in sand at a depth of about
90—120 em and in plains with sandy-clayey soil (Sites 1 and 4) I found hiberna-
ting spadefoot toads remarkably shallower (at a depth of 60—90).

2*



410

Adult toads wake from torpidity towards the end of March, more rarely
at the beginning of April, at a soil temperature of 3:5—4°C. They scramble out
on to the surface in a few following days and then head for the nearest isolated
water reservoir to mate. Spadefoot toads start on spring migrations at a relatively
low temperature (air — 7°C, soil — 3°C, water — 4°C).

The mating season is closely dependent on the intensity of rainfall in the
spring-summer period. Only in early spring, at a relatively poor insolation and
high air humidity, a few mating individuals may be seen in water during a spell
of sunny weather. In the course of my nine-year investigation I counted 120 days
of mating yearly in the case of the spadefoot, of which 659%, were rainy days,
309, cloudy days and hardly 59, sunny days.

The mating season of the spadefoot consists of 4—b stages of 5—7 days
each according to the weather conditions in spring and summer. The particular
stages begin during rainy weather at a water temperature between 12 and 26°C.
Soon after entering water the animals pair and the females lay spawn in it.
Both these processes as a rule occur at night. Water temperatures between 13
and 16°C constitute the optimum conditions for the spadefoot to reproduce;
the wide range of temperatures favouring the process of spawning indicates
that this animal can breed both in early spring and in a hot period in summer.

During long-lasting rainy weather new specimens of both sexes may appear
every now and again and, consequently, cause the illusion that the mating
seagon of the spadefoot may last even about 20—25 days. Individual specimens
stay in water for hardly 5—6 days and so shorter than the other amphibians
living in Poland. The beginning of the first stage of mating in the spadefoot
coincides with the subsidence of sexual activity in the common frog and field
frog.

In the mating season the spadefoot pairsalso with members of other species
of the tailless amphibians; the most commonly encountered mixed pairs consisted
of a female spadefoot and a male common or field frog. Spadefoot toads pair also
with proper toads. I have never met with hybrids between these species under
their natural environmental conditions.

The spadefoot is not particular about water in which it lays eggs. It can
reproduce even in water reservoirs which receive the sewage of a town.

Table II gives the times and meteorological conditions of the appearance and
reproduction of this species in 1960—1968.

Development of Embryo and Larva

Under natural conditions the spadefoot tadpoles metamorphose in 81—150
days in the Czestochowa region. The rate of development of the embryo and larva
depends upon a whole complex of factors, of which water temperature is the
most important. For example, at a water temperature fluctuating between 5
and 15°C and a daily mean of 8-:5°C the embryos leave their jelly casings after
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14 days, and at a considerably higher water temperature, 14—16°C, the develop-
ment of the embryo in the egg takes only 7 days.

The time the larval spadefoot stays on the surface of the spawn is also
dependent on water temperature. It is as many as 10 days at a temperature
of 4—13°C and a daily mean of 7-5°C and hardly 4 days at 13—17°C with a daily
mean of 15°C.

In water reservoirs with temperature fluctuating between 4 and 32°C (daily
mean 18-5°C) the metamorphosis is completed after 84 days and at a temperature
of 8—32°C and a daily mean of 19-8°C (typical thermic conditions of the study
area) the metamorphosis of the larvae is accomplished after 81 days.

The full embryonic and larval development of one-season specimens takes
91—95 days altogether.

In a typical summer with average temperatures the first juveniles appear
on land at the beginning of the 2nd decade of July and they leave water in masses
in August and in the 1st half of September. In the years with a reduced autumnal
period and unfavourable thermal balance the larvae complete their metamor-
phoses as late as April of the next year (e.g. 1965, 1966 and 1968).

Terrestrial Life

After mating the adult specimens live a decidedly nocturnal life. They
leave their hiding-places at twilight and wander foraging in the fields, moors,
and various sorts of waste land. They are also met with in pine forests, juniper
growth, gardens and parks, and even in town greens and flower-beds. Before
dawn they bury themselves in sandy or clayey soil, enter the burrows of mam-
mals, and squeeze into crevices washed away in ditches and pools. In summer the
spadefoot may be found in soil at various depths, but always in damp layers
protecting their delicate skin from drying and making skin respiration possible.
In summer it buries itself deeper than in spring or early autumn and keeps
changing the place of hiding.

In the 1st half of October, when the soil temperature falls to 3—4°C at night,
the spadefoot does not leave its hiding-place but stays in its upper layers, at
a depth of a few tens of centimetres. It buries itself deeper, to 1—1-5 m under
the surface, only in the 2nd half of the month (when the first ground frost
occurs). I repeatedly found that at diurnal air and soil temperatures above 8°C
some specimens deepened their winter shelters as late as the 1st half of November.
Young specimens bury themselves in earth to a depth of 70—100 cm and
therefore not so deep as the adult ones.

Both adult and young animals bury themselves backwards, rapidly stretching
their hind legs alternately to the sides and making their ways at an acute angle
to the horizontal plane. The spadefoot hibernates in a sitting possition, its body
swollen and limbs pressed tightly to the trunk. They fall into deep torpidity
at a soil temperature of 2—3°C, i.e. generally in the 2nd half of November or at
the beginning of December (Tables II, IIT, V and VI).
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ANNUAL CYCLE OF THE COMMON TOAD BUFO BUFO (LINNAEUS, 1758)

This species occurs nearly all over the Czestochowa District not excluding
the town area. It shows preference for deciduous forests, gardens and fields.
The hill-sides of the Krak6w—OCzestochowa Jurassic Ridge particularly abound
in these animals.

They hibernate both in open areas and in forests of all types. The time when
common toads wake from torpidity in various biocenoses depends upon their
thermic conditions. In treeless areas, sufficiently well exposed to the sun’s
rays, the common toad wakes from its winter sleep generally in the 2nd and 3rd
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Fig. 5. Mating seasons of the common toad Bufo bufo (L.), the variable toad Bufo viridis LAUR.

and the natterjack Bufo calamita LAUR. against the background of meteorological conditions

at Site 1 (region of Czestochowa) in 1967. Explanation of symbols: 1 maximum air temperatures,

2 maximum water temperatures, 3 minimum air temperatures, 4 rainy, 5 cloudy, 6 sunny,

7 decades of month, 8 spawning of common toad, 9 spawning of variable toad, 10 spawning
of natterjack

decades of March, at a soil temperature of 3—4°C. In forests of all types snow
thawing proceeds much more slowly than it does in open areas because of
the ununiform and relatively poor exposure to the sun’s rays, and this is why
the common toads from forests arrive in local water reservoirs 2—3 weeks later.
Common toads are resistant to cold, as they start on their daily spring migrations
to water at a soil temperature higher than the thermic minimum by hardly 2°C.
Wandering common toads are met with all day long in early spring, regardless
of weather. Males appear in water earlier and females join them in a few following
days.

In mating season male common toads display intense activity, their number
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being twice or four times as large as that of females. As a result, two to six males
attach to one female very frequently. I also observed some common toads
mating with green toads, and with edible, common and field frogs.

In the Czestochowa region common toads mate in old riverbeds, large and
small ponds, clay- and sand-pits, and more rarely in ditches, puddles and
marshes. This shows that they choose rather deep water reservoirs in which
they keep close to the banks. The breeding females attach their spawn to submer-
ged plants. In shallow seasonal water reservoirs with scanty ground-vegetation,
the females wind their spawn round sticks or hang it between submerged stones.
Having found no support at all, they stretch it on the bottom. At the edge of the
forests at Blachownia common toads mate also in thickets by fairly rapid rivers
and streams, which have a relatively low water temperature (10—11°C). At this
locality common toads spawned also in a sewage sump.

The pre-mating season may last from several to more than 30 days according
to weather. The beginning of mating as a rule falls in the first and second decades
of April, more rarely in the 3rd decade of March. The extreme temperatures of
reproduction of this species are 6 and 22°C. During nine years’ investigation I
observed only one example of spawning at the lowest temperature mentioned
above; it proceeded very slowly from early morning hours till evening.

The optimum temperature for sexual activity of this species ranges between
11 and 17°C and the duration of the mating season is dependent on weather.
Under optimum conditions common toads stay in water for 6—8 days, but they
take no more than 3—4 days to lay eggs. Under unfavourable conditions the
reproductive process may be prolonged to 16—20 days and it consists of two or
three stages.

The common toad requires a somewhat higher temperature for mating than
the common and field frogs do, but within the limits of suitable temperatures it is
little pervious to weather and thus it pairs and spawns both on sunny days and
on cloudy and rainy days. It is also little sensitive to wind and wind-induced
waving of water. It spawns both in the daytime and at night. The process attains
the highest intensity in warm and windless evenings and nights, at a water
temperature of 14—16°C. At the time of spawning common toads are little
sensitive to stimuli coming from outside their environment. They generally
lay 3000—6000 eggs and the number of females that lay more or fewer eggs is
very small.

Soon after laying eggs the females leave water and start on their terrestrial
migrations mostly at night. The males stay in water for another several or some
dozen days and next come on to the bank to begin their life on land.

Development of Embryo and Larva

In the natural environment of the Zloty Potok region the development of the
embryo within the egg membranes takes 10 days at a water temperature of
7—9°C and 9 days at 7—15°C (1st decade of May) and a daily mean of 10°C. At
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the other localities the embryo leaves the egg in water warmed to a mean tempe-
rature of 15°C as early as the seventh day.

The temperature of water exerts also a great influence on the rate of develop-
ment of tadpoles and their metamorphosis. Thus, e.g. at temperatures ranging
between 9 and 27°C and a mean of 19°C the metamorphosis of larvae occurs
after 56 days and at temperatures within limits approaching the extreme tempe-
ratures but at a somewhat lower mean (16-5°C) the tadpoles of the common. toad
complete their metamorphosis after 65 days, whereas in much cooler waters
(ponds at Zloty Potok, rivers and streams in the Blachownia region) at a tempera-
ture not exceeding 17-5°C and a daily mean of 13-5°C the metamorphosis of these
larvae lasts relatively long, namely, as many as 74 days.

Consequently, the development of the embryo and larva may take from
65 to 84 days altogether. The rate of development is directly proportional to the
increage in water temperature: the higher the temperature of water the shorter
the developmental period of the young amphibian organism is.

Under favourable environmental conditions the first juveniles appear on
land as early as 13—14 June; in the 2nd half of the month they leave water in
masses and form big colonies of several hundred or even several thousand speci-
mens at the waterside. Soon they disperse and gradually pass from diurnal to
nocturnal ways of life. In reservoirs of relatively warm water (Sites 2 and 3) the
period of the metamorphosis and departure from water of the whole young
generation lasts for about 13—18 days, whereas in reservoirs having considerably
lower water temperatures (ponds and rivers at Zioty Potok and Blachownia)
this process is prolonged, as a rule, to about 25—30 days. Backward specimens
leave water about 20—22 July.

Terrestrial Life

After mating the common toad leads a nocturnal life on the land. At the
beginning of autumn, in connection with a gradual drop in the nocturnal tempe-
ratures of air and soil, it becomes more and more languid and more and more
rarely forages on the surface of earth. At the setting-in of autumnal cool weather
with air and soil night temperatures around 4—5°C the toad does not leave its
shelter and at 2—3°C falls into torpidity, which lasts until the spring of the next
year (Tables II, III, V and VI).

ANNUAL CYCLE OF THE VARIABLE TOAD BUFO VIRIDIS LAURENTI, 1768

The variable toad wakes from winter sleep in the 2nd decade of March at
a soil temperature of about 4°C but it does not leave its winter shelter, which
is at a considerable depth in burrows, crevices or in the soil before the 3rd decade
of March or at the beginning of April at a soil temperature above 7°C. On leaving
the winter shelters the adult specimens migrate to shallow water reservoirs,



415

but before entering water they stay among waterside grasses and bushes for
several hours or days. Males appear in water before females and taking up
their positions facing the bank they wait for their arrival uttering characteristic
mating calls, the intensity of which increases towards evening. The mating
period of the variable toad is not connected with definite temperatures of the
environment or calendar dates, although it is influenced by rainfall to a high
degree. Thus, for instance, in 1961, 1966 and 1967 the first specimens appeared
in water at comparatively very low ambient temperatures (air — 8—10°C,
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Fig. 6. Mating seasons of the common toad Bufo bufo (L.), the variable toad Bufo viridis LAUR.

and the natterjack Bufo calamita LAUR. against the background of meteorological conditions

at Site 1 (region of Czestochowa) in 1968. Explanation of symbols: 1 maximum air temperatures,

2 maximum water temperatures, 3 minimum air temperatures, 4 rainy, 5 cloudy, 6 sunny,

7 decades of month, 8 spawning of common toad, 9 spawning of variable toad, 10 spawning
of natterjack

goil — 7—9°C, water — 8—9°C) and in 1960, 1965 and 1968 at twice as high
temperatures. In all the years mentioned except 1968 the first mating season
began during a spell of heavy rains or soon after their subsidence.

Pairing occurs nearly immediately after the meeting of specimens of opposite
sexes in water. Male variable toads attack also the females of the common toad,
edible frog and spadefoot toad and form mixed pairs with them, sporadically
met with under natural conditions. Particularly importunately they attack
edible frogs, which making use of their power of quick swimming try to avoid
that. Nevertheless, crossing pairs consisting of members of these species are
fairly often encountered. Occasionally there occur aggregations in which male
variable toads are 2—4 times as many as female edible frogs. Female variable
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toads mate with male common toads, natterjacks and spadefoot toads. Toads
form pairs both in the daytime and at night. As early as the same day or on the
next day the females in amplexus begin to lay eggs. This process lasts for 1-5—3
hours, according to the temperature of water. Variable toads show the intensest
sexual behaviour at temperatures between 14 and 27°C. At temperatures within
limits of 17 and 24°C they lay about 95 9%, of their eggs. This species is characteri-
zed by the greatest reproductive power of the amphibians of this country; each
female lays as a rule over 10000 eggs.

