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Abstract. The author presents the results of investigations on cross fertilization of three
morphological forms of green frog: lessome, esculenta and ridibunda. Basing on the speed of
development and percentage of tadpoles’ mortality he supposses that the specimens which
after morphological characters are included in esculenta — form are probably the hybrids of
other two green frog forms.

I. INTRODUCTION

From different branches of investigations which I made in order to clarify
the relationship among some forms of green frogs which were usually considered
as belonging to the species Rana esculenta LINNAEUS, only one part was published,
concerning morphological analysis of 276 specimens caught near Poznan during
their breeding season (BERGER 1966). I found that this frog population was
divided into three morphological groups without intermediate individuals.
The characters which served as a basis for distinguishing these groups, are
usually aseribed to forms: R. lessonae CAMERANO, R. esculenta LINNAEUS and
R. ridibunda PALLAS, which are very common in the whole of Central Europe
(BOULENGER 1898, SCHREIBER 1912, TERENTIEV and CERNOV 1949, BERGER
and MIcHALOWSKI 1963).

This work reports the results of observations on development of embryos
and then of tadpoles up to the moment of their metamorphosis. They were
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obtained by fertilization in different combinations of the three forms mentioned
above. Similar investigations carried out by PFLUGER, in 1883, were mentioned
by BOULENGER (1885) and in later years similar works were carried out by
BOLKAY (1901), Mandeville and Spurway (1949) and Syurm (1949). These
authors studied hybridization of forms: esculenta and ridibunda. The results
of their investigations however did not bring any change in opinion as to the
relationship of these forms.

In European literature we find very few data concerning observations on
embryonal development of green frogs. In general there is only one work
(MIcHNTEWSKA-PREDYGIER and PicoX 1957) giving an exact description of
the early stages of development of these frogs. The remaining works include
either very little data as to their development (HERTWIG 1896) or are presented
in a form of little use to other investigators (TAMINI 1947, DoUGLAS 1948,
KAURI 1959). The authors of the latter three works, when distinguishing the
embryonic stages, assumed the scheme of description elaborated for American
species (PoLISTER and MOORE 1937) in which the sequence of the successive
stages was different than in some European species.

I would like to express here my gratitude to Professor Dr. H. SZARSKI for
his frequent advice which helped me in my work. I also express my thanks
to my colleague Janina JAskowskA, M. Sc., for her help in laboratory work,
as well as my friend Zygmunt PN1EwsKI for the photography and help in rearing
tadpoles. .

1I. MATERIAL AND METHOD

Investigations on fertilization of three green frog forms were carried out
on the individuals caught in amplexus, in some ponds situated on the left bank
of the Warta river, in Poznar. In 1963 they originated from one environment
(BerGER 1966) and in the following years they were caught in different places.
The total number of 180 individuals belonging to three forms were hybridized:
66 lessonae (35 33 and 3199), 73 esculenta (35 33 and 38 99), 41 ridibunda
(21 38 and 20 Q9). In 1963, 32 individuals were used, in 1964 — 104, and
in 1965 — 44.

I present the general method of fertilization of all forms of green frogs,
basing on the plan in Table I, while the details, that often deviate from the
plan, will be described later on. To facilitate the use of names of different com-
binations, I introduced symbols, i. e. letters for females and Arabic figures
for males.

Before starting fertilization of eggs 1 checked the females as to whether
they were ready to lay eggs, by pressing the belly of each female. If the eggs
were ripe, they came out through cloaca at slight pressure. Then, following the
method of MICHNIEWSKA-PREDYGIER and P16oX (1957), T prepared the sperm.
After killing the male I took out the testes and crushed them in a few com of
aquarium water. A few minutes later T checked activity of the gpermatozoa,
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Having prepared the sperm suspension of all forms of green frogs, I began
artificial fertilization. :

In the prepared petri dishes, placed according to the plan (Table I), I squeezed
from each female three portions of eggs, approximately equal in number. On
each portion T poured the sperm suspention of the males belonging to various

Table I
The general plan of cross fertilization of three green frog forms
Female J’
‘ i lessonae ; esculenta i ridibunda
- | ¢ | b | « |
Male e ‘3 | ‘ ;
3 S l l
| | l
lessonae —- 1 ' la | 1b ! le
esculenta — 2 } 2a ; 2b | 2c
ridibunda — 3 ‘ 3a : 3b I 3¢ i
| | I

forms. The moment when the sperm came in contact with the eggs was consi-
dered as the moment of fertilization. A few minutes later the eggs were sub-
merged in aquarium water. The water was changed after 15 minutes and the
dishes were placed in the rooms in which they were to develop.

In addition to the complete series (9 types of fertilizations) I prepared
different incomplete series including 1 or 3 types of combinations. I also made
many natural fertilizations, placing in a separate aquarium the suitably chosen
pairs which spontaneously laid eggs.

To facilitate orientation in different series within the same types of fertili-
zations, the following signs were introduced. The complete series including
9 combinations of the same specimens were asigned S, the series including
3 combinations (eggs from one female always) were assigned with a capital
letter corresponding to the symbol of the given female form (Table I). The
germs of each series as well as of single matings within the same type of ferti-
lization obtained successive ordinal numbers. The development of eggs of
various series and of single combinations proceeded in different temperatures:
low (L) — 15° C, midle (M) — 19—20° C and high (H) — 28—29° C.

Due to an insufficient number of thérmostats, the dishes with the fertilized
eggs were placed side by side on special tables in rooms with more or less constant
air temperature, so that fluctuation of water temperature was always the same
in all dishes. :

The constant temperature in the rooms supplied very favourable conditions
enabling continuous observations, and, consequently, precise determination
of different moments of development. Such observations, with series including

{ 1*
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9 combinations, developing with different speed (Tables II—V, XIII), would
be impossible if only thermostats were used.

One of the most remarkable advantages of simultaneous fertilization of all
combinations was that comparative observations could be carried on during
the development of germs, although this method of fertilization was rather
troublesome. The greatest difficulty consisted in finding simultaneously mature
females. In the laboratory, I had always 10 to 20 or even many more females
of each form, caught in amplexus, but only in exceptional cases I succeeded
in choosing the individuals equally mature at the same time. Therefore, when
I found a mature femal I placed her in a separate aquarium and waited until
the females of the remaining forms matured.

I distinguished the embryonic stages following the data from the works
by WircHI. (1956), MICHNIEWSKA-PREDYGIER and PrcoX (1957) and GoIN
and GoIN (1962). Basing generally on the same morphological features, these
authors distinguished 25 embryonic stages in anurans. The sequence of the
individual stages is given here after MICHNIEWSKA-PREDYGIER and PIGON,
and the English names after GoiNn and GoIiN (1962).

The development of eggs, even originating from the same pair, was usually
very different. That is why I assumed the moment when the determined features
appeared in at least 4 or 5 germs as the beginning of the given stage. Since
many germs died in different stages, for unknown reasons, I had to give up the
method of MooORE (1949) who considered as the beginning of the given stage
the moment when about 509, of germs reached this stage.

There was no special difficulty in distinguishing most of embryonic stages
in green frogs, so the moment of their appearance could be given very exactly,
especially for the stages 1 to 6,10 to 18, 20 and 23 to 25. The beginning of stage 18
I assumed after MICHNIEWSKA-PREDYGIER and PIGoN as the moment of exit
of the larva from the gelatinous envelope. The interval between the first move-
ments of germs in the gelatinous envelopes (stage 18 according to GoiN and
GoIN but not distinguished by MICHNIEWSKA-PREDYGIER and PIcoX) and
their hatching (stage 20 according to GoIn and GoIN) ranged from 20 to 30 hours.

Determination of the remaining stages needs some explanations. The stages
7 to 9 include blastula. In this period the limits between cells undergoing cleavage
are very indistinet and one should have much practice and experience to catch
the right moment. Determination of commencing moments of different stages
of neurula is somewhat obscure, particularly in stages 14 to 16. The greatest
difficulties however were in distinguishing stages 19, 21 and 22. It appeared
that the embryos of some combinations, firstly those from ridibunda female,
were in most cases quite opaque. For this reason it was sometimes impossible
to observe the moment of heart beat or of tail fin circulation. It was also very
difficult to distinguish the beginning of stage 22 as it often coincided with
stage 23. Thus the moments of beginning of these stages are often erroneously
recorded (usually these stages began earlier) and they were not reported in cases
of great doubt (Tables II, III). As the moment determining primary larval
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period (stage 25) I assumed the moment of disappearance of the outside gill
in gpiraculum.

The tadpoles (larvae) for further reaging were transferred to aquaria placed
side by side in the open air in a special enclosure for rearing adult frogs. In a case
of a series all tadpoles were placed in similar aquaria. Water was replaced daily
from a tank or a tap. All aquaria were carefully washed every week.

The tadpoles were fed with a meal (powdered nettle, powdered milk, powdered
liver and CaCO,), prepared according to Kucras (1961). In addition they were
given letuce and dead tadpoles of amphibians, mostly of green frogs.

