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Abstract Karyotypes of 12 species (in 9 genera, 5 subfamilies, 2 families) of Japanese
gobioid fishes were examined. The ranges are 44~50 in diploid number and 44~96
in arm number. The diploid numbers of 33 species and 2 subspecies including those
that have already been reported, show no clear relationships at the subfamily level
of the current classification, though they are well stabilized at generic level. Among
genera examined, Odontobutis and Rhinogobius have the simplest karyotype, and
Acanthogobius, Chasmichthys, Tridentiger, Chaenogobius, Boleophthalmus, Periophthalmus

and Acentrogobius follow in due order.

Introduction

Fishes of the suborder Gobioidei are a spe-
cialized large group in the order Perciformes,
and widely distributed in various types of
habitats in aquatic environments. In Japan,
these fishes are highly successful with 147
species in about 72 genera (Matsubara, 1955;
Takagi, 1963). Several ichthyologists have
examined their morphological features (Tomi-

Akihito, 1967, 1969, 1971; etc), and proposed
their schems for classification. This group is,
however, so complex that these opinions have
not reached complete agreement. Recently,
with the improvement of technique for observ-
ing fish chromosome, karyotypes become a
tool for fish systematics (Miller, 1972; etc).
On fishes of Gobioidei, chromosomes are
reported for only 33 species and 2 subspecies

yama, 1936; Takagi, 1950, 1963; Prince (Nogusa, 1950, 1955, 1960; Kaur and Srivas-
Table 1. Material used in this study. Species are arranged after Takagi (1963).
Family, subfamily Number of Total Localities
and species names specimens  length (mm)
Eleotridae
Odontobutis obscura 3 53~132 Nagata River, Shimonoseki
Gobiidae

Periophthalminae

Periophthalmus cantonensis 3 about 10 Honmyo River, Ariake, Nagasaki
Tridentigerinae

Tridentiger obscurus obscurus 3 71~78 Yoshimi Coast, Shimonoseki

T. trigonocephalus 56 ~69 Yoshimi Coast, Shimonoseki
Rhinogobiinae

Rhinogobius giurinus 1 52 Nagata River, Shimonoseki

R. brunneus 3 41~49 Nagata River, Shimonoseki

Chasmichthys gulosus 7 78 ~87 Yoshimi Coast, Shimonoseki

Acanthogobius flavimanus 8 53~151 Yoshimi Coast, Shimonoseki

Chaenogobius annularis 4 71~113 Nagata River, Shimonoseki

C. castanea 2 45~47 Nagata River, Shimonoseki
Gobiinae

Acentrogobius pflaumi 14 52~73 Yoshimi Coast, Shimonoseki
Apocrypterinae

Boleophthalmus pectinirostris 3 about 10 Honmyo River, Ariake, Nagasaki
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tava. 1965; Post, 1965; Yamada, 1967; Verma,
1968; Subrahmanyam, 1969; Chen and Ebel-
ing, 1971; Arai and Kobayasi, 1973; Arai and
Sawada, 1974).

Karyotypes of 12 species (9 genera, 5 sub-
families, 2 families) belonging to the suborder
Gobioidei are described, and their chromo-
somes are compared with those of species
previously reported. On the basis of karyo-
types, some relationships of the group are
provisionally discussed.

Material and methods

Species names, number of specimens, body
length, and localities of specimens examined
here are shown in Table 1. Fish were kept in
aquaria for a short period. They received
abdominal injection of colchicine dissolved in
distilled water in the amount of about 5 pg
per 1g body weight. Gill epithelia were
removed 4 hours after injection, treated with
distilled water, half sea water, 1/50 physiologi-
cal salt water, 0.5 % sodium citrate hypotonic
solution, and 0.075M KCl, for 2 hours. Then
they were fixed with carnoy’s solution (ethyl
alchol 3: acetic acid 1). Chromosome prep-
arations were made according to the modified
air-drying method and stained with Giemsa
solution. The basic chromosome number of
each species was given by modal count (Table
2). Following Chen and Ebeling (1971), chro-
mosomes are classified into 2 types: metacentric,
submetacentric, and subtelocentric chromo-
somes are considered as biarm, and telocentric
and acrocentric chromosomes as
(monoarm).

