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4 x Batillus cornutusid, HAIBIZNAT 5
Y FHOPT, £, A OmT AR LS L
TOHEREBKEEREE >TNWD

TN, BEBcRO N2 boo, JhiFEll
AL SN & T &AW,

TSR, KRB, BKES, #ERE, 1E%]T,
BIFEOWEROHTO% I RB T X 555, I
AR I X B ISR AIEINEA I B 5.

EIREORERZ, 19824E% 131,500 t fijtk THE
BUchs, 198BS L, 198983467t £ T
KUk, ULd L, 19904EDIBE & O BE e ) 1 Bz
U, 19954Fici31,788 t £ ClEIFE L 7z, MEENS K E
REBZRLULBERICOWTRAHTH 55, ¥
T REEEICAERL, BhaFmicZ L WS
NPT VAR MRS EE LI bbb - T,
BWORRICE, BESHIROEE LTV DEE
Zohtz, 5%, BRETEWICHER LAIHT 2«
BT, FETHPHEEH BRI X 2 HEHIEE D B
ROPEHZILHRETH 5.

B T OB A BRI oW T}, TH
(1962) HHIEORNR % L1 OMHKOIT, £ DA,
FEEFR GBSO TERLRES (1971, 1972, 1978,
1980) 1T & » THEZET) & S EHREE & OREZR A,
F7, HILS (1980) ik - THEES NEDHEIZ
RoHEFIBEN S0, —F, ANLTEE O E
DOEAF BT 2 EBEF R 1960 S 5 1
(P35, 1964 ; B, 1965), BEE(L-IET 705
(A S, 1986 ; FER S, 1989) Mifbhi. % Df
B, BT T Lvvoy ¥ i HoRBEARES
SFUBWEMB B ENB LI~/ 20D, BEHE
(1990) (FHEAR OFERAE M, ¥ = DA ER
Ptk KON THEEMRFER O R 2 FIc2h R s
FHRE O FFEIC > WTRE L, BEE Lo ]gEd: %
AL, ChETRARRONICERITF O
WREE N ZBRS T 2lch e - TR ARE MR E & -
5L, BRCEER (1990) oEiE, EEIcL 3
PEGEER A RN L 7.

UL, MESMICLBRAYERNMROER R
tREREVHL, 5T, # iR E ICHUER
EWRHENDETETH (1962) OHENL ST S &,

RHIRT T+ B ERAEY PRI EITY, Bonk
MRHE S BFROMIF SR H B2 BT 2 043
WhH5, REFEO XS ISHEEEHS1,000t vvDE
CEMOHERE, BHGRICX - THFBLEBRS Y
23, BaAEv~VOREHBSE SRS, L
L, BEIRERE LT+ = ORI ~E~10fE & 5
WT 7 EERNRIC, BRI L AMIEEED TH
ZEIRTI, 7O EIKMAY Y TOREHEAEBE LK
M BHici3, MEIEERRDOBEASPHROILK,
HOEED 2 b OREH (AEE) A, s5ici’
RN RERR LG 2 E T 2R@EPZ V. 22T,
AR T, RFEOEEEDI0KLI LE 5D, *
FEHIE > TV BBt WT, v xolE, K
B, NMEOHEYFNRECFEERETH LHREBD
ECE D RHHEEE D B IR o0 BETE © E EREUN O B R Ic L B
T RBRE RN R AR S i U e,
F1E FRIKE

TEARE DN & B B 4 2 1EHE, BEGE 2
DOEELIERT 2 LTEETH Y, B OWHELE
MBI OBFS I AR R IS EBAIMR -5, 2o
LOBEEDL S, AETIIHERFICBI 2y ¥
DI EEHOPICT 2 EEHWE L,
FHFTORKZICOVTIE, MEE (1952), #E
(1955), FHr (1962) Fat P& ICERMILE 2K
MREIT-TWw3, LhL, IhdiclfsnrE
B o EiERE, RBRZOREEHT
BHEARBEL A LD VWED, ChoDEE
WA EREZUBERENE 2N H S, hic
RbaHEE LTRE (1978) 1, FEMOZEHM
B2 BTl SRR OB EHEE LT, LT
FEHOEREHANNICNEST 2 2 B TE, EA
DRECEEITNRIBASINEIEEZL/NELTES
tEZOND,

Z T, HEBGCBVT, BKARE L CRE
odh SIRE L 79 © O E M S F RIS
g s hHkIck - T, BREZEHEE L (B, 1993).

MRELUEE

FEARDIREE R, 1986~19884F1C = IR IR X4 B O ik
MY Pl X & bt EEHTfEmX (Fig.1) THEMEL,



BB - RERRICEB Y 599 = O EIRAEY FRITIR

P ¢ i3 Scubaic & 2 HKFAE (Scubaifdr) itk -
T4nl, KBTS hicEY D S8l oFt12[E], &5
T3Scubadfific & - 20, WY D> 550 DFH7[H]
fTO, A, 306 A DEA % 2 (Table 1).

Scubaifi#r iz, WAIIcB O TMAY 1 XL D
IMEOREEZ VBN E LTIT- . HEN» SO
R, HEHMD, RAELTEBA LRI &
E L, PETRREREE RO HENTDONB3~8H,
F R TREEXIENTONE1I2ABLUVIHE,
FHROMEMSTON AT ICEHM L .

EAORIE R, HEEEEICO>VTITY, FHIER
RS A RS o, BEHE D € - FEA~D 5
iz, 2 MldhorE (1987) =MWz, NS h
1/ E— FEOEMIZ, 05Ok %
XOFEEREICE T 2 R H Ol & I U TRE
L., TS5 LTHRE— FEAERRCTEADL
A, FNOOVERREEZBH L TREERETE L 2.
ERR OB, RIBEIKFEEREG EEET LR ©
198410 Hic RN LB U 1R CE%E26. 1mm,
L7 E) 1,000f{k%, 19864E7 5 1THitif L TH2 » 4E
BB L 72,

X & AEORREG, FIEO6EEA (19864F6,10H,
19874F3, 6,8H, 1988%5H) DM D1, 169K, @5

-
/D
Morea
N
Waniura
N
37Tk :
129° 130° 131" 132
E
Tsushima Island
Are
~S
ND
34’ i
ki Island
. S
129° 130°
E

Fig.1. Map showing the Tsushima Island and sampling
localities.

