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7RI A 2l o) BT frfael BE 2
el R ERAE

SEARMREE - HIRBE®
BB HMTRIERT 2 LOKERTRERT
AL TR AABEAE EhER:

&t S3E ATIUE ANILE Al A BRESD TSR B BAE EFESI 5 1989F 4H 1189
ATSRES A7) 9iset, (Ffe] 3 2 Fhe] R EFRE BESG HRc o) 2o,

EPIRe| WAk BipiiZel 2d nEsle 1 RES Fasdd 3~4MEe] &l Ao 2
JLahel] BARTe] 24

OPRE-2 kot AleliRe) ¥EME R Hod QlolAl Eelx 4ERRolw 5 kiEtte] 2l

2K 89.40 mme #EHAEZSE WE Sl 2 TR Z71E 2,09£0.04X1, 2610, 02mm
2 3ol ¥y 304kro] ot

79 BERES s Tzl aEich, 80 7R RE ESRET & 2889 R Rl #
mAsEke st sl ol ST R 5 FEAETRE EEE dvt ol d MEL W, T
2|, Pseudoperilampus typus, Acheilognathus longipinnis%ste] HAERVEQ o 2 HE o5 f&x)
STARRRRC] lchn HEEs et

® 9lo) 4 M Al E B 3 EE =T AREEARQY A SdHle]e Felld zedE
o AHA EIFS vt whebd] A 2 Sdxle|o] EREREdo] SheEAInAle] EREIE NS B
o] girhe BEHE BEEMAC WS Fgslodl o ERslcby Azt

g o fep Szl el v iSRRG ERMoE RN Tk 2R oy Hfe B Z2E
el 2yl fEReH K e AT B PHEES A

&

#

7A1dR2] Acanthorhodeus gracilis= Regan(1908)°l &dt #@HlolA AFI #Ehxo = r#Est
BEE FAQ AR fafgol

2 Sell Mori(1935)ol ]3] &@48ol leiAlel 447t ##&=I 2t Uchida(1939) 9] #iiEol A
Y BES B 7 elslev Jeon(1982)o o8] M A7 Higslol A

Bl Acanthorhodeusfg o 2= K o ffoll 28] Acan. asmussi(Dybowsky)e]l 2 f&o]
S7Elo] 9] (Mori, 1935 Uchida, 1939 Jeon, 1982) &w=l2|9] fEpassd s} (Mo £
ol freeshy ghikgeiedpel kol Bisl 4= Uchida(1939), Suzuki and Jeon(1990)%2l #iE71 2l
o) AR fEo| EE o] B ik obedA =] ek,

A el e A REe] IREEdAa (Ffel B W Pl R ETRERE BmEggsiole s Syix|e]etel
S T8t 7o B sk vl t,
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MEE R A&

ol A #A T 19884 10H 7H| 24t &2E MLl riLEe] Aol sk e
o] mrofl4] ok IS (7l £ 89.4mm; 47 2 123,5mm) FAIsted 19894 4H 11He]
ATZ45% 178kl

AT o i) 7o) fE RS 22+1Ce KiEiEH T4 Suzuki and Hibiya(1984b)s o
ghrt,

PR} {Ffe] BEBMAY BERENGETA BEsigon] HEEMeIc 5 i 4R ooE
Micro-meter®. ZES FHlsiglor] {FHo] Fgz bFofte] #igol« EEEE4Eel &£ Ebgwich
Suzuki and Hibiya(1985a)e] Hiko & #{E3t =4S JEOL JSMT-20S%Y #&E 7RSS FH
O}M

R wl g

1. B8 % BEAEEd

7RA R Bl o] FEOPE-S YRiEREol= EERE KRGS He A
+ Hd o BIVE Bitc RN Kkake] ok o
BE fERsiol (3 AEIMEHCl 28.7mm) NTHISE 58
BB T 304kI0] 91

SERRIREINS kB ol IREBES o e dois} visedt Il it (Fig. 1A),

gRel & 32 Foll bkl JarTe] o= gRfie] el 3~4ES) ko2 BhEs ZRHE
7} FfES KT ol ol RERAyeF moix] SEFTS @elA ZHEel fTsielAel. BRel 2=
(50fE i) Hi%e]l 2.05~2,13mm(x+SD=2,09+0,04), F{%o] 1,24~1, 30mm(x+SD=1,
2610, 02) et

gREe Akl WrE R ol ololAl Bal 4EHEQlH] KA EhAR] ol SRERIS & e
215 BshAl = ket

A fEo] IpEEES 15 FxB‘*E £ 5 dglerll @RS Fig, 1o, 22£1C] KREE T 9 01 Al
& BEEMEC] o] 27 hx] o] iLiEREi-E Table 1o && &shalnt.

