Japanese Journal of Ichthyology
Vol. 30, No. 3 1983

Geographic Distributions of Karyological
Races of Cobitis biwae (Cobitididae)

Yoshiteru Kimizuka and Hiromu Kobayasi
(Received May 11, 1982)

Chromosomal polymorphism has been known
in spinous loaches of the genus Cobitis, C.
biwae Jordan et Snyder, C. taenia taenia Lin-
naeus and C. faenia striata lkeda (Kobayasi,
1976; Takahasi and Oka, 1976; Ueno and Ojima,
1976: Sofradzija and Berberovié, 1978; Ueno
et al., 1980; Vasiliev and Vasilieva, 1982). In
Cobitis biwae, Kobayasi (1976) reported the exis-
tence of two karyological races, i.e., a diploid race
with 48 chromosomes and a polyploid race with
96 chromosomes. Aneuploid specimens with 46
chromosomes have also been recorded (Ueno,
1981). The purpose of this study is to elucidate
the geographic distributions of these races or
populations with different karyotypes on the basis
of materials from numerous localities covering
almost the whole of the range of the species, and
to examine their distributional patterns from a
zoogeographical viewpoint.

Materials and methods

The specimens examined for the present
study were collected from May 1977 to July
1981, in a total of 146 localities in 114 river
systems all over Honshu and Shikoku, Japan.
Samples were captured mostly by scoop nets.

In the present study, Cobitis biwae is identified
from the following two characters: 1) lamina
circularis (Canestrini’s organ) in the pectoral fins
of mature males consisting of a beak-shaped tip
and a round to oval base, in contrast to the sim-
ply roundish plate in C. taenia; 2) a row of black-
ish blotches running along the middle of the
sides of the body (Ikeda, 1936, 1937).

In the western part of Honshu, a few speci-
mens with a continuous blackish band along the
sides of the body, as in C. taenia striata, were
collected together with normally dotted speci-
mens. In these cases, males were identified by
the shape of the lamina circularis, and females
could be identified by their markings on the dor-
sal and caudal fins, i.e., with irregular striations,
not with two to three horizontal or V-shaped
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dotted lines as in C. taenia.

For karyotype analysis each fish was given an
intraperitoneal injection of colchicine (0.5 or
1.0%), two to three hours prior to sacrifice.
Gill and kidney tissues were removed, minced
with scissors, treated with hypotonic solution,
and fixed in Carnoy’s solution. Slide prepara-
tion was made by means of the routine flame-
drying and Giemsa-staining methods. The
classification of chromosomes followed Levan
et al. (1964). Specimens used in the present
study are deposited in the Yokosuka City Mu-
seum, Kanagawa Prefecture, Japan.

Results and discussion

Longitudinal distribution. Cobitis biwae oc-
curs mostly in the middle and a part of the lower
courses of the streams. Its habitats are gener-
ally restricted to slow-flowing waters with sandy
bottoms. In drainages where Cobitis taenia
striata occurs together with C. biwae, the latter
inhabits slightly upper portions. Segregation
in accordance with bottom features is recognized:
C. biwae inhabits gravel to sandy bottoms,
while C. taenia striata is seen on muddy-sand
bottoms. In drainages where C. taenia striata
does not occur, C. biwae extends its habitats to
lower reaches.

Geographic distribution. Cobitis biwae was
collected from 135 localities in Honshu, north
to the Noheji River (st. 1 in Fig. 1) and the
Shinjo River (st. 2), southwest to the Takatsu
River (st. 22) and Nishiki River (st. 26), and from
11 localities (sts. 28~31) in Shikoku. Reliable
records of C. biwae outside the range of our col-
lections have been made from the Abu and
Shimata rivers (sts. 23 and 27; Fujioka, 1977).
Our field observations indicate the absence of
this species in the southeastern slope of the Kii
Peninsula and the southwestern tip of Shikoku.

C. biwae has been recorded from northwestern
Kyushu (Ikeda, 1937; Okada and lkeda, 1939),
but we have collected only C. taenia taenia
throughout this area. The specimens from the
upper reaches of the Sendai River in Miyazaki
Prefecture reported by Yamane (1969) were
reexamined by us and identified as C. taenia
taenia. Our samples from the Sendai River
system were also identified as C. raenia taenia
both morphologically and karyologically.

