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Breeding season and early developmental stage of
a urchin, Sterechinus neumayeri (Meissner),
at Syowa Station, Antarctica

Yasutaka Tsuchiya’, Sakae Kudoh? Katsufumi Sato? and Mitsuo Fukuchi?

Abstract: The breeding season and early developmental stage of a sea urchin,
Sterechinus neumayeri, which is widely distributed in Antarctic coastal waters,
were studied. A year-round sampling of the urchin was carried out at Syowa
Station during the 40th Japanese Antarctic Research Expedition (JARE-40)
over-wintering period (February 1999-February 2000) using bait traps. The
urchin entered into traps in both the autumn to mid-winter and late spring to
summer periods, but not from late winter to early spring. According to the
observed facts, that all individuals caught before mid-winter had mature sexual
organs and that more than half of the collected urchins during late spring were
post-spawning individuals, natural spawning seemed to occur from late winter to
spring at the study site. In nearly freezing seawater, spawning and fertilization
were experimentally induced using samples collected both in late autumn and late
spring. The early development of the embryo was successfully observed for a
month using the latter samples. The first cleavage occurred within 20 hours after
insemination, and the successive development of the embryo reached the morula
and blastula stages for 2 and 3 days, respectively. The embryo grew slowly and
finally developed to a prism larva via the gastrula stage within 18 days after
fertilization.
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ZRERL DT, 20 BRI EE—IRE], 24 BRI TN D, 2 H TS
FHE, 3 H TR % 5 72, 5,6 BERShAE 28R % it b vk BEitic, 11 HEIZ
JFIEO A LEIR E 2D, 1ISHIZE T XLBGAICE TELY:, 2D% 10
HRENE E@RBT L2, VT o RMEIIC F TREEVET Uo7, F7,
FABEEREL 1-5C ERREDICHRTE LSS, R, INE0RE L Bbhd
HWRBEL, HFEITD T ET LT, 7D XLBMA F TOREICEL T
Befi, IHSENCET 2/37 > = (Hemicentrotus pulcherrimus (A. Agassiz))
DFAER E LR GBE 15C < H5WTHE), 1313 6 fSREEED - 12, SR
ERER & FEFBROBRDY S, B, FOKBEMITHER L Tu2FRGEERD
VB BT, AT ERICEIR 2R L, 20777 b iER® > D TiED
LINER T T > 7 b OEMEENEZLIETIRET b0 HE LI L ND,

. T UC®»I

M ABERFOBE CREAEMOBRERENEL Im®bz) 3kgib kAL vbhTw
% (B, 1998). HAFEMMUSERIB O EEHLS « BEHEMO & 2 ZREHENORL » 7 VE
(69°00'S, 39°35E) FERIC BT S, I E TORE IO AP ROV (HERKTH £ F)
AYETATICL > TH, KE200m IROEEICIEERY - 4 A2 a7 A BE v 72[E
BEHOBYREEDE D, V=B 8T 77T v VIR EOBEBEOBYEES S - &
BIFEAELTWE I ENHELMIIINT X7 (LS, 1982; Hamada et al., 1986; Nakajima
et al., 1984), thT¥H 7 =D—F& Sterechinus neumayeri (Meissner) 13 WHIBRICE D 4351 %
ZEDHERENT WA, EEEAVI NIy TREIC L - Th, MEBOFE» SKICHY T S
I ECHEESN TV S (BE, 1982), & 51, filiiskic d 2 hEOBRIFEIc B VLT,
FOSRIIEATIER L 7 v THETHERINTE Y, FEIZEBRBAEROBK I BT 3K
SEYFHEOT TH LB SFETH D L2 5 (Brey and Gutt, 1991),

—EHRET, & B0 D BEOFEHEOK & 2 BEERRER L O BB CII v NEER £
L HMBFEOEYRERAE R b TRERFHME LTI, Zh S RECEHEMOFEHRIAIE
EORLWEBRBIZ b 5T, V= S neumayeri DILEFIICEZBICERTE2 WS L
X, £BCLELEEY Z VEFALR Y GEER - HRM) TRETE 32 L (Amaud, 1977),
H5VIFEBEEO L ORI IIMB TEE RV LREMDH 5 2 &, BEIIRZDHROFED
FAI TR ESTHEBOBEREICD FLS LR L BICHRRERE D Z LA FEaINH
(BH, 1982), ZODERIZIZZBAHLIHS NP e,

