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ABSTRACT : Ricefish larval specimens were collected from breeding tanks and rearing ponds. The larvae were divided into

3 developmental stages i.e. larval, post-larval, and juvenile stages, and their morphometric and meristic characters, as well
as chromatophore pigment patterns were studied. The chromatophore pigment pattern, number of myomeres, dorsal fin rays
and anal fin rays were characteristics used for species identificatiorOriypiaslarvae, the chromatophore pigmentation

on the gut, midline, and dorsal and ventral parts of the body were important characteristics. The caudal, dorsal, and anal fin
rays were also the characteristics used in the case of identifying the juvenile fish. Using the above criteria, four species of
ricefish, i.e.0. javanicusO. dancenaO. mekongensjgndO. minutillus were identified.

KEYWORDS: medaka, fish larvae, chromatophore pigment

INTRODUCTION mekongensiare 6 (6-7), 7, 6 (5-7), and 6 (5-7), and
the respective numbers of anal fin rays are 23 (20-23),

Ricefish of the genu®ryziasJordan and Snydéare 24 (22-24), 197 (18-21), and 14 (13-86 12 1°,
small freshwater fish, consisting of 21 species found in Iwamatsu’ reported the developmental stages of
standing waters in South, Southeast and East¥&ia the (Japanese) medaka.(latipeg from unfertilized
There are four species of ricefish in Thaildndrhe €998, fertilized eggs to hatching stages of embryo, and
Thai medaka or dwarf medak®( minutillusSmith, hatching larvae to young stage. However, morpho-
1945f, a small fish commonly found in ponds’!ogmal_mformatlon onOryziaslarvae and Juv¢n|les
ditches, and paddy fields in the central, north, nortH Thailand has not yet been reported. In this study,
east, and southern parts of Thail&rid, is also found W€ attempt to use the number of fin rays and the
in other places such as Xishuangbanna, Yunan, Chiggromatophore pigment pattern to identify species of
and Rangoon, Myanm#. The Mekong ricefish@. e larva.
mekongensigwa & Magtoon, 1986%3, another small
species, occurs in the northeastern part of ThailarMATERIALS AND METHODS
and the Mekong river basin area. The Indian ricefisRicefish specimens at different ages from hatching to
(O. dancenaHamilton, 1822} is a brackish water juvenile stages were collected from breeding tanks.
and coastal area species occurring in India, Sri Lank&he larvae were divided into various stages, i.e. just-
Myanmar and Southern ThailaHd Another species hatched larva (larva stage), post larva stage at which
occurring in similar habitat, the Javanese ricefiskhe pelvic fin just began to develop, and juvenile stages
(O. javanicusBleeker, 18483 is found in Southern of which all the meristic characters were completely
Thailand, Malaysia, Singapore, and Indonésfa developed and scales began to develop. Five spec-
The typical characteristics of the ricefish includémens of each stage were collected and preserved
a laterally compressed body, depressed head, magith 10% formalin solution, which was changed to
erately large eyes, and 28-31 vertebrae. The dorsél formalin solution after 2 weeks. All specimens
fin base is from the 17th to 20-21st vertebrae spines this study were deposited at the National Inland
and the anal fin base is from the 10-11th to 19-20thRisheries Institute, Department of Fisheries, Ministry
vertebrae spines. The respective numbers of dorsal fafil Agriculture and Co-operatives, Thailand.
rays inO. javanicusO. dancenaO. minutillug andO. The identification and determination of each de-
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Fig. 2 Developmental stages @f. javanicus (A) 4.06 mm
just hatched larva (B) 5.37 mm 1-day-old larva (C) 6.47 mm
1-day-old larva (D) 7.75 mm 5-day-old larva.

Fig. 1 Morphological characteristics of the ricefish larvae:
(A) larval stage (B) post-larval stage (C) juvenile. and ventral parts of the body. A characteristic feature
of a 5.37 mm 1-day-old larva-{g. 2B) is the mouth
) ) part which is more practical. The support caudal
velopmental stage were carried out in the laboratoryyne and rays are developed. The chromatophore

under a stereomicroscope and drawing was perform%(pgmem has increased on the head, mouth, midline,
with a camera lucida. The differences among meristic

characters and chromatophore pigment patterns were
employed for the identification of the fish species. A
Fig. 1shows the three stages of the ricefish larva.

