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Karyotypic Variation Found among Five Species

of the Family Platycephalidae
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Abstract Karyotypes of five species of the family Platycephalidae were analyzed in relation
to morphology. The number of diploid chromosomes are 48 in all the five species. Struc-
tural modification by pericentric inversion is observed gradually from species to species.
The most generalized karyotype in the family is represented by Onigocia macrolepis, in

which all chromosomes are acrocentric.

The greatest modification in karyotype was

shown by O. spinosa. Robertsonian translocation of chromosomes was not found in the
family. The genus Onigocia has been thought to be the most generalized group among
the family Platycephalidae from the view point of morphology and biochemical aspects.
However, the genus includes two extremes of karyotype, viz. the most generalized and

specialized types.

Nearly thirty species of the order Cotti-
formes have been analyzed of their karyotypic
features. Arai and Fujiki (1978) briefly re-
viewed the karyotypes of the group. Most
of the species previously examined belong to
two families, viz., Scorpaenidae and Cottidae.
The diploid chromosome numbers of the fishes
of the subfamily Sebastinae (Scorpaenidae)
are 46 or 48 consisting of two or four meta-
centric and the remaining acrocentric chromo-
somes. It may be said that the karyotype
of fishes of the subfamily Sebastinae is rather
stable. While that of the family Cottidae
varies from species to species ranging from
40 to 52 in 2n. Only three species have been
analyzed in the remaining families of the
order, i.e., Synanceiidae, Congiopodidae, and
Platycephalidae.

In the course of karyotypic analysis of
coastal fishes of Japan, we found a great variety
among the fishes of the family Platycephalidae.
Their karyotypes are described below.

Materials and methods

All materials were collected by SCUBA
diving with a hand net from depths of 5 to
20 m except for Platycephalus indicus which
was taken by a set net. Collection data and
sizes of the five species are listed below
(Table 1).

Each live specimen was injected with a solu-
tion of 0.3% colchicine, 0.03~0.06 ml/100 mm

SL in dose, and kept for about 12 hours in
an aquarium. Then the gills from the right
side were removed and soaked in a hypotonic
solution of KCI (N/200) for 30 to 45 minutes
at room temperature. Gill tissues were fixed
in Carnoy solution, and the remaining pro-
cedures were identical to those described by
Ida et al. (1978).

Counts for branched caudal rays and verte-
brae are based on radiographs. Identification
of the species followed Matsubara (1955),
Masuda et al. (1975), and Schultz et al. (1966).
Classification of chromosomes followed Levan
et al. (1964). Metacentrics and submetacent-
rics are treated as two-arm chromosomes and
subtelocentrics and acrocentrics as one-arm
chromosomes.

Thysanophrys chiltonae Schultz, represented
by two specimens, is recorded for the first
time from Japanese waters. Both specimens
were collected at Kuroshima, Yaeyama
Islands. Its diagnostic characters are de-
scribed below. We propose the following new
Japanese name for the species: kuroshima-
gochi (Fig. 1).

Thysanophrys chiltonae Schultz

Diagnosis. Vomerine teeth arranged in two
parallel rows; cheek with two bony ridges,
the lower less distinct; opercle with two
spines; preopercle with three spines, the
uppermost largest, lacking accessory spines
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Fig. 1.

on its base; interopercle with a large hemi-
circular dermal flap on its lower margin; head
and nape slightly scaled; anterior nasal with
a moderate dermal flap; eye without ocular
cirrus; iris with a finely branched lappet, lower
pupil with three rounded cirri; anterior two
lateral line scales bearing a spine; teeth all
villiform, without canines; suborbital ridge
without fine serrae below eye, several distinct
spines on its ridge behind eye.

The present species is clearly distinguished
from other species of the family Platycephal-
idae by the extremely large eye, 8.5~8.7%
of SL or 23.3~24.59 of HL; narrow inter-
orbital space; smooth edge of suborbital below

Dorsal view of Thysanophrys chiltonae, 124.5mm SL, from Kuroshima Island, Okinawa.

eye; and a broad opercular flap. The present
specimens agree fairly well with the original
description except for the number of branched
caudal rays counting 545 in our two cases
while 445 in the original description.