Soon after spawning the toads of both sexes leave the water reservoirs and
begin a terrestrial and, generally, nocturnal life. The next mating season will
not begin before the period of new intensification of rainfall in the area. At the
localities under study there are 4—>5 mating seasons yearly. It remains to find
whether the specimens mating in each successive season are new or the same
individuals (these last, returning to water to lay more eggs).

Writing about the dependence of mating seasons on the occurrence of
rainfall, I must state that each mating season is as a rule preceded by rains,
but its continuation, naturally within the extreme temperatures, is independent
of the weather and proceeds normally both on cloudy and rainy days and during
the period of full long-lasting insolation. This statement is supported by the
following data: during the 9 years of study I counted 397 days of mating at
Site 4, including 114 sunny, 141 cloudy and 142 rainy days. A small number of
specimens sometimes appear in the periods between rains, pairing and spawning
normally during prolonged sunny weather and at a low humidity of the air
(30—509,).

Very shallow pools and seasonal water reservoirg arising after heavy rains
are the variable toad’s favourite mating environment. At the time of sexual
activity the toad occurs also in ponds and in clay- and sand-pits, but only in the
shallows near the bank. In general, variable toads make little demands as to the
nature of reservoirs in which they are to do their short mating and lay eggs.
They appear in large numbers, e.g., in liquid manure pits and settling ponds,
laying spawn in the form of 3—4-metre double strings on the bottom. They can
mate in the presence of the members of all the lowland amphibian species
occurring in the study area.

The mating season of the variable toad lasts intermittently from the 1st de-
cade of April throughout June. It may be exceptionally prolonged till 4—5 July
if the weather is warm and the rains heavier than usual.

Development of Embryo and Larva

Embryos develop from the eggs laid in shallow pools and pits at relatively
high temperatures of 23—26°C even after 2—3 days and at a somewhat lower
temperature (22°C) after 4 days.

I observed the development of the variable toad embryos in the water
environment cooled to 10—16°C, at a daily mean of 14°C. Under these unfavou-
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rable thermal conditions the embryos left the double egg membrane only after
9 days. The period of the stay of the larvae on the surface of the spawn also
depends on water temperature and may last from 2 to 8 days.

I dependence on the weather in the spring-summer period the metamorphosis
of variable toad tadpoles occurs after 44—70 days. At a relatively high water
temperature, ranging within limits of 16—35°C, and a daily mean of 25-2°C the
metamorphosis is completed as early as 44 days. Within the close extreme
temperatures but at a considerably lower daily mean (20-8°C) the process of
metamorphosis takes 58 days, whereas at a still lower mean daily water tempera-
ture (18:4°C) the period of development and metamorphosis into a land form
lasts up to 70 days.

Having gone through metamorphosis, the first young specimens appear on
land in the first decade of June and they occur in large numbers in July. Since
the mating season of the variable toad is protracted very much, the juveniles
take 2—2-6 months (25 June — 8 September) to leave water.

Terrestrial Life

On leaving water the adult forms as a rule have nocturnal ways of life, but
they can also often be met with in the daytime, whereas the freshly metamorpho-
sed juveniles are more active in the daytime than at night. The transition period
during which the juveniles adapt themselves to the nocturnal ways of life lasts
for about a month and in the case of some specimens even considerably longer.

This species endures the action of the sun’s rays and drought relatively well.
Its favourite habitats are fields and barren lands of sand soil, ravine sides and
rocky hills of the Krak6w—Czestochowa Jurassic Ridge. It lives, as the only
member of the Amphibia, on high and dry woodless hills.

In October, at a night soil temperature of about 5—6°C the toads bury
themselves in the burrows of rodents, passages of moles, in cellars and pigsties,
hide under heaps of refuse or manure, and there spend the winter in torpidity.
The specimens in the first year of life are less sensitive to low air and soil tempe-
ratures than the older ones are and so they may be encountered as late as the
3rd decade of October and even in the 1st decade of November at a night tempe-
rature below 5°C (Tables II, ITI, V and VI).

ANNUAL CYCLE OF THE NATTERJACK BUFO CALAMITA LAURENTI, 1768

I have published a study on this subject in the Przeglad Zoologiczny XIIT,
2, 1969 and now I shall confine myself to several observations made later.
I have found the occurrence of the natterjack nearly all over the lowlands
of the Ozestochowa District. In the spring-summer period this amphibian is
present both in sandy areas, barren lands, pastures and tilled fields and in low
mires, peat-bogs and moors. In the Olsztyn region (14 km east of Czestochowa)
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fields of winter and spring corn and papilionaceous plants are a favourite summer
habitat of the natterjack.

In the 1st decade of April the sexually mature specimens gradually approach
water reservoirs, gathering round them and hiding in waterside thickets and
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nearby agricultural crops. In a rain or soon after it has stopped the specimens
wandering to mate form pairs. This happens both on the surface of the earth
and in the burrows of mammals. At the time of pairing natterjacks give ”concerts”
in the afternoon and eveoing hours, the interval between the first and the second
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»goncert” being about 40 minutes. As the night comes, the intervals between
particular ”concerts” become shorter. About 6 p.m. the natterjacks joined in
pairs and a few single specimens migrate to water in large numbers. The proces-
sion of mating natterjacks generally occurs in the evening and in the early night
hours. As early as several hours later some females begin spawning. After they
have laid eggs, the pairs split and the specimens of both sexes leave water.

The time of the next mating season depends on the occurrence of rain and
suitable temperature of the environment, for the natterjack reproduces at
a water temperature ranging between 14 and 25°C. This process is the intensest
in water at 18—22°C.

In the region of Czestochowa the first mating season begins generally on
10—15 April and the last one ends in the 3rd decade of June. The maximum
span of the mating seasons of the natterjack reaches from 10 April till 15 July.

During my 9-year study of mating seasons in the natterjack I counted
205 days of mating (on which females actually laid eggs), including 52 sunny,
68 cloudy and 85 rainy days. These data suggest that natterjacks pair and spawn
chiefly on cloudy and rainy days, but continue the once started process of spaw-
ning in sunny weather, at a low humidity of the air (about 42—459,).

Mature specimens mate most frequently in the company of the variable
toad, fire-bellied toad, edible frog, spadefoot toad, tree toad and common newt;
still earlier the common frog, field frog and common toad lay eggs in the same
water reservoirs.

In these last five years I have investigated the number of eggs laid by a single
female at one egg-laying. Thus, in a hundred sets of eggs counted

17 females laid 2800—3000 eggs

32 females laid 3000—3500 eggs

41 females laid 3500—4000 eggs

3 females laid 4000—4100 eggs

‘While counting the eggs, I also found that larger females lay, as a rule,

more eggs than the smaller ones do.

Development of Embryo and Larva

As can be seen from the investigation carried out, the developing specimens
are very sensitive to the action of weather factors, especially in the early stages
of their development. For instance, at a mean daily water temperature of
26-5°C the development of the embryo in an egg takes hardly 2 days, at 24°C
3 days and at 12-8°C as many as about 7 days.

The rate of development of particular larval stages also depends on the
changes in water temperature during 3—b5 phenological seasons (Table III).
At a temperature ranging between 17 and 35°C and a daily mean of 25-3°C the
development of the larva lasts only 40 days, at a daily mean of 19-3°C 53 days
and at a still lower water temperature — changing within limits of 5 and 27°0
at a mean of 17-2°C — the metamorphosis of tadpoles occurs after as many
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as b6 days (Table III). The first metamorphosed small toads can be seen on the
banks of water reservoirs as early as the first decade of June, whereas the latest
ones leave water in the 2nd decade of September. The period in which young
toads come out on to the land lasts very long, about 100 days. This is, above all,
due to the presence of several mating seasons in adult specimens and also to the
slowing down of larval development caused by the regular shortening of the
daytime and a drop in water temperature in August and September.

Terrestrial Life

After leaving water, natterjacks generally have nocturnal ways of life.
However, I sporadically met with adolescent and adult specimens in the morning
(till 10 a.m.); they wandered about in sunny weather and at a relatively high
air temperature (up to 23°C).

Towards the end of September and at the beginning of October adult
natterjacks bury themselves in damp sand to a depth of 60—120 cm and there
they fall into torpidity. Young natterjacks bury themselves in sand somewhat
less deep and about 10 days later than the adults do. They become thoroughly
torpid at a temperature below 3°C (Tables II, III, V and VI).

ANNUAL CYCLE OF THE TREE FROG HYLA ARBOREA (LINNAEUS, 1758)

The tree frog is a highly thermophilous amphibian. It wakes from winter
sleep generally in the 2nd half of April, exceptionally in May, and leaves its
terrestrial or aquatic winter shelter at about 17°C. Specimens that hibernate on
land appear in water warmed at least to 14°C. At lower air and water tempera-
tures tree toads hide on the banks of water reservoirs, among rushes (Juncaceae)
and peatmosses (orders Sphagnales and Bryales) or under decaying leaves in
osier-beds (Saliz cinerea L.). Males appear in water before females. At a water
temperature above 17°C the males utter mating calls and form pairs with females
(the males still on land and bound for the mating-ground answer the sonorous
calls of the males mating in water). The pairing of tree toads in water reservoirs
lagts scarcely 1—2 days. They sometimes pair with natterjacks and spadefoot
toads.

The mating females soon begin laying eggs. The first mating season falls
in the 3rd decade of April or the 1st decade of May. In May and June the tree
toads spawn another three or four times. In the Czestochowa District they
begin breeding activities relatively late, for only the edible frog commences
its mating season at the same time or somewhat later, whereas all the other
species under study start mating considerably earlier.

The occurrence of the mating season of the tree frog depends upon rainfall;
the period of egg-laying, as a rule, begins during or after a spell of heavy rains,
only in the dry spring and summer tree frogs are forced to mate during rainless
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weather. The individual mating seasons last about 3—7 days each at a water
temperature of 14—17°C, the largest numbers of eggs being laid by females at
20—26°C. The intervals between particular mating stages coincide with drought
or a marked cooling of the environment and last from 3 to 20 days.

Each females lays 750—1065 eggs, dividing them into 2—6 small bundles
and placing them on the bottom of the water reservoir. A hundred sets of eggs
laid by individual females at Sites 1 and 2 in May were examined and showed

that
5 females laid 750—800 eggs

37 ” »  800—850 7

35 ” »  850—900  »

14 ” »  900—950 7

8 ” »  950—1000 »

and 3 ” »  1000—1065 »

The data listed above show that the groups with 800-—950 eggs include most
of the females and only a small number of them lay more or fewer eggs than

that.
Permanent or seasonal water reservoirs surrounded with thick waterside

plants and bushes make a favourite habitat of the tree toad, which avoids new
ditches and ponds, clay-pits and other reservoirs void of marsh and water
vegetation.

During my long investigation I found that in some years (1962, 1965 and 1968)
a relatively small number of specimens of both sexes appeared in water to mate
and the characteristic mating "concerts” were hardly audible, whereas in other
years the tree frogs arrived in large numbers and the calls of the males resounded
intermittently from the beginning of May throughout June. I cannot, as yet,
explain the cause of this phenomenon. It seems, however, that the reduction
in the number of adult specimens occurs during the severe winters with little
snow, which usually precede the summers with a decreazed number of mating
toads.

Development of Embryo and Larva

The tree frog lays eggs in shallow open water reservoirs and, as a result,
the embryos and larvae develop at relatively high water temperatures. At
Site 2 at 21—22:8°C the development of the embryo in the egg takes only 3 days,
whereas in a clay-pit (Site 1) at a considerably lower temperature (17-5°C)
about 5 days.

At temperatures ranging from 7 to 32°C and a daily mean of about 18°C
the tadpoles complete metamorphosis after 85 days, but at a much h1gher
temperature (exceeding 22:6°C) the metamorphosis of the larvae takes only
about 65 days. Thus, the total period of development of the embryo and larva
covers 68 to 90 days and at a water temperature above 24°C ouly 66 days.

Early juveniles leave water in the 1st decade of July. The duration of meta-
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morphosis of all young specimens depends closely on two factors: on the number
of mating seasons and their distribution in the whole period and on the weather
conditions in the given year, above all, the total amount of heat throughout
the period of development of the embryos and larvae (May—September).
Generally, the latest tadpoles complete their metamorphosis at mid-August,
this process being prolonged till 8—10 September only under less favourable
conditions. In the years when the autumn is short or cool these larvae are forced
to spend winter in water. Thus, e.g., in 1962 and 1966 the tadpoles hibernated
in the ponds of Blachownia.

Terrestrial Life

After a short stay in water in the mating season the tree frogs live on broad-
leaved plants in the vicinity of water reservoirs. Their active life terminates
at the end of September or in the 1st decade of October. Main factors determining
the time when they leave the trees and look for winter shelters are the increasing
amplitudes between nocturnal and diurnal temperatures, reaching 15—20°C,
and the systematic fall in air temperature from 22 to 13°C in the daytlme and
particularly in nocturnal temperature from 12 to 2—3°C.