FER IS RokElel &b, Bl eiRol EERREC] WEEEIth SAEtR A9 305rRH-S BRFTERl 2lofAd
BiE Fo] FRAE I JREo] olof glont wifile] o fEEshd JIFIERe RS HolAla IFEE W
ol 2-2A ek, Ppe BEPRe] IRe| FE S BRSOl BRI FIEshaL Tk £ 1
rEfl o 2 FRZEERsre) Sie 2R JBirshA] INE bElel KMol Wtdirh(Fig. 1B), = kel Jp
e R AMHRIA ke s B & ol sk 2o 7 304 M= SREIS slEolsh] & 48
FEJ 304 ol %%@(Fig. 1 H), % 6 65 #%oll & MaiREA (Fig, 1 Defl o123}, 2 1% ifske] /4

e TANAA HRIRS Rdvh, HRIRS fEEe Ml HRES #ikslel IRel —ibe BRA
% Alztato] [RREE ?F/ESEOP—T’— # 18 B5R kol = RO~} BASHERICl o) 24 Hcoh, (Fig.1 ). # 28
B fgoll = ARRES] dekfiiol @ikl SV SbalA Bkl B 51 (Fig. 1 K), # 29 B

S} ghot, fsgdel et K =
Z-& gk 7THellA] 1589 Higez &P
nIE e & Adzied] 1Ael 48 %
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Fig. 1. Egg development of Acanthorhodeus gracilis at 22+1°C in water temperaure. Time required
for each embryonic stage is shown in Table 1.

il fholl i IEgRe) ool ool sfLsict, ol Weffoll= NERSe] Mufol wie} HEMRS Aol & 4
AR By, hiy ARl e el BOREES iHkEch = wbhREe) Be fol A o] merA
oo =i IRl BEELL RS ekt S S chebuldl A ol 4= oleidl Bluke
& 4 8lsich(Fig.1 L),

G K9 30 EERdel™ RRRMARel ETElo] RSl R Lol Mulgeres)l HBIRCHFig. 1
M), 2 fgoll BEE RRES] S £ & oA =ixa) 4 32 M fkoll = IRARS} Hme) Fits} sl
st (Fig, 1 N) #5 38 B¥f fgoll & HEboh A =hsled
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s gapEe] Rl Fel 2 Table 1. Time required for embryonic stages of Acani-

24 fRBse] SEEREE] u)A T Uhe horhodeus gracilis at 22+1°C in water temperature
So)| #4438 Uolu}(Fig.1 O) = Stage Time after insemination Remarks
= AL SR 2R E WA e (b - min)
. A — Unfertilized egg
Ll # £RHS ol o)
el 4 10 RS B B 1:00 Blastodisc
C 2:00 Two-celled egg
2 {Ffac] BE D 2:30 Four-celled egg
) E 3:00 Eight-celled egg
Bkl 1rAe  EEREES F 3:30 Sixteen-celled egg
. G 400 Thirty-two-celled egg
s 2xEEE o FRILHE
Flg. 201], = ?Qﬁ:ﬂ&“] ?*‘ulsﬁ/,u q 4730 Early morula
ol whE HHEME HEsiA I 6:00 Blastula
224+1°Ce  KEMEAET oiade J 18 1 00 Blastopore nearly closed
ESRIEESE S Table 20 Fo7sel K 28 100 Neurula
o} L 29100 Somites formation
o 5 M 30100 Embryo formed entirely
FHLE®S] (Fie 2kl 3.31 N 3200 The last embryonic stage
mm (Fig, 2 A)elv} F#igs 27~ 0O 38100 Hatching begins
29fEo| o}, IREE: SRELEYHS P - Castoff chorion

mohekA sk JESRE W R

BER A o oY PIEE SN Y 4 Sl rEse glov RERE IEE sleeco BT
ZehalA] ofel g ki olont (A Ml ein|s kigiFolr, PIERES oo ST o 5w
& BEESHA wEAA REMIE S Sl ZolA] 283l BES ol2 g T}, E-L FiHsled Fifo @
Zo} 223 olo] gich, MRSt HHS] AL SR SE T sl el ol ol UM, M
, BRIEF] #ET 23 £ 4 oloh BHbEske (Tt 23 Aol 2o} W pkpg gl

