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Abstract Seven local races of the so-called striated spined loach (Cobitis taenia striata) were
compared morphologically. Here they were called the large, Biwa small, Yodo small, small,
Tokai small, spotted small, and middle races. Among them, the Yodo small race and Tokai
small race were newly discriminated. There was a great morphological variation among the
seven local races. Each race occupied its specific geographic range. Three cases of sympatric
distribution of two races were found without effective hybridization. The striated spined loach
is a species group which has seven local races that could be divided into three species; the large and
middle races are independent species each and the five smaller races are settled into the third one.
However, their scientific names cannot be given because of the uncertainty of relationship
between the European population of Cobitis taenia, originally described by Linnaeus, and Japanese

ones.

While a wide extent of morphological variation within the smaller races is found, difference

between the large race or middle race and their nearest smaller race is considerably smaller.

The striated spined loach (Cobitis taenia striata)
was first described by Ikeda (1936) as a subspecies
of spined loach (C. taenia). It is characterized
by having a roundish lamina circularis at the
base of the second pectoral fin ray and a striped
pattern on the lateral side of the body. Its dis-
tribution area is mainly western Honshu and
Shikoku Islands, Japan.

Though it has been generally regarded as one
of the local populations of the widely ranged C.
taenia inhabiting Europe and the Far East (Naka-
mura, 1963; Miyadi et al., 1976; Sawada, 1984),
we have supposed that the striated spined loach
is not a subspecies but comprises a number of
species. Minamori (1955) listed five local races
which were morphologically distinguishable from
each other. He further claimed that, on the
basis of sterility and breakdown of experimental
F, hybrids, the striated spined locach could be
divided into three biological species, and that one
of them consisted of three subunits of subspe-
cific rank (Minamori, 1960). One of us reported
Cobitis taenia from central Honshu (Aizawa,
1981). He stated that its subspecific status was
not clear and that the taxonomy of this group in-
cluding the striated spined loach might be revised.
Ueno et al. (1980) described two chromosomal
races, one diploid and the other tetraploid. Fur-
ther, Saitoh et al. (1984) showed karyological
differentiation within the diploid race.

It is interesting to examine to what extent these
local races of the striated spined loach are mor-
phologically differentiated, and how they occupy
their own ranges within the whole geographic
range of this group. It is also significant to test
whether there is a morphological grouping cor-
responding to the species status advanced by
Minamori. In the previous paper, one of us
preliminarily described morphological diversifi-
cation of Minamori’s five races (Saitoh, 1984).
In this report, we will describe morphological
features including vertebral count and geographic
distribution of seven local races (Minamori’s five
races and two new ones) based on more detailed
data obtained by further study in Honshu and
Shikoku.

Materials and methods

Study areas. Collection of the striated spined
loach was carried out on the following
schedule: Tokai district (Pacific coast of central
Honshu), October, 1981 to October, 1984. Lake
Biwa, May, 1979 to May, 1984. Sanyo district
(Seto Inland Sea slope of western Honshu includ-
ing the Kino and Yodo Rivers), March, 1979 to
November, 1984. Sanin district (westmost Honshu
facing the Sea of Japan), May 1981 to May, 1984.
Shikoku district, March, 1982 to October, 1983.

Materials. Specimens were generally caught
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Fig. 1. Color pattern on the dorso-lateral side of
the trunk of the striated spined loach (after
Takeda and Fujie, 1945, revised). Five lines

of dark speckles (L,~L;) are shown.

with a scoop net. They were preserved in 109
formalin for morphological observations. The
number of specimens used in this study is as fol-
lows: large race, 110; Biwa small race, 111; Yodo
small race, 29; small race, 221; Tokai small race,
256; spotted small race, 182; middle race, 764.
Most specimens were officially deposited in the
Department of Fisheries, Faculty of Agriculture,
Kyoto University (FAKU). Six specimens of the
middle race collected from the Kurose River, Hiro-
shima Pref. were loaned.

Observations. Vertebral number was counted
on cleared and alizarin-stained specimens or by
radiographs. Discrimination between caudal and
abdominal vertebrae was based on whether they
had a single haemal spine or not (Hosoya, 1983).
The position of the dorsal fin was indicated by
vertebral count before the insertion of the posterior
lobe of the anteriormost dorsal pterygiophore
(Sawada and Aizawa, 1983). Specimens having
deformed vertebrae, such as those with fused
vertebrae, were omitted from the present measure-
ments.

