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ABSTRACT-The  embryonic  and  larval development  of a  freshwater goby, Micropercops svvinhonis

(Odontobutidae; Gobioidei), from Korea are  described. One  female spawned  seve  ral times trom mid-April  to

early  July, About 1 OO to 500  eggs  per batch were  laid on  the under  surface  of the nest  guarded by a  male,

Eggs hatched 12 days after spawnlng.  Larvae, about  3.7 mm  in total length (TL) just after hatching, passed
the exogenous  feeding larval stage,  and  reached  the juvenile stage  of about  16 mm  TL in about  one  month.

The  deve lopmental precess of M, swr'nhonis  is quite different from that of  the fluvial Oclontobutis of the same

family, which  skips  the exogenous  feeding larval stage,  butis rathersimilar  to that of amphidromous  Gobiidae.

On the other hand, the left and  right pelvic fin bud$ of M. swinhonis  appear  distant from each  other as in

Odontobutis, rather  than Gobiidae.

INTRODUCTION

   The Gobioidei is a  Iarge suborder  in the Pe rciformes  com-

prising more  than 2,OOO species  classified  variously  into three

(Hoese and  Gill, 1993), six (Pezold, 1993) or eight  families

(Nelson, 1994). They exhibit a  wide  range  of lite style from
benthic to slow  swimming  life, and  most  species  of special-

ized groups such  as  Gobiidae transform their two  pelvic fins

into a  sucker  as  compared  with  less specialized groups such

a$  Rhyacichthyidae and  Odontobutidae which  have separate

pelvics (Hoese and  Gill, 1 993).

   A  small  freshwater goby, Micropercops swinhonis

<GUnther), is distributed in China from the Sungari River to

the Zhujiang Rjver, and  also  in a  narrow  restricted area  of

western  middle  Korea (Zhu, 1995; Kim and  Kim, 1997), The

genus Anicropercops is monospecific  and  is a member  of

Odontobutidae, which  is the second  most  plesiomorphic fam-

ily next  to Rhyacichthyidae (Hoese and  Gill, 1 993). According

to the diagnosis of the newly  elected  family Odontobutidae

(Hoese and  Gill, 1993>, however,  it does not  have its own

synapomorph  but is characte  rized  by some  synplesiomorphs

'
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with  Rhyacichthyidae and  some  synapomorphs  with  Gobiidae,
Moreover,  genetic {mtDNA) data does not support  the mono-

phyly ot this family (Akihito et al., in press). Therefore, the

phylogenetic position of Micropercops is rather  ambiguous

among  Gobioidei,

   M.  swinhonis  lives a  moderately  benthic life, and  spawns

small  eggs  (Kim and  Kim, 1996) just like many  othergobioid

fishes (Okiyama, 1988). On  the other  hand, intensely benthic

Odontobutis, the type genus of the family Odontobutidae, is
known to spawn  much  larger eggs  yielding large larvae that

can  grow to juveniles without  exogenous  feeding (lwata et aL ,

1987, 1988a, 1988b). Therefore, a comparison  of their em-

bryos and  larvae would  be very  interesting for understanding

the adaptational  and!or  phylogenetjc implications of early  de-

velopment  of this family.

   Kim and  Kim (1996) briefly reported  the spawning  habits

and  egg  development of M. swinhonis.  We  describe the larval

as  wel1  as  embryonic  development of this species  more  care-

fully, and  discuss the differences and  similarities of the deve l-

opmental  characteristics  of Micropeft ops  and  Odontobutis,

MATERIALS  AND  METHODS

   The parental fjsh were  caught  in the Mankyung  River, Ha-ri,

Samre-up, Wanju-gun, Chollabuk-do, Korea,  in March, 1997. 0ne
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Fig. 1. A> Micropercops swinhonis, male  (upper), 37.0 mm  in standard  length (SL), and  female (lower), 34.0 mm  SL, BLIH (Biological Labora-
tory, lmperial Household) 1997049; B) lateral display of a male  (lett) against a female (right) at the entrance  of the nest.

male,  about  40  mm  in standard  length (SL), and  two temales, about
35 mm  SL were  accommodated  in each  ot six aquaria  (60x30x30
cm)  with  a  broken piece of  a  flowerpot as a  spawning  nest  (Fig. 1},
The  fish were  fed tubifex and  water  fleas.

   One female spawned  several times from mid-April to early July,
Eggs  were  attached  to the  under  surface  of the nest  ln a one  layer

patch and  guarded by the male.  One batch amounted  to about  1OO to
500  eggs.