Specimens used in this study are preserved
in Shimonoseki University of Fisheries.

uniarm

Results
Family Eleotridae
1. Odontobutis obscura (Temminck and
Schlegel), “Donko”. Fig. 1A.

This species is a large eleotrid freshwater
fish. The diploid number is 44 in both sexes.
The karyotype consists of subequal uniarmed
chromosomes.

Remarks: Although Nogusa (1955, 1960)
reported that the present species has 2n=62r
chromosomes, the present result clearly indi-
cates that this species has 2n=44. Among

Mode is represented by boldface figure.

Table 2. Frequency distribution of chromosome numbers and percentages of mode in species examined.

Percentage of
modal numbers

Total cell
counts

52

42 43 44 45 46 47 48 49 50 51

Number of diploid chromosomes

35 36 37 38 39 40 41

Species

74.3

144

3
18

18 107 2

8

2

Odontobutis obscura

81.8

22
91

Periophthalmus cantonensis

74 81.3

21

Tridentiger obscurus obscurus

87.5

24

T. trigonocephalus

80.0

10
27
97

Rhinogobius giurinus

77.8

21

R. brunneus

72.2

Chasmichthys gulosus

62.3

61

2

12 38

4

3

Acanthogobius flavimanus

76.1

46
49
91

Chaenogobius annularis

73.5

36

C. castanea

65.9

60

13

o

Acentrogobius pflaumi

73.3

45

33

Boleophthalmus pectinirostris
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Fig. 1. Karyotypes of three species of the Gobioidei. A, Odontobutis obscura:. B, Rhinogobius

brunneus; C, Rhinogobius giurinus.

chromosome counts previously reported, data
presented by Nogusa (1955, 1960) was obtained
by a method of sectioning gonads. His results
mentioned above do not always agree with
those obtained by recent methods.

Family Gobiidae

Subfamily Rhinogobiinae

2. Rhinogobius brunneus (Temminck and

Schlegel), “ Yoshinobori”. Fig. 1B.

The diploid number is 44, and the karyo-
type consists of uniarmed chromosomes which
include a rather large pair.

Remarks: Nogusa (1957, 1960) reported
that Gobius similis (synonym of the present
species) has 2n=44r chromosomes. Recently,
Arai and Kobayasi (1973) reported that both
of two forms of the species have the same
number of diploid chromosomes, 2n=44. The
present result agrees well with those of the
previous investigators in number and shape.

3. Rhinogobius giurinus (Rutter), “Goku-

raku-haze”. Fig. 1C.

The diploid number is 44, and the karyo-
type consists of uniarms including a somewhat
large pair.

Remarks: The karyotype of this species is
similar in number and element to that in
R. brunneus, and also that in R. flumineus
(2n=44) of the same genus reported by Arai
and Kabayasi (1973). The three species of
Rhinogobius apparently show close relation-
ships.

4. Acanthogobius flavimanus (Temminck

and Schlegel), “Mahaze”. Fig. 2A.

The diploid number is 44. The karyotype
consists of 5 pairs of biarms and 17 pairs of
uniarms.

Remarks: The choromosomesof the present
species were reported as 2n=44r by Nogusa
(1950, 1960) and as 2n=44 consisting of all
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Fig. 2. Karyotypes of two species of the Gobioidei.

gulosus.

uniarms by Arai and Kobayasi (1973). How-
ever, some subtelocentric chromosomes, which
Arai and Kobayasi (1973) described as uniarms,
are seen in their somatic metaphase figure. If
these chromosomes are regarded as biarms, the
present result closely agrees with theirr result.

5. Chasmichthys gulosus (Sauvage), “Do-

rome”. Fig. 2B.

The diploid number is 44. The karyotype
contains 8 pairs of biarms and 14 pairs of
uniarms.

Remarks: This species occurs in rocky tide
pools, where it is sympatric with C. doli-
chognathus. The chromosomes of the present
species agree well in number with C. doli-
chognathus reported by Arai and Kobayasi
(1973) as 2n=44. They described that all
chromosomes of the species are uniarms con-
sisting of subtelocentric or acrocentric ones.
If some subtelocentric chromosomes found in
their somatic metaphase figure are regarded
as biamrs, the chromosomes of the both
species are alike, and they can be considered
as close relatives.