LHEREROBIFRIE, [F U < FE 019864510 7 0
RKONDIGBMEFEOHEF RicEK - wTEnETnOM
BRI ERD 12,

] xR

BEAOBHEMKE € — PSR L R0 —
#WAFig.2, A~Elt/Rn L7, Fig2, A, 1986410 A
2Pl TScubafi & Ic & » THEONEADFER T,
WHgEE18.4mm, 42.5mm, 69.3mm, 84.5mmiZE€—
FaRE 4B DT otz RiEl184mmic® — F %
B, MlAECBI3HAOKRENL LA TLY
I, FhEhICE 3B R~ SHEE S Lk,
Y SR LN ERIC S WT ORI, Fig2, B~
Eiczo—#zmRL71. MEOREREDL B L OHHEE
ErHEINLERATRI>OE—- FRIIHT SN
(Fig.2,BBXUC). EdDScubaifiETOMR &
Bd 2 EHRBOIMEDDSDERTEONISHDS b,
INBUO2BE 3B L UAFBEEHEE S N, F oA
o DERTHE LN IIBHI2~T B TSI NS,
M C L - THONEBEIT VTR, K%
BEAFICET 2 E TORESEREIN TV S, b
FULOBER2DWTIEAHTH B, T T TRATE

Table 1. Summary of sampling

. sample Number samplin
Locality Nol;.) Sients of specimens metiodg
Are 1 ’86 Jun. 184 Scuba
2 ’86 Sep. 333 Catch "'
3 '86 Aug. 208 Scuba
4 "86 Oct. 223 Scuba
5 ’87 Mar. 220 Catch®?
6 87 May 200 Catch™'
7 "87 Jun. 183 Scuba
8 '87 Aug. 150 Catch™!
9 ’88 Mar. 306 Catch**
10 ‘88 Apr. 307 Catch™
11 ’88 May. 300 Catch™®
2 8Jun 30 Catch
Waniura 13 '86 Jun. 126 Scuba
14 86 Aug. 292 Catch*'
15 '86 Aug. 88 Scuba
16 ’86 Dec. 301 Catch®®
17 '87 Jan. 250 Catch®®
18 '87 Aug. 235 Catch*!
19 '88 Jan. 100 Catch™®

*1 Diving fishery.
* 2 Gill net fishery.
* 3 Hooking fishery,
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e d KMo € — FEEZNAROEE, 648, TH#EE
LT -7, T18bb, BROMEZEE,S
DOEARTHE O NIABRIA~TY R, T HRBOIREH
SOEARTEONIOERI~TYEE LT - 12
(Fig2,DBLTE).

IDEHIELT, RTOEAREE— PRI L
MRS TS D A TR, SRR O BRI O i A
EHEE L7, WHEEE, FH2ETHENBMETT -
fok BB A&, S EINERIIE6~TH L HEE X
NTWADT, FBEHETHIHE LT, BEALS
DR B A A 1FERSOH TH L TR (Appendix
table 1), & kmDOpEREFig3icR Lz, ¥4
T O, OFHTEL, 1~3F T, 4F DI
B ot oM i LogisticHifRic &4 5 <

20 ==
’— b 69.3 A
Oct. 1986
Scuba N=z=223
10 184
(o]
20 Are
Aug.1987
Diving fishery
10r
0
. 50 100
20 Are C
Apr.1988 787 90.2
Gill net fishery N=307
10 | d
66.0
o L
Wani 50
aniura
20 -
Jan.1987
Hooking fishery
10 -
5 50
20r Waniura
Aug.1987
Diving fishery
10 |
O '

50 100
Shell height (mm)

Fig.2. llustration of shell height composition divided
into modal groups.

& SRobertson DR ER~NDM T %217 - 7=,
C OB, A FRBtE I EEE R RS, B
FERORESZIERICEMNT 5 & LTHEEHET
Kootz BRI, FlaF A BHBR I X5 T & fo P
TRO~6S, TR~ ofER VT, EEV
HRIBSBNC TS 2 £ THRHEBMEELESETHR DKL
AEAETIHEICE - TRD I, 2ORER, MET
i,

SHt=91.7/ {1+e®* 129}
T,

SHt=102.7/ {1+e®* 09}

(SHt : #%Emm, ¢t : FED
DRkEAAEE (Figd).
BJonfcmiX colkk T3, HERRAME A
BELURH, BEoTLE ED 33~5FHOKE%E A
3 &, PETEE68.5, 85.2, 90.2mm, [5iT60.0,
80.0, 92.3mm& FFEM L TWVWEDT, WmiiXDl
~5FHOEAREEDLET, MNERFEICETIHER
R,

SHt=93.0/ {l+e®"1#0}

[ ]
100 | Are o *
o
» % o 0'.
ol
=
50 i
L ]
H
o]
E .
E %
i 1 i 1 1 i i i
- 0 1 2 3 4 5 6 7 8
E
[ ]
o .07
=
— 100 | Waniura . 08
[ 8 OF
% ol
. L]
®0De o
-
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50+ .
®
A 1 L 'l L 1 ' J
0 1 2 3 4 5 6 7 8
Age (year)

Fig.3. Relaitionship between age and shell height of
spiny top shell. O, mean age and mean shell height
by age groups. @, mean age and mean shell height
for each sample.
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157 (Fig.h).

Ffo, BRI THEHA I N Bvon Bertalanffy @
REHSRIC S TE» 5 &,

SH=109.3 {1~ e 0wnc-0a}
s T,

—J, WHE OB OBBF R, Table 20 &
BOT, #HESOIk&HM &MY T E oK AR
ZFig SR Uik,

m & REOMGRE LS L REREROBEGR I
znZnFig.6, Fig. o7 BER=L

BW=4.35x10"'SIH**
OPL=0.404SH+0.982

(BW ﬁiﬁg, C e mm, OPL : #EERmm)
5

E%%@ﬁm&%£k;0% EROBEE I
Table 3iz/RL 7z, .