— 308 —



Kimizuka and Kobayasi: Geographic Distributions of Cobitis biwae

136

138

Fig. 1. Geographic distributions of karyological races of Cobitis biwae. O, record of diploid specimens

with 48 chromosomes (large circles indicate the present observations; small circles records by Ojima
and Hitotsumachi, (1969) and Ueno et al., (1980)); ®, aneuploid specimens with 46,49 and 50 chromo-
somes; @, polyploid specimens with 96 chromosomes (large circles indicate the present observations;
small circles records by Ueno et al., (1980)); *, collecting records by Fujioka (1977) (karyotype not ex-
amined). Station numbers are restricted only to those mentioned in the text, and specimens of non-
numbering large circles also examined karyologically. Broken lines indicate principal watershed.
1, Noheji River; 2, Shinjo R.; 3, Tomioka R.; 4, Kuji R.; 5, Konta R.; 6, Hirai R.; 7, Sagami R.; 8,
Funa-kawa R.; 9, Oyabe R.; 10, Fujiko R.; 11, Kumozu R.; 12, Shouno-kawa R.; 13. Okutanou R.;
14, Yura R.; 15, Lake Biwa; 16, Nabari R.; 17, Yodo R.; 18, Tonda R.; 19, Maruyama R.; 20, Hii-
kawa R.; 21, Gouno R.; 22, Takatsu R.; 23. Abu R.; 24, Ohta R.; 25, Oze R.; 26, Nishiki R.; 27

Shimata R.; 28, Kuwano R.; 29, Hiji-kawa R.; 30, Monobe R.; 31, Shinjo R.

Karyotypes. Karyological examination was
carried out for 329 specimens from 130 localities,
and was successful in 283 specimens from 115
localities. Most of the specimens were either
diploid with 48 chromosomes or polyploid with
96 chromosomes. Aneuploid specimens with
various karyotypes were also found from eight
localities. Their chromosomal constitutions
are given in Table 1. Incorporating the present
observations and published records (Ojima and
Hitotsumachi, 1969; Kobayasi, 1976; Takahasi
and Oka, 1976; Ueno and Ojima, 1976), Cobitis
biwae can be considered to consist of two karyo-
logical races, i.e., diploid and polyploid races.

Aneuploid specimens with 49 and 50 chromo-
somes were collected in most cases together with
diploid specimens (Table 1), and the aneu-
ploidy was represented by only one or two indi-
viduals among a sample of two to seven individu-
als at each locality. No diploid specimens were
collected together with aneuploid specimens with
46 chromosomes. Sexual dimorphism was not
seen.

Karyotypes of the present species are distin-
guishable from those of C. taenia and C. raka-
tsuensis Mizuno (Ueno and Qjima, 1976; Kimi-
zuka et al., 1982) in having fewer acrocentric
chromosomes.
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Fig. 2. Records of watershed migration in western part of Honshu District. Arrows indicate stream piracy
with its direction of migration. Asterisk shows divide in valley. Broken lines denote principal water-
shed. A: 1, Gouno River; 2, Takatsu R.; 3, Ashida R.; 4, Ohta R.; 5, Nishiki R.; B: I, Shouno-kawa
R.; 2, Mimi-kawa R.; 3, Yura R.; 4, Yodo R.; 5, Kako R.

Table 1. List of materials for karyotype
analysis of Cobitis biwae. For localities,

see Fig. 1.
T No. of
. Locality :

Ploidy 2n (St. no.) spe(c;g;:)ens
Diploid 48 8l stations 188 (&, )
Aneuploid 46 Oyabe River ( 9) I (unknown)

46 Funa-kawa R.( 8) 2(&, %)
49 *Hirai R. (6) 2(3,9

49 *Fujiko R. (109  1(
49 *Tomioka R. (3) 1(9)
49 SagamiR. (7)) 1(9)
49 *Kuji R. (4 1(9)
50 *Konta R. (5 1(®
Polyploid 96 37 stations 95(3, 9)

* Diploid specimens with 48 chromosomes were
also obtained.

