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Table 1  Shell width, total weight and sex ratio of 10 mature Babylonia areolata in different substrata

Treatments Shell width (mm) Total weight (g) Spawners
Sand 47.84 + 1.64 89.61 +11.95 5%x5%
Sand+ Fragmental coral 47.47 +2.13 89.31 = 11.30 5¢#x5%
Fragmental coral 47.35+2.35 88.53 +12.04 5%x5%
Control 47.32 + 2.37 86.72 +11.42 5%x5%8

Shell width and total weight between treatments are not significantly different by one-way ANOVA analysis (p > 0.05).

Fig. 1 An adult Babylonia areolata with a shell height

of 11cm.

SN HERE HPVBERESE - 2R R 85 - HAl
EAEAT 400 ~ 450 JT/A T2 [ - RS OtEE
B INATVE Rt S TR -

JEBRTEHE AT - EHAMHE SIS E - H
N A ZE A 5,000 ~ 6,000 mt FFE R E
(35, 2003) o YT A5 A 7 18 i Sk JE M P 5 5
¥ HRTCHEAREK - KIHR A IS B a5
ZAEE - HETH RBIRNT SR B RHE R AT B A
TEIEVIZHEEE (3, 1979) - BUREIEATRENE
WF7E (., 1980) ~ JEVERRY BEIE BOrdSGHERT A B AR RE
aBE R T, 1981) ~ YA % R B R 4
A ARE KRR R 2 R (B, 1997) ~ B A
THIE (34, 2003) ~ 518 BV BEIE T T Ry I A2 JE SR
HEvEIZE (BB, 1992) ~ R RURZEDITE (H,
2004) xR IR 2 7 ON R 4 AR R E R B
(Chaitanawisuti and Kritsanapuntu,1999) £ f4 iff
7% HRAR AN B EEET e SR Ia 3 B HEm
MAZ - RILAHHTE 5135 G2 o VIR DNFRF A
Al BB S YT Ee R RG 38 B 2 IR B R Bt TR
ATEET o W DAPURE A [F] B T A ONEEE - Bk
TEBR A I Bl - MOk B HARER ST » IR
AR R E B EREIRE L2 -

PR 5 {4

— ~ TR

FEBEER H B0 E SIS 7 s FRE A
BRI 2 RORBE - S SRS B AR 350 3 -
IREE 68 ~ 146 g [t » FHEEM 250 L 2 J78Y FRP #f
oho R SR - FIRTRKIGET R B - o
BRI SEITAE 47.32 ~ 47.84 mm Z[H] > #HEE
86.72 ~89.61 g ;. 60 fIEIfELR K 60 & MR » FEFIFH
Batkhieiis o /P EVURH = R o R S
Wk 5 e - GAEBSRTRCER S HHAE IR 185 ~ 12
T~ SR KRR Table 10 #RER K14
FEO TR R - SRR LR A/ N R B Y
IRFEE 25 (p>0.05) -

L~ TR

T ARSI 15 (EmEELR - B HAERE T
D o H HEMR R AR S R B P R 2 g DAL >
GSIHE 9 6 LI - EEEERERG W EIVAT » Eot
TR ARIE I B > IERA T P % T 2 AR
BT < B3 5 MERRIE R N 5 R b b A — S DA
i -

=~ NEIFENEE & Sl
(—) #BEHE

FEGIRE R, 250 L ;2 /57 FRP Af > BRIECESHEAK -
N IS SR /K BB T I TR AR k- o
B BN S L 30 BRTE - waiE e
P8 - 15 om JELATRD  SADRE B A Ey 1.21 mme

(Z) #BESHMmIRE



SO RIRC I HRRELAEE T 67

A B R AR R - b e Slast — i
— PR - I ENRES R SRR
17.48 mm > %G1 6.76 mm - JE\IE A TR 2R I RS
TEEVE b PRORIEHIEE 2 oy s B A N Ty

(=) BImAHE

sl 7 A ELHIRDREAE(R] - H 2= ER s
R IS PR 17.48 mm > FG1E 6.76 mm 2
AIMEREINEE -

(79) #RETHE

FEOIREE, 250 L (/57 FRP A% FHESERHEAK -
EREHEK > AP ISR T P B A R
B -

SRAFREF TSR 1.2 Limin » £5H057k B
#1747 8.5 Limin » JE/KE4EH 1.2 ton - RERHAR
KT HER MRS 1 R 22 H 5 ElEK
BTN B -

VY9 ~ DN B R ERAL

T HBIR X REIZEINE BRI
W A < NS B R B L BB
b PRI EERGE 2 ton ZKAETRIRL > Ak R
HIAE 8 L/min » $T5a&AY 1.5 L/min » LAR# L]
TR S IS o DAL RE R R S A 1S
Bl - SIS ISR IR IS B 6 - B2
FEONEREIE T I - R ERER K 50 £ -
AR HEYE A AT S S AE N - AR 100 {32
G ISR NSRS IME - Sy SR EHSE Rz
BHLIS AR S GHHRERER 5 MO RN
GBI 500 cc BEMHIAL - BB R TRE
RMUK o FrghA ARt e el O 2% - A
HRERE AL B A LIE R - SOMIHRE
30 FONEEHET TINEN - DR ~ R S I
TR R AR -