6. Chaenogobius castanea (O’shaghnessy),

“Biringo”. Fig. 3A.

A, Acanthogobius flavimanus; B, Chasmichthys

The diploid number is 44. The karyotype
contains 18 pairs of biarms and 4 pairs of
uniarms.

Remarks: The chromosomes of the present
species, which are shown as 2n=44(36V +8r),
resemble those of C. annularis belonging to
the same genus in number and element. But
they disagree with C. isaza (2n=46) reported
by Nogusa (1957, 1960) in number. If Nogusa’s
count is correct, it is unusual, for intraspecific
variation of chromosome number in the same
genus has not been found among the gobioid
fishes.

7. Chaenogobius anxularis (Gill), “ Ukigori”

Fig. 3B.

The diploid number is 44. The karyotype
contains 19 pairs of biarms and 3 pairs of
uniarms. The karyotype is characterized by
having a pair of large biarmed and a pair of
small uniarmed chromosomes.

Remarks: The present result shown as 2n
=44(38V +6r) disagrees with 2n=42(14V 4-28r)
described by Yamada (1967) under the name
as C. uwrotaenia (synonym of the present
species) in number and element, and also with
2n=44(44r) of Nogusa (1957, 1960) in element.
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Fig. 3. Karyotypes of two species of the Gobioidei.

annularis.

Recently, Arai and Kobayasi (1973) reported
that in this species the chromosome is 2n=44
consisting of biarms and uniarms, though each
number of elements was not stated.

Subfamily Tridentigerinae
8. Tridentiger obscurus obscurus (Temminck
and Schlegel), “ Chichibu”. Fig. 4A.

The diploid number is 44. The karyotype
contains 13 pairs of biarms and 9 pairs of
uniarms. The subspecies is remarkable by
having large pairs of biarms and uniarms.

Remarks: Katsuyama et al. (1972) reported
a new subspecies under a name of T. obscurus
brevispinis for inhabitants in fresh water. Since
the present specimens were collected from sea
water or blackish water, they are regarded as
T. obscurus obscurus. The present data agrees
in number with 2n=44r reported by Nogusa
(1950, 1960) for T. obscurus, but disagrees in
element. Moreover, the two pairs of small-
sized (micro) chromosomes observed by him
were not found. Arai and Kobayasi (1973)
reported that 7. o. brevispinis has 2n=44
chromosomes, and recognized uni- and biarms.
The chromosomes of the two subspecies well
resemble each other in elements, when com-
pared in their somatic metaphase figures,
though each count is not shown by them.

B

A, Chaenogobius castanea; B, Chaenogobius

9. Tridentiger trigonocephalus (Gill), * Shi-

ma-haze”. Fig. 4B.

The diploid number is 44. The karyotype
contains 14 pairs of biarms and 8 pairs of
uniarms.

Remarks: The chromosome number ac-
cords with 2n=44 reported by Arai and
Kobayasi (1973), and the both results resemble
each other in elements consisting of biarms
and uniarms, though these numbers are not
shown by them. The present species seems
to show also close relationships in element to
2 subspecies within the same genus, as dis-
cussed above.

Subfamily Apocrypterinae
10. Boleophthalmus pectinirostris (Linnaeus),
** Mutsugoro ”.  Fig. 5A.

The diploid number is 46. The karyotype
consists of uniarmed chromosomes. It is
characterized by a pair of somewhat small
sized chromosomes, and others gradually
decrease in size.

Remarks: The result agrees well in number
and elements with that of Nogusa (1957, 1960).
But two pairs of small-sized chromosomes
reported by him were not found, though there
is a pair of somewhat small ones.

The diploid chromosome number in the
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Fig. 4.
trigonocephalus.

present species agrees well in number with
those in the two Indian mud skipper, B. bod-
daerti and B. dussumieri of the same genus
reported by Verma (1968) and Subrahmanyan
(1969). But the karyotype in the present
species differs markedly from that of B. bod-
daerti reported as having all metacentric
chromosomes by the latter investigator.