RESULTS
The development of the ricefish larva

Ricefish of the genu®ryzias showed a long em-
bryonic development during their incubation period.
When the larva hatched from the egg shell, part of the
body had already developed further than the yolk sac
stage and showed larval period characteristics.

Javanese ricefish Q. javanicug

A 4.10 mm larva that has just hatchddd. 2A) shows !
a large and laterally compressed body. The head D P2y
is slightly depressed, the mouth open, maxilla and
mandible developed, and a large eye occupies about
one third of the head. The gut opening occurs at about
one third of the way along the body from the head.
The urostyle is flexed and the support bones (pleural
and hyplural bones) developed. The pectoral, dorsal,
and anal fanfolds are present. The caudal fin raydg. 3 Developmental stages @f. javanicus (A) 9.67 mm
have started to develop. Chromatophore pigment &day-old larva (B) 12.94 mm 9-day-old larva (C) 15.88 mm
present on the head, operculum, midline, and dors&#-day-old larva (D) 19.67 mm 15-day-old juvenile.
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and dorsal and ventral parts of the body and on A
the caudal ray. By day 3, the 6.47 mm 3-day-old
larva (Fig. 2C) shows anal fins which have started to
develop from the anterior part of the dorsal and anal
fin folds. The chromatophore pigment has intensified
on head, cheek, and anterior part of the gut. Dorsal,
anal, and pectoral fin rays develop by day 5, when
the larva has reached 7.75 mfaid. 2D), and after
the fin folds have developed. The fin fold has also
decreased in size. The chromatophore pigment has
continued to spread on the head, gut, and caudal fin
rays. By day 7, the 9.67 mm larv&if. 3A) shows
the development of the dorsal, anal, and pectoral fin
rays while the pelvic fin has started to form at the
ventral part of the body in front of the anus. The
chromatophore pigment has increased on the head,
operculum, mandible, gut, dorsal part of the body, and
caudal fin rays. A 12.94 mm 9-day-old lar&g. 3B) 2oy
has devgloped a C?rpet of dofsa'.' a.nal' pecto.ral, .arlzldg. 4 Developmental stages @. dancena(A) 5.00 mm
caudal fin rays while the pelvic fin is developing in

. . 1-day-old larva (B) 6.64 mm 3-day-old larva (C) 7.64 mm
size and number of rays. The chromatophore plgmeggda old larva (D) 9.53 mm 7-day-old larva
is still increasing on the head, operculum, mandible, Y ' 4 '
gut, and dorsal part of the body. A 15.88 mm 12-day-

old larva Fig. 3C) has its fin rays, and 6 dorsal raysanterior part of the gut, midline, and dorsal and
23 anal rays, 10 pectoral rays, and 6 pelvic rays ha¥gntral parts of the body. When the larva has reached
developed completely. The chromatophore pigment64 mm at 5 days of agéFig. 4C), the dorsal and

has increased on the dorsal part of the body aboyg gl fin folds have turned into dorsal and anal fins,
the mid-body line. The juvenile ricefish have their

meristic characters fully developed by day 15, and
have reached 19.67 mrRi§. 3D). The chromatophore
pigment has increased on their head and body, and has
started to appear on the caudal rays, while scales cover
the body.

Indian ricefish (O. dancena

The 1-day-old 5.00 mn®. dancendarva (Fig. 4A)
shows a body that is laterally compressed, a slightly
depressed head, a large eye, and an open and func-
tional mouth. The gut opening occurs at about one
third of the way along the body. The urostyle has
flexed, and the supported caudal bone has developed.
The pectoral fin has formed with its base anchored
above the midline of the body. The caudal fin rays
are developed. The dorsal and anal fin fold are
present. Chromatophore pigment cover the dorsal part
of head, operculum, anterior part of the gut, midline,
and dorsal and ventral parts of the body. A 3-day-
old larva has reached 6.64 miig. 4B). The dorsal