In 1963, the first series SIM was prepared on May 18, using 3 females and
1 male of each form. From each live female I squeezed about 100 eggs on one dish
(on each dish about 300 eggs from 3 females) and they were fertilized with
sperm of one male. In a similar way, on May 21, the series S2M was fertilized
using 2 females lessonae and esculenta and 1 female ridibunda and 1 male of
each form. From each live female I took 30 to 50 eggs on each dish. All dishes
with fertilized eggs of complete and incomplete series were placed side by side
on the table in the laboratory. The water temperature in the dishes was about
19° 0, in extreme cases ranging from 17-2° to 20-0° C, daily deviations being
as high as 1° to 2° C.

In 1964, on May 12, for the first series I used 3 females and 3 males of each
form. From each live female I squeezed about 30 eggs on one dish. They were
fertilized in a similar way as in 1963, except that the sperm of each male was
prepared separately and poured on the eggs of only one female. In such a way
I obtained on each dish the desired combinations but originating from three
different pairs. These frogs were used for three complete series which developed
in three different temperatures.

The dishes with the eggs of the series S3L were placed in a dark room with
low temperature (15°C), depending to a certain degree on the outside
temperature. In extreme cases it ranged from 13-5° to 17-1° C but in the period
of 24 days’ observations the daily fluctuation did not exceed 0-5° C. On the
first day the water temperature was 16° C, but the next day it started decreasing.
On the 7th day it reached 13-5° C, remained at this level for 3 days and then
slowly increased reaching 17-1° C on 21st day, and remamed at this level to the
end of development of the embryos.

The dishes with the eggs of series S3M were placed on the table in the room
with more or less constant temperature of approximately 23°C for the whole
period of development of the embryos. The water temperature (checked every
2—3 hours) deviated from 19-5° to 20-5° C but usually it was about 20° C. Only
twice during the whole period it overreached these limits, once reaching 18-8°
and once 22-5° C.

The eggs of series S4H, placed in the thermostat in 28° C, after a few hours
of development were destroyed (Table V).

This method of fertilization appeared to be disadvantageous. The eggs
squeezed from the living females were often deformed or damaged when passing
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through the anus. When they stuck to the dry bottom of the dish, these de-
formations did not recover, making further development difficult or even
impossible.

When preparing the next series S4L, S4M, on May 13, I introduced a change
in the method. For reproduction I used 3 females lessonae and esculenta, and
2 females ridibunda, and 4 males of each form. The sperm from all males of
one form was mixed in one vessel and sperm suspension was poured into dishes.
Then I killed simultaneously all females of one form, and from each of them
I squeezed a more or less equal portion of eggs directly into the sperm suspention
on the dishes. Later fertilization was carried out in this way.

The individuals mentioned above were used for two complete series which
developed in two various temperatures.

In 1965, T used one female and one male from each form for the first complete
series. For further observation however there remained only the eggs from
esculenta female, which developed in 20° C (B3M). This unsuccessful experiment
is described in detail elsewhere.

ITI. RESULTS

The results of development of different combinations from the moment
of fertilization to metamorphosis (complete resorption of the tail) are presented
in the Tables, and the detailed analysis is given below.

1. Rate of development

Periods of development of embryos of individual combinations are distinctly
differentiated (Tables IT—IV). The tadpoles of combinations la developed
most rapidly in all tested temperatures and those of several cambinations
developed the slowest. The development of germs of the same type of fertilization
and in the same temperature was very similar. Only the tadpoles of combi-
nation 3b deviated greatly from'this regularity. The hybrid reciprocal com-
binations (2a—1b, 3a—1c¢ and 3b—2¢) had approximate periods of development,
in some cases almost identical (Table IV).

It results from Table V that the initial rates of development of the eggs
of the same female were very approximate, although they were fertilized with
the sperm of males of various forms. This phenomenon was observed from the
first cleavage of eggs (Tables IT, III) to the medium period of neurula (stages 13
to 15). The most marked differentiation in the development of germs from the
females of various forms occurred in the period of gastrula. In this period the
germs from each female reached stage 10 at different moments (Table V). The
difference in development of germs from various females was very great —
it ranged from a few to several hours, whereas that among the germs from one
female was quite small — geveral minutes. In the period of tailbud (stages 17
to 24) the development of the latter germs also began to differentiate.
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The general tendency of development of germs of all combinations including
lessonae form was a distinet acceleration of development, at least in the final
stages, while in the combinations with ridibunda form the development of germs
was retarded. '

The tadpoles of different combinations reached metamorphosis in various
periods of time (Table VI). As a rule, a few metamorphosed specimens appeared

. simultaneously. In the group of tadpoles reaching metamorphosis in the shortest
time, there were first of all the tadpoles of combinations 2a, 3a and le, and
their periods of development were almost the same. The tadpoles of 2b and 3b
were the slowest in reaching metamorphosis. To this group belonged also the

Table IV

Recorded moments of reaching stage 25 by germs of various combinations. Time in hours
and minutes. Development of differentiated eggs of esculenta females is given in Table XIII

l

i Combinations
‘ Series
la 2a 3a 1b 2b 3b le 2¢ 3c
| | |
in 15°C 1 ! | , ,
S3L 479-15 ; — | — |51805|57905| — |48930| — | 57830 |
841, 46410 | 489-55 | 51340 | 49830 | 548:30 | 576:30 | 48025 | 552:25 | 552:25
10L | 454-40 ‘
7L | 559-00
in 19°C ‘ ‘ 1
I s1M | 255-45 | 291-15 | 328:05 | 31015 | 336:45 | 391-05 | 276:55°| 328-10 | 34110 |
| SoM | 263-22 | 27802 | 277-42 | 276:54 | 334-12 | 302-17 | 300-05 | 342-05 | 318:35 |
‘ AIM | 262:40 | 27450 | 274-50 ?
g IM | 301:15
I , 32200
| |
| in 20°C 3 ‘ §
| S3M | 221-40 | 257-40 | 25440 | — - — | 272:30 | 280-00 | 300-30 |
[ S4M 224-40 | 272-10 | 261-10 | 295:00 | 311-00 | 31100 | 260-05 | 276:05 | 299-05 |
B3M § 26400 | 323-30 | 323-30 \
' 11IM | 216:00 ' i
‘ 12M | 216:00 - }
8SM 1 325-40
10M ; 325-30 ;
12M ; 293-40 [
M 262-00
3M 28515
4M 282:15
|
in 29°C
A2H 11420 | 123-10 | 12420
13H 132:20
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Table V

Comparison of periods of time up to reaching three stages by the germs of all combinations.
Time in hours and minutes

|
? No. ‘ Combinations
: ol |
Series QSta-
‘ ge la 2a 3a 1b 2b 3b le 2¢ 3¢

‘ I3 4-10 4-08 4-09 3-58 3:58 4-00 4-16 4-16 4-16 |
| S4L (15°C) | 10 3452 | 3510 | 3735 | 4555 | 46-10 | 47-10 | 5810 | 50-55 | 54:35
25 t 464-10 | 489-55 | 513-40 | 498-30 | 548-30 | 576-30 | 480-15 | 552:25 | 552:25

| 3 1-57 1-58 1-58 1-59 2-10 2-05 2-03 2:05 2:05
| 82M (19°C) | 10 25-10 | 2512 | 2529 | 27-07 | 27-32 | 27-37 | 3455 | 34:55 | 32:05
| 25 | 26322 | 278:02 | 277-42 | 276-54 | 33412 | 302-17 | 300:05 | 342-05 | 318-35

3 3 202 205 202 | 1-57 1-59 1-58 204 2:03 2:03
| S4M (20°C) | 10 1810 | 1817 | 1830 | 2855 | 2755 i 2800 | 21:05 | 2105 | 20-55
| 25 | 224-40 | 272-10 | 261-10 | 295-00 | 311-00 | 311-00 | 260-05 | 27605 | 299-05 |

|

S3H (28°C) 3 | 136| 196| 136| 138 | 139 139 1-42‘f 145 o dds |
] { | | | |

tadpoles la, clearly retarded in comparison to those of other combinations
of the same series. The tadpoles of remaining combinations (1b, 2¢, 3¢) showed
very great deviations in various series. Sometimes they metamorphosed the
earliest of the whole series while at another time their metamorphosis was
significantly delayed.

When comparing the periods of development of tadpoles from the moment
of fertilization to metamorphosis, one can state that tadpoles of all combinations

Table VI

Development of tadpoles to complete metamorphosis. Days calculated beginning from three
different stages (1, 18, 25) of embryonic development

b Number of days Combinations
Serie :

from stage Ia | 20 s b 9h [iah ) Tellioe ] e
5 fertilizarion f0 | mo| T | ss 0 o0 gy | ol mer | 0
| S4L (15°C) | hatching 7| er es g es | e 6 s
| 25 stage 60| 57 | 56 i i 76 |es Lm0 sn il Ge
| fertilization Bl s les 65l e | es 69 il s
| S4M (20°C)  hatching 67 | 63 |63 | 50 | 65 | 1 | 63 | 65 | 60
| 25 stage 6o | 57 | 57 |53 | b en | B | o1 | 53
i 1 {
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S4M metamorphosed much earlier than the tadpoles S4L. In extreme cases
this difference ranged from 7 days in 2¢ to 28 days in 2b. The periods of meta-
morphosis appear quite different when we begin our calculation from stage 25.
In this case only the tadpoles 1b and 2b of series S4L are delayed by 11 and
18 days respectively, when compared with the tadpoles S4M, while the period
of development of the remaining combinations in both series is distinetly
equalized, and in 3 cases (S4L: 1a, 3a, 2¢) is even significantly shorter.