Subfamily Periophthalminae
11. Periophthalmus cantonensis

“Tobi-haze . Fig. 5B.
The diploid number is 46. The karyotype
contains 17 pairs of biarms and 6 pairs of
uniarms. The species is characterized by hav-
ing two pairs of more or less larger biarm

and a pair of small uniarm chromosomes.
Remarks: The present result agrees in
number with those of Nogusa (1957, 1960) and
Arai and Kobayasi (1973). Inelements, Nogusa
recognized three pairs of small chromosomes,
but the authors found only a pair of relatively

(Osbeck),

Karyotypes of two species of the Gobioidei.

A. Tridentiger obscurus obscurus; B, Tridentiger

small ones. Arai and Kobayasi (1973) reported
that the species consists of biarmed and uni-
armed chromosomes, though the counts are not
shown. The present result accords with their
somatic metaphase figure. On the other hand,
the present species agrees with Boleophthalmus
pectinirostris in number of chromosomes, as
shown above, but these karyotypes are dis-
tinguishable.

Subfamily Gobiinae

12.  Acentrogobius pflaumi (Bleeker), “Suji-
haze”. Fig. 5C.

The diploid number is 50. The karyotype
contains 24 pairs of biarms and a pair of
uniarms. The karyotype has no markedly
larger or smaller chromosomes.

Remarks: The species is remarkable in
having both large number of chromosomes
and largest number of biarms among the
suborder Gobioidei.  Recently, Arai and
Sawada (1974) reported that a species belong-
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Karyotypes of three species of the Gobioidei.

C

A, Boleophthalmus pectinirostris; B, Peri-

ophthalmus cantonensis; C, Acentrogobius pflaumi.

ing to same subfamily, Ctenogobius criniger
has 2n=50 and 90 arm numbers (though they
reported that the arm number is 84).

The present species was formerly included
by Matsubara (1955) in the genus Rhinogobius
of the subfamily Rhinogobiinae, but it is
placed under the genus Acentrogobius of the
subfamily Gobiinae by Takagi (1963). Judging
by the number of chromosomes and its ele-
ments, the species does not appear to belong
to the genus Rhinogobius, because the present
species differs from 3 species of the Rhinogobius
with 2n=44r chromosomes. The chromosome
data appear to support the tentative arrange-

ment* by Takagi (1963).

Discussion

Chromosome numbers of 33 species and 2
subspecies of the suborder Gobioidei have
already been reported by some investigators
including the present result (Table 3).

Their diploid number ranges from 40 to 50,
and in most species the number is 44. On
the relation of the chromosome number to
Takagi’s classification (1963) which is mainly
based on morphological characters, there seems
to be no correlation at the family or subfamily
level. The diploid number is 44~46 in the

* The classification, which is unpublished. was used here with the permission of the author.
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Table 3. Diploid chromosome numbers and elements of the suborder Gobioidei. Species
accompanied with asterisks cannot be assigned to subfamilies. V: metacentirc, sub-
metacentric, and subtelocentric chromosomes.
mosomes. Arai and Kobayasi (1973) and Arai and Sawada (1974) treated the
metacentric and submetacentric chromosomes as biarm and subtelocentric and acro-

centric ones as uniarm.