100

O Are
£ O Wani
E niura
z
o 50
Q
=
=
=
n
1 L L 'l L J
0 1 2 3 4 5 6

Age (year)

Fig.4. Estimated growth curves of spiny top shell.

100

Shell height (mm)
o
o

Age (year)

Fig.5. Estimated growth curve of spiny top shell in the
waters of the Tsushima Island, based on the
combined data from Are and Waniura area(Q).
The growth data of released seeds in Are arca (@).

Table 2. Growth of the released seeds of spiny top shell in
the research area, Are from July 1986 to June 1988

Shell height Daily increment Number of

Date

() in shel}lntleight specimens
86 Jul. 17 26.1+£2.4 = 100 B
'86 Oct. 18 37.3+3.3 120 43
'87 Mar.18 54.7+£3.6 115 36
87 Jun. 11 60.8£2.5 72 33
87 Sep. 8 66.8+£4.0 67 30
'88 Mar.18 81.9%5.4 79 25
'88 Jun. 14

84.416.4 29 33

250 F BW=4.35x10SH>®5:
(r=0.981) -
N=1159
200
Cl
5 150
[-}]
2
>
©
Q
m
100
50
0 50 100

Shell height (mm)

Fig.6. Relationship between shell height and body weight.
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100
OPL=0.404SH + 0.982
E (r=0.993)
E N=96
£
-
[=2]
c
e
£ 50
2
3
2
[}
=8
o
1 — J
0 50 100 150

Shell height (mm)

Fig.7. Relationship between shell height and operculum
length.

Table 3. Calculated shell height (SH), body weight
(BW), and operculum length (OPL) at each age

Age(year) SH(mm) BW(g) OPL{(mm)
1 151 1.0 7.1
2 38.0 13.8 16.3
3 66.1 67.0 21.7
4 83.5 130.4 34.7
5 90.1 162.0 37.4
6 92.2 173.0 38.2
e =2

AHFLDFER, ¥ = OREDOREKE, 0F TEL,
1~3F T, 4FDIBEEL B AHMIER L. O
R EMEB LogisticliR ic KK BAET 2 T &0 5,
Robertson @i~ Y TEH %217 -> TR EX % H#
ELT, ZofER, BonicEimpokeg & EKED
STEMEIZ1F15.1mm, 1.0g, 2438.0mm, 13.8g, 3
466.1mm, 67.0g, 4+83.5mm, 130.4mm, 5490.1
mm, 162.0g, 6492.2mm, 173.0g& 7 -7z, —7,
BEEH O AfKER E, &mo0mm £ T3 FHic B
H o100 mPl EE/RL, #&&E50mm %A 5 EHp»
560~T70 £ mic, 80mmbl ETid#830 umE{K L7,
Ihid bR okEmm & —B L, #30m 0 K[E 3k
EREEMYULIZ &S, SERRBRICEY 544
LD, Bonfok&kick-TRLGEEE
Zohd, FhyHFrid, FH2ETHENDZKRBCH

TEHABEOMEE, RES0mmPl ETE#E T 2 A H
ZCHBEL, CoEy» SEESIHIIHENT 278 &,
ZNFETTRHOBEICRIT 6N TV 2V F —
DIKBEPAREOEMANERO AT SNE 6D EEZ

b5, AT, FHiMEOKHEHE OB %l
WIBER L Cwiz v, OXRBHIORKE ORI E &
NAEZMOREOEKEIEA 5N, FEd0mmPl -
DEA THFER OB EIHIC A 23 DI IclE 0K T
DR o, KPOETMNED o Eh - o miid,
HERGICB T AKE B 28 By oEYT
HIFE LN 13.3°C (AHS, 1986) % ol 5 i
MERRTECER@MTHELHEEZELONS,

Wiz, ThETIOBEORHTHNS NIz
T OREREAREOFERELLE L 2 (Table 4). Z
D EFERIcE > THEL, HABHITE, FE
(1962) DfgRED & 5 ik i3kl & Bk OMEE %
Fib, SfEEICMET 2HERCKEB LD, Wi,
B NTRB AN NS - 2. —TF, KFERE
H AR T3 2 R R D 7 Tl W[ A5 5 s 3
b, TNRKEDEZICEIE D ERDbNI, 1272,
O~1F opific i3, A ek & MK
HESADONS, i, ChoOHB/NPNS LT
LUV EPFEORE B RE = HiciTh N
THY, ARADQ/NUEARDFREMIAE A5 T
MmotclEickbdEEZONE. AFFRDOO~1F D
v 7viE, 19868107 & 198746 H DScubaififr T,
2 HEO/NNREOR B X UOAEORPRHAEDR
rESNCELCEONEHA T, RARLCBT 3K
ErxRLBsb0LELL, BB, ThohsiES
nicHOB G, THEEO/NETHMICHES L
HEEY v TEREANOY Y oI E (LIS,
1988) ®TH L, FEHEMEE Lo’ H okEiE
B, RFER) b EULTY 3,

RIS, RESINIHEY OERENE, MET
FFB 0 LRI TS, 4, BEHOFREBD TIERI~6T,
PRI X T, SF M OR S T Mg, MESH
349 T DFEEERIGEFT PRk X - TEDER
B0, SRR TIF»OMAL, 3~5FBHED
HFMTIE > TWB T EBngh -1, £, RIGED
PEAEASAI TR, RERED MM T oY ¥ i3
HESZLEhTVE, Ch3BREEREERED
BAZR A SE TRE0mmEL R, 48T 3 3F KRim i<
49 5.
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Table 4. Local growth of spiny top shell in Japan

Shell height(mm)

