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Reproductive Season and Early Development
of the Butterflyfish, Chaetodon daedalma,
at Hachijo-jima Island, Southern Japan

Katsumi Suzuki, Syozo HI1okI and Hiroshi KOBAYASHI

Abstract

Present paper deals with the study of reproductive season and the description of
developing eggs and early larvae of the Japanese endemic butterflyfish, Chaetodon
daedalma JORDAN et FOWLER, at the coast of Hachijo-jima Island, southern Japan.
Underwater observation and collection of materials were conducted monthly using
SCUBA at depths 55m or shallower of five stations along the west coast of the island
from March to August and in October, 1983. C. daedalma was found mostly in
conspicuous pairs and seemed to be apparent monogamy. By the histological study
with monthly analyses of gonadosomatic index, reproductive season of the present
species was estimated from May to August and its highest from June to July. The latter
corresponded to prior to the anual maximum water temperature in this region.
Fertilized eggs were pelagic, transparent, spherical, and measuring 0.70mm in diame-
ter. Newly hatched larvae, measuring 1.45-1.53mm in total length at 22 hours 30
minutes after fertilization, had a large ellipsoid yolk sac whose front tip protruded
beyond the larval snout. Larvae were kept for 90 hours after hatching out and reached
2.70mm in total length. Water temperatures ranged from 24.2-25.7°C for the egg and
larval rearing experiments.
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2% ¥ > Chaetodon daedalma JORDAN et FOWLER 63:%57!—“?6‘)'%—1 KEEOFavFavy
AREET, HEE» oFERELRUINIFEREE T, ¥ VCRHMEL X UMREL SE
FFah T3 (YAMAKAWA and MANABE, 1987 ; ZEMIE4», 1984). AR EAELHER
TRFHLET, BB EEAEBFIC L AEDORLE v (YosHNo and NISHUIMA, 1981)
2, NALBRAARNEFEREE TIIAGKEL S ERIcRond (RHIED, 1984). FavF
a v AREEOBEE BT 2RI L, EEEYHHREORERICET 2 ERIE B
L#THD (FRICKE, 1973 ; SuzUKI et al, 1980 ; NEUDECKER and LOBEL, 1982 ; LEIS
and RENNIS, 1983 ; $47K - Hi&, 1983 ; HOURIGAN, 1989 ; LEIs, 19891F), ARFEDARE -
EFRBPRIRATH S, FEHLBIBIFERXNLBHRRECBO TR —"EAKCED, FEDOER
KRBT 2 BIMRE L FEARRE 21T, EROEMEIRFAE I X - TEEHEHES »IcT 5 2
EBTET, ERALZRCI B0 - FRAOBRBC OV IHRT I LB TELDOTHET
3.

139°  140°

Tokyo
[+]

2 3
Miyako-jima

St.1e

St.2e

Nazumado

Kaminato §

St. 3 *{Hunatsuke
un L @ day

E:hljo— jima
Index map—

N

Hachijo-jima

Fig. 1. Outline map of the Hachijo-jima Island showing the stations
where the investigations were done.
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1983 3~8 HE1I0ED&H 2~3 H, NLBEIAHTHIBEOKRE (St.1) ~/\ER (St
5) IZBWT SCUBA BKIZ L D ABOERREBIEZ DL TOFMNBRE LIEARELITY, Ih
EWEMEIE Uiz, 55, FELTHAT PR (St. 2) OKEESSm LIk THAERE L kH
W eI, K (St 1), faft (St 3), F8% (St.4), NER (5t.5) (Fig. 1) DKkEE20
mEIRT, #—7ROEM @2 m, #4m, BEK2 cm) LFPEACTHEARRE
L7z, BEZHPIATY, FERAEBRE Th - 24, REMAEELHOHRA®E TAER
BROY THEFCEPLTBE, FELTEERERYBL, 77 v RETREER, FrEE
bRy, BB L2EE6~8um D55 7 4 VYIFEREZ/ER, MAYER DA< h XY
Yo xAVOIEBREBEML ., EEEFHEOAKIBEAIRI G IV ) YIERL TE
PR e WAl EEEARE Uz, £/, THSHREDOH 2 E (133, 143mm SL), #1E
(138mm SL) ®FHME LT, FALITR30SKERMAERBS \LSHRICB VT, BEE
WEBATIZE T 2. SRMBIFAII RV —FRA2 A b U 7BBARINELT
FOBRETVRDOD, IKTHEERBRHE L .. @EKGEEKI N, IBRTFARDEH
BAE24.2~25.7°CTH o 7z,

