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INTRODUCTION

Rana japonica Giinther is widely distributed in Japan

excluding Hokkaido, Aomori Prefecture and the northern part

of Iwate Prefecture.　Although there are some individual

differences in color and pattern of this species, no local

variations have been reported hitherto in external characters.

l Recently, the present author (1979) reported that the

Ichmoseki population distributed in the northern extremity

of the range of Rana japonica remarkably differed from the

Hiroshima population in the results of crossing experiments

with Rana tsushimensis・ This suggests that differentiation

has occurred in some degree between the Hiroshima and
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Ichinoseki populations of Rana japomca.

工n order to examine the existence of reproductive

isolating mechanisms between the Hiroshima and Ichinoseki

populations, the present author carried out crossing experiments

between them as well as compared these two populations

morphologically, biochemically and karyologically.　Preliminary

reports of this research were made previously (1979, 1980)

MATERIALS AND METHODS

Rana iaponica Giinther were collected in the suburbs of

Hiroshima City, Hiroshima Prefecture and Ichinoseki City,

Iwate Prefecture.　The Hiroshima specimens were caught late

in October, 1978,and kept in an outdoor container during

hibernation.　The Ichinoseki specimens were caught early in

August, 1978, and reared in the laboratory until the following

year.　Crossing experiments were performed in Feburary and

March, 1979　and 1980.　0vulation was induced by implantation

of Ra恵良tatesbeiana pituitaries.　Reciprocal crosses were

made by the routine method of artificial fertilization.　A

part of the fertilized eggs, about　20　eggs in each series, were

kept at 18oC until the completion of metamorphosis for comparison

with those of the other series in developmental velocity.

In this paper, the embryonic stages follow those of Tahara's

table 〔1959), while the tadpole stages follow those of Taylor
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and Kollros's table (1946).　Tadpoles fed on boiled spinach,

while metamorphosed frogs fed on crikets.　Histological

observation of gonads was made after fixed m Navashin-s

fluid, sectioned at 10 or　¥2u,and stained with Heidenha-ls

iron hematoxylin.　Electrophoretic analyses were performed

for tenenzymes and two blood proteins.　They were carried

out by starch gel electrophoresis, basically in accordance

with Brewer-s methods (1970).　The two populations of Rana

japonica were compared with each other in sixteen loci of

these proteins.

Chromosomes were observed in the tail-tips of tadpoles

by Makino and Nishimura-s squash method (1952), as well as

in bone marrow cells by Omura-s vapor fixation method (1967).

The karyotype of each population was examined by analyzing

54　metaphase spreads obtained from bone marrow cells.

These spreads were also utilized to calculate the relative

chromosome length and the centromere position of each

chromosome.　The karyotypes of two populations were compared

with each other by the method of Hubbs and Hubbs (1953).

OBSI三RVATION

I. Developmental capacity

1. Hybrids between Hiroshima females and Ichmoseki males

(i)　On　5　Feburary 1979, a field-caught female of the
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Hiroshima population(H?l) was mated with a field-caught male

of the Hiroshima population(HcJl) and a field-caught male of

the Ichinoseki population(Id1) (Table 1, Fig.トa,b)　　Of 120

eggs in the control series, 111(92.5%) cleaved normally, 102

(85.0%) hatched normally and 96(80.01) metamorphosed normally,

while of 157　eggs in the experimental series, 147(93.61)

cleaved normally, 144(91.71) hatched normally and 138(87.9ォ.〕

metamorphosed normally.

(ii)　On 10 March 1980, six field-caught females of the

Hiroshima population(H92-7) were mated with six field-caught

males of the Hiroshima population(Hd2-7) and six one-year-old

males of the　工chmoseki population(工♂2-7) (Table 1, Fig.トa,b)

王n six control series, the proportions of i10rmal cleavages

were comparatively high, being　81.8-97.2%, 89.21 on the

average.　While only a small number of normally cleaved eggs

died of various abnormalities, 77.3-96.5%, 87.2%　on the

average, of the respective total number of eggs, hatched normally.

During the tadpole stage, only a few individuals died; 74.2

93.6%, 83.9%　on the average, of the respective total number of

eggs, metamorphosed normally.　In six experimental

78.7-98.5%, 90.7%　on the average, of the respective total number

of eggs cleaved normally.　While a few normally cleaved eggs

died of various abnormalities, 77.0. 96.3%, 88.3%　on the

average,ノhatched normally.　A few tadpoles died of under-

development or edema, and eventually　72.7-91.2%, 81.61 on
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the average, metamorphosed normally.　No significant

differences were found between the control and experimental

series in mortality at each developmental stage and in

morphological defects.

2. Hybrids between Ichinoseki females and Hiroshima males

(i)　On 5 Feburary 1979, a field-caught female of the

Ichmoseki population(I91) was mated with field-caught males

of both populations stated above(HcJl and It?1) 〔Table 1, Fig.

l-c,d).　Of 165 eggs in the control series, 147(89.1%)

cleaved normally.　After normally cleaved eggs died of

various kinds of abnormalities at various developmental

stages from gastrula to hatching, 96(58.21) hatched normally.

During the tadpole stage, some individuals died of edema or

underdevelopment, and eventually 88(53.31) completed

metamorphosis. In the experimental series, 211(86.5%) of

244 eggs cleaved normally.　The normally cleaved eggs were

nearly the same as the controls in developmental capacity,

that is, 148(60.7%) hatched normally and 127(52,01) completed

metamorphosis.　Morphological defects found in many embryos

or tadpoles were similar to those of the controls.

(ii) On 10 March 1980, three one-year-old females of the

王chmoseki population(I?2'-4) were mated with the same males

as those stated above(H^M and Iォj2-4) (Table 1, Fig.トc,d).

In three control series, 74.5-83.5%, 79.ll on the average,

of the respective total number of eggs cleaved normally, and
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afterwards many of the normally cleaved eggs died of various

abnormalities at various embryonic stages from gastrula to

hatching.　After　55.5-63.01, 59.4%　on the average, hatched

normally, some tadpoles also died of underdevelopment or

edema, and eventually　40.1--44.9%, 41.6%　on the average,

completed metamorphosis.  In three experimental series, 76.3'

86.1%, 81.5%　on the average, of the respective total number of

eggs cleaved normally.　After many of normally cleaved eggs

died of similar abnormalities as those of the controls at

various embryonic stages, 54.9-56.5%, 55.5%　on the average

hatched normally.　During the tadpole stage, some individuals

died of underdevelopment; 42.2-44.3%, 43.3%　on the average,

completed metamorphosis.

n. Developmental velocity

The Hiroshima and Ichinoseki populations were compared

with each other in developmental velocity at 18　C (Tables　2

and　3〕　　There was a slight difference in this respect

between the two populations during the early embryonic stage.

Three hours after insemination, the Hiroshima eggs began

to cleave (stage　3E), while the Ichinoseki eggs had almost

completed the first cleavage and were at the　2-cell stage

(stage　3〕　　Five hours after insemination, the Hiroshima

embryos started the third cleavage (stage　5E), while the

王chinoseki embryos had completed the third cleavage and were

-　7　-



at the　8-cell stage(stage　5j.　Eight hours after insemination.

the Ichinoseki embryos were at the morula stage(stage　7b),

while the Hiroshima embryos were not yet at the same stage

(stage　7aL).　Twenty two hours after insemination, invagination

of the blastopore was slightly observed m both populations

(stage lOa).　Thirty hours after insemination, the yolk

plug was formed in the Hiroshima embryos(stage 121三),加hile

there was still a horseshoe-shaped blastopore In the Ichinoseki

embryos(stage ll).　Sixty nine hours after insemination,

the Hiroshima embryos were at the tail-bud stage〔stage 17),

while the　工chmoseki embryos were at the early taiトbud stage

(stage 17E).　Thereafter the two populations proceeded

almost identically in development until TK stage HI

Eight days after insemination, the external gills degenerated

almost completely(stage　25), and 10 days later they attained

TK stage IE【　After this stage a difference in developmental

velocity appeared again between the tadpoles of the two

populations.　The Hiroshima and Ichmoseki tadpoles required

76.2　days and　89.3　days on the average, respectively, to

attain TK stage XX, that is, fore-limb protrusion.

No observations were made on developmental velocity

at 180C in reciprocal hybrids between the two populations.

Thus, only the ages of the reciprocal hybrids were observed

at the time of attaining TK stage XX at room temperature.

At room temperature, 87 Hiroshima eggs required　78. '87　days,
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81.1 days on the average, to attain TK stage XX, while　85

Ichinoseki eggs required　85-94　days, 87.5　days on the average,

to attain the same stage.　On the other hand, 138　hybrids

between Hiroshima females and Ichinoseki males and 127

reciprocal ones required　87~97　days, 89.3　days on the

average, and　86-100　days, 89.4　days on the average, to

attain TK stage XX, respectively.

HI. Morphology

A. Measurements

The Hiroshima population, the Ichinosekx population

and reciprocal hybrids between them were mutually compared

by measuring several body sites at Shumway stage　25, TK

stage xx, 3 months after metamorphosis and the age of one

year (Tables　4~7).

(a) Embryos at stage　25

Measurements were made on ten embryos from each series

(Table　4).　The Hiroshima embryos were larger than the

Ichinoseki embryos in total length, body length and tail

length.　Reciprocal hybrids were smaller than or almost

equal to the embryos of the parental population which were

smaller in every respect.

(b) Tadpoles at stage XX

Ten tadpoles of each series were measured (Table　5).

-　Q　-



The Ichinoseki tadpoles were somewhat larger than the

Hiroshima tadpoles in total length, body length, head width

and tail height.　Hybrids between a female of the Hiroshima

population and a male of the Ichinoseki population were

somewhat smaller than or almost similar to the Hiroshima

tadpoles in each of these respects.　The reciprocal hybrids

were similar to the Hiroshima tadpoles in total length and

body length, while they were similar to the　工chinoseki tadpoles

in head width and tail height.

(c) Froglets three months after metamorphosis

Measurements were made on　20　froglets of each series

(Table　6).　It was found that the Hiroshima froglets were

comparatively larger than the Ichinoseki froglets in hind leg

length and tibia length, while they were somewhat smaller

than the latter in body length.　The ratio of hind leg length

to body length in the Ichinoseki population was considerably

smaller than that in the Hiroshima population.　Furthermore

the head length was nearly similar to the head width in the

Ichinoseki population, while the head length was slightly

larger than the head width in the Hiroshima population.

Therefore, the head of the Hiroshima froglets appeared to be

more slender than that of the Ichinoseki froglets.　　The

hybrids between a female of the Hiroshima population and a

male of the Ichinoseki population were nearly the same as the

Hiroshima froglets in body leng-th, head length and head width.
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and similar to the Ichinoseki froglets in hind leg length.

The reciprocal hybrids were slightly smaller than the

Hiroshima froglets in body length, while they were nearly

the same as the above hybrids in size of each body site.

(d) One-year-olォd frogs

Measurements were made on 10 male frogs of each series

at the age of one year (Table　7).　The Hiroshima frogs were

smaller than the Ichinoseki frogs in body length and size of

the metatarsal tubercle.　The ratio of hind leg length to

body length m the Ichmoseki frogs was somewhat smaller than

that in the Hiroshima frogs.　Reciprocal hybrids were similar

to each other and to the Hiroshima frogs in various respects,

although they were somewhat smaller in snout length and

larger in: size of the metatarsal tubercle.　They were more

similar to the Hiroshima frogs than the Ichmoseki frogs in

the ratio of hind leg length to body length.

(e) Field-caught frogs

Measurements were made on the four field-caught frogs

which were'used in the mating experiments performed in 1979

(Table　8).　The Hiroshima and Ichinoseki frogs evidently

differed from each other in two respects, ratio of hind leg

length to body length and size of the metatarsal tubercle.

