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Abstract Reproductive behaviour of Hypoptychus dybowskii was studied in the field and aquarium. Two
male mating tactics were found. Some males with remarkable nuptial colouration established territories
around sargasso weeds, while the remainder schooled. A territorial male began courtship in response to
the approach of a gravid female. Several schooling (non-territorial) males followed the gravid female and
were often attacked by the territorial male. Egg masses, comprising a mean of 32 eggs of about 2 mm in
diameter, were coiled around the branching points of sargasso weeds in the male’s territory. Just after
spawning by a female, both the territorial male and several non-territorial males rushed to the spawning
site to fertilize the eggs; the territorial male, situated nearest to the female, rushed first. Females were
never observed to spawn with non-territorial males only. The territorial male frequently picked at the eggs
so as to attach them firmly together around the sargasso weeds, for about 30 min after spawning and
occasionally thereafter, but never conducted further paternal care such as fanning. Territorial males were
not always larger than others, and schooling males in the aquarium suddenly became territorial or vice
versa, with rapid changes in body colouration. It is therefore suggested that males alternate two mating

tactics depending on their physiological condition, or as a mixed strategy at the individual level.

Many cases of alternative male mating strategies
and tactics have been reported in fishes in recent
years (Semler, 1971; Warner and Hoffman, 1980;
Gross, 1984; Kuwamura, 1987; Chan and Ribbink,
1990; Turner, 1993; Magurran, 1993). For example,
male North American sunfish have three types in
behaviour. The largest and oldest males establish
territories around the nest and undertake parental
care, the smallest and youngest males behave as
sneakers, and the intermediate males are satellites
(Gross, 1982). Generally, large territorial males
show brighter or more intense body colouration than
others, the relationship between body colouration
and female mate choice having often been discussed
(Semler, 1971; Houde, 1987; McLennan and McP-
hail, 1989; Rowland, 1984, 1989; Warner and Sch-
ultz, 1992; Magurran, 1993; Turner, 1993).

Reproductive behaviour of Gasterosteidae species,
especially the threespine stickleback, Gasterosteus ac-
uleatus, has been studied in detail. Males establish
mating territories and take care of eggs (Wootton,
1976, 1984; McLennan et al., 1988). However, in the
remaining two families in Gasterosteiformes, Aulor-
hynchidae and Hypoptychidae (Nelson, 1984), little
is known regarding reproductive behaviour. Among

the Aulorhynchidae, life history and ecological notes
on Aulorhynchus flavidus (Limbaugh, 1962; Marli-
ave, 1976), and copulational urogenital papilla
(Sasaki, 1977) and oviposition into sea squirts by
Aulichthys japonic"us (Yamamoto and Shirai, 1988)
have been reported. In Hypoptychus dybowskii Stein-
dachner, a monotypic species of Hypoptychidae,
living in the coastal waters of northern Japan and
Sakhalin (Ida, 1984), a few studies on morphology
(Ida, 1976) and reproductive ecology (Ishigaki et al.,
1957) have been made. However, almost nothing is
known of its reproductive behaviour.

Reproductive behaviour of H. dybowskii was stud-
ied both in the field and aquarium. This paper
describes male mating territories, courtship, spawn-
ing and paternal care in H. dybowskii, and includes a
discussion of alternative male mating behaviour in
relation to sexual differences in body size and nuptial
colouration.

Materials and Methods

Field work was conducted in Otsuchi Bay
(39°20°N, 141°55'E), Iwate Prefecture, Japan. In
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this area schools of Hypoptychus dybowskii are seen
all year round, the reproductive season being from
May through June (K. Kawaguchi, pers. comm.).
Schools and spawning sites of H. dybowskii were
searched for throughout Otsuchi Bay from a boat in
June 1989. Subsequently, underwater observations
on reproductive behaviour were made using SCUBA
over two weeks in June, on both sides of the pier
(about 500 m long) in front of the Otsuchi Marine
Research Center, University of Tokyo. The bottom
comprised a sandy layer on rock beds. At intervals
of 5-20m several areas of about 5-10m? were cov-
ered with 1-5 stands of sargasso weeds (Sargassaceae
spp.) and other seaweeds. The depth was 5-7m and
the water temperature 13-14°C. Observations were
conducted in the daytime between 10h—16h, about
10hrs in total. Territorial behaviour and courtship
were recorded.

