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Abstract The development of eggs and larvae, and minute tubercles on the skin surface of larvae
of Rhodeus uyekii were observed. The egg and larval development, and minute tubercles on the
skin surface of larvae of this species were relatively similar to those of two subspecies, R. atremius
atremius and R. atremius suigensis. This species in larval development is characterized by having
a yolk sac, which is laterally slender and convex downward at the posteriormost portion, and
numerous vestigial minute tubercles on the skin surface except for the wing-like yolk projection.

Rhodeus uyekii (Mori) is a common freshwater
bitterling in Korea. Though Uchida (1939)
described the larvae and juveniles of this species
based on field specimens, the details on its
embryonic and larval stages are poorly known.
On the other hand, it is known that bitterling
larvae of Acheilognathus and Pseudoperilampus
have minute scale-like tubercles on the skin
surface (Uchida, 1937; Nakamura, 1969).
Fukuhara er al. (1982) reported the morphol-
ogy of minute scaly tubercles on the surface of
the yolk sac in the larvae of Acheilognathus.
Recently, Suzuki and Hibiya (1984a) described
the morphology and distribution of minute
tubercles on the skin surface of larvae in all
species of Rhodeus from Japan. However, those
of larvae in R. uyekii are still unknown.

The present paper deals with the development
of eggs and larvae, and minute tubercles on the
skin surface of the larvae in R. uyekii.

Materials and methods

Parental fish of R. uyekii were collected from
the Naktong River, Korea. Artificial insemina-
tion was carried out 5 times during May to June
using the same pair (a femal, 42.4 mm TL and
a male, 54.3 mm TL). During the period, the
ovipositior of female shows cyclic changes and
develops to its maximal length (ca. 29.5 mm)
at intervals of 4 to 9 days. The number of ripe
eggs obtained ranges from 16 to 21 (mean, 18
eggs). Methods of artificial insemination and
rearing of eggs and larvae are the same as those
of Suzuki and Hibiya (1984b). The develop-
ment of eggs and larvae were examined under

a dissecting microscope. Total length of live
larvae was measured with an ocular micrometer.

Specimens used for morphological observa-
tions of minute tubercles on the skin surface of
larvae are identical to those of larval develop-
ment in the present study. Five specimens were
fixed for 24 hours in cacodylate-buffered 2.5%;
glutaraldehyde at each stage of larval develop-
ment and were dehydrated by a graded series of
ethanol, and then dried at a critical point with
liquid CO,. The dried specimens were coated
with platinum by ion sputtering and examined
with a Hitachi S-450 scanning electron micro-
scope.

Egg and larval development of
Rhodeus uyekii

Embryonic stages. The sequence of embryonic
development is illustrated in Fig. 1 as depicted
by sixteen stages (A-P) of development. Un-
fertilized eggs are nearly spindly, opaque yellow
in colour, measuring about 3.2 mm in length,
about 1.7 mm in breadth (Fig. 1A). The time
required for each embryonic stage under con-
trolled water temperature at 2241°C is shown
in Table 1. About 33 hours after insemination,
a pair of small yolk projections can be seen just
posterior to the head region (Fig. 1IM). About
46 hours after insemination, embryos begin to
hatch continuing for about 10 consecutive
hours. All embryos hatch from the vegetal
pole side (Fig. 1P).

Larval development. 1) Immediately after
hatching, 4.3-4.5 mm in total length (Fig. 2A).
Nineteen to twenty-seven myotomes may be
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Fig. 1. Egg developmeut of Rhodeus uyekii at 22+1°C in water temperature. Time required for each

developmental stage is shown in Table 1.

countable. The yolk sac contains a substantial
amount of yolk, and is slender laterally and runs
downward at the posteriormost part. The fin-
fold at the trunk and caudal portion is small.
The larvae at this stage are usually motionless.

2) 2 days after hatching, 5.5-5.7 mm in total
length (Fig. 2B). The number of myotomes
ranges from 30 to 32. The tail elongates back-
ward and the caudal fin-fold slightly develops.
The optic cup without lens and the auditory
vesicles with two pairs of otoliths are clearly
observed. The anteriormost part of the yolk
sac develops downward to form a projection.

