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Development of Eggs and Larvae of Two Bitterlings,
Rhodeus atremius and R. suigensis (Cyprinidae)
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Abstract The development of eggs and larvae of Rhodeus atremius and R. suigensis was observed
under controlled water temperature of 224+1°C. The egges of R. atremius began to hatch
about 36 hours after insemination, and those of R. suigensis in about 46 hours. The larvae of both
species reached the free-swimming stage about 24 days after hatching. The larval development of
both species was so similar that they are considered to be closely related species.

It is well known that bitterlings deposit eggs
in the gill cavity of freshwater bivalves. After
hatching the larvae stay and develop in the gill
cavity, until well-developed larvae swim out from
the bivalve.

The development of the bitterling Rhodeus
atremius (Jordan et Thompson) was described
by Nakamura (1969), however that of Rhodeus
suigensis (Mori) is still unknown.

This paper deals with the comparative de-
velopment of eggs and larvae of R. suigensis and
R. atremius.

Materials and method

Parental fish of R. atremius were collected
from the Yabe River, Fukuoka Pref., and those
of R. suigensis from the Asahi River, Okayama
Pref. Artificial insemination was carried out
several times from May to July using the same
pair from each species. During this period, the
ovipositor of both species showed repeatedly
growth and reduction. It reached the maximal
length (ca. 12 mm) at intervals of 5 to 7 days.
The number of eggs obtained from an artificial
exploitation ranged from 2 to 12 (mean, 6 eggs)
in both species. Eggs and semen were obtained
by pushing the belly of fishes. The eggs were
transferred into a petri-dish filled with distilled
water of 22°C and inseminated by pouring
diluted sperm water into the dish. The fertilized
eggs and larvae were kept at a water temperature
of 2241°C. Rearing water was changed with
fresh water at the same temperature every day.
The larvae that reached the free-swimming stage
were reared in an aquarium of 30/ in volume,

and were fed with commericial diets (‘““‘Tetramin’’)
for the initial food item.

The development of eggs and larvae was ex-
amined under a dissecting microscope. Total
length of live larvae was measured with an ocular
micrometer.

Observations

Embryonic stages of Rhodeus atremius. The
ripe unfertilized eggs are nearly pear shaped,
opaque yellow in colour, measuring about
3.40 mm in length, 1.45 mm in breadth. (Fig.
1A).

Stage A: Fertilized egg. At fertilization,
the cortical alveoli embedded in the cortical
protoplasmic layer begin to break down: begin-
ning near the animal pole and ending at the
vegetal pole. About 30 minutes after insemi-
nation, the chorion is separated from the plasma
membrane to form the perivitelline space.

Stage B: Blastodisc (Fig. 1B). About 1
hour after insemination, the protoplasm con-
verges on the animal pole to form a raised blas-
todisc.

Stage C: Two-celled egg (Fig. 1C). About
2 hours after insemination, the first cleavage
plane normally divides the blastodisc into two
cells of equal size.

Stage D: Four-celled egg (Fig. 1D). About
2 1/2 hours after insemination, the second cleav-
age plane is perpendicular to the first and
divides the blastodisc into four cells of equal
size.

Stage E: Eight-celled egg (Fig. 1E). About
3 hours after insemination, the third cleavage
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Fig. 1. Egg development of Rhodeus atremius at 22+1°C in water temperature. Time required for

each developmental stage is shown in Table 1.

plane is parallel symmetrical, elongated in the
axis of the second plane of cleavage.

Stage F: Sixteen-celled egg (Fig. 1F). About
3 1/2 hours after insemination, the fourth cleav-
age plane divides the blastoderm into sixteen
cells. The blastodisc becomes flat.

Stage G: Thirty-two-celled egg (Fig. 1G).
About 4 hours after insemination, the fifth cleav-
age plane divides the blastoderm into thirty-
two cells. The cleavage furrows among blasto-
meres at this stage show slightly different orien-
tations.

Stage H: Early morula (Fig. 1H). About
4 1/2 hours after insemination, the sixth and
following cleavages are difficult to distinguish.

Stage I: Post morula (Fig. 1I). About 5
hours after insemination, the blastodermal cap
at the seventh cleavage consists of cells smaller
than those of the previous stages. The number
of marginal cells increases.

Stage J: Blastula (Fig. 1J). About 6 hours
after insemination, the blastoderm expands over
the surface of the yolk sphere.

Stage K: Middle gastrula (Fig. 1K). About
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10 hours after insemination, the blastoderm
covers about one fourth of the yolk sphere, gastu-
lation begins on the most thickened portion of
the germ ring, later forming the embryonic
shield. About 15 hours after insemination, the
blastoderm covers about half of the yolk sphere,
and the embryonic shield increases in size.