   The egg  patch was  taken away  from the guarding malejust  after

spawning  {April 17) and  incubated in another  aquarium  <30× 15× 15
cm)  after disinfectien with  a 1O ppm malachite  green solution  for 1O
minutes.  The incubating water  was  gently circulated in order  to sway

the eggs  with  a slow  water  flow, Some  eggs  were  picked up  and

obse  rved everyday,  Some  embryos  were  removed  from the egg  cap-

sules  and  ebserved,

   The  egg  patch spawned  on  ApriM8  by another  pair in another
aquarium  was  sepa  rated from the guarding malejust  before hatching

(hatched on  May  1), The hatched larvae were  reared  for 49 days in
an  aerated  aquarium  (30x15x15 cm)  and  fed with  T)opoqyclops

prasinus and  Daphnia puiex of  various  sizes  depending on  the growth
of  the larvae. Because of  the small  number  of  individuals in a  single

batch, another  series  of  larvae from eggs  spawned  on April 23 was
also  reared  and  observed  anci  the data supplemented  the observa-

tion of the former series. Water temperature  fluctuated between 18 
-

230C  throughout  the  observations.  The larvae from the  latter batch

wasrearedunderalittlewarmerconditionsandthereforegrewalittle

faster than the larvae from the former batch. An asterisk js added  in
front oi the days after hatching forthe larvae of the latter batch in the
description.

   The live eggs  and  larvae were  placed in a shale, sketched  utiliz-

ingadissectingstereomicroscopewjthadrawingtube,andmeasured

<total length, TL) with an ocular micrometer  attached  to the micro-
scope,  The  larvae were  anesthetized  by dropping a 1O%  p-amino-
benzoate solution  of  ethyl  alcohol  into the shale.  The development ot
fin rays  and  scales  was  observed  in fixed specimens  (5% formalin}
slightly  dyed with  a  suminol  cyanine  solution  (C2gH3sN2).

RESULTS

Embryonic  deve{opment

    lmmediately after spawning  (Fig. 2A): The egg  capsule

was  oval, 1,06 -1 22  mm  (20 eggs,  mean  1.15 mm)  in the
long axis  and  O.81-O,90  mm  (mean O.85 mm)  in the short

axis. The  perivitelline space  was  comparatively  narrow.  Many
small  oil globules gathered in a  mass.

    One  day after spawning  (Fig. 2B): Late morula  stage.

    One  day  after spawning  {Fig. 2C): Gastrula stage,  blas-
toderm covering  about  50%  of the yolk.
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gated, and  dorsal and  anal  finfolds started  to develop. Em-
bryo was  2.08 mm  TL,

   Five days after spawning  {Figs. 2H, 3B)/ Eyes began to

acquire  black pigmentation. Pectoral fin buds and  Cuvierian
duct appeared.  Dorsal, anal  and  preanus finfolds became
higher. Myomeres  completed  30. Embryo was  2.53 mm  TL.

   Six days after spawning  (Figs. 21, 3C): Eyes began to
acquire  silvery pigmentation. Blood vessels  were  branched
around  the yo1k, The head was  clearly detached from the chest,
Embryo was  2,94 mm  TL  and  turned freely in the egg  cap-

sule.

   Seven days after spawning  (Fig. 3D): Eyes were  silver.

Hatching glands appeared  on  the front head. Air bladder bud
appearedwithvisiblemelanophores.Xanthophoresappeared

on  the dorsal head, Embryo  was  3.08 mm  TL.

   Eight days after spawning  {Figs. 2J, 3E): Pectoral fin buds
began to shift torward. Blood vessels  reached  to the last myo-
mere.  Embryo was  3.23 mm  TL.

   Nine days after spawning  (Fig. 3F): The branchial arche$

and  lowerjaw were  differentiated. Pectoral fin tolds appeared.
Melanophores appeared  on  the upper  and  lower part of the

gut and  on  the lower part of the tail. Yellowish green ljquid
was  visible  in the end  of  gut. Embryo  was  3.33 mm  TL.

   Ten days after spawning  (Fig. 3G)i Nasal pores were  dif-
ferentiated. Lowerjaw reached  to underthe  front end  of the
eye  and  was  slightly movable,  Melanophores appeared  on

the tront end  of the yolk, Embryo  was  3.42 mm  TL,

   Eleven days after spawning  (Figs. 2K, 3H): PectoraHins

were  movable.  Melanophores appeared  on  the dorsal fin fold
base, the dorsal part behind the otic vesicles,  and  the lower
and  lateral parts of the yolk. Embryo  was  3.48 mm  TL, wound

two times in the egg  capsule,  All embryos  were  normally

breechbirth,

A,1/it
 {?