Results

Frequency distribution of chromosome
numbers for each species is shown in Table
2. The modal chromosome number is 48 in
all the five species. Photographs of mitotic
metaphase chromosomes and their karyotypes
are shown in the two figures (Figs. 2, 3)s
Karyotypes with fundamental numbers and
new arm numbers (Arai and Nagaiwa, 1976)

Table 1. Sampling data of the materials.
Species Date Locality No. of SL (mm) Method
specimen

Onigocia macrolepis 1978-4-4 Kumomi, Izu 1 72.8 hand net
78-10-5  Futo, Izu 7 70.0~96.5 hand net
Onigocia spinosa 78-4-30  Miyake-jima, Tokyo 1 59.0 hand net
78-8-20  Miyake-jima, Tokyo 1 69.0 hand net
78-10-5 Futo, Izu 7 117.0 hand net
Thysanophrys chiltonae 78-11-18 Kuroshima, Okinawa 2 124.5~162.3 hand net
Inegocia guttata 78-10-6  Futo, Izu 1 280.0 hand net

Platycephalus indicus 78-10-1  Sanriku, Iwate 1 244.0 set net

Table 2. Distribution of chromosome counts for five species of the family Platycephalidae.

Species —
40 41 4
Onigocia macrolepis 1 1
Onigocia spinosa 2

Thysanophrys chiltonae
Inegocia guttala
Platycephalus indicus

Chromosome count

- o No. of cells
2 43 44 45 46 47 48 49 50 observed
1 1 2 1 2 13 1 23
11 9 13
1 1 4 6
1 4 5
2 2
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Fig. 2. Mitotic metaphase chromosomes and karyotype. A: Onigocia macrolepis. B: Onigocia

spinosa. Each scale indicates 10 ym.

Table 3. Karyotypes of the five spec1es of the famlly Platycephalldae
: Acro-  Subtelo- Submeta- Meta-

Species 2N centric  centric  centric  centric FN NAN*
Onigocia macrolepis 48 48 0 0 0 48 48
Onigocia spinosa 48 0 4 12 32 92 48
Thysanophrys chiltonae 48 4 10 12 22 82 48
Inegocia guttata 48 12 6 10 20 78 48
Platycephalus indicus 48 40 6 2 0 50 48

* For details, see Arai and Nagaiwa (1976).
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Fig. 3. Mitotic metaphase chromosomes and karyotype. A: Inegocia guttata. B: Thysonophrys
chiltonae. C: Platycephalus indicus. Each scale indicates 10 pm.
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are listed in Table 3.

Details of karyotype for each species are
as follows:

Onigocia macrolepis (Bleeker) (Fig. 2A):
Japanese name: Anesagochi. The karyotype
of Onigocia macrolepis consists of only acro-
centric chromosomes. The size of chromo-
somes decreases gradually except for the last
pair, which is less than half the size of the
23rd pair.

Onigocia spinosa (Temminck et Schlegel)
(Fig. 2B): Japanese name: Onigochi. The
karyotype ot Onigocia spinosa consists of 16
pairs of metacentric, 6 pairs of submeta-
centric, and 2 pairs of subtelocentric chromo-
somes. The two pairs of metacentric (the Ist
and 2nd) and the two subtelocentric (the 23rd
and 24th) chromosomes are larger than the
rest. The sizes of the rest decrease gradually.

Thysanophrys chiltonae (Schultz) (Fig. 3B):
New Japanese name: Kuroshimagochi. The
karyotype of Thysanophrys chiltonae consists
of 11 pairs of metacentric, 6 pairs of sub-
metacentric, 5 pairs of subtelocentric, and 2
pairs of acrocentric chromosomes. Size of
the largest submetacentric (12th) and the 3
pairs of subtelocentric (18~20th) chromo-
somes are larger than the rest.

Inegocia guttata (Cuvier) (Fig. 3A): Japanese
name: Wanigochi. The karyotype of Inegocia
guttata consists of 10 pairs of metacentric, 5
pairs of submetacentric, 3 pairs of subtelocen-
tric and 6 pairs of acrocentric chromosomes.
The size of chromosomes decreases gradually,

but the smallest metacentric (10th) and the 24th
acrocentric chromosomes are smaller than
those anterior to them.

Platycephalus indicus (Linnaeus) (Fig. 3C):
Japanese name: Kochi. The karyotype of
Platycephalus indicus consists of 1 pair of
submetacentric, 3 pairs of subtelocentric, and
20 pairs of acrocentric chromosomes. The
difference of chromosomes in size is very
gradual and there is no abrupt change.