r: telocentric and acrocentric chro-

Family, subfamily, species 2n Forms NF Sources
Eleotridae
Eleotris acanthopomus 46 46r 46 Arai and Sawada (1974)
Odontobutis obscura 62 62r Nogusa (1955, 1960)
44 44r 44 Present report
Gobiidae
Amameleotrinae
Eleotriodes strigatus 44 2V +42r 46 Arai and Sawada (1974)
Rhinogobiinae
Aboma lactipes 40 uniarm Arai and Kobayasi (1973)
40 40r 40 Arai and Sawada (1974)
Rhinogobius brunneus 44 44r Nogusa (1957, 1960)
44 uniarm Arai and Kobayasi (1973)
44 44r 44 Present report
R. giurinus 44 44r 44 Present report
R. flumineus 44 uniarm Arai and Kobayasi (1973)
Acanthogobius flavimanus 44 44r Nogusa (1950, 1960)
44 uniarm Arai and Kobayasi (1973)
44 10V +34r 54 Present report
Chasmichthys gulosus 44 16V +-28r 60 Present report
C. dolichognatus 44 uniarm Arai and Kobayasi (1973)
Pterogobius elapoides 44 uni-+biarm Arai and Kobayasi (1973)
Chaenogobius castanea 44 36V +8r 80 Present report
C. annularis 44 44r Nogusa (1957, 1960)
42 14V +28r 56 Yamada (1967)
44 uni-+biarm Arai and Kobayasi (1973)
44 38V +6r 82 Present report
C. isaza 46 461 Nogusa (1957, 1960)
Luciogobius guttatus 44 uni-+biarm Arai and Kobayasi (1973)
Mugilogobius abei 46 46r Nogusa (1950, 1960)
46 uniarm Arai and Kobayasi (1973)
Tridentigerinae
Tridentiger obscurus 44 44r Nogusa (1950, 1960)
T. obscurus obscurus 44 26V +18r 70 Present report
T. obscurus brevispinis 44 uni-+biarm Arai and Kobayasi (1973)
T. trigonocephalus 44 uni-+biarm Arai and Kobayasi (1973)
44 28V +16r 72 Present report
Periophthalminae
Periophthalmus cantonensis 46 46r Nogusa (1975, 1960)
46 uni-+biarm Arai and Kobayasi (1973)
46 34V +12r 80 Present report
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Table 3. (continued).
Family, subfamily, species 2n Forms NF Sources
Apocrypterinae
Boleophthalmus pectinirostris 46 461 Nogusa (1957, 1960)
46 46r 46 Present report
B. boddaerti 46 Verma (1968)
46 46V Subrahmanyam (1969)
B. dussumieri 46 Verma (1968)
Apocryplodon madurensis 48 Verma (1968)
Pseudapocryptes borneensis 48 Verma (1968)
Gobiinae
Glossogobius giuris 46 Kaur and Srivastava (1973)
Bathygobius fuscus 48 uniarm Arai and Kobayasi (1973)
Ctenogobius criniger 50 34V +16r 84 Arai and Sawada (1974)
Acentrogobius pflaumi 50 48V +2r 98 Present report
Gobiodon citrinus* (male) 43 1V+42r 44 Arai and Sawada (1974)
(female) 44 2V +42r 46 Arai and Sawada (1974)
Gillichthys mirabilis* 44 12V +32r 56 Chen and Ebeling (1971)
G. seta* 44 20V +24r 64 Chen and Ebel'ing (1971)
Gobius striatus* 46 Verma (1968)
Brachygobius nunus* 48 Post (1965)
100
e Acenp
“r « Fig. 6. Relationships between numbers of the
diploid chromosomes and arms. Odon-o,
80} :‘é'::i Peri-m Odontobutis obscura; Rhin-b, Rhinogobius
g brunneus; Rhin-g, Rhinogobius giurinus;
g oTridt Acan-f, Acanthogobius flavimanus; Chis-g,
57 striee Chasmichthys gulosus; Trid-o, Tridentiger
‘E obscurus obscurus; Trid-t, Tridentiger
Z g0} eChas-g trigonocephalus; Chae-c, Chaenogobius
Aot castanea; Chae-a, Chaenogobius annularis;
sl Bole-p,  Boleophthalmus  pectinirostris;
Peri-m, Periophthalmus cantonensis; Acen-
Biiie] seoe p, Acentrogobius pflaumi.
.Odm L L N
44 46 48 50

Number of chromosomes (2n)

family Eleotridae. In the family Gobiidae,
the Amameleotrinae and Tridentinae have the
number of 44, Periophthalminae 46, the Apo-
crypterinae 46~48, the Gobiinae 48~50, and
the Rhinogobiinae 40~46. The Rhinogobiinae,
which have the widest range in chromosome
number, also have wide ranges of differentia-
tions in morphological characters. On the

other hand, the chromosome number is well
stabilized at the genus level. '

It has been generally assumed that in perci-
form teleosts the basic chromosome number
is 2n=48, consisting of all uniarmed chromo-
somes of similar size (Post, 1965; Ohno et al.,
1968). In the suborder Gobioidei, however,
2n=44 is the commonest number and possessed
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by most generalized species.

