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Electrophoretic Discrimination of Tribolodon Species (Cyprinidae)
and the Occurrence of Their Hybrids*
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Abstract  Electrophoretic discrimination was carried out on three species of the genus Tribolodon
(Cyprinidae), T. hakonensis, T. brandti and T. ezoe, by examining five loci controlling lactate de-
hydrogenase (LDH), phosphoglucomutase (PGM), phosphoglucose isomerase (PGI), and muscle
protein (MP). Consequently, a clear-cut identification of the three species was possible even in
0* young which were difficult to distinguish morphologically. Moreover, 1.0-19.9% of fish ex-
amined were detected electrophoreticaly as hybrids which had been previously undetected. The
existence of such spontaneous hybrids has further complicated the classification of the genus
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Tribolodon.

In spite of imperfect reproductive isolation, the electrophoretic data supports the

independent nature of the three species of the genus Tribolodon.

The genus Tribolodon is a unique group in the
large family Cyprinidae because of its variation in
life type from a fluvial or residual to an anadro-
mous mode of life (Nakamura, 1969). Not only
are the members of the genus morphologically very
similar, but also each of them exhibits a wide
range of variation in meristics. Therefore, they
can not be easily distinguisned and various opin-
ions have been presented about their classification
(e.g. Jordan and Fowler, 1903; Tanaka, 1931;
Ikeda, 1936, 1938; Okada and Ikeda, 1937; Kanoh,
1949; Nakamura and Mochizuki, 1953; Onodera
and Honma, 1976).

Recently, nominal species have been reclassified
into four species, T. hakonensis (Giinther), T.
brandti (Dybowsky) (species name see Jeon and
Sakai, 1984), T. ezoe Okada et Ikeda and 7. sp.
This has been done by using some qualitative
characteristics such as the cephalic lateral-line
system (Nakamura, 1963; Kurawaka, 1977),
morphology of the gas-bladder (Kahata, 1981;
Churikov and Sabitov, 1982), or the spawning
color (Nakamura, 1969; Gritsenko, 1974).

Nevertheless, identification of Tribolodon species
is accomplished with some difficulty. Much over-
lapping in meristics and intermediate character
states in qualitative characters are seen among
these species. This is particulary true of juveniles
in which the key characters are incompletely de-
veloped. Moreover, the classification would be
further complicated if the previously unknown

* Studies on the Freshwater Fishes in Hokkaido,
Japan—V.

hybrids were taken into consideration.

Many authors have suggested the great advant-
ages of adopting the biochemical method to dis-
tinguish such morphologically similar species;
e.g. making use of electrophoreticaly distinct iso-
zymes. It has been also emphasized that such
isozymes are highly useful to identify hybrids
(e.g. Asspinwall and Tsuyuki, 1968; Nyman, 1970;
Brassington and Ferguson, 1976; Fujio, 1977). In
this method, one reliable allelic displacement
among species can make a clear-cut identification
of hybrids as clearly as species. By examining
plural loci bearing allelic displacement, it is even
more possible to distinguish F; hybrids and later
filial generations (Brassington and Ferguson, 1976;
Fujio, 1977).

Also, in the genus Tribolodon, the availability of
allelic displacement in some enzyme and protein
loci has been suggested to identify particular species
(Hanzawa and Taniguchi, 1982a, b; Bushuyev et
al., 1980; Gavrenkov et al., 1984).

With this context in mind, we tried to classify
biochemically three species of Tribolodon from
Hokkaido, T. hakonensis, T. brandti and T. ezoe,
by using isozymes and protein alleles detected
through starch gel electrophoresis. Consequent-
ly, the advantage of this method was reconfirmed
in identifying such morphologically similar species
as those of Tribolodon. Many hybrid fish pre-
viously undistinguished were clearly discriminated
by biochemical markers. Then the intermediacy
of these hybrids was reexamined in terms of mer-
istic characteristics.
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Fig. 1. Map showing surveyed rivers in southern

Hokkaido, Japan.

