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INTRODUCTION

Since the end of the last century numerous studies on amphibian chromosomes
have been made by many investigators, but there are only a few reports dealing
with the chromosome behavior in spermatogenesis of inter- or intraspecific
hybrids. WHITE (1946) has observed the behavior of meiotic chromosomes in a
sterile male hybrid between two European newt species. CALLAN and SPURwAY
(1951) have reported on the behavior of meiotic chromosomes in three kinds of
male interracial hybrids of Triturus cristatus. GUNTHER (1975) has made a study
on the meiosis in male Rana esculenta which have recently been considered to be
natural hybrids between Rana ridibunda and Rana lessonae.

Abnormal spermatogenesis in male hybrids between two closely allied frog
species has been reported by a few Japanese authors (Kawamura, 1943;
Kawamura and Kosavasui, 1959, 1960; Moriva, 1959, 1960). However, none
of them has described the behavior of chromosomes during meiosis in these male
hybrids. Recently, OnTant (1975) has observed the constitution and behavior of
lampbrush chromosomes in oocytes of female hybrids between Rana nigromaculata
and Rana brevipoda.

The present author produced reciprocal hybrids between Rana nigromaculata
and Rana brevipoda and observed the first meiotic divisions in the testes of male
hybrids in order to elucidate the behavior of chromosomes during spermato-
genesis. The results of these observations are presented in this paper.

MATERIALS AND METHODS

Male and female Rana nigromaculata were collected from the suburbs of Hiro-
shima, while male and female Rana brevipoda were from Konko-cho, Okayama
Prefecture. Reciprocal hybrids were produced by artificial insemination between
these two species. Ovulation of females was accelerated by injection of frog
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pituitary suspension. Embryos and tadpoles were reared in dechlorinated tap
water. Tadpoles were fed boiled spinach or chard until the metamorphosing
stage. Metamorphosed frogs were fed crickets.

Meiotic chromosomes in the testes of frogs at the age of 5~ 10 months were
examined by the squash method after water pretreatment (MAkKINO and
NisHIMURA, 1952). The procedure was as follows: testes were cut into pieces
about one cubic millimeter in size. These pieces were immersed in distilled
water for 60 ~90 minutes and then stained with aceto-orcein (1%, orcein in 459,
acetic acid) for 60~90 minutes on a slide glass. Finally, they were squashed
under a cover glass after heated for 20~ 30 seconds and sealed with PVLB*.

Analysis of meiotic chromosomes was made using enlarged photographs.

OBSERVATION

1.  Meioses in male Rana nigromaculata and Rana brevipoda

Germ cells at various stages of spermatogenesis were found in the squash
preparations of testes. Mitoses of spermatogonia as well as meioses of spermato-
cytes showed that there were a few aneuploid cells, tetraploid cells and polyploid
cells having a greater number of chromosomes than tetraploid in addition to the
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Fig. 1. Spread of a spermatocyte at the
first meiosis and the chromosome complement
containing 5 large and 8 small bivalents in Rana
nigromaculata. %X 1050
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Fig. 2. Spread of a spermatocyte at the
first meiosis and the chromosome complement

containing 5 large and 8 small bivalents in Rana

brevipoda. x 1050

* Paraffin, vaseline, lanolin, Canadian balsam=2:1:1:1
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TABLE 1
Frequency of various combinations of bivalents and univalents in the first meioses of male
Rana nigromaculata, R. brevipoda and reciprocal hybrids between these two species