The arm number (NF) of 12 species examined
here ranges from 44 to 98 (Fig. 6). Among
2n=44 group the two genera Odontobutis and
Rhinogobius which have karyotypes consisting
of all uniarmed chromosomes (NF=44) are
simplest, and Acanthogobius with NF=54,
Chasmichthys with NF=60, Tridentiger with
NF=70~72, Chaenogobius with NF=80~82
are more complicated in their karyotypes.
Among 2n=46 group, Boleophthalmus with
NF=46 appears to be simpler than Perio-
phthalmus with NF=74. Lastly, the genus
Acentrogobius may be most complicated,
having NF=98 and 2n=>50 (Fig. 6).

If we follow Chen and Ebeling (1972), who
judged the derived condition within a genus
from number of arms, karyotype of Tridentiger
trigonocephalus (NF=72) is considered to be
more specialized than that of T. obscurus
obscurus (NF=70), and that of Chaenogobius
annularis (NF=82) than that of C. castanea
(NF =380).

Acknowledgments

The authors are thankful to Dr. Teruya
Uyeno of the Nippon Luther Shingaku Daigaku
for critical reading of the manuscript. They
are also grateful to the students of the Shi-
monoseki University of Fisheries for the help
in collecting and rearing fishes.

Literature cited

Akihito, Prince. 1967. Additional research on
the scapula of gobiid fishes. Japan. J. Ichthyol.,
14 (4~6): 167~182, figs. 1~4. In Japanese.

Akihito, Prince. 1969. A systematic examina-
tion of the gobiid fishes based on the meso-
pterygoid, postcleithra, branchiostegals, pelvic
fins, scapula, and suborbital. Japan. J. Ichthyol.,
16 (3): 93~114, figs. 1~8. In Japanese.

Akihito, Prince. 1971. On the supratemporals
of gobiid fishes. Japan. J. Ichthyol., 18 (2):
57~64, figs. 1~2. In Japanese.

Arai, R. and H. Kobayasi. 1973. A chromosome
study on thirteen species of Japanese gobiid
fishes. Japan. J. Ichthyol., 20 (1): 1~6, figs.
1~15.

Arai, R. and Y. Sawada. 1974. Chromosomes
of Japanese gobioid fishes (I). Bull. Nat. Sci.
Mus., 17 (2): 97~102, pls. 1~3.

Chen, T.R. and A.V. Ebeling. 1971. Chromo-
somes of the goby fishes in the genus Gillichthys.

Copeia, 1971 (1): 171~174, figs. 1~2.

Katsuyama, I., R. Arai, and M. Nakamura. 1972.
Tridentiger obscurus brevispinis, a new gobiid
fish from Japan. Bull. Nat. Sci. Mus. Toyko,
15 (4): 593~606, figs. 1~15, pls. 1~2.

Kaur, D. and M.D.L. Srivastava. 1965. The
structure and behaviour of chromosomes in
five fresh-water teleosts. Caryologia, 18 (2):
181-191, figs. 1-43.

Matsubara, K. 1955. Fish morphology and
hierarchy. Part II. Ishizaki Shoten, Tokyo,
i~v+791~1605, figs. 290~536. In Japanese.

Miller, R.R. 1972. Classification of the native
trouts of Arizona with the description of a
new species, Salmo apache. Copeia, 1972 (3):
401~422, figs. 1~8.

Nogusa, S. 1950. Chromosome studies in Pisces
I. On the chromosomes of two species of the
Gobiidae. Japan. J. Genet., 25 (3~4): 153~
157, figs. 1~16. In Japanese.

Nogusa, S. 1955. Chromosome studies in Pisces
IV. The chromosomes of Mogrunda obscura
(Gobiidae), with evidence of male hetero-
gamety. Cytologia, 20: 11~18, figs. 1~18.

Nogusa, S. 1957. Chromosome studies in Pisces
VII. A comparative study of the chromosomes
in six species of the Gobiidae. Japan. J.
Ichthyol., 6 (4~6): 141~146, figs. 1~24.