Materials and methods

Seven rivers were surveyed; the Mukawa, Saru,
Atsuma, Toshibetsu, Assabu, Mogusa and Shiri-
uchi (Fig. 1). More intense samplings were per-
formed on the Mukawa'River because it contained
a large stock of the three species of Tribolodon.
The sampling dates in this river were as follows;
0+ young in Oct., 1982, Apr. and Oct., 1983,
spawning adults in Jun., 1983, and parental fish for
artificial hybrids in Jun., 1982. The other rivers
were surveyed only in Oct. of 1983 and from them
we collected 0% young.

The fish were frozen with dry ice immediately
after being caught and were carried to the laborato-
ry. A small piece of lateral muscle was removed
and stocked at —20°C for electrophoretic analy-
sis, and the remaining body was fixed with 107
formalin for morphological examination.

At the first electrophoretic inspection, the allelic
displacement was checked by examining the spec-
imens of three species from the Mukawa River
identified beforehand by the spawning color. T.
hakonensis from the Mogusa River, and T. ezoe
from the upper stream of the Atsuma River were
also used to check the allelic displacement be-
cause only one species is isolated in these rivers.
Secondly, the artificial hybrids were examined to
check for heterozygotic isozyme patterns. Then
the other fish were electrophoreticaly analyzed
and it was determined to which species or hybrid
they belonged. Individuals were identified by
species-specific bands. Those which demon-
strated heterozygotic patterns in all marker loci
were identified as F, hybrids. Fishes demonstrat-
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Fig. 2. Electrophoretic patterns of lactate dehydro-

genase (LDH), phosphoglucomutase (PGM),
phosphoglucose isomerase (PGI) and muscle
protein (MP) in Tribolodon hakonensis (Hak),
T. hakonensis X T. brandti (H-B), T. brandti
(Bra), T. brandti X T. ezoe (B-H), T. ezoe (Ezo),
and T. hakonensis XT. ezoe (H-E). The ’
hybrids were artificially made.

ing heterozygousity in a part of all marker loci
were judged as backcross, F, hybrids, or later filial
generations.

Clearly identified fishes were then used for mor-
phological analysis. The connection of canals be-
tween postocular commisure (POC) and preoper-
culomandibular canal (POM) was observed in adult
specimens. The number of scales were counted on
a lateral-line series and on a predorsal series for
countable larger specimens. However, those hy-
brids of T. hakonensis X T. ezoe were not counted
because of a scanty sample of small fish.

Electrophoreticaly analyzed loci were restricted
to those controlling lactate dehydrogenase (LDH),
phosphoglucomutase (PGM), phosphoglucose iso-
merase (PGI) and muscle protein (MP). Other
than the locus controlling PGI, the same allelic
displacement as in this study was reported on the
Tribolodon species from Fukushima Prefecture
(Hanzawa and Taniguchi, 1982a, b). Horizontal
starch gel electrophoresis was carried out at 4°C,
4 mA/cm® for about 2 hours in a 129 gel of
Amylan (Joko Industry Co.), Starch-Hydrolyzed
(Connaught Laboratory Ltd.) or Hydrolyzed
starch (Toyo Scientific Industry Co.) through the
discontinuous buffer system described by Ridgway
et al. (1970).
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Table 1.

Observed genotypic frequencies for five loci diagnostic of Tribolodon hakonensis (H),

T. brandti (B), T. ezoe (E) and their hybrids (HB, HE and BE), in the Mukawa (Muk),
Saru (Sar), Atsuma (Ats), Toshibetsu (Tos), Assabu (Ass), Shiriuchi (Shi) and Mogusa

(Mog) rivers.