General characteristics of color pattern

Takeda and Fujie (1945) described five lines of
dark speckles on the dorso-lateral side of the
trunk of Cobitis taenia (Fig. 1). They called these
lines L,_; from the dorsal to lateral side of the
trunk. L, and L, altogether are identical with
zone 1 described by Gambetta (1934). The striat-
ed spined locah generally has striped L, and L,.
This is the distinguishing character between
C. t. striata and C. t. taenia. L, consists of

Fig. 2. Color pattern on the caudal region of the
striated spined loach. Left, blotches observed
on the upper pigment layer; right, those on
the deeper pigment layer; CS, caudal spot;
MB, marginal band.

two pigment layers, the surface and the deeper.
The former is in the dermis and the latter is in the
horizontal septum and its surrounding tissue.
Striation of L; is developed from a row of spots
joining each other at a young stage. Individuals
having complete L; stripe are more frequently
found among the males than among the females
(Saitoh, 1984).

At the base of the caudal fin, two dark spots
are present (Fig. 2). The upper one is intensively
black colored while the lower is lighter. The yare
formed by two pigment layers as L;. The surface
layer is in the dermal tissue and the deeper is in
the connective tissue surrounding the base of fin
rays. These two pigment layers are separated by
the posterior end of the lateral muscle.

There are several rows of speckles on both the
dorsal and caudal fins. Sometimes a black
marginal band is present at the postrior end of
the caudal. Other fins do not have such a con-
spicuous pattern as in the dorsal and caudal.

Description of the color pattern of
local races

1. Large race (Fig. 3A). This race is char-
acterized by having very intensively pigmented
caudal spots and completely striated L;.

Pigments on the surface layer of the upper
caudal spot form a large oval black blotch, and
those of the lower form an arcuate blotch of almost
the same darkness. Pigments on the deeper layer
of both upper and lower spots form large semi-
circular masses, which are truncated anteriorly by
the hypural plate. In most specimens the two
spots are connected into a dumbbell-shape on the
surface pigment layer at the center of the caudal
base. The spots also come in contact or are
arrayed across a very narrow gap on the deeper
layer.
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Fig. 3.

Male (upper) and female (below) of the seven local races of the striated spined loach. A, large

race; B, Biwa small race; C, Yodo small race; D, small race; E, Tokai small race; F, spotted small

race; G, middle race. Bars indicate | cm.

L; and L; of this race are broad striated black
lines; L, forms a broad and complete lateral stripe
throughout the body. L, usually intermingels
with the dorsal markings beyond the dorsal fin
and cannot be traced up to the caudal peduncle.
The deeper pigment layer of L; shows conspicuous
integration of pigments. L, is also striated in
most specimens. L, is usually lacking and seems
to have merged into L,. L, also shows degenerated
nature.

Marking on the caudal fin is also characteristic
of this race. The posterior end of the caudal
fin is margined by a broad pure black band. On
the other region of the fin, there is a faint cloudy
blotch or a mass of such blotches. A similar

pattern is also seen on the dorsal fin.

2. Biwa small race (Fig. 3B). One of us re-
ported in the previous paper that the color pattern
of this race and the large race were almost the
same, and that it was very difficult to distinguish
them by this character (Saitoh, 1984). Further
observations, however, enabled us to discriminate
them more easily.

The Biwa small race is distinguished from the
large race by combination of the following char-
acters: The lower caudal spot is less pigmented
than the upper on the surface pigment layer, while
it is almost as intensively pigmented as the upper
in the large race. The striation of L, shows some-
what degenerated nature so that it usually consists
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of a row of roundish blotches (three to six pre-
dorsally). The black marginal band at the end
of the caudal fin is a little narrower, and a vertical
row ofspeckles instead of a cloudy blotch is observed
on the center of the caudal fin. The color tone of
markings on the trunk and fins is reddish black.

3. Yodo small race (Fig. 3C). This is a newly
described race which is morphologically inter-
mediate between the Biwa small race and small
race described below. Since its adult aize is com-
paratively small (40.4-55.6 mm in the adult male
and 48.2-65.8 mm in the adult female both in
breeding season) and it is found only in the lower
reaches of the Yodo River basin, we propose the
name “Yodo small race”.

Pigments on the surface layer of the upper
caudal spot constitute a small oval blotch. Those
of the lower spot, sometimes merging into L;, are
much thinner than those of the upper. The two
spots do not connect as in the large and Biwa
small races. Pigments on the deeper layer of
both upper and lower spots are just as in the
former two races.

L, and L, are narrower than in the former two
races, and their striation is usually incomplete
posteriorly. Pigments on the deeper layer of L;
are consipcuous. L, is not striated and consists
of many blotches, sometimes more than 10 before
the dorsal base. The width of each blotch is
inclined to be larger than its length. L, shows
degeneration; a pair of its element locate between
L, blotches along the same line as L,, or otherwise
L, merges into L,. L, is variable, usually more
developed in the female. The color tone of
these markings on the trunk is reddish brown
with a slight purplish hue.