ANNUAL CYCLE OF THE EDIBLE FROG RANA ESCOULENTA LINNAEUS, 1758

At Site 1 adult edible frogs hibernate in the tributaries of the River Warta
and at Site 4 in the upper course of the River Stradomnia and in streams flowing
into it. Only very few — mostly injured or ill — specimens spend winter on the
bottom of ponds.

They begin active life in flowing water at its temperature of 3°C in March.
A rise in temperature by 1—2°C considerably enhances the living activities of
these animals in water. They scramble out of sand and silt in the bottom of
smaller rivers and streams and oftenest make for the growths of the water-thyme
(Elodea canadensis RICH.), water nimfoil (Myriophyllum spicatum 11.), Batrachiwm
aquatile (L.) and plants of the family Potamogetonaceae. Owing to the
strong and well co-ordinated movements of their hind-legs edible frogs are able
to oppose the fast currents of water and in danger to hide in chinks in the under-
mined banks of rivers, among submerged plants, under decaying plants or in
bottom silt. ;

At a temperature between 5 and 7°C the frogs come out on to the bank of the
reservoir and, facing the water, bask in the spring sunshine.

Soon the frogs start on their early-spring migration to deeper water reservoirs,
like lakes, ponds, old riverbeds, clay- and sand-pits, deep ditches, ete. The lowest
soil temperature that makes these spring migrations possible is 4°C. The first
specimens appear in closed reservoirs generally in the 2nd half of March, excep-
tionally in the 1st decade of this month. The spring migrations from flowing

3 — Acta Zoologica Cracoviensia, t. XIX, nr 18
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waters to stagnant waters last for about a month and the number of these
amphibians in particular reservoirs increases systematically. From mid-April
to May the frogs live on the banks of deeper water reservoirs covered by exuberant
gramineous plants. In the 3rd decade of April or at the beginning of May, at air
and soil temperatures above 20°C, they make mating migrations from the
deeper to shallower reservoirs, in which the females lay eggs in water. During
their sexual activities they form colonies numbering several tens or hundreds of
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Tig. 7. Mating seasons of the edible frog Rana esculenta L., the common frog Rana temporaria L.
and the field frog Rana arvalis NILs. against the background of meteorological conditions at
Site 1 (region of Czestochowa) in 1967. Explanation of symbols: 1 maximum air temperatures,
2 maximum water temperatures, 3 minimum air temperatures, 4 rainy, 5 cloudy, 6 sunny,
7 mating season of edible frog, 8 mating season of common frog, 9 mating season of field frog

mating specimens of both sexes. The pairing of frogs in a colony lasts for about
3—6 days, mostly in afternoon and evening hours, at the minimum water
temperature of 17°C.

A four-phase 24-hour activity cycle can be distinguished in the mating
season of the edible frog in connection with changes in the thermic conditions
of air, soil and water:

1. 8—10 a.m. Frogs show very poor sexual activity, only few females
begin spawning; agility of amphibians restricted by relatively low water
temperature.

2. 10 a.m. — 2 p.m. Frogs brisk up; about 15% of females lay eggs in
water.

3. 3—9 p.m. Maximum sexual activity of frogs; at that time about 809,
of specimens of both sexes pair and females begin spawning, in which they are
accompanied with much commotion and croaking of males.
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4. At 10—11 p.m. frogs sink to the bottom of the reservoir, where they
spend night in the bottom silt or in the dense water vegetation. The optimum
temperatures of reproduction of this species lie within limits of 17 and 27°C.
‘The mating season of one colony lasts from 4 to 11 days. Soon the colony breaks
up and its members leave the mating ground in large numbers and return to the
banks of the previously chosen water reservoir. Here the edible frog leads an
active terrestrial-aquatic mode of life until it goes on the next mating migration,
the time of which depends in a great measure on thermic conditions. Egg-
laying — differently from what is observed in most of the remaining a,mphlblans
of this country — occurs several times a year.

During my 9-year investigation I counted 410 days on which the female
edible frogs spawned and which included 117 sunny, 141 cloudy and 152 rainy
days. These data and the phenograms of 1960—1968 show that rainfall (and at
that the high humidity of the air, reaching 85—1009%,) is the factor that hastens
the commencement of mating but exerts no evident influence upon the further
course of this process, which is continued (within extreme temperatures)
independently of weather.

The mating females lay eggs at a water temperature ranging from 14 to 32°C
So wide a range of temperatures makes it possible for this species to reproduce
nearly continuously from May throughout August. There are however intervals
between particular mating seasons and they are the longer, the rarer are the
rainy periods in the area under consideration.

The foregoing would suggest that female edible frogs spawn five or six times
a year, but fairly long observations of adult frogs do not support that. In the
proximity of a mating colony I often observed single sexually mature specimens
which did not participate in mating, although they were within the range of
audibility of the croaking of the mating males. These observations allow the
statement that the total number of mating seasons in the given area always
exceeds the number of mating seasons of individual frogs. '

Edible frogs keep migrating from the moment they wake from torpidity
up to the end of mating. The first migration, from rivers and streams to closed
and deeper reservoirs, occur in the 2nd half of March. In the 2nd or 3rd decade
of April they migrate to shallow water reservoirs to fulfil their first mating and
after that return to sluggish rivers and streams, lakes, ponds, old riverbeds,
clay-pits and the like. In the period of three months (May — July) they make
several such migrations; it should be emphasized that each time each colony
mates in another place from that in the previous mating season. My observations
suggest that sexually mature frogs perform not fewer than 7—9 migrations in
either direction in the spring-summer period.

In the study area edible frogs generally lay eggs from May throughout July.
Under exceptionally favourable thermic and humidity conditions they mated
from 20 April till 11 August (1962, 1968).

3%
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Larval development of 11 amphibian species in Czechoslovakia,
The figures indicate number of

SokpA SCHREI- RAMNER |FREYTAG
TEPANEK | oo o STERNF]«;)LD R. w. o
Sricoies i 1912 e 1956 | 1966
Czechoslo- Ger- G Ger- Ger-
vakia many i many many
Triturus cristatus
(LATR.) 90—120 90—120
Triturus vulgaris (L.)
90 90—120 90
Bombina bombina (L.)
90
Pelobates fuscus
(LAUR.) 90—120 90 2/2-3—4 100
Bufo bufo (L.) 60—90 1/2-3—1/2-5 60—90
Bufo wviridis LAUR. 60—90 1/2-6—1/2-7
Bufo calamita
Lavr.
Hyla arborea (L.) 90 1/2-4—8 90 3—17
Rana esculenta L. 90
Rana temporaria L. 70—90 90 1/2-3—1/2-5 4—7 60—90
Rana arvalis NILs. 70—90 1/2-3—1/2-5 60—90

Development of Embryo and Larva

I carried out observations on the development of embryos and larvae of the
edible frog in three sites (1, 3 and 4), which are marked by different topographical,
ecological and, in part, biological conditions.

The edible frog lays eggs towards the end of the spring and in the summer
and, consequently, its embryos and larvae develop at a relatively high water
temperature (above 20°C). It can be seen from the phenograms constructed
during a few years that even slight fluctuations in temperature cause the accele-
ration or inhibition of the developmental process of the embryo and larva.
Thus, e.g., at a mean daily temperature of 22°C the embryo attains a full
development in 4 days, a rise in water temperature by 2°C shortens this stage
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Table IV
Germany, Poland and U.S8.S.R., according to different authors
days or season (dates or months)
JuszczYK w. | BERGER A TERENTIEW | BANNIKOV T
& L. & LYNAR- JUSZCZYK W. P. V. & A. G & AR
SzZARSKI H. |MICHARO- SIKQIGM. 1937, 1967 CHERNOV | DENISOVA CHUIK;' <
1950 WSKI 3. 6 8. 4. 1949 | a. x. 1956 Uy
1963
Poland Poland Poland U.S.S.R. U.S.8.R. U.S.S.R.
Poland
2/2-6
5— 90 90 4— 11 490 490
s 1/2-6
6— 60— 90 4-— 9 60— 70 +90
ik 2/2-6
6— 90 +90 1/2-8 90 60— 90 90
5—8—9 2/2-6
6—9—10 90—150 | 90—150 2/2-7 120—140 90—100 120—135
2/2-3—2/2-6 90 +42 | 2/2-4—2/2:6 77— 91 43
60— 90 2/2-4—17 60— 91 39— 45 60— 90
5— 40— 50 42— 49 42— 49
(;
90 +90 2/2-4—2/2-7 90 60— 90 +90
[ 1/2 133 70— 75 90—120
6—8 72—214 | 72—214 —8
i,
2/2-3— 50—180 2/2-3—2/2-6 50— 90 50— 60 50— 90
2/2-3— 50—120 | 50—120 2/2-4— 51—120 60— 65 75— 90

by 1 day. If the mating season of frogs is followed by a rapid cooling of water
to 17°C, the development of the embryo is prolonged to 5 days, and at 15°C
even to 7—8 days.

The influence of environmental factors is also reflected in the rate of larval
development. At Site 1, at a mean daily temperature of 22-3°C, the larva
accomplishes its full metamorphosis in 67 days, at Site 3, at a mean of 21-8°C,
in 71 days, and in the pond at Zloty Potok, at a considerably lower temperature
(mean — 13°), in 111 days (Table III).

Young specimens derived from the eggs laid at the beginning of May
metamorphose in the 3rd decade of July but they appear in large numbers on the
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hanks of water reservoirs in the 1st and 2nd decades of August. The larvae
hatched from the eggs laid in the 1st demde of August do not meta.morphose
until the April of the next year.

Post-mating Life

After mating the adult frogs stay on the banks of natural and man-made
ponds, lakes, ditches, old riverbeds and slow-flowing streams. They are most
active in the afternoon and for the night bury themselves in the silt at the bottom
of the reservoirs or hide amidst the aquatic vegetation.

At the end of August, at a relatively high water temperature (about 20°C),
the first adult specimens start on a migration from closed water reservoirs ;to
‘small slow-flowing rivers and streams. Mass migrations occur in the 2nd half of
September, when the air, soil and water temperatures fall rapidly from 20—22°0
to 11—13°C. The sick and injured specimens, which have lost a limb under
‘various circumstances, leave the summer habitats latest. Many of them perish
.on the way, to the winter quarters which are sometimes at a distance of 3—5 km
from the summer grounds. ;

Having arrived in their winter grounds, the edible frogs lead an aquatlc-
terrestrial life throughout October and the 1st decade of November On sunny and
‘windless days they come out in large numbers on to the banks of streams and
bask in the autumnal sunshine, whereas in the periods of cool and gusty winds
.and drizzle they hide among water plants or in crevices in the undermined banks
‘of small rivers and streams. At an air temperature of about 8°C a few specimens
‘are still met with on the banks when the sun culminates. In general, the frogs
-appear on land as long as the daily air and soil temperatures keep higher than
‘the water temperature in streams. In the first decade of November, when the
‘water temperature keeps at a level of 9—10°C and the air and soil temperatures
fall to 4—5°C, the edible frogs hide among submerged plants, bury themselves
in the silt or sand at the bottom or under decaying plants, squeeze into crevices
in the undermined banks and under stones, where they fall into partial torpidity
together with common frogs. Owing to the fact that the temperature of water
in the streams keeps within limits of 3-5 and 7°C throughout the winter the frogs
do not lose their capability of motion and that of reception of external stimuli by
means of skin receptors even in their sleep. Only in an exceptionally severe
winter with long-lasting periods of frost, when the streams become covered by
ice and the water temperature falls below 2—3° 0, the frogs pass into the state of
complete torpidity and lose their capability of moving and receiving any stimuli.

A small number of adult specimens get under tree roots, into chinks between
stones and into burrows of mammals and hibernate, this time, with fire-bellied
toads and newts.

The specimens in the first year of life wander about the area or keep to the
waterside until the outset of frost. They most frequently take shelter on the



429

riverside — in the growths of bushes and grasses, 1n burrows and holes under
stones and tree roots, and under decaying fragments of plants, ete. They oftenest
hibernate with field frogs (Tables II, III, V and VI).

MATING SEASONKS OF AMPHIBIANS IN THE REGION

OF CZKSTOCHOWA
Tedle V

Months
Species

March April May Juxe July August
L L L 1 L0 L 0 170 0 .

Trifurus cristatus /laur./

Triturus vulgaris /L./ <

Hombima bombina /L./

Pelobates fuscus /Taur./

Bufo bufo /L./

Bufo viridis /Laur./

Bufo, calamita Laur,

Hyla arborea /L./ : <«

Rana esculenta L.

Rena temporaria L,

Rana arvalis Nilgh

Explanation
e duration of mating season ~—————— maximum duration of mating season
decades of month

ANNUAL CYCLE OF THE COMMON FROG RANA TEMPORARIA LiNNAEUS, 1758

Under the climatic conditions of the Czestochowa District the common frog
wakes from the winter sleep on the bottom of streams and small rivers in the 1st
decade of March (phenologically prevernal period) at a water temperature of
about 3—4°C. Exceptionally, an inflow of masses of warm air from the south-
west in the 1st half of February 1968 caused a rapid rise in soil and water tempe-
ratures to 4—6°C and, as a result, some specimens of this species interrupted
their winter sleep as early as 5—6 February (at a water temperature of about
4°C). The ten-day warm, typically early spring weather was followed by a period
of low temperatures, when the woken frogs fell again into a state of deep
torpidity.