N Ldh-A Pgm-A
H,B E HE, BE H B E HB HE BE
1982 10, Muk 207 0.599 0.280 0.121 0.126 0.420 0.285 0.053 0.116
1983 5, Muk 3499 0.562 0.407 0.031 0.239 0.241 0.410 0.074 0.003 0.034
1983 6, Muk 191 0.429 0.560 0.011 0.277 0.115 0.560 0.037 0.011
1983 10, Muk 390 0.815 0.177 0.008 0.408 0.341 0.174 0.064 0.013
Sar 110 0.655 0.327 0.018 0.645 0.318 0.009 0.027
Ats 101 1.000 1.000
Tos 110 0.427 0.518 0.055 0.391 0.027 0.518 0.009 0.055
Ass 98 0.316 0.684 0.269 0.010 0.684 0.010
Shi 100 0.670 0.310 0.020 0.670 0.310 0.020
Mog 99 1.000 1.000
N Pgi-A Mp-2 Mp-3
H B,E HB,HE H,B E HE, BE H B,E HB, HE
1982 10, Muk 207 0.125 0.828 0.047 0.604 0.275 0.121 0.126  0.831 0.043
1983 5, Muk 349 0.238 0.702 0.060 0.544 0.404 0.052 0.238 0.699 0.063
1983 6, Muk 191 0.280 0.691 0.029 0.429 0.560 0.011 0.277 0.697 0.026
1983 10, Muk 390 0.415 0.510 0.075 0.813 0.174 0.013 0.408 0.513 0.079
Sar 110 0.627 0.346 .027 0.655 0.336 0.009 0.628 0.345 0.027
Ats 101 1.000 1.000 1.000
Tos 110 0.400 0.555 0.045 0.427 0.518 0.055 0.391 0.554 0.055
Ass 98 0.306 0.684 0.010 0.306 0.684 0.010 0.296 0.694 0.010
Shi 100 0.670 0.310 0.020 0.670 0.310 0.020 0.670 0.310 0.020
Mog 99 1.000 1.000 1.000

The staining procedure followed the method
of Shaw and Prasad (1970), with slight modifi-
cations.

Results

Genetic control of isozyme and protein. LDH:
Tetrameric isozymes formed by random associ-
ation of LDH-A and -B subunits were observed
(Fig.2). The allele on the Ldh-A locus controlling
the LDH-A system was monomorphic and ubiqui-
tous in the three species, in comparison to that
on the Ldh-B locus controlling the LDH-B system
which was displaced between 7. ezoe (Ldh-b,) and
the other species (Ldh-b,). Homo-tetrameric
LDH-B? isozyme in T. ezoe moved more anodaly
than LDH-B} in the other species. Presumed
hybrids between 7. ezoe and the other species
were expected to exhibit 15 bands of random as-
sociation among three subunits, LDH-A, -B, and
-B,. Artificial hybrids expressed about 12 bands
which split incompletely.

PGM: The monomeric PGM-A system was
only demonstrated in the muscles. The allele on
the Pgm-A locus was interspecifically displaced in
all three species, Pgm-a, in T. hakonensis, -a, in
T. brandti, and -a, in T. ezoe. Therefore, each
species could be easily distinguished. The artifi-
cial hybrids demonstrated both paternal and ma-
ternal bands, as was expected.

PGI: Dimeric isozymes formed by random as-
sociation of PGI-A and -B subunits were observed
in the muscle. However, only homo-dimeric iso-
zymes of the PGI-A system appears in Fig. 2, be-
cause it involved allelic displacement. The PGI-

} isozyme controlled by the Pgi-a, allele in 7.
hakonensis moved more anodaly than the PGI-A}
isozyme controlled by the Pgi-a, allele in the other
species. Hanzawa and Taniguchi (1982a) did not
observe such displacement in these species from
Fukushima Prefecture. The hybrids between 7.
hakonensis and the other species showed three
bands formed by random association of PGI-A,
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and -A, subunits, as was expected.