The hind legs of the Hiroshima frogs were larger than those

of the　工chinoseki frogs, while the metatarsal tubercle of the

Hiroshima frogs was smaller than that of the Ichinoseki
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frogs.　When measurements were made on six females and three

males of the Ichinoseki population and ten females and five

males of the Hiroshima population, similar findings were

obtained.　The Hiroshima frogs were S3.06±0.80mm in body

length, 2.44±0.12mm in size of the metatarsal tubercle and

1.80土0.02 in ratio of hind leg length to body length.　On

the other hand, the Ichinoseki frogs were　55.43土0.41mm in

body length, 3.23±0.02mm in、size of the metatarsal tubercle

and 1.62土0.03 in ratio of hind leg length to body length.

B. External characters

(a) Dental formulae of tadpoles

According to the dental formulae of Rana japonica

tadpoles described by Kawamura　( 1943, 1950)

the upper and lower jaw formulae were 1:2+2　and　2:1+1,

respectively, although an extra rudimentary upper or lower row

was found m some tadpoles.　As shown in Table　9, the dental

formulae of the Hiroshima tadpoles examined by the present

author were also 1:2+2　or 1:3+3 in the upper jaw and　2:1+1

or　3:1+1 in the lower jaw.　On the other hand, the dental

formulae of the Ichinoseki tadpoles were always 1:2+2 in the

upper jaw and 1:2+2　or　2:1+1 in the lower jaw in most tadpoles

In other words, the Ichinoseki tadpoles somewhat differed

from the Hiroshima tadpoles in the dental formula of the lower

2aw,　′王n contrast to the Hiroshima tadpoles, some of the

Ichmoseki tadpoles had a dental formula of the lower jaw,
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where the second low was interrupted m the middle.　The

dental formulae of reciprocal hybrids were variable, as shown

in Table　9.　The dental formula of the lower Jaw was mostly

2:1+1 and　3:1+1, although there were some tadpoles whose dental

formula of the lower jaw wa三1:2+2　or　2:2+2.

(b) Adult frogs (Plate I)

Hiroshima frogs resembled Ichinoseki frogs so closely

in appearance that they could not be definitely distinguished

from the latter.　However, some vague differences could be

recognized in several external characters between the two

kinds of frogs.　The external characters were mainly observed

on　3　males and　6　females from Ichinoseki and　5　males and 10

females from Hiroshima.　All these frogs were those which

had been collected in the field and used for crossing

experiments in 1979.

(i) Dorsal surface

Although the dorsal surfaces changed in color according

to physiological conditions, they were generally light brown

in the Hiroshima frogs, while they were dark brown m the

工chinoseki frogs.　Besides a V-shaped spot found in the

center of the back, there were no or grey vague spots on the

back of the Hiroshima frogs, while there were no or small

black spots, fused irregular black spots and grey obscure spots

in the lchinoseki frogs.　While the body surfaces of the

Hiroshima frogs seemed to be comparatively smooth and firm,
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those of the Ichinoseki frogs seemed to be coarse and loose

The snout was somewhat slender and pointed m the Hiroshima

frogs, while it was thick and not so pointed in the Ichi-noseki

frogs.　In both populations, the dorso-lateral ridges were

pale yellowish-brown with parallel lines running nearly straight

from the posterior ends of the upper eyelids to the level of

the hind legs.

(ii〕 Ventral surface

The ventral surfaces of the Hiroshima and Ichmoseki

frogs were white, pale yellow or rarely orange, and there

were no remarkable differences in ground coloration between

the two populations.　However, innumerable minute grey spots

were sometimes distributed all over the ventral surfaces in

the Ichinoseki population, while such spots were scarcely

found in the Hiroshima population.

IV. Biochemical characters

In order to compare the two populations biochemically.

ten enzymes, lactate dehydrogenase(LDH) , malate dehydrogenase

(MDH) , o(-glycerophosphate dehydrogenase(^-GDH) , isocitrate

dehydrogenase(工DH) , aspartate aminotransferase〔AAT) ,

phosphoglucomutase(PGM) , glucose-phosphate isomerase(GPI) ,

superoxide dismutase(SOD), creatine kinase(CK) and esterase

(Est) and two blood proteins, serum albumin(Ab) , hemoglobin

(Hb) were analyzed by starch gel electrophoresis, using
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15　frogs of the Hiroshim耳population and　9　frogs of the

Ichinoseki population which were collected in the field.

The electrophoretic patterns of these proteins are shown in

Figs.2　and　3.　The comparison of the two populations in 16

loci which control these proteins is shown in Table 10.

In twelve loci controlling LDH-A,B, MDH-A, IDH-A,B, AAT-A,

PGM, GPI, SOD, CK, Est-1 and Hb among the 16 loci analyzed,

no differences were observed between the two populations;

only a single allele common to both populations was expressed

and no variant was found in each locus except for GPI locus

(Figs. 2　and　3).　In three other loci controlling MDH-B,

<*-GDH and AAT-B, the two populations slightly differed.

Although they had a single common major allele, a variant

specific to the Hiroshima population was found in each locus

with a low frequency.　In the remaining one locus of serum

albumin, a distinct difference was found between the two

populations.　The Hiroshima frogs had two albumin alleles,

a and b, while the Ichinoseki frogs had two alleles, b and c.

The maコor allele was b in the Hiroshima population, while

it was c m the Ichinoseki population.

V.　Karyological characters

Chromosomes were examined in metaphase plates of bone

marrow cells of six-month-old frogs in the experimental and

control series performed in 1979.　A total of　284 metaphase
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plates from 10 frogs of two series in the Hiroshima population,

and a total of 197　metaphase plates from 17　frogs of　3　series

in the Ichinoseki population were observed (Table ll)

1. Karyotype of the Hiroshima population

The chromosomes of the Hiroshima population are　26 in

diploid number.　Its karyotype is shown in Fig. 4, where

the 13　pairs of chromosomes are arranged in order of length.

The relative length and centromere position of each chromosome

are presented in Tables 12　and 13, respectively.　The

chromosomes were divided into two groups according to their

size.　Group 1 consisted of five large chromosomes, Nos

t0　5, while group　2　consisted of eight small chromosomes Nos

6　to 13.　On the other hand, the 13　pairs of chromosomes

were亘ivided into three types, median(m), submedian(sm) and

subterminal(st), according to the numerical values of their

centromere position, 50.0-37.5, 37.5-25.0 and　25.0-12.5,

respectively.　The largest chromosome (No.1) of group 1 was

of m type, while chromosome No. 2 was slightly smaller than

No. 1 and was of sm type near m type.　Chromosomes Nos.3　and　4

were similar to each other in relative length, _but they

differed from each other in the position of centromere; No. 3

was of sm type, while No, 4　was of m type.　Chromosome No. 5

was the smallest of group 1 and of m type.　Among the

chromosomes of group　2, N0.- 6 was the largest and followed

by No. 7,　while these two were of m type.　Chromosomes
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Nos. 8　and 9 were similar to each other in relative length

but they were distinguishable in shape.　While chromosome

No. 8 was of sm type, No. 9 was of st type.　Chromosomes

Nos. 10　and ll resembled each othei・ in relative length, but

No. 10 was of sra type and peculiar in having a distinct

secondary constriction in the long arm.　Chromosome No. ll

was of m type.　Chromosome No. 12 was slightly smaller than

No. ll and of sm type.　Chromosome No. 13 was the smallest

and of sm type.

2. Karyotype of the Ichinoseki population

The chromosomes of the Ichinoseki population were very

similar to those of the Hiroshima population; they were　26

in diploid number and divided into two groups according to

their size.　The karyotype of this population is shown in

Fig. 5.and- the relative length and centromere position of

each chromosome are presented in Tables 12　and 13.　Chromosome

No:. 1 was the largest among the five chromosomes of group 1

and of m type.　Chromosome No. 2 was slightly smaller than

No. 1 and of m type near sm type.　Although chromosome No. 4

was slightly larger than chromosome No. 3 in relative length,

they were arranged as those of the Hiroshima population on

the basis of centromere position.　Chromosome No. 5 was the

smallest in group 1 and of m type.　Chromosome No. 6 was the

largest among the eight chromosomes of group　2, and No. 7

was slightly smaller than No. 6; both chromosomes were of m
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type.　Chromosomes Nos. 8-ll were very similar to each

other in relative length.　As Nos. 8 and 9 were of sm type,

they were often indistinguishable from each other.　Chromosome

No. 10 was of sm type and had a secondary constriction in the

long arm.　Accordingly, it could be easily distinguished

from No. 10 which was of m type.　Chromosome No. 12 was

smaller than No. ll and of sm type.　Chromosome No. 13 was

the smallest and of sm type.

3. Comparison of the karyotypes of the two populations

Slight differences in relative length and centromere

position of chromosomes were found between the karyotypes of

the two populations, as shown in Figs. 6-8.  In relative

length, there were statistically significant differences in

7chromosomes, Nos. 1, 3, 7, 10, ll, 12　and 13 (Fig. 6).

While ther占were no statistically significant differences

m centromere positions of the five large chromosomes, Nos,

・5, the two populations were significantly different from

each other m chromosomes Nos. 6　and 9 (Fig. 7).　While

chromosome No. 9 was of st type in the Hiroshima population,

it was of sm type in the　工chinoseki population.　The

numerical values-of the centromere positions in the Hiroshima

and lchinoseki populations were　20.6S土0.30 and 29.79土0.28,

respectively.　Although chromosome No. 6 was of m type in

the two populations, the numerical values of the centromeres

were also 39.70±0.29 and 46.75±0.27, respectively.　工n the
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other six small chromosomes, Nos. 7, 8, 10, ll, 12　and 13

there were either no or slightly significant differences

between the two populations (Fig. 7)

4. Karyotypes of reciprocal hybrids

Chromosomes of reciprocal hybrids were observed in　63

metaphase plates obtained from 10 individuals, as shown in

Table 10.　The karyotypes of these hybrids are shown in

Figs. 9　and 10.　The two homologous chromosomes of each of

two pairs, Nos. 6　and　9, were usually found to be distinctly

different in centromere position.

VI. Sex and gonads

A. Sex ratios

The gonads of reciprocal hybrids and their controls

were、observed in　コuvenile frogs within one month after

metamorphosis and six-month-old frogs with thumb pads.　The

sex ratios of these frogs are presented m Table 14.　While

the sex of control Rana japonica was almost differentiated

one month after metamorphosis, there were comparatively

numerous hermaphrodites in the hybrids at this stage.　Thus,

the sex of these juvenile frogs was divided into the following

five categories on the basis of the inner structure of gonads,

according to Kawamura and Nishioka 〔1972).

(1) Normal female (9).　The gonads are ovaries filled with

growing auxocytes.
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(2) Hermaphrodite type 1 (ァ.i), at the beginning of sex-

reversal.　Multiplication of rete cells is found in the

medullary parts of the gonads.　工n the cortical parts, there

are aboundant oogonia and young oocytes.

(3) Hermaphrodite type　2 (ァ2), at the middle stage of sex-

reversal.　Owing to distinct multiplication of rete cells,

the gonads are testicular in structure in the inner part at

least.　However, somewhat wide areas of ovarian structure

mostly remain In the outer part.

(4) Hermaphrodite type　3 ($3), at the last stage of sex-

reversal.　The gonads are testes as a whole.　Nearly all

the gonia are surrounded with rete cells and there are no

ovarian cavities, although there are small groups of oocytes.

(5) Normal male 〔<J).　The gonads are typical testes.