i~ ® b

1. BRAEHMSOEE & RBEOWEKIRE ,

FEUTEAKBERZIToRT A= FER (St 2) &, BALPTOLEEDEIKEDLS mJiT
FTHY, K AKES~50m OEEIXHENI0~200C, BEO LIKEZELIcm~1 m
HIBOEASERT 5, B IKESETICON, NSk, By P2k 5, KEIm
DB, FIRCBEVPRETI2WEL %5, KEImMERDOEBEMNITICIEIRA X X 54
Chyomis notatus notatus (TEMMINCK et SCHLEGEL), ¥ ¥ ¥ g/ N7 %4 Pseudanthias
squamipinnis (PETERS), ¥ 7 2% A Chaetodon wnippon DODERLEIN, F 3V Fa v vz
Chaetodon auripes JORDAN et SNYDER, V' > 7 > ¥ v I Centropyge interruptus (TANAKA)
i ¥ OEMEERENEIC RE &N, REEKERBS A LHEER (BME) 1< Xhid1983
FEDONLEMEREDER KB 3 ADIT.TCHRIETI BD26.£CHRFTH- 7z,

AR AFRM DEOEARER LS (HEEIN D, 10m UL TRERDO S5 B2ERW»T
B, ZlokEOmMECRREE SN Ep o, KER—B 2B &N - TITEIL,
% BEED S 1 ~2mBEh Tkt 3 (Fig. 2A). —f, B TTET 2 #EE L 2REEKE
BOWI0%RE S le, 5 FIC 3KEGI5m DYE X D 4~5 m 75124100 OBEDS Y 25
1FlorBEasnT:, KB¥ER (St. 1) TR, LOREHSLHEEL, ERECHTESY
Z7ay4 £ DRFERERT 2 0»HEI NI (Fig 2B),

BKEREIC & 2 REDEERENL 6 ~ 8 HiciZZ 0ftbd A L L L TH 3 5 OB IMER 37 0
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Fig. 2. A pair fish, at 15m deep, (photo A) and a school, at 7m deep,
(photo B) of C. daedalma, under the water of Hachijo-jima
Island.
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2. FEERDBR

BREZEREFH6E OWFRITME2E (120~148mm SL), #24FE (129~152mm SL) T,
RO RIIFROE L, HHOAREZELEE IR, 2L, 8 AREIEELDI B 2
By oT8L T2 02 REL 2 SHIBHEBBEEORBRIMIE L RS h, Zho 3HDHHED
AR 3H#E131mm SL, #133mm SL ; #133mm SL, #141mmSL ; #147mm SL, #148mm
SL Thoz.

3. AFEROFEHLEL

ETEIR DEHEALI DV THI B 20, HEEE I & EE DO ETBRISHIE [GSI= (GW/
SLY) X10¢; GW, &JEMER (¢) : SL, AR (mm)] £70v b L CEMRHE LT
L7 (Fig. 3). lfTix 3 A TA® GSI OfEIZIOLIT & E W, 4 ATHIEERL, K&W
bOTHRVWCETS, S HTARILIKEREL Y, FHEE L THNZET S, 20
GSIoLHEMEMI 6 ATA»S 7T A LAEEHE &, EAKRE RV, ZORHNGSI Eib
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Fig. 3. Monthly change of gonadosomatic index GI = (GW /
SL3) X 10* [GW, gonad weight(g) ; SL, standard length
(mm)] in C. daedalma from the coast of Hachijo-jima
Island.
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B3I ENEbNS, BB 6~7 I ETERREERCERHNORE2®H 0, GSIER
FELIDBELS Lo TWERTTHS., ZORHE»S 7T ATAZPTT, BIVEROINEDHER

LIEEENS GSIDEDEVW DD Re5h3, 8 H NI IE GSI 23 ATA & AfkaEIE
T2, WATRACIEES WKL RS, HOBEIE, BT GSI OFE I 1 /& wos,
FEELOMEM I LR O OB E BT 5,

ATEREHRREAR I L 2 HEHER T 3 AT (TR, SEARIIEIROEERER LR
BROUIS) 13MIVEL, 4 A TRZINEREI~S=RINEIR & 4 203, TIBERNOE X
R USE=RINERE ORISR B TH > 2. 5 A A OISR IZHE=RINEER I~ iR 8l
BT, FZRRUEZRIVERGINEEEOBEML., 1 EEROINEI ZHEHESZED o h
7. 6 ATAOIRIIT NCEIHICEL, JHIIRESRD Shi. 7 H EAOIIRIZE=RIN
HER L BB ThH oV, 7T ATHOINRIZE=ZRITERTEO 2 B e 230 1 BERUHRE
B & ORI O A OEWFENR/IGICEL T W & A2 3 72120mm SL O 1B
BHote, 1eRL, TRHAOIIRI b EE ORI e o7, 8 ATADINED S
b4 BIIESRIVEERE, 1 BREIRSE, 2ok 1 BRENEHTHr ORI LAkEIND
bDOTHoTz. 10AFAOIIEIL, HUNMEOMINEITH 57z (Table 1).