MP: Five bands were observed in each species,
but only MP-2 and -3 are represented in Fig. 2 as
they expressed the allelic displacement. MP-22
of T. ezoe moved more anodaly than MP-2! of the
other species. Whereas in MP-3, the band was
more cathodaly displaced in T. hakonensis (MP-3')
than that in the other species (MP-32). Hybrids
between two of the three species were expected to
demonstrate both paternal and maternal bands,
as did the artificial hybrid betweeen T. hakonensis X
T. brandti. In the other two combinations, two
bands were also found on the expected pattern.
Although the genetic background of these addi-
tional bands is obscure, it is possible to identify
these hybrids as clearly as their parental species.

Occurrence pattern of species and hybrids. Ob-
served genotypic frequencies for examined loci are
given in Table 1. Table 2 shows the number of
0+ young classified to each species and hybrids in
all surveyed rivers. Table 3 denotes the change
of the occurrence pattern by year and/or between
0* young and adult in the Mukawa River.

The frequencies of genotypes indicating di-
agnosis of each species were high compared to
those of hybrids in all loci of all samples (Table
1). Pooling the three species and hybrids, the
population was so deviated from the Hardy-
Weinberg equilibria that no statistical analysis
was necessary. One hundred and sixty-six of 1,755
individuals had one to five heterozygotic loci (Fig.
3). About half of them (82 individuals) indicated
the hybrid pattern in all displaced loci (three or
five) between species, and they were judged as F,
hybrids. Individuals with no heterozygotic loci
(1,589 individuals) were identified with each spe-
cies. The other individuals were grouped as back-
cross hybrids because they showed heterozygous
in only one or two loci (84 individuals).

The occurrence proportion of the three species
varied from river to river. Only one species was
detected from the Mogusa River and the upper
stream of the Atsuma River, as mentioned in the
materials and methods. 7. brandti was not de-
tected from the Saru and Shiriuchi rivers, but it
definitely existed in the Saru River because several
hybrid individuals between 7. brandti and the other
species were collected. In the other three rivers,
all three species were distributed in various pro-
portions. The Mukawa River had a much larger
stock of T. brandti than the other rivers.
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Fig. 3. Distribution of individuals having heter-

ozygotic loci in all Tribolodon species examined
(1,755 individuals).

The hybridization rate was also different among
the rivers. The lowest recorded was 1.09 in the
Assabu River (excepting the monospecific rivers,
09%), whereas 19.9 % of the sample from the Muka-
wa River in Oct., 1982 were judged as hybrids. In
the Mukawa River, the rate was always high (13.1-
19.9%) in 0* young, but only 4.7 % of the spawning
adult were hybrids, which is much lower than that
of the 0+ young.

Finally, the parental combination of hybrids
appeared to differ according to rivers. In the
Mukawa River, no hybrid of T. hakonensis X T.
ezoe was found from a total of 148 hybrids out
of 1,137 individuals examined. Five of 7 hybrids
out of 110 individuals from the Toshibetsu River
and 2 hybrids out of 100 individuals from the
Shiriuchi River were those of this combination.

Morphology. Cephalic lateral-line system: T.
brandti can be distinguished from the other two
species by the connection of canals, POC and
POM (Kurawaka, 1977). Concerning this char-
acteristic, some hybrid individuals showed an in-
termediate state between that of their parents (Fig.
4). In spawning adults, 20 indviduals of each
species had no variation in this characteristic,
whereas 3 out of 9 hybrid individuals exhibited the
intermediate state of the canal connection at the
left or right side (Table 4).
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Table 2. Occurrence pattern of three species of Tribolodon and their hybrids in the seven rivers
in Oct., 1983 (for abbreviations of rivers, see legend of Table 1). In the hybrids, for
example, /-b shows those of T. hakonensis X T. brandti and h-b-b denotes their backcross