Fishes were captured around the spawning sites by
seine net four times in June, 1989. Some (120 males
and 96 females) were fixed immediately in 10%
seawater-buffered formalin, and subsequently meas-
ured for standard length (SL), body weight (BW)
and gonad weight (GW). Eggs in the ovary were
also examined. The remainder were kept in a hold-
ing tank (1ton) also for further aquarium observa-
tions. We collected 112 egg masses attached to
sargasso weeds from the spawning sites so as to
measure and count the number of eggs per mass.

Of several hundred individuals kept in the holding
tank, about two hundred were transfered to a trans-
parent, acrylic aquarium (150X 70X 50cm, 5007) 6—
12 hrs after every capture, for observation of spawn-
ing behaviour. As spawning substrates, two or three
stands of sargasso weeds had been planted on one
side of the aquarium, with flowing seawater at 14t
1°C. Three sets of consecutive observations were
conducted for 5-7hrs, using different captive indi-
viduals each time. Many individuals died or weak-
ened badly before and during the observations, and
were replaced by others from the holding tank. The
establishment of territories, courtship, spawning and
paternal care were recorded.

In another series of aquarium observations, when-
ever a territory was established, the territorial male
was soon removed and fixed in 10% seawater-
buffered formalin. Nine territorial males were re-
moved one after another, and about 10 hrs after the
start of the observation the remaining individuals
(148 males and 111 females) were also fixed. To-
gether with the territorial males, these were meas-

ured for standard length, body weight and gonad
weight.

Results
Egg mass and fecundity

Egg masses of Hypoptychus dybowskii were found
on the branching points of sargasso weeds (Sargas-
sum horneri, Cystoseira hakodatensis and other Sar-
gassaceae spp.) standing up 3-7m from the sub-
strate. Sometimes they were found also on floating
sargasso weeds, which might have become detached
shortly before. Eggs were slightly depressed, about 2
mm in diameter, and stuck together forming a coil
around the branching point. It was impossible to
remove an egg without breaking it, because of the
strong adhesion between the egg membranes. The
number of eggs per egg mass varied from 13 to 84
(mean£SD=31.7%£11.2, n=112).

Eggs in the ovary comprised three distinctive size
classes (Fig. 1), as reported by Ishigaki et al. (1957),
suggesting multiple spawning of females. The largest
eggs, about 2 mm in diameter, were seemingly almost
matured, being translucent and located in the rear-
most part of the ovary (Fig. 1). The number of
translucent eggs in an ovary was 0-96 (18.91+19.2,
n=96). Since each egg mass included at least 13
eggs, which seemed the minimum number necessary
for effective coiling around sargasso weed, females
whose ovary contained more than 12 large, translu-
cent eggs could be regarded as potential spawners.
The number of translucent eggs (34.0X£14.1, n =47)
in the ovaries of these females did not differ signifi-
cantly from the number of eggs (31.7%x11.2, n=
112) in the egg masses (t=0.99, df=71.5, p >0.1).
The number of translucent eggs (> 12) in the ovaries
was not significantly correlated with body size of
females (59.1%4.8 mm SL, n=47; r=0.11, p >0.1).
The gonadosomatic indices (GSI) of females ranged
between about 10 and 20 (16.29£4.93, n=96).
Thirty-eight females (39.6%). whose GSI values
were small (about 10), lacked translucent eggs, and
seemed to have just spawned.

Reproductive behaviour in the field
Male mating territories.—Schools of Hypoptychus

dybowskii, comprising 100-500 individuals, were ob-
served swimming around in the bay. Concurrently,
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one or a few males had established territories in each
area covered with several stands of sargasso weeds,
at any time during the observation (10h-16h).
More than 10 territorial males in total were observed
in the study area every day. Within each territory,
one to several egg masses were found attached to the
branching points of sargasso weeds. Territorial
males occasionally pushed the egg masses with their
snout, and also pushed other branching points of
sargasso in their territories. Each territorial male
usually stayed within an area of 1 m or less in diam-
eter around the egg mass, although sometimes swim-
ming about 3-5m from the centre of its territory.
Males seldom moved considerable distances, 10m or
more away from the territory. Any invasion of
neighbouring territories by the former was followed
almost immediately by their expulsion.

