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ANLERE Hik, I (7R @B RES KRR 22£1Co| A Suzuki and Hibiya (1984 a) <]
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=, Biol oke el oz MEES HFEBoIAUC 1Y Avle R 1.89~2.0lmm (Fiy
1.95%0, 04mm, n=50), ¥ 1,56~1, 64mm (F# 1,61+0, 02mm, n=50) I} (Fig, 1, A).
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ZHEE % 18Rkl R8T Kel TT =1 (Fig.1, B), 28 #ol 2l (Fig.1, C), 2
B 30470l 44HRu#(Fig. 1, D), 38§f ol S#MEMA(Fig.1, Z), 38 304 #%ol: 16
#(Fig. 1, F), 48R 2ol 32#iM#i(Fig. 1, G), 48%RY 304rutel ZEHiol &3k} (Fig, 1,
H). Lt A% sr3sie] 685H o+ RiR#iol #Zsh= (Fig.1, D, 188 #ol+ Ko7l
Fisk=l 7] &Rl o] &+ (Fig.1, J).
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Table 1. Time required for embryonic stages of Acanthorhodeus asmussi at 22+1C in water

temperature
Stage Time after insemination(hr : min) Remarks
A - Unfertilized egg
B 1:00 Blastodisc
C 2:00 Two-cell
D 2:30 Four-cell
E 3:00 Eight-cell
F 3:30 Sixteen-cell
G 4:00 Thirty-two-cell
H 4:30 Early morula
I 600 Blastula
J 18 1 00 Blastopore nearly closed
K 28 100 Neurula
L 30:00 Somites formation
M 34:00 Embryo formed entirely
N 38100 Embryo just before hatching
(0] 44 00 Hatching begins
P - Castoff chorion

Stages A to P correspond to those in Fig. 1,

Fig. 1 Egg development of Acanthorhodeus asmussi at 22+1C in water temperaure. Time required
for each embryonid stage is shown in Table 1.
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M-S #idstel IRe8el kel Ao TT = ifttel mel WMo dh=A] SR Zel fLES
o (Fig. 1, M), 3#51% 38Epfol iRl & Hol #uhd Righyel et (Fig.1, N),
44msfifol AvidA KERare] SRe] HHLsty] safEstevl, RS MEMEE Sl SRS Blxmen
BEERF-E #b @, (Fig. 1. O).

2. Ffel BE
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g} THAIE Earste] 7 chA M 48 A7k D}—E fE>} v)zste] Table 20 el
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2 YEE BE JEEC A B ES, g ¥ BEEH A dAsn
(Fig.2, A), ¥t =2 B % ZE& 3.64mmel {FfoAs 2F HEoF zEHdle] olgz
< Mt Udrh, o] EefHe] FA+ IRMS Hige FHIE S e seld 4
i 24~20fHe] #H Aok (Fig.2, A).
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rejol: Hol Aok, HES 21~22+8~10=29~32MFo|, {FAE Do F =
€ SxErnckoz BEAR T EHE ¢t (Fig.2, B),

#biz 549 2E 5 12mme| {FAs B A9 HE =fE SlZFo LESHA == M@
ol ALPY KHES® FERFWmoZ malAd ZEd, TR EHH)2 oS AR FRKRE
< E#folrt(Fig. 2, O).

fefbit SHAS Z2E 5.98mme| FRE HEFol 18~17+14~15=32~34EZ BmHE oS
BiEslo] AA T IIE ¢F wof R, Tolv BARRC s KEES e,
T ot Foll= ol bsted b5l R mme £33 FEsSiA 2 Cuvier'sFol
bste] FRFKES A2 o)At (Fig. 2, D).

#ibiz 1085 2B 6.64mme] el B 19~21+15=34~36EL Z7}stn Fol =
Z7F B 52 oAl Falo FE/ vebin o Bhkelw w3 R 411
of, A wE & Hhrel ZheAkeiv] RES MRS Rk ofF] A o)xE ¢ke
FRimE AE T Y 2 ot Fol| meEA e FESL 4fbshd, S =]t ﬁ 2
#u)7l 2 4] R =eest 23 BiEdY] BiER o (Fig. 2, E).
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o obE & 4 et BaRlt Hh 929 EmH S50 Jeldnl, 1304 i 2o ok
BAEH AR $e Ao Soh8A kel Sale ofd 12 A4 ggee], (fas 7+
o S Fow §43d(Fig.2, G),