-･[･x

E･}
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Fig. 2. Egg development ot Micropercops swinhonis.  A) immedi-
ately  after  spawning;  B} 1 day (late molura);  C) 1 day <gastrula); D) 2
days (neurula); E) 3 days; F) 4 days; G)4days;  H) 5 days; 1) 6 days;
J) 8 days; K) 11 days,

   Two  days  after spawning  (Fig. 2D): Neurula  stage,  blas-

topore closed  and  embryonic  body formed,

   Three days after spawning  (Fig, 2E): Head, a pair of op-

tic vesjcle  and  Kupffer's vesicle  were  differentiated, Myomeres
counted  14,

   Four days after spawning  {Fig, 2F): A  pair of otic vesjcle

and  eye  lenses were  formed. Heart beat.

   Four days after spawning  (Figs. 2G, 3A): Tail was  elon-

Larval development

   lmmediately after hatching, twelve days after spawning

(Fig. 4A): Front tip of the lower jaw extended  to the same
Ievel as  the front head. Yolk was  slightly smallerthan  the head,
and  an  oil globule as  large as  the otic vesicle  and  small  ones

the same  $ize as the nasal  pores were  visible  in it. Blood ves-

sels  reached  to nearthe  tail tip, The dorsal fjn fold was  Iower
than the anal  fin fold. The ga$ bladder had no  air. Xanthophores
were  scattered  over  the entire  dorsal part. 3.75 mm  TL

   One  day  after hatching (Fig, 4B): Gas  bladder was  in-

flated, oval and  about  the same  size  as the eye,  Larvae were
suspended  in the water  and  sometimes  dashed for a  short

distance. The gut wriggled  and  yellowish green liquid was
excreted  from the anus.  Only a small  number  of oil globules
as  large as  the pupil existed  in the yolk, 3.80 mm  TL.

   Two  days atter hatching (Fig. 4C>: The  lower iaw was

projected and  exogenous  feeding began. The yolk was  re-

duced to the same  size  as  the eye.  The future caudal  skel-

eton  area  swelled  slightly. The middle  part ot the dorsal and

anal  fjn folds began to drop lower. 4.05 mm  TL,

   Sjx days after hatching (Fig. 4D): The yolk was  the same
size  as  the pupil. Caudal fin support  apparently  began to form.
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Fig, 3, Embryos  in the  eggs  of Micropercops swinhonis,  A) 4 days

after spawning  (2.08 mm  TL); B} 5 days {2.53 mm  TL); C) 6 days

(2.94 mm  TL); D) 7 days (3.08 mm  TL): E) 8 days (3.23 mm  TL}; F} 9
days  {3.33 mm  TL); G) 1O days (3.42 mm  TL); H) 11 days (3.48 mm

TL).

Rudimentary anal  fin support  appeared,  Gill lamellae were

clearly observed.  The lower part of the gas bladder inflated to

swell  downward, The middle  part of the dorsal and  anal  fin

foldsweredegenerating,Melanophoresonthebackincreased

in number,  and  were  also visible  in the otic vesicles.  4,97 mm

TL.

   Nine days after  hatching (Fig, 4E): Five caudal  rays were

differentiated. Rudimentary second  dorsal fin support  ap-

peared, Oil globules in the yolk became smaller  than nasal

pore size. 5.33 mm  TL.

   Twelve days after hatching (Fig, 4F): Branchiostegals

we  re formed. The spleen  was  differentiated. The fi rst to eighth
neural  spines  were  recognized.  Eight caudal  rays  and  5 anal

ray$  were  counted. Oil globules had  disappeared. 5.62 mm

TL,

   Sixteen days after hatching (Fig. 4G): The notochord  end

started  to flex upward.  Rudimentary  first dorsal fin support

and  pelvic fin buds appeared.  All neural  and  haemal spines

were  observed.  All fin folds were  greatly reduced.  Ten  sec-

ond  dorsal rays, 8anal rays, and  1Ocaudal rays  were  counted.

Erythrophores appeared  near  the caudal  rays  in addition  to

melanophores.  Xanthophores appeared  on  the dorsal part of

the notochord  end.  6.90 mm  TL,

   Twenty days after hatching (Fig. 4H): Seven first dorsal

spines were  counted.  First spines  of the second  dorsal and

anal fins were  formed, and  soft rays  of both fins reached  to

the ends  of the fin folds. Pelvic rays  began  to develop. All fin

folds disappeared except  those between the first and  second

dorsal fins. Intestine folding began, Melanophores appeared

on  both jaws, 7.83 mm  TL.

   
'Twenty-one

 days after hatching (Fig. 41): Notochord  flex-

ion was  complete.  Caudal fin rays  began to segment.