Courtship behaviour.—During observation of the
territorial males, schools were seen to pass near the
territories on more than 10 occasions. In several of
these cases, a gravid female left the school for the
territory, followed by several males from the school.

The territorial male began to direct a series of
courtship behaviour movements toward the approach-
ing female (Fig. 2). The courtship comprised three
phases: ““dash and return,” “quivering” and “pushing
weeds.” From a distance of about 5 m, the territorial
male dashed to the female, subsequently turning
toward his territory. When the female approached
to within 1 m of the territory, the male quivered his
tail, while bending his body in front of the female’s
snout. With this display the male slowly led the
female to the centre of his territory. When the
female came within 15cm of the sargasso weed, the
male began to push the branching points with his
snout, in front of the female. Subsequently, the
female began to push the branching points with her
snout, investigating one after the other, while the
territorial male quivered his body beside her. At that
time, the males following the female, in addition to
some males following a second female, gathered
around the courting pair.

During the courtship, the territorial male often
attacked the non-territorial males following the
female. The territorial males were more brightly
coloured but not always larger than the non-
territorial ones.

Although such courtship sequence were observed
more than 20 times, actual spawning was not seen.
The gravid female often left the male’s territory, at
any phase of the courtship behaviour, and either

Fig. 1. Ovary of Hypoptychus dybowskii, 62.3 mm
SL, collected on June 22, 1989 in Otsuchi Bay.
A) Lateral view of female; B) lateral view of
ovary removed from body cavity; C) three
groups of eggs in size removed from ovary.

returned to the same territory or visited another one
repeatedly, before finally returning to the original
school without spawning.

Reproductive behaviour in the aquarium

Establishment of territories.—For a few hours after
being moved from the holding tank to the observa-
tion aquarium, all individuals schooled exhibiting
similar, faintly yellow colouration. One of the males
suddenly changed its body colour, simultaneously
leaving the school to establish a territory around the
planted sargasso. The territorial male changed to a
bright yellow body colouration with deep black
dorsal and anal fins, gill membranes, lower jaw tip
and head. It swam very quickly and soon began
attacking individuals passing nearby, by chasing and
picking. During this excited condition, the male
often spread its deep black gill membranes down-
ward. Among 17 territorial males observed, the
most intensively coloured male occupied about half
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Fig. 2. Courtship behaviour in Hypoptychus dybowskii. A) Rush and return; B) quivering; C) pushing weeds.

of the aquarium (about 80cm in diameter at maxi-
mum), while less intensively coloured males had
smaller territories. When the body colouration of
the territorial male gradually faded, its territory
became smaller, finally reaching about 30cm in di-
ameter.

Prespawning behaviour.—Within a few minutes of
the establishment of a territory by a male, one to
several females approached it. These females never
interfered with each other.

The territorial male immediately began to court
the approaching gravid female, as observed in the
field. When several females approached at the same
time (more than 20 cases observed), the male repeat-
ed the courtship display almost equally toward each,
suggesting no evidence of female selection by the
male. The females did not leave the territory, even
when the territorial male was courting another
female.

When the gravid female(s) approached the territo-
rial male, several (usually 3-5) non-territorial males
also left the school to follow the former (more than
100 cases observed). They were often attacked by
the territorial male and fled a short distance before
quickly returned to follow the female again. Espe-
cially just before spawning, a greater number of
non-territorial males gathered around the female.

Accordingly, the territorial male was unable to
defend the latter effectively against other males.

Spawning behaviour.—Spawning occured after
careful examination, for up to one hour, of many
branching points of the sargasso weed. The female
oviposited by scraping her abdomen against the bra-
nching point or winding her body around it. The egg
mass subsequently remained attached to the branch-
ing point. When several females were courted, it
was not always the largest female that spawned, and
on one occasion two females spawned in turn.