Kind of | Individual | No. of | No. of univalents
frogs | no. | meioses | 0 2 4 6 8 10 12 14 16 18 20 22 24 26
{ 76NN1 | 3 | 33 1 0 0 0O 0O O O O 0 O 0 O0 0
| 76NN2 | 37 25 12 0 0 0 0 0O O O 0 O O 0 O
76NN3 | 33 | 30 3 0 0 0 0O O 0O 0O 0 0 0 0 O
76NN4 = 46 | 4 4 1 0 0 0 0 0 0 0 0 0 0 0
| 76NN5 | 8 | 8 0 0 0 0O 0 O O O O O 0 O 0
. 76NN6 64 ' 60 4 0 0 0 0 O O O O O O 0 O
. 76NN7 55 | 4 7 2 0 0 0 I 0 O O O O O O
' 7/NNI |, 114 | 102 12 0 0 0 0 0 0 0O 0 0 0 0 0
NN | 7/NN2 | 47 | 46 1 0 0 0 0 0 O 0O 0O 0 0 0 0
| 78NN1 137 | 13 00 0 0 0 0 0 0 00 0 0 0
| 78NN2 | 153 | 1499 4 0 0 0 0 0 0 O O 0 0 O O
| 78NN3 265 | 2% 9 0 0O O 0O O O O 0 O O O O
| 78NN4 180 | 174 5 1 0 0 0 0 0 0 0 0O 0 0 0
| 78NN5 112 | 108 3 1 0 0 0 0 0 O O O O O O
| 78NN6 278 | 275 3 0 O O O O O O O O O O O
| 78NN7 262 | 25%¢ 7 1 0 0 O O O O O O O 0 O
| Total |1905 ;1823 75 6 0 O O 1 O 0 0 0 0 O O
| 77BBI 50 50 0 0 0 0 0O 0 O O 0 0 0 0 0
. 77BB2 45 38 7 0 0 0 0 0 0O O O O O O O
| 77BB3 50 43 7 0 0 0 0O O 0 O O O O O O
. 77BB4 52 49 1 0 0 0 0 1 0 0 1 0 0 0 O
| 77BB5 121 41 77 3 0 0 0 0 O 0O O O O O O
. 77BB6 98 8 10 3 0 0 0 0 0 0 0 O 0 0 O
BB | 77BB7 342 | 281 56 4 1 0 O 0 O O O O O O O
77BB8 3% | 15 17 0 0 0 0O 0O 0 0 0 0 0 0 O
. 77BB9 | 41 38 2 0 0 0 0 0O 0 0 0 0 O 0 1
~ 77BBIO 55 4 5 2 0 0 0 0 0 0 0 0 0 0 O
| 77BBI11 76 7 6 0 0 0 0 0O O 0 O O O 0 O
. 77BBI12 57 59 4 1 0 O O O O O O 0O 1 0 O
} 77BB13 48 3 1001 0 0 0 0 O 0 O 0 O0 0 O
' Total 1067 | 846 202 14 1 0 O 1 0 0 1 0 1 0 1
~ 78NBI 188 0 0 I 5 11 15 23 32 38 26 16 11 5 5
| 78NB2 220 0 1 1 7 17 30 37 44 34 26 9 10 2 2
| 78NB3 38 1 0 3 3 4 4 5 7 5 3 3 0 0 0
| 78NB4 144 0 1 0 15 31 28 29 22 10 4 4 0 0 O
78NB5 124 0 1 4 2 24 21 23 19 16 5 6 3 0 0
NB 78NB6 73 0 2 3 6 9 18 8 11 7 3 4 0 1 1
78NB7 96 0 0 0 0 3 3 7 14 12 1221 16 6 2
| 78NB8 74 0 0 1 1 3 13 8 10 14 17 3 4 0 0
. 78NB9 38 06 0 0 0 1 3 6 3 3 8 8 5 1 0
78NB10 115 0 1 5 11 21 28 23 8 9 8 1 0 0 O
Total 1110 1 6 18 50 124 163 169 170 148 112 75 49 15 10
' 77BN1 270 0 1 3 14 20 41 39 56 27 31 23 9 6 0O
. 77BN2 39 0 0 0 4 4 5 7 8 2 2 1 3 3 0
' 77BN3 37 0 0 0 0 4 2 7 5 7 4 4 2 2 0
BN | 77BN4 109 0 0 0 1 5 13 15 18 16 13 15 10 2, 1
77BN5 53 0 0 0 2 3 4 61514 3 5 1 0 0
. 77BN6 49 0 0 0 1 2 3 9 7 8 9 5 5 0 0
| 77BN7 75 0 1 2 4 917 12 10 10 3 4 3 0 0
| Total | 632 0 2 5 26 47 85 95119 84 65 57 33 13 1
NN, Rana nigromaculata BB, Rana brevipoda

NB, Hybrid, NN2 xBBa BN, Hybrid, BB XxNN3g
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normal diploid cells. Only diploid cells at the diakinesis and metaphase of the
first reduction division were used for chromosome analysis, because bivalent and
univalent chromosomes were most clearly distinguished from each other in these
cells. The number of bivalent and univalent chromosomes in each of very
numerous spermatocytes was counted. The results are presented in Table 1.

A total of 2972 meiotic spreads of spermatocytes obtained from 16 male Rana
nigromaculata and 13 male Rana brevipoda were observed. It was found that most
of the spermatocytes contained 13 bivalents in both Rana nigromaculata and Rana
brevipoda (Figs. 1 and 2). The remaining spermatocytes contained 12 bivalents and
2 univalents and, besides, there were a very few spermatocytes containing less than
twelve bivalents. The male Rana nigromaculata differed from the male Rana
brevipoda in the scarcity of meiotic spreads consisting of 12 bivalents and 2
univalents.

1. Rana nigromaculata

A total of 1905 meiotic spreads from 16 male nigromaculata were observed. It
was found that 1823 (95.79,) of them contained 13 bivalents which consisted of
5 large and 8 small ones (Fig. 1), while 75 (3.99,) contained 12 bivalents and 2
univalents. The latter meiotic spreads were not always found in the same
frequency in each of the 16 frogs. They occurred in 0~329%, of the respective
total number of meiotic spreads, specifically, 0~109%, in 13 frogs, 11~209, in
two frogs and more than 209, in one frog. The two univalents were large

TABLE 2
Numbers of ring- and rod-shaped bivalents in Rana nigromaculata, Rana

brevipoda and their reciprocal hybrids

Kind of No. of Shape of bivalents

frogs bivalents Ring } Rod
1 8455 1. 1004
NN 24672 s: 13775 s. 1438
t. 22230 t. 2442
1. 3716 1. 1384
BB 13599 s 7941 s. 558
' t. 11657 t. 1942
1 284 1. 1583
NB 6932 s 1545 s. 3520
t 1829 t. 5103
1 148 1. 846
BN 3751 $ 708 s. 2049
t 856 t. 2895

NN, Rana nigromaculata

BB, Rana brevipoda

NB, Hybrids, NN XBB 3
. BN, Hybrids, BB 2 x NN &

1., Number of large chromosomes
s., Number of small chromosomes
t., Total number
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chromosomes in 57 of the 75 spreads, while they were small chromosomes in the
18 spreads. Of the meiotic spreads analyzed, the remaining seven (0.49,)
differed from the others in the number of bivalents. Six of them contained 11
bivalents and 4 univalents and the remainder had 7 bivalents and 12 univalents.
As a total of 24672 bivalents were found in the 1905 meiotic spreads from 16 male
nigromaculata, the mean number of bivalents per meiotic spread was calculated to
be 12.95 in Rana nigromaculata.