During the typically spring period, in the 2nd and 3rd decades of March,
the temperature of water in streams and rivers rises to 5—6°C. Under these
thermic conditions the frogs begin copulation. The first single specimens and few
pairs leave flowing waters and migrate in search of closed water reservoirs to
mate. As the water temperature rises to 7—8°C, the number of pairs increases.
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Both single specimens and those in amplexus lewve streams and rivers in large
numbers and at a suitable temperature but regardless of weather and humidity
of the air wander to the mating grounds. Directed by their sexual instinct,
they make for shallow reservoirs at a speed of 100—160 m (pairs) or about
300—400 m (single frogs) per hour. The males of wandering pairs co-operate
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Fig. 8. Mating seasons of the edible frog Rana esculenta L., the common frog Rana temporaria L.
and the field frog Rana arvalis NiLs. against the background of meteorological conditions at
Site 1 (region of Czestochowa) in 1968. Explanation of symbols: 1 maximum air temperatures,
2 maximum water temperatures, 3 minimum air temperatures, 4 rainy, 5 cloudy, 6 sunny,
7 mating season of edible frog, 8 mating season of common frog, 9 mating season of field frog

with the females, using their hind-limbs for this purpose, while they clasp the
females with the fore-limbs. The pairing of the specimens which hibernated on
land beging when they are still on the way to closed reservoirs, but about 909, of
specimens form pairs in stagnant water in the proximity of or just in the place
of mating. The length of the period in which the frogs form pairs is euntirely
dependent upon the thermic conditions of the environment. At 8—12°C in the
daytime this process lasts for hardly 1—2 days, if however the temperature
drops below the thermic minimum (7°C), it may be prolonged even to 2 weeks
and at as low a temperature as 4—5°C some pairs may split.

At the time of mating, at optimum water temperatures within limits of
11—15°C, male common frogs are very active. The increase in their activity is
directly proportional to the rise in water temperature and is particularly well
seen in the afternoon and in the evening, because it is then that about 609, of
adult specimens form pairs to breed.

In addition to normal pairs, aggregations of two, three, four and exceptio-
nally up to 9 males attached to one female are met with. The males show such
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a strong sex-drive that they do not let go of the females even if these have been
stifled or when in amplexus they are carried by the rapid river current for
a distance of several kilometres, and every now and again the male strikes
its back on the river bank or on some plants and objects that occur in water.

A common biological phenomenon is the occurrence of mixed pairs, consisting
of male common frogs and females of other amphibian species, mostly, the
common toad, edible frog, field frog and spadefoot toad.

A four-phase 24-hour activity cycle can be distinguished in the breeding
season of the common frog in connection with changes in the thermic and
environmental conditions:

1. From early morning to 10 a.m. Frogs show very slight sexual activity,
only few females begin spawning; agility of amphibians restricted by relatively
low water temperature.

2. 10 a.m. — 2 p.m. Frogs brisk up; about 20 %, of females lay eggs in water.

3. 3—7 p.m. Maximum sexual activity of frogs; about 809, of specimens
form pairs and females begin spawning, in which they are accompanied with
a great commotion and croaking of males, especially single ones, seeking females
to mate with.

4. At 10 p.m. frogs drop to the bottom of the reservoir, where they remain:
in the state of complete inertia till the morning. Fluctuations in air humidity
between 30 and 1009, exert no evident influence on the activeness of amphibians
during their stay in water.

In the study area the breeding season generally falls in the 2nd and 3rd
decades of March, more rarely in the 1st half of April, when the water temperature
reaches 7°C in shallow reservoirs. In the period of steady weather the mating
season lasts for hardly 7—8 days; a fall in temperature below 7°C has an inhibi-
tory effect on the process of egg-laying and may cause its prolongation to about
20 days. Under optimum. thermic conditions (10—15°C) common frogs have
a peak of sexual activity on the 2nd and 3rd days of the mating season, when the
females lay about 70—759, of spawn. '

The common frog is not very particular about the water environment in
which it spawns. It is encountered in all kinds of permanent or seasonal closed
shallow reservoirs and also in fairly fast-flowing rivers and streams, in which
spawn is placed among aquatic plants near the bank or in shallow river creeks.
In isolated ponds and pools the female oftenest lays eggs in shallows with
remains of plants of the previous year, situated near the bank. The very process
of laying spawn takes 10—13 minutes (at a temperature of 12—15°C), after
which the male immediately lets go of the female and puts out its head above
the water surface in order to provide its organism with atmospheric air. After
a 10—15-minute rest the female behaves in a similar way.

Having laid eggs, the females leave the water reservoirs on the same day and
start on lonely migrations on land, whereas the males come out on to the bank
one or two days later.

At a suitable water temperature the frogs may spawn both on sunny and
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cloudy or rainy days, even a fairly strong wind, bringing about the undulation
of water, does not prevent them from laying eggs. At the time of their sexual
activity common frogs gather into large aggregations, which sometimes number
several hundred specimens. In such large colonies a special mating atmosphere
arises, owing to which the females lay eggs at a relatively low water temperature
(about 7—=8°). On the other hand, if the copulating pairs are scattered all over
the reservoir, the females do not lay spawn even under optimum ecological-
thermic conditions. This suggests that the emotional factor, which through
the nervous system incites the hormonal and genital systems to intense activity,
plays an important role. The colonies of common frogs sometimes include also
field frogs, which however most frequently form separate colonies in the same
or other water reservoirs. The members of the other species hurriedly leave the
breeding grounds of these frogs and seek after more favourable conditions
to mate.

Development of Embryo and Larva

The embryos of the common frog begin to develop at the end of March or at
the beginning of April at a relatively low water temperature fluct tuatingbe-
tween 4.
and 11°C and a daily mean of about 8—9°C. Under such thermie conditions the
embryos leave the interior of jelly shells and settle down on the surface of the
spawn after about 10 days. The embryos developing from the eggs laid in the
period of rapid warming up, at a temperature of 14—19°C and a daily mean
of 15-:8°C, hatch after 7 days.

A similar dependence is shown by the larvae during their passive life. At
a mean daily temperature of 8—9°C their stay on the surface of spawn lasts for
about 6—8 days, whereas at a temperature 3—4° higher only for 4—5 days.

The further development of the tadpole proceeds at a considerably higher
temperature, ranging from 6 to 27—30°C in the spring-summer period. Within
these extreme temperatures, at a daily mean of 16-8°C, young frogs leave the
reservoir after 64 days, whereas the larvae developing at a mean daily water
temperature of 15-5°C complete their metamorphosis after 75 days.

Under typical summer conditions the first young specimens appear on the
land as early as the 1st decade of June and they leave water in large numbers in
the 2nd and 3rd decades of June. Under less favourable conditions all these terms
may be postponed by several or some dozen days. The metamorphosis of the
members of the young generation lasts as a rule till 5 August, and only in few cases
ends later.

Terrestrial Life

After mating common frogs stay in forests, marshes, damp meadows, culti-

vated fields and gardens.
As early as the 2nd half of September they appear in large numbers in the
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proximity of their winter quarters. In this period there occurs a systematic fall
in air and soil temperatures (maximum temperatures from 24° to 13°C and
minimum ones from 13° to 2—4°C) and, on the other hand, the amplitudes
between early-morning and daily temperatures increase rapidly and reach the
highest values (from 15 to 17°C and in places exposed to the sun’s rays even
to 20°0).

Frogs wander, as a rule in the daytime, in ditches and valleys along rivers
and streams, avoiding dry open areas void of any vegetation. Heading instineti-
vely for their winter quarters, they cover an average way of 1—3 kilometres
on land or in water within a few days. In water they move at a speed of 2—10 m
per minute and on land at about 200—300 m per hour. Before entering water
they form groups in the places situated near their future winter shelters. They
leave the terrestrial environment for the water one when the air and soil tempera-
tures drop below 10°C in the daytime and to about 2—3°C by night, whereas
the water temperature keeps at the level of 10°C. Single frogs are exceptionally
encountered at the waterside in the first half of November, at a daily air tempe-
rature of about 5°C.

Young frogs usually hide for winter 10—14 days later than the adults do.
They are still met with in November, at daily air and soil temperatures as low
a8 about 1—2°C.

Common frogs hibernate in streams with a sandy or gravel bottom, in small
unfreezing rivers, peat ditches, more rarely in ponds and lakes (Zloty Potok,
Blachownia). They do not bury themselves in sand or silt in the bottom but
squeeze into crevices in the undermined banks or gaps between stones, hide
among submerged plants or simply lie on the bottom of the reservoir. They
hibernate in groups, numbering several tens or hundreds of specimens. They
are never entirely torpid, as they are able to change the place of hibernation
in the cases of the freezing of the water, its poisoning and lack of oxygen.

Only few specimens hibernate on land, under heaps of decaying leaves or
dry twigs, in rotten trunks, under tree roots, in moss, holes and burrows
(Tables II, III, V and VI).

ANNUAL CYCLE OT THE FIELD FROG RANA ARVALIS NILSSON, 1842

The field frog belongs to the amphibians which leave their land and water
winter shelters very early, when the temperature reaches 3°C. Under normal
winter and spring conditions the first males as a rule appear in water in the
first decade of March. Exceptionally early or late spring may hasten or retard
the awakening of the frogs from winter sleep. For example, in 1968 the field
frogs appeared in water at Sites 1 and 2 at a temperature of hardly about 3°C
on 4 February. During the following 8 days the temperature of water rose
gradually to 5—7°C. The male field frogs revealed a remarkable activeness
and their bodies showed distinet dimorphic characters: the back was covered
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with a blue-purple coat and the skin was swollen owing to the accumulation of
a considerable amount of fluid in the lymph sacs.

When the temperature fell below 0°C (16 February — 16 March) and all the
reservoirs of stagnant water were covered with a relatively thick layer of ice,
the field frogs fell again into complete torpidity, but this time in the water
environment. Some specimens persisted in this state till the spring, but most of
them perished; they either fell victims to leeches or suffocated under the ice
cover.

Large numbers of frogs appear in water warmed to 4—6°C, the males arriving
1—2 days earlier than the females. Soon they form pairs, which under favourable
conditions takes a very short time. Both single frogs and their pairs, scattered
in the bank zone of shallow reservoirs, gather together into large accumulations,
at times numbering several tens or even hundreds of specimens in an area of
some dozen square metres.

During the breeding season male field frogs outnumber the females and
besides they show an intense sexual activity. This is why a common occurrence
is a group of two to six males attached to one female. Interspecific mixed pairs
are also fairly often encountered. During steady weather with water temperatures
ranging from 7 to 18°C, spawning lasts hardly 6—38 days, but it becomes inhibited
or interrupted when the temperature falls below the lower limit or rises above
the upper one. The optimum water temperature, at which the females lay
about 809%, of spawn lies between 10 and 15°C. At lower water temperatures
(7—9°C) they are most active in the afternoon and in the evening, but under
optimum conditions females begin spawning at 10 a.m. and continue it until
late evening hours, sometimes even into the night. Females lay eggs on the
bottom of a shallow water reservoir and this process takes about 8—12 minutes,
after which the pair splits, the male swims to the surface of water to oxygenate
its organism with atmospheric air, in which it is followed by the female after:
a 10—15-minute rest at the place of egg-laying.

The volume of spawn, just after its being laid, is about 8—15 cu. em and it
contains 1000—2000 tiny eggs. The animal pole of the egg is dark brown in
colour, but there are sometimes eggs which are light coloured: yellow, pink
and even red.

Soon after laying spawn the females leave water in large numbers and move
on to the land, whereas the males stay in water for another day or two, gradually
seatter in shallows near the banks, which is accompanied by the subgidence of
sexual behaviour and sometimes by the disappearance of dimorphic characters.

Periods of the rapid cooling of air, soil and water to 1—3°C occur in the 2nd
half of March or in the 1st half of April every several years. Amphibians, present
in water at that time, hide chiefly in waterside thickets. Single specimens and,
copulating pairs come out on to the bank where they bury themselves in heaps
of dry twigs or decaying plants, squeeze into depressions in the ground, under
pieces of bark or wood, enter the burrows of mammals, ete. Then the co-ordina-
tion of their movements and the balance of body become unsettled, the orienta-
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tion in the surroundings very poor and the response to external stimuli slight.
In the period of spring cool weather a considerable number of common frogs,
field frogs and common toads fall victims to horse-leeches (Haemopis sanguisuga ),
which easily get attached to the then little sensitive skin of these amphibians
and suck blood out of them.

Development of Embryo and Larva

The embryos hatch from the egg shells after 11 days at a water temperature
of 3—10°C and a daily mean of 7-4°C and after 8 days if the temperature is much
higher (13—16°C). The newly hatched larvae remain on the surface of the
maternal spawn for 6 to 9 days in dependence on the prevailing thermic
conditions.

At a water temperature fluctuating between 5 and 25°C and a mean of 16-6°C
the metamorphosis of tadpoles takes 67 days, whereas within the same limit
temperatures but at a lower mean (15-2°C) it lasts 73 days. The full development
of the embryo and larva lasts 75 to 84 days.

The earliest young specimens come out on to the land as early as the 1st half
of June and they appear in large numbers in the 2nd half of this month. Only the
metamorphoses of backward specimens continue into the 1st decade of August.

Terrestrial Life

After the breeding season the field frogs are most frequently encountered
in meadows, peatbogs, marshes and at the edge of forests. They are more resistant
to the dryness of air and soil than the common frog is, but at the same time
more gensitive to the falls in temperature, which quite agrees with the prevalence
of the diurnal way of life in them over the nocturnal one. They fall into winter
sleep on the land at a soil temperature below 2:5°C (Tables II, III, V and VI).

