Japanese Journal of Ichthyology
Vol. 28, No. 4 1982

Reproductive Behavior of a River
Sculpin, Cottus nozawae

Akira Goto
(Received September 10, 1981)

The river sculpin Cortus nozawae Snyder is
widely distributed in Hokkaido, Japan. Re-
cently, Goto (1975a, b; 1977; 1980) found two
types in this species, and named the former type
C. amblystomopsis and the latter type C.
nozawae. The species name, C. nozawae, will
be only applied to the species which possesses
a small number of large-sized eggs and has a
fluvial life history.

Cottus nozawae is characterized as a spring-
spawning species in which the male is colored
black on the back and sides of the body and the
female is cryptically colored. As for the breed-
ing habits of this species, Okada (1936), Wata-
nabe (1960) and Goto (1975a) reported that the
spawning occurs under stones and the eggs are
deposited on the roof of the nest and adults
seem to guard the eggs.

However, nothing has hitherto been recorded
on the courtship, spawning and parental behavior
of C. nozawae because of the difficulty in satisfy-
ing their requirements for spawning under
artificial conditions, though there are some
interesting works on spawning of other fresh-
water sculpins, such as C. gobio (Morris, 1954),
C. poecilopus (Starmach, 1962) and C. bairdi
(Savage, 1963). In the present study, the re-
productive behavior of C. nozawae was observed
under conditions almost similar to those of the
natural habitat and was compared with that of
the other species belonging to the genus of
Cottus previously recorded.

Materials and methods

Mature fish of Cottus nozawae were captured
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in the Hekiriji River near Hakodate, Hokkaido,
on May 5, 1979 and May 9, 1980. They were
transported to the Nanae Fish Culture Ex-
perimental Station, Hokkaido University. Gravid
females having fully ripe orange-colored eggs
and males oozing milt when squeezed at the
abdomen were selected from total catches and
transferred into an aquarium (60 x30x35 cm)
placed on the bed of an approximately 2 m wide
streamlet flowing through the Station grounds
(Table 1). The aquarium, which was covered
with wire netting on the front and back sides
and glass on both lateral sides, was set at
water-depth of approximately 30 cm. (Fig. 1A).
A steel-frame fixing a reflecting mirror with the
angle of inclination at 45° to the lateral glass of
the aquarium was set beside it (Fig. 1B). The
velocity of current was 20~ 30 cm/sec. One flat-
bottomed stone had been placed on the gravel
substratum covering the bottom of the aqua-
rium, before the fish were transferred into it.

Observations were made every day in the
morning, from 04:00 to 07:00 hrs., and addi-
tionally at other times of the day.

Results

Spawning behavior was observed three times
in 1979 and four times in 1980 (Fig. 2). In
every case, the spawning took place soon after
dawn and in an almost similar behavioral
pattern as is mentioned below. The water
temperature on the days of spawning fluctuated
approximately from 9.0° to 12.0°C at 12: 00 hrs.
in both years.

A dominant male, which was usually the
blackest in body color among the males. oc-
cupied the shelter under the flat-bottomed stone
soon after the fish were transferred into the
aquarium. When a female came into sight
(Fig. 3A), the male at the entrance of the shelter
dashed toward the female and immediately
turned back to the shelter. The female re-

Table 1. Number and body size of the male and female of Cortus nozawae transferred into an

aquarium in 1979 and 1980.

Number of Standard
Date transferred Sex individuals length (mm)
May 5, 1979 Male 3 105.1~118.8
Female 5 82.5~ 98.0
May 9, 1980 Male 3 111.2~121.3
Female S 90.3~103.7
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1. Apparatus for observation on the reproductive behavior of Cottus nozawae. A: Lateral view of
the aquarium set-up. B: Frontal view of the aquarium and a steel-frame and the adjacent reflecting

mirror.
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Fig. 2. Dates of spawning and changes of water

temperature during the observation period
of the behavior of Cottus nozawae in 1979
and 1980. Arrows indicate the dates of
spawning.

