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The fishes of the order Scorpaeniformes exhibit
a large morphological variation, representing an
interesting material for karyology in relation to
morphology. Nearly fifty species of the order
Scorpaeniformes have been studied on their
karyology, out of which thirteen species belong
to the family Cottidae. Most of these species
were collected from western Pacific waters.

The present study aims to analyze the karyo-
types of four species in the family Cottidae, out
of which three species were from the coast of
Washington State, eastern Pacific, and details
of their karyological features are described below.

Materials and methods

The fish specimens used for this study were
collected from the Yoshihama river, Sanriku-cho,
Iwate Prefecture, and the waters around San
Juan Island, Washington State, northern Pacific
coast of U.S.A. The specimens from Sanriku-
cho were treated at the School of Fisheires Sci-
ences, Kitasato University. The rest of the
specimens were treated at the Friday Harbor
Laboratories, University of Washington. Data
of the materials are shown in Table 1.

For chromosomal studies, the in vitro method
(Ida et al., 1978) was applied. The gill tissues
were dissected from the right side of live fish and
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were incubated in minium essential medium
(MEM) solution with 0.1 xg/ml colchicine for 9
hours. They were then treated in a hypotonic
solution for 1 hour and fixed in Carnoy’s solution
for at least 2 hours. The slide glasses that were
used for chromosome spreading had been kept
in 509, methanol at 5°C. Giemsa solution was
employed for staining of the preparations. The
classification of the chromosomes followed that
of Levan et al. (1964). Metacentrics and sub-
metacentrics were treated as two-arm chromo-
somes, and subtelocentrics and acrocentrics as
one-arm chromosomes. The new arm number
(NAN) used here is that of Arai and Nagaiwa
(1976).

Counts for vertebrae were made on X-ray
photographs and the observation of scales and
teeth as based on the specimens stained with alcian
blue and alizaline red S. The identification of
species followed Hart (1973) and Matsubara
(1955).

Results

The distributions of the chromosome counts
obtained in the four species are given in Table 2.
There was no difference in the karyotypes of the
male and female of Cottus pollux. Chromosome
spreads were available only for either the male or
female in the other three species. The modal
chromosome number is 48 in all the four species.
The photographs of the mitotic metaphase chro-
mosomes and their karyotypes are shown in the
following two figures (Figs. 1, 2). The karyo-
types with fundamental numbers (FN) and new
arm numbers (NAN) are listed in Table 2.

Details of the karyotype of each species are as

Table 1. List of materials used for chromosome experiments and morphological observation.
Slpegies | No. of
(English name, Date Locality Method Sex . SL (mm)
Japanese name) spectmens
Cottus pollux 1986-9-27  Sanriku-cho  hand-net male 7 83.1-115.3
(Kajika) 1986-9-27  Sanriku-cho  hand-net female 13 77.2-108.6
Oligocottus maculosus 1987-5-21 San JuanIs. SCUBA diving female 1 44.7
(Tidepool sculpin, 1987-5-25 San Juan Is. SCUBA diving ? 1 38.4
Buchikajika)
Artedius fenestralis 1987-5-22 San JuanIs. SCUBA diving male 2 55.6-61.7
(Padded sculpin) 1987-5-22 San JuanIs. SCUBA diving male 1 61.7
Artedius lateralis 1987-5-22 San Juan Is. SCUBA diving male 1 57.2
(Smoothhead sculpin) 1987-5-24 San JuanIs. SCUBA diving ? 1 35.8
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Fig. 1. Photographs of miotic metaphase chromosomes and their karoytypes. A and C, Cottus pollux;
B and D, Oligocottus maculosus. Each scale indicates 10 gm.