Stage L: Blastopore comes near to closing
(Fig. 1L). About 18 hours after insemination,
the yolk sphere is nearly covered by the blasto-
derm excepting a small vegetal area. The em-
bryonic shield develops to form the embryo. At
this stage, a weak undulating rhythmical move-
ment of the embryo begins.

Stage M: Neurula (Fig. 1M). About 20
hours after insemination, the embryonic shield
becomes narrow to form the embryonic body.
The embryonic body has a keel-like structure
forming the central nervous system.

Stage N: Eleven somites formation (Fig. 1N).
About 24 hours after insemination, eleven so-
mites are formed in the central part of the em-
bryonic body. The embryo grows antero-pos-
teriorly and the tail bud appears. A pair of
small yolk projections can be seen just posterior
to the head region.

Stage O: Embryo formed entirely (Fig. 10).
About 30 hours after insemination. At this
stage, the embryo has usually 19 to 27 somites,
and its rhythmical contractile movements reach
their greatest extent. The posterior tip of the
embryo is situated at the animal pole side.

Stage P: The last embryonic stage (Fig. 1P).
A few hours before hatching, the tail tip be-
comes free of the yolk sphere. Kuppffer’s vesicle
is recognized. Rhythmical contractile move-
ments cease.

Stage R: Hatching (Fig. 1R). About 36
hours after insemination, all embryos hatch
from the vegetal pole side (Fig. 1Q). Nineteen
to twenty-seven somites are discernible.

Larval development of Rhodeus atremius.
Hatching began 36 hours after insemination and
lasted for about 10 consecutive hours at 22+1°C
in water temperature.

1) Immediately after hatching, 3.6-3.8 mm
in total length (Fig. 2A). Nineteen to twenty-
seven myotomes are countable. The yolk sac
contains a substantial amount of yolk. A pair
of dorsal yolk projections becomes shaped just
like an arrow, and the yolk sac is anteroventrally

convex. Kupffer’s vesicle is present on the tail.
The fin-fold at the trunk and caudal portion is
small. The larvae at this stage are usually
motionless.

2) 2 days after hatching, 5.3-5.8 mm in total
length (Fig. 2B). The number of myotomes
ranges from 30 to 32 (18-20+12). The tail
elongates backward and the caudal fin-fold
slightly develops. The anteriormost part of the
yolk sac elongates slightly forward. The optic
cups without lens and the auditory vesicles
with two pairs of otoliths are clearly observed.

3) 4 days after hatching, 5.8-6.0 mm in total
length (Fig. 2B). The number of myotomes
ranges from 31 to 33 (16-18+15). The larvae
at this stage begin to move when the primordial
fin-fold becomes well-developed. The larvae,
however, usually lay on their back on the bottom
of the petri-dish. A pair of dorsal yolk pro-
jections is connected with the ventral pair of
yolk projections at the mid-yolk sac region (Fig.
2C,). The dorsal part of the head is raised
slightly and the brain is in the process of further
development. ~ The heart begins to pulsate be-
neath the head region. The anteriormost part
of the yolk sac develops downward to form a
projection with a conve yolk.

4) 5 days after hatching, 6.5-6.8 mm in total
length (Fig. 2D). The circulatory system is
already established, blood cells become reddish
and increase in number. The dorsal and ventral
yolk projections gradually elongate posteriorly.
The notochord starts to flex, the cartilaginous
hypural elements begin to differentiate, and the
incipient fin-rays are not visible. The margin
of fin-fold extends.

5) 8 days after hatching, 6.7-7.1 mm in total
length (Fig. 2E). The number of myotomes
ranges from 31 to 34 (16-19+15). The lenses
are already formed. The optic cup envelopes the
lens completely, melanin pigment begins to ap-
pear on the optic cup. A pair of small nasal sacs
become evident in front of the eye cups. Rudi-
ments of the pectoral fins appear as small mem-
branes beneath the auditory vesicles. The vitello-
caudal vein is formed, which drains around
the median part of the yolk sac and reaches to
the heart. A pair of dorsal yolk projections is
reduced slightly, while the ventral yolk pair is
still well-developed. No pronounced changes
of marginal shape in the larval fin-fold can be
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Fig. 2. Larvae of Rhodeus atremius. A, immediately after hatching, 3.7 mm in total length (TL). B, 2
days after hatching, 5.5mm in TL. C, 4 days after hatching, 5.8 mm in TL. D, 5 days after hatch-
ing, 6.6 mm in TL. E, 8 days after hatching, 6.9 mm in TL. F, 11 days after hatching, 7.6 mm in
TL. G, 13 days after hatching, 7.6 mm in TL. H, 15 days after hatching, 7.6 mm in TL. I, 18 days
after hatching, 7.9 mm in TL. J, 24 days after hatching, 8.6 mm in TL.
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found. The cartilaginous hypural elements
are differentiated completely, and some rays of
the caudal fin are formed.