2. Viability and development of progeny

Different methods of investigations on development of germs were used
in various years. To enable a comparison of results obtained in particular years,
they are presented in chronological order.

In 1963 detailed observations on the development of germs were not carried
out (compare the method and Table XII: B1M) and for this reason there are
only the results of rearing tadpoles of all combinations obtained. On July 11,
photos were made of the tadpoles of series SIM (Fig. 1) taking 3 specimens

Table VII

Results of rearing tadpoles to complete matamorphosis in 1963. All metamorphosed specimens
kept for further rearing

i Per cent | Dates of metamorphosed Maximal |
Series and | 1nitial of mata- PRO%C| Date of death length
combination, number morphosed . of thfz last | i
% on June 2 specimens the first the last specimen it
{
| o |
SIM -+ S2M
la | 72 583 257 21-8 1- 6-64 58
2a 110 | 55-4 | 277 17-7-64 ; 60
8 e 0 ol 68 L 67
| {
; 1b : 105 Qligie il b pae Gl g i 1 2:65 60
o 56 = A 29- 8 23
3h 5 B5 s 00 el o 0010 46
le 20 55-0 | 28-7 15-8 55
2¢ | 42 81-0 4.8 26-8 22-12-64 54
o 7 87 | 307 98 - | 53
| |
| AIM | ‘
‘ la 22 —
2a 17 353 237 277 15- 9
3a 35 82-9 237 58 16- 5:65
| 2a—IM 4 100:0 257 277
2a—2M | 40 95:0 6-8 12-9
i 1b—1IM | 80 96-2 4-8 59 i 26- 9
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Fig. 1. Tadpoles of all combinations of series S1M, in 1963, 54 days after fertilization. From
each aquarium 3 tadpoles: the biggest, the smallest and average

Phot. Z. Pniewski
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from each combination. Combination 3¢ is represented by 2 tadpoles, the only
ones obtained in this series. At the beginning the tadpoles of the series S1M
and S2M were kept separately but shortly before metamorphosis (July 19)
they were placed in common aquaria. The developments of the corresponding
combinations in both series were very similar.

The comparison of photos (Fig. 1) and data in Table VII reveals that among
9 combinations only the tadpoles of combination 2b were not differentiated
as to their size and were clearly delayed in development, in relation to the
remaining tadpoles. They were the last 3 tadpoles that remained from 34 initial

Table VIII

Development of eggs of series S4L and S4M and further rearing of tadpoles in 1964. Rearing
begun: S4M on May 26; S41, on June 2; finished StM on August 18; S£L on September 2

Embryonic development Rearing tadpoles (larvae)
S ( ,_,;...v._.}_m_.ﬁ-f._u.} 41 Embryoes after y o dead | % alive
| | ; ! (o) |
| Series Per cent ‘,‘ hatching b (preserved)
| and Num-[ of dead ‘ ’ Initial | e
It voes | num- i A 5
1c(')m ber (?f ‘e;nbl.S 003 ! otal \ percent of . i with ol with mor- |
| bina- | eggs | and unfer-| o abnormal | poles 4 poles| ¢ ho-
' tions | tilized eggs | | : limbs limbs| 2257
| : ———— | ) ] ! |
o | e o
s [ 203 | 296 143 — | 100 | 330 | 220 | 250 | 2.0 | 180 |
%2a 210 | 43-8 118 2:2 100 .| 11-0 | 13:0 | 32-0 70 | 37-0 ‘
32 | 203 | 18:3 ‘ 166 1-8 100 ‘ 9-0 8:0 | 41-0 | 40 | 380
P w00 0w 21 | 100 650 | 40 | 200 | 20 | 90
| 2b | 218 | 202 174 | 218 | 100 | 680 | 60 | 140 | — | 120 |
1 3b 203 5 155 172 S 86 1001} 34004 — i50-0 — 160,
! K J i | : |
1 o | 5l a0 e Al n 10 o8 5 83 | 279
20 (i 929 |- BANGLE 3005, 660 10 300aL 000 s e L 0000
| 3o lo0s | O lg % wada 10 | 100 | 200 | 100 | 10-0 | 500 |
| i i | | ‘
| saM f : | i
1a 199 | 50-2 ! 99 g 33 80 | 10-0 7-5 | 16:3 37 | 625
| 2a 196 ‘ 81 180 } 39 80 | 325 37 | 11:3 — 1152:5 |
| 8a | 9238 | 369 150 6:00 S0 RS2 il Tio 02 ] 5318 |
E {
L 3 T 107 327 65 | 216 | 15 | 108 | — | 661
L 9h 316 | 78-8 67 537 28 | 393 | 141 | 179 71 | 214
l 3b | 3929 5’ 394 | 192 31-2 80 | 137 2:5 | 363 7-5 | 40-0
l i
| 1e | 260 St ol 1o | 84 80 | 137 | 13 | 113 | — | 1737
% 163 50-9 80 ! 175 63 | 50-8 16 46 16 | 429
30 | 299 | 585 124 234 80 | 238 | 37 | 225 | 37 | 463
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specimens of this combination, and the last of them died on August 29, being
27 mm long. The tadpoles 2b-S2M developed in identical way: from the initial
number of 22 specimens the last one died on July 23.

The tadpoles of some combinations (Table VII) lived for a very long time
without any sign of further development. The last tadpoles 1a and 2¢ of the
series S1M +S2M were albinotic and the tadpole 1b, in which the spiraculum
was at the right side of the body, was 125 mm long when it died. The period
of metamorphosis of tadpoles of cross 2a lasted almost the whole year: the last
tadpole in 1963 passed through metamorphosis on September 24 and two
remaining metamorphosed in June 3 and July 17 the following year.

The results of investigations carried out in 1964 are presented in Tables VIII
to XI. The series S3L and S3M are omitted here as the germs of a few combi-
nations did not reach stage 25 (Table IV) and in most of the remaining com-
binations there were only a few specimens.

Detailed observations were carried out basing on the series S4L and S4M
(Table VIII) and tadpoles from the remaining series were used mainly as control
specimens (Tables 1X to XI). However, for the reasons described below, some
data in Table VIII (first two columns) can not be used for comparative analysis.
In the series S4M I had to remove, from all dishes, the eggs of one esculenta
female and of one ridibunda female, since it appeared that the eggs of these
females after reaching stage 3 began irregular cleavage and then were subjected
to cytolysis. In one esculenta female a part of the eggs did not begin cleavage
at all. A

The development of eggs of these females was quite different in series S41..
The eggs of all esculenta females underwent cleavage in 1009, while among
two ridibunda females, the eggs of all combinations did not begin cleavage
in one and in the other the eggs reached stage 4, did not develop further, and
were subjected to cytolysis. Finaly 5 to 30 developing germs remained on the
dishes with the eggs of ridibunda female. It should be explained here, that
for further rearing I placed 34 tadpoles 1c and 8 tadpoles 3¢ from the series S31,
together with two normal tadpoles 1c¢ and 3¢ from the series S41.

In the progeny of lessonae females in both series, S4L and S4M; another
abnormality was observed. It appeared that the development of eggs from one
female was clearly delayed when compared with that of two other females.
Before hatching, the difference in both series was uniform — 9 to 15 hours.
Some germs of this female began to die in gelatinous envelopes in stage 17.

The facts presented above explain best the differentiation of percentages
of dead germs in various combinations of these series.

For further rearing only normal tadpoles were used and for this reason in
some aquaria their number was much lower than planned. The lowest percentage
of metamorphosed tadpoles in series S4M was in 2b (21-49,) which had the
highest percentage of dead specimens (53-6%,). It should be noticed that they -
were in the aquarium with the lowest density of population. The tadpoles
2b-S4L developed in a similar way,
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"~ Generally it could be stated that, contrary to a similar series of the preced-
ing year, none of the tadpoles of any combination showed, at least to the moment
of metamorphogis, any decided domination or delay in development. :

The tadpoles 2b from the parents of esculenta form, in 1963, were charac-
terized by the lowest viability and for this reason in 1964 I paid special attention
to them. In order to study their viability I prepared 22 aquaria (Tables IX, X)
for the following experiment. Each aquarium was divided with a net into
2 equal parts. In one part I placed the tadpoles of different combinations 2b,
and in the other there was usually the same number of tadpoles of other com-
binations (the control group). In addition, in 4 newly built basins I placed
tadpoles 2b in three basins and a control group in the fourth basin (Table XI).
In such a way the germs originating from 12 esculenta pairs were under control
(the tadpoles 2b-S3L originated from 3 females).

Part of the 2b tadpoles remained in 2 aquaria (No. 14 and 20) without any
contrel and in one case the tadpoles 2b-3M, from about 200 eggs of 3 females
fertilized with the sperm of one male (Table 1X, No. 22), were not subjected
to any control. For unknown reasons, in aquarium No. 12, 17 tadpoles 1e-3M
were lost on July 16—17, and in one aquarium (Table X, No. 5) the dividing
net collapsed, so that the tadpoles got mixed and they could not be segregated
again.