and anal fins have developed from the anterior part &fig. 5 Developmental stages &. dancengA) 13.07 mm
dorsal and anal fin folds. At this stage, the caud&-day-old larva (B) 16.58 mm 12-day-old larva
fin rays have formed. Chromatophore pigment ha&) 20.48 mm 15-day-old larva (D) 24.35 mm 19-day-old
increased on the head, operculum, maxilla, mandibliivenile.
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respectively. The dorsal, anal, and pectoral fin rays A
have developed. Chromatophore pigmentation occurs
on the pectoral fin and has increased on the head,
operculum, mouth parts, gut, and on the body. A
9.53 mm 7-day larvaHig. 4D) has an elongated shape.

It shows the formation of the pelvic fin, which occurs
on the ventral part of the body before the anus. The
dorsal, anal, and pectoral fin rays are more developed.
The chromatophore pigmentation has increased on the
gut, dorsal, ventral, and pectoral parts of the body,
and a longitudinal band occurs in the middle of the
anal fin. After that, by 9 days, when the larva has
reached 13.07 mmK{g. 5A), the anal fin rays are
completely developed, containing the basic number of
23 rays. However, the dorsal and pectoral fin rays
are still developing. The pelvic fin has increased in
size. At this stage, the chromatophore pigmentation
has increased on the head, dorsal, and ventral part of
the body. A 16.58 mm 12-day-old larvé&i§. 5B)

has a more pointed head than before. The fin rays _
are completely developed as their basic number for9 &  Developmental stages of. mekongensis
the dorsal and pectoral fins is 7 and 10, respectivel§f,) 4-95 MM 1-day-old larva (B) 6.63 mm 3-day-old larva
Also, the size of pelvic fin has increased and its ray! ¢) 7.33 mm 5-day-old larva (D) 9.53 mm 7-day-old larva.
have started to develop. The chromatophore pigmen-

tation has increased on the head, body, and pectobaélrts of the body. A 7.33 mm 5-day-old lanFd. 6C)
and anal fins. By 15 days, the larva has reachgghs siarted to form the pectoral, dorsal, and anal rays.

20.48 mm Fig. &C), the inferior mouth are clearly the chromatophore pigmentation has increased on the
visible, and all fin rays are completely developed.

The chromatophore pigmentation has increased on the
head, body, and pelvic and anal fins. The complete A
development of the character occurs by day 19 when
the larva has reached 24.35 mikig. 5D). At this
stage, the scales are still forming and the reproduction
organs have not yet been developed.

Mekong ricefish (O. mekongensis

A 4.95 mm 1-day-old Mekong ricefish larvkiy. 6A)
presents an elongated and laterally compressed body.
The head is slightly depressed and the mouth has al-
ready been formed. The eye diameter spans more than
one third of the head length. The urostyle has been
flexed and the support caudal bone has been formed.
The caudal fin has been developed from the fin fold at
the caudal part. The pectoral, dorsal and anal fin fold
are clearly present. The caudal rays, however, are still
forming. The chromatophore pigmentation occurs on
the head, snout, anterior part of the gut, midline, and
dorsal and anal regions of the body, and also on the
caudal ray. A 6.63 mm 1 day larv&i@y. 68), on the Fig. 7  Developmental stages of0. mekongensis
other hand, shows dorsal and anal fins formed froff\) 12.10 mm 9-day-old larva (B) 14.04 mm 12-day-old
the fin fold. The chromatophore pigmentation is indarva (C) 18.25 mm 15-day-old larva (D) 20.40 mm 19-day-
creasing on head, gut, midline, and dorsal and ventréld juvenile.
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head, operculum, maxilla, mandible, and pectoral fin. A
The pigmentation pattern on the upper and larva rim
of the caudal fin has changed from scattered points
to stripes. By day 7, when the larva has reached
9.53 mm Fig. D), the pelvic fin has started to form
at the ventral part of body before the anus. The dorsal
rays are completely developed whereas the pectoral
and anal rays are still developing. The chromatophore
pigmentation has increased on the head and mandible -t
in front of the eye. The larva has reached 12.10 mm by c