Table 2. Frequency distributions of diploid chromosome numbers and karyotypes of four species

2n

: No. of
Species . Total
SPECIMENS 43 44 45 46 47 48 49 50
Cottus pollux 5 2 1 7 1 11
Oligocottus maculosus 2 8 9
Artedius fenestralis 3 4
Artedius lateralis 2 5 5
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Fig. 2. Photographs of miotic metaphase chromosomes and their karyotypes.
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fenestralis. B and D, A. lateralis. Each scale indicates 10 um.

of the family Cottidae.

.ni"

A and C, Artedius

Meta-

Submeta-

Subtelo-

Acro-

2n centric centric centric centric FN NAN
48 4 6 16 22 58 48
48 14 14 6 14 76 48
48 10 10 10 18 68 48
48 8 12 12 16 68 48
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follows.

Cottus pollux Giinther (Fig. 1A, C): The
karyotype of Cottus pollux consists of 2 pairs of
metacentric, 3 pairs of submetacentric, 8 pairs of
subtelocentric, and 11 pairs of acrocentric chro-
mosomes. The sizes of the 3rd submetacentric
and the 6th subtelocentric chromosomes are larger
than the rest. The sizes of the rest decrease
gradually.

Oligocottus maculosus Girard (Fig. 1B, D):
The karyotype of Oligocottus maculosus consists
of 7 pairs of metacentric, 7 pairs of submetacentric,
3 pairs of subtelocentric and 7 pairs of acrocentric
chromosomes. The sizes of the 1st metacentric
and 8th submetacentric chromosomes are larger
than the rest. The 14th submetacentric and 24th
acrocentric chromosomes are apparently smaller
than the rest.

Artedius fenestralis Jordan et Gilbert (Fig. 2A,
C): The karyotype of Artedius fenestralis con-
sists of 5 pairs of metacentric, 5 pairs of sub-
metacentric, 5 pairs of subtelocentric and 9 pairs
of acrocentric chromosomes. The 15th sub-
telocentric and 24th acrocentric chromosomes are
smaller than the rest. The sizes of the rest de-
crease gradually.

Artedius lateralis (Girard) (Fig. 2B, D): The
karyotype of Artedius lateralis consists of 4 pairs
of metacentric, 6 pairs of submetacentric, 6 pairs
of subtelocentric, and 8 pairs of acrocentric
chromosomes. The sizes of the 5th submeta-
centric and two pairs of subtelocentric (11th and
12th) chromosomes are larger than the rest. The
sizes of the rest decrease gradually.

Morphological characters, such as fin ray
counts and vertebral composition, are shown in
Table 3. Scales are absent in C. pollux and O.
maculosus. The scales of A. fenestralis and A.
lateralis are arranged in many rows on most part
of the trunk. The palatine teeth are absent in

C. pollux, but present in the other three species.
The prevomerine teeth are present in all of the
four species. The gill membranes of O. maculosus,
A. fenestralis and A. lateralis are not united with
the isthmus but are united with it in C. pollux.
The vertebrae are composed of 11 abdominal and
24 caudal vertebrae in C. pollux, 12 and 22 in O.
maculosus, and 10 and 23 in A. fenestralis and A.
lateralis.

Discussion

The karyotypes of the four species of the family
Cottidae show a rather wide variation. Both the
chromosome number and new arm number are
48 in all the four species. Robertsonian transloca-
tion of chromosomes was not found among these
species. As can be seen from Table 2, the smallest
fundamental number is 58 found in Cottus pollux.
Abe (1976) reported the karyotype of Cottus
pollux as having 2 metacentric, 8 submetacentric
and 38 subtelocentric or acrocentric chromo-
somes. There is no difference in the fundamental
number of C. pollux between the present result
and his report. Arai and Fujiki (1978) briefly
reviewed the karyotypes of eight species of the
genus Cottus, viz. C. pollux, C. hangiongensis,
C. nozawae, C. reini, C. kazika, C. gobio and C.
poecilopus. Further, Ojima (1983) reviewed the
karyotypes of five species of the genus Cottus, viz.
C. gobio, C. kajika, C. poecilopus, C. pollux, and
C. reini. Among these species, two different
chromosome numbers are reported in C. gobio.
Starmach (1967) reported that its diploid chro-
mosome number was 52 while Post (1965) re-
ported that it was 48. It is not clear whether the
difference found between these two reports re-
flects the variation within a species or the differ-
ence of the species of their materials. The chro-
mosome numbers of the genus Cottus range from