The bivalents were sorted into two kinds in shape. One of them was a ring-
shaped bivalent in which two homologous chromosomes were united at their two
ends, while the other was a rod-shaped one in which two homologous chromo-
somes were united at one end. A total of 22230 (90.19%,) bivalents observed in

Rana nigromaculata were ring-shaped, while the other 2442 (9.99,) bivalents were
rod-shaped (Table 2).

2. Rana brevipoda

A total of 1067 meiotic spreads from 13 male brevipoda were analyzed and
it was found that 846 (79.39%,) of them contained 13 bivalents (Table 1) which
consisted of 5 large and 8 small ones (Fig. 2). Of the other spreads, 202 (18.99,)
contained 12 bivalents and 2 univalents. The frequency of this kind of meiotic
spreads varied from individual to individual; it was 0~649, of the respective
total number of meiotic spreads. Specifically, it was 0~109; in 6, 10~209%, in
4 and more than 209%, in the remaining 3 individuals. The two univalents were
large chromosomes in 193 spreads.

Fourteen meiotic spreads contained 11 bivalents and 4 univalents, one con-
tained 10 bivalents and 6 univalents, one contained 7 bivalents and 12 univalents,
one contained 4 bivalents and 18 univalents, one contained 2 bivalents and 22
univalents, and the remainder contained 26 univalents. As 13599 bivalents were
found in 1067 meiotic spreads from 13 male brevipoda, the mean number of
bivalents per spread was calculated to be 12.74 in Rana brevipoda. A total of
11657 (85.79,) bivalents were ring-shaped, while the other 1942 were rod-shaped
(Table 2).

II.  Meioses in male hybrids between Rana nigromaculata and Rana brevipoda

The spermatogenesis in male hybrids between Rana nigromaculata and Rana
brevipoda remarkably differed from that in male Rana nigromaculata or Rana
brevipoda. In squash preparations of the testes of reciprocal hybrids between
Rana migromaculata and Rana brevipoda, a great number of meiotic figures at the
diakinesis or metaphase of the first reduction division were observed. There
were also some mitotic figures of spermatogonia. In contrast, second reduction
divisions were scarce, and there were a few large spermatozoa which were ab-
normal in shape. While most of the germ cells were diploid, there were a small
number of aneuploid cells, tetraploid cells and some other polyploid cells having
more numerous chromosomes than tetraploid.

A total of 1742 meiotic spreads at the diakinesis or metaphase of the first reduc-
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tion division obtained from 17 males of reciprocal hybrids were observed. It was
found that slightly less than half of the number of meiotic chromosomes formed
bivalents and the others remained unpaired. The meiotic spreads of reciprocal
hybrids were sorted into 14 kinds in chromosome constitution. These kinds of
meiotic spreads were as follows: the first contained 13 bivalents, the second 12
bivalents and 2 univalents, the third 11 bivalents and 4 univalents, the fourth 10
bivalents and 6 univalents, the fifth 9 bivalents and 8 univalents, the sixth 8
bivalents and 10 univalents, the seventh 7 bivalents and 12 univalents, the eighth
6 bivalents and 14 univalents, the ninth 5 bivalents and 16 univalents, the tenth
4 bivalents and 18 univalents, the eleventh 3 bivalents and 20 univalents, the
twelfth 2 bivalents and 22 univalents, the thirteenth one bivalent and 24 univalents
and the last 26 univalents. Moreover, each of these kinds of meiotic spreads was
mostly subdivided into several groups in accordance with the difference in the
combination of large and small bivalent chromosomes.

Among these meiotic spreads, those containing 6 bivalents and 14 univalents
were the most numerous. The meiotic spreads containing 7 bivalents and 12
univalents, those containing 8 bivalents and 10 univalents, and those containing
5 bivalents and 16 univalents were the second, third and fourth in frequency,
respectively. These four kinds occupied about 609, of the total number of
meiotic spreads observed. On the other hand, there was only one meiotic spread
containing 13 bivalents among the 1742 spreads from the 17 male reciprocal
hybrids. The meiotic spreads containing 12 bivalents and 2 univalents were the
next in fewness. Those containing 26 univalents were also very scarce. These
three kinds of meiotic spreads occupied only about 19, of the total number of
meiotic spreads observed. There seemed to be no essential difference in the
behavior of meiotic chromosomes between reciprocal hybrids.

1. Hybrids between female Rana nigromaculata and male Rana brevipoda

A total of 1110 meiotic spreads from 10 male hybrids between female nigro-
maculata and male brevipoda were analyzed (Table 1). The meiotic spreads
containing 6 bivalents and 14 univalents were the most numerous. This kind
of meiotic spread was not always most frequently found in each male hybrid.
While they were the most numerous in two of 10 males, those containing 9 biva-
lents and 8 univalents and those containing 8 bivalents and 10 univalents were
the most numerous in two and two males, respectively. Meiotic spreads con-
taining 5 bivalents and 16 univalents, those containing 4 bivalents and 18
univalents and those containing 3 bivalents and 20 univalents were the most
numerous in one male, respectively. Meiotic spreads of the last two kinds were
the most numerous in the remaining male. ’

As stated above, meiotic spreads containing 6 bivalents and 14 univalents were
-the most numerous among those observed in the ten male hybrids, that is 170
(15.39,). These meiotic spreads were further subdivided into 5 groups on the
basis of differences in the combination of large and small bivalent chromosomes.
The results of observation showed that the six bivalents consisted of one large and
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5 small chromosomes in 63 spreads, two large and 4 small chromosomes in 59
spreads, 3 large and 3 small chromosomes in 23 spreads, 6 small chromosomes in
23 spreads, and 4 large and 2 small chromosomes in the remaining 2 spreads.