hybrids.
Sar Muk Ats Ass Tos Shi Mog
hakonensis 69 154 43 29 67 99
brandti 118 3 1
ezoe 35 67 101 57 67 31
h-b 1 12
b-e 1 3
h-e 5 2
h-b-h 2 9 1
h-b-b 19
b-e-b 3
b-e-e 2 2
h-e-h 1
h-e-e
the others 3 1
Total 110 390 101 110 98 100 99
Hybrid % 5.5 13.1 0 6.4 1.0 2.0 0
Table 3. Change in occurrence pattern of three species of Tribolodon and their hybrids in the
Mukawa River. For abbreviations, see legend of Table 2.
0* young Spawning adult
’82 Oct. ’83 May ’83 Oct. ’83 Jun.
hakonensis 26 83 154 53
brandti 85 76 118 22
ezoe 55 141 67 107
h-b 7 14 12 5
b-e 18 9 3 2
h-b-h 9
h-b-b 5 17 19 2
b-e-b 2 4 3
b-e-e 8 3 2
the others 1 2 3
Total 207 349 390 191
Hybrid % 19.9 14.0 13.1 4.7

Number of scales: The hybrids were interme-
diate in mean number of scales between their
parents, and the ranges of the latter were widely
related to that of the former (Table 5). The range
of lateral-line scales was 72-83 (mean 76.0) in T.
hakonenesis, 83-97 (90.6) in T. brandti and 70-82
(75.2) in T. ezoe, while that of hybrids was counted
77-90 (80.9) in T. hakonensis X T. brandti and 79—
93 (83.7) in T. brandtix T. ezoe. This was also
true of predorsal scales, namely 29-36 (33.1) in
T. hakonensis, 40-50 (45.1) in T. brandti and 38—48
(42.3) in T. ezoe, while 35-47 (39.3) in T. hakonen-

sis X T. brandti and 42-47 (44.4) in T. brandti X T.
ezoe.

Discussion

It must be pointed out first that identifications
based on the method used in the present study are
quite effective but may involve partial mistakes.
For example, some of the F, hybrids may have
fallen into backcross hybrids. In such mistakenly
identified F, hybrids, certain unexamined isozymes
might have latently exhibited homozygotic pat-
terns which were originated from a backcross hy-
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bridization. A brief calculation of such prob-
ability indicates that, through examination of five
loci, about 3% of the backcross may have been
mistakenly included in the F, hybrids.

The genus Tribolodon is a group in which the
members are morphologically very similar and diffi-
cult to distinguish from each other. The classifica-
tion of such members is more perplexing to a degree
when they hybridize. The hybrids were interme-
diate in mean number of scales between their
parental species. The range of scales of the par-
ents and their hybrids greatly overlapped. How-
ever, the connection of canals, POC and POM,
was not always intermediate in hybrids. Such
wild hybrids have further complicated the classifi-
cation of the genus Tribolodon. _

Intense research on the Mukawa River revealed
that as many as 13.2 % of a total of 1,137 individuals
were hybrids. However, no hybrid of T. hakonen-
sisX T. ezoe was detected in the Mukawa River,
unlike the research results for the Toshibetsu or
Shiriuchi rivers. The residual type of T. hakonen-
sis is not distributed in the Mukawa River, while
perhaps in the other two rivers the type is dis-
tributed. In contrast with the residual type, the
anadromous type of T. hakonensis may not hy-
bridyze with T. ezoe which lives an entirely fluvial
life.

In the Mukawa River, all the three species often
simultaneously spawn on the same rapids in high

Fig. 4. Diagramatic drawing of the cephalic lateral-
line system in Tribolodon hakonensis (A), T.
brandti (B) and that observed in 7. hakonensis
X T.brandtior T. brandti X T. ezoe (C). The
arrow indicates the portion of canal connec-
tion between postocular commisure (POC)
and preoperculomandibular canal (POM).

Table 4. Connection pattern of canals between postocular commisure (POS) and preoperculo-
mandibular canal (POM) seen in 20 individuals of each species, Tribolodon hakonensis,

T. brandti and T. ezoe, and 9 individuals of hybrids.
adult caught from the Mukawa River.

Specimens examined were spawning
For abbreviations of hybrids, see legend of

Table 2. Yes, no and int. indicate presence, absence and intermediate state of the

canal connection, respectively.