R OFE I X UL, FEDSZREIN I AR CORRIRE CIiRasicom 3 238080~
ZHR, EbOTO- LD E LRERERFFSH (Bosch er al., 1987), %7z, HEETO
T 27 b BRI O BRI ERSNAE U T £ 572 £ (Stanwell-Smith  and  Peck,
1998), AfEF SWIBICEIIL, HY75 > 7 b S X 2EMEFEDE F 2 BEEIEKGE
HREBIB LWV, LarL, IhsOWmEIIMEEES AR & —tgronboT
»HY, BEHEHHE T 5 EREERIR O Y = OEIIRIIFAICE T 2 HRIZL < kv,
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5 40 Rk EI I (JARE-0) T, BEEHIC BT, HA v 7 VERER TRER
bi: 285 AV EABYHEOWELER L /2. AR TR CORETEHEECE S h Y
= S. neumayeri DIREZFA E 7 —INOVIAREEBFERIC OV THE T 5. HRIEIAELT
& 203, IR OHEDOWHEREITD 2O OEBEERI & L TR T TO R E W EFZ T
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TZOFEIT 199 FE2 ATAEELD 2000482 A A% TOK | FEECH/-DERL 2, BA
> IVE &% OID/NG I AF A ¥ & OWERER T H 2 L OB, BOBIEB LA VI VE
A OFEDMOKEE 10-25m OIS TEICERBL 7 (& 1). & 5KCHEA Y7 VBIEOILD
H, RERERZ V7R 7 TBRBEBOSERIRTHREDBN (69°14'S, 39°43E) THHNNIZ
FEEITo 72, BEIIEHE S0 cm X5 30 cmXEF & 18cm DT BEARDEMEFEICHIz-
TEAL, Moy 78 (EEETERAY A4 RIFERIATHIb O, EHEIC 7 vy 7O5
H B—H5H] 25 cm OEFHIR) & 9 ALIEMBIRICER L 72,

EMOREDID, TP TAARIN, Fx—2V =4 L IPKEICTHKIZ Im A
FEEDNE DTz, Z D7 HKE 10-20m OHEICERM - vV 7§ o0 —7TT5L, 20—
iR EOAMIEU DT TEREL, | H» S 10 HRCEIRL TR Z{To72, 2
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Fig. 1. Sea urchin sampling sites around Syowa Station, 1999-2000.
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R 1 5 40 REGREHIS B RAR T E 5 L 7o EAEn RS 80 57 —HEO R O#
M- DORFORE - BIPCRTE
Table 1. Summary of sea urchin sampling around Syowa Station during JARE-40.

REH B A REHAT KR D =R IR BEORTFS
Date of Setting  Date of retrieval Station Depth (m) No. collected Sample researvation, etc.
26-Feb., 1999 1-Mar. Eld2% Y= 25 3 7T EES
3-Mar. 9-Mar. towr 25 1 77 UEE
9-Mar. 14-Mar. FkosEF 25 >5 7T U EE
14-Mar. 19-Mar. ko 25 >5 7T UEE
19-Mar. 2-Apr. oW F 25 >5 77 EE
2-Apr. 7-Apr. D2 10 >5 7T CEERE"S
6-May 7-May O 10 2 77 EE
7-May 11-May O 10 1 7T EE
11-May 19-May O™ 10 >5 TT7VEE
2-Jun. 18-Jun. i3 10
18-Jun. 29-Jun. iifok::] 10 3 77 EE
29-Jun. 9-Jul. O 10 >5 77 CEE
9-Jul. 27-Jul. O 10 0
27-dul. 6-Aug. [icxk: | 10 0
28-Aug. 3-Sep. O 10 0
6-Sep. 9-Sep. X aX::| 10 0
15-Sep. 17-Sep. O 10 0
28-Oct. 29-Oct. R 20 1 77 UEE
29-Oct. 9-Nov. [ifQ¥:] 20 >5 77 CEEMRE
9-Nov. 16-Nov. O 20 >5 77 CEEMRE
22-Nov. 30-Nov. EOH 20 >5 77 CEERE
27-Nov. 11-Dec. O 20 >5 77 VEE
BET—H cf.
2-Jan., 2000 5-Jan. T T RT T 7 >5
6-Feb., 2000 10-Feb. b (7% & 55 >5

1 ; Kita-no-seto Strait, *2: Nisi-no-ura Cove, *3: Langhovde off Yukidori Valley,

*4 : Kita-no-ura Cove, *5: preserved in Bouin’s fluid, *6: eggs and sperms were collected