BHL 1784 2R 7.25mme] Pt bHo Aolst A Polxm Sxvin|o} 5w

hatched larva, 3.94 mm in TL. B, 2 days after hatching, 449 mmin TL. C,5 days after hatching
5.12 mm in TL. D, 8 days after hatching, 5.98 mm in TL. E, 10 days after hatching 6.64 mm in
TL. F, 13 days after hatching, 6.86 mm in TL. G, 15 days after hatching, 7.20 mm in TL. H, 17
days after hatching, 7.25 mm in TL. I, 21 days after hatching, 8.30 mm in TL. J, 27 days after
hatching, 8.47 mm in TL. K, 34 days after hatching, 11.84 mm in TL.
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Table 2. Comparison of time required to reach each larval stage in Acanthorhodeus,
Pseudoperlilampus and 7 species and subspecies of Acheilognathus at 22+1C in water

temperature
Species and Larval state**
‘ Reference

subspecies A B C D E F G
Acan, asmussi 1* 2-7 8-12 13-14 15-16 17-19 20-22 1)
A, rhombeus 1 4-6 25-30 150-162 164-166 167-169 170-186 2)
P, typus 1 10-12 15-30 90-110 114-116 117-120 121-130 2)
A, yamatsutae 1 2-3 4-12 13-17 18-20 21-23 24-26 3)
A, tabira tabira 1 23 4-7 8-10 11-12 13-15 16-17 4)
A, tabira subsp. (a) 1 2-3 4-6 7-8 9-11 12-14 15-17 4)
A, tabira subsp, (b) 1 2-3 4-6 7-8 9-11 12-15 16-18 4)
A, movriokae 1 26 7-8 9-11 12-15 16-17 18-19 5)
A. cyanostigma 1 25 67 8-10 11-13 14-15 16-18 2)

* 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)-9
are as following, 1)present paper, 2)Suzuki, unpublished data, 3)Suzuki and Jeon, 1987 4)Suzuki, 1985
5)Suzuki, 1989, respectively.

Zlu] F71E BEslA e EHolE ZolA g BeFRE 1 ol Tobsty, mex =g
o], SA=2in], A=) o & ik ek BESH W 8B EPR A A2 SsAgct
, BEER & B9 TFol: HGRMIF JEhvtz, Rl 2@ £2 Zepxr] &Rl
g}, bRzl FaAlReke R Yol n AxH, melxer] E7E BRI 2R
of 33t (Fig.2, H),

Mk 2184 2E 8.30mme {FALt HEiel 21+16~15=36~37EE HEHKKS 3+
B #Roll A o] BEfAE T2, Anodonta woodiana® A 7FolA #Hsted EMBiKSE R
FEc, FHle 5 E2E afeElo] B FEL #EL JEHYF S o) Fo] B9 THS
Merpslel A k3ol SIEL BEERNC =3 ol u, BaFERT olrtulFd fo
Az Jebhva ge EE SEelAE ARk, Bkl wtxl=eie]s} vebue], el =] B
#7} Hfpste Ez 2 4 Aoh(Fig. 2, D).

#ribit 27HAE 2RS8.4Tmme FAZ vixl el FEFEIF ZE EfRA e, §A
rjn)o} fA=ein] 78 EHol FIH SR nevlel v EEFEES Jebdoh, BAR
M A2 FFol el vehdel ol s, FEEE AlE oHE BEERES BRER
lem o oAl BEFERIL & M Edch o wlfel fhc KBRS ;qJ_ ol =

Fohd Azt sbsle], Sxnelels} SA=elelE] 2o BaFE el fikel
EHERES BHcte B oyt BwEdd(Fig.2, ).
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3. frfel kB b

17/ ik Bzt BiEe 4714 i (a~d) 2 Eodte] #BEsigdoh, a @ire s 1
o] Ao 2E #sroR IIE FiEmImINet IRike] RIEHE A3 i, b e IIE
#HmEhel R HLPFHa Y B, c SpMic IRege BMEikel d Iyt IIE S Rkl o},

Fig, 30l A B uhe} o] {FAS] RE S SRZE7] o, o Zigr Ko WHE
moezte A dx, Fhe] BHEA oot 2 #EaRe a4t #30(Fig. 3, A~H).

BHLE® S TR 2 Fol %o] 5~10xm BEY FEAl #pREL7) Fneg Zog
AAA A BRIl o 2 BEFst (Fig. 3, ADFH), Rl THAAS R (irregulr  tran-

Fig. 3 Minute scale-like tubercles on the skin surface of larvae of Acan. asmussi. A, Scale-like
tubercles on part(a), immediately after hatching. B, Scale-like tubercles on part(a), 2 days
after hatching. C, Scale-like tubercles on part(a), 5 days after hatching. D, Scale-like
tubercles on part(b), immediately after hatching. E, Scale-like tubercles on part(b), 2 days
after hatching. F, Scale-like tubercles on part(d), immediately after hatching. G, Scale-like
tubercles on part(d), 2 days after hatching. H, Scale-like tubercles on part(c), waved
irregular transverse striations (arrows), immediately after hatching. Scale bars indicate 10x m.
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verse striation) o] #2&= 9o} (Fig, 3, HY 34 3),