However, some males of this category have a few testis-ova

or oocytes in their testes

(a) Juvenile frogs dead or killed within one month after

metamorphosis

In the controls, there were　252　females, 1 hermaphrodite

of type　3　and　242 males among　495　juveniles obtained from

7 matings in the Hiroshima population, while there were　57

females, 1 hermaphrodite of type　2　and 50 males among 108

juveniles obtained from 4 matings in the Ichinoseki population.

On the other hand, in the hybrids between Hiroshima females

and工chmoseki males, there were 90 females, 31 hermaphrodites
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and　495　males among　616　juveniles obtained from　7　matings.

Of these hermaphrodites, 12 were of type 1, 15　of type　2　and

4　of type　3.  In the reciprocal hybrids, there were 13　females,

1 hermaphrodite of type　2　and 112 males among 126　juveniles

obtained from　4　raatings.　While the sex ratio of the control

frogs was almost 1:1, the overwhelming majority were males in

reciprocal hybrids i)etween the two populations and there were

comparatively many hermaphrodites in the hybrids between

Hiroshima females and　工chmoseki males.

(b) Six-month-old frogs

Of the　306　control frogs obtained from　5　matings in the

Hiroshima population, 171 were females and 135　were males,

while of the 136　control frogs obtained from four matings in the

Ichinoseki population, 61 were females and　75 were males.

On the other hand, of the　269　hybrids obtained from five matings

between Hiroshima females and Ichinoseki males, only　25 were

females and　244 were males, while of the 157　hybrids obtained

from four matings of the reciprocal combination, only 18　were

females and 139　were males.

When the hermaphrodites were counted as males, 47.21

and　51.6%　of the control frogs were males in the Hiroshima

and Ichinoseki populations,respectively, while　87.01 and　89.0%

of the hybrids were males in the crosses between Hiroshima

females and Ichinoseki males and the reciprocal ones,

respectively.
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B. Structure of gonads

(a) Juvenile frogs three months after metamorphosis

(l) Males

The size, shape, color and inner structure of testes

were observed in four male frogs belonging to each of four

kinds, reciprocal hybrids and Hiroshima and Ichmoseki controls

at three months after metamorphosis.　The testes of reciprocal

hybrids were almost same in external aspects as those

of the controls at this stage.　They were oval m shape,

whitish, greyish or blackish in color and 1.4-3.2mm in length

and 0.7. '2.3mm in width (Platen, Table 15).　The inner

structure of the gonads of these four kinds of juvenile frogs

was as follows.

Hiroshima controls.　In three of the four males, the

seminiferous tubules contained first and second spermatocytes,

spermatids and bundles of spermatozoa.　Along the inner

walls, there were primary and secondary spermatogonia.  In

the other male, the seminifei・cms tubules were filled with

spermatogonia; spermatocytes and spermatids were scarce,

Ichinoseki co・ntrols.　In all the four males, the

seminiferous tubules contained primary and secondary

spermatogonia, first and second spermatocytes, spermatids

and bundles of spermatozoa, as observed in the three males

of the Hiroshima population.

Hybrids, Hiroshima?: xIchinosekid.　The seminiferous
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tubules in the four male hybrids were somewhat similar in

differentiation to those in the control frogs.　There were

primary and secondary spermatogonia along the inner walls of

the seminiferous tubules.　There were also comparatively

many first spermatocytes at the metaphase of the first

reduction division.　In contrast with the control males,

normal germ cells such as second spermatocytes, spermatids

and spermatozoa were scarce, while a few large abnormal

spermatozoa were found in some tubules together with some

degenerating germ cells and pycnotic nuclei

Hybrids, Ichinoseki?xHiroshima<J.　The testes of the

four male hybrids were different from one another in

differentiation of seminiferous tubules.　In one male,

nearly all the seminiferous tubules were filled with first
*m

and second spermatogonia except that there were a few

spermatocytes at the prophase of the first reduction division,

In another male, there were a considerably large number of

spermatocytes at the prophase of the first reduction division,

besides abundant first and second spermatogoma.　In still

another male, there were some first spermatocytes at the

metaphase in many seminiferous tubules.  In some seminiferous

tubules, there were a few large abnormal spermatozoa and

pycnotic nuclei.　工n the remaining male hybrid, there were

many first spermatocytes at the prophase and metaphase and

also a small number of second spermatocytes.　In some
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seminiferous tubules, there were a small number of large

abnormal spermatozoa and pycnotic nuclei

(ii) Females

The ovaries of juvenile frogs were observed in four

females belonging to each of four kinds, reciprocal hybrids

and Hiroshima and Ichinoseki controls　3　months after

metamorphosis.　As shown in Table 16, the size of ovaries

was relative to the body length and there seemed to be no

significant difference in size of ovaries between the hybrids

and the controls.　Auxocytes could be observed by the naked

eye on the surfaces of these ovaries.

(b) Mature frogs

(i) Males

In the breeding season of 1980, one-year-old males

of reciprocal hybrids and the controls attained sexual maturity.

After the testes of these males were measured, the left

testes were fixed and used foュ: histological observation, while

the right testes were used for examining reproductive ability.

The testes were classified into the following five types on

the basis of abnormality in inner structure according to

Kawamura and Nishioka (1972).　The size and type of the

testes of each male are shown m Table 17.

Type 1.　The testis is quite normal in inner strucure.

Seminif色rous tubules are filled with close bundles of normal

spermatozoa.　A small number of pycnotic nuclei are found
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(Plate m-13〕・

Type　2.　Spermatozoa are far fewer than those of type 1.

Each bundle of spermatozoa is small and coarse.　Among the

bundles, there are considerably numerous abnormal spermatozoa

and pycnotic nuclei (Plate HI-15, 16).

Type　3.　Seminiferous tubules are mostly filled with

abnormal spermatozoa and pycnotic nuclei.　Besides, there

are a few small bundles of normal spermatozoa here and there

(Plate IV-17, 18).

Type　4.　Seminiferous tubules are filled with abnormal

spermatozoa and pycnotic nuclei.　However, there are a few

normal spermatozoa distributed sparsely (Plate IV-19, 20)

Type　5.　No normal spermatozoa are found in seminiferous

tubules, which are filled with numerous abnormal spermatozoa

and pycnotic nuclei (Plate IH-14).

Hiroshima controls.　Six males were　43.2. -45.8mm, 44.0

mm on the average, m body length.　Their testes were　3.7

5.7mm, 4.4mm on the average, in length and　2.8-4.2mm∫　3.5mm

on the average, m width.　All of them were of type 1 in

inner structure; seminiferous tubules were filled with close

bundles of normal spermatozoa

Ichinoseki controls.　Six males were　46.2-51.2mm, 48.3

mm on the average, in body length.　Their testes were almost

same m岳ize as those of the Hiroshima population.　They

were　3.2-6.6mm, 4.6mm on the average, in length and　2.7-4.4
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mm, 3.6mm on the average, in width.　All of them were of

type 1 in inner structure.　However, there were comparatively

numerous pycnotic nuclei in seminiferous tubules of some

males.

Hybrids, Hiroshima? x Ichinoseki<J.　Twelve males were

43.2.-49.7mm, 46.4mm on the average, in body length.　Their

testes were　3.2.-5.6mm, 4.3mm on the average, in length and

2.2.-3.8mm, 3.0mm on the average, in width.　Their testes

were considerably abnormal in inner structure; seminiferous

tubules were filled with remarkably numerous pycnotic nuclei

Of the twelve males, two were of type　3, nine of type　4　and

the remainder of type　5 in inner structure of the testis.

Hybrids, Ichinoseki? xHiroshima^.　Twelve males were

40.3.-'46.8mm, 43.8mm on the average, in body length.　Their
サ

test白s were・almost same in size as those of the reciprocal

hybrids, that is, 3.2-5.7mm, 4.4mm on the average, in length

and　2.2.-5.Omm, 3.0mm on the average, in width.　They were

not so abnoi'mal in inner structure as those of the reciprocal

hybrids.　Of the twelve males, seven were of type　2, three

of type　3　and the remaining two of type　4 in inner structure

of the testis.

(ii) Females

By pituitary injection, all mature females of reciprocal

hybrids ,and the controls could spawn.　The number and size

of eggs are shown m Table 18.

-　26　-



Hiroshima controls.　Three females were　41.8-53.4mm,

46.8mm on the average, m body length.　After pituitary

inJection, all these three females discharged 659-971 eggs

758.7　eggs on the average, which were 1.73±0.01-1.80土0.01mm

in diameter.

Ichinoseki controls.　Two females were　50.7mm and

53.2mm, 52.0mm on the average, m body length.　These two

females discharged　971 and 1063　eggs, 1017　eggs on the

average, which were 1.70±0.02, 1.85±0.02mm in diameter,

respectively.

Hybrids, Hiroshima? x Ichinosekid.　Four females were

42.2..50.5mm, 47.4mm on the average, in body length.　After

pituitary mJection, all of them discharged　600-968　eggs,

744　eggs on the average, which were 1.67土0.01-1.93土0.02mm

in diameter.

Hybrids,工chmoseki? ^Hiroshimad Six females were

4O.O-52.3mm, 46.7mm on the average, in body length.　After

pituitary injection, all of them discharged 609-1202　eggs,

848.5　eggs on the average, which were 1.78土0.02-1.88±0.02mm

in diameter.

V3I. Reproductive capacity

l. Male hybrids and the controls

Males of reciprocal hybrids and the controls obtained

m 1979 (Table 17) were backcrossed with field-caught females

of the Hiroshima population (Table 19) in the breeding season
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of 1980.　The results are presented in Table 19　and shown

in Fig. ll.　工t was evident that male hybrids were almost

sterile or remarkably inferior to the controls in reproductive

capacity,

(i) Controls

By the artificial insemination method, six males of

the Hiroshima population and six males of the Ichinoseki

population which were produced from control matings in 1979

were backcrossed with six females of the Hiroshima population

collected in the field.

工n six matmgs (Nos. 1-6) using the six control males

of the Hiroshima population, 83.3-95.6I, 87.6%　on the average,

of the respective total number of eggs cleaved normally

(Table　20, Fig. ll-a).　Most of the normally cleaved eggs
・5E

developed normally, and　81.0-93,Z%, 86.51 on the average,

hatched normally and became normally feeding tadpoles.

Thereafter, all the tadpoles from two matmgs (Nos. 2　and　3)

were preserved.　In the other matings, 8O.5-88.9I, 84.9%

on the average, metamorphosed normally.

王n six matings (Nos. 1-6〕　using six males of the

Ichinoseki population, 81.6-95.7I, 89.4%　on the average.

of the respective total number of eggs cleaved normally

(Table　20, Fig. ll-b).　While only a few of the normally

cleaved eggs died of various abnormalities, 76.3--93.6%,

86.6%　on the average, hatched normally and　76.3-^-91.5%, 85.4%
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on the average, became normally feeding tadpoles.　Thereafter,

all the tadpoles from two matings (Nos. 2　and　3) were preserved.

In the other matmgs, 81.5-89.4%, 85.3%　on the average,

metamorphosed normally.

(ii) Reciprocal hyt)rids

Twelve mature males of reciprocal hybrids produced

from crossing experiments m 1979　were backcrossed with twelve

females of the Hiroshima population collected in the field.

Hybrids, HiroshimaSNo.1 x Ichinoseki<JNo.1.　In four (Nos

1, 3, 10　and ll) of twelve matings (Nos. 1′'12) using twelve

male hybrids, no eggs cleaved normally nor abnormally.

In the other four matings, Nos. 2, 4, 5　and　8, one(0.2%)

four(l.1S), one(0.31) and eight(4.3%) eggs cleaved abnormally,

respectively, while there were no eggs which cleaved normally.
1

In the remaining four matmgs, Nos. 6, 7, 9　and 12, only two

(0.8%), two(0.8%), oneCO.9%) and one(0.8%) egg cleaved

normally, respectively.　-All of these normally cleaved eggs

hatched normally and then metamorphosed normally (Table　20,

Fig. ll-c).

