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ABSTRACT

Gametogenesis, changes of gonad bulk index (GBI),
monthly variation in oocyte diameter, reproductive
cycle and spawning with lunar cycle of the top shell,
Trochus niloticus were investigated by histological
examination. The specimens were sampled in the
coastal waters of Chuuk Island, Micronesia, form
November 1999 to September 2000. T. niloticus is a
gonochorism, and the female and male were present
in an approximately 1:1 ratio (p > 0.05). The ovary
contained with the oocyte of yolk stage, the testis
composed of the spermatid and spermatozoa at
around the year. Monthly GBI were higher at February,
March, April and June than the other months. Major
spawning occurred between April and May, and June
and July but the individuals of partially spawning were
presented throughout the year. GBI with lunar cycle
were higher at the full moon than the other lunar
phase. These results suggest that the spawning
occurred between the full moon and last quarter moon.
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Trochus niloticuse NIEEFZA A=k eHks]
A s ool Fxatc). sizhe] An} Feo] Folu ZF9F
G ATEFoR AHE L, $AL A40R olgHE Ak
# 7437} e ARt (Nash, 1993). T niloticust
Ak 71o) ARA Ak 5 NRE Zbe 5434
Folo}h. 2922 Low-Isle ReefollAe FAo F 4kghol
de)un] (Moorhouse, 1932), New CaledoniaciA+ 314
of] & Akgko] dojubr} (Bour, 1989). 184} Polynesia‘llA]
= dFAEke] dojuhe e ~E U)o} King SounddlA:
AFaktd A-A A FAOl Zet (Habn, 1993;
Gimin, 1997). ©]&} o], T niloticus®= A4 37| wje}
A7) 9} Alekopato] tiokstA el e R T niloticus®]
AR} A7 o] 4rHAE wo)7] A 4o AY
Ao w2 HAAYE sjelsh o] a3

2 94 Micronesia Chuuk Islandel A4sl= Trochus
niloticus®| WAAHE FA3L7] Y3l Au], FAaxg, A
2 ibgddF) 4dy 24 3o W3t 58 AR 3
Apske) A7) AA)Y] 9 AR S-S A gl

HE R OUH

Trohcus niloticuse= Chuuk Island %1gF 441
A 19999 119%¥ 2000d 9¥7HA] BE& Vo 94
20-25 A % 263 NAE AP 2, A ES 2A8
7] 918 200003 29%E 497X 437 (WY, 49, 2§,
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Fig. 1. Sampling area of Trochus niloticus in Chuuk !sland.

31d) & 71EeR 4 20-25 AAA F 140 MAE AR
oo} (Fig. 1). ARE ABE vernier calliper® Ztx.9} 213
£ 0.1 mm7HA SANAT, AFEF ¥ §5FS AAE
(Sartorius, BP 3100s)2 ©]4-3t% 0.01 g7Hx] £48k5ct

zZA A B Y3, & A A Trochus niloticus
= Bouin's solution®] TAs}E1, 233 (stomachal
caecum) BFE-E Adsle] AuE THEglow, AHH o
A Aude o3 56 pm FAL] AHE ARSI
Hansen's haematoxylin#} 0.5% eosin 2% v|% 4 3}
patdn) g ez 773lgicl Gonad Bulk Index (GBI +
JAE siejalE o] 8-5te] AHE #93 ¥ ImageScope 2.3
(Image Line, Inc) & $HAR 444 WHE ST
ok A olgsle Ak

GBI = (gonad area X 100) / (total cross sectional

area)

AAF7 9 A RS wosly] 3 4R ALY 95
At A3 Zoz AR A9 2teldl A
gk do] BAEE GrAEiks At YrAE 27]9] Y
W o) 2y H3E FARIATE YR A XS ImageScope 2.3
(Image Line, Inc.) & o]&3t4 7|4 2 100-400 7}E 53
843, 10 pm o AFeR FHE3l GRAE A7]of of
g £ E AR

AAlLe] WAl Hahn (1993) & Catalan and
Yamamoto (1993) 9] shildl w2} 847), 457), ¥-E4E
7], 8& 4 35719 4 HAZ YRk &, 847 (active
stage) & AAAY] A7l o]Fol2 Jelz EAFAS
AT i AYUAEe o YEAE B JEAE}
Aadrt £ Ao g $A3 &) $57) (ripe stage) £ A
Asrt Asdez 715 YA 9A, 282457 (partly
spawn stage) + 9457 BAY YRANE B& FAEL] F
F apgo] dojuy AgAlr] A9 & g dFo T
FA= A, 22 2 327 (spent and recovery stage) +
wreha} Aol doju} A Lido] AL vlejln U
A&3 G AT} AAEo] EAfsim YAt} s
QAR TR

2APEE HF = BFEAR Jelloh Aule xf -test
& A8l %, GBIX SAS (statistical analysis system)
£ 0]4£3}e] Duncan's multiple range test® 3¢ 7+ +
4& ARG (p < 0.05).