2 Az SpEERe] SlEel Sl MBS Lo nH B9 STROE REALL e o

1

)

W S A or

{

(o]

Bibix 28 A= 2Eo] 4,37mm(Fig. 2 B)oln] HE5gs 25~ 24+ 6~7=232~30Eo| c}.
Bifw =d HFo 2 (Miksta (ff Bx-eivls FmEch IiEgEe oz RE 1/439 3/45 =
ool BEEMiEel 7 2o MERZ o] o]t Loz alA FhE HAEE 28 BEA A
e,

BHLix S5HAS {Fas £RKe] 5 07mm(Fig,.2C) o™ Fhfig= 23~22+10~11=234~32fH°]
ot BT 2T EENA SEEEE ool ulE Sle] frEstAl slv] B of SiZoz {dEEsha
fra A =) e W 2A4 dHAch, (7 R =2iv] ol NPT g e FRAWO L [
A mEERS & & UA =9 e dow Rl Fxele SEke] BEARE EHS s
Fo] g,

btk 8E M 17+ 2Eo] 5. 77mm (Fig, 2D)o)c}, SEEE #zalA j5e) Fgkeol Brvtn 5

<= RIEFE R cH ABES] B =0l BT T OF Eo Zehdch [Bieols BaEAHERIT S5l
Al RBEL A ot [Riee] viE ol Zol &= Ldgo] HERMA fHERlE AL B 4 A slv @
HpEERC] FElA L CuvierFE o] sHbEch, FHRAMRE SIBo g THe|x7] Alztela (Ffat o
22 AT ALMMEA-E i 2 58 SEReR TEA
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Fig. 2. Larvae of Acanthorhodeus gracilis. A, immediately after hatching, 3.31 mm in TL. B, 2 days
after hatching, 4.37 mm TL. C, 5 days after hactching, 5.07 mm in TL. D, 8 days after hatching,
5.77 mm in TL. E, 10 days after hatching, 6.50 mm in TL. F, 13 days after hatching, 6.69 mm
in TL. G, 15 days after hatching, 7.66 mm in TL. H. 17 days after hatching, 7.76 mm in TL. I,
21 days after hatching, 7.81 mm in TL. J., 27 days after hatching, 8.94 mm in TL. K. 41 days
after hatching, 13.02 mm in TL.
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Table 2. Comparison of time required to reach each larval stage in Acanthorhodeus,
Pseudoperilampus and 2 species of Acheilognathus at 22+1°C in water temperature

Larval stage**

Species A B C D 5 F G Reference
Acan. gracilis 1* 2—7 89 10—14 15-16 17—20 21-—23 1)
Acan, asmussi 1 2—17 8—12 13—14 15—16 17—19  20—22 4)

P, typus 1 10—12 15—30 90—110 114—116 117—120 121—130 2)
A. rhombeus 1 4—6 25—30 150—162 164—166 167—169 170—186 2)
A, yamatsutae 1 2—-3 4-12 13—17 18—20 21—23 24—26 3)

* Numerals indicate days after hatching. * % Stage A. newly hatched larvae. Stage B, the
primordial fin-fold well-developed. Stage C, the notochord starts to flex. Stage D, melanophores
appear on the body. Stage E, the caudal fin-rays are completed in number. Stage F, the gas bladder
becomes larger without dividing into two lobes. Stage G, the free-swimming stage. References 1)-4)
are as following, 1) present paper 2) Suzuki, unpublished data 3) Suzuki and Jeon, 1987 4) Suzuki
and Jeon, 1990a, respectively.