Locality .
(Researcher) Age(year)
1 2 3 4 5 6

?S“fga;vrvi e‘?‘;?_ofégg e 26.1 40.3 52.0 61.6 69.4 75.9
o 12.7 26.5 38.1 47.9 56.1 63.0
?Xﬁﬁ*‘,ﬁg@; Yamagata Pref. - 31—42 46—50 5160 61—69 63—73
?gg;ﬁisg?figgo) 10 20 40—50 6070 80 100
it 26.7 46.9 63.2 76.3 86.9 9.5
é}"l?;,fa f;‘g;gﬁf? };ggg- 25.9 474 65.3 8.6 91.7 102.6
(Tliﬁ]-sﬁ’iﬁlg"‘gé\lagasaki Bl 15.1 38.0 66.1 83.5 90.1 92.2
E{ﬁrﬂ%{“ﬁt&)cmba Pref. 25.2 50.7 78.1 103.9

(Tﬁggglﬁﬁlgyglfa };‘l,%r)' 49.5 65.3 79.7 92.6 104.3 115.1
Kata, Wakayama Pref. 20.0 91 69.9 95.9 95 4 1030

(Kimura, 1990)

Appendix table 1. Mean shell height and mean age by age groups, obtained from analysis of shell height composition
for each sample

Mean shell height£SD{mm)

[ oeality Sample (Estimated age, year)
ocallly o, Age group(year)
0 1 2 3 4 5 6 7
A 1 34.0+55 66.5+4.7 86.1+6.0
- (1.98) (2.98) (3.98)
9 70.1+4 4 84.41+6.1 93.4+4.1 104.8+5.0
(8.08) (4.08) (5.08) (6.08)
3 66.3+4.6 77.8£3.0 91.3%£6.6
3.1D “.1D (56.1D
4 18.4+2.3 42.5+5.5 69.314.8 84.5+6.1
(1.30) (2.30) (3.30) (4.30)
5 81.4+5.6 91.6+6.4
(3.72) (4.72)
6 65.5%6.6 80.615.1 91.4+4.1
(2.88) (3.88) (4.88)
7 7.020.8 373154 68.3£5.0 80.6£5.6 92.0+4.6
(0.95) (1.95) (2.95) (3.95) (4.95)
8 64.4£5.4 79.2+5.9 95.7%5.3
3.12) (4.12) (5.12)
9 66.5+3.5 81.5t4.9 88.9+5.0
2.72) 3.72) 4.72)
10 66.0£2.7 78.7%5.1 90.2+4.3
2.719) (3.79 4.7
1 70.9%+3.3 79.4%3.2 88.5£3.1 96.8+4.5
(2.84) (3.84) (4.84) (5.84)
19 70.9%3.7 82.0+3.9 92.0£4.3
e s e i (2.95) L (3.95) . (4.95)
Wani 13 32.94+4.7 60.81+5.6 72.9+t3.4
anura 1.98) (2.98) (3.98)
14 63.7£4.2 75.2£4.0 91.1£3.4 101.56*£46 117.7%£2.8
(3.09) (4.09) (5.09 (6.09) (7:09)
15 45.9%8.0 73.7+4.9 86.6+6.9
.10 (3.10) (4.10)
16 68.6E£2.4 82.2%+36 90.8+3.3 102.0£3.6 1156%2.6
(3.51) (4.51) (5.51) (6.5 (7.51)
17 84.1+3.7 94,029 104.6%+2.1 115.2%3.2
(4.57) (5.57) (6.57) (7.57)
18 69.9+4.7 81.4£56 93.4+38 101.3*4.4 110.7+3.3
(3.09 (4.09) (5.09) (6.09) (7.09)
19 85.3%+3.5 94.4£2.56 102.6%£2.1  109.0%3.1
(4.55) (5.55) (6.55) (7.55)
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B2E R P

4T OWRFUCE L TR, TOEOKEERE
(LA S, 1985) L HAMEIRE (MR, 1955 ; BKS,
1988 ; 1IH 5, 1993) oA & Sl id@|EBFE
(J. H. Lee, 1980 : J. J. Lee, 1983) 3B W\ T
e OZ LR PRSI Ic B D (BB Ok
BFE & RBIRMOFEH AP TR TV S, L
L, WNBEOY ¥ >\ Tld, T THHEIC
BAd 23ISR BB ENTE S S, g, FHA
R & 20 BINEIC 81 34 4 = OAHEER
WEHSPILT 5 L3, BREMF LEELHRE
EEZ T

ARFTETIE, 1987~19904E 1 > v T3] 8 i T o] 528
WX THHFz2REL, TOLMEREK (Gona-
dosomatic index, GSD & X A FE R MH#k 0 FHZT
(LEEEP N, AR B i 2 EMER B ORY, &
BRICPE S BRE, EIMEOBREEL*X S FTEE
RHRZES (S, 1997).

HHEELUVHE

A 13 e IR R0t 6 o0 R T Pr) 8 X T T - 72 (Fig.
1. #EhTE, 1987~19904FE D i, 31ET4) i THi
JLIRER KL, RBo k- TRES 1544
fAko+ A2 f Wi (Table b). BEINI2EA
2, #E, RfTXEEREBLUORBREERE AT
HER, WAEALOAEBEDICI0% R ALY v T
EE LIRAFE L 7o, ARl E B IR © RIHERR 3
E L7

1988511 H 20 5199059 A iw v id THREE L 7RI
DWTid, AFEROTREEE -0 &b, MHEkE
RIEIZIC W, TR IC> W Tid, #90.1g% BRREAR
DORDOAIES L CIRRIFOFTHUCHE L 72,

MEAOFEELT, HEI K-> TITY, T+
o4 Y yailc8~10um, WHEIZ/ Y57+ vEET
S5~6 umDEHRUIF ZER L, <4 ¥ — T F
vy v-zxv @B AERLTEE L. X5
i, RO —-IMoEAZ, RtIEAM (Technovit
7100, Kulzer) T2 umDYIH % EBIL, 1% A ¥
Y7 -Gt LTI LT

SRR D R ORISR IC H 7 - T, Mo

WA S (1985) D52 DEME, Hic>WTIRE
H (1968) #5x ' 7 7 £ Nordotis discus hannaiT
AU DEME, & 5T, HEIRORERE T S
5 (1981) #k x =R 5 Neptunea arthritica T
HWwicd> DBRMEICENZ NEERL L /2.