The black marginal band at the end of the caudal
fin is narrow and faint. There are two or three
rows of small speckles on the other region of the
fin. There is a similar pattern on the dorsal fin.

4. Small race (Fig. 3D). Pigments on the
surface layer of the upper caudal spot form a
small patch, and the lower spot is indistinct
and sometimes contiguous to L,. Pigments on
the deeper layer of both the upper and lower spots
are just as in the former three races.

The striation of L, and L; is less developed
than in the Yodo small race. In a few extreme
cases, L, is formed by more than 20 small blotches
on the surface pigment layer. L, is formed by
a row of small roundish or rectangular spots

(five to 10 before the dorsal base). It is usually
sandwithched by many minute speckles of L,. L,
is variable, generally more developed in the female.
The color tone of markings on the trunk is light
black with a little greenish shading because of the
greenish fresh meat.

The posterior end of the caudal fin is faintly
margined by a narrow band. Two to four rows
of small speckles are seen on the center of the
fin. A similar pattern is observed on the dorsal
fin.

5. Tokai small race (Fig. 3E). This race is
identical to the ““Cobitis taenia” which was de-
scribed by one of us (Aizawa, 1981). In the
previous report, the subspecific status of this rac
was left unclear because of the spotted pattern on
the lateral side of the body. Further study, how-
ever, revealed that the adult male of this race has
a lateral stripe. So we include it within the group
of the striated spined loach.

Pigments on the surface layer of the upper
caudal spot form a small oval blotch and those of
the lower form a small inconspicuous one some-
times merging into L,. Those on the deeper layer
of the spots constitute two small semicircular
blotches both truncated anteriory by the hypural
plate. There is a gap whose width is about the
same as these blotches between them; dorsal and
ventral thirds of the caudal base are occupied by
pigments on the deeper layer and its central third
is pale.

L; of this race shows sexual dimorphism. In
the adult male in breeding season, striation of L;
is usually complete, while in the female L; consists
of a row of roundish blotches. L; stripe in the
adult male, however, generally develops in the
breeding season only. It was observed in aquaria
that the lateral stripe of the male in early summer
frequently broke into several spots by fall. Pig-
ments on the deeper layer of L, are conspicuous
and observed as a blueish band. L; of this race
is a stripe in the adult male, or a row of small spots
in the female or young. In most cases it is ob-
scure beyond the dorsal fin. Pattern of L, and
L, is just like that of the small race. L, is variable,
usually more developed in the female. The color
tone of the markings on the trunk is light black.

Marking on the caudal fin is constituted by
three or four rows of thin arcuate bands. Each
band is formed by many minute elements on fin
ray. There is no black marginal band. There is

—337—



A Japan. J. Ichthyol. 34(3), 1987
a similar pattern on the dorsal fin.

6. Spotted small race (Fig. 3F). Pigments on
the surface layer of the upper caudal spot forin
a large oval black blotch. In larger individuals
the ventral tip of this blotch sometimes bends
anteriorly. Those of the lower spot form an
inconspicuous blotch sometimes merging into
L;. Pigments on the deeper layer of both the
upper and lower spots are two small faint patches.
There is a very wide gap between them.

L, and L, show seasonal sexual dimorphism as
in the Tokai small race. In the adult male in
breeding season, striation of L; and L, is usually
complete. On the other hand, spotted pattern of
these markings are remained in the female and
young. Pigments on the deeper layer of L; are
usually degenerated, or lacking in extreme cases.
L, can generally be traced up to the end of the
caudal peduncle. L, is constituted by a row of
small roundish spots (five to ten predorsally) sur-
rounded by L,, which consists of a crowd of minute
speckles. L, is usually well developed and often
can be traced beyond the dorsal fin. The color
tone of the markings on the trunk is faint black
with a slight purplish hue.

Pattern on the caudal fin is an intermediate type
between the Tokai small race and the middle race
described below. There are three or four arcuate
bands formed by many speckles on the fin rays.
Since each speckle is more pigmented than in the
former race, the bands are continuous at a glance,
but the center of the fin membrane is scarcely
pigmented. A similar pattern is observed on the
dorsal fin.

7. Middle race (Fig. 3G). The caudal spots of
this race resembles those of the former race. How-
ever, the ventral tip of the upper spot on the sur-
face layer bends more frequently than in the case
of the former race. It always bends in the adults.