REERIZIBEHE LTIA (TY Y YN e RNT « FARY) ZANE, ZOFEIT
FCHARNCIE OB « O T 2 BIEMEL 72 (R 1), FE/UIEHAE S, ¥, (IiE% 5-50
m \EEBENX R SBTE LT, FEUHEROEEE 2308k L 72135, B LRI RERE
HINOREBRE IR BIR D, —HITE S B2 E D RO FEIRE» HRBE L1213, 458
EDEECAD SR OWTIE T 7 REERTT> TRELZ. 4 BB XU 11 Bk
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SNz r =, ZRENHBUEERIZ SR T 2500 - BIESFEERE X U2 0ROV OFRA S
ELEER T EREUG A & BRFIEHIN O EERE ~AE 7R (BEIRRE b wwigAko 7 v e
T) THEPNEBXRL., 72, BESEEO 9 A LA b Z y PRATO Y = ORI F &
BT 2701, 100 0OFBERRICERE L TYINVETEH A5 (DSL-1000, U bL LA F)L
F) 2RERDSMD T, BEEekL 7.

B2 EhE L 7 FEOWRERIE DR B X 7 200 m OHSE T, ¥ BET 5 HE & AROEH
EERL. BEIIFHEABERONETEE % 30 2HB CHEERLS GREAd L ¥ —
Li-193SA, Li-1000 ¥ —% a4 —, LI-COR) L, 7kifix 5 53R CRIESC S (NWT-SN, Hi
B 25200 %EL, ho0figasr 199E3F20H0LVEE 11 A 20H%T, @kt
S AMEETHSAEE 15m, HEEHIKBE Smick 2 X o wkdcH ) TORE L, £72, #X
DFERRE FKDES) ZAREER 2 L HlE, 8L,

22, WBEXERFE

4L 1 BCEREL Y =2 AL TIIOKIN - BHEHEEE, RUVIIAFRARE © IGNE
HIN DO FEERE VW ERE U IR ORFEEP TR DR UEM L 72, BOR-BUE X KCIEI L D E3HE
E2ERAT: (R - B, 1988), & &0 UHIEEEEK (7 v b~ > GF/F 4 7 AAMEEK T
UTcdk) 2IERL, SAEREICLZ LD CEEFEE | HAl, SEEBENICHERL Tl Wik,
O E R BRI « BUE O 72 WEEHREfR 2R Y, 1T OOREIRD KD, £
WBEED > TRELE, £ TICRS L D WCEE 3-5 cm OIREEK I LT 7
DVESBEICEX, 05 /)L KCl BEPERNAE Ry NZTHEF L, 2> THES L8R
RO F 2 WIARAEBER & LTk,

WA A IR S 07290 L BT % Ik 2 572 L7z 500-2000m/ E— A2 —Hh T A E
BAELTEZEEE, —1510,50C CEE LI EEERENTHE, ERFE®RC—EE2Ey b
THHEL L CEEEMEE (SZX-12, AV 23R) RRHWTEE, BEHgET Y Y vh A Z (DP-10,
AV RR) CRigk L7z, ZRThOREFEFEHEPERRICHE L 72, IREZEIEIIERE
Ehro EF ICEETH- .

3. WREEHE
3.1 BEFRE
1999 4£ 2 A TA), BHIBHEREOEKOERIZ 25cm T, XF|W[AL-> TKOBES L T
W, BRBH T 9 AAE CCRES BREAN 13mIEL, ZORS2ELENGE
B TR 2 2 72, ¥k EORBRBHBRTIZ LA SR, BE (T YV—FE2&T) 8
HolEHBIBWTY 10cm 2822 Z L3k ot, ZOROMEKEEL TKFICAST 2
AIHDCIEEERE S BHA (L2 R LT (€2)., 3 A TRREKLEL, wkEmcEEs 2 HE
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Fig. 2. Temporal changes of visual light intensity (400-700 nm) penetrating into the sea
water under the sea ice.
Mean light intensity was recorded at 30-min intervals with a LiCor l-1000 data