UIRHIIE O3, BB EEEENEL T, % 0P
O E L, BEA1MEY 2 Y50 > VO THIE L
7.

F iz, BN OE G, GSIMEOVEE R L
H, 19894136 H LA)~TH EA], 19904 135~8H @
EEAIZDWTIT » o, AR EH0~100mm A i D
fAET, BEl0mmPEHE I GSIAE W EZ R L 7@
Eh SR 10k T > 2 RBAK, FHEHOBIEAR
(#0.18) &, FFTAEOBEHETHHEC LIEE,
HREAEKTI00mUSHTI L /2. S COBE» 51

Table 5. Sampling date and number of specimens collected
from the research area, Are from 1987 to 1990

Range of shell

Year Date Number

height(mm)
1987 Apr.14 24 76— 91
May 13 30 72— 96
May 29 28 75— 98
June1l 30 73—102
July 8§ 20 70— 92
Aug.19 22 71— 92
Sep. 19 30 71— 96
Oct. 27 28 71— 90
Dec.12 15 72—101
1988 Nov. 17 30 56— 93
Dec. 13 30 63—102
1989 Feb. 27 30 72—103
Apr.12 30 69— 94
Apr. 26 30 66—104
May 22 80 33-—107
June 3 80 33—106
June20 80 30—113
July 6 80 34-103
July 23 80 37—-108
Aug. 4 78 38—145
Aug.22 80 38—106
Sep. 20 30 64— 92
Oct. 20 30 69— 99
1990 Apr.18 59 56— 96
May 14 60 52— 98
Junel6 80 31-100
June2? 7 30— 98
July 11 85 32—102
July 23 81 31—-102
Aug.20 54 50— 96
Sep. 22 53 52—97
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ml, SEDH v 7Y v 7 ETY, FHHUEO R R3ED
SEEEAZEIIEE Uz, 58, i oxRIiE, IR
170 umPl FOIREIET, choodRAED L5
RO IREBRIEYR (Yolk globule stage) ¥ & U
KEINE ST, [FRCBE I NI IE A HE Tl
Hhma LB rRRicd 3 L Ebn 2 ML
23RV~
HEREIRFER (GSD iikic L bk e,
GSI=100xXGW, (BW—-GW)
T, GWiRAMRER (g, BWEKHKHESR
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1 ZS

GSIDAEEE GSI & U/KEOHHE % Fig.8ic
R U T, AR OWIEY) % Rk T 5 4l fF 13 3~5F
<, FHIS, 4FTch B (FEH, 1993). 2T T,
19894F & 19904EDEAIC D W T IR, BEOKER R
(s, 1993) A o Wy B O HHEERR S 7T5mm T3
LAF P EAFEHEAICSY, TOFEHIcBT 5GSIO
W ZBEM L2, 58, 1987TERAKBMEAKD A %R
EBL-ZEDL SRS MM FEOEEOHERE 2R L
7.

GSIid, 4HLDIEEKBO LR fk - TaETHEmL,
BUTS~THoRicEm W WMEZR LR, 8H, Hick-
TRIHLIBITIE 13 > 7o, GSIOHER (3 MEHE R B 72
tERIZR L7, Lo L, sHicA 2 &, SHFEFIC
X-oTzDE -7 OREIRHACHER IC 3HENED
Shfe, ThmmPl LofETHhKdT 5&, E—27 D
HEREA L, 1987436 H ), 19894E137TH EA),
19904E 135 A hA) T, ¥ — 2 %R L ok,
1987TAE 38 H ], 1990 R9H ich Tl iZ S h T
Hoteoitl, 198MEFABICE T LA E DM
OB - Tz,

RAEDGSIDO RV D KR 13, 19874 1320~23
°C, 19894F1321~24°C, 19904F1318~26°CTH » fz.

B, REOmmARNOMEAE, T5mmPl b oA
EHBL T, 19894F, 19904FWd N & GSIDHEMN T
BRI PP BN BMERICH O, HICT1990F T,
BEE R E — 7 3@By o niihr -t
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Fig.8. Seasonal change in gonadosomatic index of spiny
top shell, collected in the research area, Are. Each
point and bar represent the mean and standard de-
viation. O, Female(75mm <); @, Female(<(75
mm); [, Male(7Tomm =) ; I, Male(<75mm); O,
Water temperature.

RO 1988411 H ~19894E10H & 199044~
9 DRI OFHEETSmmPL EOME AT > W TIIRAL L D
HER A Pig iR L7z, 19884E11 H ~198%4FE10H DfE,
AFEIEAIC 3100 g mPAF o/NBIBE &, 200 4 miit&
DRI HEEHE S n, TR, B k-
THEL 7z, RBROEGI~THICEL, i
GSIME -2 iIcEL6HIRbE M- . —H,
19904F13, 4A» 53 TIRARBIINOILEASE L, ElHk
TSAAER S8 A £ Thi &, 1989 D [E|RFH Dk D #E 5
L 3EEL 7.

ESEMRRORMFETE A EANIE O BB R &
FHRBEL M5,
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Fig.9. Frequency distributions of oocyte diameter of spiny top shell in the research area, Are.
The upper illustration is from November 1988 to October 1989 and the lower is from April

to September in 1990.

1)t

Phase I (ONEAHIRNLD - SRR O IHKI v m
(M8 um, #/MALTum) THEBICZ LWL
(I"ig.10-A).

Phasell (Hfa{"#]) : JIRHAMR O R (£10~40 £ m
THREICHEVIE 20 um, B/MAS~9umicEL,
FHRE R WP A R4 (Fig.10-B).

Phasell (/HERID) : BFRHEE D FE#21340~80 £ m
THAMNEE L, MERICHERS T 2 (Fig.10-
o).