Table 3. Some selected morphological characters of the material fish. VN, vertebral number
(abdominal+-caudal).
Gill
Teeth
Species n Dorsal fin Anal fin VN SL/BD SL/HL Scale on mer;lglgmes
palatine isthmus

Cottus pollux 20 VIII, 18-19 13-15 11424 4.4 3.9 - — united
Oligocottus maculosus 2 VIII, 17 12-14 12422 4.2 4.2 — + not united
Artedius fenestralis 3 VIIIorTX, 16 12-14 10423 4.3 2.8 + + not united
Artedius lateralis 2 VIl orIX, 17 12-14 10423 5.0 2.7 + + not united

— 138 —



Ida et al.: Karyotypes in Cottids

40 to 52. In these species, the smallest chromo-
some number is 40 as represented by Cotrus
kazika which is restricted to western Japan.
Another extreme is represented by C. gobio which
is restricted to the rivers around the Baltic sea.
Thus fishes of the genus Cottus show rather wide
variations in karyological characters. This fact
seems to be related to their restricted distribution.

From the osteological viewpoint, Yabe (1985)
studied the phylogeny of the superfamily Cot-
toidea, and placed the genus Cotfus as the most
generalized one among the three genera, viz.
Cottus, Artedius and Oligocottus, by the existence
of the palatocranial articulation. Further, he
placed the genus Oligocottus as the most speci-
alized one among the three genera mentioned
above by the absence of scales. On the other
hand, according to Yabe (1985), the condition of
the gill membranes and the denticulate palatine
are regarded as important characters for the
phylogenetic classification. But as can be seen
in Table 3, Cottus pollux shows a more specialized
(the fusion of gill membranes with the isthmus)
or degenerated (absence of palatine teeth) state
than the other three species, viz. A. lateralis, A.
fenestralis and O. maculosus. From the karyo-
logical viewpoint, there is a slight difference ob-
served in fundamental numbers among the four
species. And the number of metacentric chro-
mosomes is in the order of C. pollux, A. lateralis,
A. fenestralis, and O. maculosus. Generally, the in-
crease of bi-armed chromosomes, especially by
the pericentric inversion, is regarded as an ad-
vanced or specialized state (Arai and Nagaiwa,
1976). Thus, in these species, the karyological
specialization seems to be in accordance with the
phylogeny suggested by Yabe (1985). But C.
pollux shows more specialized morphological char-
acters than the other species as mentioned above.
And most chromosomes have a short arm in these
species, suggesting the occurrence of a frequent
pericentric inversion among the group. The
differences in the relative length of chromosomal
arms in subtelocentric and submetacentric chro-
mosomes are very gradual in these species and the
observed differences in fundamental number
among these four species do not seem to be so
critical. Thus, a more detailed comparison of
the chromosome structure seems to be needed for
the analysis of the systematic relation in the
family Cottidae.
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T # Cottus pollux TrHhiE LA M)=4, KRPEH 4
B (SM)=6, kB L% ST)=16, MEHE LM (A)=
22; Oligocottus maculosus <, M=14, SM=14, ST=
6, A=14; Artedius fenestralis <, M=10, SM=10,
ST=10, A=18; A. lateralis ©, M=8, SM=12, ST=
12, A=16 TH -7, 4 #» FN i (Fundamental

number) it # ¥ & 58, Artedius & » 2 #& 68, Oligocottus
maculosus 76, DIJFEICEEML Twiz, kit 4 fEicix, 2
itk gk A% L, MBBEEPLAEIAEL T LE
xbh 3,
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