Meiotic spreads containing 7 bivalents and 12 univalents numbered 169
(15.29,) and were subdivided into five groups on the basis of differences in the
combinations of large and small bivalent chromosomes. It was found that the
seven bivalents consisted of 2 large and 5 small chromosomes in 71 spreads, one
large and 6 small chromosomes in 58 spreads, 3 large and 4 small chromosomes
in 28 spreads, 4 large and 3 small chromosomes in 6 spreads, and 7 small chromo-
somes in the remaining 6 spreads. Meiotic spreads containing 8 bivalents and
10 univalents numbered 163 (14.79,) and were subdivided into 6 groups. The
eight bivalents consisted of 2 large and 6 small chromosomes in 65 spreads, 3 large
and 5 small chromosomes in 62 spreads, one large and 7 small chromosomes in
26 spreads, 4 large and 4 small chromosomes in 7 spreads, 8 small chromosomes
in 2 spreads, and 5 large and 3 small chromosomes in the remaining one spread.

Meiotic spreads containing 5 bivalents and 16 univalents numbered 148
(13.39,) and were subdivided into five groups. The five bivalents consisted of
one large and 4 small chromosomes in 72 spreads, 2 large and 3 small chromosomes
in 35 spreads, 5 small chromosomes in 30 spreads, 3 large and 2 small chromo-
somes in 10 spreads, and 4 large and one small chromosome in the remaining one
spread. Meiotic spreads containing 9 bivalents and 8 univalents numbered 124
(11.29%,) and were subdivided into 4 groups. The nine bivalents consisted of
3 large and 6 small chromosomes in 57 spreads, 2 large and 7 small chromosomes
in 39 spreads, 4 large and 5 small chromosomes in 15 spreads (Fig. 3), and one
large and 8 small chromosomes in the remaining 13 spreads. Meiotic spreads
containing 4 bivalents and 18 univalents numbered 112 (10.19%,) and were
subdivided into four groups. The four bivalents consisted of one large and 3
small chromosomes in 60 spreads, 4 small chromosomes in 29 spreads, 2 large and
2 small chromosomes in 21 spreads, and 3 large and one small chromosome in the
remaining 2 spreads. Meiotic spreads containing 3 bivalents and 20 univalents
numbered 75 (6.8%,) and were subdivided into 4 groups. The three bivalents
consisted of 3 small chromosomes in 33 spreads, one large and 2 small chromo-
somes in 31 spreads, 2 large and one small chromosome in 10 spreads, and 3 large
chromosomes in the remaining one spread.

Meiotic spreads containing 10 bivalents and 6 univalents numbered 50 (4.5%,)
and were divided into 4 groups. The ten bivalents consisted of 3 large and 7
small chromosomes in 26 spreads, 2 large and 8 small chromosomes in 14 spreads,
4 large and 6 small chromosomes in 9 spreads, and 5 large and 5 small chromo-
somes 1n the remaining one spread. Meiotic spreads containing 2 bivalents and
22 univalents numbered 49 (4.49%,) and were divided into 3 groups. The- two
bivalents consisted of small chromosomes in 30 spreads, one large and one small
chromosome in 17 spreads, and 2 large chromosomes in the remaining two
spreads. Meiotic spreads containing 11 bivalents and 4 univalents numbered 18
(1.6%) and were divided into three groups.” The eleven bivalents consisted of
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Fig. 3. Spread of a spermatocyte at the
first meiosis and the chromosome complement
containing 4 large and 5 small bivalents and 8
univalents in a male hybrid, Rana nigromaculata 2

Fig. 4. Spread of a spermatocyte at the

first metosis and the chromosome complement
containing 3 Jarge and 8 small bivalents and 4
univalents in a male hybrid, Rana nigromaculata 2

X R. brevipoda & . % 1050 X R. brevipoda & . x 1050

4 large and 7 small chromosomes in 9 spreads, 3 large and 8 small chromosomes
in 8 spreads (Fig. 4), and 5 large and 6 small chromosomes in the remaining one
spread. Meiotic spreads containing one bivalent and 24 univalents numbered
15 (1.4%) and were divided into two groups. The single bivalent was a small
chromosome in 12 spreads, while it was a large chromosome in the other 3
spreads. Meiotic spreads containing 26 univalents (Fig. 5) numbered 10 (0.99,).
Meiotic spreads containing 12 bivalents and 2 univalents numbered 6 (0.5%,)
and were divided into two groups. The twelve bivalents consisted of 4 large and
8 small chromosomes in 5 spreads, and 5 large and 7 small chromosomes in the
other spread. There was only one spread which contained 13 bivalents alone
(Fig. 6).

As a total of 6932 bivalents were contained in the 1110 meiotic spreads from
the 10 male hybrids between female nigromaculata and male brevipoda, the mean
number of bivalents per spread was calculated to be 6.24 in this kind of hybrids.
Of the bivalents, 1829 (26.49,) were ring-shaped, while the other 5103 (73.6%,)
were rod-shaped (Table 2).