PhaselV (JRBEBKID) : SRRHMIE O £, 120~
200umé& s, FHRRAIZIREER kT H® 5h,
My —BEicazhn s (Fig.10-D). #%3H70
um, F/MEE15~20 um EERL, B/AMEICIZK
FEREEDSZED SN B 45, MR O & KEF < 3 8%/ ME
312 pm &/NEIME U BaRE RS 13D S s < 12
5,

PhaseV (520D : ONEHMAERE L, TR EH
200 umiciET A, KM MA~EEL, /YL
TABE L ->TED, BOFAEHIE~< b+
Vi g 5 (Fig.10-B).

)i (Fig.10-F)

Fa IGHHREI « 28 1 RS TRUARE 1 B AR08 1 mAs IR
OfifE EMTum) T, =4 ¥ v icyesE 3/MA
Z1~2EAT 5. B2 IRFERHINEIEAI6 L m D 131X Bk
RoME RERKSum) L7385,

FEREHARIN « 28 1 R B RS u m O F5H
EokERL, —JF, F2RERMEEH3 tmo
ZRHMREIZ LY,

R - F2~3 umD g2 R->. —F, ZHEH
DIFF I3 umOFelk & 3~4 pmDIE AR,

VL b DRk BiBg % B, SIB I L O HEA o A
el oo HYBUR L & R L fe.

19885 11~12 7 DINBSHAEN 1 i, RO DR
FRTHRIEPZ A o (Fig1l-A). 11H I
Phase I ~IM DOYNEMNID & SRR A S 1, 80%
VI EDfaliR cHitd 225960 1 m D HMER AT 03 Bl ER &
Ntz 19884FE12H ~19895E2 H 1w id, M E&R#150
LmDIPEEKIGINAEZE S 1, N5 Id2H I 60
WOMETH SN, 158, 11~2H DR, 30~40%
OEETIBITIN (Fig.11-A) MEE s N1,

KT, 4A FA)TE, PiEidPhase I ~IVODO &SR
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BE oD PREHIRE I & - Tillc s h T\ (Fig.11-B).
THJicidPhase V O #I04390% LI_E o & T HlE
ah, 5~TH bfich i Tid, BRBON ORI
et (Fig11-C). THFEICE%, 8HICiR
100% O AT, BATCHEEE & >RME O INE
(Fig.11-D) »#@iEah, ok > EMAETIERITIE
DRI N 100, RRASZ LBy, FEARE
IntctAhon sz RBIMGEHE I NI,

—4, 1990%F 1%, 4H FHIC IZEKBINE & D {4 H
WN%LLEE L, 5~6HIch I THRAINNTINEN I

fE &tz TH EANCIZ55% DIEREAREIE & h
tehs, TH EAI~8A FAIC 1 THREII A & o (E1k
PRUELE 1. Tok, IH TR 90% 29K
OREE & AL SNt

183, WTFNOESFE, KO 3OV
Bev4 7 RE22 LBTRECD 2 0K
(Fig. 11-E) M@ sh, Fic, 6~8HD%kED KX
BRAMEARTE W 0Z L BE s,

—7%, BEE, U~LAcEEmsr£z < (Fig.
11-F), ¥EHRZEEAERD SN -1, 28

Fig.10. Photomicrographs of histological section of spiny top shell germ cells. A, Qogonium (ar-
rows) stage. Bar=10gm. B, Chromatin-nucleolus stage. Bar=20 ¢ m. C, Qil drop stage.
Bar=20 gum. D, Yolk globule stage. Bar=50 u m. E, Mature stage. Bar=50 um. F,
Spermatogensis in the testis. SG, spermatogonium; SC, spermatocyte; ST, spermatid; SZ,

spermatozoon. Bar=10 g m.
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SRR, RERERERD, REMRRR, BT o—EoR %A T, STH B TR Tl s (Fig.
EREOME (Fig.11-G) MEZE s, 1989, 1990 11-HD, ¢, IR BERAE L -7 (Fig.11-D.
T bIAALIBE oA dIcEmM L. =0 BB, EAOHEREOMAERL, 1989 HE222(H1A,

Fig.11. Photomicrographs of histological section of spiny top shell gonads. A, Ovary at re-
covering stage collected in November 1988. Arrow indicates atretic oocyte. Bar=100
um. B, Ovary at early growing stage collected in April 1989. Bar=100 um. C, Ovary
at mature stage collected in June 1989. Bar=100 um. D, Ovary at spent stage col-
lected in August 1989. Bar=100 um. E, Degeneration of growing oocyte. Bar=50 ym.
F, Testis at spent stage collected in November 1988. Bar=20 um. G, Testis at recov-
ering stage collected in February 1989. Bar=20 um. H, Testis at mature stage col-
lected in July 1989. Bar=20 um. I, Testis at spent stage was collected in August 1989.
Bar=20 um. J, Ovary infected with Cercaria brachycaeca(arrow). Bar=100 um.
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ME21AMEMA, 19904FME21 T, HE216MIAT, Wdh
DEGMELIE Y REDERT - 1 TH -7 F1,

IhooEARDHITE, BELIVH Y T Cercaria
brachycaeca (Fig.11-J) DHEFHIR~ DO FH H31989
FEO6H 2, 8H Ak, 107 i 1E&, 164
&, £190FTTic ikt s i, FARE
19894:1.4%, 19904£0.2% T - 7-.

HTERDEFEZREOA R LIRE KFERME L
Tioak~ 3,

WA - AESER (R L BB O R H iz & -
TE L DRSNS, T RIRICIIAHMD
PhaselVODRRFEINNGED S, DD IR E & Yy
B B i@y S B, 7z, BITOR
bR s s, 4, Boraillic 3VBOEIER
FTHBRDOSNLEH, HBHldZEEALEEDOSNT,
T BB FERBEREL TS, BUTRERLT
WK F BB LN 83,

M - AESERRAZRAR & LTRSS WS, 4
S BRI, TR INEARRE, W AR, HET

R, R RERRs IR e L T v B, 8B,
T IIRRBAINSED SN A [E b H 0, BT

bEREN 2D, HTRDEBOK TEERBED 51
3.