The tadpoles 2b-54X (Table X), distinguishing by the highest viability,
were obtained in the following way. Into a part of sperm that remained unused,
I squeezed about 300 eggs from one female. The sperm and eggs were taken
from the individuals which were used to prepare the series S4L and S4M, that
is why the symbol of this combination is similar. I divided these eggs into
two parts: one of them remained in the laboratory, and the other I took home.
Among 102 eggs at home, 5 did not develop further and from 97 I obtained
excellently developing tadpoles. I divided them into 3 parts (Table X: No. 1-—3).
The first part (33 specimens) was kept at home till the complete metamorphosis,
in tap water changed every day. I preserved 6 of them on June 24 and among
the remaining 27 only 16 passed through metamorphosis and 11 died before
climatic metamorphosis. The first tadpole metamorphoses on July 10, in 57 days
from fertilization, and the last on July 27. At the end of May the remaining
2 parts were taken back to the Institute where their development in the open
air was much slower and a relatively low percentage of them reached meta-
morphosis. The first tadpole of these two groups metamorphosed on July 17
and the last died in December.

Much slower deyelopment was observed in the group of tadpoles which
remained in the Ingtitute. It was not until July 30 that the first of them meta-
morphosed. This is proof that the tadpoles 2b-S4X had better conditions for
development at home. In the same way as the germs 2b-S4X I raised 20 germs
2b-1M and 25 germs 2b-5M at home, but they all died as tadpoles.

Table XII presents the results of investigations on development of germs
and tadpoles in 1965. In this Table the series B1IM from 1963 is also listed and
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Table IX

Development of tadpoles of different series 2b in common aquaria with control tadpoles,
in 1964. Tadpoles 2b were kept till death of the last specimen, control ones to August 18
N

] ! ' Number of ] ! Number of alive |
| B dead | r specimens Total
4 ‘ Initial specimens ] Date of " (preserved)
Cross NO- | Gontrol 11)1u’m-f e e deatheiof ‘ |
Loy agua-‘ el er o i the last | S, meta-|
‘ }rlum! tad- | tad- 4‘ | specimens | tad- 4 mor- | toad | ali
| poles | poles Yimbs | | poles a pho- | dead | alive
;‘, } E l sed |
i { | |
) 3 e e By
Bl s e 0 P
‘ ‘ i
i . - 20 7.1 13 | 2310 biodl e e
e et 2 o o o T Bl e T
. - 6 5 e s S W
*lsa—ssLl 6 | 1| — & 5 1 5 |
| = bt el = o ailee | s |
L oo o el gl Bop 1 | 23
- 4000 o s Al asEas el e e g
D AT g bis 10 3k
‘ : = o5t osi il (o g L o e
gb= 1 oMl 2 s m o
- e | s L g
ilsceom o0 ] - B T
1t o) e e e e
8o iog o | 5 e om0 5 g
93 | 23 foid
‘ — 2 e = ieg D
2bpdMi P e M 30 [ 4| 9 e s ) T
i | 1
|
= s e sl ides DT oo sl L
| 3a—1M | 30 Lode s el = o 1 | o0
L o 300 05 s Bives i ol v n B
| 3a—IM | 20 ol i ot 10 9L T8
e — 28 Ca0p el oty ol Gl o L g
1Al s e os e oo e
L = 20 | 14 6 | 1010 g e o
i 2c—2M | 20 5 1 ! s e 14 6 14
b4 a8 taes | lp ! meiaes, | o il s L
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Table 1X — continued

| Number of |

Number of alive !

I dead 0 s specimens Total
; Initial specimens | Date of | (preserved)
Cross | No. | control IlllIn'_4_~;"‘ — | death of | ‘ e
oh L aduasl ‘ber of | i the last | i th meta- | i
o - S Wwitn 2 | W1 {
rium tad- | tad- 1 5 | specimens | tad- BE0n
poles | poles | . i | poles | pho- | © [
! | limbs | ; limbs | ~, a ‘
| ‘ | sSe
: o | R
| : — |3 |30 | — | 196 | —|— | — |8/ —
R L1008 102 |
! f f | ‘ ‘
e a0 e o e 90 ! s
; ¥ la-10n| 20 | 6| — sl s
i | | |
[ ‘: ‘ : j 1 ‘ 1 ‘
| 2b—7L = 20 eioe g 0 eongl LR ey
17 [ ip—s8h 20w Lprl s 5 15
| { ; [ | | | ;
— | 1| M- 16 | — = | = | 14—
| 18:padany g e 1B g e o
i ‘ i ' i ! }
| " | ‘ 1, ‘ f ‘ | |
l,q _.322;22;—-{17-6’_‘—;wizz—
| [N 99 | 9 o P e 2
i | la—aM | 22 | | o | on o0
! | ; [ July 65 \ |
20 o m A Lo e
} i 1 | : ;
oM | o s 18 19- 6 f= i
2b—9N 21 | 32— S3L i 18 | Qe s ‘ 2 )Y % (Bl 8 1 10
| { 1 |
‘ ? *
Sbame ool e Mgl L gy

in the three first columns the approximate values are given for this series.
It is worth noticing, however, that the data in the fourth column for this series
clearly indicate very high mortality of the germs from the eggs of this female.

1n 1965, among 6 obtained combinations 2b, only one (2b-12M) was preserved
earlier, on October 11, the remaining were kept to the death or metamorphosis
of the last specimen. The tadpoles of other combinations which were raised
longer, usually were liquidated when at least one part of them reached climactic
metamorphosis. In 1965 I caught 3 pairs of different forms in amplexus in the
moment of laying eggs. From them I prepared 3 complete series, as mentioned
already, which had to develop in three different temperatures. However, for
unknown reasons, none of 385 eggs from lessonae female and 378 from ridi-
bunda female passed through first cleavage, while out of 391 eggs of esculenta
female over 90 9, of the eggs on each dish developed further. Only the series B3M
was kept for observation (Table XII).

Acta Zoologica Cracoviensia t. XII z. 7 2
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Table X

Results of rearing tadpoles 2b-S4X with control crosses in 1964. Tadpoles 2b were reared in
4 aquaria to death of the last specimen, control ones to August 18

‘ ! ’ . Number of alive l
‘ | Number of dead specimens | T 1
5 . (preserved) L ofcal ;
e | Initial | specimens oraci
{ 20 Control number; _ |meta-| date of ;
s Cr0Ss of tad- | tad. | VR | 1 or | death of Sath meta- |
| rium \ 4 tad- = | mor- |
| poles | poles g pho- | the last o ho. | dead | alive
‘ ! sed |specimen| PO'®% | 4o | PRO- ‘
‘\ i sed I 3
- | } | [ -
1 = esae s Ul ORIl g e L e 1L 0o
2 = e
o e g e T e
e e o - bl e ooy b )
| | ! | % : ’ ‘ |
. Sl 0 b s e S
30-——2M{30]——i—— — ?2117§2‘-— 30
| ‘ i i i |
5 e e e e
o Jb—IM | S0 |7 e e & a9
| | I | | [ | ‘
6 ~{97E30117 — | | 47 —13}47 50
1 x ,
Table XI

Results of rearing tadpoles in basins in 1964. Most tadpoles 3¢-1M were eaten by the individuals
of F, generation of green frogs from 1963

| No. of basin it 2 3 4 !
‘ Combinations 3¢—IM | 2b—2M | 2b—5M | 2b—6M |
| |
Capacity of basin in litres 250 50 200 350 |
Approximate number of fertilized eggs 3000 1000 1000 3000 |
Number of alive specimens: | |
tadpoles ' 26 —_— 1 ——
with 4 limbs L e - — -
metamorphosed | 15 = — B

Aproximate date of death of the last tadpole — 11-6 20-10 [ 15-6

The tadpoles of some combinations only were kept for further raising. All
germs that reached the stage 25, or, if their number exceeded 100, only a part
of them were reared. It results from Table XII that the percentage of ferti-
lization of the eggs of all combinations in most cases was over 90. The most
interesting are data concerning development of the tadpoles 2b, including
6 combinations. Their common character is a very high mortality which in



5 cases reached 96-4 to 1009, and a very low percentage of specimens, that
passed metamorphosis. The metamorphosed individuals were not raised any
longer.

Three years’ observations on development of different green frog combi-
nations showed that the lowest viability and very high differentiation in this
regard characterised the tadpoles of combination 2b, while those of all other
combinations, when raised further, reached complete metamorphosis.

Basing on differentiation in viability of tadpoles 2b, we can divide them
into a few rather distinctly marked groups.

L. To the first group I should include the germs which died in early stages
and did not reach hatching. But this group, although it includes the germs
of a few females, is not clearly distinguished because similar characters occurred
also in germs from other females.

2. The germs of the second group developed in the normal way but all
died shortly after reaching stage 25. The germs of 5 females belonged to this
groups (Table IX: 9M; Table XI: 2M, 6M; Table XII: B3M, 10M).

3. In the third group there are combinations in which the tadpoles lived
very long but none of them developed legs, only in the biggest specimens some
very small legs in but stage appeared. The eggs laid spontaneously by two pairs
(Table IX: 1M, 4M) as well as the eggs from at least 2 females from 1963 belong
to this group (Table VII: S1M, S2M). :

The tadpoles 2b-1M can serve as an example of development. They were
placed in 5 aquaria with the control groups. Among 119 control tadpoles which
in different combinations began to metamorphose from July 20 to August 1,
only 8 specimens died, while all 129 tadpoles 2b died. The photos (Fig. 2) il-
lustrate best the delayed development of these tadpoles.

