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   JoRDAN and FowLER (1903) gave Japanese crucian carp a scientific name Ca7zssius

auratzes which is the same as that of the goldfish and different from that of the European

crucian carp, Ca7ussias ca7ussius. According to NAKAMuRA (1969) five subspecies of

funa inhabit Japan, viz., the kinbuna,Carassius auratus smbsP.;the ginbuna, C. auratt{s

langsdo7;Ei;the nagabuna, C azaratz{s btirgeri;the nigorobuna, C. auratms grandoculds

and the gengorobuna, C. aurat2{s cuvieri.

   Of these, the ginbuna is most widely distributed, covering all Japan. It has been

known that the relative proportion of males of the ginbuna inhabiting the following

districts is very small as compared with females : Sendai and the Tohoku district

(SAsAKI, 1926;KATo, 1932, EGAsHIRA, 1935), Toyohashi (MATsul, 1931, 1934) and

Hiroshima (KINosHITA, 1935), It is remarkable that the ginbuna obtained from the

kanto district consisted solely of females (OKADA and NAKAMuRA, 1948, NAKAMuRA,

1969).

   Gynogenetic reproduction in the ginbuna inhabiting the Kanto plains has been

suggested by KoBAyAsHi (1967) and NAKAMuRA (1969). KoBAyAsHI (1970) cytologically

showed that the population of the ginbuna in the Kanto district consisted of triploid

(rarely tetraploid) females, strongly suggesting their triploid gynogenetic reproduction,

Later, he showed by a cytological study that gynogenesis took place in the eggs of the

triploid ginbuna (KoBAyAsi{I, 1971).

   The original impetus of the present study which began in 1968 by the authers at

Biological Institute of Nagoya University, was to elucidate the reason of telegony of

the ginbuna. The method of approach has been reciprocal crosses between the ginbuna

(C. aumtus langsdo7:iii) and goldfish (C. auratz{s auratus) whose sex ratio is known to be

l male to 1 female (MATsui, 1934).

" Emeritus prQfessor of Nagoya University, who died August, 5, 1977.



Tabge 1 Andric index and sex ratio in the crucian

 co]lected from locagities in Aichi Prefecture

carp (Ginbuna),Ctzrassizes auvatzts langsdo7 lii,

Localities Drainge basin Symbol
sex distribution

9¥ ee total

Andric index

  S8
¥¥+sg ×100

Sex ratio

ss
    × loe29

btagawa, T6kai City

Shimono-isshiki,Nagoya City

Kanie, Arna-gwt

Ueda, Nagoya City

Okazaki City'

Hekinan City'"

Sh6nai river

Nikk6 river

Tempaku river

Yahagi river

Yahagi river

OT
SH

KA
TH
OK
HE

l85

 95

173

 82

305

 42

  9

 24

 56

 30

195

 28

194

119

229

112

500

 70

 4.6

20.2

24.5

26.8

39.0

40.0

 5.4

25.3

32.4

36.6

63.8

66.8

 *Data of Kobayashi, ff. and K. ])viizutori (1960).

""Chromosofnal number examined was IOO (2R).

Tabie 2 Straight matings of female ginbuita (C) with mage giRbuna (C)

Symbol and

matmg no.
Parents

Year of

breeding

Offspring

¥¥ S8 total

Chromosemal eember

of offsprings

(CC)i

(CC)2

(CC),

(CC),

(CC)5

(CC),

OT
OT
OT
MI

OT
MI

¥1

4i

96

¥3

¥1

g4

SA a3

SA sio

sA ei

SA 82

SA 86

SA 86

'64

'66

'64

'66

'70

'70

 ge

 62

55e

 17

103

 99

o

e

o

o

o

o

 90

 62

550

 17

103

 99

156 (3n)

156 (3n>"

" Dipkoid nucleus (chromesognaE number, 100) was rarely found among tripgoid ituclei.

 IVIidoriga-ike in Nagoya City.
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                         Materials amd Methodis

   Materials used are ginbuna collected from various localities of Aichi Prefecture

situated in the central district of Japan. For convenience in referring to crosses, sources

of materials are symbolized OT, SH, KA, TE, HE, designating drainage basins as listed

in Table 1. 0ther sources are SA (Sakurayama market), MI (Midoriga-ike) and TO

(Togasa-ike) all in Nagoya-city. Superscript numerals on 9 or S in lists of Tables are

fish nurnber.