Hybrids, IchinosekiSN0.1x、HiroshimarfN0.1.　In only one

(No. 4) of twelve matings (Nos. 1--12)　using twelve male

hybrids, no eggs cleaved normally, while only three(l.ll)

eggs cleaved abnormally.　In the other eleven matings, 1.0-

66.21, 23.9%　on the average, of the respective total number

of eggs cleaved normally.　Almost all of the normally cleaved
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eggs developed normally and became normally feeding tadpoles.

While the tadpoles from matmgs Nos. 1, 2, 8　and　9　were

preserved, those from the other seven matings were continuously

reared.　In these matings, 1.9-58.4%, 22.4%　on the average.

metamorphosed normally (Table　20, Fig. ll-d).

2. Female hybrids and the controls

Females of reciprocal hybrids and the controls obtained

in 1979 (Table 18〕 were mated with males of the Hiroshima

population collected in the field and the lchinoseki population

produced m the laboratory (Table　21) by artificial insemination

in the breeding season of 1980.　The results are presented

in Table　21 and shown in Fig. 12.  It was evident that the

female hybrids were essentially fertile, though some females

were slightly inferior to the controls in reproductive

capacity.

(i) Controls

Eggs of three females of the Hiroshima population

which were produced from control matings in 1979 were

inseminated with sperm of three males of the Hiroshima or

Ichinoseki population.  In three matings (Nos. l'--3) with

the Hiroshima males, 82.4--91.9%, 86.ll on the average,

cleaved normally (Table　22, Fig. 12-a).　While some of the

normally cleaved eggs became abnormal at various embryonic

stages, -57.1-74.3%, 66.01 on the average, became normally

feeding tadpoles.　After some tadpoles died of underdevelopment,
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54.6-69.31, 62.6%　on the average, metamorphosed normally.

In three matmgs (Nos. 1′'3) with the Ichmoseki males,

88.21, 84.81 on the average, cleaved normally.　While some

of the normally cleaved eggs died of various abnol・malities

at the embryonic stage, 51.2--70.7%, 61.4%　on the average,

grew into normally feeding tadpoles.　After some tadpoles

died of underdevelopment or edema, 48.8.-66.4%, 56.6%　on the

average, metamorphosed normally (Table　22, Fig. 12-a).

On the other hand, two females of the Ichinoseki

population which were produced from control matings in 1979

were mated with two males of the Hiroshima or Ichinoseki

population.　In two matings (Nos. 1 and　2) with the Hiroshima

males, 64.5%　and　75.61 of the respective total number of

eggs cleaved normally.　While many of the normally cleaved
、EK

eggs became abnormal at the embryonic stage, 38.3%　and　45.61

became normally feeding tadpoles and eventually　33.4%　and

40.ll metamorphosed normally (Table　22, Fig. 12-b).　In two

raatings (Nos. 1 and　2) with the Ichinoseki males, 68.9%　and

82.61　cleaved normally.　While some of the normally cleaved

eggs died of various abnormalities at the embryonic stage,

44.8%　and 44.9%　became normally feeding tadpoles.　After

some tadpoles died of underdevelopment, 34.9%　and　43.3!

metamorphosed normally (Table　22, Fig. 12-b).

(ii) Reciprocal hybrids

Hybrids, Hiroshima?No.1 x IchinosekitJNo.1.　Eggs
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of four female hybrids produced from crossing experiments in

1979　were inseminated with sperm of four males of the Hiroshima

or Ichinoseki population.  In one (No. 2) of four matings

(Nos. 1-4) backcrossed with the Hiroshima males, 10.1%　of the

total eggs cleaved normally, while　79.9-89.2%, 84.41 on the

average, m the other three matings did so (Table　22, Fig. 12-c).

While a small number of normally cleaved eggs died of various

abnormalities at the embryonic stage, 5.51 in mating No. 2,

and　59.4--68.8%, 63.6%　on the average, m matings Nos.l, 3

and　4　grew into normally feeding tadpoles.　Thereafter, all

the tadpoles from mating No. 2　were preserved.　While some

tadpoles died of underdevelopment in the other matings, 41.1-・

62.0%, 52.3%　on the average, metamo叩hosed normally.

工n one (No. 2) of four matings (Nos. 1---4) with Ichinoseki

males, 18.9%　of the total number of eggs cleaved normally,

while　83.4-x-91.OI, 86.4%　on the average, did so in the other

three matings (Table　22, Fig. 12-c).　After some of the

normally cleaved eggs died of various abnormalities at the

embryonic stage, 10.51 in mating No. 2　and　57.6--73.1%, 65.2%

on the average, in the other three matings became normally

feeding tadpoles.　All the tadpoles of mating No. 2 were

preserved.　In the other three matings, 53.O-64.4I, 59.31

on the average, completed metamorphosis.

Hybrids, Ichinoseki?No.1 x HiroshimarfNo.1.　Six

female hybrids produced from crossing experiments in 1979
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(Table 18) were mated with six males of the Hiroshima or

Ichinoseki population.　In six matings (Nos. 1-6) with

six Hiroshima males, 74.3-86.9%, 82.41 on the average,

cleaved normally (Table　22, Fig. 12-d).　While many of the

normally cleaved eggs died of various abnormalities at the

embryonic stage, 16.9^^-51.7%, 33.ll on the average, grew into

normally feeding tadpoles.　A part of tadpoles in matings

Nos. 2, 4　and　5 was used to examine the chromosomes in the

tail-tips after colchichine treatment.  In the other matings,

some tadpoles died of underdevelopment and　21.4-38.ll, 32.3%

on the average, completed metamorphosis.  In six matings

(Nos. 1-6) with five males of the Ichinoseki population,

52.8-89.0%, 78.31 on the average, cleaved normally (Table　22

Fig. 12-d).　While many of the normally cleaved eggs died

of various abnormalities at the embryonic stage, 14.3-53.OI,

33.7%　on the average, became normally feeding tadpoles

part of tadpoles of matings Nos. 2, 4　and　5　were used to

examine the chromosomes in the taiトtips after colchichine

treatment.　In the other three matings (Nos. 1, 3　and　6),

some of the tadpoles died of underdevelopment or edema, while

39.8-44.II, 42.61 on the average, metamorphosed normally.

Vni. Chromosome aberrations in backcrosses of reciprocal

hyウrids

Chromosomes were observed by the squash method in the
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taiトtips of normally shaped tadpoles, 20-6O days old,

which had been produced from backcrossing of reciprocal

hybrids.　The results are presented in Tables　23 and 24

and shown in Figs. 13'-*19.

1. Backcrosses of male hybrids and the controls

(i) Controls

Seventy tadpoles produced from four matmgs using

four control males of the Hiroshima population and　65　tadpoles

from four matings using four control males of the Ichinoseki

population were examined.　All of them were normal diploids

(Table　23).

(ii) Backcrosses

Six tadpoles produced from four matings using four

male hybrids-　Hiroshima? x Ichinosekid, were all normal diploids.

Of　252　tadpoles produced from nine matings using nine male

hybrids, Ichinoseki? x Hiroshima^, 251 were diploids, while

the remaining one was a triploid (Table　23).

2. Backcrosses of female hybrids and the controls

(i) Controls

Of 179　tadpoles produced from three matmgs using

three control females of the Hiroshima population, 175　were

diploids and four were triploids.　Al1 153 tadpoles produced

from two matings using two control females of the Ichinoseki

population were diploids (Table　24).

(ii) Backcrosses
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In three matmgs (Nos. 1, 3　and　4) using three female

hybrids, Hiroshima? x Ichinosekid　177　of 180　tadpoles were

diploids and the other three were triploids (Table　23).　All

the tadpoles produced from the othei、 mating 〔No. 2) were

preserved without observing the chromosomes

In three matmgs (Nos. 1, 3　and　6) using three female

reciprocal hybrids, Ichinoseki? x Hiroshimatf, 179　of 180

tadpoles were diploids and the remaining one was a triploid.

In the other three matings (Nos. 2, 4　and　5), the chromosomes

of some tadpoles were observed by the squash method after

colchichine pretreatment.　工t was found that　41 tadpoles

produced from two matings (Nos. 2　and　5) were all normal

diploids, while in the other mating (No. 4), 26　of　50　tadpoles

were normal diploids and the other　24 were all hyperdiploids.

Of the latter, 12　were trisomics, ten were tetrasomics and the

remaining two were pentasomics (Table　24).　The karyotypes

of each of these hyperdiploids were analyzed on　2-9　metaphase

plates.　Some trisomic tadpoles contained chromosome No. 5

(Fig. 13) or chromosome No. 7 in addition (Fig. 14).　In

tetrasomic tadpoles, the additional two chromosomes were Nos.

1 and 12 (Fig. 15), Nos. 6　and　8 (Fig. 16) or Nos. 7　and 10

(Fig. 17).　The two pentasomic tadpoles contained three

chromosomes Nos. 6, ll and 12 (Fig. 18) or Nos. 6, 8　and　9

in addition (Fig. 18)
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IX. Sex ratio in backcrosses of reciprocal hybrids

The sex of the offspring of male and female hybrids

and the controls was examined in Juveniles within one month

after metamorphosis and in　6-month-old frogs.　The results

are presented in Tables　25　and　26.

1. Backcrosses of male hybrids and the controls

The sex ratio in the backcrosses produced from matings

between field-caught females of the Hiroshima population and

males of reciprocal hybrids and in the controls is presented

in Table　25.

(a) Juveniles within one month after metamorphosis

(i) Controls

Of 160　juveniles produced from four matmgs between

the field-caught females and control males of the Hiroshima

population, 84　were females and　76　were males, while there

were　27　females, 3　hermaphrodites and 160 males among 190

Juveniles produced from four matings between the same female

parents and control males of the Ichinoseki population (Table

25).　Of these three hermaphrodites, one was of type 1 and

the other two were of type　2 in inner structure of the gonads.

(ii) Backcrosses

Of four Juveniles produced from two male hybrids,

Hiroshima?xIchinosekid, two were females and two were males

(Table　25).　Of　206　juveniles produced from seven male hybrids,

工chinoseki?x Hiroshimad　84 were females, one was a
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hermaphrodite of type　3　and 121 were males.

(b) Six一month-old frogs

Two frogs produced from two matings (Nos. 9　and 12)

using male hybrids, Hiroshima?x Ichinosekic? were males.

Of　87　frogs produced from four matings (Nos. 3, 6, 7　and 12)

using male hybrids, Ichinoseki9x HiroshimaJ　33　were females

and　54　were males (Table　25)

When the hermaphrodites were counted as males, 47.5%

and　85.8%　of the respective total number of frogs were males

in the offspring produced from field-caught females of the

Hiroshima population by mating with Hiroshima and Ichinoseki

males, respectively, while　66.7%　and　60.ll were males in the

backcrosses of male hybrids, Hiroshima・x Ichinosekirf, and

those of the reciprocal crosses, mated with Hiroshima females,
ノが

respectively.　In the backcrosses, the males seemed to be

higher in percentage than those of controls but not so large in

percentage as those of reciprocal hybrids (Tables 14　and　25).

2. Backcrosses of female hybrids and the controls

The sex ratio m the backcrosses produced from females

of reciprocal hybrids and males of the Hiroshima and Ichinoseki

populations is presented in Table　26.