Myomeres  were  W-shaped.  Melanophores appeared  on  the

second  dor$al rays,  anal  rays, and  the upper  and  lower parts
of the vertebrae.  Xanthophores  also  appeared  on  the upper

part ot the vertebrae.  9,30 mm  TL

   
'Twenty-four

 days after hatching (Fig. 4J): Five pectoral
rays  were  counted. The second  dorsal and  anal  rays  began

to segment.  The second  dorsal, anal,  caudal  and  pelvic fins

became  longer, The  gas bladder again  was  oval.  Erythro-

phores gathered on  the caudal  fin base. 10.64 mm  TL

   
+Twenty-four

 days after hatching (Fig, 4K): Nasal pores
became  long ellipses. The tirst dorsal spines began to elon-

gate, Fifteen pectoral rays  were  counted.  The  peritoneum
began to be tinted silve ry, Swimming  behavior was  similar to

that of the adult, 1 1 .47 mm  TL,

   Twenty-eight days  after hatching (Fig. 4L): Cycloid scales

appeared  on  the caudal  peduncle. Melanophores  appeared

on  the fir$t dorsal and  pectoral fins. Melanophores were  obvi-

eus  on  the dorsal part of the head, upper  part of the opercule,

snout,  below  the eye,  and  above  the pectoral fin base. 1 1 ,83

mm  TL.

   
'Twenty-nine

 days after hatching (Fig. 4M): The nasal

pores became  dumbbell-shaped. Branching of the caudal  rays

began. Pelvic fins were  greatly elongated,  Scales extended

to below the first dorsal fin. Six spot$ appeared  on  the back,

and  xanthophores  were  obvious  on  the spots.  14,41 mm  TL,

   Thirty-six days after hatching <Fig. 4N): The nasal  pores
were  separated  into anterjor  and  posterior nostrils, The uro-

genital papilla was  developed, Eight caudal  rays  were
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Fig. 4. Larval deveiopment of  Micropercopssvvinhonis, A)]ust after  hatching (12days after  spawning)  (3.75 mm  TL); B) 1 day (3,80 mm  TL); C)
2 days (4.05 mm  TL); D) 6 days {4 97 mm  TL), E} 9 days (5.33 mm  TL); F) 12 days (5.62 mm  TL); G) 16 days (6.90 mm  TL), H) 20 days (7.83 mm

TL); 1) '21

 days (9,30 mm  TL); J) '24

 days (1O,64 mm  TL), K) '24

 days (11.47 mm  TL), L) 28 days <1 1,83 mm  TL}; M) 
'29

 days (14.41 mm  TL),
N> 36 days (16 28 mm  TL), O) 49 days (22.00 mm  TL).

branched, Pelvic rays  began to segment,  The pectoral fin

became  larger, Most scales  became  ctenoid.  Melanophores
appeared  on  the upper  part of the pectoral fin base. Eight
spots  appeared  on  the lateral body. 16,28 mm  TL.

   Forty-nine days after hatching {Fig. 40)i Four second
dorsal rays,  4 anal  rays,  9 caudal  rays,  and  3 pectoral rays
were  branched, The last ray ot the second  dorsal fin sepa-
rated  into two, but that of the anal  fin did not. Pectoral rays
reached  below the first soft ray of the second  dorsal fin. The
upper  part of the opercle,  throat and  under  part of the belly
were  covered  with  cycloid  scales; ail other scaled  regions  were

covered  with  ctenoid  scales.  The $potted  pattern was  same

as  the adult  pattern. 22.00 mm  TL

DISCUSSION

   The developmental process of Micropercops swr'nhonis
is quite different from that of Odontobutis, a  member  of the

same  family, that lays very  large eggs,  yielding very  large lar-
vae  (lwata et aL, 1987, 1988a, 1 988b). In O, interrupta (lwata
et aL  , 1 987), for example,  notochord  flexion occurs  and  pelvic
fin bud$ appear  before eye  formation and  jaw completion  (no-
tochord flexion began after eye  formation and  jaw comple-
tion, and  pelvic fin buds  appeared  even  later in M. swinhonis),

intestine folding occurs  before dorsal and  anal  fin formation

(intestine was  folded after completion  of the dorsal and  anal

fin ray counts  in M. swinhonis),  first dorsal spines  appear  at
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the same  time as  the second  dorsal and  anal  rays  (the first
dorsal spines  developed atter the completion  of the dorsal
and  anal  fin ray counts  in M. swinhonis),  and  lawae  grow to