BB - AR I REIBRIR IR E A S A L T,
i3, BRERTHIIC (ZPhase T ~IVO—# D il
BoURME, RE» A S h b, KEBDII
i3Phase VO INRHIIE T 7z & v, —#TPhaseV
DIAIN G 5B, KT AR FR IR,
RSN E {0, BEMR~BET o
DO BFEMTEF & 15 5.

R« AERERA BB TR s T w B,
OB, MAELCHEM L TR @E2 AR & 15 5 72 Phase
VORRBII Tl shTV S, BHEIBF Tl s
NT, KR, FBRARE, BaRoddisn,

PIEDX 425219884511 H 2 5 19894F10H £ ©
DERICDWT, BFHEEPE O AR B 0 4
AR LTl 251460 FHE(EFig 121cR L
7.
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Fig.12. Monthly changes of the maturation process of shells. (], Spent stage; [1J, Recovering stage; [], Early
growing stage; [, Late growing stage; B8, Mature stage.
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Wi 2 2 o EFER O A BIZEALE BHIE 2 & A
TWw &, MTRRBEAOIREY 8 o LA)ic 13100
%EBY, zOBER» SEEHOIRESHE L 7.
F7, BBWAOINEIZ 9 Bt U8R DMK THEE x
nids, 10H FARBA LN B -, BIERO
REOEIAIE 9 A N oA EML, ThictE-
TIHRERHHOIBESBHE I NDZ LD -, WH
HhbEEHESRI2APHIICBO%EHEZ 2. TDRk
RERHAOIMERIEISGE2E L, 4 i@ xTOMf
ATHEI N, S5 4 ATHREGHRE®RRAO
HHEL, zofagradicEmiit. 5 H A
WIS U RS HE L, 7 A EA)ii380
%Pl bofkcHES N, £, TOBHHE» K
HOMESHE Lz, —7, BT &R S
HEICi30% 2L LofE TR O ELES S 1
te. 1, 0% 9 A AT THE & Rk IC Bk
M ERBIIOBER AR S MASHE L I, 205
HEFEIS RN B R0 EED - . T,
MEOBELHE-HIE, 9 H N ok4 icHE
Licds, Thidicth~T@E» -1, 12HICREE
WOREMSHESNA LS ICB > 1eh, ThsDE|
EHBHN%EL-1-DR2H FAITH -, ZDHK
MHEZERRES LAY, 4 H FARBERESORS
BAHSEIANI0% A T, FHIC KB 0K
Bakofk bBKshi, 516 A FAIC IR
B OREH A WA HK80% L2, 7TH M
R ORERSHEL L .

HEFERORERM EGSIDBR AR REL
iR ic>W\WT, % OREEM & GSIo B G % Mk
BNcFig 18R L7z, MW S S [HE
WichdTidid & A EGSHEOZE LI < 90% L |
DOREAELBI0LL T 2R Lie, BEHICA - 72 A FER @
GSIHE A ickgmL, WE<Tid30, HTR20ZEA
ZMAESHE L, S SRS o AR TR
0% DOMEED GSIHEIEZBA TV, EH52&E
BRAKEb -tz —F, BETERT0% UL OMEESGCST
H20%HZ 1208, Mk ~RIF 5> /& <40%
Z B EKRIGHBL L 72 - 72,

MEAOBRRE 198954 F6~TH, 19904 135~8
AOERIZSWT, HBFRBEIC KD B
FEIRBLEF N, KoM, MEHEAR O HBRZRFS

Female

50+ Spent

Recovering

—

501

0 L] L] L

40'—‘ Early growing

20+

0 L) L}

401 Late growing

20+

204 Mature
3 0 T T —I_!_r—!_]_! —t T — .\‘Fo
° Male b
3 50-_'_L Spent
o
=
m o L T T T T T T T T

Recovering

50

0 + T T

401 Growing

2o'ﬂ_l1

0 ¥ Ll ¥ L L} L] L]

204 Mature

10 20 30 40 50 60 70 80 90 100
Gonadosomatic index

Fig.13. Distribution of gonadosomatic index in each
stage of maturation process. Specimens were
collected from November 1988 to October 1989.

mmPER BB L7z (Table 6). &ES0mmbPl
DR T, HHEARD AT S D HKI0% & L
Fo s, WT50mm % i A 7o ER T 19096 Ll T AT
IROFENSA LT,

S oz, HRIEMREL, HETidPhaseV DR
ORAs, FHETRFE TR S nic b D & Rl A
EHBIL, Z2oHBRLFENORARE L Tlig.
iR U, TORER, RBEN0% U LicET 5
+ A R IMEHEEA6-50mm, HEHSB1-36mmTH - 7.
5E, KAUNE & ORISR S R/ MR 3
AR EASmm, HEASSDMm T, REKEDAFENR %R
B/ IMAK ZHEAS42mm, HEA32mmTdH - 72,
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Table 6. Number and percentage of females, males and
undifferentiated individuals in specimens col-
lected from June to July in 1989 and May to
August in 1990

Class

Sex
in shell height

(mn) undifferentiated female male

31—-35 18 0 2
(90.0) 0.0) (10.0)

36—40 67 3 4
(90.5) “.D (5.4)

41—45 67 3 5
(89.3) “4.D 6.7

46—50 46 15 10
(64.8) @11 14.1)

51—55 3 18 22
7.0 (41.9 (561.1)

56—60 0 20 26
0.0) (43.5) (66.5)

61—65 0 32 31
0.0 (50.8) (49.2)

66—"70 0 46 34
0.0 (567.5) (42.5)

T1—175 0 29 28
0.0) 50.9 (49.1)

76—80 0 25 34
0.0 (42.9) (57.6)

81—85 0 36 40
0.0) (47.3) (52.6)

86—90 0 18 27
©0.0) (40.0) (60.0)

91-95 0 32 32
0.0 (50.0) (50.0)