During the development of this group of tadpoles, numerous individuals
appeared among them, which looked quite normal but could not swim. When
excited to move, they turned round in one place without swimming or swam
irregularly turning round the axis like a corkscrew. These individuals very
often lay on their back on the bottom without showing any distress in this
unnatural position. The tadpoles with similar behaviour were observed also
in 2a-S1M in 1963. It seems that in the tadpoles of this type a disturbance
of the sense of balance occurred in some period of development.

4. In the fourth group I listed the tadpoles which did not reach complete
metamorphosis although some of them died as almost metamorphosed in-
dividuals. These tadpoles originated from 4 pairs which mostly laid eggs spon-
taneously (Table IX: 5M, 7L, S3L, 3M). A detailed description of particular
cases is needed to throw light upon their mortality.

On May 16, two pairs laid eggs spontaneously: 2b-7L about 5% and 1la-10L
about 62 o’clock in the morning. A part of the eggs from each pair were taken
on the dishes which were placed side by side in the temperature 15° C. Their
development much differed. The germs 1a-10L reached stage 25 on June 4,
and the germs 2b-7L on June 8 (Table VI). The photo (Fig. 3), made on June 3,

2$
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Table XI1I

Development and further rearing of tadpoles of various combinations in 1965. Series BIM
from 1963. In the lower part of Table-development of differentiated eggs of esculenta females
(compare Table XIII)

Em’bryonic development | Rearing tadpoles
?
| Series and | | embryoes after | % dead ] % preserved
' combina- | MM % Ofl I hatehing  |initia) | meta-
i ' ber | first | | : with with a
tions s ead | o 1 % of num- | tad- tad- L | mor
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| eggs | vage 7 i abnor. o limbs; p limbs | v !
| l e g
BIM (19°C) | | | | | 1 i
1b 100 | 50-0 96:0 | 2 S o oponl
2b 100 500 | 960 | o 1000 | | ‘ 1
3b | 100 | 50-0 | 100-0. | — | —
; ‘ | | | |
A2H (29°C) ‘ 1 1
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3a | 221 | 986 | 479 | 112 | 09| — | : ‘
| ! i \
B3M (20°C) 1 ! i
1b | 40 | 950 | 237 29 g0l om L ele | ghE e 35
2b | 25 {1000 | 160 21 43| 18 {1000 — | — | — | — |
3b 42 | 976 366 | 26 269 | 19 | 211 | — | 211 | 211 | 367 |
la—11M | 100 1000 | 10 | 99 L -
la—12M | 100 | 980 | 61 92 - | - %
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e e (0o ol e A e
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Fig. 2. Comparison of size of tadpoles of combination 2b-1M with control tadpoles 3¢-2M (Ia, h)

and 2a-S4M (ITa, b) reared in common aquaria. Photos: Ia -—— June 9, Ib — July 7, IIa — June 7,

IIb — July 17. In each photo tadpoles 2b (smaller) and the same number of control ones
(bigger)

Phot. Z. Pniewski

illustrates best the difference between the larvae of both combinations. For
further raising I took 84 tadpoles 2b and placed them in 4 aquaria, adding
a control group to each aquarium; two of them belonged to the tadpoles 1a-101,,
mentioned above (Table IX: No. 16 to 19). The results were as follows: out
of an initial number of 84 tadpoles 2b, only one remained to June 19 and died
on October 22 as almost metamorphosed frog. Among the whole amount of
89 control tadpoles, 13 specimens died before August 18, and the rest meta-
morphosed or were preserved.

In the remaining combinations 2b included in group 4, the tadpoles were
more viable. Although their development was slower (Fig. 4) in comparison
with that of the control ones, a few or several almost metamorphosed individuals
appeared in each aquarium. Nowever, all of them died before reaching complete
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metamorphosis, and many died at earlier stages. The sequence of their death
was similar as in the precedent group only the time of dying was more varied.
Numerous specimens died at the beginning of summer 1965, without reaching
complete metamorphosis.

Fig. 3. Larvae of combination 2b-7L (smaller) and 1a-10L (bigger), 510 hours after fertilization
(development in 15° C)
Phot. Z. Pwiewski

When the first, almost completely metamorphosed tadpoles began to die,
I thought that, due to generally lower viability in the tadpoles 2b, they were
drowned because they had no strenght to get on the pieces of bark placed in
the aquarium. In order to help them I prepared quite shallow aquaria with
sandy islands in the middle and I even fed three 1—2 mm tailed specimens
2b-5M. In spite of such care, however, they died. Such treatment was not ap-
plied to the control tadpoles and they survived.

5. The most interesting group was the last one, including the eggs of 2 fe-
males, as in this group some metamorphosed and very viable individuals ap-
peared (Table IX: 8M; Table X: S4X).

32 tadpoles remained from about 60 that developed from spontaneously
laid eggs 2h-8M. All the tadpoles 2b which were placed with the control tadpoles
1a-4M, died before June 15, but in an aquarium without any control 7 tadpoles
remained and 2 of them, characterized by much greater size, reached meta-
morphosis. One of them passed through metamorphosis on July 31, 1964,
but died in July 1965, and the other did not reach complete metamorphosis
and died on August 19, its body being of abnormal shape (Fig. 9).

The eggs of the other female developed into numerous very viable indi-
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viduals. In all aquaria containing the tadpoles originating from this female,
metamorphosed specimens appeared among the tadpoles 2b as well as the
control groups. In any case the development of the tadpoles 2b (the tadpoles
from this female reared at home are not included here) was clearly retarded,
as illustrated in photos (Fig. 5). On May 29, I brought to the Institute 21 tad-
poles 2b from my home and placed them with the control tadpoles le-2M.
The tadpoles of both combinations did not differ in size at this time, but on
June 9 the difference was already visible which was very evident a month
later. The tadpoles 2b began their metamorphosis on July 17 (12 specimens
died) and the tadpoles 1¢-2M on July 13 (none died).

A rather obscure position is that of the germs from 3 pairs (Table XII:

B

S

Fig. 4. Comparison of size of tadpoles of combination 2b-5M with those of 2¢-2M reared in
common aquarium. Photos: 8 7 1964. I — normal tadpoles 2b and 2¢, IT — abnormal tadpo-
les 2¢

Phot. Z. Pniewski
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12M, 11M, 13M), not mentioned till now. Four of them reached metamorphosis
but they were not kept any longer. In the classification presented above they
should be ranged in the fifth group.

Fig. 5. Comparison of size of tadpoles 2b-S4X with tadpoles lc-2M reared in common aquarium.
Lower photo on June 9, upper on July 8
Phot. Z. Pniewski

3. Irregularities in development

Different abnormal features appeared in germs and tadpoles of all 9 com-
binations. Some abnormalities were clearly connected with some properties
of eggs which I would like to explain first. These observations concerned only
the eggs of esculenta females in 1965.

I noticed that round numerous eggs of 3 esculenta females (Table XII:
B2M, B3M, 1b-4M) opaque sheaths appeared after fertilization, making further
observations of development impossible (Fig. 6b). I did not notice, however,
that they had any unfavourable influence on development of germs in embryonic
period and consequently not pursue further observations on development
of the tadpoles.

The eggs of some females, strongly varied in size, were more interesting
(Fig. 6a, c). The progeny which developed from them, differed much in many
features (Table XIII). I observed a distinct differentiation in eggs of 5 esculenta
females. Four of them laid eggs spontaneously. The germs originating from
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bigger eggs developed much more rapidly and were bigger than those from
smaller eggs. When the smaller germs reached stage 25 the difference in length
was 4 to 5 mim.

The development of germs is closely connected with the degree of differentia-
tion of eggs. In 2b-3M, for instance, the eggs greatly varied (Fig. 6a) forming
2 groups. Most of the smaller tadpoles died shortly after reaching stage 25,
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Fig. 6. Eggs of esculenta females. Series: a) 2b-13M — eggs strongly differentiated, b) B3M
numerous germs surrounded with opaque sheaths, ¢) 1b-4M — normal eggs and double eggs
in common envelope

Phot. Z. Pniewski

and the rest in August (Table XIII), while one big tadpole (the other was
abnormal) reached great size and was very viable after metamorphosis. The
eggs of the female of series B2M were less differentiated and so were the tadpoles
that developed from them. In further development they were undistinguishable.
A high mortality was observed in them and especially in the tadpoles 2b and 3b.

The germs of combination 1b (3M, 4M) which generally were characterized
by higher viability, require special discussion. From the total amount of 105 tad-
poles 1b-3M, I reared 50 smaller and 12 bigger specimens. On July 9 the smaller
tadpoles were 23 to 31 mm long (mean 27-2 mm) and the bigger ones 36 to
49 mm long (mean 43-8 mm). On August 2 (Table XIII) the smaller were
26 to 45 mm long (mean 36-5 mm) and the bigger 50 to 61 mm (mean 56-3 mm).
In the period of metamorphosis they also formed two groups but not very
distinetly separated. The bigger tadpoles metamorphosed mostly in August,
while the smaller ones in October.