6) 11 days after hatching, 7.0-7.4 mm in total
length (Fig. 2F). The number of myotomes
ranges from 31 to 34 (16-19+15). Black pigments
are developed on the retinal layers. The optic
cups are silvery blue because guanine is distrib-
uted diffusely on this organ. The mouth some-
times opens and closes. The part of the fin-fold
of the future dorsal and anal fins becomes high.
The main rays of the caudal fin are formed. The
reduced pair of dorsal yolk projections is further
reduced considerably in comparison with those
of the former stages. Melanophores appear
on the dorsal part of both head region and the
yolk sac, and on the caudal fin rays. At this
stage, the larvae sometimes actively swim upside
down.

7) 13 days after hatching, 7.6-7.8 mm in total
length (Fig. 2G). The number of myotomes
ranges from 32 to 35 (17-20+15). Eye pig-
ments, both melanin and guanine, are heavily
concentrated. In the larvae at this stage, no
pronounced changes of the distribution of
melanophores can be seen, however, melano-
phores increase in number. The caudal rays are
completed in number. About 7 rays are formed
in the dorsal and anal fins.

8) 15 days after hatching, 7.6-7.8 mm in total
length (Fig. 2H). The upper and lower jaws
are approximately equal in size. Melanophores
are observed on the head region, the auditory
vesicles, the caudal fin-rays, the dorsal, ventral
and lateral parts of the body and on the yolk
sac. The posterior margin of the caudal fin
changes from a rounded to a truncated shape.
A small gas bladder and a green gall bladder
can be easily seen beneath the pectoral fins. At
this stage, the larvae swim with good balanced
orientation, however, they cannot continue vig-
orous swimming for more than a few seconds.

9) 18 days after hatching, 7.8-8.0 mm in
total length (Fig. 2I). The dorsal and anal fin
rays are completed in number. The caudal fin
rays begin to fork into two branches. The gas
bladder becomes larger without dividing into
two lobes. Melanophores increase in number
and newly appear on the dorsal and anal fin
rays. Yellow pigments also appear over the
melanophores on the head region and on the

dorsal part of the body. The yolk projections
are barely present. The pectoral fins become
functional.

10) 24 days after hatching, 8.2-8.7 mm in
total length (Fig. 2J). Free-swimming stage.
The gas bladder is divided completely into front
and hind lobes. This means that the larvae are
able to swim actively with good balanced orien-
tation for hours. Guanine is slightly distrib-
uted on the surface of yolk sac. The dorsal
and anal fin rays are completed in number.
Yellow pigments are widely distributed on the
body. Remnants of the larval fin-fold persist:
the dorsal and the anal fins are connected with
the caudal fin at the anterior portion of the
caudal peduncle. The caudal fin becomes
emarginated. Rudiments of the ventral fins ap-
pear as small membranes on the breast. Some
rays are formed in the pectoral fins. The yolk
projection on the breast is so reduced that it is
difficult to find. Melanophores on the dorsal
fin rays are aggregated at its anterior region to
form a black spot. Although the yolk still
remains, the larvae begin to feed.

Embryonic stages of Rhodeus suigensis. The

Table 1. Comparison of time required for
embryonic stages in R. atremius and R.
suigensis at 22+ 1°C in water temperature.

R. atremius R. suigenis
Stage*
Time after insemination (hr : min)

A — —

B 1:00 1:00
C 2:00 2:00
D 2:30 2:30
E 3:00 3:00
F 3:30 3:30
G 4:00 4 :00
H 4:30 4:30
1 5:00 5:00
J 6 :00 6 :00
K 15 : 00 26 : 00
L 18 : 00 28 : 00
M 20 : 00 30 : 00
N 24 : 00 33:00
O 30 : 00 40 : 00
P 34 :00 44 : 00
Q _ _

R 36 : 00 46 : 00

*

Stages A to R correspond to those in Fig. 1
and Fig. 3, respectively.
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Fig. 3. [Egg development of Rhodeus suigensis at 22+1°C in water temperature. Time required for each

developmental stage is shown in Table 1.

ripe unfertilized eggs are nearly pear shaped,
opaque yellow coloured like those of R. atremius,
measuring about 3.00 mm in length, 1.80 mm
in breadth (Fig. 3A). The embryonic stages of
this species are the same as those of R. atremius
(Fig. 3). The time for embryonic development
of both species is approximately equal until
Stage J, however, after Stage K the development
of R. suigensis progresses more slowly than that
of R. atremius (Table. 1). Therefore, the time
required for hatching of R. suigensis is about
10 hours longer than that of R. atremius.
Larval development of Rkodeus suigensis.