mHMEte 1089 (¥ 2Eol 6, 50mm (Fig, 2E)o]nd  #EigE 19~ 18+ 15~ 16= 34~ 33{@o)
o}, Halle] FF BBl Felo] v SIF Kol = Okl Mokgol At e ok, HEEES] A
7b Yl sirtelol]l =] MRS RS ko2 ®olA =w ol lens7h s i BEFLS Bl
b, FHARES QFo L PR 1 oleFol = RBEEEEIRS FET b Al2ela e B
g7l 2 ] (T R vl 2F FEiE] 7] Al bekol, BARER B el x| =ein] Solle
MM o=l &ile FE7F HBsct, BAafFirt BEERIESRR o IFEE it
g fEel HIF T, o] B (e ok T AR STk EEe ==o] deh

Wit 13842 {fE 2Eo] 6,69 mm(Fig, 2F)eltl, HRHgel= guaninffurt sr{balA &Ryt
o= iRt o g dbmkelch TEEo| EEH [l #Efle] oftElvtl AR HE olriele &
b5 & 4 gich, RBEssEE s Ao FHel ol2x BEES] x| -ein|o] SIgL 5= 7] Alxtge},
BEeFEE N2 Bk, B, Fm, faEm Y B TR EPRL Fols mBikc iEE b
o= F& mEY HHE £ 4 dor (FA A =2in] ko EMMERET FhHEd o},

Bz 15H4 ] {Fa= 2Rl 7.76mm(Fig, 2G)elt}, Bk mEs A12sln gl B8
Bol wEEFEE7L oeAch, - o2 BERASHAl slv 8 ool olriv]e] skt BolA Hef, |
BHEOFRE EFEMEANA 2o0d amEe] el A2 g, SRlERgE ¥ O %
ol = HiZRSIA ut REEHEEL Aol ol BafRine Afles o ¥o|i 1 ¥l e
Aol & 4 girh, Fdl obx] Fol shjo|x]ut REHEME Al BEESA iEHC, o wiol
FaE duz 29 S 3tor #9lS AA sAul vlE Fog oA SFke EEHE Fol
ghet,

BEig 198442 Fh+ 2&e] 7.79mm (Fig, 2H)elt},  THH IS Ao FopAlc), g}
BiEo] BB B} EimstAat okl Egol olzAl erh BAAFE 2 fob Einsked A&
B, ks, i) % kL W SmEF So R s walch w3 HEYEY #EHde 26
Rl HodA FHafdEEsL BEd HFele F BoE Helx|r] &Eriel #kEgelch, Mg F
rokog A #HAX D HEeaye R ot ol wlfol 1FAv BIEEEMC Hald A sdsat &
o] TS MRl dg A ohAal el do g A STk E8e )
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ZhAltxl el el SREEE A (FAe BHE W (FARS RELRE

Wibat 21842 £ 2Ee| 7, 81lmm (Fig, 2D olc}h, o] B BRolde “HAZYH ‘i’a‘i‘.ﬁj
A EEEA FEkshe el FEHoh Fells £2s 7 o8 A fiEE TEIL #F
ﬁ’f‘zlﬁlﬁ”g— o]}, o] wlFol {fft FIEEERMAA & & 2ddd A Ay doz 94 &5 S

Frow HEV|e| =23 EES %8 B 4 A slo) B9 PrE sERrebed EEsA dlgdx] Eof
CfM Al Hck, iegel BEEe) & BEET iESIRO o} el o] 2] kvt UIES BERE Aol
EF ol oS #olal o] EASl {Fft ElAERIE FToinl wb A EEEHdCh (AR e
gl A9 dol ok, IREe] MRikel wheb Fol MEEfel e AR Ao R te] ofo g jas)
A BETE hREEERI o] Alolell A -2in] 7} HEAGT, BEfAFRE AZ ungihl HEste Rl
TERT O e KRR Ert,

ke 27HA S {FE 2Eo] 8.94mm (Fig, 2])elcl, e} Bigol &5 7o TEheol °1&
o}, ’”‘ﬁﬂ' Buge] B Lol BEeRine Axoinl SRS oebd FiroE £484 3~4519