2

“

4

1. A& T3 9 A
o] Ao A=l Trochus niloticuss Z7e] 75.0 = 9.7

Table 1. Sex ratio of Trochus niloticus from November 1999 to September 2000.

Number

Month Total Sex ratio X2
Female Male
November 1999 20 13 7 1.0:0.54 1.80
December 22 14 8 1.0:0.57 1.64
January 2000 26 18 8 1.0:0.44 3.85
February 66 30 36 1.0:1.20 0.55
March 99 54 45 1.0:0.83 0.82
April 45 24 21 1.0:0.88 0.20
May 31 14 17 1.0:1.21 0.29
June 23 11 12 1.0:1.09 0.04
July 24 14 10 1.0:0.71 0.67
August 24 11 13 1.0:1.18 0.17
September 23 13 10 1.0:0.77 0.39
Total 403 216 187 1.0:0.86 2.09

Asterisk indicates a significant difference from the expected ratio
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Fig. 2. Photomicrographs of ovarian developmental of Trochus niloticus.

A: active stage (scale bar = 50 um), B: ripe stage (scale bar = 100 um),
C: partly spawn stage (scale bar = 200 pm), D: spent and recovery stage
(scale bar = 50 um).

Doc: degenerated oocyte, Fmc: fibromuscular capsule, Gm: gelatinous
membrane, Hg: hepatic gland, N: nucleus, Oc: oocyte, Og: oogonium,
Yg: yolk granuie. Inset of A showing oogonium along germinal epithelium
(scale bar = 10 pm).

Fig. 3. Photomicrographs of testicular developmental of Trochus niloticus.
A: Active stage (scale bar = 25 um), B: ripe stage (scale bar =25
m), C: partly spawn stage (scale bar = 100 um), D: spent and
recovery stage (scale bar = 25 ym).
Fmc: fibromuscular capsule, St: spermatid, Sz: spermatozoa, Tsl:
testicular lobule, Unsz: undischarged spermatozoa.
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W YA SAL ol Aslldol e meEr] €714

Agled s AAZL T Hgut
72 (A o A TR A5
o}
ZAPZITE 3 $Ro) 216 A, 710 187 AAZ, AA A
H)E 9F 1:1 °1¢t} (p > 0.05). A 3HA wpfog AL E
WA A AEAE wdss AAE ik (Table 1).

2. 394 34

o] & FARe 2 Y s AT E Ees
uisioich GAMEEE QA4 AT 7]elA g
gx, 7|7t 8-13 4m T AT gREL 5.7 ume Ho)
Az)skedct. 2717} 20-100 pm<l oj_GEAEEL YA}
e WHE  HAsY AAsIGT, VA AEAL
hematoxylinol] 8h&-3}3 A#3tol| w2} eosindl] AEAf
e o] FA=HA dk33dch 183 #e ¢ 10-35 4m
2 F¥o]glen} Folol= hematoxylin®ll A3lA QA==
gle] Qigitth. AR o] whE YrAEEL Al uhs
Azt 9idth (Fig. 2-A).

A2 W& sy sl YRR AXA )
e TEAS] W3Agle] o 4= 27]7} 110-150 £
mz 7B o F, o] AAED WHeg fejsl s
T G AEEL W 160-230 pmE AFIRT, AEA
+ EEAo] de FdsA FEslgieon] Ay gjuto)
oS FE A old, AL S5 TAFEL HA gl
t} (Fig. 2-B).

B EA AAAAE e AT QF 95T Wl
spLZL H2Es 2l F20) BAsiglen, wyEs
G SsvEe NN £ Ue] BEsdY (Fig

2-C). o|F v]&d g5uge] HilHgla, YA A9 7)1
of GAAES} o3 YEAE o] FHsg) YA 9y
o} 7)Roll A} A A7) AR EHA o F GEAEE] oA
sk (Fig. 2-D).