3) 3 days after hatching, 6.5-6.7 mm in total
length (Fig. 2C). The number of myotomes
ranges from 30 to 32 (24-26-+6). The heart
begins to pulsate beneath the head region. A
pair of dorsal yolk projections connects with
the ventral yolk projection at the mid-yolk sac
region. The larvae of this stage begin to move
when the primordial fin-fold becomes well-

developed. The larvae, however, usually lay
their back on the bottom of the petri-dish.

4) 4 days after hatching, 7.1-7.2 mm in total
length (Fig. 2D). The number of myotomes
ranges from 30 to 32 (21-23+9). The circula-
tory system is already established. Blood cells
become reddish and increase in number. The
dorsal and ventral yolk projections gradually
elongate posteriorly. The margin of the fin-fold
extends. The dorsal part of the head is raised
slightly and the brain has undergone further
development.

5) 7 days after hatching, 7.6-7.8 mm in total
length (Fig. 2E). The number of myotomes
ranges from 30 to 34 (20-23+410-11). The
lenses are already formed. The optic cup en-
velops the lens completely; melanin pigments
begin to deposit on the optic cup. The noto-
chord starts to flex, the cartilaginous hypural
elements begin to differentiate, and the incipient
fin-rays are not visible. A pair of dorsal yolk
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Table 1. Time required for embryonic stages
in Rhodeus uyekii at 224-1°C in water tem-

perature.
Time after
Stage* insemination Remarks
(hr: min)
A — Unfertilized egg
B 1: 00 Blastodisc
C 2:00 Two-celled egg
D 2:30 Four-celled egg
E 3:00 Eight-celled egg
F 3:30 Sixteen-celled egg
G 4:00 Thirty-two-celled egg
H 4:30 Early morula
I 5:00 Post morula
J 6:00 Blastula
K 28 :00 Blastopore nearly closed
L 30: 00 Neurula
M 33:00 Four somite formation
N 40 :00 Embryo formed entirely
(0] 44:00 The last embryonic stage
P 46: 00 Hatching begins
Q — Castoff chorion

* Stages A to Q correspond to those in Fig. 1.

projections is reduced slightly, while the ventral
yolk one is still well-developed.

6) 8 days after hatching, 8.6-8.7 mm in total
length (Fig. 2F). The number of myotomes
ranges from 32 to 34 (18-19+414-15). The
mouth sometimes opens and shuts. The part
of the fin-fold of the future dorsal and anal
fins becomes high. Black pigments are de-
veloped on the retinal layers. The optic cups
are silvery blue because guanine is distributed
diffusely on this organ. Melanophores appear
on the dorsal part of both head region and the
yolk sac. A pair of small nasal sacs become
evident in front of the eye cups. Rudiments of
the pectoral fins appear as small membranes
beneath the auditory vesicles. The cartilagi-
nous hypural elements differentiate completely,
and some rays of the caudal fin are formed.
A pair of dorsal yolk projections is consid-
erably reduced in comparison with those of
the former stage. At this stage, the larvae
sometimes actively swim upside down.

7) 11 days after hatching, 8.7-8.9 mm in
total length (Fig. 2G). The number of myotomes
ranges from 32 to 34 (17-18+15-16). Eye pig-
ments, both melanin and guanine, are heavily

concentrated. The caudal fin-rays are com-
pleted in number. About 5 rays are formed in
the dorsal and anal fins. Melanophores are
observed on the head region, the auditory
vesicles, the caudal fin-rays, the dorsal, ventral
and lateral parts of the body and the yolk sac.
A small gas bladder and a green gall bladder
can be easily seen beneath the pectoral fins.

8) 18 days after hatching, 8.8-9.0 mm in
total length (Fig. 2H). The upper and lower jaws
are approximately equal in size. The posterior
margin of the caudal fin changes from a rounded
to a truncated shape. The caudal fin-rays
begin to fork into two branches. Melanophores
increase in number and newly appear on the
dorsal and anal fin-rays. Yellow pigments
also appear over the melanophore on the head
region and on the dorsal part of the body. The
pectoral fins become functional. The gas
bladder becomes larger without dividing into
two lobes. At this stage, the larvae swim with
good balanced orientation, however, they cannot
continue the vigorous swimming for more than
a few seconds.