logger with a spherical underwater quantum sensor (SPQA, LiCor) at 5 m depth near
the Nisi-no-ura sampling site.
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Fig. 3. Water temperature near the Nisi-no-ura sampling site.
Water temperature at 15 m depth (just above the bottom) was recorded at 5-min
intervals with a thermister data logger (NWT-SN, Nichiyu-Giken).
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bR Tds7:0, HRIZIFAZ WA 7 4 ANDOEBAREDNK. (1m? 1 ¥Hiz) 10~ 170
BVHETFLLE) BDADVRAATW:, Z0%, BERICHATESFICE 2D, 5 ApaLkE, 7
AR ETRIEEACHEOERIC ko7, ¥KEICERES 258 7 AR LD 9 Bt 7a
BWLU, IAFAICIE3IHDONELD b LAWALTER, Lal, KBEAART DL, #
NETCCEI R LUK, Z0UE e 3, A3iE @2 - 88K 7RO 11 A L
ATHKICERR X NI HDOBEDFFREVAKPAFZET 2 L WIRIETH -7, KEISmD
A2 S, 0.I'C LINOZEF Tid & % 23, ARG ZFEHZ LoD otz (K 3), 1000530 1°C D
S RRE RO T —y u A —HKEBE (XA —H —RE L 2RI 0.1°C) 2 AW TE
HIECER U 7o hs R, BIHIBERIC — 1.73°C T, FHIOET L & D IIRRICKRIZTREL, 6 A
AN —1.83C D/ NEECEk, FDH I A HIFE —1.82~—183C -7, 11 HOBHEIKT
BRI > T —1.76C £ TiRE FABR sz,

32. TZOER&ERR

EHFES W2 &k 2V = DL, 3 AICiZAbowF (KE25m) T, 4 AU EOR (KE 10-
20m) TIT-o 7z, &P EAERL, 2R 280 TH S, ZOEIILOBERTT 7
K7 TEERT S FRROBREZMINICEEERL 72 R 1). O SERERENDOFES [FERG
BRI ISR STz, BEROEL SFK (10 A5 5 4 B) i HRMEE I LT
<, BEH CBA»59A) KRIBEAEHMESNZ -2 THS, FICTAFE»S
10 HhAID 3 7 AR SEDRAC b rrb o, Vo3& MEShihr o, 7 =2
Hicohs b7y 7IES IFE ST, 10-11 ADERCHEES LT & S BdE R OB
EREERET (B, 1968, 1982), Z DN IFERICES ISk vk 5 il o DHEENY =
WELDE S LW EAFHERLI-DOTH S,

FE SN BN OAETEROFEERE T HREIE L7 & 22, B SEBERIHIC S 5
2 A» S 6 BOFENT I, WITHIZ b BIREICAREN R 7 3R S RAEEIRD o h (REE
TOBEEA 1-15 ), 4 H EROFR TR Z OERIRE SO EWEDH-D, 5-20% 12 HE
LTWwe (HIEEEL, 8 ), v =0SRETE L Ko A —FRERRHAT, I0HTAH
LU ERE S M7z 3T, R O A FES ISRIMEE W £ TEML 72 b O 8L E%2 59
2 X 5o Tt GREIEEAEN 30 Biik). 7720, BEINL Y =OhicidRER, &
HIEER S A DR THIN « iS22 b D, LBED 20% FBREDFFE L 7 A REE % FF
OfEE D BEE T OREL Tz (ZNSTRELAFEEDOFEERITBROBED T O 77 VK
W CHEIERFEL721E 0, By 25EEERCHEM).

SEIOREHTETY =032 IS Ve d - R ORI, Zicbitdhlize 8D,
WD D IBEICESAS LAY, KEIRIKRE 208k L7:&, b3H» 2o ERZ LA
BDIED S, L D> Th 24 RREPELEEEL, KB —1.80°C L D bE< &5 % TORIREIC
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IIEL T3 (K23 KUK 1), Bk S BERITEIICERE S e v AR BE L 123X T
DEMETLHERAIFZL TB D, V= HUERS A7z 11 A PRI EFEESERE L Tnw b
BUADSEERE L7z Z & 05, SREHREVE 5 L /- #R T 7 =32 LIS [ S e { B o Tz
WIRC Y = DEFIRBIE S T Wiz £ F 2 5h 5, THICEES [ S e WA 7 = D4 5E4
DEINC 37213 £ % TR 2 & bR s 528, BEINERTOMEGELS 11 AR b 5
haZeps, EINERTOMEGELIE CEICHET S B2 LI HEZR O L2 5b)
TR I %5 Th5, FEICMEZES M2 R L 2 WO KR, SEREDIZEI L Twi2 WA
PEFES | SN A HMICBE S N EBICER 2 b D THo 72, TbbSRIOVIETIE, FEN
REEFES M BIL T, KOBEPKBROEEE, EEOBREN LI EE2RT HOD, FHiK
ZHEOZEARAKBEMMS IS OWEDOELE bz 6 LIZARER X R wE bWz n, 20
REBROMILIZSHOBHEE L TE->Twd tnz k),