T~ R R BIEREEC Sk

FERHRAEE N - SR OEEEG - B 1,000
ce BEARH » RNTSR » FREBUKIECROKE © B
PO Y — INER T > IR SZ AR BN > Al RS
PoETEEII > FEIRCRRIE G BT HE -

N~ ifEt s

EESEIESELL SAS Bk e T T K T 5
S3HT (one- way ANOVA) » SEFIRZ/KAER » FELL
S I (Duncan) 2855307 HE T 722 SR LRI DL
P <0.05 Ryl /KAE

R

— ~ FHEREE A

52 2F JEA MR A ) 448 A= L FiR A B B R T i DA 4 7
(Fig. 2) » AJEIRAIR RIS A AR I » 78 35 A B A
LR - SEHERPRIS 17 4 (AR - MR
KBS P TEEI I A= R B - ety
Tl (columellar muscle) "~ DA RAMERIE L
HIRSE (vas deferens) » kS FRERE ARG H]
flEgF e SRR R - R R HMEBLE — A SRS AT ey
WLAEIRICEED) - TEAREREIENE o MERRA 2 Bk
B AT B ZU e s nnE L IV EL - BN A EEE]Sb
EIEIR (pallial gland) FYEEES - SMEERRAIEINH
f& (albumen gland) LU IREEAR (capsule gland)
SNERRIE LA RELRE R (sperm
ingesting gland) » REHSITAT G e acB22E > 2F
FEFLANGI AR N ST NS 845

= AFIEE SR EIN SR

ANFIEE & EEINGBRAS R4 Table 2 i > ]
ORH < WEE DS HCRs 6,749 i8> FEREP3 Ty 2,249 +
851 flil » SPIER—MEIERT A T 450 fEEN4Y > BH—ON
P2 A NNy 1,012 + 209 {1 - 5 — (RSP
YIEEINBORIAE 45.5 KL - WELK 95.8% ; AlldE
BRI < REE DN 5,354 fiil - f9HE Y
1,784 + 512 fif] - B —MHERRSPE M) A 356 flEDINE -
B —DNE PSR DNER 1,037 + 198 fif] - HCEE— I
RSP EEINEGR 37 KL - PRF(ESR 94.9 % 5 W]
RHAEEE TN BORy 6,099 {1 » AFRE-FS 2,033 + 180
flel - BRSPS AT EE 406 {ESREY > BE—IRESE
P2 RGOS 1,056 + 156 fiil » Fr DABE—{E#e V39
JRHKY 42.9 EERL > BEER 92.3 % 5 BRELAH. <M ZE
JUESEE R 521 (DN - AEREP 173 + 156 {8
— RSP AT A 34 {E DRSS - B D PSR



68  BEEA - BT - FEAE

Fig. 2 The somatic part of
Babylonia areolata. A: (Fo)
Foot; (Op) Operculum; (Te)
Yellow testis; B: (Rt) Right
tentacle; (Pe) Penis; C: A
coffee brown ovary. (Op)
Operculum; (Fo) Foot; (Ov)
Ovary; D: (Pcg) Pedal
capsule gland.

Table 2 Effects of different substrata on the spawning of Babylonia areolata

Treatments Capsules/Tank Capsules/Female

Eggs / Capsules

Eggs / Female (*10*)  Hatching rate* ( %)

Sand 2249 + 851 450° 1012 + 209° 45.5° 95.8 1.5
S+FC! 1784 + 521° 356° 1037 + 198° 37.0° 94.9 + 2.2
FC? 2033 + 180° 406 1056 + 156° 42.9° 92.3 2.2
Control 173 + 156° 34P 1048 + 168° 3.60° 91.5+3.9

'S+FC: Sand+ Fragmental coral; °FC: Fragmental coral; *Values within each column with different superscripts are
significantly different (p < 0.05); *Hatching rate: No. of eggs survived at veliger stage / No. of fertilized eggs.
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Table 3 Monthly changes in numbers of egg capsules released by Babylonia areolata with different substrata

Treatments April May June July August Means
Sand 121 140 365+ 161 553 + 140% 759 + 575° 438 + 69° 447 + 323%
S+ FC' 52+19° 280 + 170 289 + 253 659 + 62° 503 £170° 356 + 253
FC? 68 + 50° 505 +228° 650 £ 131? 442 + 60 368 +122° 406 + 230*
Control 15 +27° 58 + 88" 549 33 +30° 62 + 63" 34 + 49
Means 64 + 76" 302 +222° 375 + 295 473 + 382° 343 = 20°
Temperature (C) 24.4+0.4 253 +0.8 26.8 = 0.5 27.6 £0.6 279 +0.7