Table 1. Variation in the vertebral count of the
seven local races of the striated spined loach.
Race N  Range h/feaniSE
Large race 103 41-44 42.87+0.08356
Biwa small race 90 40-44 42.31+0.09028
Yodo small race 28  41-45 42.82+0.1858
Small race 201  38-44  41.394:-0.05768

38-43  40.88+0.05025
40-43  42.0140.04976
39-45  42.68+0.02813

Tokai small race 221
Spotted small race 171
Middle race 690

L, and L; are generally striated, though their
striation is often incomplete posteriorly. Pig-
ments on the deeper layer of L; are indistinct or
lacking. L, is well developed and can be traced
up to the end of the caudal penduncle. L, is
composed of several oval or rectangular blotches.
These blotches sometimes merge with each other
anteriorly and form a stripe predorsally. L,
shows degenerated nature. In many specimens
a pair of its element are positioned between L,
blotches as those of the Yodo small race. Other-
wise in more vestigial case, generally in the young,
L, is lacking. L, is variable. The color tone of
the markings on the trunk is reddish brown.

The marking on the caudal fin is well char-
acterizing this race. There are two or three
arcuate bands on the caudal. Pigments are dis-
tributed not only in the tissue surrounding the fin
rays but also on the fin membrane, so each band
is wide and distinct. Posterior margin of the
caudal fin is not colored except a few cases of
accidental positioning of the arcuate band at the
end of the fin. A similar marking is seen on the
dorsal fin.

Vertebral counts and composition

Vertebral number of the seven local races varied
to a considerable extent (Table 1). In terms of
the mean value, the race which has the largest
number of vertebral count was the large race,
while the vertebral count of the Tokai small race
was the smallest. Their difference scores about
two points. Wide overlaps, however, were
observed between any two races because of great
variations within each race.

Generally speaking, the large, Biwa small, Yodo
small, and middle races had large nmumber of
vertebrae, while the small and Tokai small races
were with fewer vertebrae. The spotted small race
was intermediate between them.

There were clear differences in vertebral com-
positions expressed by the abdominals and caudals
between some races (Fig. 4). The large and Biwa
small races, which were hardly discriminated not
only by the total vertebral number but the color
pattern, were rather clearly separated except for
a small overlap in vertebral composition. Overlaps
between the middle and Biwa small or Yodo
small races were also deminished. Variation in
the total vertebral count among the smaller races
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Names of waters: 1, Ota R.; 2, Tenryu R.; 3, Miyakoda, R.; 4, Kiso R.; 5, Nagara

R.; 6, Ibi R.; 7, Kumozu R.; 8, Kushida R.; 9, Miya R.; 10, Kino R.; 11, northern basin of Lake
Biwa; 12, southern basin of Lake Biwa, 13, Yodo R.; 14, Muko R.; 15, Kako R.; 16, Ichi R.; 17,
Yumesaki R.; 18, Ibo R.; 19, Chikusa R.; 20, Yoshii R.; 21, Asahi R.; 22, Sasagase R.; 23, Taka-
hashi R.; 24, Ashida R.; 25, Nuta R.; 26, Kurose R.; 27, Ota R.; 28, Shimata R.; 29, Yura R.;
30, Kishida R.; 31, Gamo R.; 32, Sendai R.; 33, Kouchi R.; 34, Katsube R.; 35, Tenjin R.; 36, Hino
R.: 37, Hakuta R.; 38, Hii R.; 39, Kando R.; 40, Gono R.; 41, Tsuda R.; 42, Kasuga R.; 43, Kato
R.; 44, Aya R.; 45, Doki R.; 46, Shigenobu R. Site | and 3, also collected by Aizawa (1981); 7,

recorded by Aizawa (1981).

except the spotted small race is explained by
increase or decrease in the number of caudal
vertebrae.

Concerning the abdominal vertebrae, the seven
races can be divided into two groups. The large,
spotted small, and middle races have more ab-
dominal vertebrae, while the others are with fewer
abdominals.

Table 2. Variation in the position of the dorsal
fin represented by the count of vertebrae
before the insertion of anteriormost dorsal
pterygiophore.

Race N  Range Mean+SE
Large race 103 14-17 15.1140.06368
Biwa small race 90 13-16 14.13+0.07611
Yodo small race 28  14-16 14.46+0.1204
Small race 199  13-15 13.704-0.03820
Tokai small race 218  13-16 14.2340.03984
Spotted small race 170 13-15 14.334-0.03894
Middle race 676 14-16 14.9340.01975

Position of the dorsal fin

Position of the dorsal fin expressed by the num-
ber of vertebrae before the insertion of the an-
teriormost dorsal pterygiophore was employed for
species identification of the genus Cobitis by
Sawada and Aizawa (1983). This character was
also useful to discriminate local races in some cases
(Table 2). There was a tendency that the races
whose dorsal fin were placed more posteriorly had
more abdominal vertebrae, though this was not
the case at the intra-racial level.