oIV 9 A RANCKpD X 7 R BREERESITCET L TA & 25, BEICE
1m2 5720 50-60{f kD 7 =33 L Twd 2 EBHERSI NIz, KT NVAHRXTT 105
T LK 17 B Rk = 1T, 7 = O ARIREE 2 188 U 72, (EHEIRAH3 T & 72 46 ik, b
T SEED Z ORFREINIC K E SBEIL7:DA T, ZOEHLDOEEITIZE A EMNEREZ S Z
Eh¥epots (K 4A, B), BHRGEEIO R Shiz SEERICBIL T, BENIEE D SFHICAS
L, ABEEET Y —RIBEOB L% 105 ThH-> 7z FiEIXE L % 20-40 mm F2E), BEHD

15:35 08:35
9 September, 1999 | 10 September, 1999

M4 FEOMFEMSOBETOY =053, BEHRE
9H9IH~I0 HICEML 72k F LI H X T8 (10 [k THRE) TBsnr:
17 BFEREERTR OBYEE], R A FHOFEADOA & RENG 17 RERERICHEZE CBE L7
fEs & = h o OBEAE, EHE A BHOHNERANIHERE CHEL (HRATE A
&b Ty POERBE A
Fig. 4. Distribution of sea urchins at the Nisi-no-ura site.
Both photographs were taken with a submersible digital camera (DSL-1000, Little
Reonald). Some urchins moved several tens of cm for 17 hours (vellow circles and
arrows in A). The white circles in A and B indicate the same stone. White arrows
in A and B show the direction of a bait trap.
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ARAR—EL TE 5T, EHEREMNE & IIEBRTH o7z, 20 L REHICHET S AR
DY IIERICBEIL T EREVELY, 2L BIEZ 2 EEELTWwAE LD TL Y, 0
S22 ERRLTWS,

1HHEZAS TERACHEHEINIZLI:y =0OFizid, HEL T o EERZIGEMARR
TN « BUHE T BEES LIE L IFBE s e, 2 OMEIICEI U7 BT 7 2 K
HysZed, BE (1982) OBZLFETA2HERTH Y, FESHEAEMBE TIRED 11
AEICBEINZFIEL, JHCE D TINOYIIREIMTON TS H O L FHRS ¥ 8K
Thotz, 2ZLEERYZbOD, 11 A5 12 AOBICHE S iRz idFE L
TATEREFFD S OONRIEL T3 2 &, fRICEES | S MR 2 EARICITEINE KT S B i@k
DFET 2 2 &, Fal2 e WIECEL T3S RIOMETCRENOEES BRI LwI &
2EETHE, VZOENNPMENISEOH LR NI AR —FCE IS Li3F 2124
s BLBEINE L R o A 2 & O 7SR R RIIC b 72 » TEIITb I T
WEDOTRIWhnEB b (28 Pearse and Giese, 1966).

33. THOP - BUBOOER L VIHAREEER

4 B AN L 7R T, TR KCLiE (05MKCI 27 —OROBRERICHEAT ZH
%) HAOTHIN - BEOFREALT-E 25, JIBFELICHENRSH, X512, #1
SERBETHIETEREY, ZREOERE2ADL I EBTEL, ZhidThbb, V=3
FRE TICiE KCHETHER « BB HERTE B IFEAEESFEEL TV L 2EKT 5, 12
2L, 20Ok I ZRBBEIRIZRD 21208, B L % 15°C OEEE THEMENC & 25888
Twizledh, EETEERET LI ENTERL T,

11 BWERELFEE 2, fAERERES - 1.5CHiR, 1°C, 5C D 3EFEICERE L5
BENT, BEREFERETEA, 7V o 3EMEBRERNNOBEET THIN - BB wI E
EPHER L3O, | {EE T O L CEEENOREE KT THREL .

PKOFER & FlfRIC KCLiEE AW THBON - Bl 2R L7, N3 & £1EE 0.17 mm OBR{E
TAV Y PEEPEEL (M5E), ABEICEOH»ICHERL LRI, B iiEks 08X
¥aBomtan: (K54).