3. 4494 34
AAYA BAS ARG FAT P 2T A4
o s% AR R 79T AN Ude s Bds
ek AR el AUAE, ARAE, BAE F2E 1
3 g R8E ohl AAEe) WY Bow S 5y
2 SPde A g 2ARY Bz el

o
o
it
ﬁ
rie
P M

< A (Fig. 3-A). ©1%, Axr) wast
o we} 9= ZAgutke gkolx|w Hiido] HlEEglon
Zolle |l vkl A2 FelEe2 AP} (Fig. 3-B). W
¥ Haag dede A wE Pt e
[¢]

= (Fig. 3-C), °1%F v|4&d & FAEL 53 545

Az & ZAHTe] A FAYAEA ARE- Hhage]
A= et (Fig. 3-D).

4. $¢3 GBI9) 4 A3

423} GBIY 9 W= Fig. 49 2t} 22 294 286
+ 0.20C=2 7P w¥kw, 640l 29.9 + 0.03CZ 7V &3¢
o 4 FF522 292 + 0.07C HYL

17 GBI 9 #H3l= 2440 69.91 + 3.87% 714 %t
I (p < 0.05), 590 40.94 + 3.12% F73] 7284tk
o} gYel 59.68 + 2.95% F71g T 7-9¥) 45.05 +
4.309) 2 Yeldo. 2 GBI 4 #3le 2449 57.17
3.30% 7H¢ ¥4 (p < 0.05), °1% o17l3} fAkgk A%

< YEieh

+

5. GBI9] F7h¢i3}

k)5S 2] 3 257) (AY, A8, BE, 88
& 71Fo2 4 AR 43 GBIY F7bHEE Fig 59 2
th 979 GBIE 2EAVIQ] 249 1799 49 209 47
71.38 + 5.909 71.69 + 3.22% 714 EUL (p < 0.05),
3ol Fashs AdE 2Avk $719 GBI= 4T {A)
A BEol F718ta stde) 7Ha3e AEE verld

6. IRME V| gE L FE EY

ZAPIZE F GEAZE 2719 o 3= Fig 63 2ok
EAE 2717} 160 pm o] 4&¥ FEAEE = A
5% AAE 9F EAsldch dEAXY] 271 100-230 4
m9 A% FrAze 18# 1090 xmo o YR
9 2o FEE S Uk

19999 11€3E 20009 14 Asugo] A 24
HhH, AAGEAN TS0} F& &S FAA Bk ) 3
Ark o] 2-44¥edlE= AsdEe] YA dEEE AR
Y, 544 234l r} 333 Fhsigch 1212 649 oA
Asdge F3isr) FVRIGARE T4¥E Zashr] A

sgie.

A ES 2] Y8 4F7) (A, A, 28, 5E)
2 7)1Eo 2 74 ARG GRAT 27)9) M3l Fig. 7% 2
ok, A7 F 160 pm ©)AMY] 53 URAlEe] B E
1Y 24 179 (3E) 3} 29 259 (3H8) Abojo] Aoz

iy gsdo] 2| v)Eo] 7HAsRT)

7. 34 57)

s st gAANE FAREE =
Aet dEAE 2719 o HE T
niloticus®) BAF71¢ 847, 457], FE ¥e7), ¥E ¢
315719 A4AQl 2712 5 Y304 (Fig. 8).
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Fig. 4. Monthly changes in the mean water temperature (‘C) and the mean gonad bulk
index (GBI) of Trochus niloticus. Vertical bar denotes a standard error of means.
Asterisk indicates significantly difference at p < 0.05.
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Fig. 5. Weekly changes in the mean gonad bulk index (GBI) of Trochus niloticus. Vertical bar
denotes a standard error of means. Asterisk indicates significantly difference at p <

0.05.
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Fig. 6. Monthly frequency of oocyte diameter distribution in the ovary of Trochus niloticus.
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W 50T NS ARG U D SIS AR 121 S ek ol ARARES] AAETY Bl Aex