juveniles without  exogenous  feeding (larvae began  feeding

before fin ray  formation in M. svw'nhonis),

   M, swinhonis  neither  lays large eggs  nor  lacks the exog-
enous  feeding larval stage,  and  therefore its developmental

process is similar  to those of many  amphidromous  gobies of
another  family, Gobiidae, having planktonic sea  going Iarval
stages  <see Moser etal, , 1 984; Okiyama, 1988). Although M.
swinhonis  has a  planktonic exogenous  feeding lawal stage,  it
never  goes to sea. It usually  iives in inlets or siow flowing

ponds in rivers (Kim and  Kim, 1 996, 1 997), and  its larvae must
also  dwell there, Therefore, it can  reside  in rivers without  go-
ing to the sea.

   On the other  hand, the devefiopmental characteristics

unique  to Odontobutis must  be  caused  by  the heterochronic

developmentalshiftsoforgansinvolvedintheenlargementof
egg  size  that enable  Odontobutis juveniles to skip  the exog-

enous  feeding larval stage  and  live a  fluvial life (lwata et aL,

1987, 1988a, 1988b).

   However, two developmental characteristics,  one  minor

and  the other  major,  make  M. swinhonis  distinct from gobiid
fishes. The  minor  one  is that the middle  part of the dorsal and

anal  fin folds drops lower before caudal  fin ray  differentiation

(later than that in gobiid fishes) (see Okiyama, 1 988).
   The major  difference is that the left and  right peMc  fin
buds appear  distantly from each  other  (Fig. 5C). Notably, this

characte  ristic is shared  by Odontobutis (shown in Fig. 5B cited

from lwata et aL , 1 987) in which  the two fin buds appear  much

more  distantly (lwata et aL, l 987, 1988a, 1 988b). On  the other

hand, the two fin buds are close in gobiid fishes (see Okiyama,
1988; an example  is shown  in Fig, 5A  cited from Sakaj and
Yasuda, 1 978). Gobiids with  separated  pelvics such  as  ETeotrZs

orycephala  (Eleotrinae of Gobiidae by Hoese and  Gill, 1993)

(Dotu and  Fujita, 1 959) and  Oxyeteotris marrnoratus  (Butinae
of Gob"dae  by Hoese  and  Gill, 1993) (Senoo et aL, 1994)

also  seem  to develop their pelvic buds close,  although  only

lateral view$  of Iarvae are  presented in the report$.

   It is possible that the distantly separate  appearance  of

peivicbudsaccompaniesthedevelopmentaladaptationtoflu-
vial  life. That is, the larvae of fluvial gobies have much  larger

yolks than those of their amphidromous  relatives, and  this
enables  them to grow without  going to sea;  the two pelvic
buds may  appear  distantiy interrupted by the large yolk $uck,
However, M. swinhonis  does not  have such  a  large yolK but

thepelvicbudsstillappeardistantly.Furthermore,eventhough
their larvae have large yolk sacks,  the two pelvic buds of flu-
vial Rhinogobius spp,  from Okinawa lsland develop close  to-

gether (Hirashima and  Tachihara, 2000).

   This developmental  characteristic, distant pelvic fin buds,

seems  very  rare  even  among  perciform fishes, although  pel-
vic fin development has been scarcely  observed  from under
side.  For example,  the larvae ot blennioids, another  suborder

of Perciformes which  1ives benthic life and  has separate  pelvics
like odontobutids,  seem  to develop  their two pelvic buds  close
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Fig, 5, First appearance  of pelvic fin buds {arrows) in three gobies.
A) Rhinogobius sp. CB  (cited from Sakai and  Yasuda, 1978); B)
Odontobutis interrtLpta (cited from 1wata etaL,  1 987); C) Micrcrpercops
swinhonis,  the present study, 16 days after hatching.

to each  other, as  far as  observed  from lateral view  {see Moser
et aL, 1984; Okiyama, 1988). So, it may  be uniquely  synapo-

morphic  to Odontobutidae.

   However, neither  the genetic (Akihito et aL, in press) nor
the morphological  data (Hoese and  Gill, 1993) support  the

monophyly  of Odontobutidae.  Therefore, there also  remain

large possibilities that the characteristic  is a synplesiomorph
or a result of convergence.  The question, synapomorphy,
synplesiomorphy  or convergence,  will be conciuded  after

investigating the larval development  and  the genetic relation-
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ship  of the last monospecific  genus of Odontobutidae,
Perccottus glehni from China and  Russia. Further develop-
mental  and  genetic comparisons  with  ether  gobioids espe-
cially Rhyacjchthyidae will also  help in understanding  the

phylogenetic implications of developmental characteri$tics,
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