Meristic characters, such as fin ray counts,
number of lateral line scales, and vertebral
composition, are shown in Table 4. As can
be seen from the table, the vertebrae are com-
posed of 12 abdominal and 15 caudal verte-
brae in Onigocia macrolepis and Platycephalus
indicus and 11 and 16 in Thysanophrys chiltonae
and [Inegocia guttata. Onigocia macrolepis
shows both types of vertebral composition.
The number of branched caudal rays are
545 in all except for [Inegocia guttata
Platycephalus indicus both which have 6435
branched rays. The differences in counts for
gill-rakers, dorsal and anal fin rays between
species are not distinct. The most striking
difference between species is found in the
count for lateral line scales. The smallest
count was observed for Onigocia spinosa fol-
lowed by O. macrolepis, Thysanophrys chilto-
nae, and Inegocia guttata in order. The greatest
count was observed for Platycephalus indicus.

Discussion

Karyotypes of species of the family Platy-

Table 4. Selected meristic characters of the five species of the family Platycephalidae.

Branched Lateral

Vertebral composition
Species ?:r:il Pe;:;oral A;al caudal line  Gill-rakers -
y ys rays rays scales Abdom. +Caudal=Total
Onigocia , 11416 .
macrolepis VII-11~12  17~20 13 5+5 48~50 1+1-+3~4 (12+15_27
Onigocia spinosa ~ VIII~IX-11 19~20 11~12 545 37~40 14143 124+15=27
Thysanophrys VII~VIII-11 20~21 11 545 52~55 1+144~5 114+16=27
chiltonae
Inegocia guttata  1X-11 21 11 6+5 55 1+1+4 11+16=27
Platycephalus VIII-14 18 14 6+5 76 2+1+7 124+15=27

indicus

* Most authors discriminate the anteriormost one or two dorsal spines from the remaining ones,
but we observed a very gradual degree of incization of the dorsal fin membrane and there is little

difference between the shape and the interval of proximal pterygiophores.

or two spines with other spines.

We combined the first one
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cephalidae show a rather wide variation.
The most generalized formula is represented
by Onigocia macrolepis in which all chromo-
somes are acrocentric, while the most special-
ized type is represented by a species of the
same genus, O. spinosa. The karyotype of
Platycephalus indicus follows O. macrolepis in
simplicity, but 8 chromosomes are modified
slightly by pericentric inversion to submeta-
or subtelocentric chromosomes. Two species,
viz. Thysanophrys chiltonae and Inegocia
guttata, intervene between O. spinosa and
P. indicus.

Natarajan and Subrahmanyam (1974) re-
ported karyotype of Platycephalus indicus as
having 19 pairs of median and 5 pairs of
submedian chromosomes. However, judging
from their figures, the karyotype consisted of
18 acrocentric and 6 subtelocentric or sub-
metacentric chromosomes. Thus there is a
slight difference in karyotype of Platycephalus
indicus between the present results and their
report. At present, it is not clear that the
difference is caused by artifact or by actual
difference of the materials.

From the view point of osteology, Matsubara
and Ochiai (1955) studied the phylogeny of
the family Platycephalidae and placed Plary-
cephalus as the most specialized genus and
Onigocia as the most generalized one. Their
conclusion was reinforced by the analysis of
muscle protein and some isozymes by electro-
phoresis (Taniguchi et al., 1972). From the
karyological point of view, there seems to be
a general tendency that any structural change
in chromosomes will be accompanied with
some morphological modifications. For ex-
ample, among the family Salmonidae, re-
duction in the number of chromosomes by
Robertsonian translocation occurs together
with morphological specialization. ~Among
the family Pomacentridae, the degree of
modification of karyotypes by pericentric in-
version seems to be related to specializations
in morphology, especially in the reduction
of squamation (Arai and Inoue, 1976; Arai
et al., 1976).

If the morphological specialization is re-
presented by the reduction of scale size, it
would be expected that members of the genus
Platycephalus have the most specialized karyo-

types and those of the genus Onigocia have
the most generalized ones among the family
Platycephalidae. The results of our experi-
ments are rather complicated. The karyotype
of Platycephalus indicus is less specialized,
but the karyotypes of the genus Onigocia
show both extremes, most generalized and
specialized types, as mentioned above.

The fundamental number of chromosomes
varies from 48 observed for Onigocia macro-
lepis to 92 for O. spinosa. The size of chromo-
somes within each species changes gradually
and there is no clear-cut size difference of
chromosomes caused by Robertsonian trans-
location. The NAN (new arm number, Arai
and Nagaiwa, 1976) is 48 for all species.
Thus, the relation between change in lateral
line scale numbers and karyological change
in the family Platycephalidae is not clear.
At present, it may be said that the striking
difference in karyotypes found among the
genus Onigocia suggests the possibility of the
heterogeneity of the group. Data from this
viewpoint seem to be needed for the analysis
of karyotypic variety.