The territorial male and other gathering males
(usually 5-20) rushed to the egg mass immediately
after the female’s departure. The territorial male,
usually having been situated nearest to the female,
was the first male to reach the egg mass. Fertiliza-
tion might have occurred at that time, but was not
confirmed. In each case of the 23 spawnings ob-
served, several (usually 5-10) non-territorial males
participated in addition to the territory owner.

Postspawning behaviour.—Females never returned
to the egg mass after spawning. The territorial male,
however, always remained with the egg mass, picking
at it frequently with his snout for about half an hour.
By such picking behaviour the egg mass gradually
became tight and ball-shaped, which seemed to pre-
vent it from becoming detached from the sargasso
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weed. Some of the attendant, non-territorial males
tried to approach the egg mass, but were driven away
by the territorial male. Afterwards, paternal care
such as fanning and guarding of eggs was not con-
ducted by the territorial male, although occasional
picking at the eggs occurred. It took more than
seven days for eggs to hatch at 13—-14°C.
Abandonment and take-over of the territory.—
After several spawnings over a few hours or more,
the territorial male abandoned the territory, its body
colouration fading to that of the non-territorial
males, with which the former then merged. The
territory was abandoned before egg hatching.
Take-over of a territory was observed three times.
When the body colouration of a schooling male
suddenly intensified, more so than the initial territo-
rial male, the former attacked the latter and took
over the territory. The defeated male’s colouration
faded instantly, the fish fleeing into the school. The
body size of the second male was a little larger or
similar to that of the initial male (two of three cases)
but smaller by more than 5 mm in the third instance.
Two territories were established concurrently in
two cases when the second male’s colouration was
not so intense compared with the first territorial
male. The body size of the two males differed by
more than 3 mm.
Body size and GSI of males.—The standard length
of males (55.2%3.0mm, n=157) was significantly
shorter than that of females (58.1+4.9 mm, n=111)
(t=5.92, p<0.01) in those fishes used for aquarium
observations, with the removal of territorial males
(Fig. 3). Nine out of 157 males established territo-
ries. The territorial males (55.0+ 1.6 mm SL, 0.67+
0.12g BW, n=09) were not significantly larger than
the remaining non-territorial males (55.24+3.1 mm
SL, n=148 and 0.71%0.14g BW, n=289) (U=734,
lz] =0.51, p>0.1 for SL and U=370, |z|=0.38,
p>0.1 for BW). GSI was also similer, mostly 1-2, in
both the territorial (1.30£0.27, n=9) and non-
territorial males (1.34£0.80, n=89) (U=325,
lz| =0.93, p>0.1). No significant correlation was
found between GSI and SL in males (r=0.09, p >
0.1, n=98).

Discussion
Courtship, paternal care and alternative male

mating tactics.—The courtship behaviour of territo-
rial males in Hypoptychus dybowskii consisted of
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Fig. 3. Size-frequency distribution of Hypoptychus
dybowskii used for aquarium observation.

Number of individuals in each 2 mm size class is
given for non-territorial males, territorial males
(solid bars), and females.
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three phases: “dash and return,” “quivering” and
“pushing weeds.” The first phase may inform the
gravid female of the existence of the territorial male
and location of his territory. The second phase
seems to tempt her to the spawning site in the centre
of the territory and the third phase to recommend to
her several branching points of the sargasso weed as
potential spawning sites. The sequential pattern of
courtship behaviour of the male corresponding to the
reaction of the female was in keeping with the reac-
tion chain model of Tinbergen (1961), though it was
simpler than those of the gasterosteids (Wootton,
1976, 1984; McLennan et al., 1988).

After spawning, territorial males of H. dybowskii
picked at the eggs so as to arrange them into a tight,
ball-shaped mass, whitch was difficult to detach from
the sargasso weed. Thus the picking behaviour can
be regarded as paternal care, although it was con-
ducted frequently for only about 30min and only
occasionally thereafter. The males never undertook
additional parental care, such as guarding and fan-
ning, which usually continues for several days until
and post-hatching in gasterosteids (Wootton, 1976).