mpmes o dich, HOGEHERTL 5 2l okl sl EkEdlE guaninfwrh sbdet, Hakgol

= e FHECL okl BEike] BREEF L] MBS B 4 Uk

BHLi% 41842 (T 2Ee] 13.02mm (Fig, 2K)olt}h, RBIR SHE/RHA = gaigsre] e =y
= bkela sl o7l Ak ol RS A9l guaninfig® Hloh, igEEe} BEES SgRE
Bamse Bl Felv) Seilv] kg ool =Ml BEpe] HE sl o] B Fl 4
It 2 58] 7 kgl AAA ok BaoRine £EH o3 Rer 1 A2 A BE
o}, A fFEo| o] FEEMEM P Uchida(1939)7F Zw=lzlel Hef ol #iEtA 22
guaninfgell 2|3t BEIZ Fe] 4ol il EdR|elel s o] i Bre] AL WP R [E
e o] Aol do] glrte ol d & 9 Hefol AIBkel o} (Suzki and Jeon, 1990), 0%7]
off tisle] F fEe] &-Zol BlEo] FkE fEEElAM = SRl B M BEo] ks =
o) Glolx) 1 #EE ¥Shol Bl ErAR boll= Rkl SHMES] BERELC] FElElRIx] gk 7hAIR] EM]
A= SR R BERCS REEEIIR B el Ja el BEEES HBER] o BESIAME
I fEo] irekol MEEo] EEiEErS] R vislM T2 @Bkl el

3. fFfel &gz ook

HeHz RS B4 Suzuki and Hibiya(1985a)
off ufeb 17 FEE UloE oA s
Ak (Fig, 3). BN Ehfz(a) . PRECEET} ARfde] 719
BT EMIEA PREIEe] Ak mumEl ok irfdel B
TRELE Redbal BML, EML(b) | IRETE o igugiEret
FRemol AP, /7 () ; IRfLe] BRI < B Fig. 3. Diagram showing division of the skin

B (T A e eln] B (d)  IREERe] el surface of larvae to facilitate description
of the distribution of minute tubercles in

& Hfrelch, larval Acanthorhodeus gracilis. For de—
Zii el {Ffole 289 K Lol #sikEks tails on parts a tod, see text.
ok, o] i EEY EEERIC 2 X3 A U (Fig. 4A~F) 749 #F iy

= ?éé«l fﬁ% sAE7F g ot BHLERS A ZHAE %o] 5~10 mm B Bl
shtRzetesl 2o S (BEAD RRA B2 EEystel e (Fig, 4A D,E) [l A5EE)
3l M (irregular transverse striations) o] #2Z2=1%ich(Fig, 4B, D] 3H43), $8bik 284l
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FholAE BERTBE7L BhEso] J8iEe] Folw 20~40um BE7} =l (Fig, 4B). i} Bk
SEAIQ] fFfaclAw BEIRES] Bt Hbstel BEAIREY 2okt #o| T4 5o 2ok (Fig. 4
C,D). zela (77t =9 TS MEfrsh sl x7] A 2tske #bi 1584 =2olv SiRzEiee)
7|9k g wWbstel 2 Ml BEShE Bl ohE WX HE REURZERE 719 ksl

o} SEED WEAS S ol Maolint £T ol 9l wolch,

g

Fig. 4. Minute scale-like tubercles on the skin surface of larvae of Acanthorhodeus gracilis. A. Scale
-like tubercles on part (a), immediately after hatching. B, Scale-like tubercles and waved
irregular transverse striations (arrows) on parts (a) and (d), 2 days after hatching. C, Scale-like
tubercles on part (a), 5 days after hatching. D, Scale-like minute tubercles and irregular
transverse striations (arrows) on part(b), immediatly after hatching. E, Scale like tubercles on
part(c), immediately after hatching. F, Scale-like minute tubercles on part (c), 5 days after
hatching. Scale bars indicate 10um.
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4. 90 = (TR R