Acknowledgments

We wish to express our thanks to Mr. Jack
T. Moyer of T. Tanaka Memorial Biological
Station, Mr. Hajime Masuda of Izu Marine
Park, Mr. Hiroshi Misaki of Yayeyama
Branch, Marine Park Center, and Mr. Kyu-
kichi Iwaki, masterfisherman of Okiami set
net of Sanriku-cho, for the use of facilities
for collection of the materials. Dr. Ryoichi
Arai of National Science Museum gave us
kind advice. Part of the work supported by
the grant of Ito Foundation for the Advance-
ment of Ichthyology.

Literature cited

Arai, R.and A. Fujiki. 1978. Chromosomes of
three species of cottid fishes from Japan. Bull.
Nat. Sci. Mus., Tokyo, ser. A, 4(3): 233~238,
figs. 1~2.

Arai, R. and M. Inoue. 1976. Chromosomes of
seven species of Pomacentridae and two species
of Acanthuridae from Japan. Bull. Nat. Sci.
Mus., Tokyo, ser. A, 2(22): 73~78, pls. 1~4.

Arai, R., M. Inoue and H. Ida. 1976. Chromo-
somes of four species of coral fishes from Japan.
Bull. Nat. Sci. Mus., Tokyo, ser. A, 2(2): 137~

27—



M Japan. J. Ichthyol. 27(2), 1980
142, pls. 1~2

Arai, R. and K. Nagaiwa. 1976. Chromosomes
of tetraodontiform fishes from Japan. Bull.
Nat. Sci. Mus., Tokyo, ser. A, 2(2): 59~72,
pls. 1~6.

Ida, H., M. Murofushi, S. Fujiwara and K.
Fujino. 1978. Preparation of fish chromosomes
by in vitro colchicine treatment. Japan. J.
Ichthyol., 24(4): 281~284, figs. 1~2.

Levan, A., K. Fredga and A.A. Sandberg.
1964. Nomenclature for centromeric position
on chromosomes. Hereditas, 52: 201 ~220, figs.
1~3.

Masuda, H., C. Araga and T. Yoshino. 1975.
Coastal fishes of southern Japan. Tokai Uniyv.
Press, Tokyo, 379 pp., 143 pls.

Matsubara, K. 1955. Fish morphology and
hierarchy. Pt. 2. Ishizakishoten, Tokyo, i~
v+791~1605, fiigs. 290~536.

Matsubara, K. and A. Ochiai. 1955. A revision
of the Japanese fishes of the family Platycephal-
idae (the flatheads). Mem. Coll. Agr. Kyoto
Univ., (68): 1~109, pl. 3.

Natarajan, R. and K. Subrahmanyam. 1974. A
karyotype study of some teleosts from Portonovo
waters. Proc. Indian Acad. Sci., 79 (sec. B):
173~196, figs. 1~63.

Schultz, L.P., L.P. Woods and A. Lachner.
1966. Fishes of the Marshall and Marianas
Islands. Vol. 3. U.S. Nat. Mus., Bull. 202:

vii+176pp., 156 figs., pls. 124~148.

Taniguchi, N., A. Ochiai and T. Miyazaki. 1972.
Comparative studies of the Japanese platyce-
phalid fishes by electropherograms of muscle
proteins, LDH and MDH. Japan. J. Ichthyol.,
19(2): 89~96.

(Kitasato University, School of Fishery Sciences,
Sanriku-cho, Kesen-gun, Iwate-ken 022-0l, Japan)

IFHABESECROONI-BHOLTR
HE F-BHI FHK
A= FEABS MoK air-drying @i k
VAWML, e $ht 2n=48 T, BER
T A IFCHIBE AR YK (A)=48, r==FT
A=0, KIEMHE AT Lk (ST)=4, KpHE LB Y
ik SM)=12, g rBliak M)=32;, sayv
< aF (HH) T A=4, ST=10, SM=12, M==22;
v=a%7T A=12, ST=6, SM=10, M=20; =2+
A=40, ST=6, SM=2, M=0 Thot. HHERT
BLEEOMICURBERE R Z < RoT w50, ZORE
EHTORLICIIBEESERED oo, B -
HE (1955) X L7xy=FBAaFRCIED
WEMRBEEN T30, ABO 2EOEEICIIE
PWEM A DLOLEOBLLILL D L nED bR,
#.35 Thysanophrys chiltonae {34 Hh» & O W)L ET
bV rsev~ITFOHBEL 2.

(022-01 EFRKAEB=PENT  JLB KK pEEE)

— 128 —