   The varieties oft.he goldfish used as mates of ginbuRa are Wakin, Ryukin, Calico

and Shubunkin which has been mainly used in later phase of the study. Shubunkin has

an incomplete dominant T-gene responsible for transparent scales eiter herozygously

Tt or homozygously TT whereas ginbuna posses recessive t-gene governing normal

scales homozygously (tt). When a gynogenetic ginbuna female is mated with a

shubunkin male, either 7} or TT, all Fi offspring with mosaic transparent scales (7'Z)

and normal scales ina1:1ratio. Whenahomozygous shubunkin male(TT) is used as

a mate to a gonochoristic ginbuna female, al} Fi offspring have mosaic transparent

scales ( Tt). Genetics of scale transparency in the goldfish has been worked out by CHEN

(1928), MATsul (1933,1934) and KAJIsHIMA (1977), and we adopted the gene symbols used

in the last.

   In mature fish, sex has been discriminated by examing the cloacal region. In the

male this area is elliptic, small and the urogenital papilla between the anus and

urogenital pore does not usually project; furthermore pearl organs appear on the

opeculum, the dorsal and pectoral fins. From spring to autum, milky semen ooze out by

Stripping the belley. In the female, on the other hand, the cloacal region is oval, large,

and the urogenital papilla projects noticeably. By stripping belley, a few oocytes ooze

out. Any immature fish, less than 5 cm SL, sex has been determined by autopsy.

                                Resaxlts

1. Sbx-ratio of ginbuna in localities of Aichi P7'efectz{re.

   Sex ratio of ginbuna coliected from various drainage basins of four rivers are

shown in Table 1. It is found that sex-ratios are considerably different in localities of

Aichi Prefecture especially depending on river basins, although all being less than 100.

It is the lowest in the population of a pond of Otagawa (OT) and highest in popurations

of the Yahagi river (OK and HE). These results show that ginbuna males in various sex

ratios are inhabiting in Aichi Prefecture contrasting to Kanto district where no male

ginbuna are found (NAKAMuRA, 1969).

2. Straight matings between ginbuna.

   Six straight matings of ginbuna have been performed (Tab}e 2). Male and female

parents collected from OT and MI districts were used and fish Nos. are denoted as



Tab!e 3 Matings of goldfish femages with ginbuna males

Symbog and

matmg no.
Parents

Year of

breeding

Sexes of offspring

51S! GS total

  Scaleness" of offspring

matt nacreous metallic

(GC),

(GC),

(GC),

(GC),

Caiico matt ¥i SA 8iO

Wakin metallic ¥6 SA g2

Shub. matt 9 SA siO

Shub. matt ¥66-iSA e6

'64

'64

'66

'70

67

42

49

5

75

40

68

11

l42

 82

l17

 l6

X?i) ==O.45, P=O.5e

Xli) =3.4, ?=e.1-o.os

o

o

o

o

142

  o

117

 16

o

82

o

o

" Scaleness

 being tt.

: matt, tota} transparent, genotype being TT ; nacreous, mosaic transparent, genotype being TX ;

            Table 4 F2 and back-crosses from matings of goldfish females and ginbuna males.

meta}lic, nomial, genotype

Symbol and

matmg no.
Parents

Year of

breeding

Sexes of offspring

¥? 88 total

  ScaEeness" of offspriRg

matt nacreous metallic

Caudag fin of offspring

  single double

(GC)i

(GC), G

(Gc)g

(Gc),F,¥ (GC),F, $

(GC),F,¥ (GC),F, 8

(GC),F,¥ (GC),F, g

'66, '67

'66, '67

'70

11

18

l5

19

31

13

30

49

28

16

28

20**

33

o

le

e

o

23

49

28

7

o

o

" See Table 3 for abbreviations.""
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Tabge 5 Dvlatings of ginbgna females with goRCgfish males