DISCUSSION

1. Triturus cristatus (LAURENTI, 1768)

Numerous Polish herpetologists claim that the breeding season of the crested
newt falls in May (BAYGER, 1937; BERGER and MICHALOWSKI, 1963, and other
writers). Only JuszczyYk (1967), in the ecogram of the Polish amphibian species,
shows against the background of their annual cycles and taking into account
their life phenomena that the breeding season of this species includes the 2nd
half of April and May.
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In the study area the mating season of newts lasts from 10—15 April to
mid-June.

According to JUSZOZYK (1967a), under normal conditions newts lay one or
only rarely two eggs a day, whereas BANNIKOV and DENISOVA (1956) write
that they lay several eggs daily for 2—2-6 months.

My observations show that the process of reproduction is intensest at warm
rainy weather or soon after the rain stops, for then all sexually mature specimens
partake in mating, and the females lay mostly two or, more rarely, three eggs
daily. In April and June newts as a rule lay one egg a day.

For the neighbouring countries, which differ in climatic conditions, different
dates of the appearance of this species and its mating season are given. E.g.,
according to SCHREIBER (1912) and FREYTAG (1966), in Germany the crested
newt stays in water from February till late in the summer and lays eggs in April
and May.

In the Ukraine newts wander to water very early, often when snow is still
lying in the fields, in the 2nd and 3rd decades of March. In the Kherson region
they appear in masses in water as early as 11 March, whereas near Kiev in
the 2nd half of March. Not long later they start courtship and lay single eggs
in April or at the beginning of May (TARASHCHUK, 1959).

In Central Russia crested newts reproduce somewhat later than common
and field frogs do (April-May), and their mating season lasts for about 50 days
(TERENTYEV and CHERNOV, 1949; BANNIKOV and DENISOVA, 1956).

It follows that in the temperate climate with fairly high rainfall (Poland,
Germany) the breeding season of the crested newt is longer than in the dry
climate of the Ukraine, where the thermic conditions in the spring and summer
are much more favourable than in Central and Western Europe.

In the Polish investigators’ opinion (Table IV) in the lowlands the meta-
morphosis of the larval crested newt is completed after about 90 days. According
to Juszczyk (1967b) the larvae begin their metamorphosis at the end of June
and the beginning of July and they metamorphose in masses in July and at the
beginning of August. However, even in the lowlands metamorphosing larvae
can still be met with in November. In the mountainous area the time of meta-
morphosis comes later and is continued into the late autumnu.

In the study area at a daily mean of 20:-5°C the development of the larva
takes about 72 days, and the full development of the embryo and larva 91 days.
The first young newts leave water in the 1st decade of July, in large numbers
they come out on to land in the 3rd decade of July and in the 1st half of August.
A small number of larvae hibernate. The phenomenon of compulsory hibernation
of larvae is well known (RAMNER, 1956; SEMBRAT and NOWAKOWNA, 1959;
BerGER and MICHALOWSKI, 1963; JUszczyk, 1967Db, etc.), and BANNIKOV
and DENISOVA (1956) write that in the north and in the mountains the meta-
morphosis of larvae often occurs in the second or even third season.

The German authors state that in their territory the development of the
larvae of the crested newt lasts 90—120 days (among others SCHREIBER, 1912;
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morphose after about 90 days (TERENTYEV and CHERNOV, 1949; TARASHCHUK,
1959).

The foregoing data show that in the continental climate of Central and
Eastern Europe the metamorphosis of larval crested newts occurs much earlier
than in the damp climate of Western Europe.

Newts are characterized by a tendency to form aggregations, especially
in the places favourable to their hibernation. The gregarious hibernation of
newts is mentioned by many authors (among others FUDAKOWSKI, 1953;
TARASHCHUK, 1959, BERGER and MICHAZOWSKI, 1963; MEYNARSKI, 1966,
Juszczyk, 1967b). BRAUNIER (1923), for instance, reports that in the Kherson
region 70 crested newts were found under a lying tree trunk in September,
where they gathered to stay through the winter.

At Site 1 I fairly often saw large aggregations of hibernating newts, e.g., in the
gaps in a heap of slag, 2 cu.m in volume, I counted 317 common newts and
19 crested newts.

2. Triturus vulgaris (LINNAEUS, 1758)

The Polish herpetologists agree that in the lowlands common newts appear
in the early spring, in the 3rd decade of March (among other authors BERGER
and MICHAZLOWSKI, 1963; MEYNARSKI, 1966). In the Polish literature there is
no mention of the active life of newts in the winter, it was, however, observed
in February 1968. A flow of a mass of warm air from the west caused a rapid
rise in air temperature to 11°C and in water and soil temperature to 5—6°C.
I observed the first mature newts in water warmed to 4°C on 5 February, and
at 6°C they appeared in many shallow reservoirs in fairly large numbers. When
the still waters were again covered with a layer of ice, the newts fell into torpidity.
As regards the mating season of the common newt the opinions expressed in
literature are extremely different. According to BERGER and MICHALOWSKI
(1963), the female lays eggs in May and June and in BAYGER’S (1937) opinion,
it happens in May and the 1st half of June. In the ecogram of the Polish amphi-
bian species against the background of the annual cycle of their life in the
Krakéw region JUszczyK (1967a) shows that the period of mass egg-laying
lasts from mid-April till mid-June, and its maximum range is from mid-March
to about 10 July.

In the course of my own investigation I found that the mating season of the
common newt lasts from the beginning of April to mid-July. Only moderate air
and water temperatures and rainy weather in summer may cause its prolongation
to 3 August.

In Western Europe under favourable thermic conditions and at high humidity
both the awakening of newts from torpidity and the mating season occur much
earlier than in this country.

Under the natural conditions of the Czestochowa District the adult specimens
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In Germany at favourable weather common newts appear in water as early
as January or Febraury and the mating season goes on from March to May,
sometimes July (WERMUTH, 1957; FROMMHOLD, 1959).

In the Ukraine adult newts start on their migration from terrestrial winter
shelters to water reservoirs to mate in April and, in the case of early spring,
at the end of March (TARASHCHUK, 1959). The breeding season falls in the 2nd
half of April and May (NIKOLSKIY, 1918).

In the region of Moscow this species reproduces in April and May (TEREN-
TYEV, 1961). According to BANNIKOV and DENISOVA (1956), female newts lay
eggs, several daily, for 2—2-5 months and in the breeding season stay in water
for about 75 days.

In the light of the foregoing in Germany and Poland, which have a temperate
climate and higher rainfall of the spring-summer period, the mating season
of the common newt is twice as long as it is in the dry and hot Ukraine steppes.

Most authors, in this country and out of it, estimate the length of the larval
life of the common newt at about 90 days (STEPANEK, 1949; RAMNER, 1956;
TARASHCHUK, 1959; JUSZCZYEK, 1967 b, and others). A small group of investigators
give considerably shorter developmental periods of these larvae, e.g. according
to BanNixov and DENISOVA (1956) the embryonic stage lasts 14—20 days and
the larval stage 60—70 days, and BERGER and MICHALOWSKI (1963) are of opi-
nion that the larvae metamorphose after 60—90 days.

In the study area the period of the full development of the embryo and
larva is 82—84 days. The first young specimens appear on land about 20—25 June
and in large masses they leave water in July and in the 1st decade of August.

3. Bombina bombine (LINNAEUS, 1761)

Many authors emphasize the coincidence of the mating season of the fire-
bellied toad with rainy weather. In my opinion, within the limit temperatures
these animals mate both at the time of dry and sunny weather and on cloudy
and rainy days. Only the gusty wind, which causes the heavy undulation of
water, may make amphibians interrupt mating for some time and hide in the
waterside thickets. It should, however, be stressed that the laying of eggs
proceeds more intensely during the rain and soon after it stops and that the
maximum amount of spawn is laid in June, the month in which both the rainfall
increases and there occur optimum water temperatures.

On the basis of rich material, MADEJ (1966, 1973) states that the males
prevail in number (54 9%, of all the specimens of Bombina bombina). At Site 1 the
males outnumber the females by 59, and, as a result, I observed amplexus of
fire-bellied toads in which 2, 3 and even 4 males were attached to a female,
on both its dorsal and ventral side. Generally, males embrace females with their
fore-limbs at the base of the hind-limbs. Fairly often, however, they face each
other in amplexus. Male fire-bellied toads sometimes hold on to a hind- or
fore-limb of another amphibian.

4 — Acta Zoologica Cracoviensia, t. XIX, nr 18
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The Polish herpetologists differ in opinion as regards the time of egg-laying
and the maximum duration of the breeding season of Bombina.

UpzIELA (1910) writes that the mating of fire-bellied toads occurs in the 1st
half of May. According to BAYGER (1937) and BERGER and MICHALOWSKI (1963),
it falls in May and June, and Juszczyx (1937) thinks that the breeding season
of this amphibian is not associated with an exact calendar period, but undergoes
great fluctuations, ranging within the period of four months (from mid-April to
mid-August; Juszozyk, 1967a).

In the study area the period of mass laying of eggs lasts from 20 April to
20 July, the maximum span of the breeding season reaching from 15 April
to 10 August. The beginning of the mating of the fire-bellied toad coincides
with the first stage of mating in the variable toad, natterjack and tree-toad.
In my opinion, the above-mentioned species have nearly identical ecological-
thermic demands in the mating season and differ, as a rule, in the fact that
fire-bellied toads mate in both shallow and deeper water reservoirs, whereas the
members of the other species breed usually in small and shallow ones, more
rarely near the banks in large water reservoirs.

On account of different climatic conditions, in the countries neighbouring
on Poland the times of appearance and reproduction of amphibians are also
different. Thus, in the Ukraine the fire-bellied toad becomes active in the 2nd
half of April (in the post-war years the earliest appearance of this toad was
recorded near Kiev on 23 March and in the Luganskiy steppe on 30 March)
and mates at the end of April and in May (NIKOLSKIY, 1918; TARASHCHUK, 1959),
whereas in the region of Moscow it reproduces in May and June (TERENTYEYV,
1961).

In Germany, in a milder climate than that in the central region of the
U.S.8.R. and with heavier rainfall, the mating season of the fire-bellied toad
lasts from the 1st decade of April throughout June, being sometimes prolonged
into the summer, but the main period of spawning falls in May and June (FrROM-
MHOLD, 1959).

The foregoing data indicate the coincidence of the breeding season of the
fire-bellied toad in southern Poland and Germany, these countries resembling
each other closely in climate.

A few authors state that this species reproduces several times a year (WER-
MUTH, 1957; FUHN, 1960). Most investigators, however, do not take into account
the occurrence of several mating seasons in the year, but write about one season
without mentioning that it contains several mating stages.

In my opinion, in the mating of the fire-bellied toad there are irregular
breaks, caused by the sometimes considerable changes in temperature, reaching
beyond the limit temperatures of the breeding season of this species (below 14°
and above 30°C).

In the unanimous opinion of various authors, the development of the larval
fire-bellied toad lasts for about 90 days (Table IV). Only BANNIKOV and DENI-
SOVA (1956) give a considerably shorter larval stage, namely, 60—90 days.
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In the study area the development of the embryo and larva, from the moment
of egg-laying to that of the departure of newly metamorphosed specimens
from water covers the period of 78—93 days.

Fire-bellied toads mostly hibernate gregariously. TARASHCHUK quotes
SHCHERBAK (1957), who numbered 70 specimens in one aggregation in the
Ukraine. I found a winter shelter of the fire-bellied toads (Kucelinka), where
in the gaps of a heap of slag (6 cu.m in volume) there were as many as 298 speci-
mens of various age. They were accompanied there by 117 common newts and
9 crested newts.

4. Pelobates fuscus (LAURENTI, 1768)

Numerous herpetologists regard the spadefoot toad as an early-spring
Species (among other authors, BAYGER, 1937; TARASHCHUK, 1959; JUSZCZYK,
1967a).

My observations in this respect quite agree with the results of the authors
above. Digging the sand in the bottom of pits and ditches early in the spring,
where spadefoot toads were hidden for winter, I found that they woke from
torpidity in the 2nd half of March, at a soil temperature of 3-5—4°C.

Adult specimens of both sexes start on mating migrations at dusk or in the
night, at an air and soil temperature of about 4—5°C, which indicates a great
resistance of this species to low ambient temperatures.

Most herpetologists think that the spadefoot toad’s breeding season is not
connected with a closely defined calendar period but dependent on the intensity
of rains (TERENTYEYV, 1961; BERGER and MICHALOWSKI, 1963 ; MEYNARSKI, 1966).

On the basis of the observations made so far I, too, have arrived at the
conclusion that rainfall has a decisive effect on the outset of mating of the
spadefoot toad.

So far as the time and duration of the breeding season is concerned, the
authors differ in opinion. UpzieraA (1910) states that these toads pair and lay
eggs only in April. According to SZARSKI (1939), their mating season was observed
from the beginning of April throughout July. BERGER and MICHALOWSKI (1963)
write that the mating season lasts from March to May, and in BAYGER’S (1937)
opinion it falls in the 2nd half of March and in the 1st half of April.

In the study area the breeding season of the spadefoot toad lasts interrup-
tedly — according to the weather — from the end of March to the end of June.

In the Ukraine members of this species appear in the 2nd and 3rd decades
of March. Soon after leaving their winter shelters on the land they start a migra-
tion to water reservoirs. In order to reach water they must often wander for long
distances, which makes the impression that they migrate in search of new living
areas. The mating season covers the end of March and April (in the vicinity of
Kiev the earliest copulation was seen on 26 March; TARASHCHUK, 1959).

According to OLIGER (1955) and BANNIKOV and DENISOVA (1956), under
the more severe climatic conditions of the region of Moscow, copulation and
o
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egg-laying begin at the beginning of May and their stay in water lasts for
20—25 days.