Geographic distribution

Examination of geographic distribution of the
seven local races revealed that each local race
occupied certain continuous area (Fig. 5). It was
also revealed that there were three cases of sym-
patries between the large or middle race and the
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smaller races, but never between any two smaller
races or between the large and middle races.

The large and Biwa small races were collected
only from the Lake Biwa basin. Though they
were sympatrically distributed, a mild habitat
segregation was found between them: Most spec-
imens of the large race were caught by fishermen’s
set net (“eri” in Japanese) in the lake itself and
the Biwa small race was obtained both from the
lake and small streams flowing into it.

The Yodo small race was collected from the
Yodo River, the outlet stream from Lake Biwa.
It is interesting whether there is a distribution gap
between the Biwa small and Yodo small races
which resemble each other. The lowest habitat
of the Biwa small race and the uppermost of the
Yodo small race in the Lake Biwa-Yodo River
basin are still unclear. However, there had been
a rapid mountainous stream, where a large dam
was constructed recently, between Lake Biwa and
the Yodo River, and a certain distribution gap
has therefore existed between them, because gener-
al habitats of the striated spined loach are slow
flowing lowland waters or lake shores.

The small race was obtained from five river
basins in Okayama and eastern end of Hiroshima
where the middle race was also captured.

Although one of us reported distribution of the
Tokai small race from three geographically iso-
lated river basins like stepping stones (Aizawa,
1981), further research revealed that this race oc-
cupies a wider and rather continuous range. It
was obtained from six river basins surrounding

Ise Bay and three in the western part of Shizuoka.
In addition, several authors reported ‘“Cobitis
taenia striata” from rivers between the Miyakoda
(Fig. 5: site 3) and Kiso (Fig. 5: site 4) Rivers
(Kobayasi and Hara, 1958; Kobayasi et al., 1959;
Ueno et al., 1980). If the fish described by them
also belong to this race, its distribution area is
more continuous.

Minamori (1955) reported that the spotted
small race was found only in two river basins, the
Sendai and Hino, in the Sanin district. Our
result showed a wider and more continuous dis-
tribution. In this study the spotted small race
was found in 10 river basins from the western-
most part of Hyogo to the eastern part of Shimane.

The middle race has the widest distribution range
of the seven local races. It was obtained from
16 river basins in the Sanyo district, from six
in the Seto Inland Sea slope of Shikoku, from
two in the Sanin district, and from the Kino River
in the Kii Peninsula. It coexists with some smal-
ler races, namely with the Yodo small race in the
Yodo River and with the small race in its whole
range, but never with the large race.

In the three cases of sympatries, morphologically
intermediate individuals which are thought to be
hybrids were not obtained but for very few ex-
ceptional cases; four intermediate individuals be-
tween the small and middle races were captured
from the Asahi River among more than 1500
collections of both races there (Saitoh, unpub-
lished).

Table 3. Quantification for the nine qualitative characters of the seven local races.
Character/Score —1 0 1 2 3
(1) L, — row of many row of a few stripe —
spots spots
(2) L, — well developed degenerated absent —
(3) Ls — degenerated well developed — —
4) L, well developed  variable absent — —
(5 L, — male striped, incomplete stripe  almost complete complete
(surface layer) female spotted stripe stripe

(6) L, — conspicuous inconspicuous — —
(deeper layer)

(7) Caudal spots one large, two small spots two large spots — —
(surface layer) one small spots connecting into

one

(8) Caudal spots two small spots  (wo medium sized two large spots — —

(deeper layer) spots
a few arcuate a few rows of with a faint with a broad —

(9) Caudal color

pattern small speckles

bands

marginal band marginal band
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Fig. 6.
in which 859 of the total variance is covered.
tified 12 characters (see Tables 2, 3).

Analysis of morphological variation

To evaluate morphological variation among
the seven local races, we employed principal com-
ponent analysis based on the correlation matrix of
12 characters (nine on the color pattern, three on
the vertebral counts and position of the dorsal fin).
Qualitative characters such as color pattern were
quantified by scoring for diversification from the
character state of the Tokai small race or spotted
small race (Tables 3, 4), both of which we suppose

Table 4. Character states in 12 morphological features of the seven local races.
the color pattern (1-9) are quantified in Table 3.

4

4 -2 TOKAI SMALL

A SMALL

-3

Morphological diversification reflected on the plain of two major principal components (Z,, Z,)

Analysis is based upon correlation matrix of quan-

to be more generalized forms as mentioned below.