9) 22-24 days after hatching, 9.2-9.4 mm in
total length (Fig. 2I). Free-swimming stage.
The gas bladder is divided completely into front
and hind lobes. This means that larvae are
able to swim actively with good balanced ori-
entation for hours. Guanine is slightly dis-
tributed on the surface of the yolk sac. The
dorsal and anal fins are completed in number.
Yellow pigments are widely distributed on the
body. The yolk projections on the breast are
so reduced that they are not easily found. Al-
though the yolk still remained, the larvae begin
to feed on commercial diets (“Tetramin’) for
the initial food item.

10) 26 days after hatching, 9.2-9.6 mm in
total length (Fig. 2J). Rudiments of the ventral
fins appear as small membranes on the breast.
Some rays are formed in the pectoral fins.
Guanine is slightly distributed on the belly.
Melanophores on the dorsal fin-rays are ag-
gregated at the anterior region of the dorsal
fin to form a black spot. In this stage, the shape
of the larval black spot in R. uyekii relatively
resembles the scalene spot of R. ocellatus ocellatus
(Kner) and R. ocellatus smithi (Regan), and also
is distinguishable from the nearly round spot of
R. atremius atremius* (Jordan et Thompson) and
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Fig. 2. Larvae of Rhodeus uyekii. A, immediately after hatching, 4.3 mm in total length (TL). B, 2 days

after hatching, 5.5 mm in TL. C, 3 days after hatching, 6.5 mm in TL. D, 4 days after hatching,
7.1 mm in TL. E, 7 days after hatching, 7.6 mm in TL. F, 9 days after hatching, 8.6 mm in TL.
G, 11 days after hatching, 8.9 mm in TL. H, 18 days after hatching, 9.3 mm in TL. I, 22 days

after hatching, 9.5 mm in TL. J, 26 days after hatching, 9.5 mm in TL.
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Fig. 3. Diagram of the distribution of minute
tubercles on the skin surface of larvae in
Rhodeus uyekii. Hemispheric minute tuber-
cles are distributed on both parts of A and
D, and vestigial minute tubercles on both
parts of B and C, respectively. For details
with the parts of A to D see text.

R. atremius suigensis* (Mori).

Minute tubercles on the skin surface of
larvae in Rhodeus uyekii

The distribution of minute tubercles is divided
into four parts of the body (Fig. 3). Each part
of the body is: (A) the wing-like yolk projections
composed of a pair of dorsal yolk projections and
a ventral yolk projection, and the anterior portion
of the body such as eye cups and the head, (B)
the yolk sac except for the wing-like yolk pro-
jections, i.e. the anteriormost part of yolk sac

and most part of the body excluding the pos-
teriormost part, (C) the caudal fin-fold, and
(D) the posteriormost part of the yolk sac.

The minute tubercles are differentiated into
two types by the following characters. The
first includes small hemispheric minute tubercles
(ca. 3-10 um in height) arising from single cells
of the free surface of the epidermis (Fig. 4A)
and the other includes vestigial minute tubercles
distributed mainly on the surface of the yolk
sac except for the wing-like yolk projection
(Fig. 4B). Their distribution and development
altered with growth of the larvae. The larvae,
immediately after hatching, have many hemi-
spheric minute tubercles with ca.3 to 7 um in
height on the parts of A, C and D (Fig. 5 A, B,
C) and also some vestigial minute tubercles
arising from single cells of the free surface of
the epidermis on the part of B (Fig. 5D). In
larvae at 3 days after hatching, the hemispheric
minute tubercles on both A and D increase in
height, ca. 5-10 ym, (Fig. 5 E, F), and the ves-
tigial minute tubercles on B increase in number.
The vestigial minute tubercles arise from a cor-
ner of the cell borders of the epidermal cells
and increase in height, ca. 5 um, (Fig. 5 G).
In larvae at 5 to 8 days after hatching, no

Fig. 4. Two types of minute tubercles on the body surface in Rhodeus uyekii. A, hemispheric minute
tubercles on the surface of the head region in larva 7 days after hatching, 7.7 mm in TL. The
hemispheric minute tubercles arise from single cells of the free surface of the epidermis. B, vestigial
minute tubercles of the body surface in larva 8 days after hatching, 8.6 mm in TL. The vestigial
minute tubercles arise from a corner of the cell borders of the epidermal cells. Scales indicate 5 pm.

*  Suzuki and Hibiya (1984b) considered that R.
suigensis is a subspecies of R. atremius as the result of
embryological observation, both species therefore are

treated here as R. atremius atremius and R. atremius
suigensis, respectively.