Relationship between karyotypes and mor-
phological characters. Morphological dif-
ferences between two local races, i.e., small-
body-sized from central Honshu and large-
body-sized from western Honshu, was reported
by Minamori (1951a, b), which differ in the sizes
of the body, eggs, spermatozoal and of erythro-
cytic cells. These differences agree with our
observations of diploid and polyploid specimens
(Kobayasi, 1976). No other remarkable differ-
ences were recognized in morphological charac-
ters between the two races. Although the body
size of the diploid race is fairly variable, it is
smaller in the Kanto District than in other areas.

Aneuploid specimens were not distinguishable
morphologically from diploid individuals.

In the periphery of the geographic range of the
polyploid race, i.e., the Shouno-kawa River (st.
12 in Fig. 1), the Tonda River (st. 18), the
Kanoashi-kawachi River of the Takatsu system
(st. 22), the Oze River (st. 25) and the Usa River
of the Nishiki system (st. 26), a few specimens
with an irregular continuous blackish band on the
middle of the body were collected. Except for
specimens from the Oze River (karyotype not
examined), all of them were polyploid, and C.
taenia striata was not seen in any of these drain-
ages.

Geographic distributions of karyological races.
Based on the present study and literature (Ueno
et al., 1980; Ueno, 1981), the geographic distri-
butions of the diploid and polyploid races of
Cobitis biwae are shown in Fig. 1.

The diploid and polyploid races are clearly
isolated from each other in their geographic
ranges, and the two races are totally allopatric
except in the Okutanou River of the Minami
system (st. 13 in Fig. 1).

The diploid race occurs throughout northern
and central Honshu and in a part of western
Honshu westward to the Hii-kawa River (st. 20)
on the Japan Sea slope, to Lake Biwa and the
Nabari River (sts. 15 and 16) on the Seto Inland
Sea slope, and to the Kumozu River (st. 11) on
the Pacific slope. In Shikoku, it is found only
on the Pacific slope (sts. 30 and 31).

The polyploid race occurs in western Honshu
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and Shikoku, and its range is almost completely
confined to the Seto Inland Sea slope (Fig. 1),
except for the inflowing rivers of Lake Biwa, the
rivers flowing into Wakasa Bay (sts. 12~ 14),
and the rivers on the Japan Sea slope near the
western tip of Honshu (sts. 21 and 22).

Minamori (1951a, b, 1957) recognized existence
of two local races which differ mainly in body
size. The distributional range of karyological
races given in this study shows that his small-
sized race is diploid and large-sized race poly-
ploid. The sterility in the progeny in the cross
between the two races observed by Minamori
(1951a, b) seems to have resulted from difference
in ploidy.

Consideration on the distribution of karyologi-
cal races. The polyploid race of Cobitis biwae,
restricted almost completely to the Seto Inland
Sea slope of Honshu and Shikoku, is also found
in the vicinities of Wakasa Bay and westernmost
Honshu on the Japan Sea slope. In these two
areas, wind gaps, divides in valley, underfit
streams and other landforms indicating the migra-
tion of watersheds are found in many places
(Inami, 1951; Nishimura, 1962; Okada and
Takahashi, 1969; Togo and Nakagawa, 1973).
For example, the riverheads of the Yodo and
Kako rivers are considered to have been captured
by the Yura River, the Gouno River by the
Ashida and Ohta rivers, and the Takatsu River
by the Nishiki River (Fig. 2).

When these geomorphological observations
are taken into consideration, the occurrence of
the polyploid race of Cobitis biwae in a few river
systems outside the Seto Inland Sea slope can be
interpreted as a result of its dispersal through the
piracy or spill-over of the rivers. The polyploid
race are most probably derived from a diploid
ancestor in the slopes toward the present-day Seto
Inland Sea, presumably when a large body of
freshwater such as a paleo-river or lake was in
existence.

The present-day geographic isolation of
the two karyological races is remarkable.
Considering the fact that the range of the
polyploid race coincides almost completely with
that of Cobitis taenia striata, the absence of the
diploid race in the Seto Inland Sea slope may be
related to the existence of C. taenia striata in
the region, as well as to presumable competition
between the two races of C. biwae. Further

extensive studies are required to clarify the
mechanisms of such isolation.
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