In the zone of mild climate in the German territory the mating season of the
spadefoot toad begins very early, at the end of February and continues to the
end of May, although FREYTAG (1966) mentions only two months, April and May.

These facts show that in the maritime climate of Western and Central
Europe the mating season of the spadefoot toad is much longer than it is in the
continental climate of the U.S.S.R. It proves, in addition, that the sexual
activeness of the members of this species is not connected with a defined calendar
time or temperatures of the environment, but it depends on the occurrence
of rain.

The data in literature show that the metamorphosis of spadefoot tadpoles
occurs after 90—150 days (Table IV). Cases of hibernation of larvae are also
known (TARASHCHUK, 1959; BERGER and MICHALOWSKI, 1963; FUHN, 1960;
FREYTAG, 1966; MEYNARSKI, 1966).

In my investigation I found that under natural conditions spadefoot tadpoles
metamorphose after 81—150 days in the region of Czestochowa. The development
rate of the embryo and larva depends on the whole set of factors, of which the
temperature of water plays a decisive role. In water reservoirs, which have
identical light conditions and similar phytosociological and microclimatic
conditions, and only slightly differ in their maximum, minimum and, consequ-
ently, mean temperatures, there occur differences in the length of the develop-
mental stages of larvae. Thus, in one reservoir, at a daily mean temperature
of 19-8°C, the metamorphosis of the spadefoot larvae is completed in 81 days,
whereas in another one, at a daily mean of 18-5°C, its completion occurs after
84 days. The number of specimens included in the analysis in either reservoir
comes to about 1400. The full embryonic and larval development of one-season
specimens takes, as a rule, 91—95 days. Under typical summer conditions the
first young specimens leave water at the beginning of the 2nd decade of July
and metamorphose in large numbers in August and the 1st half of September.
On the other hand, in the years with a shortened period of autumn weather and
unfavourable thermic balance the larvae do not complete their metamorphoses
until the April of the next year (1965, 1966 and 1968).

My observations on the enforced hibernation of the spadefoot larvae agree
with the data in literature.

5. Bufo bufo (LINNAEUS, 1758)

Numerous authors consider the common toad to be an early-spring form
with a remarkably short period of egg-laying (TARASHCHUK, 1959; FUHN, 1960;
Juszczyk, 1967a, and others). Also my observations suggest that the sexually
mature specimens generally wake from winter sleep as early as the 2nd and 3rd
decades of March at a soil temperature of 3—4°C. In water warmed to 10°C the
breeding season takes hardly 8—10 days.
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The dependence of the time of awakening from torpidity and the mating
season of the common toad upon the thermic conditions of natural environment
is evidenced by the following facts: in Germany and Czechoslovakia this species
reproduces in March and April, in the belt of deciduous forests in the European
republics of the U.S.S.R. towards the end of April, and in Sakhalin in June
(WERNER, 1932; FrROMMHOLD, 1959; STEPANEK, 1949; CHARLEMAGNE, 1923;
TrERENTYEV and CHERNOV, 1949). In the mountains, where spring begins nearly
a month and a half later than in the lowlands, the mating season of this toad,
usually occurring in the lowlands in March and April, is also retarded, which
is evidenced by the fact of finding its spawn on 30 April 1964 in a pond at
Krogcienko in the Pieniny Mts. (KOWALSKT and MELYNARSKI, 1965).

In herpetological literature there are no data on the limit and optimum
temperatures of the breeding season of the common toad. In the Czestochowa
District mass pairing and laying eggs occurs at a water temperature between 11
and 17°C, extreme temperatures of breeding being 6 and 22°C.

In Fuan’s (1960) opinion, male common toads are more numerous than
females. In the natural environment of the study area the number of males
is 2—4 times as large as the number of females. Consequently, we fairly often
meet with an aggregation of toads in which 2—8 males are attached to one
female.

There are fairly great divergencies in the opinions on the duration of the
embryonic and larval stages in the common toad.

MELYNARSKI (1966) states that the period of metamorphosis lasts about
6 weeks, after which small toads leave water in masses. JUSZCZYK (1954) confines
the time of the metamorphosis of larvae to two months: June and July (Annual
cycle of the common toad in Poland). On the other hand, UpziErA (1910),
BAvGER (1937) and BERGER and MICHALOWSKI (1963) hold the opinion that
metamorphosis occurs after three months, usually in June.

According to the German herpetologists (FrRoMMHOLD, 1959; FREYTAG, 1966),
the larval development of this species takes 2—3 months.

In different geographical regions of the U.S.S.R. tadpoles of the common
toad take 43 to 91 days to complete their development. The coming out of
young specimens on to the land is observed in the Kiev region at the beginning
of August and in the Carpathians (Stryysk) as late as the 2nd half of September
(TARASHCHUK, 1959; BANNIKOV and DENISOVA, 1956; TERENTYEV and CHERNOV,
1949).

In the water reservoirs of the four sites under comparison the period of
development and metamorphosis of the larval common toad lasts for 56—74 days.
The juxtaposition of the results obtained by me with the data given by the
authors quoted above shows that in the study area the developmental period
of the larva comes in this respect nearest to that found by MELYNARSKI (1966).
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6. Bufo viridis LAURENTI, 1768

More than 30 years ago JUszczZYK (1937) wrote that the breeding season
of the variable toad is not connected with a closely determined calendar period,
but undergoes fluctuations and may cover a space of about 3 months, being
dependent upon the intensity of rainfall. KowALskr and MEYNARSKI (1965), too,
explain the long period of spawning in the Pieniny Mts. by the occurrence of
heavy rains in the summer months.

In the study area mating, as a rule, followed rainy weather, but, if started,
it proceeded at temperatures within limits of 14 and 27°C irrespective of the
weather, i.e., both on cloudy or rainy days and during periods of full and lasting
insolation. Few specimens appear in water in a dry period, at a relative humidity
of 30—509,; nevertheless, they pair and spawn normally under such conditiops.

Herpetologists differ in opinion as regards the time of egg-laying. According
to BAYGER (1937) and BERGER and MICHAZLOWSKI (1963), the breeding season
of the variable toad falls in April and the beginning of May, or even later.
In SEMBRAT’S (1953) opinion, this species breeds in the 2nd half of April and in
May, sometimes as late as June. In the ecogram of the Polish amphibians
Juszezyk (19672) demonstrates that the period of mass egg-laying lasts from
the beginning of May to 20 June and the maximum range of the mating season
reaches from the 2nd decade of April to the 1st decade of July. KowALSKI and
MEYNARSKI (1965) state that in the Pieniny Mts. the variable toads lay spawn
from the end of April to the end of June and in 1964 their characteristic voice was
heard even in September.

In the Czestochowa District this species reproduces from the 1st decade of
April throughout June; in exceptionally warm summers with increased rainfall
the period is prolonged till 4—5 July.

In the countries bordering on Poland the occurrence of the mating season
of this species depends on the climate of the given region. Thus, e.g. in the
relatively warm and damp climate of Germany variable toads mate from April
to June, sometimes even to August (FROMMEHOLD, 1959; FREYTAG, 1966),
whereas in the central region of the European territory of the U.S.S.R., in the
continental climate with considerable fluctuations of both daily and annual
temperatures, egg-laying begins as late as the end of April or in May but lasts
only to the end of August. On the other hand, in the Ukraine, which has a lower
humidity but considerably higher annual quantity of light and heat, the mating
season beging much earlier. In the spring the first specimens appear in water as
early as the end of March and spawn in April. Mating generally goes on till
mid-May, and so it lasts much shorter than in damper areas (TERENTYEV
and CHERNOV, 1949; BANNIKOV and DENISOVA, 1959).

According to different authors the development of the tadpole variable toad
may take from 39 to 91 days. The great differences in the duration of develop-
ment in this species indicate its great plasticity and adaptibility to different
environments. E.g., in the Ukraine, with its relatively dry and hot summer,
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the process of metamorphosis lasts hardly 39 days (BANNIKOV and DENISOVA,
1956), and in the areas situated close to the northern range of this species the
larvae metamorphose into small toads in 91 days (TERENTYEV and CHERNOYV,
1949).

In the study area the metamorphosis of tadpoles of the variable toad is
completed after 44—70 days, being dependent on the weather of the spring-
summer period.

According to TARASHCHUK (1959), the development of the embryo lasts
for about a week, but the author does not give any data concerning the environ-
mental conditions in which the study was made.

The larval stage is also dependent on the weather conditions in particular
years, for weather is responsible for such factors as the lighting of water reservoirs
and their temperature. Detailed data in this respect will be seen in Table III.
The data concerning the duration of the larval developmental stage in different
European countries, derived from various sources, and the results of my investi-
gation quite agree with each other. In the north the larval stage lasts for about
91 days, in the south for 39 days, and in the study area for 40—70 days. The
mean length of the developmental larval stage in the Czestochowa District
corresponds with the situation of this area in Central Europe.

In October, at a nocturnal soil temperature of about 5—6°C, the toads bury
themselves in the burrows of rodents, passages of moles, cellars and pigsties
or hide under the heaps of refuse or manure and there they hibernate in the state
of torpidity. The specimens in the first year of life are less sensitive to low air and
soil temperatures than the older specimens and, consequently, they can be met
with as late as the 3rd decade of October and even in the 1st decade of November,
at a night temperature below 5°C.

BANNIKOV (1940) writes about the resistance of the young specimens, as
follows: ”While under experimental conditions the adult specimens do not
éndure the cooling of their bodies below —0-4 — —0-8°C, the young ones,
in the first year of life, resist the cooling to —1 or —1-1°C”,

7. Bufo calamita LAURENTI, 1768

As can be seen from literature, neither the distribution nor piology of the
natterjack is sufficiently well known.

I have already published some observations on the natterjack (KOWALEWSKI,
1967, 1969), in which among other data I gave the terms of the successive
developmental stages of this species against the background of the thermic
conditions of water. I shall compare the later observations, chiefly concerning
the mating season of the natterjack, with the data from literature.

There are no data at all as regards the thermic conditions of the appearance
of the natterjack. RZEPECKI (1965) reports only that he never met with the
Iembers of this species during cool nights when the temperature fell below 12°C.
RaMNER, 1956). In the European territory of the U.S.8.R. the larvae meta-
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seramble out on to the surface of the ground at a temperature of 8—10°C and
enter water when the temperature is above 13°C.

No data concerning the extreme temperatures and optimum conditions of
reproduction are given for this species in literature. Only RzEPECKI (1965)
states that egg-laying becomes a mass process at water temperatures from 18
to 20°C.

In the regions of Kucelinka and Brzeziny natterjacks carry on mating
in 5 or 6 stages at water temperatures between 14 and 25°C. The optimum water
temperatures of mating lie within limits of 18 and 22°C.

Polish herpetologists disagree as to the time and duration of the breeding
season of the natterjack. According to SEMBRAT (1953), the natterjack spawns
in May and June. BAYGER (1937) claims that egg-laying begins in May and
lasts till mid-June, and BERGER and MICHAZOWSKI (1963) report that the mating
seagon falls in May. In MEYNARSKI'S opinion (1966), spawning is sometimes
protracted throughout the summer.

In the region of Ozestochowa the first mating season begins, for the most part,
on 10—15 April and the last one ends about 20 June. The maximum span of the
mating season of natterjacks is from 10 April to 15 July. Thus, my observations
in this respect most resemble the data given by SEMBRAT and MEYNARSKI.

In the countries neighbouring upon Poland the terms of breeding of the
natterjack, given by different authors, are also different, owing to various
weather conditions. Thus, in Germany, where the climate is temperature,
mostly mild, under the influence of the masses of air from above the ocean, the
breeding season of the natterjack occurs in April and May (somewhat earlier
than in Poland) and only exceptionally is prolonged to July (FREYTAG, 1966).
In the western Ukraine and Byelorussia (climate resembling that of this country)
the natterjack breeds from April to September (TERENTYEV and CHERNOV, 1949;
TARASHCHUK, 1959) and in the north-western part of the European territory
of the U.S.8.R., where the climate is more severe than in the German Lowlands
or in the Ukraine, its breeding season begins as late as May but includes also the
summer months (BANNIKOV and DENISOVA, 1956).

Numerous herpetologists consider the natterjack to be a Central or West
European amphibian, which inhabits, above all, the areas whose climate shows
influences of the sea. However, the occurrence of natterjacks has been reported
from the western Ukraine, where the climate is rather continental than maritime.
This fact suggests that this species moves gradually to the east and thus extends
its distribution area.

During my investigation carried out for many years in the region of Czesto-
chowa I succeeded in observing the appearance of natterjacks in new areas of
both light sandy soils and heavy sand-yclayey ones. I also found the presence
of mating specimens in more and more new water reservoirs and at that in
increasing numbers. This proves the extension of natterjacks over new woodless
areas (barrens, cultivated fields, pastures, parks and gardens).

During my systematic observations of the life of toads living in this country I
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arrived at the conclusion that the natterjack has many. hereditary characters
which allow it to predominate over the other toad species. These characters are as
follows:

1. the natterjack is smaller and more agile, it can hide against its enemies
more easily;

2. it has a more effective protective coloration than the other toad species;

3. it secretes venom of great toxicity, which is effective in defending it
against predators;

4. it is marked by great fertility (for it lays eggs by stages for 3—4 months);

5. it is very indiscriminative as regards the selection of environment to
mate in. It lays eggs in different sorts of both permanent and seasonal small
water reservoirs;

6. it attains sexual maturity a year earlier than the remaining species
of toads;

7. its larvae develop so quickly (40—45 days) that they can complete their
metamorphosis in seasonal water reservoirs before they have dried up;

8. it hides for winter more effectively than the members of the other toad
species, for it buries itself in earth to a depth of a metre or even deeper;

9. it is more intelligent and careful than the common toad and variable toad;

10. occurs in the vicinity of factories and therefore is not very sensitive to
their obnoxious fumes, which spread both in the atmosphere and in water.