Connection of canals (POC-POM)

right left
yes int. no yes int. no
hakonensis 20 20
brandti 20 20
ezoe 20 20
Hybrid 1 h-b + +
2 h-b + +
3 hb + +
4 h-b + +
5 h-b + +
6 b-e + +
7 b'e + +
8 h-b-b + +
9 h-b-b + +
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Table 5. Numbers of scales on a lateral-line series and on a predorsal series in three species of
Tribolodon and their F,; hybrids. For abbreviations of hybrids, see legend of Table 2.

Number of scales on lateral line

70 71 72 73 74

75 76 77 78 79 80 81

82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

hakonensis 3 610 71410 6 4 2 1 1
h-b 13 131 32 1
brandti 1 22 86 7765 4211
b-e 211223 11 1 1
ezoe 1 541310 9 8 9 6 2 4 1 1
Number of predorsal scales
29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 S0
hakonensis 1 5§ 4 12 21 10 9 5
h-b 1 1 2 2 4 3 1 1 1
brandti 1 2 4 3 12 8 9 7 4 2 1
b-e 1 5 2 3 2 2
ezoe 1 1 10 14 21 12 5 6 2 2 1

concentrations, where a weir prevents the spawn-
ing runs from further upstearm migration. Such
forced crowding of fish on a limited spawning
ground must be one of the causes yielding many
natural hybrids (Hubbs, 1955). If successive
generations of hybridization had occurred, this
would have lead to continuous intergradation of
phenotypes and fusion of the participating species.
In reality, the scale number was overlapped and
somewhat intergradated among the parental spe-
cies and their hybrids. However, the electro-
phoretic data does not support the fusion, but
rather the independence of the species. The total
population pooled of the three species and hybrids
was so deviated from the Hardy-Weinberg equili-
bria that no statistical analysis was necessary.
This deviation indicates that reproductive isolation
is imperfect but highly functional among species.
In the Mukawa River, the isolating mechanism is
rather perfect between 7. hakonensis and T. ezoe.

An alternative explanation for this deviation
from the Hardy-Weinberg equilibria is that the
population may be in the process of approaching
equilibria. However, this hypothesis is rejected
because the proportion of F; to the total hybrids
was much more than expected. As many as half
of hybrids were judged as F, hybrids. This pro-
portion of F, hybrids could have been reached in
only two generations since the parental species
began to hybridyze. In the later generation, the
proportion would swiftly decrease and at last attain
the level predicted by Hardy-Weinberg equilibria.

It is almost impossible to conclude that the popula-
tion began to hybridyze two generations ago.

The circumstances mentioned above suggest the
existence of post-mating isolation between spe-
cies. The rate of the hybrids among spawning
adults was about one-third that in 0% young in the
Mukawa River. This decrease of hybrid indi-
viduals according to growth may contribute to a
partial resistance in the genetic introgression be-
tween species. Further study is necessary con-
cerning the isolating mechanism functioning among
the species of the genus Tribolodon.

Acknowledgments

We are grateful to Drs. Fumio Yamazaki and
Akira Goto of the Faculty of Fisheries, Hokkaido
University for their uselful advice and careful re-
view of the manuscript. Thanks are also due to
Dr. Hiroshi Onozato of the same faculty and Dr.
Kenkichi Ishigaki of Tomakomai Experiment
Forest, Hokkaido University, who provided many
valuable suggestions. Miss Janice Ames cor-
rected the manuscript, and we express sincere
thanks. We are indebted to Mr. Akihisa Iwata
of the Crown Prince’s Palace, Messrs. Mitsuhiro
Hayashida and Mutsuki Higo of the Faculty of
Agriculture, Hokkaido University, and Messrs.
Tatsuyoshi Hirata, Kazuhiko Katsura and Miss
Isoko Chida of our laboratory for their help in
collecting materials. The field work in the pres-
ent study was partly supported by a Grant-in-
Aid (57340035), and for Special Project Research

—222 —



Sakai and Hamada:

on Biological Aspects of Optimal Strategy and
Social Structure (58121004) from the Ministry of
Education, Science and Culture, Japan.