Non-territorial males from schools also participa-
ted in spawning by following the gravid female and
rushing to the spawning site. They never undertook
paternal care. Such alternative male mating tactics or
strategies have been reported in many fishes, in most
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of which territorial males were larger than non-
territorial ones (Warner and Hoffman, 1980; Gross,
1984). In addition, non-territorial (sneaking or
group spawning) males often have relatively larger
testes than territorial males (Warner et al., 1975;
Kazakov, 1981). In H. dybowskii, however, territo-
rial and non-territorial males did not differ in body
size and GSI, only in colouration. Non-territorial,
schooling males suddenly became territorial by in-
tensifying their colouration, such colour subsequent-
ly fading when the territory was departed for the
school. This strongly suggests that a male can re-
peatedly alternate its mating tactics by changing its
colouration, making it very unlikely that the two
mating tactics correspond to two different life-
history strategies or are adopted depending on age as
a conditional strategy (Howard, 1978; Maynard
Smith, 1982; Gross, 1984).

The costs and benefits of territorial mating, com-
pared with non-territorial, in H. dybowskii were not
measured in the present study, but several possibili-
ties can be suggested. Territorial males seem to have
fertilized more eggs than each of the non-territorial
males participating in each spawning, since the
former was situated nearest to the spawning site and
was the first of all the males in the rush to fertilize
the egg. Exhibition of parental care only by the
territorial males may also suggest their higher prob-
ability of paternity. Although the difference in re-
productive success per unit time between the two
mating tactics was not measured, territorial males
may have higher reproductive success, since females
spawned only within the male territories and territo-
rial males were in the minority in the male popula-
tion. On the other hand, territorial males may suffer
higher predation risk and energetic costs than non-
territorial ones; one of the territorial males was
attacked and eaten by a scorpaenid fish during the
field observation, and territorial males swam more
rapidly and showed higher aggressiveness than sch-
ooling males.

At present two possibilities can be suggested. If
the two mating tactics have equal fitness, they may
constitute a frequency-dependent mixed strategy
(Brockmann et al.,, 1979; Maynard Smith, 1982;
Gross 1984). Alternatively, if higher fitness results
from territorial mating, males may adopt each of the
two tactics depending on their physiological condi-
tions, non-territorial mating being a subordinate
tactic to make the best of a bad situation (BBS)
(Maynard Smith, 1982; Gross, 1984).

Sexual differences in body size and nuptial coloura-
tion.—Female H. dybowskii grew larger than males.
In most fishes large size is favored in male-male
territorial competition (Warner and Hoffman, 1980;
Gross, 1984). In H. dybowskii, however, territorial
males were not always larger than other males. Even
though large size is favoured in territorial defence,
male H. dybowskii, irrespective of body size, may be
unable to maintain territories for a long time because
the costs involved seem to be very high, as already
mentioned. On the other hand, larger females may
be preferred by males if they have greater fecundity.
However, the number of large, translucent eggs in
the ovary was not correlated with female body size in
H. dybowskii. When two or more gravid females
approached territories, territorial males courted with
them one after another, and no evidence of male
choice of larger females was found.

The intensity of nuptial colouration is said to
indicate the behavioural vigour of males (Rowland,
1984; McLennan and McPhail, 1989). Such associ-
ation between colour and behaviour has been inter-
preted as an advertising mechanism (Kodric-Brown
and Brown, 1984). In H. dybowskii, the yellow body
and black nuptial colouration of territorial males are
remarkably bright and intense in comparison with
those of non-territorial males and females. More
intensely coloured males had wider territories, and
sometimes a more intensely coloured male took over
the territory of one less intense. Thus the intense
nuptial colouration of male H. dybowskii also seems
to be associated with behavioural vigour, and ap-
pears to have developed as a signal to inform females
and males of the male’s condition, as well as to entice
females to approach the territorial male for spawn-
ing. Female H. dybowskii visited several territorial
males before spawning, but it was not confirmed in
the present study whether or not they choose the
more intensely coloured males.
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