Hatching began 46 hours after insemination
and lasted for about 10 consecutive hours at
22+1°C in water temperature.

1) Immediately after hatching, 3.5-3.7 mm
in total length (Fig. 4A). Nineteen to twenty-
five myotomes are countable. A pair of small
yolk projections just posterior to the head re-
gion appear at the embryonic Stage N (Fig.
3N) and is arrow shaped. The ventral yolk
projection of the larvae also becomes more
developed. Kupffer’s vesicle is still recognized
on the tail. The larvae at this stage usually
show no motion.
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Fig. 4. Larvae of Rhodeus suigenisis.
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A, immediately after hatching, 3.5 mm in total length (TL).

B, 2

days after hatching, 4.5 mm in TL. C, 3 days after hatching, 5.2 mm in TL. D, 6 days after hatch-
ing, 5.7mm in TL. E, 8 days after hatching, 6.6 mm in TL. F, 10 days after hatching, 6.9 mm in
TL. G, 15 days after hatching, 7.3 mm in TL. H, 18 days after hatching, 7.5mm in TL. I, 24 days

after hatching, 8.1 mm in TL.

J, 28 days after hatching, 9.3 mm in TL.
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2) 2 days after hatching, 4.3-4.5 mm in total
length (Fig. 4B). The number of myotomes
ranges from 29 to 32 (21-23+48-9). The tail
elongates backward and the caudal fin-fold
develops slightly. The anteriormost part of
yolk sac develops downward to form a pro-
jection with a convex yolk. A pair of dorsal
yolk projections is connected with the ventral
yolk projections at the mid-yolk sac region. In
this stage, the larval yolk projections of this
species are more developed than those of R.
atremius. The optic cups without lens and the
auditory vesicles with two pairs of otoliths are
clearly observed. The dorsal part of the head
raises slightly and the brain has undergone
further development.

3) 3 days after hatching, 5.0-5.2 mm in total
length (Fig. 4C). The number of myotomes
ranges from 30 to 32 (18-19+14-15). The heart
begins to pulsate beneath the head region. The
larvae at this stage begin to move when the
primordial fin-fold becomes well-developed. The
larvae, however, usually lay on their back on
the bottom of the petri-dish.

4) 6 days after hatching, 5.5-5.8 mm in total
length (Fig. 4D). The number of myotomes
ranges from 30 to 32 (15-17+15). The dorsal
and ventral yolk sac projections gradually
elongate posteriorly. As for the rate of develop-
ment of the larval yolk projections, R. atremius
and R. suigensis are the same in this stage. The
circulatory system is already established, blood
cells become reddish and increase in number.
The notochord begins to bend upward.

5) 8 days after hatching, 6.5-6.7 mm in total
length (Fig. 4E). The number of myotomes
ranges from 32 to 34 (17-19+15). The lenses
are already formed. The optic cup envelops the
lens completely, melanin pigment begins to ap-
pear on the optic cup. The vitello-caudal vein is
formed and reaches to the heart. The cartilagi-
nous hypural elements are differentiated com-
pletely, but the caudal fin rays are not yet seen.

6) 10 days after hatching, 6.7-6.9 mm in
total length (Fig. 4F). The number of myo-
tomes ranges from 32 to 34 (18-19+14-15).
A pair of small nasal sacs becomes evident in
front of the eye cups. Some rays of the caudal
fin are formed. A pair of dorsal yolk pro-
jections is reduced slightly, while the ventral
yolk pair is still well-developed. Rudiments of

the pectoral fins are small membranes and also
appear beneath the auditory vesicles. Black
pigments are developed on the retinal layers.
The optic cups are silvery blue because guanine
is distributed diffusely on this organ. The
mouth is sometimes opened and closed. Mel-
anophores appear on the dorsal part of both the
head region and the yolk sac. The part of the
fin-fold of the future dorsal and anal fins be-
comes high. The larvae at this stage sometimes
swim actively lying trunk down on the bottom
of the petri-dish.