(a) Juveniles within one month after metamorphosis

(i) Controls

Of　536　juveniles produced from three matings between

control females and field-caught males of the Hiroshima
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population, 273 were females and　263 were males, while there

were　60　females, 14　hermaphrodites and　340 males among　414

Juveniles produced from three matings between the same female ,

parents of the Hiroshima population and males of the Ichinoseki

population (Table　26).　Of the 14　hermaphrodites, seven were

of type 1 and the other seven were of type　2 in inner structure

of the gonads.　Of 172　juveniles produced from two matings

between females and males of the Ichinoseki population, 67

were normal females, one was a female with underdeveloped

ovaries, three were hermaphrodites and 101 were males.　Of

the three hermaphrodites, one was of type 1 and the other two

were of type　2.　Among　89　juveniles produced from two matings

between the same females of the Ichinoseki population and

field-caught males of the Hiroshima population, there were

females, 5　hermaphrodites and　76 males.　Of the five

hermaphrodites, one was of type 1, three were of type　2　and

the remaining one was of type　3.

(n) Backcrosses

Among　279　juveniles produced from three matings

between female hybrids, Hiroshima9x IchinosekicJ, and field-

caught males of the Hiroshima population, there were 133

females, 4　hermaphrodites of type　2　and 142 males, while there

were　61 females, 19　hermaphrodites and　278 males among　358

juveniles produced from three matings between the same female

hybrids and Ichinoseki males (Table　26).　Of the 19
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hermaphrodites, eight were of type 1, five of type　2　and the

remaining six of type　3,

Of 195　juveniles produced from three matings between

female hybrids, Ichinoseki? xHiroshimad, and field-caught

males of Hiroshima population, 45　were females, one was a

hermaphrodite of type 1 and 149 were males, while there were

104　normal females, one was a female with underdeveloped

ovaries, three were hermaphrodites and 170 were males among

278　juveniles produced from three matings using the same female

hybrids, Ichinoseki? xHiroshimarf and Ichinoseki males (Table

26).　Of the three hermaphrodites, one was of type 1 and

the other two were of type　2.

(b) Six-month-old frogs

(i〕 Controls

Among　96　frogs produced from two matmgs between

females and males of the Ichinoseki population, there were

49　females and　47　males, while there were 13　females and 105

males among l18　frogs produced from two matings between the

same females of the Ichinoseki population and field-caught

males of the Hiroshima population (Table　26).

(ii) Backcrosses

Of 160　frogs produced from three matings between

female hybrids, Hiroshima? xIchinoseki<J, and field-caught

males o'」 the Hiroshima population, 65 were females and 95

were males, while there were　38　females and 122　males among
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160　frogs produced from three matings between the same female

hybrids and males of the Ichinoseki population (Table　26)

Among 111 frogs produced from three matings between female

hybrids, Ichinoseki?xHiroshima^, and field-caught males of

the Hiroshima population, there were　24　females and　87 males,

while there were　69　females and　83　males among 152　frogs produced

from three matings between the same female hybrids and males

of the Ichmoseki population.

When the hermaphrodites were counted as males, 48.7!

and　85.8%　of the respective total number of frogs were males

in the offspring produced from Hiroshima females by mating

with Hiroshima and lchinoseki males, respectively, while

89.9%　and　56.3% were males in the offspring produced from

Ichinoseki females and the same males of both populations,

respectively.　On the other hand, 54.91 and　80.9% were males

in the offspring produced from female hybrids, Hiroshima? x

Ichinosekirf, by mating with field-caught males of the Hiroshima

and the Ichinoseki population, respectively, while　77.5%　and

59.5% were males in the offspring produced from female hybrids,

Ichinoseki9x Hiroshima^, by mating with the same males of

the Hiroshima and the Ichmoseki population, respectively.

In the backcrosses of female hybrids, there were

remarkable differences in percentage of males between those

backcrossed with males of the maternal population and those

backcrossed with males of the paternal population.　While
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the percentages of males were　54.91 or　59.5% in the backcrosses

of female reciprocal hybrids mated with males of the maternal

population, those were　80.9%　or　77.51 in the backcrosses of

female reciprocal hybrids mated with males of the paternal

population, being, considerably higher than those in the

former backcrosses.

DISCUSSION

Hybridization experiments in brown frogs were performed

by PflUger (1882), Pfluger and Smith (1883) and Born (1883,

1886) for the first time.　They obtained viable hybrids from

crosses between female Rana arvaris and male Rana fusca (=

temporaria).　This kind of hybrids was thoroughly studied

by Dikken (1935, 1938), who reported that they were all males

and completely sterile.　In Japanese brown frogs, Kawamura

(1942) also reported that mature hybrids between female Rana

japonica from Hiroshima and male Rana temporaria C=chensinensisj

from Hokkaido were all sterile males.　The same findings

have been described m hybrids between female Rana japonica

and male Rana ornativentris by Kawamura 〔1950), m reciprocal

hybrids between Rana ornativentris and Rana

chensinensis

temporaria (=

) from Hokkaido by Kawamura and Kobayashi (1959)

and in hybrids between Japanese brown frog species, Rana

ユ旦ponica and Rana ornativentris, and European brown frog
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species Rana arvalis and旦旦旦旦temporaria (Kawamura and

Kobayashi, 1960〕　　Thereafter, it was confirmed that all the

hybrids between female Rana dybowskn and male Rana japonica,

ornativentris and chensinensis also became sterile males (

Kawamura and Nishioka, 1977).　All the interspecific hybl.ids

stated above were those produced from two species which were either

not isolated or incompletely isolated from each other by gainetic

isolation or hybrid inviability.　Besides, there were many

combinations of brown frog species which were completely

isolated by hybrid inviability 〔Kawamura and Nishioka, 1977)

In the present study, it was found that the intraspecific

hybrids between the Hiroshima population and the Ichinoseki

population of Rana Japonica were not the same in sex ratio

as the controls, while there was neither gametic isolation

nor hybrid inviability between these two populations.　An

overwhelming majority of reciprocal hybrids were males,

whereas there was nearly an equal number of males -and

females in the control frogs belonging to each of the two

populations.　However, these intraspecific hybrids evidently

differed from the interspecific hybrids stated above in that

females usually appeared in a small percentage, although　54

hybrids were all males in one of eleven reciprocal crosses.

In four other crosses, more than　91%　of hybrids were males.

All the males of reciprocal hybrids examined were abnormal

m a greater or lesser degree in inner structure of testes,
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while the females were normal in size and number of eggs

laid after pituitary injection.　The male intraspecific hybrids

also differed from the interspecific hybrids in that they

were not always completely sterile.　In this respect, the

two kinds of reciprocal hybrids differed from each other.

while all the 12　Hiroshima?x Ichinoseki<? hybrids were either

completely or nearly completely sterile, only half of the

reciprocal hybrids was completely so and the other half was

fertile in some degree, although there were no hybrids which

were normal in fertility.　In contrast with the males of

intraspecific hybrids, there were no completely sterile females.

While one of four Hiroshima? x Ichinosekid females was extremely

low in fertility, the other three were nearly the same as the

control Hiroshima females.　　While three of six female
ヰぜr

Ichinoseki? xHiroshimad hybrids were distinctively low, in

fertility, the other three were similar to the control

Ichinoseki females.

The backcrosses of male or female mtraspecific

hybrids were not normal in sex ratios.　Of the backcrosses

of seven male Ichinoseki? xHiroshima^　hybrids mated with

Hiroshima females, 60.1%　were males, while　47.5%　of the

Hiroshima controls were males.　Although the sex of the

backcrosses of male Hiroshima? x Ichinosekid hybrids mated

with Hiroshima females was examined only in six individuals,

four of them were males.　Of the backcrosses of female
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reciprocal hybrids mated with males of the maternal population,

54.9%　or　59.5%　were males, but　80.9%　or　77.5%　of the backcrosses

of female reciprocal hybrids mated with males of the paternal

population were males.  It was found that males were remarkably

more numerous m the latter backcrosses than those in the

former.

Adult Rana japonica collected from　工chinoseki resembled

those from Hiroshima so closely in appearance that the two

populations could not be definitely distinguished from each

other, although slight differences were usually found in

color and pattern and shape of the snout.　The snout of the

Hiroshima frogs appeared to be more slender and more pointed

than that of the　工chinoseki frogs.　When the individuals of

the two populations were reared under the same condition,
蝣as*

the Hiroshima tadpoles attained completion of metamorphosis

more quickly than the Ichinoseki tadpoles did.　When they

were compared three months after metamorphosis and　えt

the age of one year, the Ichinoseki frogs were larger in

body length than the Hiroshima frogs.　The　工chinoseki

population was not the same as the Hiroshima population in

the dental formula of tadpoles.　While Hiroshima tadpoles

were mostly　2:1+1 or　3:1+1 in the lower jaw, Ichinoseki

tadpoles were mostly　2:1+1 or 1:2十2.　While the formula of

1:2+2 was not found in the Hiroshima tadpoles, that of　3:1+1

was exceptional in the Ichinoseki tadpoles.
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工chmoseki frogs were compared with Hiroshima frogs in

electrophoretic patterns of twelve proteins including ten

enzymes (LDH, MDH, tf-GDH, IDH, AAT, PGM, GPI, SOD, CK and

Est) and two blood proteins (serum albumin and hemoglobin).

It was found that the two populations were nearly the same

in the loci of these proteins except for only one locus of

serum albumin.　The Hiroshima population had alleles a and b,

and the Ichinoseki population had alleles b and c; the two

populations had allele b m common.

Kawamura (1939) has reported that the chromosomes of

Rana　コaponica are　26 in spermatogonia of normal males.　This

number of chromosomes was also counted by him (1940) in

oogonia of diploid parthenogenetic females.　Thereafter,

Kawamura (1943) described that the metaphase plates of

spermatogonia contained five pairs of large chromosomes and

eight pairs of small chromosomes.　After a long time, the

karyotype of旦旦旦旦i_ap__qnica was observed by Seto (1965) , Nishioka

et al. (1972) and Kuramoto et al. (1973).　These authors

clarified that chromosome N0. 10　had a conspicuous secondary

constriction.　The present author compared the karyotypes

of the two Rana japonica populations with each other and found

that they differed slightly in centromere position of chromosome

Nos. 6　and 9.　A similar difference in centromere position

of chromて3some No. 7 was reported by Nishioka (1972) between

two Japanese pond frog species, Rana nlgromaculata and Rana
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As stated above, there is no doubt that the Ichinoseki

population slightly differs morphologically, developmentally,

biochemically and karyologically from the Hiroshima population.

Above all, it is evident that the two populations are isolated

from each other by hybrid sterility, although this is not

complete.　Thus, it seems reasonable to give a position as

a sibling species of堅旦旦旦⊥竺ponica to the Ichmoseki population.

However, there is a problem to be solved between the Ichinoseki

population and Rana temporaria martensi Boulenger.　The

latter was first described by Boulenger (1886)

then placed as Rana temporaria var.

as Rana mal'tensi,

martens! by Okada and

Kawano (1923J and lastly changed into旦竺旦temporaria martensi

by Okada (1931) 、 According to Okada (1931, 1966), this

subspecies closely resembles Rana jajjonica, except that the

snout is not so pointed and that the dorso-lateral glandular

folds somewhat flare out to the upper margin of the tympanum.

Okada 、(1966) has described that this frog inhabits the

plains near mountains together with Rana japonica in Honshu,

Shikoku and Kyushu, that is, all over Japan except

Hokkaido.　Kawamura (1962) and Nakamura and Ueno (1963)

pJ aced Ra旦旦t_cmjlor;lll⊥旦 martensi as a synonym of Rana japonica

m accordance with Stejneger (1907) who identified Rana

niartensi with Rana iaponica.　While the Ichinoseki population

of Rana Japonica somewhat resembles
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described by Okada (1966) in shape of the snout and some other

characters, it differs distinctively from the latter in the

shape of dorso-lateral glandular folds.　The question whether

the Ichinoseki population is a part of the brown frog species

called Rana martensi will be answered hereafter, together

with the problem on the spread of this population.