3



Suzuki et al.: Bitterling Development

vestigial minute tubercles on the body surface (C-D and G-l) of larvae in Rhodeus uyekii. A-B, im-
mediately after hatching, 4.3 mm in TL. C, minute tubercles on the caudal fin-fold in larvae im-
mediately after hatching, 4.3 mm in TL. D, the tubercles arising from single cells of the free sur-
face of the epidermis (arrow) in larvae 3 days after hatching, 6.5 mm in TL. E-F, 3 days after hatch-
ing, 6.5 mm in TL. G, the tubercles arising from a corner of the cell border of the epidermal cells
(arrows) in larvae 3 days after hatching, 6.5 mm in TL. H, 7 days after hatching, 7.7 mm in TL.
I, 11 days after hatching, 8.9 mm in TL. Scales indicate 5 pym.

pronounced changes of the hemispheric minute
tubercles on A can be found in shape and size.
On the other hand, the vestigial minute tuber-
cles on B increase in height, ca. 5-8 um, to
the development of the cell borders of the
epidermal cells (Fig. 5SH). Thereafter, the two
types of minute tubercles on each part of the
Jbody begin to reduce when the larvae begin
to swim actively, about 11 days after hatching,

(Fig. 5I). By then, the minute tubercles are
bearly present on the ridges such as eye cups,
dorsal and hind parts of the head, and ventral
and hind parts of the yolk projections in the
free-swimming stage.

Discussion

R. uyekii and all species of Rhodeus from Japan
share the wing-like yolk projections and the
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hemispheric minute tubercles on the skin surface
in their larval development. This fact suggests
that these morphological characters are impor-
tant for phylogenetic studies of Rhodeus.

Uchida (1939) stated that unfertilized eggs
of R. uyekii are distinguishable in shape from
those of R. ocellatus, but not from those of R.
notatus (Nichols) which is considered to be
closely related to R. suigensis. On the other
hand, unfertilized eggs of R. uyekii are dis-
tinguishable in shape from those of two sub-
species of R. atremius; those of the former are
nearly spindly compared with those of two sub-
species of the latter (Suzuki and Hibiya, 1984b).

The time required for each embryonic stage
in R. uyekii is the same as that in R. atremius
suigensis under controlled water temperature at
2241°C (Suzuki and Hibiya, 1984b). R. uyekii
shared the developed anteriormost part of the
yolk forming a projection with two subspecies of
R. atremius in the larval development. Regard-
ing the shape of the larval spot on the dorsal fin-
rays, R. uyekii is more similar to R. ocellatus
than to R. atremius.

Uchida (1939) stated that R. atremius and R.
uyekii should not be separated at the species level
because they resemble each other in the adult
form. However, as regards the larval develop-
ment, R. uyekii is characterized by the following
characters which are not shared by R. atremius
and R. ocellatus: (1) the lateral part of the yolk
sac is slender and the posteriormost part of the
yolk sac forms a downward directed projec-
tion, and (2) numerous vestigial minute tuber-
cles arising from a corner of the cell borders of
the epidermal cells are distributed on part B in
the body (Fig. 3).
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VIFE=SFTONELELFROEBEROLUICHFA
DERE E/)z=
SBARME -KUEE-BHEE =F
v ¥ =FFITORFKAELHBTFABORHFIC
VCTREMICEEL, R TIhoFRAOERE LT
ETBNERBICOVTHBELAL.22ComEFTFT TR
TAERR A6 S bR IR L, B LEMICET S 0
CiEiE 24 HEE L, ZoWMMoBRAER b UICF
ADRBEVEZIE N FFT 245 v¥=8F=
DERICHEB LR, MEREFPMEL IORMATS
~NEHFTBEIENERBELOIVRAA L LS, FE
OIFARIIEESICRELLEREEZ LD, 0
i FIC R &5 3~10 um o FRR 0 /N ER & i x
Bo THIXEA « HIA (1984a) 2445 L i Rhodeus
JB (2o RYRFEFT e ZL VI ARFTEFT e hE
M EFT e 24 vE=FFT) OFAICHKBLT
HONBWET, FTTHORERELOEELTE
D—orEIONS, ElEiz, LiE Rhodeus &
DOAFAIC T TR S & AR 2 B < R EiCiB{Em i
INERVEET BN, AMOFAR TR ZAPEBAEE
LaoEmEd 3~5mm BETAE .
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