sponded to such behavior either escaping from
the male quickly or following it toward the
shelter. When the female entered the shelter,
the male having the first dorsal fin colored with
a clear orange band around the edge became
even blacker in body color and frequently
nodded his head. In the shelter, both the male
and female lay side by side on the floor of the
nest (Fig. 3B) and turned round several times.
After several minutes, the male turned upside
down and crawled on the roof of the shelter
(Fig. 3C), and then the female followed after
the male reacting in the same manner. They
were able to keep their bodies upside down on
the roof with the help of their expanded dorsal,
pectoral and caudal fins which were useful for
props. Both the male and female lay side by
side in an upside-down position. Soon, the
male came to rest with his ventral surface on
the dorsum of the female and with his body
twisted, so that the posterior part of his body
lay alongside hers. The male held the female’s
abdomen with the right and the left pelvic fins,
and shivered for about half a minute. Their
mouths were opened widely or moderately
during spawning. During this behavior, the
female deposited most of her eggs in a burst,
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Female

Fig. 3. Diagrammatic view of the sequence of spawning in Cottus nozawae. A: A male at the entrance
of the shelter encounters a female when she comes into sight. B: Both the male and female lie
side by side inside the shelter. C: The male turns upside-down before the female does so. D:
The male lies on the inverted female and spawning occurs.

with the remaining eggs following slowly (Fig.
3D). The eggs hardened and firmly adhered
to the surface of the roof within one hour after
the deposition.

After spawning, the male remained for about

20 minutes with his ventral surface on the
dorsum of the female in an upside-down posi-
tion. Then the male turned back to a right-
side up position, and remained in the nest.
On the other hand, the female remained in an
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Fig. 4. A male with a egg-cluster, who lies facing toward the current about 2 weeks after the spawning.

upside-down position for about 30 minutes
more. The male picked or bit at the female,
so that she turned to a normal position and left
the nest. The male usually lay under the egg-
cluster, facing toward the current (Fig. 4).

About 2 weeks after spawning, the male
began to fan the eggs with the pectoral fins
occasionally but this fanning behavior was weak
and infrequent. The male fanned more fre-
quently and guarded the eggs more vigrously as
they continued to develop until they hatched
4 weeks after spawning.

Discussion

A Europian freshwater sculpin, Cottus gobio,
which has been studied in terms of reproductive
behavior more intensively than any other
species belonging to genus Cottus, is capable of
spawning in still water (Smith, 1922; Breder,
1932; Morris, 1954). C. nozawae, observed in
the present study, however, spawns only in
moving water, so that the egg-clusters of this
species are deposited on the undersurface of
stones only in the ‘““hirase-rapids” in a river (Go-
to, 1975a). In spite of such a difference, the
reproductive behavior of C. nozawae is basically
similar to that of C. gobio, C. poecilopus
(Starmach, 1962) and C. bairdi (Savage, 1963).
The males of these species occupy shelters
under stones and lead the females into the
nest. Soon after, both fish turn upside-down,
the female spawns the eggs on the roof of
the nest and the male deposits his sperm over
the eggs. Most eggs are deposited in a sudden
burst and the remaining eggs are slowly added.

After spawning, the female leaves the nest and
the male fans the eggs with his pectoral fins.
Therefore the fundamental pattern of the re-
productive behavior is suggested to be common
in most respects within the genus Cottus.

However, in some detailed respects, the re-
productive behavior of C. nozawae differs from
that of the species mentioned above. The male
of C. nozawae did not show any signs of a dig-
ging behavior and used a cavity under a stone
for the nest, while the males of other species such
as C. gobio (Morris, 1954) and C. poecilopus
(Starmach, 1962) dig a hole underneath a solid
object placed on the bottom prior to pairing with
the female. In addition, Morris (1954) and Sav-
age (1963) observed that the females of C. gobio
and C. bairdi turned upside-down inside the nest
before the male did so. In C. nozawae, how-
ever, the male turned upside-down prior to such
behavior of the female in almost all cases ob-
served, as if the male induced the female to take
such a position. This fact may suggest that in
C. nozawae the male plays a more active role
than in C. gobio and C. bairdi through spawning.
Thus, the reproductive behavior of species
falling within the genus Cotftus seems to vary
among species in some detailed respects.

Morris (1954) concluded that the male of C.
gobio recognized gravid females because they
always failed to flee after being bitten by the
male. On the other hand, Savage (1963)
suggested that the male of C. bairdi may lack
the ability to discriminate between gravid and
spent females. In the present study it was not
clear whether or not the male of C. nozawae
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could discriminate a gravid female from a spent
or unripe one.

Such problems will be elucidated by further
detailed investigations in relation to sexual re-
cognition in these species. The reproductive
behavior of C. amblystomopsis and C. hangion-
gensis, which are distributed sympatrically with
C. nozawae in southern Hokkaido, remains to
be investigated in the future.
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