BN - B R 2 T ERE RO R E, EXy N TERENIN  BTOA- K I AVED
HKkEZ L&Y, WK EHKI: LI E—2—ATRE L, ZRI Y (@R, RSO EHER
BEOIOEHETTLI - BTF2RAELZBI L, TP OBEICERE L - EEEN
T, INOZR/NEFHFEL T, BHEEXy MEHOLTERL, SEICHW:,

7 =Pl EHERB L % SO TRBBEOBRNIZ U E Y, | BRUNICIZIZIZT X TOIIT%
BESFED S5 L 50k ol ZREERLE, 5C ICRE L IERIRE T3NSI AR
WWEL, TH—2KE SOMEPEREEL, BL7 UEBRCEZENIELELTLEST
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X5 v=gioH 4 X &8 « BoE OFEFRER
Fig. 5. Egg size (left) and experimental induction of spawning (right) of S. neumayeri.

K6 5CBIUVI'C TOZBINOYIHFEE
Fig. 6. Fertilized eggs developments incubated at 5°C (A and B) and I°C (C).
A: 30-min after insemination, B: 24 hours after insemination, C: | week after
insemination.
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(B4 6A,B). I'CTRFEHE LD, INEBTHEANC 2> TWwa D LD H7z05,
—ERDOYNIE | BENE EFRA T, VIHRBEMIE TRAEIEATZ LD LA D Sh: (K 60),
722U ZE DK, ZOREREERELL, ThUBORERBCES o, Ihb ITHE~HE
K OFEABE L~ 1LSCIZERE L2 DD TIZ, EEAETRTOZREINTIENZ b o
TIAFAFNCHEATL, IR REEE TR E T, 48McbzY, £F LT,

34. fEKREMHE TOVIRRRA

REMRE—1.5C DIRRT, BAERBS L2 | FHEURNCEE L 2IZ LA TXTOINTRE
FEDSFERR & Tz, ZREBFEA D © 20 BEEILANIC 3 X T OZFEINC S —INEH4: U, 22 BT
FEORE], 24 BB SINEISEE Z 572 (7). F0O% L IVENIIES I X, SE»S 2
HE& X 32~64 53 EIDFEMIZ, 3 HERICIIVIHRENIC £ TREVEATS (K 8). ZEEZSH
Hiz7e 2 LR3I b CRESEE 2055, 6 HEICZINELZED ML), FicEs) 2175
BRI E TRADHEATY (K 8), HEYBREI OIS REICER 28 L, —KEFEBME
HPERICA D A DIcB L2 I0HEH, #0®E\AE CHOYBARMGEZET 2 DWCEIZ 1 H
D, #HE 1 HPEELZ (X9),

FOFIGHAIZE DD T - D EHETL, BIBORIC 2 REFTAMRE Ul 013326
26 1SHBUETH 572, 25 LIRIBEMAE R T, 8L 2 1820 HTT Y XABMhEE T
FAEDETL: (10), 0%k, EICEGERET 10 HREZ SEE 26010 7223, RidirkE
AT TEEX IV DD, FIHAA NV T 7 ANEE TR ES Ko Tz, 72720, FED
IR L7 BRETO 7 ) X LA IZBARE S DI 2 SN Tw b X 5 IiZR 2§, 7
T MR ERGEL PN CEEEICLIEORERE LI DR 512 DO TIER WL
S B bii,

BOERRED/N7 o =2 813 15°C OFERE TR 9 RS 2 & S55E0E, 14 FFfH
(& CHIARGAT, 18 e THIAE, 1| HEEE TRIAIZMME L, Briaite 220, BMICET 20
W22 HEERE, 7Y ALABIGEC R 52012 3HEE TH 201z L (Rl - B, 1988), AT
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Fig. 7. Fertilization membrane formation (1 hour), vertical (20 hours), meridional (22 hours)
and latitudinal (24 hours) cleavage under — 1.5°C. Letters in parentheses indicate

the incubation period after insemination.
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Fig. 8. Morula (2 days), early blastula (3 days), ciliated blastula (5 days) and swimming
blastula (6 days). Letters in parentheses indicate the incubation period after insemi-
nation.
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Fig. 9. Late blastula and early gastrula stages. Letters on the plates indicate the incubation
period after insemination. The cell layer at the vegetal pole gained its thickness (8

days), primary mesencyme cells appeared in the blastocoel (10 days), and then
invagination occurred (11 days).
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Fig. 10. Middle gastrula (15 days) and early prism larva (18 and 29 days). Letters on the
plates indicate the incubation period after insemination. The prism larva could not

metamorphose to a later stage for over 10 days in our experiment (but was still
alive).
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