The foregoing survey suggests the conclusion that, owing to its plasticity
and capability of prompt adaptation to its environment, which in our times
changes at a very great rate, the natterjack may become the commonest species,
dominant over the other toads living in Poland.

The scanty foreign literature on the length of the developmental stage of the
larva indicates that in other areas characterized by different climatic conditions
the development of the tadpole of this species also proceeds promptly and
lagts for hardly 42—49 days (TERENTYEV and CHERNOV, 1949; TARASHCHUK,
1959).

8. Hyla arborea (LINNAEUS, 1758)

Many Polish authors write that the tree frog appears as early as April
(BERGER and MICHAROWSKI, 1963; MEYNARSKI, 1966; JUszczYK, 1967a),
but they differ in opinion as to the time of the mating season. According to
UpzierA (1910) mating begins at mid-April and lasts throughout May. BAYGER
(1937), BERGER and MICHALOWSKI (1963) and MEYNARSKI (1966) are of opinion
that the mating season of the tree toad falls in May, whereas SZARSKI (1949)
and Juszcozyx (1967a) think that it is not connected with an exact calendar
time, but undergoes great fluctuations which span over a period of four months
(from mid-April to 2nd decade of July).

In the region of Czestochowa this species starts breeding relatively late.
The first mating season occurs in the 3rd decade of April or the 1st decade of May.
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During May, June and part of July the tree toad lays spawn three or four times.
The occurrence of the mating season in the tree frog is dependent on rainy
weather; the period of egg-laying generally begins during or soon after heavy
rains.

In connection with the various climatic conditions in different regions of
Europe the difference in time between the mating seasons of tree frogs is up
to about 3 months. In the mild and warm climate of the German Lowlands
the tree toad mates from March to June (FroMMHOLD, 1959; FREYTAG, 1966)
and in Czechoslovakia, which has a temperate and, for the most part, warm
climate, it appears and begins spawning in April (STEPANEK, 1949). In the
Ukraine, where the climate is continental, the mating season includes April
and May (NIKOLSKIY, 1918; TARASHCHUK, 1959). In the regions of Bryansk
and Voronezh mating begins in the 2nd half of April, while in the mountains
(Carpathians, Caucasus — up to 1500 m a.s.1.) in the 1st or 2nd half of May
(TERENTYEV, 1961; BANNIKOV and DENISOVA, 1956; TARASHCHUK, 1959).

In many authors’ opinion, the metamorphosis of larvae into adult tree frogs
occurs after about 90 days (Table IV). My investigation shows that the larval
stage may range from 65 to 85 days according to the thermic conditions prevailing
in the water environment.

Quite a few authors recorded the cases of hibernation of larvae and their
metamorphosis in the next season (TERENTYEV and CHERNOV, 1949; BERGER
and MICHALOWSKI, 1963; TARASHCHUK, 1959; MLYNARSKI, 1966). In the study
area I observed this phenomenon very rarely (Site 1 and Zloty Potok, 1962
and 1966).

Investigators differ in opinion as regards the tree frog’s winter shelters.
BERGER and MICHAZOWSKI (1963) state that most specimens winter in silt in
the bottom of water reservoirs and only few ones remain on land, burying
themselves in different sorts of depressions, whereas BANNIKOV and DENISOVA
(1956) write that only a small number of tree toads hibernate in water and most
of these animals spend winter on land, in gaps between stones, in the litter of dead
leaves, in moss, at the foot of trees, under stones and in burrows and tree-holes;
finally, according to FREYTAG (1966), tree toads hibernate exclusively on land.

In my opinion, BANNTKOV and DENISOVA are nearest the truth, for in many
years’ investigation I observed specimens hibernating both on land and in water.
In water they hide chiefly in silt and in the thick growth of plants, on land in
forest litter and in rock crevices (Krakéw—~Ozestochowa Jurassic Ridge).
More rarely, they are met with in deep pits, under stones, in holes in the ground
and in burrows of mammals.

9. Rana esculenta LINNAEUS, 1758

The opinions on the thermic conditions and time of the appearance of the
edible frog in the spring and the length of its breeding season expressed in
herpetological literature differ markedly.
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Numerous authors think that this frog is a thermophilous species and that
it wakes from winter sleep in the late spring (STERNFELD, 1913; FREYTAG, 1959).
NikoLskry (1918) and CHARLEMAGNE (1917) hold a different view, i.e. that
during mild winters in the Crimea they do not fall into torpidity at all and
in the steppe region of the Ukraine appear relatively early in the spring.

In the study area (Sites 1 and 4) the edible frogs begin active life in March,
at a water temperature above 3°C. At temperatures ranging between 5 and 7°C
they begin a spring migration to closed water reservoirs, like ponds, lakes, old
riverbeds, deep ditches, ete. There are different opinions on the time and course
of the edible frog’s breeding season. UpzierA (1910) thinks that this species
breeds from mid-May to mid-June, and Juszczyk and SzARSKI (1950) are of
opinion that edible frogs mate from May throughout July, being chiefly depen-
dent in this respect upon rainfall and temperature. Juszczyk (1937) writes
that he found new-laid eggs of the edible frog even in the 1st decade of August.
On the other hand, according to BAYGER (1937) and BERGER and MICHALOWSKI
(1963), the mating season of this species falls in May.

In the sites (1, 3 and 4) examined in the region of Czestochowa the frogs
in colonies begin to form pairs at the end of April or in the 1st decade of May,
at a minimum water temperature of 14°C. BANNIKOV and DENISOVA (1956)
write that these animals mate at a water temperature between 16 and 31°C.

Unlike common and field frogs, they lay eggs several times a year. There
are 4—6 mating seasons at each site in the period from the 1st decade of May
throughout July, and exceptionally till 5—11 August, the spring mating seasons
being considerably longer than the summer ones. Each separate mating season
begins during or soon after a spell of heavy rain and is not connected with a clo-
sely determined calendar time. It should however be emphasized here that
although there are 4—6 mating seasons in a year, their total number in the case
of particular specimens is smaller than that observed for the whole population.

JUszozyx (1937), BANNIKOV and DENISOVA (1956) and some other authors
observed several mating seasons (2—3) in the edible frog, but most of the investi-
gators do not distinguish separate stages or mating seasons of the edible frog
and only mention that the beginning of mating occurs in the spring and its end
at mid-summer.

In Romania, Czechoslovakia and Germany the mating of this species falls
in the 2nd half of May and in June; under exceptionally favourable thermic
conditions it begins as early as April (FUHN, 1960; STEPANEK, 1949; FREYTAG
and FrRoMMHOLD, 1959).

In the steppe region of the Ukraine these frogs mate from the end of April
throughout June (CHARLEMAGNE, 1917; TARASHCHUK, 1959) and in the central
region of the U.S.S.R. the mating season begins at mid-May, and thus a month
later than in the steppes of the Ukraine, and lasts till the end of June (TEREN-
TYEV and CHERNOV, 1949).

The foregoing would indicate that in the continental climate in the east the
edible frogs start laying eggs earlier than they do in the maritime climate in the
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west. Also in southern Poland the mating season occurs earlier than in the
countries situated south and west of it. Apparently, both the high humidity
of the air and the high air and water temperatures are necessary for these frogs
to breed.

The views, met with in literature, on the embryonic and larval life of the
edible frog differ very much. BERGER and MICHALOWSKI (1963) and MELYNARSKI
(1966) state that the metamorphosis of tadpoles occurs after 72—214 days and
that the tadpoles sometimes hibernate. According to SEKUTOWICZ (1938),
the larvae metamorphose after about 90 days.

Different soviet authors believe that the development of tadpoles of the
edible frog lasts from 70 to 133 days. Thus, e.g. TERENTYEV and CHERNOV (1949)
are of opinion that the development of the larva takes as many as 133 days,
whereas, according to BANNIKOV and DENISOVA (1956), it lasts about 70—75 days
(according to the former authors, nearly twice as many as that). TARASHCHUK
(1959), in turn, writes that the development of the embryo lasts for about a week
and that of the larva for 3—4 months (Table IV).

In Germany, Czechoslovakia and Romania the metamorphosis of the larva
is completed after about 3 months (STERNFELD, 1913; SrEPANEK, 1949; FUHN,
1960; FREYTAG, 1966).

In the region of Czestochowa the metamorphosis of the larva into a terrestrial
form occurs after 67—111 days according to environmental factors, and the full
development of the embryo and larva after 71—114 days. The larvae hatched
from the eggs laid in the 1st decade of August do not metamorphose until the
April of the next year.

A comparison of my results with the data Obtamed by other authors shows
that in the south of this country the larval stage of the edible frog lasts approxi-
mately as long as in the south-western regions of the U.S.8.R. In the German
areas of maritime climate its larval stage lasts considerably longer.

10. Rana temporaria LINNAEUS, 1758

Basing himself on the material collected in his 25-year study of the annual
rhythm of amphibians in the Krakéw region, Juszczyk (1967a) writes that the
common frog begins laying eggs in the 3rd decade of March, immediately or
soon after leaving its winter shelter.

In the study area (about 100 km north-west of Krakow) the breeding season
of this species generally occurs in the 2nd or 3rd decade of March, more rarely
in the 1st half of April, when the water temperature in the shallow reservoirs
reaches 7—3&°C. In the mountains, where spring is retarded by nearly a month
and a half, the breeding season falls in May and June. There the first common
toads often turn up when many spots are still covered with snow. Eggs are laid
in very various water reservoirs, even in wet moss and in rock depressions
(MEYNARSKI, 1962).

Juszozyx and ZAMACHOWSKI (1965) state that in the territories inhabited
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by the common toad in Europe, it may lay eggs from January (Brittany) to the
end of May (Finland).

The occurrence of the common frog’s mating season in the western provinces
of the U.S.S.R. in 1939—1960 presents itself as follows:

1. Leningrad Province from 10 April to 30 April
2. Latvian S.S.R. from 25 March to 15 April
3. Kursk Province from 6 April to 26 April
4. Poltava Province from 1 April to 21 April
5. Kiev Province from 25 March to 20 April

These data show that the higher the annual amount of heat and, partly,
the higher the rainfall is, the earlier this species begins to breed. In the northern
Caucasus the mating season occurs in March, in the Baltic Republics, Leningrad
Province, Byelorussia and Ukraine in April and in the regions situated north-east
of Moscow in May. The dependence of the mating season on climate is particu-
larly well illustrated by the data given by TERENTYEV and CHERNOV (1949):
”This species breeds near Moscow in March-April, in the region of Leningrad
in April, in the drainage area of the River Amur and in Sakhalin in May, and in
the region of Okhotsk at the end of June”.

In Poland, situated in Central Europe, in the temperate climate with high
annual rainfall, the mating season occurs in the 2nd half of March or the 1st half
of April according to the thermic conditions. In the mountains spring is retarded
by a month and a half in relation to the lowlands and, consequently, the mating
season falls in May or June (KowALskI and MEYNARSKI, 1965).

JUszezyYk (1967a) and TARASHOHUK (1959) dealt with the minimum tempera-
tures at which common frogs wake from torpidity and start mating. According
to JUszozYK, a rise in ambient temperature above the threshold temperature
(3°C above zero) during hibernation causes its interruption. In TARASHCHUK’S
opinion, at a temperature of 7°C common frogs begin to form pairs and spawn.

My observations quite agree with the results of studies carried out by the
authors quoted.

Although the common frog is one of the most frequent amphibians of Poland
and its tadpoles are met with in nearly all small water reservoirs, the data
concerning the dependence of the development of the embryo and larva upon
ecological-climatic factors are very scanty. This is also indicated by the fact
that the times and lengths of the larval stage given in literature do not coincide.

Thus, e.g. BERGER and MICHALOWSKI (1963) state that the metamorphosis
of tadpoles occurs after 50—180 days and SEKUTOWICZ (1938) reduces the time
of the larval stage of the common frog to 90—100 days.

A similar discordance can also be seen in the foreign literature. For example,
BAnNIKOV and DENISOVA (1956) hold the opinion that in the Ruropean territories
of the U.S.S.R. the larvae metamorphose after 50—60 days, according to
TERENTYEV and CHERNOV (1949) and TARASHCHUK (1959), after 50—90 days,
whereas the German herpetologists write that in their country the larvae of the
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common frog go through metamorphosis after 60—90 days (FroMMHOLD, 1959;
FrevTAG, 1966, and other authors).

The foregoing data allow the conclusions that, firstly, the big differences
between the data concerning the length of the larval stage of the common frog
are related to the geographical situation of the regions in question, characterized
by different climatic conditions and, secondly, the larvae of this species are very
sensitive to the action of environmental factors, to which they respond by
accelerating or slowing down the processes of particular embryonic and larval
stages. A striking example, indicating the dependence of particular moments of
the development of the larval common frog upon the temperature of the environ-
ment, is the fact that in the lowlands the tadpoles metamorphose in June and
in the Tatra Mts., especially in cooler summers, their metamorphosis is often
protracted into the end of August or September (SEMBRAT, 1955), and even
their collective hibernation has been observed (MEYNARSKI, 1966).