AEOIIHEIL, SEREOINMESHET 20 b0 3 ERKRER TH S, iz, 10H15H
WIRE SN 1B (137mm SL) 13, SPSEPNIC M AR TR b GHE T 2 MEERE D ETEIR T d
Sfc. AMETRIOBEEEEELEE U Cifko o (REOMMBERABRRIE DWW TRl c#HE
DFE). REBEOEBEEFZR I LhiE, EAOREEFHEEMOFREREOZEIIEET
%<, El3~10A0RAEHEEEL CHBEERNICIFFIRD oniz, L, BEREBTF
EEBRsNDIXs ATAE~8 A TETH - .

BT DIRSE D AETERRIESUE DEEMEA D A0 & BE, 8 HIEHBBECEEH L &2 LS
fends, AGEROMEBEIREERC INE, ZORCEEEERIOOH B I ENEDLN
Tz, $bbALBCBITZAEOEEL X5 A TA~8 A TAT, ZDBEMHIZ6 ATA~7
ATAEHE SN, REHKERBS N\ LSBEH HER) X ZRIED ZDRED S5 A

Table 1. Monthly ovarian developmental stages in C. daedalma.

Date (fnilsz) (iigﬂg;i Developmental stage * Nurglf»er
1 I m v \ Vi v v X fish

Mar. 24 139~147 6.96 ~ 7.44 2 2
Apr. 25 137~148  7.61 ~31.09 1 4 5
May 22 133~147  24.40 ~37.84 7 i 8
June 29 140,140  33.20 ~37.22 2 2
July 5 133~145 14,95 ~56.63 ! 2 3
July 28 120~148 1.46 ~19.48 1 2 1 4
Aug. 31  130~147 4.16 ~10.92 1 4 1 [
Oct. 15 130~137 2.63 ~ 3.95 2 2

Total 6 H 18 1 1 5 32
¢ 1, Yolkless. If,Yolk vesicle. [ll,Primary yolk globule. IV, Secondary yolk globule. V, Tertiary yolk globule.

VI, Migratory nucleus.  VO,Pre-maluration. VD,Maturation. IX,Ripe.
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DFHFRMEAEIZ22.1°C, 6 H21.4°C, 7 H24.1°C, 8 H25.7°CTH-lz. KPR BIBEK
BMOFIERIZFRIZRFTOS BWChE v 3 » Ak L ¢, BEAEVPEELRZ IAKET
TRRT T2 LHEEINT.

4. OB - FRADFE

BRD Z & < 7 A 5 BIREDHER % AW TTo L ATZBORR, EEGRENRED Sl
DTZ DB DWTLUTIERT 2, ZBINILMER 1 B2 H 3 2 HEEHORE 5 B o0
T, PBEE0.70~0.73mm, MBRE0.18mm (10{EAIE). TRMEEE R <, PR R UINE R
B RE oy, ZR38S %, 2. 1856 5%, 4Mial (Fig. 4A). 3K
M8 i, FEHAL 2 (Fig. 4B). 1285123534, MEORAEH, MEAREHE. WRKZEED
RxtflicElE s h 5 (Fig. 4C), 15823534, BAES & B 2 bk < RAEEE i R RBORIE
RIBOMEEER 4 5. 17253, ARSI D2/3% B 5, BRFE K UF KUPFFER KR A B,
Hifiix 6 B Sn3, EHETB> CHEARELIBHE T 2 (Fig. 4D), 221235
%, BLERIOI T, IFERmIC/NERSED sh b, SREBARIIEEE LEL» OB
HORBEECEE LESR UGB cERE2ET 2, FHfIcH> CEAREXIRD > h
3, VY ARUVERSER I NS, HHiHI322. BEIEIIR L V&S 2 (Fig. 4E). IR
FRBOBE % Table 2 23R,

HiiF A BIEERZOFA XS EL4~1.53mm, JI#E R %0.95~1.00mm, HEKE
0.18~0.22mm, FHEI5+10=25, RIEOKELIEEE L, ZO5%HE I L D EiTI
PREMT B, NEBEHC 1EOERERL, HROBHIINERE L DT 5. AP0
HBIRCEE LA & D R3/4c i § 5, BREARRSEHE» o EROREHICEEL,
FHRREBPPRATIERCORD S5, BERRLHEZHEL, HERc AD SN2 (Fig.
4F), BE2STARRECISROFRLH 5, FARIZERE L L OKEE T ICEL.