day 9 Fig. 7A). The pectoral fin rays have developed
completely while the size of pelvic fin has increased
and its rays are still forming. The chromatophore
pigmentation has increased on the head and dorsal
and ventral parts of the body. Complete development b
of all fin rays occurs by day 12, when the larva
has reached 14.04 mnfi§. 7B). At this stage, the
fin ray numbers for the dorsal fin, anal fin, pectoral
fin, and pelvic fin are 6, 14, 8, and 6, respectively.
The chromatophore pigmentation has occurred on trﬁﬂ_ 8 Developmental stages &F. minutillus (A) 5.28 mm
dorsal fin and increased on head, caudal fin, and dorsg, ay-old larva (B) 5.88 mm 3-day-old larva (C) 8.09 mm
and ventral parts of the body. A 18.25 mm lS-day-oI@_day_om larva (D) 9.57 mm 7-day-old larva.

larva (Fig. 7C) shows an increase in chromatophore

pigmentation on the body covering all myomeres. By

this stage, the chromatophore pigmentation stripes @fidline areas of the body. By day 7, the larva has

reaches day 19, it is 20.40 miiig. 7D). The meristic  fin js clearer than in the previous stage and the pelvic
characters have developed completely. The scales are

still developing at this stage and the larva has changed
from post-larva to juvenile.

Thai medaka (O. minutillus)

A 5.28 mm 1-day-old Thai ricefish larvaig. 8A)
shows an elongated and laterally compressed body
and slightly depressed head. The superior mouth is
small and the eye diameter covers about one third of
the head length. The urostyle had already flexed and
the caudal supported bone has been formed. The pec-
toral, dorsal, and anal fin folds are present. The caudal
fin has developed from the fin fold, but the caudal part
and the caudal rays are still forming. Chromatophore
pigmentation is present on head, operculum, pectoral
fin base, midline, and dorsal and ventral parts of the
body as a small dash. By 3 days, the larva has reached
5.88 mm Fig. 88). The dorsal and anal fin folds have
turned into dorsal and anal fins. The chromatophore
pigmentation has increased on the head, gut, midline,
and dorsal and ventral parts of the body. A 8.09 mm
5-day-old larva Fig. 8C) has a small and pointed Fig. 9  Developmental stages ofO. minutillus
head. The pectoral and anal fin rays have started (¢) 11.13 mm 9-day-old larva (B) 12.82 mm 12-day-
develop, but not the dorsal ray. The chromatophoreld larva (C) 16.15 mm 15-day-old larva (D) 19.86 mm
pigmentation has increased on the dorsal, anal, aA8-day-old juvenile.
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Table 1 Key to identify the larval, post-larval, and juvenile stages of@rgziasspecies that occur in Thailand.

Key to identify the larval stages @ryzias(Fig. 10

la Chromatophore pigment presenton caudal fin . ... e
1b Chromatophore pigment absent from caudal fin .......... .
2a Chromatophore pigment present on the base of the pectoral fin and preanal myomere Q. javanicus
2b Chromatophore pigment absent from base of pectoral fin and preanal myomere ....O. mekongensis
3a Chromatophore pigment present on base of the pectoral fin and preanal myomere .. ..... O..minutillus
3b Chromatophore pigment absent on base of the pectoral fin and preanal myomere ......... O..dancena

Key to identify the post-larval stages Ofyzias(Fig. 11)

la Chromatophore pigment present on caudal fin .. ... .. e
1b Chromatophore pigment absent from caudal fin .......... .