SUMMARY

1.　The existence of a speciation from Rana japonica

was examined between two populations, Ichinoseki and Hiroshima,

by hybridization experiments together with morphological and

karyological observations and electrophoretic analysis.

Z.　工chinoseki frogs resembled Hiroshima frogs in

appearance so closely that the two kinds of frogs could not

be definitely distinguished-　from each other.

Hiroshima tadpoles attained completion of

metamorphosis more rapidly than Ichinoseki tadpoles did.

Ichinoseki frogs were larger in body length than Hiroshima

frogs three months after metamorphosis and at the age of one

year.

4.　A part of Hiroshima tadpoles had the same dental

formula as that found in a part of Ichinoseki tadpoles.

The remaining Hiroshima tadpoles mostly differed from the

remaining Ichinoseki tadpoles.
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5.　Hiroshima frogs were nearly the same as Ichinoseki

frogs in the electrophoretic patterns of eleven of twelve

proteins examined.  In the remaining protein, serum albumin,

there was a difference between the two populations.　While

the Hiroshima frogs had two alleles, a and b, the Ichinoseki

frogs had b and c.　While the major allele was b in the

Hiroshima population, it was c in the Ichinoseki population.

6.　The karyotypes of the two populations were very

similar to each other.　However, they differed slightly in

centromere position of chromosomes Nos. 6　and　9.

7,　Although there was no hybrid inviability between

the two populations, there was remarkable preponderance of

males in number m reciprocal hybrids.　Male reciprocal

hybrids were completely or incompletely sterile.　Female

reciprocal hybrids were almost completely fertile,

One of six female hybrids, Ichinoseki?xHiroshimad,

produced many hyperdiploids in company with normal diploids

by backcrossing with a Hiroshima or Ichinoseki male.

9.  In the backcrosses of male reciprocal hybrids mated

with Hiroshima females, males were slightly more numerous

than females.  In the backcrosses of female reciprocal hybrids

mated with males belonging to the paternal population, males

were remarkably more numerous than females.

10・王t seems reasonable to give a position as a sibling

species of聖旦旦japonica to the Ichinoseki population.
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) ) 、、-..′)
v t 〇o m O＼
〇、 ＼凸 【、 卜

th + }

/*"蝣*・. /**¥ V*"- , /*"N
N l′ゝ ⊂> 〇、

00 it . r〔 Ch
m i√〉 ＼ーO IO

i亨 喜 圭 子 誉 誉
i

雲 Tg E 巴 芝 t- o n 盟 e l 巴

- 、ノー、 JI-、 ′.、 一■、
r、 ▼ O e > 寸 CO 00

- 00 「、 ...一 r、一 ＼○ ○＼
ロ、 「、 r- o ¥ O、 l〇、 C0

1
～

{ 子 吉 言

、..-′、、..′、...′ ) 、、..′＼./ 、一′. 、■/ ) 、■.ノ 、■ノ 、.ノ ) 、■′、J
三 董 + 圭 三 三 ≡ 三 ぎ 三

i
ら

等 F= ; 3 2 品 等

一一 ▼.一 tN <-H サ-l - <

00 ts r、 m
寸 ぐ、 、、D GO
▼...

、○ ＼」> C 〉 寸
O 、 r- oo 一〇、

一 五 !

H k 百 年 q 午 年 耳

i

i

守 符 号 芯 G r 〇 宗 ( ( ( ′- 、
in 1- 4 m ＼0

′、 ′、 ′.、(
rrー M r.、 M

0 む
aO 三

.
宗 男

】ir> -h 卜 ～ 卜 寸 唱

童 善 吉 享 子 享 享

き

邑 亀 E 邑 邑 邑 邑 C > ▼.一 C) 勺.
卜 ＼.D r、 、、凸
) ) ) 、ー■′

rrl ▼ー 卜 寸
卜 ＼0 、、0 、-0
) ) ) 、J

tJIー 卜 rl 寸 M N ォ (N O ＼O >/-> ▼lI- 寸 ＼r> - i
寸 【、 寸 cc 卜 rq 寸 ぐ、 00 00 くh fN 00 0 0 C 〉
一一 ▼-i <S <-→ - ▼-サ ..・.l f-ォ サーH

> 、

/- V /- *. ,*- N ォー-蝣% e- N /- N /- S
、0 卜ー 「、 -rt 卜 >̂ 1 00

r一・% ,-*"s /蝣->. /- v
u-> f > -→ rつ
＼一〇 、蝣a ¥o (N
0〇 卜 cc 〇〇
) 、、..ノ) ㌔-/

′、 ′′、 ′一.、′、
t-i ir > w t 、4
0 、 寸 M e 、
CC P、 0〇 「、
) 、、′′、- ′)

【-.

召亀 有〇耳有年肴市
報 】誉きききききき

Z73 I

、 !̂ 1 0 00 寸 ＼o o o a 、
0 、 c0 ト ロ、 l〇＼ O 、 CX)
、J ＼- / 、一.ノ } 、、-.′ ＼.一ノ)
ト ト 寸 m ォ⊃ 寸 -

; 寸 卜 寸 ロ、 卜 M 寸

- O </"> ォ

- H O Cつ り
(N - i ォ -一

等 .宗 F 3 旨

0 ▼.. - ▼..一

- I (N o †

ト r l 、、D L∩
寸 O C 〉 rl

i- I i-H ^-t サーH

v > r 、 ト ト
、、D d CN I′ー
【. ▼ ▼-・蝣4 ▼

- I <N O 寸

- < - < <%l - ォ - -

く.→
0
. CO
3 撃

⊂3 o o cn in i/i 寸 1.→
<S O rn v t m C⊃ 寸
- N ▼一一 ▼..→ - I.. ▼Il1

卜 ＼蝣O eo O 寸 、、ロ ト
L′一 〇、 ∝) .ー CO r*i m
▼..→ Pll rへ ..一 ▼.1 ▼.一

i
,

岩 j - C -4 杓 寸 IO ¥O 卜
I..一 N n 寸 in ¥o r、

B K K 」 S C X X ー - 一一. ー-̂ - - - X X X X - 一一. I -
亡

冨 名 .

礼 渥 昌 宗 昌 昌 昌 芸 昌
F l (S C l 寸 .′、 、e r、

S X S S S S I

cs m 寸

... 一 一

- I M C l 寸

.I. - サ・-* ー

b* 〇、 (⊃ 〇、、 C ) 0 、 0 lJ 、 くつ
三 三 至 卜 〇〇

〇、 〇、、

... I

卜 CO
0 、 0 、

▼ ▼

卜 CO
C 、 0 ＼

▼

v
。
m
o
d
v
l
m
t
v
t
f
j
。
s
u
。
i
}
B
|
n
d
。
d
(
j
)
竃
s
o
u
n
p
i
p
u
B
(
H
)
E
u
n
q
s
o
j
i
H
s
q
j
u
a
a
A
V
j
s
q
s
a
s
s
o
i
D
j
o
s
j
j
n
s
s
^

i
 
m
a
v
x



TABLE　2

Stages of embryos at definite ages in the two Ratuz japonica populations at 18。C (1979)

A ge(hrs)

Kind
22 30 45 54 69 78 117 144.5 199

Hiroshim a

population
3E 5E 7aL lOa 12E 13bL 15 17 19E 2 1 23 25

Ichinoseki

population
7b lOa 11 13b 15E 17E 19E 21 23 25



TABLE3

Stages of larvae at definite ages in the two Rana faponica populations at 18 。C (1979)

49　　　　　67　　　　　76　　　　　83　　　　　89

I X-XII XVII-XVIII XX(76.2)

ge(days)

Kind
18 38

Hiroshima

population
HI V ~ VII

Ichinoseki

population
Ill IV- V VII-IX XIII-XV XV-XVIII XVIII-XX XX(89.3)



TABLE　4

Measurements of reciprocal hybrids between the Ihoshima and Ichinoseki populations of

Rana japonica and the controls at Shumway stage 25

Parents
Tadpoles im m ediately before feedin g

(Shum w ay stage 2 5)

Fem ale M a e

T otal B ody H ead T a泌 Tail

length length w idth Icrw th height

(m m ) (m m ) (m m ) (m m ) (nun )

H l H l 13 .6 ±0▼10 . 5.6 ±0.0 2 2.9 ±0.0 1 8 .0 ±0.07 2 .8 土0.03

H l I l 12 .7 ±0.08 5 .2 土0 .04 2 .6 土0.03 7 .5 ±0.06 2 .7 土0.03

I l H l 12 .3 ±0.26 5.2 土0.0 8 2 .9 土0.08 7 .0 ±0.19 2 l9 土0.06

I 1 I l 12 .8 十0一16 5.2 + 0 .0 6 3 .0 + 0 .03 7 .6 十0.13 2 .9 十0.04
■■■細〃 鵜■■〃ie



TABLE S

Measurements of reciprocal hybrids between the Hiroshima and Ichinoseki populations of

Rana faponica and the controls at TK stage XX

Parents
T adpoles im m ediately after protrusion

o f fore-legs (T K stage X X )

F em ale M ale

T ota B o dv H ead T ail T ail

length length w idth length heigh t

(m m ) 細 m J (m m ) (m m ) (m m )

H l H l 48 .2 ±0 .4 5 16 .8 ±0 .3 3 8 -3 ±0 .16 3 1.4 ±0 .34 5 .9 ±0 .17

H l I 1 47 .6 土0 .54 16 .6 ±0 .19 8 .l上o .13 3 1.0 ±0 .43 6 .1 ±0 .09

王1 H l 48 .5 ±0 .52 16.9 + 0 .13 9 .3 ±0 .15 3 1.5 ±0 .45 7.0 十0 .09

I l l l 49 .5 + 0.4 1 18 .0 + 0 .16 9 .4 十0 .12 3 1.5 + 0 .44 7.3 + 0 .14
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TABLE　8

Measurements of field-caught frogs of the Hiroshima and Ichinoseki populations ofRana japonica

K ind H iroshim a popu latio n Ichinoseki population

Individu al no. 9 78 (H 1) 974 (H l) 9 82 (I 1) 977 (l l)

Sex

B ody len gth (a) (m m )

～ ♀

5 1.7

」 辛 A

44 .7 70 .3 51.7

H ead length (m m ) 17.0 14 .7 2 1.0 15.8

H ead w idth (m m ) 14 .7 13 .9 20 .2 15.9

Snouth length (c) (m m 6 .8 6 .0 8 .6 7.1

H ead w idth atanterior

edge of upper eyelid (d)(m rrQF ore-leg length (m m )
9 .8

29 .0

9 .3 14 .5 ll.1

24 .6 37 .4 28 .6

H h d leg length (b)(m m ) 88 .2 76 .5 109 .2 79 .2

D iam eter of tym pan ic

m em b rane (m m )
3.4 3.0 4 -2 3 .6

M etatarsal tub ercle (m m ) 2 .3 2. 3.5 3 .0

b -a 1.7 1 1.7 1.55 1.53

C′d 0 .69 0 .65 0.59 0 .64



TABLE 9

Dental formulae of reciprocal hybrids and the controls at TK stage X (1979)

Parents
N o . of

tadpoles

K in d of dental form u la

1‥2十2 1:2+2 1 :2十2 1:2十2 1‥3+ 3 1:2十2 1:2十2 1:2十2
Fem ale M ate

2 :1十1 3 :1十1 2:2十2 1 :2+2 3 :1十1 3‥0+0 4 :0十0 0 :3十3

H 1 H l 50 12 37

H 2 H 2 50 37

H l l l 50 26

I l H l
】 50

28 19

I l I l 50 38

: 2 50 14 29

1 3 1 3 3 7 24
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TA】SLE ll

Number of frogs and mitotic figures examined for chromosome

analysis in 1979

Parents N o . o f N o . of N o . of

analyzed analyzed m easured

F em ale M ale Irons
1
m itoses m itoses

H l H 1
7 1

239 27

H 2 H 2 3 ; 45 27

工1 王1 7 93 9

1 2 l l 8 99 4 5

I 3 1 2 2 5 0

H l I l 10 6 3 -

l l H 1 10 6 3 -



TABLE 12

Relative lengths of metaphase chromosomes in the Hiroshima and王chinoseki populations