Table 2. Developmental process in embryonal stage of Chaefodon

daedalma.
Time after Cord in
Stage fertilization Fig.5
h  min®
2-cell stage 00 38
4-cell stage a1 06 A
Morula stage 03 08 B
Blastula stage 06 23
Formation of embryo 1223 C
4-myotome stoge : appearance of melanophore and xanthophore
pigment 15 23
6-myotome stage ; appearance of optic and Kupffer s vesicle 17 25 )]
21-myotome stage ; disappearance of Kupffer s vesicle 20 23
22-myotome stage ; immcdiately before hatching 228 E

*At water temperature of 24.2-25.7°C
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Fig. 4. Developinng eggs and larvae of C. daedalma. A.4-cell stage,
1 h 6 min after fertilization. B. Morula stage, 3 hrs 8 min. C.
Formation of the embryo, 12hrs 23min. D. 6-myotome stage,
17 hrs 25 min. E. Immediately before hatching, 22 hrs 23 min.
F. Newly hatched larva, 1.45 mm in total length. G. Early
larva, 15 hrs after hatching, 2.45 mm. H. Early larva, 1 day,

2.67 mm. I. Early larva, 2 days, 2.70 mm. J. Early larva, 3
days, 2.70 mm.
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WEC1okFf%:, £R2.45mm, Fiffi%13+12=25, FIEERX0.83mm, EBHOMREIRD 5
N5, WK EIC#ERBORE 4 @EXHE, AYHOBRECRLIIMLER L K& bidk
Vs, BEECEHOARBORESHRT 2, SaRlsENL, BeALhehzssd
(Fig. 4G). fFfAZKED & FEFT 2 BRI kT 3.

M1 B, £RK2.67Tmm, FEi%KI3+12=25 FIEERE0.71mm. EERMIIHEK LD
OB 1A 2 LIS IRMEROF A L 1E L A EE{Ea v, BOKEOSMIREICDE
e shzws (Fig 4H)., FRIGKEDI 2 ER k<.

Bt 2 Hg, £RE2.70mm, FHffig13+12=25, FIEER0.23mm 2D IZLA RIS R
%, MEEDRESEHT 5, RCaRBaRESHRT 2, iotaRiadMbl HREIZLA
EEESRD s hzwy (Fig. 4D,

JML 3 HE:, ©FK2.70mm, fi%13+12=25, JNEER0.17mm. MENHKET 2, O
RLFI2366 < . SHOBHEA R OE LS DIFEIERO 5N 5. RiIZELICBE(L, BaFEEMUINIT
BoOEEEL HRT 5. BOROELOSMAME ML 2 BB L K E R RV, O
VOIS 5. HEFRIL OV TIEMED Shiew (Fig. 4]). FAREHROKEET
S HEHL 2 TRk <.

FROBEIIMLIORFEER X TIT-o 7248, BRRIEME3 H (T28/) Bz AT iy
o7z, BALIORFRIICIET L 7o{fiE 31T & A Koo 7208, Bt CHIHIEERI OHHEH T & 722
> Je7: OO £ TTHE 2T 6 U] - 72,