2. Hybrids between female Rana brevipoda and male Rana nigromaculata
A total of 632 meiotic spreads from 7 male hybrids between female brevipoda
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Fig. 5. Spread of a spermatocyte at the Fig. 6. Spread of a spermatocyte at the
first meiosis and the chromosome complement first meiosis and the chromosome complement
containing 26 univalents in a male hybrid, Rana containing 5 large and 8 small bivalents in a
nigromaculata @ X R. brevipoda & . x 1050 male hybrid, Rana nigromaculata 2 X R. brevipoda & .

x 1050

and male nigromaculata were observed (Table 1). Although meiotic spreads
containing 6 bivalents and 14 univalents were the most numerous in these male
hybrids, they were not always the most numerous in each male. This kind of
meiotic spread was the most numerous in four males, while in another male,
meiotic spreads containing 8 bivalents and 10 univalents were the most numerous.
In still another male, those containing 5 bivalents and 16 univalents and those
containing 7 bivalents and 12 univalents were the most numerous. In the
remaining male hybrid, meiotic spreads containing 4 bivalents and 18 univalents
and those containing 7 bivalents and 12 univalents were the most numerous.

As stated above, meiotic spreads containing 6 bivalents and 14 univalents were
the most numerous in the 7 male hybrids; they numbered 119 (18.89,) and were
subdivided into 4 groups on the basis of differences in the combination of large
and small bivalent chromosomes. The six bivalents consisted of one large and
5 small chromosomes in 54 spreads (Fig. 7), 2 large and 4 small chromosomes in
44 spreads, 3 large and 3 small chromosomes in 13 spreads, and 6 small chromo-
somes in the remaining 8 spreads.

Meiotic spreads containing 7 bivalents and 12 univalents numbered 95 (15.09,)
and were subdivided into 5 groups. The seven bivalents consisted of 2 large and
5 small chromosomes in 44 spreads, one large and 6 small chromosomes in 25
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Fig. 7. Spread of a spermatocyte at the Fig. 8. Spread of a spermatocyte at the
first meiosis and the chromosome complement first meiosis and the chromosome complement
containing one large and 5 small bivalents and containing 3 small bivalents and 20 univalents
14 univalents in a male hybrid, Rana brevipoda ¢ in a male hybrid, Rana brevipoda 2 % R. nigroma-
X R. nigromaculata & . x 1050 culata s . x 1050

spreads, 3 large and 4 small chromosomes in 21 spreads, 4 large and 3 small
chromosomes in 3 spreads, and 7 small chromosomes in the remaining 2 spreads.
Meiotic spreads containing 8 bivalents and 10 univalents numbered 85 (13.49%,)
and were divided into 5 groups. The eight bivalents consisted of 2 large and 6
small chromosomes in 33 spreads, 3 large and 5 small chromosomes in 25 spreads,
one large and 7 small chromosomes in 16 spreads, 4 large and 4 small chromo-
somes in 9 spreads, and 8 small chromosomes in the remaining 2 spreads.
Meiotic spreads containing 5 bivalents and 16 univalents numbered 84 (13.3%,)
and were divided into 5 groups. The five bivalents consisted of one large and
4 small chromosomes in 35 spreads, 2 large and 3 small chromosomes in 28
spreads, 5 small chromosomes in 17 spreads, 3 large and 2 small chromosomes in
3 spreads, and 4 large and one small chromosome in the remaining one spread.
Meiotic spreads containing 4 bivalents and 18 univalents numbered 65 (10.3%,)
and were divided into 3 groups. The four bivalents consisted of one large and
3 small chromosomes in 27 spreads, 4 small chromosomes in 25 spreads, and 2
large and 2 small chromosomes in the remaining 13 spreads. Meiotic spreads
containing 3 bivalents and 20 univalents numbered 57 (9.09,) and were divided
into 3 groups. The three bivalents consisted of one large and 2 small chromo-
somes in 28 spreads, 3 small chromosomes in 27 spreads (Fig. 8), and 2 large and
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one small chromosome in the remaining 2 spreads.

Meiotic spreads containing 9 bivalents and 8 univalents numbered 47 (7.49,)
and were divided into 4 groups. The nine bivalents consisted of 2 large and 7
small chromosomes in 22 spreads, 3 large and 6 small chromosomes in 18 spreads,
4 large and 5 small chromosomes in 4 spreads, and one large and 8 small chromo-
somes in the remaining 3 spreads. Meiotic spreads containing 2 bivalents and
22 univalents numbered 33 (5.29,) and were divided into 3 groups. The two
bivalents were all small chromosomes in 22 spreads, one large and one small
chromosome in 9 spreads, and 2 large chromosomes in the remaining 2 spreads.
Meiotic spreads containing 10 bivalents and 6 univalents numbered 26 (4.19,)
and were divided into 3 groups. The ten bivalents consisted of 3 large and 7
small chromosomes in 18 spreads, 4 large and 6 small chromosomes in 6 spreads,
and 2 large and 8 small chromosomes in the remaining 2 spreads. Meiotic
spreads containing one bivalent and 24 univalents numbered 13 (2.1%,). The
single bivalent was a small chromosome in 10 spreads, while it was a large chro-
mosome in the other 3 spreads.