Zii o] FEIREE 48 Ta-el 6A®ael A el #eE= o ok (Jeon, 1982), ol¥l #igkol A
= 3ATAEALE SH Tl AR ATHICZ Eiiel il alfkdlcd BEE e K B FEE
[*ﬁuo} whalaAgs o] whal ), A RS 1RSIl "ol 1~$E (- slIAN) Eis
#o] ahoiorn] el A_LAYCe 2 PRHEE] U obE wWhAgdel Ml W aow 200~ 300k 2
el Eingels Higsiolch, oled BEE FEEo] ofn HERNClAM lale EIgEAlE &%
olvl, & f&ef sEIRe ﬂ%‘%t gepnlol REslx|nk ZBPRANS] LNl Ao B PEFTS] Rgalol= Motk
o7 EES EHEE sk FEEA AR LB HAE Aoiet M AR A ol RSt &
SEPIR-S Aebikel #E L Hod v FES BEE SXTHE Pold e of - FERIH o] E
& FEEEH (Lake Biwa) el Az Achezlognathus rhombeus(Teminck et Schlegel) &} Pseudo-

i

i)

Table 3. Comparison of the form of yolk projections, and distribution and types of minute tubercles
on the skin surface in acheilognathine fishes. Forms of yolk projections(A,B,C) and types of
minute tubercles(1,2,3) are shown in Figs. 4 and 5. v, vestigial minute tybercles; -, vestigial
minute tubercles almost disappeared

Form of Type of minute tubercles

Group yolk in parts of the body References
projections a b C d

Acheilognathus lanceolatus A 1 3 v 1 Suzuki and Hibiya, 1985b
(from Japan)
A.lanceolatus(from Korea) A 1 3 v 1 Suzuki and Jeon, 1990c

1 A.limbatus(from Japan) A 1 3 v 1 Suzuki and Hibiya, 1985b
A. limbatus( from Korea) A 1 3 v 1  Suzuki and Jeon, 1988b
A. signifer A 1 3 v 3 Suzuki and Jeon, 1988c
Tanakia tanago A 1 B 3 v 3 Suzuki et «l.. 1986
Paracheilognathus A 1 3 - Suzuki ¢ al.. 1989

himantegus

A. vamatsutae A 2 3 v 2 Suzuki and Jeon, 1987
A. moriokae B 2 2 v 2 Suzuki and Hibiya, 1985a
A. tabira tabirva B 2 2 v 2 Suzuki and Hibiya, 1985a
A. tabira sub sp(a) B 2 2 v 2 Fukuhara ¢f «/., 1982
A. tabira sub sp(b) B 2 2 v 2 Suzuki and Hibiya

5 A. cyanostigma B 2 ) 2 v 2 Suzuki and Hibiya, 1985a
A. rhombeus B 2 2 2 2 Suzuki and Hibiya, 1985a
Pseudoperilampus typus B 2 2 2 2 Suzuki and Hibiya, 1985a
A. longipinnius B 2 ? ? ?  Fukuhara et al., 1982
Acanthorhodeus asmussi B 2 2 2 2 Suzuki and Jeon, 1990a
Acan. gracilis B 2 2 2 2 Present paper
Rhodeus uyekii C 3 v v —  Suzuki ¢t «l.. 1985
R. ocellatus smithi C 3 - - —  Suzuki and Hibiya, 1984a
R. ocellatus ocellatus C 3 - — —  Suzuki and Hibiya, 1984a

3 Suzuki and Hibiya, 1988a
R. atremius C - — —  Suzuki and Hibiya, 1984a
R. suigensis C 3 - — —  Suzuki and Hibiua, 1984a.

Suzuki and Jeon, 1988d.
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a b c d

Stage

Form of yolk projections
Type of minute tubercles

Fig. 5. -Diagrams showing the forms (A,B,C) and types (1,2,3) of minute tubercles on the skin
surface of the larvae of acheilognathine fishes. Forms (A,B,C) are based on the changes in the
projections of yolk sac of larvae immediately after hatching. Stages a-d showing
morphological changes of the tubercles during larval growth. a. embryonic stage ; b, well-
developed minute scale-like tubercles; c¢. degenerated minute tubercles; d, vestigial minute
tubercles. Types(1,2,3) are based on the minute tubercles in Stage b.

perilampus lypes Bleekerol|l A= ggEsloix] i 9lvt, (Nakamura, 1969). ©l-S-olv} pF9el itk
tRell fikel ZEd#R7t GAEshe KBS P typeset A. longipinnis A% & 4 g} (Nakamura,
1969). 3l=#l, Nakamura(1969)= P. typesot A. longipinnise] 5] FRES KeiBlo 2 45%F
sk xut A. tabira 2 3 ZEfEo] Fkifunl #EPRAUC] (Nakamura, 1969) Bho T H-e| #HgEx+&
el KRALS fBIpRNSl s Rlol el RaEdtehy A FEo] EHIIY] TR JIREREEE o] 2
fEzh o9 BAMISE Bho] Wk, =@k K e #EMEEE WX, 2R, P typus, A. longipinnis
2o} of-%- fEPLYc(Suzuki and Jeon, 1990a; Suzuki and Hibiya, 1984a, 1984b). #& %9 {Fft