Hiroshim a population Ichinoseki population

Chrom o-
M ini- Maxi-

M ean

Chrom o-

som e
M ini- M axi-

M ean
som e

n0.

m um m um
n0.
m um m um

1 13.76 16.76 14.90±0.ll 1 12.87 16.10 14.09±0.09

2 ll.91 14.53 12.78±0一09 2 ll.26 13.95 12.56±0.08

3 10.46 12.58 ll.54土0.07 3 9.93 ll.85 10.92±0.06

4 10.04 12.51 ll.35土0.07 4 10.10 12.29 ll.15±0.07

5 9.23 10.77 9.89±0.05 5 8.83 ll.22 9.81土0.07

h 5.59 7.10 6.29±0.04 6 5.75 6.94 6.36土0.03

7 4.82 6.18 5.60 + 0.04 7 5.01 6.65 5.83±0.04

8 4.73 S.S8 5.21±0.04 8 4.86 5.84 5.22±0.03

<蝣) 4.63 5.71 5.07土0.04 9 4.45 5.58 5.13土0.03

10 3.82 5.41 4.79土0.05 10 4.49 5.73 5.14±0.04

11 3.89 5.01 4.60土0.04 ll 4.42 5.77 5.09±0.05

12 3.58 4.89 4.29土0.04 12 3.89 5.31 4.65十0.04

13 3.15 4.25 3.70±0.03 13 3.33 4.81 4.14±0.04

Relative chromosome length:
Each chromosome len

Genome length

±Standard error of the mean



TABLE 13

Centromere positions represented by numerical values and types of

metaphase chromosomes in the Hiroshima and Ichinoseki populations

H iroshim a popu latio n Ichinosek i p opulation

C hrom o -
M ini一 M axi-

M ean Typ e

C hrom o-

som e
M in i- M axi-

M ean Ty pe

som e

n o.

m u m m um
n0.
m um m um

1 43 .29 49 .65 46 .69 ア0 .19 m 1 4 1.74 4 8.4 7 4 6.0 1 土0 ▼17 m

2 33 .08 4 1.52 3 7.43 土0.2 0 Sm 2 32 .0 3 4 1.84 38 .0 5 土0 .27 m

3 30 .92 37.09 34 .3 5 土0.20 sm 3 29 ▼7 5 39 .9 5 35 .2 9 土0 .26 Sm

4 37 .5 2 4 6 .04 4 0 .3 0 土0 .20 m 4 37 .0 0 45 .69 42 .0 1 ±0 .23 m

5 4 2 .16 48 .6 9 45 .16 土0 .2 1 孤 5 42 .18 48 .12 45 .53 土0 .16 m

6 35 .2 6 44 .17 39 .70 ±0 .29 孤 6 40 .59 49 .60 46 .75 ±0 .2 7 m

7 36 .88 44 .86 4 1.15 ±0 .2 5 m 7 38 .00 49 .43 4 3.20 土0 .34 孤

8 24 .38 32 .98 27 .92 土0 .33 Sm 8 2 1.72 3 1.58 2 7.13 ±0 .29 Sm

9 15 .45 26 .18 20 ▼65 土0 .30 st 9 2 5.4 1 3 5 .38 2 9 .79 土0 .28 Sm

10 3 3.16 4 1.98 3 7.16 土0 .2 2 sm 10 3 2 .23 4 1.0 5 3 6 ▼7 1 土0 .28 Sr"

ll 3 7.28 4 6 .97 4 3.00 土0 .29 m ll 38 .57 4 5 .13 4 1.9 6 ±0 .24 m

12 30 .73 4 2 .3 1 35 .88 ±0 3 2 sm 12 32 .49 42 .58 37 .4 7 土0 .27 Sm

13 29 .52 4 0 .00 35 .6 5 ±0 3 0 Sm 13 30 .66 38 .79 35 .28 ±0 .2 5 sm

Numerical value of the centromere position:
Short-arm length

Chromosome length

+ Standard error of the mean

NVC Type

Chromosome type: 50.0-37.5-- m
37.5 - 25.0….. sm

25.0- 12.5….. st

12.5-　0.0…‥t
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TABLE 15

Testes of male reciprocal hybrids and the controls 3 months after

metamorpho sis

K ind

Ind ividual

n0 .

B ody

len gth

(m m ー

Size of testes

L eft (m m ) R igh t (m m )

H l x H l 1 37 .7 2 .6 x 1.8 3 .1 x l.8

2 34.0 2 .9 ×1.4 2 .8 x 1.8

3 33 .3 1.9 x 1.4 2.1 x 1.2

4 32 .9 1.6 x 0 .8 1.4 x 0 .7

H I x II 1 3 8.5 3 .2 x 2 .3 3 .2 x ユⅠ1

2 36 .7 2 .9 x 2 .1 2 .9 〉く2 .3

3 34 .0 2 .8 ×1.8 2 .8 x 1.9

4 33 .4 2 .2 x 1.6 2 .0 x 1.8

II x H l 1 34 .8 2 .6 x 1.6 3 .1 x 1.6

2 34 .7 2 .2 x 1.1 2 .4 x 1.0

3 32 .4 1.9 x 1.4 2 .0 x 1.3

4 30 .2 1 .6 x 1.4 1.7 x 1.3

II X II 1 38 .4 3 .1 x 2 .3 3 .1 x 2 .1

2 3 6 .0 2 .6 x l.9 2 .5 x 1.9

3 35 .8 2 .5 ×1.8 2 .6 x l.7

4 35 .1 2 .3 x 1.8 2 .6 x 1.8



TABLE 16

Ovaries of female reciprocal hybrids and the contrals dead or killed

within 3 months after metamorphosis

K ind

Individual

n0 ▼

B ody

length

(m m )

Size of o varies

L eft(m m ) R ight (m m ー

H I x H l i 33 .7 8 .8 x 4 .1 10 .2 x 4 .3

2 33 .1 7 .6 x 4 .2 7 .5 x 4 .3

J 32 .2 6 .6 x 4 .3 6 .8 x 4 .0

4 29 .3 6 .6 x 3 .0 6 ▼7 x 3 .6

H I x II 1 33 .1 9 .2 x 4 .8 9 .8 x 5.1

T 32 .7 7 .3 x 3 .6 8 .2 x 3 .2

3 30 .5 6 .8 x 4 .1 7.0 x 3 .9

4 25 .8 5.7 x 3 .8 5.8 x 3 .7

II x H l 1 32 .0 6 .3 x 4 .1 6 .8 x 3 .3

2 24 .0 3.7 x 2 .4 3 .6 x l.7

3 2 3.8 3.2 x 2 .2 3 .8 x 2 .2

II X I I 1. 36 .7 10 .1 >く7 .1 ll.6 ×6 .0

2 33 .6 9 .4 x 6 .3 9 .8 x 6 .4

3 30 .1 7 .2 x 4 .0 8 .4 ×3 .6

4 28 .9 6 .8 x 5 .2 7 .7 x 4 .3



TABLE 17

Testes of male reciprocal hybrids and the controls at the age of one year

K in d
In d ivid u al

n 0 . le n gth

ぐnm lー

Siz e o f testes
T y p e

L eft (m m ) (m m )

H I x H l 1 4 3 .2 4 .7 x 4 .2 5 .7 x 4 .2 1

2 4 4 .8 4 .7 x 4 .2 5 .0 x 4 .2 1

3 4 3 .2 3 .7 x 3 .1 3 .8 ×3 .1 1

4 4 5 .8 3 .9 x 3 .2 4 .6 x 3 .2 1

5 4 3 .0 3 .8 x 2 .8 4 .3 x 3 .1 1

6 4 3 .7 4 .0 x 3 .2 4 .2 x 1 .3 1

H I x I I 1 4 9 .2 4 .5 x 3 .5 4 .3 ×3.3 4

2 4 6 .9 4 .1 x 3 .2 4 .1 x 3 .1 4

3 4 5 .7 3 .6 x 3 .0 4 .7 x 3 .0 4

4 4 6 .2 4 .8 x 2 .7 5 .0 x 2 .8 5

5 4 9 .7 4 .0 x 3 .0 4 .8 x 2 .9 4

6 4 6 .8 5 .2 x 3 .3 5 .6 x 3 .8 3

7 4 5 .1 4 .8 x 2 .7 5 .2 x 2 .7 4

8 4 3 .2 4 .0 x 2 .2 3 .8 x 2 .4 4

9 4 7 .3 3 .2 x 2 .3 3 .4 x 2 .8 4

10 4 8 .1 3 .2 x 2 .7 3 .8 x 3 .3 4

l l 4 4 .0 4 .6 x 2 .8 4 .8 x 3 .0 4

1 2 4 4 .5 3 .9 x 3 .0 4 .0 x 3 .0 3

I I x H l I 4 4 .3 4 .1 ×3 .0 4 .0 x 3 .0 2

2 4 6 .8 4 .7 x 3 .2 4 .8 x 3 .2 2

3 4 6 .2 4 .6 x 2 .5 4 .6 x 2 .9 2

4 4 1.6 5 .2 ×3 .7 5 .4 :く3.9 4

5 4 3 .9 4 .7 x 3 .5 4 .2 x 3 .2 2

6 4 3 .7 5 .1 x 4 .7 5 .7 x 5 .0 3

7 4 4 .8 3 .2 x 2 .6 3 .7 x 2 .7 2

8 4 4 .1 3 .7 x 2 .4 3 .3 x 2 ⊥3 2

9 4 6 .0 4 .7 x 2 .8 4 .6 xこ3 .0 3

1 0 4 2 .1 4 .2 x 2 .6 4 .9 x 3 .0 4

l l 4 2 .2 3 .7 x 2 .3 3 .7 x 2 .3 2

12 4 0 .3 一4 .0 x 2 .2 4 .3 x 2 .7 3

I I X I I 1 5 1 .2 6 .6 x 4 .4 6 .4 x 4 .4 1

2 4 8 .0 4 .8 x 4 .1 4 .7 x 3 .8 1

3 4 6 .2 4 .9 x 3 .9 4 .8 x 3 .9 1

4 4 8 .6 4 .3 x 3 .2 3 .8 x 3 .2 ▼1

5 4 7 .0 4 .0 x 3 .1 3 .5 x 3 .0 1

6 4 8 .8 3 .2 x 2 .7 4 .2 ×3 .0 1



TABLE 18

Eggs of female reciprocal hybrids and the controls

at the age of one year

K in d
In d ivid u al B o d y N o . o f M ean d ia m e ter

n 0 . le n gth (m m ) eg gs o f 2 0 egg s (m m )