9 59, 2eln 1890 FUsiA, £AS 1219, 59 1 AsEc
2z 8ol F@sisic. WProe W FHFEE Y42 TR PR
_ WA geled A9 9o o WevlEE, ada 9y
o $7g00) 52, 9, AF, Hol FX-E o) 3] AP
ANEESL dise] AgelHels Av Litel) Eof (Giese, 1959). At A7)+ AR A ¢ 2] w=}

oA dF 9 BAgde 9o A be & gr T Yelys (Chung et al, 1998), AH A7]¢ wie} =
(Shepherd and Laws, 1974; Creese ef al, 1990; HERE A B o] AREe SANRT (winter
Lindberg and Wright, 1985). 2559 AA4E vasp g Dreeders), X3¥e <I2 Jhaield] A7 dddste sAE
& 2E S U Y S Seelq mAEA A gy Do (ummer breeders), €7 A¥ohs ATHET
'+ ¥ 9tk (Lee and Lee, 1998; Na and Lee, 1999; (year-round breeders) 2.5 7% S} (Brousseau, 1995).
Oh et al, 2000; Song et al,, 2002). | A7, Trochus Trochus niloticus= A9 w2}, New CaledoniadlAl<
niloticus®) A A= ApolAGeH, AL TEE Be Azl ANAZ FAHA ] FAHE FAVNE AL $20]
7329 SASAT Aul 2AE AR 3 o) 216 A Aedthe A7l ‘**3}"\ 8lAol) AEhe 312 (Bour, 1989),

A, $70] 187 AAZ o 1:1 9l5iet (p > 0.05). King Sounde| A} dArs AR el $49 o}3]
Y e A L

AEoh AL Do) BN Aog wuHac Orton (o, 1999). °) AT, Chuuke] HAsE T
ot al, 1956). 44 B3 ANLS BRaolol wlpsiggy  Motiewss A RE YW R WE AT o] A7 2
% HARIALE] i SRICP] e el wep LR, GBI el 2719 G dsk ol 454 2
B BT 0 oF AT} 3 JPAER pgsln % 6T Al T AR Do Ao AR
SIe} (Lee, 1980). Trochus niloticus®] A% 9471& A9 1T RARAT 294 357 52 UF/1E 453 A
@ WA PUARATES] wa 240 o ey = S T A0S A S 5 Loosanoff
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Fig. 7. Weekly frequency of oocyte diameter distribution in the ovary of Trochus niloticus.
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1962; Pearse and Eernisse, 1982; Olive and Garwood,
1983; Brousseau, 1995). 53], bl AA3= #ak 74
FEEE AEATE H5te] 477 wE AEEE 2
(Omori, 1995). 3259 Polumnus vespertilios 29|
AL W& (Kyomo, 2002), B%F9 Strombus
pugilise 38} F 4k 3t} (Reed, 1995). Polynesia
8} Palau®ll AA8k= Trochus niloticus= A4 AH@ Alo]
o] Atehg &} (Heslinga and Hillmann, 1981; Hahn,
1993). °] AFAM GBIZ} &2 A7]2l 249 M 4¥7tA] At
e 5% 2 43 79 GBI W3ls LEA 7o 713 =9
2, s18el| ZAshe AdS 29 webd Chuuk Islandel
MAsE T niloticuse 283 318 Apojol]l 4kghe] dojr}
AR S UF7)L B s FA-

olge] A#AE FEHRW, Chuuk Islandel AAsh=
Trochus niloticust A-2-0)A2 AAE A% Ao oy}
A9k, 4-59 183 6-790l F Aghe] dojuln Akgh B E-L
LF7)7F Bofzhe Ao Qo) weha] oz s A
S Ak xAske Y 3427 A7) <3t Atk
= s AR E o2 Y ARERANA dAaT 2e7)
Stk Abg sl

e o

o] 7= 1999 119%€ 20009 997}A Micronesia

Female

Frequency (%)

Nov.

Jan. Feb. Mar. Apr. May Jun. Jul. Aung.  Sep.
1999 2000
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ES Active stage Bl Ripe stage Pnrtly spawn sugeD Spent and recovery stage

Fig. 8. Monthly frequency in gonadal development stage of
Trochus niloticus.

Chuuk Island tollA A& Trochus niloticus®) YA
A XY, gonad bulk index (GBI), 4% WA X 27]
st PAFr) ajn Adgels gAE 2] hew
A T niloticust AHgolH® vl o4 1:101%
o (p > 0.05). daT 9377] DAl dEAEYG Hae
AAES} A7t 4% BES 2E GBIE 24, 34, 44
221 649 o 2rRoh w4k F A 4549 2%
6-7€0l| dofygAnl, F-E Adshe AR AF Aok
4% W GBI & 4¥ur} B3 Fof, A4 BF
 8t8 Apolof] lofub= Ao A
2Arel T

o] Q7 20039 AFHFE FHIF 21 A<l A4

7} Micronesia Marine Co., Ltd.2] 2% £3= 954}
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