AR

FavFavrtARERET-RCKENZRT7EZ2ERL TR TENTEE3RTVS
(FRICKE, 1973 ; BURGESS, 1978) %%, —EFIYIZ-_7 2R L CEEIIY % fE (THRESHER,
1980) REHIZT7 2R T 20 EMD 2 VBN LKL, <7 TEWNT 3/ (NEU-
DECKER and LOBEL, 1982) dHI6NTWw3, ¥ 7354 TIR/KENBRETIZH 203N TE
P4 % (Suzukietal, 1980). FRICKE (1973) \&ARHaFE KB LT 2T L CEgE T
% B & [FI AT 4340 3 % JTiskaeE ] o AL TERREE & A —FEN OEEER D75 S 26 5 72 ® OBIREMF
&# 27z, THRESHER (1984) X ZDEz #HH L, KB CHRFMASHET 2BHEOLEHERT
EROBEE B —HL 2w L 2B, RALSTON (1977) & THRESHER (1980) & ki
&, RAKFREEEOIEEE L LT/ 2 1L »046 L 2w C. miliaris QUOY et GAIMARD %%
FIED 1o 0BT BEK T 5. —7F, REESE (1975) 134 > N KFEHEEBICHAT 2
LEEIMETRT 2K T 50375 % OfE#ETdH % & L 7z, NEUDECKER and LOBEL
(1982) b C. capistratus LINNAEUS T EBRL T3, NLEDZ Y ¥ ¥ TidEM, <
T, HBRDREDQRZ S TATHRINRE SN, 557 2R T B0 SFEH - FHEAREHHE b
wEHELRonT, COBEFBERIF+oTIEdH 3, Lo ReesE (1975) & UF NEU-
DECKER and LOBEL (1982) ORfEE—%K7 5. /\LBHRET2Y ¥ ¥ LRI
L, BFCBET 2 F a v Fav v ARBECIRY a4 B8L0FavFavvtD2END
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305, ML bKGENRZRTEREL 3ARLICS pol, BBALEDLY Y TREED
MEREDERZZEDIC S o lehd, R TITBL T IHOMMETIE, wWIhbbThiaE
THLBRT OUEDHEL D KE» o7, Z OfER X NEUDECKER and LOBEL  (1982) 73,
C. capistratus D7 TRESNIHEHMTRIHEDO %D (3%) KThHBEHELILDL
—&7 5.

NLED 2y ¥ > OFFEIRIFRFEAKROFARATO5 ACHE VRS ERZHADSHET
DRI3 r BB ENTIH, FFLEF avFa v oA RAETEERNIHAS hicahlzy o
27 44 C. modestus TEMMINCK et SCHLEGEL & ¥ 7 2 4 4 (D 2 fE O FFE & FiRHH oz
BE V2 » AfkEE L CREBEKRORERINCIZEN K> Tw3 (8K - HE, 1983), —
73, Tricas and HIRAMOTO (1989) & K#ENT A TD C. multicinclus GARRETT D EFH
Mg, HERAECHZD, 20— 30EFETHL L3N TwE, BHEEOSTa v 3
v v A BHAE ORI & BEUKR O AR &£ OBBEICOW T, RPN OERIESIRTEah
S72DT, SHOMREEREE Lz,

RIEOPEIIRGZ] I E MR T & ko 1208, BEDRBEORE (LOBEL, 1978 ; SUZUKI et
al,, 1980 ; #57K - Hi&E, 1983 ; HOURIGAN, 1989iF4») DHIFE» & AFE 0 E IR % % H & B
BETFEL, ALEZEZTo R, BEEER (J100%) »/sni:.

gk - HE (1983) I hidy 7 a5 1 OFROEH OLTEIEBCTEE TINE & Fk3 %2
B 2R 720 T <, FIEINC BIVREMR 2 SREE LR L, KERCiE L 2008R LD
bEL, —ATT rar A CREMACEREEE R ITBENMEONZr oL LTS,
KGO 2T ¥ TIIREROBEE FFHEPM 2@ L TEVEE2RL, EEROS>b5TREY e
7 54 KGR ORBUEZ B ER L T 5. 3 R ORI (3 FETEARE & OBEN I 3 v TELR
By ez,

BRI DO W TIIARRI TR 72 1 RO Y 7 2 41 (SUZUKI et al, 1980) & Lbigd 3
&, BEEZOFRAIFAEVICESUTWS, L, BEFEEOKS L OCSMmIRENE S 0
&L, 27 ¥y OEEROFACED SN HARERENY 7 3 51 CEHBEL Twan,
ML 3 HEDOFALEWIIEE 2, 27 ¥ i@ s EHO#BREAEIy 73511
WHE L4, LEs and RENNIS  (1983) N7 A TF T > 7 b gL 1A R o 1 8
(C. unimaculatus?) OFIFEIHIFE (2.9mm) 2H L TWw 248, FOFAOEEE LA
HH, BHCECERSRZy 7354, av ¥ MEOKL 3 HEOFAL ISBUTWwS, 2
L, ZOWEICRFAOEORIICOWTOREL L,

E i

KRR FE DY % L o, ZTIEE %> IR FEE /N E B e o U _EHIEEH
RICEHT 5, KFRETOCLLD, \LEY NI Er Ty —EE#HRKICIIER
FRERVEZ OEREZRE L CTIHW 2, AR URREBRFHEFTYEE 6 BXoi
hobiwczdni, & 4RRFEEAKERRS \LESGHH)EES R, & BRI
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FALSZNE L BEBREO -0 HBS Ot DR 258F S iz, URERERFEERTEs
REMERICBREBEOWH N 2G 7. REAFHERIE BT B/ AR TE 1 1R
B T HEV ., ESHLELET S,

51 A X Bk
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