Many Soviet and German authors also state that after a cool summer and
short autumn the larvae of the common frog are compelled to hibernate and do
not metamorphose until the spring of the next year (STERNFELD, 1913; TARASH-
CHUK, 1959; FREYTAG, 1966, and other authors), and exceptionally under very
unfavourable mountainous conditions their metamorphosis may occur in the
second or even third season (BANNIKOV and DENISOVA, 1956).

In the Czestochowa District the embryos of the common frog begin to develop
towards the end of March or at the beginning of April at a relatively low tempera-
ture, owing to which their development lasts for about 8—10 days. A further
development of the tadpole proceeds at a considerably higher temperature,
ranging between 6 and 30°C (mean water temperature — about 17°C). Under
such conditions the young frogs leave the reservoir after 64—65 days. The
larvae that develop in the cooler water of claypits (mean — 14—15°C) complete
their metamorphosis after the lapse of 75 days.

There are several hypotheses as to the cause of the autumnal migrations of
the common frog. According to some authors, the migrations from the summer
grounds are started in close dependence upon the meteorological changes in the
environment inhabited by the frogs.

In Juszczyk’s (1961) opinion, common frogs start their autumnal migrations
at the beginning of September and the earliest gregarious migration in his
10-year investigation was observed on 12 September 1957. These migrations are
started immediately after, or perhaps during, the period of the greatest amplitu-
des between the maximum and minimum daily air temperatures (on the average
20-8 and 13-1°C, respectively; amplitude — 7-7°C — 1st decade of September),
occurring in the last period of summer. This suggests that the activeness of frogs
is released by the fluctuations in air temperature during the 24-hour cycle.
According to Juszozyk, the autumnal migrations of the common frog are
continued more or less till mid-October and, thus, in the 3rd decade of this
month nearly all these frogs are in their winter quarters, at the bottom of
running waters.
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BANNIKOV (1940) thinks that the autumnal migrations of frogs are induced
by a fall in the temperature of soil and air below the water temperature and
by the seasonal peculiarities of the food base. At that time the terrestrial insects
begin to disappear and, consequently, frogs have to feed on aquatic animals
‘and forms inhabiting very damp places.

In the study area the common frogs begin migrations when, on the one hand,
the air and soil temperatures lower systematically (maximum temperatures
from about 24 to 13°C and the minimum ones from 13 to 2—4°C), on the other
hand, the amplitudes between the daily and the early-morning temperatures
grow rapidly and reach the highest values (up to 15—17°C, and in places exposed
to the sun’s rays even to 20°C).

11. Rana arvalis NILSSON, 1842

Ag regards the time and the length of the mating season of the field frog the
opinions met with in literature are very various. Some authors hold the opinion
that these frogs appear for mating two days after the common frog (N TKOLSKIY,
1918; ROSZKOWSKI, 1924; BANNIKOV and DENISOVA, 1956; TARASHCHUK, 1959).
According to UpzrerA (1910) the mating season of the common frog begins in
the 2nd half of March and that of its smaller relative as late as May, i.e. a month
and a half later. On the other hand, JUszZczYK and SzARSKI (1950) consider
that the mating season of the field frog usually begins several days after the
outset of the mating of the common frog, and BERGER and MICHALOWSKI (1963)
are of opinion that the mating seasons of these species fall at the end of March
or at the beginning of April, i.e. they coincide in time.

In the study area the specimens of these species wake from torpidity and
mate at the same time and in the same environments. However, it happens
that field frogs start mating several days later than the common frog does.
In the case of the rapid warming up of the air and, what follows, the soil and
water in the winter, the adult specimens interrupt hibernation and wander to
a water reservoir to mate.

The correlation of the time of mating with the thermic conditions of environ-
ment is also indicated by the following facts: in Germany the sexually mature
specimens begin mating in the 1st half of March (STERNFELD, 1913; WERMUTH,
1957), in Czechoslovakia in the 2nd half of March (STEPANEK, 1949), in Romania
at the end of March or at the beginning of April (FUHN, 1960), in the region of
of Smolensk in April, in the regions of Moscow and Kazan’ towards the end
April and in the 1st half of May (TERENTYEV and CHERNOV, 1949; BANNIKOV
and DENISOVA, 1956; GARANIN, 1961).

The data concerning the embryonic and larval development of the field
frog are scanty and, in addition, they disagree with each other. This is well
shown by juxtaposition of the lengths of the larval stage given by some Polish
and foreign authors:
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UbpzierA (1910) . about 100 days
BERGER and MICHAZLOWSKI (1963) 50—120 days
TERENTYEV and CHERNOV (1949) - b1—120 »
BAnNTEKOV and DENISOVA (1956) 60—65 7
TARASHCHUK (1959) 7%5—90 »
FusN (1960) 51—120 »
FRrREYTAG (1966) 60—90 7

This comparison shows that even under the same climatic conditions but in
different biotopes the larval stage may vary in length. For this reason, as stated
by Juszczyx (1967a), the giving of the length of the embryonic stage only,
without mentioning the water temperature at which it occurred, is a great
scientific inaccuracy. This statement may also be applied for the larval stage of
all our amphibians, both- Anura and Urodela. This is why I have presented the
development of the embryos and larvae of the species under study against the
background of the most important climatic factors, above all, the air and water
temperatures, the exposure of water reservoirs to the sun’s rays and the humidity
of air (Table III).

Translated into English Dr Leon Kowalewski
by Jerzy Zawadzki Tuchowskiego 2 m. 17
Czestochowa
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STRESZCZENIE

Praca przedstawia wyniki 9-letnich badan dotyczacych fenologii i ekologii
11 gatunkéw plazéw wystepujacych w okolicach Czestochowy (szer. geogr. 51°,
diug. geogr. 19°, wysoko§é¢ 200—400 m n. p. m.).
Sg to:
. Traszka grzebieniasta — Triturus cristatus (LAURENTI, 1768),
Traszka zwyczajna — Triturus vulgaris (LINNAEUS, 1758),
. Kumak nizinny — Bombina bombina (LINNAEUS, 1761),
Grzebiuszka ziemna — Pelobates fuscus (LAURENTI, 1768),
Ropucha szara — Bufo bufo (LINNAEUS 1758),
Ropucha zielona — Bufo viridis, LAURENTI, 1768,
Ropucha paskéwka — Bufo calamita LAURENTI, 1768,
. Rzekotka drzewna — Hyla arborea (LINNAEUS, 1758),
Zaba wodna — Rana esculenta LINNAEUS, 1758,
. Zaba trawna — Rana temporaria LINNAEUS, 1758,
. Zaba moczarowa — Rana arvalis NILSSON, 1842.
Na obszarze o lacznej powierzechni 50 km? wybrano pieé kontrastujacych
ze sobg stanowisk (Brzeziny, Blachownia, Kucelinka, Ostatni Grosz, Zloty
Potok) i przeprowadzono na nich analogiczne obserwacje. Objety one: poczatek
zycia aktywnego i pore godowsg, rozwdj zarodkéw i larw, zycie aktywne po zakon-
czeniu pory godowej, wedréwki jesienne i sen zimowy. Prze§ledzono réwniez
u poszezegélnych gatunkéw zaleznoéé terminéw wystepowania kolejnych faz
rocznego cyklu zyciowego od zmiennych w poszezegélnych latach warunkéw
meteorologicznych. Na tej podstawie ustalono optymalne, minimalne i maksy-
malne temperatury, w ktérych moga przebiegaé czynnosci zyciowe poszezegol-
nych gatunkow.

Duzo miejsca w pracy poswiecono szezegélowemu omoéwieniu pér godowych,
z uwzglednieniem wplywu temperatury i innych czynnikéw fizyceznych na ich
brzebieg. Osobny rozdzial po§wiecono przebiegowi przemian wzrostowych
1 stadialnych u zarodkéw i larw. Wreszcie przedstawiono wyniki obserwacji nad
przyczynami i warunkami migracji wiosennych i jesiennych poszezegélnych
gatunkéw oraz przedstawiono w formie tabeli (VI) czasokres hibernacji. W dy-
skusji dokonano konfrontacji uzyskanych wynikéw z danymi zaczerpnietymi
z literatury przedmiotu.
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Marepuan k Hacrosie# paGote cobpal B TeueHue 9-JIeTHUX (DEHOTIOIUUECKUX u 9KO-
JIOTHUYECKUX Habmopenuii. Ilo HabaromeHreM HaxoquIoch 11 BugoB ampubuil BHICTyTIAI0-
X B OKPECTHOCTSAX UeHCTOXOBEI (reorp. mmp. 51°, reorp. pymna 19°, Borcora 200—400
METPOB HaJl YDOBHEM MODsT). AHATOIHYECKIE HaOIONEHNS IPOBE/ICHO B IIATH KOHTPAcT-
upIx mectHocTax (Byxesunnt, BrsixoBust, Kynenunka, Ocraran I'pomr w 3norer ITorok)
B 00mielt mmomyuamyu oKoio 50 xm2.

Tlon HAGNIOAEHUEM HAXONMIMCH CIECYIOMME BHIB! 3cMHOBOMHBIX :

1. Tpuron rpebenuareni — Triturus cristalus (LAURENTI, 1768),

2. Tpuron oObikHOBeHHBIT — Triturus vulgaris (LINNAEUS, 1758),
3. XKepnsiaxa kpacHoGproxast — Bombina bombina (LINNAEUS, 1761),
4. Yecnoununa obpixkHoBennas — Pelobates fuscus (LAURENTI, 1768),
5. XKaba obbrkuoBennas — Bufo bufo (LINNAEUS, 1758),

6. XKaba senémass — Bufo viridis LAURENTI, 1768,

7. Xaba xampuuoBast — Bufo calamita LAURENTI, 1768,

8. Kpaxma obpixuoBennast — Hyla arborea (LINNAEUS, 1758),

9. Jlarynma npynosas — Rana esculenta LINNAEUS, 1758,

10. JIarymxa tpapsHasi — Rana temporaria LINNAEUS, 1758,

11. JIarymxa ocrpomoppast — Rana arvalis NILSSON, 1842.

Bo Bpems HabirofeHuii 0coboe BHEMAHME OOPAIEHO Ha TAKHE IPOSBIICHUS YKU3HM,
Kax IPOOY)KIEHME U3 SHMHELO CHA, PasMHOIKCHHE, PasBUTHE JIMUMHOK, oOuTaHue Ha
Cylle, OCEHHWE MHUIDAlUU H IEPEXO] B COCTOSHKE aHabumos3a. OHOBPEMEHHO BEJIOCH
HaO0JIIOJEHNE HaJl CPOKaMu (DEHOJIOrMUECKUX NEPHOAOB B ONPEAENEHHBIX FOIaX B 3aBUCH~
MOCTH OT METEOPOJIOIHUECKUX M KIMMaTHUECKUX yCaoBui. CKOHCTaTUPOBAHO, YTO OXIpe-
JETEHHbIE BUOLI MMCIOT CBOM COOCTBEHHBIE ONTHMAJIBHBIC TEMIEPATYPhI, B KOTOPBIX
YKU3HEHHBIE IIPOIECCHI POOEraoT HamIyylle, a TakyKe MUEMMAJIBHBIE i MAKCUMAJIBHEIC,
KOTOpPBIE 33aMETHO OrPAHMUMBAIOT KX (DUSHOJNOIMUECKHE IPOLECCHl WM BBISHIBAIOT
B OpPIaHM3Max >KUBOTHLIX NaryOHbIe uameHeHusi. MHOro mecra B pafoTe NOCBAIIEHO
IOAPOGHOMY OIMCAHMIO DASMHOMKEHUS 3CMHOBOIHBIX, YUMTBIBAs 3/[€Ch ONTHMAJLHBIC
U CKpaiiHye TEMIIEPaTyPhI OJIOBOH aKTHBHOCTH, 8 TAIOKe BIMAHNE PUSHIECKHX (PaKTOPOB
HA UX PacipoCcTpaHenue u npenensl. OTHesbHbIH pas/iell NOCBAMIEH IPOLECCY BO3PAaCTHBIX
U CTaIMaybHBIX [EPEMEH Y 3apOBIIIei M JMUYMHOK B 3aBUCHMOCTH OT YCJIOBMA CPEbI.
IlpoBemeno Toyke HAOIIOACHWA HAX IPHUYMHAMHM M YCJIOBHUAMH BECEHHHMX M OCEHHUX
MUTDAlUil 3EMHOBOMHBIX, @ TAKXKE ONPEIEJICHO IPAHMILI TEPEXOJHBIX MEPUOJOB I
KaKIOro BUAA.

K pa6ote mpuiararorcst TabIuIbl, KOTOPBIE IDEACTaBIIAIOT MUHIMAJIbHBIC U MAKCHMAaIIb-
HBIE TIPeIEsbl IHOCPHALHH 3¢MHOBOJHBIX.

B paspesnie MOCBAMEHHOM QUCKYCCHHE IICIYUCHHELIX PE3YJILTATOB, POBEJCHO CONOCTaB-
JeHHe (HaKTOB, KACAIOMMXCS ONPEAETIEHHEIX (HEHOJIOTMUECKHX [IEPHOJIOB Pa3paboTaHHbIX
ABTOPOM B CONOCTaBJICHMM C JAHHBIMM Jpyrux apropos Ilossimm u coceflHuX CTpaH.

K TeKcTy NpWIaraioTcsi MHOTOUHCIEHHbHIE (DEHOrpaMMbl, TaOJuIpl, AUArpamMmbl,
KOTOpBIE OYEHb HATJLIQHO MJIIOCTPHPYIOT YacTh COOPAHHOIO Marepuasa.
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