Meiotic spreads containing 11 bivalents and 4 univalents numbered 5 (0.89,)
and were divided into 3 groups. The eleven bivalents consisted of 4 large and
7 small chromosomes in 3 spreads, 3 large and 8 small chromosomes in one spread,
and 5 large and 6 small chromosomes in the remaining spread. Meiotic spreads
containing 12 bivalents and 2 univalents numbered 2 (0.39;). The twelve biva-
lents consisted of 4 large and 8 small chromosomes in these two spreads. Only
one meiotic spread contained 26 univalents alone. There was no meiotic spread
containing 13 bivalents.

As a total of 3751 bivalents were contained in the 632 meiotic spreads from
the 7 male hybrids between female brevipoda and male nigromaculata, the mean
number of bivalents per spread was calculated to be 5.94 in this kind of hybrids.
While 856 (22.89,) bivalents were of ring-shape, the other 2895 (77.29,) were of
rod-shape (Table 2).

DISCUSSION

1. Meiotic chromosomes of Rana nigromaculata and Rana brevipoda

The number of chromosomes of Rana nigromaculata was reported by IrRik1 (1932)
to be 26 in spermatogonia and 13 in primary spermatocytes. The karyotypes of
Rana migromaculata and Rana brevipoda were clarified by Nisaioka (1972). Each
genome of these two species consisted of 5 large and 8 small chromosomes. In
the present study, it was found that 1823 (95.79,) of 1905 meiotic spreads in
Rana nigromaculata and 846 (79.3%,) of 1067 meiotic spreads in Rana brevipoda
contained 13 bivalents. Of the remaining meiotic spreads, 75 (3.99%,) in nigro-
maculata and 202 (18.9%,) in brevipoda contained 12 bivalents and 2 univalents,
and six in nigromaculata and 14 in brevipoda contained 11 bivalents and 4 univalents.
A similar finding was made by WHITE (1946) in Triturus cristatus. While there
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were usually 12 bivalents in primary spermatocytes, a small number of meiotic
spreads contained 11 bivalents and 2 univalents.

On the other hand, a large bivalent chromosome peculiar in shape and
behavior was found in the first meiotic divisions of some spermatocytes in
Hyla arborea japonica, Rana rugosa and Rana nigromaculata by Irikr (1930, 1932),
Rhacophorus schlegelii, Rana chensinensis and Bufo sachalinensis by MakiNno (1932a, b),
Bufo bufo japonicus by MiNoucHI and Irik1 (1931), and five Bufo species from North
America by Wrrscur (1933). This chromosome was of open V-shape and stood
vertically to the equatorial plate at metaphase, in contrast to the other bivalents
which were of ring-shape or dumbbell-shape, and preceeded to the poles before
the others at the anaphase. The present author observed that the two uni-
valents found in the first meiotic division were large chromosomes in 57 of 75
spreads of nigromaculata and 193 of 202 spreads of brevipoda. It is very probable
that the two univalents correspond to the peculiar chromosome observed by the
earlier authors, and moreover, that the spermatocytes containing two small
univalent chromosomes and those containing four or more univalents became
abnormal during spermatogenesis and degenerated sooner or later, or became
abnormal spermatozoa which were deficient in reproductive capacity.

2. Meiotic chromosomes of hybrids between Rana nigromaculata
and Rana brevipoda

Morrva (1951, 1960) reported that reciprocal hybrids between the two closely
allied species, Rana nigromaculata and Rana brevipoda were easily produced by
artificial fertilization, and that male hybrids were almost completely sterile, while
female hybrids were fertile to a large extent. These findings have been repeatedly
confirmed by Kawamura and NisHIOKA (1975, 1977, 1978).

The chromosome constitution in the first meiotic division in male hybrids
between Rana nigromaculata and Rana brevipoda differed distinctly from that in
males of the parental species. In reciprocal hybrids, there were 14 kinds of
chromosome constitutions in which the bivalents varied from O to 13 in number.
Among various meiotic spreads, those containing 6 bivalents and 14 univalents
were the highest in frequency. When the bivalents increased or decreased in
number, the meiotic spreads gradually decreased in frequency. The meiotic
spreads containing 5, 6, 7 or 8 bivalents occupied about 609, of the total number
of meiotic spreads analyzed in reciprocal hybrids. The mean number of bivalents
per nucleus was 6.24 in the hybrids between female nigromaculata and male
brevipoda while 5.94 in the reciprocal hybrids. These findings are very similar to
those by WHITE (1946) in the hybrids between female Triturus marmoratus and male
Triturus cristatus carnifex. According to WHITE, the chromosomes of these two
newt species were 2n=24, and the meiotic spreads at the ‘“metaphase-anaphase”
of the first reduction division contained bivalents and univalents. There were
8 kinds of meiotic spreads in which the bivalents varied from 2 to 9 in number.
The meiotic spreads containing 4, 5 or 6 bivalents were the most numerous among
them. They occupied more than 759, of the total number of meiotic spreads
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examined. The bivalents per cell were 5.14 in mean number.