250 FH kol Bmilel SpRZEERE doke Zold ki 4 By RHAOPES A E Ut
(Table 3, Fig.5). tigolv & f&e] (e Fi Lol #ERS Az SFERY E&e sherl of
BE= ol 4 fEzte] £FWH IS, Ao FHEE T A HE L 4 8y RS TR
of ol HA2E #HiwE H3

o|-Z 4 FErol| A E}Z]ﬂ“}o] 7 fEA el FZFEIIRo| ok (Suzuki and Jeon, 1990b), [H— kiR
oA o] 59 fffe] BELEIHS Ao S Tdxeleh ZRdR gl ALl visd BEEHE
5 AAA R ol2ed WAl P, ppusel e 17 —Edt EHEERMIA e A e
BIES 2 4 oick(Table 2). Rl, P. typus, A. longipinnis®] 3 #8-2 FEEIpRo g (Naka-
mura, 1969 ; Shimizu and Hanyu, 1983) EfRolAl= gEaye 2 dgslo] Q&= g3t 3 HEWE
of A{o] SEakol ofs] “MH Follx] @Sl ol E Bol| iHZAEEH FHshs RS EEY
fafdolct, ole{dh FkFE AESPAYQl fES) B EREEE L oi9- Sk 72 B|EQY Suzuki and
Hibiya(1985b)= 1¥fel Fik FZette] ey RHEZYE £F Biific 2 Ve &K Eiiflos
o] #{kfErE (evolutionary trend)& RS ch, whebd] FFE AR Sdx|eleh 7R dAE &=
fEo| fEfSEEEC] kT AEIPAIQ] o fEREEAo] B EIPAQ] fEo (EREREd o JESE ol N+
Brhe FES KFE EIEY] BBLE Aztstedl o BEsloha Al
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Development of the Bittering, Acanthorhodeus (=Acheilognathus) gracilis
(Cyprinidae), with a Note on Minute Tubercles on the Skin Surface

Nobuhiro Suzuki and Sang-Rin Jeon*
Hayama Fish. Res. Lab. Kajima Institute of Construction Technology, 2415 Isshiki Hayama,
Kanagawa 240-01, Japan ;
* Department of Biology, College of Natural Science, Sang Myung Women’s University,
Hongji-dong 7, Chongno-gu, Seoul 110-743, Korea

The development of eggs and larvae, and minute scale-like tubercles on the skin surface of
larval Acanthorhodeus gracilis from Korea were observed. They spawned from late March
through the middle of June. A fish spawned at least 5 times and the number of eggs averaged
304 per oviposition. Unfertilized eggs are nearly ovoid-shaped (mean+SD=2.09+0.04 mm in
length with range of 2.05 to 2.13 mm and mean=+ SD=1.26+0.02 mm in breadth with range of 1.
24 to 1.30 mm measured for the 50 eggs) and opaque yellow color. The tip of egg membrane at
the animal pole side swelled and formed a few hilly projections. The shape of the eggs was just
like a loquat. Most of embryos began to hatch out in thirty-eight hours after insemination at
22+ 17C in water temperature.

As regards the morphological characters of the eggs and larval development, Acan. gracilis
was similar to Acan. asmussi, Achetlognathus vhombeus, A. longipinnis and Pseudoperilampus
typus. The larvae of this species is unique particularly in the following two characters, i.e., 1)
scale-like tubercles ellipsoided in a diagonal cross section on the whole body and 2) incessant
wiggly movement pattern as that of fly maggot, with the larvae of the above mentioned species.
These characters seem to reflect the phylogenetic relationships among acheilognathine fishes.
On the other hand, this species and Acan. asmussi are spring-summer spawning bitterlings. And
also these species never retard the larval growth in such larval stage as the duration from Stage
B to Stage D.
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