Bttt 2BAQ fFFolA a, b dEffr &K SHol& #pkZedrl #Este Fol7l 20~40pum
2o Fdoh(Fig.3, B,E,G). #fbix 584 FhRAe #pkEiLe] ot 43t (Fig,
3, C), ol B 17 & Py HEFrslod Bpiksly] fAfESIZ MMkt 1584 FHE =2
A7l #olxlch, zEla FE# HMEsle Mol e & A2 et E R B
e A9 Wk w4 EE &% Aol HF dech

Mibiz 178 Lisg7F =l Ao RE Efge] sk WmEdch

z £

22 EIEC 48 THaSE 68 bAe= #4 (Uchida 1939 ; Jeon 1982)% o 3+
o & BEAME oleh AdXdte HRE dolon, & ML Helx 5H LE #EWRse %

B EgikEolx, 1Ml 3 195MF JP& EIste Aoz Ropx ohE X2 2o BN
gl owigkoh, =3 mEEJEe] moke Aldkn w3 ellyg oz dAle]l  Acheilognathus
rhombeus, A5 A. yamatsutae, A. tabiva tabira, A. tabira Subsp. 52 fafEs 7o} (Su-
zuki, 1985 ; Suzuki and Jeon, 1987 ; Nakamura, 1969),

Fo BBHRE A. moriokae, A. tabira®| 3%5FE, A. cyanostigma, %A 2152 EELsHch
(Suzuki, 1985 - 1989 ; Nakamura, 1969),

SR M fFARS RE EREYS Mo R WAFER A RS Z BRI o
< Aoz A7 slojxn 9=l (Arai 1978 ; Fukuhara et al. 1982; Suzuki and Hibiya
1984b, 1985), W= e Ffhv BEAQ #pRZERE 2= HolA A tabira®] 3%, A
moriokae, A. cyanostigma, A5, FAE, A. longipinnis, Pseudoperilampus typuss 2 £
fEr Rfmsl WES HEST o ol=d sEE2YE ZdAele bRiLd 9 =v D
e R iﬁi‘%ﬁﬁﬁ*oﬂ ki gir=lsich, = Ao FAE KK b BERS A
Yoy, S mokol HENS s BEol Wz wdl ol WHEE WA A longipinnis, P
typus 5339 HAEFE | o} (Nakamura, 1969 ; Suzuki and Hibiya, 1985), we}+ [EE3dt 9k
£ B o)A AR olF MEEI I EMBIfRIT vtz Ao asd @A,
A. longipinnis, P. typus%e] 3M&EL =% fKFEIMI® (Nakamura, 1969 ; Shimizu and
Hanyu, 1983), —&& HEHERAA w=4] {7He] #Fcl Adxdct (Nakamura, 1969;
Suzuki umpublished data), of7]oll w|3le] Zx|Ele HFEEIPRCIW FET BWHEM A
9 AdE £ 4 ¢k (Table 2), Ho FEEZ5H o9 #R+= Suzuki and Hibiya
(1985) 7} #Rg HEFER o= HE] KEEIIR O 2o E(LAYER (evolutionary trend) &
sk gt

1
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Development of the Bitterling, Acanthorhodus asmussi (Cyprinidae)

with Note on Minute Tubercles on the Skin Surface.

Nobuhiro Suzuki and Sang-Rin Jeon*
Hayama Fisheries Res. Lab., Kajima Institute of Kajima Corp., 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 110-734, Korea

The development of eggs and larvae, and minute scale-like tubercles on the skin surface
of the larval Acanthorthodeus asmussi from Korea were observed in the laboratory. The egg
was nearly ovoid-shaped. The number of egg averaged 195 per an oviposition. The
morphological character of larval development was relatively similar to those of
Acheilognathus tabira tabirva, A. tabira subsp. (a), A. yamatsutae, A. moviokae, A. cyanostigma
and A. rhombeus. The larvae of this species had many scale-like tubercles ellipsoided in a
diagonal cross section on the skin surface of the body. And also this species moved like
incessant wiggly movement pattern as that of fly maggot duing the larval development. As
regards the tubercles and larval movement pattern, the larvae of A. asmussi shared similar
characters with those of Acheilognathus rhombeus, A. longipinnis and Pseudoperilampus
typus. Hence A. asmussi may be closely related to these species. The latter three species are
autumn-spawning bitterlings and the larval development always retard in a certain stage,
while A. asmusst is a spring-summer spawning species and the larval development never
retards. Judging from these facts, it should be considered that there are close relations in
evolutionary trend between the two spawning species.