Symbog and

matmg no.
Parents

Year of

breediRg

Sexes of offspring Scaleness" of offspring

¥¥ 8S total matt nacreous metalEic

Category of

4 - parent

(CG),

(CG),

(CG),

(CG),

(CG),

(CG),

(CG),

(CG),

(CG),

(CG),,

(CG),,

(CG),,

(CG),,

(CG),,

(CG),,

(CG),,

(CG),,

(CG),,

(CG),,

OT
OT
OT
NIg

Mg
KA
sff

TO
Te
SH
SH
Te
eK
eK
OK
HE
ffE

ffE

OK

¥5

¥1

?1

¥3

43

¥2

93

gi

94

¥5

¥6

93

¥3

¥5

¥s

¥3

¥4

47

97

Ryukin metal. e

Wakin metal. g

Shub. matt 8

Wakin metal. 8

Shub. matt 8

Shub. nacreous e

Shub. nacreous g

Shub. nacreous g

Shub. nacreous g

Shub. nacreeus G

Shub. itacreous G

Shub. nacreous g

Shub. nacreous G

Shub. itacreous 8

Shub. nacreous e

Shub. nacreous e

Shub. nacreous e

Shub. nacreous e

Shub. nacreous 3

'60

'63

'66

'67

'68

'70

'71

'71

'71

'72

'72

'73

'73

'73

'73

'73

'73

'73

'74

133**

 48

l46**

 50

161

180

 58

 10

 24

 19

 21

 23

 20

 88

 l2

 25

 31

 21

 13

o

o

o

o

o

o

o

o

o

e

o

o

23

o

13

26

o

o

15

133

 48

146

 50

161

180

 58

 le

 24

 19

 21

 23

 43

 88

 25

 51

 31

 21

 28

e

o

o

e

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

1

e

2

e

1

e

o

o

o

o

19

2

9

29

2

o

21

133

 48

146

 50

l59

180

 57

 10

 24

 19

 21

 23

 24

 86

 16

 34

 29

 21

 30

Unisexual

Uitisexual

Vitisexual

Unisexual

UnisexuaE

VnisexuaE

UnisexuaE

Unisexuag

Unisexual

Unisexual

Vnisexual

Unisexual

Bisexual

Unisexual

Bisexual

Bisexuak

VnisexuaE

Unisexual

Bisexuag

c
2･

g
x
･

g･

9
s

:
8
8

o
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s
pt

' See Table 4 for abbreviation. *' Triploid cytologicaRgy examined.
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superscripts. The results show that all the four females used were gynogenetic

producing all female offspring.

3. Matings of golcijish .femates with ginbuna maies.

   Four rnatings of goldfish females with ginbuna males (GC series) have been

performed (Table 3). All the four matings produced both sexes which can be

statistically regarded as the 1 : 1 sex ratio.

   The results indicate that the reproductive function of ginbuna males are quite

normal and the union of male and female gametic nuclei t.akes place. It may be

remarked that SA g 2 and SA 8 6 which rendered ginbuna females all female offspring

as listed in Table 2 fathered both daughters and sons. As to scaleness, ginbuna males

(tt) in mating with homozygous transparent scaled (matt) goidfish females (TT)

produce all heterozygous transparent scaled (nacreous) offspring (Tt) and in mating

with normal scaled (metallic) goldfish female (tt) yielded all normal scaled progeny (tt),

as expected.

4. Ili and backcross qffsPring of goldlfZsh femages with ginbuna uaales.

   Matings of a (GC)i female with a (GC)i male, a (GC)2 female with a (GC)2 male and

a (GC), female with a goldfish male (shubunkin) have been performed and the results

are listed in Table 4. In all these three mating, both females and males were produced

in approximately 1 : 1 ratio.

5. Matings of ginbuna females with goldLxZsh maies.

   The sex ratio of ginbuna in various district of Aich Prefecture suggests the

presence of the two types of females, unisexual and bisexual, since all males in this

district tested are bisexual in mating with goldfish females. In order to actualize this

by breeding, a number of females from various localities have been taken at random,

numbered and mated each with a goldfish male.

                               Discussioia

   The sex ratio of ginbuna, ( kerczssizts auratz{s langsdo?ziii,in Otagawa (Tokai City) is

about 5 percent. In the case of goldfish × ginbuna, typical hybridization takes place.

Male ginbuna always produce Fi, F2 and FR hybrids normally in mating with goldfish

females indicating that they are all normally bisexua}. In the reciprocal cross,

ginbuna × goldfish, paternal characters are not usually transmitted to offspring, and all

female progenies are resulted. The majority of females in this district seems to be

gynogenetic. However, presence of rare bisexual females (producing both males and

femaies) is suspected, since males behaved normally on cross with goldfish females.

Namely, there are two types of females in the ginbuna in Aichi Prefecture, viz.,

unisexual (gynogenetic) and bisexual (gonochoristic). The unisexual females produced

all female progenies in mating either the goldfish or the ginbuna males. Bisexual

females, on the other hand, produced both ma}es and females in the ratio of one female
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to one male in mating with goldfish males. The cytological observation showed that

unisexual females are triploid having somatic chromosomes of 156 which bisexual

females and males are al} diploid with chromosomes of 100 in number. These resuits in

cross experiments indicate that triploid ginbuna are produced gynogenetically.

According to KoBAyAsHI (1976), the triploid eggs may be formed through a single

homoeotype meiosis during maturation process. In fertilized eggs of triploid ginbuna

artificially inseminated with diploid kinbuna (C. a. subsp.), the sperm nucleus is not

involved in the development (KoBAyAsHI, 1976). Thus, the triploid lines of the ginbuna

seems to keep by gynogenetic reproduction.
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