2a Heavy pigmentongutand body ...........o i 0. javanicus

2b Little pigmentongutand body ............ .. O. mekongensis
3a Heavy pigmentongutand body ............ e O. minutillus
3b Little pigmentongutand body . ... 0. dancena

Key to identify the juvenile stages @iryzias(Fig. 12

la Chromatophore pigment presenton caudal fin .. ... e
1b Chromatophore pigment absent from caudal fin ... .
2a Chromatophore pigment scattered on caudal fin and absent on dorsal fin; 23 anal fin rag javanicus
2b Chromatophore pigment shows stripes on dorsal and ventral part of caudal fin and

dorsal fin; 14 anal fin rays . ..ot O..mekongensis
3a Chromatophore pigment present on anal fin; 24 anal finrays ........................... Q.. minutillus
3b Chromatophore pigment absent on anal fin; 18 analfinrays ..............ccoiiiiin.. Q..dancena

fin is forming as a small double fin fold at the ventraland ventral parts of the body. A 19.86 mm 19-day-

part of the body in front of the anus. The pectorabld larva fig. 9D) has changed from post larva to

and anal rays are still developing. The chromatophojavenile as evidenced by the formation of scales. The

pigmentation has increased on the head and mandibdwromatophore pigmentation has increased on head,
The 11.13 mm 9-day-old larvaFig. 9A) has dorsal, and ventral part of the body. The scales have

developed its fin rays. The size of the pelvic fin iformed on the skin where the pigment is dense.

still increasing while the fin fold between gut and

anus is absent. The chromatophore pigmentation gy to identify genusOryzias

increasing on the dorsal and lateral parts of the b°d¥he larva of the genu©ryzias was identified to

When the larva reaches 12.82 mm by dayRig (9B), : : . .
: species by using the difference of morphomatics and

the pectoral and dorsal fin rays have completely de- . :

. : ; hromatophore pigment pattern in each stage (Table 1,
veloped. The anal fin rays are still developing an<'?_.i 5.10-12)
the pelvic fin has started to form. The chromatophore gs. '
pigmentation occurs on the head, mandible, midlin
and dorsal and lateral parts of the body. By da ISCUSSION
15, the larva has reached 16.15 mFkig( 9C) and The larval stage dbryziashad a well developed head,
all fins have completely developed. The number oéye, mouth, digestive tract, and caudal part. When
pectoral fins, dorsal fins, anal fins, and pectoral fing hatches, the larva passed a prelarval stage, and the
are 8, 6, 18, and 5, respectively. The chromatophogmlk was completely absorbed. At the caudal part, the

pigmentation occurs on the head, midline, and dorsélexion of the urostyle could be observed while the
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Fig. 10 Meristic characteristics and chromatophore pigmerfig. 11 Meristic characteristics and chromatophore pigment
patterns among different species of larval stage ricefisipatterns among different species of post-larval stage ricefish:
(A) 5.37 mm O. javanicus(B) 5.00 mm O. dancena (A) 9.67 mm O. javanicus(B) 9.53 mmO. dancena(C)

(C) 4.95 mmO. mekongengD) 5.28 mmO. minutillus 8.61 mmO. mekongensi®) 9.57 mmO. minutillus

supported bone formed. The chromatophore pigmen-
tation appeared on the head, midline and dorsal and
ventral of the body. The chromatophore pigmentation
was found to increase on the head, body and ray in
each stage, which was in agreement with the study
reported by lwamatsy on the normal developmental
stage of the medakaD( latipeg. The identification
was simply based on the meristic characteristics, i.e.,
number of dorsal, anal, pectoral, and pelvic rays
together with the chromatophore pigment patterns on
the head, body, and rays.

CONCLUSIONS

Studies of the developmental stages and larva identi-
fication of the genu®ryziasin Thailand were carried
out using specimens collected from breeding tanks
or rearing ponds. The larvae were classed as a
larva stage because tl@ryziaslarvae did not have

a yolk sac stage. The post-larval stage started when
the pelvic fin was formed and finished when scales
started to develop. The juvenile stage began when
the scales started to develop. The just-hatched larva
were at the larva stage which showed the development
of head, eye, mouth, digestive tract, caudal fin and
chromatophore pigmentation on their head and bodig. 12 Meristic characteristics and chromatophore pigment
The genuryziashad a short period (about 19 days)patterns among different species of juvenile stage ricefish:
for complete development from larva to juvenile.  (A) 19.67 mmO. javanicus(B) 24.35 mmO. dancena

(C) 20.40 mmO. mekongensi®) 19.86 mmO. minutillus
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