Differentiation of the eggs 1b-4M was of another kind (Table XIII). For
every 40—350 normal eggs there was one abnormal pair (Fig. 6¢). They were
in a common gelatinous envelope and one was always of normal size while the
other was smaller (1b-4Ma -4-b). In 31 such pairs (Table XIT) only 2 pairs did
not pass through cleavage. All small germs were subjected to cytolysis and died
in over 809, in the period of gastrula (stage 11 to 13) with a great yolk-plug



149

(exogastrulation). None of the germs reached hatching. Among 29 bigger
germs 26 reached stage 25 and no abnormal features were observed.

In embryonic development special attention should be paid to the germs
which died in gastrula with symptoms of exogastrulation. Embryos of this
type appeared in large numbers first of all among the germs from esculenta
females, but with special intensity in combinations 2b. They often constituted
509%, and among the germs developed from the smaller eggs even 80%, of the
dead germs. Sometimes such germs developed further and died in stage 17
or 18 with a small yolk-plug in gastropore or at the side of the body; in rare
cases they even reached stage 24, as was found in 1b-S4M (Fig. 7Ta—Db). It is
not excluded that some of them overcame this abnormality and developed
further.

The germs showing this type exogastrulation appeared also in the remaining
combinations but were not numerous. Among all combinations la, two such
specimens were in S3M and in combinations 1c¢ only one in S4M, but all three
died in stages 23 or 24,

Fig. 7. Abnormal larvae form eggs of esculenta females

Phot. Z. Pniewski

All larvae with abnormal exterior features, which reached hatching, can be
divided into 3 clearly distinguishable groups.

1. In the first group there were the larvae with different visible deformations
of the body (asymmetry, scoliosis). The larvae of this type were more or less
numerous in the progeny of all 9 type of fertilizations. In some specimens
these irregularities disappeared in further development and they became normal
tadpoles. For experiment, I placed all abnormal larvae 2b and 3b from the
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series S4M in separate aquaria. Among them there were also larvae with yolk
plug and numerous larvae with the features of the second group. To June 30.
from 36 larvae 2b only 4 normal tadpoles remained (the rest died) and from
60 larvae 3b only 1 tadpoles survived. A similar phenomenon but in reverse
occurred in normal larvae, among which some single tadpoles with some ir-
regularities appeared.

2. In the second group I included the specimens with some monstrous
features (Fig. 7e—d). In the larvae of this type in the body cavity an edema
appeared in stage 17 already, insignificant at first, and grew to great size making
swimming impossible. In such larvae the gills developed very weakly. The
larvae died after some time; they never reached stage 24. Among them many
individuals had some underdevelopment in the tail web.

Such larvae were numerous or even very numerous in almost all combi-
nations 2b and 3b; they appeared more rarely in some combinations 2¢ and 3c.
Among 82 abnormal larvae in 3b-3M (Table XII) there were 41 of this type
and in addition 10 to 12 larvae with the symptoms of this abnormality, while
in 2c¢-4M all four larvae were strongly swollen. In the remaining combinations
this abnormality was seldom observed. In combinations la only one such
specimen appeared in S3M. It should be mentioned, that individuals with
monstrous features were also observed among the larvae which developed
from bigger eggs of esculenta females.

3. In the third group there are the larvae with a different type of edema
(Fig. Te). Already in stages 20 to 22 the germs of this type became almost quite
transparent and obtained a round, flattened shape of body. After reaching
stage 25 they stopped developing and died after some time. They developed,
together with the larvae of former type, from the smaller eggs of esculenta
females. In some cases (Table XII and XIII: 2b-11M, 2b-13M) almost all ab-
normal larvae had these features. In detailed examination it was found that
in some of such specimens the spiraculum and anus were closed.

In the larvae of all mentioned types the abnormal features became visible
rather late and some intermediate specimens to the normal larvae were observed.

Among the tadpoles left for further rearing some abnormal specimens ap-
peared. They belonged to two different types. The first group included the
tadpoles characterized by a more or less curved tail. In the case when the tail
was not much deformed, the tadpoles could swim rather easily (Fig. 5), but
when these tail deformations were very severe (Fig. 4) the tadpoles could not
move in the water or their swimming was of little effect. The individuals with
insignificant deformations of the tail occurred in all 9 combinations but those
with strong deformations were exclusively in combinations 2¢, 2b, and less
numerous in 3c. Such deformations, at least the less marked ones, had not
much influence on their metamorphosis. For instance in an aquarium with
20 tadpoles 2¢-2M (Table IX) 14 were strongly deformed (Fig. 4); 4 of them
died, while 10 metamorphosed and some of them are still alive.

The other kind of abnormality in the tadpoles consisted in unusual shape
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of the body. In some tadpoles with hind legs developed well enough, the lymph
sacs (sacci lymphatici subcutanei) situated in tibia and femur began to enlarge.
With the growth of tadpoles the lymph sacs on the body also slowly enlarged
(Fig. 8) reaching great size before metamorphosis (Fig. 9). The tadpoles of

Pig. 8. Tadpoles of combination 2¢-S4M, normal and abnormal specimen
Phot. Z. Pniewski

this type swam with difficulty but in the final phase of metamorphosis they
became very active. They all died. There were very rarely specimens in which
the lymph sacs did not enlarge so much and these tadpoles sometimes passed
through metamorphosis.

Such abnormality was found among the tadpoles of combinations 2b-S4M
(11 specimens), 2b-S4X (7 specimens) and single specimens in 2b-5M, 2b-8M,
2¢-S4M, 3c¢-S4M. It is interesting that such individuals occurred only in 1964.
In other years and combinations no such specimen was found.

Other abnormal features were very much differentiated and occurred
sporadically and, it seems, without distinct connection with any combination.
In 9 specimens of some combinations of the series S1M (1b, 2b, 3b, 2¢) and
in 2b-B3M the spiraculum was closed; in 3 specimens in 2b and 3b of the
series SIM the spiraculum was at the left side, and in one at the belly side of
the body. :

The most interesting observations concern the sequence of appearance
of the features of some embryonic stages. During observation I found in all
germs 2¢-3M (Table XII) in stage 17 the heart beat and gill circulation. In -
about 24 hours after this observation the first larvae left the gelatinous enve-
lopes. A similar phenomenon occurred among the germs 2¢-4M, in which also
the heart beat was in stage 17 but gill circulation was noticed only after hatehing.
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Tig. 9. Abnormal specimen of combination 2b-8M in the final period of metamorphosis. Photo
5 hours after death
Phot. Z. Pwiewski

IV. DISCUSSION

In the European herpetological literature there is almost no data on hybri-
dization and on observations of early stages of green frog development, that
could be fully utilized without any doubt. The values of the results of the cited
reports (HERTWIG 1896, TAMINT 1947, DouGLAS 1948, SmiTH 1949, MICHNIEW-
SKA-PREDYGIER and PrcoX 1957, KAURI 1959) as well as of other works are
open to discussion as we are not sure whether the authors had in fact at their
disposal the forms they described.

From the data presented in part IIL it results clearly that the mentioned
three morphological forms of green frogs; lessonae, esculenta and ridibunda,
can be mated with each other without any restriction, giving viable progeny.
In the observations of their development two most important problems arose
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which require a detailed discussion. They are: rate of development and viability
of the germs of individual combinations.

Influence of temperature on the rate of development of embryos of dif-
ferent species and even of different forms of the given species of Anura is widely
known (MoorRE 1949). In my investigations the differentiation of temperature
however was too slight and was not always applied to all combinations (Table I'V)
so any general conclusion could not be drawn.

In each series stage 25 was reached most rapidly by the larvae of combina-
tion 1a and most slowly, almost always, by those of 3b or 2b (Tables II, IIT, IV).
In extreme cases the differences in time within the same geries were from
79 hours in S2M to 136 hours in S1M. On the basis of these data, quite intel-
ligible are the differences reported by various investigators, as MICHNIEWSKA-
PrEDYGIER and PIcoN (1957) and DouGLAS (1948), in the development of
green frog embryos in the same temperature. These authors undoubtedly
investigated individuals of different forms.

The periods of development till the moment of reaching metamorphosis
by tadpoles of various combinations are also distinctly differentiated (Table VI).
It seems however that this differentiation is independent of the differentiation
which was observed in their embryonic development. The germs la in em-
bryonic period, in all tested temperatures got well ahead in reaching stage 25,
at least a few days earlier, in comparison with the germs of all remaining com-
binations, but their development in the larval period was distinetly restrained
and retarded. Longer periods of time for reaching complete metamorphosis
were observed only in tadpoles 2b and 3b which also in embryonal development
were the last to reach stage 25. This problem is difficult to interprete.

It seems that the ecytoplasm of eggs had distinet influence on the rate of
development of germs and on their viability. This influence was quantitative
as well as qualitative.