Phenotypic differences of the seven local races are
reflected on the plain of two major principal com-
ponents (Fig. 6.; Z,, Z,) which cover cumulatively
859 of the total variance. The Z -axis is mainly
influenced by the differences in the color pattern,
and the Z.-axis by the variation in the vertebral
counts and position of the dorsal fin. When
nearest two races are connected in turn, a mor-
phological gradient is seen as follows: Large
race—Biwa small race—Yodo small race—small
race—Tokai small race—spotted small race—

Characters on
Character No. 10, abdominal ver-

tebrae; 11, caudal vertebrae; 12, position of the dorsal fin.

Race/Character

1 2 3 4 5 6 7 8 9 10 11 12
Large race 2 2 0 1 3 0 1 | 2 21.4 21.4 15.1
Biwa small race 1 2 0 1 3 0 | | 2 20.0 22.3 14.1
Yodo small race 0 1 0 0 2 0 0 | 1 20.2 22.5 14.5
Small race 0 0 0 0 1 0 0 I 1 19.8 21.5 13.7
Tokai small race 0 0 0 0 0 0 0 0 0 20.1 20.8 14.2
Spotted small race 0 0 I —1 0 I —1 —1 —1 20.7 21.3 14.3
Middle race 1 1 1 0 2 1 —1 —1 —1 21.1 21.6 14.9
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middle race.

Minamori (1960) asserted that the local races
could be divided into three biological species.
However, there is not such a grouping reflected
on the plain in Fig. 6 to accord with his statement.
Phenotypic difference between the large race and
its nearest smaller race (Biwa small race) is even
smaller than the variation within the smaller races.
A similar situation is also seen in the middle
and spotted small races.

Discussion

The striated spined loach as a species group. In
this study we tentatively put the seven local races
together into the so-called striated spined loach.
They all have a roundish lamina circularis and a
more or less striated coloration, which is the di-
agnostic character of this form, on the lateral side
of the body.

There is, however, a great morphological vari-
ation among the seven local races. The large and
Biwa small races appear to have a more typical
color pattern, if we employ Ikeda’s (1936) diagno-
sis. However, these two races are not what was
originally described as stated below. On the
contrary, the Tokai small and spotted small races
are morphologically intermediate between Cobitis
taenia striata and C. taenia. These two races are,
we suppose, more generalized forms of the genus
Cobitis, because of the following two reasons: (1)
Most species in the genus as well as C. raenia com-
monly have spotted L,. (2) Striation of L, ap-
pears at a later developmental stage (Saitoh, 1984).

It is clear that the so-called striated spined loach
is neither monotypic nor one of the local popula-
tions of Cobitis taenia because of a great differeti-
ation in many aspects. This study revealed that
there are seven local races which are more or less
morphologically distinguishable from each other.
Karyological differentiation among some of them
was also reported (Saitoh et al., 1984; Ueno and
Ojima, 1976; Ueno et al., 1980). Moreover, iso-
lation by hybrid sterility or hybrid breakdown
among local races was found (Minamori, 1956).
The striated spined loach should therefore be
regarded as a species group, the “‘striata type of
the Cobitis taenia complex”. We suppose that
this is a subgroup of the C. taenia complex in
which many spined loaches having a ‘‘raenia’-
type roundish lamina circularis may be listed.

Species problem within the striated spined loach.
Minamori (1956) reported isolating mechanisms
by hybrid sterility or hybrid breakdown among
five local races of the striated spined loach. He
found that the large race is almost completely
isolated from the other four races and so is the
middle race, but that the three smaller races are
scarcely isolated from each other. He claimed
from these results that the striated spined loach,
which had been thought to be a local population
of Cobitis taenia, could be divided into three
biological species; the large and middle races are
both independent species and the three smaller
races are settled into the third species (Minamori,
1960). However, he did not assign any taxonomic
nomenclature to them.

His concludion on the species status of this
group is supported in this study. In the three
cases of sympatric distribution of two races,
intermediate individuals which were regarded as
hybrids were not found but for very few exception-
al cases among a great deal of collections. We
suppose, therefore, the large and middle races
are both completely isolated from their coexistants.

In this study we described two new smaller
races, the Yodo small race and the Tokai small
race. We suppose that they also belong to the
species of the smaller races, because the Yodo
small race is intermediate between the Biwa small
and small races and the Tokai small race is between
the small and spotted small races in morphologi-
cal aspects. More detailed studies, however, are
needed to test this assumption.

Species status and morphological diagnosis. The
species status of the striated spined loach asserted
by Minamori (1960) based on hybridization ex-
periments is persuasive. It is supported in the
present study in terms of three cases of sympatries
without effective hybridization.

However, the species status advanced by Mina-
mori (1960) cannot be expressed by morphologi-
cal variation among the seven local races as shown
in Fig. 6. The Biwa small race is strikingly dif-
ferent from the spotted small race in spite of their
conspecificity. On the contrary the Biwa small
race closely resembles the species of large race, and
the spotted small race is also very similar to the
species of middle race.