H I x H l 1 5 3 .4 9 7 1 1 .7 3 ±0 .0 1

2 4 5 .2 6 4 6 1 .8 0 ±0 .0 1

3 4 1 .8 6 59 1 .7 5 ±0 .0 1

H I x I I 1 4 8 .5 9 6 8 1 .7 7 士0 .0 1

2 5 0 .5 8 0 4 1 .9 3 土0 .0 2

3 4 8 .2 6 0 0 1 .7 9 士0 .0 2

4 4 2 .2 6 0 4 1 .6 7 士0 ▼0 1

II x H l 1 4 5 .8 8 6 9 1 .8 5 ±0 .0 1

2 4 3 .4 7 4 2 1 .8 8 ±0 .0 2

3 4 9 .0 12 0 2 1 ;8 5 ±0 .0 1

4 4 0 .0 6 0 9 1 .7 8 ±0 .0 2

5 4 9 .4 8 2 7 1 .8 3 士0 .0 1

6 5 2 .3 8 4 2 1 .8 8 ±0 .0 2

I I X I I 1 5 3 .2 9 7 1 1 .8 5 ±0 .0 2

2 5 0 .7 10 6 3 1 .7 0 ±0 .0 2



TABLE 19

Eggs of twelve field-caught females of the HiroshhIa population

used for backcross experiments in 1 980

K in d
In d ivid u al B o d y N o . o f M e an d iam eter

n 0 . le n gth(m m ) egg s o f 2 0 eg gs

(m m ー

H iro sh im a 1 6 0 .6 13 0 9 2 .0 7 ±0 .0 2

p o p u la tio n 2 5 5 .7 14 7 1 1 .7 8 土0 .0 2

3 5 1 .4 7 4 8 2 .0 9 士0 .0 2

4 4 9 .5 9 7 3 1 .6 7 士0 .0 1

5 5 2 .0 10 1 3 1 .7 7 ±0 .0 1

6 4 8 .8 8 3 8 1 .7 2 土0 .0 2

7 5 4 .8 12 1 3 1 .6 6 ±0 .0 1

8 5 0 .6 8 6 9 1 .6 4 士0 .0

9 4 7 .7 6 2 6 1 .7 4 ±0 .0 2

10 4 6 .0 8 6 7 1 .6 3 ±0 .0 1

l l 4 5 .8 59 3 1.8 0 ±0 .0 1

1 2 4 6 .8 7 5 9 1 .6 4 + 0 .0 1
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TABLE　21

Testes of six field寸aught males of the Hiroshima population and

five one-year-old males of the Ichinoseki population

K in d
Individu al

no .

B 0dy

length

(nun )

Size of testes

L eft i R igh t (m m )

H iroshim a 1 50 .7 4 .1 x 2 .9 4.6 :

population
2 4 9 .2 3 .7 x 2 .4 3.4 x 2.5

.3 5 1.3 4 .0 x 2 .4 4.3 x 2.5

4 48 .7 3 .3 x 2 .5 3 .2 x 2 .2

5 44 .0 3 .4 x 2 .2 3 .2 x 2 .0

6 43⊥3 3 .7 x 2 .3 4 .2 x 2 .3

Ichinosek i 1 53 .0 3 .8 x 3 .2 3 .8 x 3 .2

p opulation 2 45 .0 3 .7 〉く2 .1 3 .8 x 2 .2

3 46 .7 3 .9 x 3 .1 4 .3 ×3 .2

4 48 .2 4 .5 x 3 .2 3 .7 x 3 .0

5 5 1ー5 日 4 .2 x 3 .4 4 .2 x 3 .2
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TABLE　23

Chromosome analysis of backcrosses of male reciprocal hybrids between

the Hiroshima and Ichinoseki populations and the controls

Parents N o . of一

analyzed
tadpoles

N o . of tadp oles

F em ale M ale
D iploid
(2n=2 6)

T riplo id
(3n= 39)

fi 7 H l 20 20

出lo H 4 15 15

H l l H 5 20 20

H 12 H 6 15 15

H 7 I l 2 3 23 -
出lo 王 4 12 12 -
H l 1 I 5 20 20 -

H 12 I 6 10 10 -

H 6 Il1 6 2 2 -
H 7 H I 7 2 2

-
H 9 H I 9 1 1

-
H 12 H 王12 1 1 . -

H .1 IH l 70 69 1

H 2 1H 2 30 30 -
H 3 lH 3 30 30 -
H 5 IH 5 30 30 I
H 6 lH 6 18 18

fl 7 IH 7 30 30

H 10 IH 10 3 3

H ll IH ll 30 30

H 12 IH 12 12 12



TABLE 24

Chromosome analysis of backcrosses of female reciprocal hybrids between

the Hiroshima and lchinoseki populations and the controls

P arents
N o.o f

analyzed
tadpoles

N o . of tad poles

N o rm al

dipl0id
(2n= 26)

H yperdiplo id N orm al

triploid
(3n=39)F em ale M ale 2n=2 7 2n=2 8 2n= 29

H l H l 29 2 6 - - - J

H 2 H 2 30 29 - - - 1

H 3 H 3 30 30 - ～ - -

H l I 1 30 30 - - d ～
H 2 2 30 30

- - - M
H 3 I 3 30 30 - ～ - -

I l H l .4 1 4 1 - -
王2 H 2 26 2 6 -

i

I l I l 57 5 7 - "
I 2 I 2 29 2 9 - -

n i l

H l 2

H 3

H l

H 2

H 3

30

30

28

30

2

H I 4 H 4 30 29 - - - 1

H l l

H I 2

H I ∃

l l

I 2

I 3

30

30

30

30

H 1 4 I 4 30 30 - - -

IH 1 H l 30 30 - - - -
IH 2 H 2 12 12 - ～ ～ -
1H 3 H 3 30 30 - - - -
IH 4 H 4 2 1 q 3 7 2 -
IH 5 H 5 9 9 ～ -

1

IH 6 H 6 30 30 - -

王H l l l 30 29 - -
王H 2 1 2 l l ll

9

- -
1H 3 I 3 30 30 - -
IH 4 I 4 29 17 1 -
lH 5 I 5 9 9 - -
IH 6 王5 30 30

- -
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Survival curves of reciprocal hybrids between

the Hiroshima and Ichinoseki populations of旦更蛭ユ_旦旦?旦蔓王旦・

a. H?x HcJ

b. H9xI<J

c. 19x Hd

d. 19x14

C, Cleavage

N, Neurula stage

T, Taiトbud stage

H, Hatch

F, Feeding tadpole stage

SOD, Age of　50　days

M, Climbing out of water
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Fie. 2,　Electrophoretic patterns of eight enzymes

in the Hiroshima and Ichinoseki populations of畢堅竺裏望旦堅蔓旦e

Left seven samples are from the Hiroshima population.

Right seven samples are from the　王chinoseki population.

a。 Lactate dehydrogenase 〔LDH〕

b。 Isocitrate dehydrogenase (IDH)

c. Malate dehydrogenase (MDH)

d. Aspartate aminotransferase (AAT)

e。成-Glycerophosphate dehydrogenase (底-GDH〕

f。 Creatine kinase 〔CK〕

Glucose-phosphate isomerase (GPO

h. Superoxlde dismutase (SOD〕
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Fig. 3. Electrophoretic patterns of two enzymes

and two biood proteins in the Hiroshima and Ichinoseki

populations of Rana japonica.　Left seveTl (a〕 or five

(b--d) samples are from the王Iiroshima population.　Right

seven (a) or six (b-d) samples are from the Ichinoseki

population.

a. Phosphoglucomutase (PGM〕

b. Esterase 〔Est)

c. Hemoglobin (王弛)

d。 Serum albumin (Ab〕
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Fig. 4. Metaphase spread and the karyotype of

an epidermal cell from a Hiroshima tadpole.
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Fig. 5. Metaphase spread and the karyotype of

an epidermal cell from an Ichinoseki tadpole.
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棉里中
Fig. 6.　A graph showing differences in relative chromosome

length between the two populations of Rana Japonica.

The left and right of each pair in the graph represent

a Hiroshima and an Ichinoseki chromosome, respectively.

vertical line shows the range of relative chromosome lengths,

a short horizontal line, the mean of the latter; an open

rectangle on each side of the horizontal line, the standard

deviation of the mean; a black or an oblique rectangle on each

side of the horizontal line, two times the standard error of

the mean.  In general,主」 a black rectangle does not overlap

an oblique rectangle, the difference between the two chromosomes

is statistically significant.
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Fig. 7. A graph showing differences in centromere

position between the two populations of輿望旦裏里onica.

The left and right of each pair in the graph represent

a Hiroshima and an Ichinoseki chromosome, respectively.　A

vertical line shows the range of numerical values of the

centromere position; a short horizontal line, the mean of the

numerical values; an open fectangle on each side of the

horizontal line, the standard deviation of the mean; a black

or an oblique rectangle on each side of the horizontal line,

two times the standard error of the mean.
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Fig. 8. Composite ideogram showing differences in relative

chromosome length and centromere position between the two

populations of Rana japonita.　Constrictions indicate the

centromeres.　A gap in chromosome No. 10 indicates the

secondary constriction.
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Fig. 9. Metaphase spread and the karyotype of

an epidermal cell from a hybrid tadpole between a

Hiroshima female and an lchinoseki male.
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Fig. 10. Metaphase spread and the karyotype of

an epidermal cell from a hybrid tadpole between an

Ichmoseki female and a Hiroshima male.
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Fig. ll. Survival curves of the backcrosses produced

from male reciprocal hyl⊃rids between the Hiroshima and

Ichinoseki populations and the controls.

a. H<?x(H9xHcJJcJ, Nos.l-6

b. H9x(19xId)<J, Nos.l-′6

c. H9x(H9xI<J)<J, Nos.1-6

d. H9x(19xHcJJc?, Nos.l〝6
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Fig. 13.　Chromosome aberration (2n=27) in a

normally shaped tadpole produced from a mating,

(19xH<J)94xI<J4.
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Fig. 14.　Chromosome aberration (2n=27) m a

normally shaped tadpole produced from a mating,

〔I?xH<J)94xHc?4
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normally shaped tadpole produced from a mating,

(I?xH<J)94xI<J4.
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normally shaped tadpole produced from a mating,

.(19xH<J)?4 xHcJ4



表
題
事
6

〔
山
田

後
ュ
着
1
2

鴨
▲
題
■
▼

^
b
^
^
M
.
 
r
-

*
^
^
e
o

▲
題
▼

伊野

Fig. 17. Chromosome aberration (2n-28) in a

normally shaped tadpole produced from a mating,
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Fig. 18.　Chromosome aberration (2n=29) in a

normally shaped tadpole produced from a mating,

(19xH<*)94xH<*4.
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normally shaped tadpole produced from a mating,
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EXPLANATION OF PLATES

PLATE I

Adult frogs of the two populations of Rana japonica

at the age of one year x 1.0

1, 2.　A female of the Ichinoseki population

3, 4.　A male of the Ichmoseki population

5, 6.　A female of the Hiroshima population

7, 8.　A male of the Hiroshima population
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PLATE H

TPstes of males of the two Rana japonica populations

and their reciprocal hybrids at the age of three

months x　6.0

ll.

12.

A male of the Hiroshima population

A male hybrid between a Hiroshima female

and a　工chmoseki male

A male hybrid between a Ichinoseki female

and a Hiroshima male

A male of the Ichinoseki population
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PLATE in

Cross-sections of seminal tubules of the testes of

mature hybrids at the age of one year

13.　Type 1 Testis of control male No.5　produced

from a mating, Ichinoseki population? x

Ichinoseki population^　　x　280

mm

15.

16.

Type　5　Testis of male hybrid No.4 produced

from a mating, Hiroshima population? x

Ichinoseki populations x　280

Type　2　Testis of male hybrid No.7　produced

from a mating, Ichmoseki population?x

Hiroshima populationd x　280

Ditto x 140
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PLATE IV

Cross-sections of seminal tubules of the testes of

mature hybrids at the age of one year

17.　Type　3 Testis of male hybrid No.9 produced

from a mating, Ichmoseki population?x

Hiroshima population^　　x　280

18.　　Ditto x 140

19.　Type 4 Testis of male hybrid No.9 produced

from a mating, Hiroshima population9 x

Ichinoseki population^　　x　280

20.　　Ditto x 140
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