The influence of cytoplasm of the eggs from females of different forms on
development in early embryonal stages results from the fact that the develop-
ment of the germs of 3 combinations originating from 1 female is very ap-
proximate, while the difference in the development of the germs from females
of various forms is very great (Table V). It is only in the period of tailbud,
that the development of the germs from one female begins to differ. It seems
that in this period the influence of cytoplasm vanishes and genetic factors
localized in the nuelei of sex cells begin to play an increasing role (BRACHET
1964). Doubtless due to this fact, in the final effect the hybrid reciprocal com-
binations reach stage 25 in almost equal time. Unintelligible however are the
cases of earlier cleavage of eggs of esculenta female (S4L, S4M) or, in another
case, of those of lessonae female (S2M), as well as the fact that in two series
(S2M, S4M) kept in the same temperature only the eggs of esculenta female
reached stage 10 in the same time, while there was a difference of about 7 hours
in the eggs of lessonae and about 14 hours in those of ridibunda females.
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The size of eggs seems to influence not only the rate of development of the
germs (Tables XTI, XIII) but also their viability. The best example is that
of the tadpoles of combinations 2b (11M, 13M) in which the complete meta-
morphosis was reached by one tadpole developed from the big egg.

Determination of the degree of viability in the germs of individual combi-
nation to the period of hatching is rather difficult. It appeared that the per-
centage of fertilized eggs in all observed cases was very high (Table XITI) and
progeny of all combinations reached stage 25 without any difficulty. Although
their viability was distinctly differentiated, due to the lack of distinet per-
centage data as to their mortality, there was no possibility to compare in this
respect the individual combinations. The data in Table VIII can not be used
for this purpose, as mentioned in part I1I, and the values in Table XII are not
sufficient. For this reason we shall begin our discussion by an analysis of de-
velopment of tadpoles, which provide reliable data as to viability of progeny
in all combinations.

From the comparison of the development of tadpoles (Tables VII, VIII,
X1II) it results that their mortality is very high in all combinations. A general
conclusion could be that their development occurred in unfavourable environ-
mental conditions, about which it is difficult to discuss because of lack of specific
data. However it is worth while noticing that the differentiation in viability
was very high among various matings in the same combinations, the best
example being the tadpoles of 4 crosses in combination 2a (Table VII). These
tadpoles development in the very same aquaria, all washed every week and
with a daily change of water, thus environmental conditions should be very similar.
We can state however that the percentage of metamorphosed specimens is
not proportional to the number of tadpoles. We come to a similar conclusion
when comparing data of corresponding combinations among different series.

It results from the works of many authors (MECHAM 1957, BLAIR 1964a,
MIcHALOWSKI 1964) that the percentage of metamorphosed larvae is not only
an index of their viability but it also illustrates the general genetic differentiation
between the individuals being mated. If we consider the values presented in the
Tables from this point of view, we shall find a distinct regularity in development
on the tadpoles from individual combinations. We are going to analyse this
regularity.

In 1963, (Table VII) by fertilizing the eggs of 5 esculenta females with the
sperm of males of the same form, I obtained in two series 56 tadpoles 2b, all
of which died as tadpoles with symptoms of a distinet restraint in their develop-
ment (Fig. 1). When mating the same individuals with the individuals of lessonae
and ridibunda forms, I obtained 282 tadpoles; 194 of them metamorphosed
and many are still alive as mature frogs.

In the following years the situation was generally repeated only viability
of the tadpoles in combination 2b was clearly differentiated.

In 1965, (Table XII) in all combinations 2b a very high mortality of tadpoles
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was observed (for a total of 6 cases, in 5 cases it exceeded 969,). In 3 combi-
nations however some single individuals metamorphosed and were very viable.

The most interesting results were obtained from the experiment carried
out in 1964. In 22 aquaria (Tables IX, X) and 4 basins (Table XI) with control
groups I studied viability of 504 tadpoles and several thousands germs originat-
ing from 12 esculenta pairs. Among them only the tadpoles from one female
were very viable and reached complete metamorphosis (Table X), while among
the tadpoles originating from 11 females only one passed through metamor-
phosis (Table IX: 2b-8M), but died in July 1965. The rest of tadpoles died in
different stages of development. It should be pointed out that the tadpoles 2b
were reared till they died or the last specimen metamorphosed, while the control
tadpoles, among which in every combination a high percentage passed through
metamorphosis, were preserved on August 18 or earlier.

It results from the data presented above, that when the eggs of 35 esculenta
females were fertilized by the sperm of males of the same form, only one female
gave tadpoles with a relatively high percentage of metamorphosed and viable
specimens. Among the remaining 34 females, 3 gave 1 tadpole each and one
female gave 2 tadpoles which reached complete metamorphosis. It is worth
recalling, that these tadpoles developed from exceptionally big eggs and perhaps
their great viability, as mentioned above, was connected with the large amount
of egg deutoplasm. All germs from the remaining 30 females died in different
stages of development.

The above mentioned examples seem to prove that viability of the tadpoles
of combination 2b is very low when compared with that of the remaining com-
binations. Their mortality can not be always explained by unfavourable en-
vironmental conditions, which at least in each aquarium were identical. The
control tadpoles had always higher viability and in each aquarium a high
percentage of them reached complete metamorphosis.

Further information as to viability in individual combinations are supplied
by observations on frequency of some types of abnormal germs. Firstly all
the germs with symptoms of exogastrulation and larvae with edema (Fig. 7)
are concerned. According to many authors (MECcHAM 1957, HERTWIG, WEISS
and ZIEMANN 1959, WEISS 1960) these types of abnormalities in the germs
are a distinct index of genetic incompatibility of parents. Occurrence of such
specimens is very interesting. The highest number and frequency were in com-
binations 2b and 3b and much lower in 2¢ and 3¢. In some cases over 809%
of germs died in gastrula with symptoms of exogastrulation and among abnormal
larvae sometimes all belonged to this type.

It is possible that a similar indicative value is of the tadpoles with unusually
enlarged lymph sacs (Fig. 8, 9), which occurred in high numbers in different
combinations 2b and single in 2¢-S4M and 3e¢-S4M. Tadpoles with similar
features are known in crosses of toads (BLAIR 1964a). Such phenomena found
in some fish species are also said to be connected with hybridization (DIETRICH
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1938), but as it results from the works of other authors (GRIMM 1953, JARA,
TABORSKI 1962, JARA 1963) such edemata occur in larvae of amphibians fed
with little varied food.

On the bagis of these examples we should rather adopt the opinion that
lower viability of progeny of green frogs belonging to esculenta form i8 not
the result of unfavourable environmental conditicns but that the individuals
of this form show genetic incompatibility when mated. We could presume that
the individuals with various genotypes belong to esculenta phenotype, or,
that these individuals are hybrids of different forms of green frogs.

Accepting such a conception we are not able however, basing on the results
of previous investigations, to explain some facts observed. Although the germs
with exogastrulation and the larvae with the symptoms of edema occur most
often and are most numerous in the combinations 2b, their appearance in all
other combinations, even as single specimens, is incomprehensible. Equally
incomprehensible is the problem of tadpoles with unusually enlarged lymph
sacs (Fig. 8, 9) not only in combinations 2b and hybrid combination 2¢ but also
in ,,homospecific* combination 3c.

The remaining observations which were omitted up to now in discussion
as less important, are also very interesting and it is not excluded that these
observations can serve as a starting point for further investigations.

Basing on the observations presented, we come to the conclusion that in
laboratory rearing the lowest viability among 9 combinations characterized
the progeny 2b from esculenta parents. We have some difficulty in deciding
about the combination with the highest viability as it can not be ascribed to
the progeny of ,homospecific® combinations 1a and 3¢ but rather to two pairs
of hybrid reciprocal combinations 2a-1b and 3a-lc, as clearly results from
analysis of numerous Tables. A comparison of photos (Fig. 1) seems to indicate
that in development the pair 3a-lc dominates. This problem needs a more
fundamental elaboration because it is not excluded that in the tadpoles from
those pairs the ,hybrid vigor® occurs, which is often found in the progeny
obtained when crossing different forms (VoLPE 1960, MAYR 1963). '

Very interesting are also unexplicable cases of lack of development in eggs
and mortality of germs originating from some females of different forms. These
phenomena almost always included all eggs of the given female, independently
of the form of the male. A conclusion could result from this observation that
they are closely connected with some obscure properties of females. Perhaps
these phenomena were caused by keeping the female with ripe eggs sometimes
for 2 days after the moment of laying the first eggs. In the further phase of
development of germs this phenomenon probably depends on environmental
temperature, as the results of development of the eggs from esculenta and
ridibunda females seem to indicate (Table VIII).

The succession in occurrence of individual embryonic stages, found during
the observations on development of germs of different types of fertilization
of green frogs (Tables II, III), agrees with data of MICHENIEWSKA-PREDYGIER
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and P1coN (1957). For this reason especially interesting is the fact that in all
germs of hybrid combination 2¢-3M (Table XII) the sequence of succession
of some stages is different in the period of tailbud. In these germs first the heart
beat appeared then gill circulation, and only about 24 hours later hatching
of larvae followed. Normally the hatching of larvae should precede heart heat.
It is worth recollecting that a similar phenomenon was observed in the germs
2¢-4M, only gill circulation occurred shortly after hatching.

If we compare the time difference between appearance of stages 18 and 19
(hatching and heart beat) in the germs of all combinations (Tables II, TIT)
we shall find an interesting regularity. It appears that only in the larvae from
lessonae females these differences are very clear in all combinatidns, while in
the remaining larvae, particularly in those from ridibunda females, they are
very slight. In S4M we could not even catch the moment of first heart beat
because it coincided with hatching (compare description in method).