The above-mentioned facts suggest that the
specific status in this group of fishes could hardly
be shown by morphological observations employ-
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ed here. This also implies a taxonomic difficulty.
We suppose that this is because each local race is
a certain evolutional unit in this group; some of
the races differentiated to the species level and
the others did not. The fact that each local race
occupies rather continuous area also suggests this
supposition. Each of them might have dispersed
during rather recent geological times from a small
founder population. This conclusion is the case
even when the Yodo small and Tokai small races,
whose species status are not very clear, are omitted,
because the other three smaller races contain the
full extent of morphological variations.

Taxonomic problem. Now we have no reason
to put the seven local races of the so-called striated
spined loach together into Cobitis taenia striata.
Obviously there should be some new species or
subspecies among them.

There are, however, some difficulties for taxo-
nomic nomencleature of the seven local races.
First, it is not clear which race is the original
Cobitis taenia striata described by lkeda (1936).
In the original description of C. t. striata, the
depository of the type specimen(s) was not de-
signated, but Osaka and Kagawa are only mention-
ed as the type localities. In Kagawa (Fig. 5: site
41-45), only the species of middle race is collected,
but there are two sympatric species (the Yodo
small race and the species of middle race) in Osaka
(the Yodo River; Fig. 5: site 13). It is therefore
unclear which is the originally described one.

Second, it is still unclear which species belongs to
the same species as the European population of
Cobitis taenia, or whether all the seven races are
specifically different from it or not. It is too
dangerous to employ morphological evidence to
test it. In the karyological characters, there is a
slight difference between the European C. taenia
and Japanese diploid races. The European form
has 32 mono-armed chromosomes (Cataudella
et al., 1977), while the Japanese diploids generally
34 (Takahashi and Oka, 1976; Ueno and Ojima,
1976; Ueno et al., 1980; Saitoh et al., 1984). In-
crease or decrease in number of mono-armed
chromosomes may be explained by pericentric
inversion. However, this kind of small variation
is not crucial.

At present, only the species of large race, tetra-
ploid form, can be taxonomically named because
of its unique karyotype from which reproductive
isolation can easily be assumed. The description

of the new species should be done elsewhere.

Very recently, Kimizuka in Mizuno and Goto
(1987: 61-70) classified the so-called striated
spined loach into two groups. He put the large,
Biwa small, and middle races to Cobitis taenia
striata, and the small, Tokai small, and spotted
small races to Cobitis taenia subsp. We com-
pletely disagree with his statement for the fol-
lowing reasons: 1) Kimizuka employed only
the intensity of striation in the color pattern
for the evidence of his grouping. We showed
from 12 characters that there is no grouping
which corresponds to his. 2) He put a number
of species together into a single subspecies, C.
t. striata. 1t is not the orthodox view to regard
bisexual tetraploid and diploid as conspecific.
3) He put all local races to the same species,
C. taenia. In contrast to him, we challenged
here to divide this group of fish into the species
of large race, the species of smaller races, and
the species of middle race,

Acknowledgments

We are greatly indebted to Prof. T. Iwai of
FAKU and Dr. R. Arai of National Science
Museum, Tokyo for imporovement of the manu-
script. We are also very grateful to Dr. S. Mina-
mori in Hiroshima for invaluable advice and en-
couragement. Special thanks should also be ex-
pressed to Dr. K. Hosoya of FAKU, Messrs. H.
Katayama and S. Yuasa in Okayama, S. Sone and
J. Nishii in Shiga who supported some part of our
collection of samples, and to Mr. J. Naito in
Hiroshima who permitted us to use his collection
of the middle race from the Kurose River.

Literature cited

Aizawa, H. 1981. Cobitis taenia (Cobitidae) from
central Honshu, Japan. Japan. J. Ichthyol., 28(2):
187-192. (In Japanese with English abstract.)

Cataudella, S., L. Sola, R. Accame Muratori and E.
Capanna. 1977. The chromosome of 11 species of
Cyprinidae and one Cobitidae from Italy, with some
remarks on the problem of polyploidy in the Cypri-
niformes. Genetica, 47(3): 161-171.

Gambetta, L. 1934. Sulla variabilita del cobite
fluviale (Cobitis taenia L.) e sul rapporto numerico
dei sessi. Boll. Mus. Zool. Anat. Comp. R. Univ.
Torino, 44: 297-324.

Hosoya, K. 1983. Geographic variation of vertebral

— 344 —



Saitoh and Aizawa: Local Differentiation of Loach

number in Squalidus chankaensis. Freshw. Fish.
(Tansuigyo), Osaka, (9): 43-48. (In Japanese.)

lkeda, H. 1936. On the sexual dimorphism and the
taxonomical status of some Japanese loaches, I.
Misgurnus anguillicaudatus (Cantor), Cobitis biwae
Jordan and Snyder, and Cobitis taenia striata,
subsp. nov. Zool. Mag., Tokyo, 48(12): 983-99%4.
(In Japanese with English resumé.)