7) 15 days after hatching, 7.1-7.3 mm in
total length (Fig. 4G). The number of myo-
tomes ranges from 32 to 34 (17-19+415). The
pair of reduced dorsal yolk projections is further
reduced considerably compared with those of
the former stages. Eye pigments, both melanin
and guanine, are heavily concentrated. About
5 rays are formed in the dorsal and anal fins.
The main rays of the caudal fin are formed. The
small gas bladder and a green gall bladder can be
easily seen beneath the pectoral fins. Melano-
phores are observed on the head region, the
auditory vesicles, the caudal fin rays, the dorsal,
ventral and lateral parts of the body and on the
surface of the yolk sac.

8) 18 days after hatching, 7.5-7.7 mm in
total length (Fig. 4H). The number of mytomes
ranges from 32 to 34 (17-19+415). The gas
bladder becomes larger without dividing into
two lobes. The caudal fin rays are completed in
number and they begin to fork into branches.
The dorsal and anal fin rays are also completed
in number. Melanophores increase in number
and newly appear on the dorsal and anal fin
rays. Yellow pigments also appear over the
melanophores on the head region and the dorsal
part of the body. The yolk projections are
barely present. The pectoral fins become func-
tional. The posterior margin of the caudal fin
changes from a rounded to truncated shape.
The upper and lower jaws are approximately
equal in size. At this stage, the larvae swim
with good balanced orientation, however, they
can not continue vigorous swimming for more
than a few second.s

9) 24 days after hatching, 8.0-8.3 mm in
total length (Fig. 2I). Free-swimming stage.
The gas bladder completely divides into front
and hind lobes. This means that the larvae are
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able to swim actively with good balanced orien-
tation for hours. Yellow pigments are widely
distributed on the body. Remnants of the
larval fin-fold persist: the dorsal and the anal
fins are connected with the caudal fin at the
anterior portion of the caudal peduncle. The
caudal fin becomes emarginated. The yolk
projection on the breast is so reduced that it
is difficult to find. Although the yolk still re-
mains, the larvae at this stage begin to feed.

10) 28 days after hatching, 9.0-9.4 mm in
total length (Fig. 4J). Rudiments of the ventral
fins appear as small membranes and also can be
seen on the breast. Some rays are formed in
the pectoral fins. Guanine is slightly distrib-
uted on the belly. Melanophores on the dorsal
fin rays aggregate at its anterior region to form
a black spot, which is similar to that of R.
atremius.

Discussion

It was reported that R. atremius is distributed
in the northeastern part of Kyushu, Japan, and
R. suigensis in Korea (Mori, 1935; Uchida,
1939). Thereafter, Nakamura and Motonobu
(1965) stated that R. suigensis is also distributed
on the Okayama Plain, Japan.

The spawning season of R. atremius in north-
eastern Kyushu is from March to June (Naka-
mura, 1969). On the other hand, there is only
one report on the spawning season of R. su-
igensis: it begins to spawn in early summer in
the Okayama Plain (Hosoya, 1982). Judging
from our present study, the spawning period of
both species continues from early May to the
middle of July, and for this short duration they
spawn at least 5 times at intervals of about 7
days.

Rhodeus suigensis is characterized by having
a more slender body than R. atremius and is
less intensively pigmented on both sides of the
body (Nakamura and Motonobu, 1965). How-
ever, as regards morphological characters in em-
bryonic and larval development, we could not
find differences between R. atremius and R. su-
igensis, except for the following two characters:
the time required for hatching is ca. 36 hours in
R. atremius and ca. 46 hours in R. suigensis and
the rudiments of the ventral fins in R. atremius
are formed earlier than in R. suigensis under

controlled water temperature of 224+1°C. Such
differences are also seen between R. ocellatus
ocellatus (Kner) and R. ocellatus smithi (Regan)
at the same water temperature (Nagata and
Miyabe, 1978; Suzuki, unpublished).

On the other hand, R. atremius and R. sui-
gensis share the following two characters which
are not shared by two subspecies of R. ocel-
latus, i.e., (1) fertilized eggs are nearly pear
shaped, and (2) the anteriormost part of the
yolk sac develops to form a projection with a
convex yolk during larval development (Naka-
mura, 1969). Moreover, the fertile F, hybrids
between R. suigensis and R. atremius were ob-
tained (unpublished data).

These facts suggest that these two forms
should not be separated at species level and
should be regarded as two subspecies of R.
atremius.
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HEMSE S FIERA 5 E= 5+ TOVHRE BIE
BARMEE-BEE =
BENFFFITLAAFVE=FFTORKELD
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Eysz i, PBERBONMBEBLTHF~EHL TEE
PR THZLBEH-MTHE. 20z L bERER,
BE RS EF TSRS THERERE TS LS h
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