Literature cited

Aspinwall, N. and H. Tsuyuki. 1968. Inheritance of
muscle proteins in hybrids between the redside
shiner (Richardsonius balteatus) and the peamouth
chub (Mylocheilus caurinum). J. Fish. Res. Bd.
Can., 25(7): 1317-1322.

Brassington, R. A. and A. Ferguson. 1976. Electro-
phoretic identification of roach (Rutilus rutilus L.),
rudd  (Scardinius erythrophthalmus 1L.), bream
(Abramis brama L.) and their natural hybrids. J.
Fish Biol., 9(6): 471-477, pl. 1.

Bushuyev, V. P., O. Yu. Shitikovaand L. V. Bogdanov.
1980.  Biochemical differentiation of the Far Eastern
rudd or redfin of the genus Tribolodon (Cyprinidae)
in Kiyevka River. J. Ichthyol., 20(3): 58-64.

Churikov, A.A. and E.Kh. Sabitov. 1982. Ad-
dendum to the identification of the eastern redfins
of the genus Tribolodon (Cyprinidae). J. Ichthyol.,
22(5): 157-159.

Fujio, Y. 1977. Natural hybridization between
Platichthys stellatus and Kareius bicoloratus. Japan.
J. Genet., 52: 117-124.

Gavrenkov, Yu. 1., E.Z. Koval’ and A.V. Mizyurkina.
1984. A genetic study of small-scaled and large-
scaled Pacific redfins Tribolodon brandti (Dybowsky)
and Tribolodon hakonensis (Giinther) (Cyprinidae)
in Southern Primor’e. Vopr. Ikhtiol., 24(3): 374
379. (In Russian).

Gritsenko, O.F. 1974. Systematics of Far Eastern
rudd of the genus Tribolodon (—Leuciscus brandti)
(Cyprinidae). J. Ichthyol., 14(5): 677-689.

Hanzawa, N. and N. Taniguchi. 1982a. Genetic dif-
ferentiation of the Japanese dace, genus Tribolodon
from Fukushima Pref. Fish Genet. Breed. Sci.,
(7): 26-30. (In Japanese).

Hanzawa, N. and N. Taniguchi. 1982b. Isoelectric
focusing patterns of sarcoplasmic protein of the
Japanese dace, genus Tribolodon. Rep. Usa Mar.
Biol. Inst., (4): 51-54. (In Japanese with English
summary).

Hubbs, C. L. 1955. Hybridization between fish species
in nature. Syst. Zool., 4(1): 1-20.

Ikeda, H. 1936. Statistical observation on the species
of genus Tribolodon in Aomori-ken and notes on
their distribution. Zool. Mag., 48(7): 354-368.
(In Japanese with English summary).

Ikeda, H. 1938. Statistical observations on the species
of the genus Tribolodon in Japan and some notes on
their distribution. Sci. Rep. Tokyo Bunrika Dai-
gaku, (B) 3(56): 163-192.

Jeon, S. R. and H. Sakai. 1984. On the distribution

Tribolodon Hybrids

and revision of genus Tribolodon (Cyprinidae) from
Korea. Kor. J. Lim., 17(1/2): 11-21. (In Korean
with English summary).

Jordan, D. S. and H. W. Fowler. 1903. A review of
the cyprinid fishes of Japan. Proc. U.S. Natn.
Mus., 26(1334): 811-862.

Kahata, M. 1981. Differences in the swim bladder of
three species of the genus Tribolodon from Hokkaido.
Japan. J. Ichthyol., 28(3): 349-350. (In Japanese
with English summary).