'S+FC: Sand+ Fragmental Coral; *FC: Fragmental Coral

*Values within each column with different superscripts are significantly different in capsules (p < 0.05)

Table 4 Length, width and stalk length of egg capsule and eggs per capsule in different substrata

Treatments Capsule length (mm) Capsule width (mm)  Stalk length (mm) Eggs / capsule
Sand 24.58 = 1.00 11.97 +1.58 14.18 = 1.47 1012 + 209
S+ FC' 24.40 £ 1.04 12.09 = 1.52 14.16 £ 1.56 1037 =199
FC? 24.61 £ 0.94 11.66 = 1.51 13.81 +£1.15 1056 = 157
Control 24.15+1.10 11.63 +1.65 13.65 +1.48 1048 + 168

'S+FC: Sand+ Fragmental Coral; *FC: Fragmental Coral
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Fig. 3 Capsules of Babylonia areolata.
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Table 5 Embryonic and larval development of Babylonia areolata at water temperature of 27-27.5 C

Stages and size

Time after fertilization

Fertilized egg (300 + 14.5 um in size) 30 mins

First polar body appeared 1 hr 20 mins
Second polar body appeared 1 hr 50 mins
2-cell stage 2 hrs 10 mins
4-cell stage 3 hrs 35 mins
8-cell stage 7 hrs 20 mins
Blastula 24 hrs
Gastrula 29 hrs
Appearance of prototrochal cilia 54 hrs
Hatching (beginning of the trochophore stage , 320x280 um in size) 70 hrs

Formation of larval shell and proleg bulge
Appearance of vesicle

Black eye-spot and proleg cilia appeared
Beginning of heartbeat

Embryo and velum were well developed
The first antenna appeared

Hatching (beginning of the veliger stage)
Formation of the second whorl

The velum and cilia became widther

Metamorphosis and settlement, loss of swimming cilia and initiation

of creeping (520x390 pm in size)

76 hrs 20 mins
80 hrs

98 hrs

105 hrs

120 hrs

142 hrs

144 hrs 10 mins
192 hrs

264 hrs

312 hrs
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Fig. 4 Embryonic and
larval development of
Babylonia areolata. A:
Fertilized egg; B: First
polar body appeared; C:
Second  polar  body
appeared; D: 2-cell stage;
E: 4-cell stage; F: 8-cell
stage; G: Blastula H:
Gastrula; 1: Appearance
of Prototochal cilia; J:
Trochophore stage; K:
Formation of larval shell
and proleg bulge; L:
Appearance of balance
afterbirth.
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*—
200 pm

heart

Fig. 4 (continued) M: Black eye-spot and proleg cilia appeared; N: Beginning of heartbeat; O: Embryo and velum
were well developed; P: The first antenna appeared; Q: Hatching; R: The next day of hatching; S: Formation of
second whorl; T: The velum and cilia more develop; V: Metamorphosis and settlement, loss of swimming cilia and

initiation of creeping.
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Spawning of Spotted Babylon (Babylonia aerolata) and
Its Embryonic and Larval Development

Tung-Pen Chen’, Ting-Shih Huang and Wann-Sheng Tsai

Penghu Marine Biology Research Center, Fisheries Research Institute

ABSTRACT

The spotted babylon (Babylonia aerolata) is one of the highest value marine gastropods in Taiwan. In
resent years, the heavy exploitation of spotted babylon has resulted in a rapid decrease in its natural resources.
Therefore, in order to develop a technique for mass seed production, four treatments of different substrata
including sand, sand with fragmental coral, fragmental coral and control groups were designed to evaluate the
efforts on the spawning of this species. The results showed that there were no significant difference among the
three-experimental groups. However, they were significantly more effective than in the control group.

The fertilized eggs, enveloped in sun-flower-seed-shape capsule, were granular, spherical, yellowish-brown
and demersal, with a mean diameter of 300 £ 14.5um. The formation of the first polar body occurred about 1 hr
20 mins after fertilization at the water temperature of 27.4 °C. The 2-cell stage occurred at 2 hrs 10 mins, and the
4-cell stage occurred at 3 hrs 35 mins. At 9 hrs 10 mins, 8-cell stage formed, then blastula stage at 24 hrs,
gastrula stage at 29 hrs. Prototrochal cilia appeared at 54 hrs and the trochophore stage developed at 70 hrs.
Vesicle appeared at 80 hrs, black eye-spot and proleg cilia appeared at 89 hrs. Heartbeat began at 105 hrs, the

first antenna appeared at 142 hrs, and larvae hatched out from the capsules as veliger stage at 144 hrs 10 mins.

Key words: Babylonia aerolata, substrata, spawning, embryonic development, larval development
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