Rana esculenta distributed widely in Europe are recently assumed by many
authors to be natural hybrids between Rana ridibunda and Rana lessonae (BERGER,
1964; GUNTHER, 1967, 1973; TunNER, 1973; UzzeLL and BERGER, 1975; etc.).
According to GUNTHER (1975), the meioses of male esculenta were abnormal in
various degrees. The main differences in meioses of males between esculenta and
the hybrids between nigromaculata and brevipoda were as follows: first, while there
were normal meiotic figures in various frequency in almost all individuals of
esculenta, there was only one normal meiotic figure in 1742 spreads from 17 hybrids
between nigromaculata and brevipoda. Second, while many first meiotic spreads
having 13 univalents were found in esculenta, there were no such meiotic spreads
in reciprocal hybrids between nigromaculata and brevipoda. Third, nearly all of
the first meioses in male hybrids between nigromaculata and brevipoda contained a
mixture of univalents and bivalents, while those of male esculenta were normal,
or abnormal in a greater or lesser degrees, that is, they showed aneuploidy,
polyploidy, breakage, fragmentation or unstable pairing of chromosomes, homolo-
gous trivalents, heterogous bi-, tri-, tetra- or multivalents, or some other ab-
normalities. These differences in meioses of males between esculenta and the
hybrids of the two Japanese pond frog species may be attributable to the fact
that esculenta are not simple interspecific hybrids, but are complicated backcrosses.

The meioses of male hybrids between nigromaculata and brevipoda differed
largely in the behavior of chromosomes from that of female hybrids. According
to Outant (1975) who studied on the lampbrush chromosomes in the eggs of
female nigromaculata, brevipoda, and reciprocal hybrids between them, the eggs of
the hybrids usually had 13 bivalents. In contrast, various number from none to
all of the 13 homologous pairs of chromosomes did not form bivalents in the
primary spermatocytes of male hybrids. Moreover, there seemed to be no
homologous chromosomes which were more prone to form bivalents than the
others. In other words, the pairing of homologous chromosomes seemed to occur
at random. This is assumed from the facts that there were as many as 14 kinds
of meiotic spreads in a number of bivalents and that the meiotic spreads containing
the same number of bivalents were sorted into several groups on the basis of
differences in the combination of large and small bivalents.

There were two kinds of bivalents, ring-shape and rod-shape, in the meiotic
spreads at the diakinesis or metaphase of male nigromaculata, brevipoda and re-
ciprocal hybrids. While the ring-shaped bivalents were far more numerous than
the rod-shaped ones in nigromaculata and brevipoda, the rod-shaped bivalents were
more numerous than the ring-shaped ones in the hybrids. This finding together
with the finding that the hybrids contained far more numerous univalents than
the parental species may correspond well with the findings by Warte (1946),
Carran and Spurway (1951) and Onrtant (1975) that the frequency of chias-
mata per nucleus was remarkably lower in interspecific or interracial hybrids of
newts or frogs than that in the parental species.

Moriva (1960) stated that the primary spermatocytes of reciprocal hybrids
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between nigromaculata and brevipoda mostly degenerated at the anaphase of the
first reduction division, owing to abnormalities such as non-disjunction of chro-
mosomes and formation of chromosome bridges. A few of them could develop
into large, abnormal spermatozoa, probably without passing through the second
maturation division. It was found in the present study that all but one of the
meiotic spreads in reciprocal hybrids between nigromaculata and brevipoda contained
2 ~26 univalents. The abnormality in the spermatogenesis of these hybrids must
be attributable to the occurrence of univalents.

SUMMARY

1. The behavior of chromosomes at the diakinesis or metaphase of the first
reduction division of spermatocytes in Rana nigromaculata, Rana brevipoda and
reciprocal hybrids between the two species was observed by the squash method
after water pretreatment.

2. In Rana nigromaculata and Rana brevipoda, each pair of homologous chromo-
somes usually formed bivalents in the first reduction division. Thus, the meiotic
spreads mostly contained 13 bivalents. Most of the others contained 12 bivalents
and 2 univalents. The mean number of bivalents per nucleus was 12.95 in Rana
nigromaculata, while 12.74 in Rana brevipoda.

3. In reciprocal hybrids between nigromaculata and brevipoda, a little less than
half of the pairs of homologous chromosomes formed bivalents, while the others
remained as univalents. There were 14 kinds of meiotic spreads in the combi-
nation of bivalents and univalents. The number of bivalents contained in each
kind of meiotic spreads varied from 0 to 13. Of the meiotic spreads, those
containing 6 bivalents and 14 univalents were the highest in frequency. When
the bivalents increased or decreased in number, the meiotic spreads gradually
decreased in frequency. The four most numerous kinds of meiotic spreads
containing 5, 6, 7 or 8 bivalents occupied about 609, of the total number of
meiotic spreads analyzed. The three fewest kinds of meiotic spreads containing
0, 12 or 13 bivalents occupied only about 19, of the total number. The mean
number of bivalents per nucleus was 6.24 in the hybrids between female nigro-
maculata and male brevipoda, while 5.94 in the reciprocal hybrids. Each of the 14
kinds of meiotic spreads was subdivided into several kinds on the basis of differ-
ences in the combination of large and small bivalent chromosomes. It was
assumed that the pairing of homologous chromosomes occurred at random in
the hybrids.

4. There were two kinds of bivalents in shape, that is, ring-shaped and rod-
shaped. While the ring-shaped bivalents were far more numerous than the
rod-shaped ones in nigromaculata and brevipoda, the rod-shaped bivalents were far
more numerous than the ring-shaped ones in the hybrids between them.



Studies on Meioses in Male Hybrids and Triploids. 1 215

ACKNOWLEDGMENTS

The author wishes to express his heartfelt gratitude to Professor Emeritus
Toshijiro KaAwaMura and Professor Midori Nisaioka, Hiroshima University, for
their encouragement and guidance during the course of this study and their
critical review of the original manuscript.