From the above observations it would result that development of germs in
these groups of combinations proceeds in some periods in another way and' the
distinet difference existing among them appears only in hybrids. This problem
however should be more thoroughly elaborated because, as MICHAELOWSKI
(1964) supposes, the phenomenon that the features which were absent in parents
appeared in hybrids could consist in a kind of atavism and would provide
some information as to common progenitors.

The above presented observations seem to indicate that the problem of
hybridization in the group of green frogs is more complicated than it would
result from KAURD’S opinion (KAURI 1954). According to this author out of
3 forms of green frogs living on Bornholm island two, namely R. lessonae and
R. ridibunda are geographic races of the same species, while the third, esculenta,
is an intermediate form resulting from ecrossing of the two former forms.

What are the connections and dependences among the individual genotypes,
as we may call each combination or at least hybrid reciprocal combinations,
further investigations will demonstrate, in particular those on the individuals
of F, and F, generations. :

Polish Academy of Sciences
Zoological Institute
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STRESZCZENIE

Autor omawia wyniki badan prowadzonych w latach 1963—1965 nad
krzyzowym zapladnianiem trzech form morfologicznych zab zielonych: Rana
lessonae, R. esculenta i R. ridibunda. Zaplodnienie przeprowadzono wedlug
zalgczonego schematu otrzymujac 9 réznych kombinacji: 3 typowe i 6 hybry-
dowych. Zaplodnienia seryjne przeprowadzono na tych samych osobnikach.
Do krzyzowania uzyto 180 osobnikéw wszystkich form zlowionych w amplexus.

Autor zwraca uwage przede wszystkim na szybko§é rozwoju zarodkéw
i ich zywotno§é.

7 przeprowadzonych eksperymentéw wynika, ze rozwdj jaj Wszys’cklch
kombinacji bez zadnych trudnogei osigga 25 stadium, jednak szybko§é rozwoju
poszezegdélnych kombinacji jest rézna.

Najnizszg zywotno§é wykazuje potomstwo osobnikéw esculenta. Przejawia
sie ona w wystepowaniu duzej liczby okazoéw anormalnych, wysokim procencie
$miertelnogci wérod kijanek, a przede wszystkim w réznym stopniu ich zy-
wotnodei: 1) kijanki albo ging krétko po osiggnieciu 25 stadium; 2) albo zyja
dlugo, jednak nigdy nie dochodza do okresu metamorfozy; 3) albo ging w kon-
cowym okresie metamorfozy; 4) albo osiggaja przeobrazenie i sa zywotne.
Ziywotno§é kijanek formy esculenta pochodzacych od 10 par skontrolowano
w 22 akwariach przegrodzonych siatka, w ktérych rozwijaly sie razem z ki-
jankami innych kombinacji. Kijanki kontrolne zawsze osiagaly przeobrazenie,
natomiast kijanki kombinacji esculenta wszystkie wyginely w réznych okresach
rozwoju. Przeobrazaly si¢ tylko niektére kijanki pochodzgce od dwdéch samie.
Na ogélng liczbe 35 samic esculenta zaplodnionych samcami wlasnej formy,
tylko od jednej samicy otrzymano do$é wysoki procent przeobrazonych ki-
janek. Z pozostatych samic od trzech otrzymano po jednej kijance, a od jednej
samicy dwie kijanki, ktore si¢ przeobrazity i byly bardzo zywotne. Kijanki
od tych czterech samic rozwingly sie¢ z wyjatkowo duzych jaj. Wszystkie za-
rodki od 30 pozostatych samic wyginely w réznym okresie rozwoju.

Kijanki wszystkich krzyzéwek nalezgeych do pozostalych 8 kombinacji,
jesli byly hodowane, zawsze osiggaly przeobrazenie i byly zywotne.

W oparciu o powyzsze dane autor sadzi, Ze osobniki, ktére ze wzgledu na
cechy morfologiczne s3 zaliczane do formy esculenta, sg prawdopodobnie hybry-
dami powstalymi ze skrzyzowania innych form zab zielonych.
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PE3IOME

ABTop 00Cy)X[IaeT pe3yJbTaThbl IPOBEAEHHBIX B 1963—1965 rOfax HCCIIEOBAHMi
II0 BOIPOCY CKpeIuBaHusI TPEX Mopdostormueckux (opm 3eNEHBIX JsArymek: Rana
lessonae, R. esculenta, R. ridibunda. OniomoTBopeHHe IPOBEIEHO OBIIO COITIACHO NPU-
JlaraeMoit CXeMe, IoJIydyasi B pesysbTaTe 9 pasiIHuHBIX KOMOHHAIMII: 3 THNHUHEIE U 6 TH-
6puanbIx. CepuiiHOE OIIOOTBOPEHHE IPOBEAEHO ObUIO Ha TeX YK€ 0co0axX. [l ckperu-
BaHuA yrorpebiensl 180 ocobeit Bcex ¢GopM, BBIIOBJIEHHBIX B amplexus.

ABTOp 0O0pallaeT BHHMAHHE IPEXKIE BCEro Ha ObICTPOE pasBUTHE 3apofbluieil u Ha
UX YKH3HECIIOCOOHOCTD.

W3 npoBENEHHBIX ONBITOB CIIELYET, UTO PASBUTHE SHUI] y BCEX KOMOMHaluil 0e3 BCA-
KUX TPYAHOCTEH JocTUraeT 25 CTaauM, OHAKO OBICTPOTA Pa3BUTHA Y OTAENBHBIX KOMOHU-
Halu¥ pasHas.

CaMy1o HUBKYIO YKHU3HECIIOCOOHOCTh O0HAPY»KMBAET IIOTOMCTBO ocobeil esculenta. Ona
HPOSIBJISIETCS. B IOSIBJICHHM OOJIBILIOTO KOJIMYECTBA aHOPMAJIBHBIX €K3EMILISPOB, B BbI-
COKOM IIPOIEHTE CMEPTHOCTH IOJIOBACTMKOB H IIPEXKJE BCEro B DPAa3HOM CTENEHH HX
JKUByuecTH: 1) roJ0oBacTHKM JM0O MOrudaroT BCKOpE IOCNE AOCTHXKEHHS 25 CTajuu;
2) mu6o >KUBYT HOJICO, OJHAKO HUKOIJA HE HOCTUraioT mepuosa meramopdos; 3) ymbo
morubaroT B MOCIEAHEM Iepuoze meramopdos; 4) o JxocTuraioT mepuoga meramopdos
U SIBJBSIIOTCS YKU3HECIIOCoOHbIMU. YKHU3HECTIOCOOHOCTS roI0BacTUKOB (HOpMBI esculenta,
npoucxopammx or 10 map, Oblia IPOKOHTPOJMPOBAHA B 22 aKBApHYyMaX, [IEPErOPOIKEH-
HBIX CETKOMH, B KOTOPBIX OHH PA3BMBAJIMCH BMECTE C IOJIOBACTHKAMY MHBIX KOMOMHAIMH.
KOHTPOILHBIE TOJOBACTUKA BCErJa JOCTHIAIH IEepUoa MeTamop(o3, TOJIOBACTHKU HKe
koMOuHanuu esculentas Bce MOrHMONIM B pasHble IepuoAbl passurusa. Ilepumoma mera-
MOp(03 JIOCTHraiy TOJBKO HEKOTOPBIE IOJIOBACTHKM, NPOUCXOMSIME OT ABYX CaMOK.

Ha o6iee KoImyecTBO 35 camok esculentd, OILIONOTBOPEHHBIX CAMIJAMM COOCTBEH-
HOi1 (hOPMBI, TOJIBKO OT OJHOM CAMKH IOJyYEH JOBOJBHO BBHICOKHMI IPOLEHT rOJI0BACTH-
KOB MeTaMop(pH30BaHHBIX. VI3 UMCIa OCTAJBHBIX CAMOK OT TPEX IIOJYYEHO IO OJHOMY
FOJIOBACTHKY, @ OT OfIHOH CAMK{ — [Ba TOJIOBACTUKA, KOTOPBIE METaMOP(PU30BAIIHICH
1 ObLIM OYEHb YKUBYUU. ['0JIOBACTHKU OT ITHX UETHIPEX CAMOK PASBUIIKCH U3 MCKIIIOUM-
respro Gopmux aui. Ot 30 OCTANBHBIX CAMOK 3apOBIIIM ITOIHOIH B PasHbIE IEPUOMIBI
pa3BUTHUA.

[0JIOBACTHKM BCEX T'MOPHAOB, NPHHAMICHKAIIMX K OCTAILHBIM 8 KOMOMHAIMsIM,
eCiM Pa3BOJIMJINCH, BCEIZIa MOCTUraM IIEpHOa Meramopdosa i ObLIM YKHSHECTIOCOOHDI.

Onupasich Ha IPUBEIEHHBIE IaHHBIE, ABTOP CUMTAET, YTO OCOOM, KOTOPbIE BBHIY UX
MOP(OTOTUUECKUX TPU3HAKOB OTHOCATCA K (opme esculentds, BEPOATHO SIBIIAIOTCH
rubpugamy, MPOUCKOAINIMMA OT CKPEINMBAHHA HHBIX (DOPM 3€JIEHBIX JIACYLICK.
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