Kanoh, Y. 1949. Uber die Oekologie und Mor-
phologie des japanischen Alands Tribolodon auf
Hokkaido. Seibutu, 4(3): 81-89. (In Japanese).

Kurawaka, K. 1977. Cephalic lateral-line systems
and geographical distribution in the genus ITri-
bolodon (Cyprinidae). Japan. J. Ichthyol., 24(3):
167-175.

Nakamura, M. 1963. Keys to the freshwater fishes
of Japan fully illustrated in colors. Hokuryukan,
Tokyo, 260 pp., pls. (In Japanese).

Nakamura, M. 1969. Cyprinid fishes of Japan.
Special Publications, Res. Inst. Nat. Resources,
No. 4, Tokyo, 455 pp., 149 pls. (In Japanese). )

Nakamura, M. and Y. Mochizuki. 1953. On the
differentiation of freshwater and brackishwater forms
of Japanese cyprinid fish referred to genus Tri-
bolodon. Misc. Rep. Res. Inst. Nat. Resources,
(32): 11-22, pls. II-1II. (In Japanese).

Nyman, O. L. 1970. Electrophoretic analysis of hy-
brids between salmon (Salmo salar L.) and trout
(Salmo trutta L.). Trans. Amer. Fish. Soc., 99(1):
229-236.

Okada, Y. and H. Ikeda. 1937. Statistical observa-
tion on the species of the genus Tribolodon in Hok-
kaido, Japan and notes on their distribution. Zool.
Mag., 49(5): 161-172. (In Japanese with English
summary).

Onodera, T. and Y. Honma. 1976. Racial differen-
tiation of the Japanese dace (genus Leuciscus) in the
northeastern Japan. Proc. Japan. Soc. Syst. Zool.,
(12): 65-77. (In Japanese with English summary).

Ridgway, G.J., S. W. Sherburne and R.D. Lewis.
1970. Polymorphism in the esterases of Atlantic
herring. Trans. Amer. Fish. Soc., 99(1): 147-151.

Shaw, C. R. and R. Prasad. 1970. Starch gel electro-
phoresis of enzymes—a complication of recipes.
Biochem. Genet., 4(2): 297-320.

Tanaka, S. 1931. Data for the research on fish, (6).
Zool. Mag., 43(507): 23-33. (In Japanese).

(Laboratory of Embryology and Genetics, Faculty of
Fisheries, Hokkaido University, Hakodate 041, Japan;
HS present address: Ono Limnological Station of
Shimonoseki University of Fisheries, Shimoono, Ono-
ku, Ube 754-13, Japan)

—223 —



BRRY M Japan. J. Ichthyol. 32(2), 1985

BIXEEICED 21 HIY1 BREOEOY B & 48
DHIR
BEHAC - REES
LB EEY /A BAEIE, v 74, ~VEBLIVUT
SO0 T, BREKBEICXZEOHBERL .
WEL-BEFEILEBEBE, K%K (LDH), 7+ 27
7 nanz—¥ (PGM), 7 A7+ S Vva—R4f IR
7—¥ (PGD) pxUHHEHR (MP) 2 XE+T38&EF
EThs, ZTORER, BEEHCIRNOBRELZLTA
ZowTh, ARAEORIENFAETH . TDE,
BE 199% oflac#EBEEIRESh, Thb0fF
ERY A BAEOEEY —BEBIC LTy 3b0

bhi, MEYZECANLT, 3E@2z—o0HEMLEL
2L, TOHEABRA—FT 4 e T4 VINTOEEP LK
ELBPLTVBEZE, BIUVIAPBARENCBRIC
HHEALERELLHAETY, HEHED3E—KOH
ENETELILD2 AL, ABAFETE, BHOA
BRI RERLTH B, FXOBEOHEELFAETD
prExDRI,

(041 EREATHHEAT 3-1-1 JL¥BERFKEEREES R
B, WA, BAF: 754-13 FHdiNBERTNE
KERFRNFER M RBREES)

—224—