LITERATURE

BERGER, L. 1964. Is Rana esculenta lessonae CAMERANO a distinct species? Ann. Zool. Warszawa 22:
246-261.

CavLLaN, H. G. and H. Spurway 1951. A study of meiosis in interracial hybrids of the newt, Triturus
cristatus. J. Genet. 50: 235-249.

GUNTHER, R. 1967. Sind Teichfrosch, Rana esculenta L., und Seefrosch, Rana ridibunda Paivr., wirklich
verschiedene Arten? Agquarien- u. Terrarien-Zeitschrift 11: 408-416.

———— 1973. Uber die verwandtschaftlichen Bezichungen zwischen den europidischen Griinfréschen
und dem Bastardcharakter von Rana esculenta L. (Anura). Zool. Anz. 190: 250-285.

1975. Untersuchungen der Meiose bei Méannchen von Rana ridibunda PALL., Rana lessonae Cam.
und der Bastardform ‘‘Rana esculenta’ L. (Anura). Biol. Zbl. 94: 277-294.

Iriki, S. 1930. Studies on amphibian chromosomes. I. On the chromosomes of Hyla arborea japonica
GUNTHER. Mem. Coll. Sci., Kyoto Imp. Univ., Ser. B, 5: 1-17.

————1932. Studies on amphibian chromosomes. IV. On the chromosomes of Rana rugosa and Rana
nigromaculata. Sci. Rep. Tokyo Bunri. Daig., Sec. B, 1: 61-72.

Kawamura, T. 1943,  Studies on hybridization in amphibians. I. The species hybrid of Rana japonica
GUNTHER @ X Rana temporaria L. &. (In Japanese with English résumé) Zool. Mag. (Tokyo) 55:
315-330.

Kawamura, T. and M. Kosavasur 1959. Studies on hybridization in amphibians. VI. Reciprocal
hybrids between Rana temporaria temporaria L. and Rana temporaria ornativentris WERNER. J. Sci.
Hiroshiina Univ., Ser. B, Div. 1, 18: 1-15.

——— 1960. Studies on hybridization in amphibians. VII. Hybrids between Japanese and European
brown frogs. Ibid. 13: 221-238.

Kawamura, T. and M. Nisaroka 1975.  On the pond frogs in the palearctic region, with special reference
to the isolating mechanisms between different species. Proc. Jap. Soc. Syst. Zool. 11: 61-78.

1977. Aspects of the reproductive biology of Japanese anurans. The Reproductive Biology of
Amphibians, edited by D. H. TavLor and S. I. GurtMan. pp. 103-139. Plenum Press (New York
and London).

1978. Descendants of reciprocal hybrids between two Japanese pond-frog species, Rana nigro-
maculata and Rana brevipoda. Sci. Rep. Lab. Amphibian Biol., Hiroshima Univ. 3: 399-419.

MakiNo, S. 1932a. Notes on the chromosomes of Rhacophorus schlegelii schlegelii (GUNTHER). Proc.
Imp. Acad. Japan 8: 20-22.

- 1932b. Notes on the chromosomes of Rana temporaria L. and Bufo sachalinensis (NIKOLSKI).
Ibid. 8: 23-26.

MakiNo, S. and I. Nisumura 1952,  Water-pretreatment squash technic. A new and simple practical
method for the chromosome study of animals. Stain Technology 27: 1-7.

MinoucHr, O. and S. Irikr 1931. Studies on amphibian chromosomes. II. On the chromosomes of Bufo
bufo japonicus ScHLEGEL. Mem. Coll. Sci., Kyoto Imp. Univ., Ser. B, 6: 39-51.

Moriva, K. 1951. On the isolating mechanisms between two subspecies of the pond frog, Rana nigro-
maculata. J. Sci. Hiroshima Univ., Ser. B, Div. 1, 12: 47-56.

1959. Occurrence of the natural hybrid between Rana nigromaculata nigromaculata and R. n.



216 H. OKUMOTO

brevipoda in Okayama district. Bull. of School of Education, Okayama Univ. No. 8: 84-93.
1960. Studies on the five races of the Japanese pond frog, Rana nigromaculata HaLLoweLr. III.

Sterility in interracial hybrids. J. Sci. Hiroshima Univ., Ser. B, Div. 1, 18: 125-156.

Nisuioka, M. 1972.  The karyotypes of the two sibling species of Japanese pond frogs, with special reference
to those of the diploid and triploid hybrids. Sci. Rep. Lab. Amphibian Biol., Hiroshima Univ.
1: 319-337.

Omnrang, H. 1975. The lampbrush chromosomes of the sibling species, Rana nigromaculata and Rana
brevipoda, and their hybrids. (In Japanese) La Kromosomo 100: 3162-3172.

TunNEr, H. G. 1973. Demonstration of the hybrid origin of the common green frog Rana esculenta L.
Naturwissenschaften 60: 481-482.

Uzzerr, T. and L. BErGer 1975. Electrophoretic phenotypes of Rana ridibunda, Rana lessonae, and their
hybridogenetic associate, Rana esculenta. Proc. Acad. Nat. Sci. Phila. 127: 13-24.

Waite, M. J. D. 1946. The spermatogenesis of hybrids between Triturus cristatus and T. marmoratus
(Urodela). J. Exp. Zool. 102: 179-207.

Wirschr, E. 1933.  Contributions to the cytology of amphibian germ cells. I. Chromosomes in the
spermatocyte divisions of five North American species of toads. Cytologia 4: 174—-181.