Nogusa, S. 1960. A comparative study of the
chromosomes in fishes with particular conside-
rations on taxonomy and evolution. Mem.
Hyogo Univ. Agri., 3 (1): 1~62, pls. 1~6.

Ohno, S., U. Wolf, and N.B. Atkin. 1968.
Evolution from fish to mammals by gene

duplication. Hereditas, 59: 169~187, figs. 1~
12.
Post, A. 1965. Vergleichende Untersuchungen

der Chromosomenzahlen bei Siisswasser-Teleo-
steern. Z. Zool. Syst. Evolut.-Forsch., 3: 47~
93, figs. 1~5.

Subrahmanyam, K. 1969. A karyotypic study
of the estuarine fish Boleophthalmus boddaerti
(Pallas) with calcium treatment. Current Sci.,
38 (18): 437~439, figs. 1~2.

Takagi, K. 1950. On the glossohyal bone of the
gobioid fishes of Japan, with some phylogenetic
consideration. Japan. J. Ichthyol., 1 (1): 37~
52, figs. 1~3. In Japanese.

Takagi, K. 1963. Studies of the gobioid fishes
in the Japanese waters on the comparative
morphology, phylogeny, taxonomy, distribu-
tion and bionomics. Tokyo, 273 pp., 47 figs.
Mimeograph in Japanese.

Tomiyama, 1. 1936. Gobiidae of Japan. Japan.
J. Zool., 7 (1): 37~112, figs. 1~44.

Verma, G. K. 1968. Studies on the structure

— 70 —



Nishikawa, Amaoka, and Nakanishi : Chromosomes of Gobioid Fishes

and behaviour of chromosomes of certain fresh
water and marine gobiid fishes. Nat. Acad.
Sci. India, Ann. Number, 1968: 178.

Yamada, J. 1967. An observation of the chromo-
somes in the embryonic cells of a goby, Chaeno-
gobius urotaenia (Hilgendorf). Bull. Fac. Fish.,
Hokkaido Univ., 18 (3): 183~187, figs. 1~5.

(Nishikawa, S. and K. Nakanishi: Department
of Biology and Aquiculture, Shimonoseki Uni-
versity of Fisheries, Yoshimi, Shimonoseki, 759-
65, Japan; Amaoka, K.: Laboratory of Marine
Zoology, Faculty of Fisheries, Hokkaido Univer-
sity, Hakodate, Hokkaido, 040, Japan)

BARENFHEALE 12 BOLABHROLBRHAR
B\ BF - BE K - FAE —F
HAE AvYHBAE 128 OB, SHa, 28) o
REErHEL, SAIEREEEBS XU NF #xkx
7o, RBHEEEIFY=, 3L XY, 7T 0E,
<€, Fex, BV, v¥%3Y, FF7HLV

SR AETIE 2n=44 ¢, LY FTe v, PESETIE
2n=46, =2 < ~¥Tix 2n=50 Th 5. NF 3 44~
VofmMHich s, chbofEBELUMREEILLLD
FRE 33 ML 2HEMEoRaEEE, ko FEE
Fri LR, MEOBMBRBM TS —%L
T3, #H#BIUHBERETILTLL—HLTY
Nhrote, Lal, —MMEfEmEL T, B 77+
BTz 44~46, ~ERoPTRFFITEET 4, b
EoFHiR T 46, F Y5y FHEBT 46~48, ~EH
BT 48~50 ThHV, HEBMELEL T3, K, =3
v RYVER T 40~46 OEGHRICHI S T 5,
INZLRIOWEHENEL OB EBEEDLLYD, 0
BEABHSLLLERLTVY3EXbR S, LA,
SITHAELE RBIcBYT, SEEKE: NF i
L, BEEEFraBrav/ R)BRRLEMT, <
~ER, T ER, FFIR, UXIVE, v
wfE, FEANER, YU EROIEICHEBEEL T
B,

(VS 5 « dpfe—F: 759-65  TRI/M 5 R A A8y
K BE K BE T % B - JE MR 040 R EETTHENT
3-1-1 el KK EZ K EB ¥ H =)

-7 —