Kobayasi, H. and M. Hara. 1958. Fresh-water fishes
of the northern part of Chita Peninsula. Pages 18-20
in The nature study in northern Chita Peninsula.
(In Japanese.)

Kobayasi, H., K. Kawaguchi, H. Hirose and H.
Owaki. 1959. Freshwater fishes in the east and
north suburbs of Nagoya City. Pages 18-20 in The
nature study in Nagoya. (In Japanese.)

Minamori, S. 1955. Local races of spinous loaches.
Bull. Biogeogr. Soc. Japan, 16-19: 278-282. (In
Japanese with English resumé.)

Minamori, S. 1956. Physiological isolation in Co-
bitidae, 1V. Speciation of two sympatric races of Lake
Biwa of the striated spinous loach. Japan.J. Zool.,
12(1): 89-104.

Minamori, S. 1960. Speciation—in the case of the
striated spined loach. Biol. Sci., Tokyo, 12(2):
72-74. (In Japansee.)

Miyadi, D., H. Kawanabe and N. Mizuno. 1976.
Coloured illustration of the freshwater fishes of
Japan, new ed. Hoikusha, Osaka, 462 pp. (In
Japanese.)

Mizuno, N. and A. Goto, eds. 1987. The freshwater
fishes of Japan. Tokai Univ. Press, Tokyo, ix+244
+33 pp. (In Japanese.)

Nakamura, M. 1963. Key to the freshwater fishes
of Japan, fully illustrated in colors. Hokuryukan,
Tokyo., 258 pp. (In Japanese.)

Saitoh, K. 1984. Local races of the striated spined
loach. Heredity (Iden), 38(8): 31-37. (In Japanese.)

Saitoh, K., A. Takai and Y. Ojima. 1984. Chro-
mosomal study on the three local races of the
striated spined loach (Cobitis taenia striata). Proc.
Japan Acad., 60B(6): 187-190.

Sawada, Y. 1984. Family Cobitididae. Page 58 in H.
Masuda, K. Amaoka, C. Araga, T. Uyeno and T.

Yoshino,eds. Thefishesofthe Japanese Archipelago.
Tokai Univ. Press, Tokyo.

Sawada, Y. and H. Aizawa. 1983. Cobitis biwae, the
valid name for the Japanese striped loach. Japan.
J. Ichthyol., 30(3): 318-323. (In Japanese with
English abstract.)

Takahasi, J. and M. Oka. 1976. Karyotypes and
electrophoretic patterns of hemoglobins in loaches
of the genus Cobitis. Japan. J. Ichthyol., 23(2):
114-117. (In Japanese with English abstract.)

Takeda, R. and K. Fujie. 1945.  Distribution of some
color pattern types of Cobitis taenia. Zool. Mag.,
Tokyo, 56(11/12): 1-5. (In Japanese.)

Ueno, K. and Y. Ojima. 1976. Diploid-tetraploid
complexes in the genus Cobitis (Cobitidae,
Cyprinida). Proc. Japan Acad., 52(8): 446-449.

Ueno, K., S. Iwai and Y. Ojima. 1980. Karyotypes
and geographical distribution in the genus Cobitis
(Cobitidae). Bull. Japan. Soc. Sci. Fish., 46(1):
9-18. (In Japanese with English abstract.)

(KS: Department of Fisheries, Faculty of Agriculture,
Kyoto University, Kyoto 606, Japan; HA: 3-20-40,
Bunkyo-cho, Maebashi 371, Japan)

AL kL aERICEITIHANSME
A - HERE

AV FYavn T HiFHE (KB« eT/hE .
FEANE o BN o BIYENTL o UMK o PRI ZHIR) O
Rt L, THIEIEAZELMEOS itk b,
FHEMIC KE S b LT v, 2HBESRIFTAICAH b
23 o0y —-2TiE, HEMEKIELAERORED
St LN o T, AV Y FYay b EhT
E-b0R 3 oofErLRIEFETHILEZIDN D,
7oL, a—mnry o Cobitis taenia \Cxt+ % HARPE
R SFEWNIE ST BRI », M40 M8
BABICES bz, SRIFARLLEOEIN S ko B
FRAT S L, MNEROGIPEMERL Y KEVHIR
b iz,

(Fitfe: 606 FUARHATKILA)ILASET  TERF RS
SOKPEFHE; M 371 TREHISORMY 3-20-40)

— 345 —