96—100 0 36 29
0.0) (65.4) (44.6)

ZEIY BEEEIPHOBARE A TH L E (Fig.
15), BNEN O 3EAZERH D, EiC oﬂ)
1989FEAS1990FIT AP R L W & W 5 [ A5EE
N,

AUHFIC BT 250 & LMDk G, 19894 &
190FEDREH b TR B &, KA TREANT.
F=1.56x10"*XSH** (r*=0.811, P<0.01)

I CT, FIIAWNY 7)), SHIE®E (mm) %7K

A

% =K

S OAEFEER IS it 5 oHdic, GSI
DREEZAL, HERFREIEIC & 5 AETE o T,
I OHER I > W TS L /2. GSIIE, 10

1001
Female
501

)]
[«]
T

100™-
100

T
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Frequency (%)

50

100-

30 40 50 60 70 80
Shell height (mm)

Fig.14. Frequency of immature and mature gonad in
groups with different length. [], immature; [0,
mature.

Fecundity (eggs x10°)
T

1 L 2% i 1
0 50 100
Shell height(mm)
Fig.15. Relationship between fecundity and shell height.

Sampling period: @, June to July in 1989; A, May
to August in 1990
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FEREE L —FK Uk, —, HEFEE O RHE
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5N, T OEBERIIIEIEIE SR I £ 5 [H
OKEPIHERBOREVWLE EBEZONSE, V7
7€ Fihs, 1974) TR, HELS+YICEAT S
e, EERORAREEREICYIET 53T
W3, £IT, AYErEEI33CHEHES, 1986)
2HWT, GSINETLAIALSBIED K — 2 &R
TETCOMBHEZAK T 5 &, 19884131,092°C-
H, 19894F131,041°C-H, 19904F131,182°C+H & 313
2 Lot GSIBY—27Z/RL7I-DIE, RO &
512 19874E 126 3 tha), 1989FF37H M), 19904135
Hf)Th o, Hick 2 KBOKED £ ORI & B
%EFDY, GSIRHEERELI0C-HTE -7 &
b0 EHEINT,

ARBosn-MREEET 2 &, AKBRICBIT 5
FEORING, 5~8HIcd b, Wi, 6~TH, KET
[320~24Cicdh % & Z Shi,

RUHR TR T oE o (BH, 1993)
(%, 2F38mm, 3F66mm, 4484mm, 5F92mm T
b3, COREEBRENOEBER DI &R L
THbE, 2FTid, EHEOEKI—HEEDO R
bDOTED LN, BEAEPKMEDIRETH -
fo. 3 TRETOMATHIERMEK S 1, BRAL
FAEERSTER S N T E S, T O THEN
BcmAT 2 b0 L Bbtk. £ T, FEhBloR
At Ed 5 &, 3419, 461, 5489
fE &1 -7, 3y coENIbELEDLN, GSIO
EREBAFRICHANTEL, itk ->TE— 7 BAEE
HTHEHEDEEZELGOE S LENRICBT S
BE/NEsV D LB, FHELTOIFERES0
mmAEAZ 54~5F EEZ Sl NERFECBIT
B9 T DR, RE60mmAEEZ 3 d h o
ENTVWA, Lrl, SBHEEFEEREL, B
JEEK B fevicid, STLITOREEEZET 2 LD
»H5.

S OEJEEICOWTIE, IhE THTERNS
Efichl-THEAT S E (HER, 1955) =
NTOENKBROFE (AHS, 1986) » 5£ [0l

JiEd2LINTVS, KFKDOIPES M OHER P
AEFENR ORISR T, IEANICI A D
RIS RIARERY S, 9 BB O AR % Fr
SEAPHEST 2 &M EM D, L MEINO A REME:
BEWEEZ LNk, LrL, FEELXVTORED
(A% a5 o BN s | & e < 201 H LIRE @ B4R o
FREOEMIE EDFHMBE AL ODVWTREPONICTE
[AQ LR il

Fi, AYTZ A N=TDOTHZXT T EHaliotis
rufescens TEREE S e £ H i (J. S. Young et al,
1970) AHAICH T 2IMENIC b EFEZE L TN
RIS EH A 2REZ L, B L RS EE
Shte, FRich o @AM RBMEA TS (R
bt ThoDHBFRKIICS VW TRERBRICE
FHBITPRBAL ENEZ SN B DS, AU T
ST R - 12,

KA BT 4RI, TEROTA, /NNE
PZ)E O =BT E (S. Shimura et al., 1980)
& % Cercaria brachycaecaDIFENRED S 1z,
FHERIT TR E FRE TS E KV S D TH » 72755,
FHEESZ AR EEZ K> THBD, ¥ 1D
BHAFEICSZ 2BBIC> W TIRAHBIHE AR SL
BLEZI

B3IFE 2 @

Y, TUEPY 2L LIcHIREROBREE
FEE LT, oS HEE O < RS kv
DL TWE, TO XS 3RO+ = OFHIERE
RO ICT 5T &, BIRO MBS W5 4%
EHOICT 5 ETEELSHRELG 5.

HFH I ONTIE, HEHPERH QW R84
B, HANEWEIAIZE L, BEIEHEE-T
WEVOERICHEE, T sLsnTwsd (NG
5, 1982 ; B, 1990). LA L, #HOABKO M
PO ERBOBH AT A O BEEREICD
WTIEHHENSGNTWED,

ZFIT, HEORENE WVEARXIcBWT, fEH
R k- TEONLHR (ALR) 2BKL, K
WkoOMA R BT OBA (HH S, 1988) Pk
EicpE > BERM G S, 1997 ARSI L 7.
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REAE

Hrid, B EXHBEE XK o, KR
(80m x100m) %} TIT-7c (Fig.16). faic &
AHEEFREHEOEMNMMNE VLS, HERfaiB LR
O WIGFHoTIEES S S Mo b, BEX e L
7.

FEERISOIRE B L SRR EFig 1TIcR L.
BB, TRIKH D SRR A VTR D - TR D
L, KEE3ImMALI IR D e D0 5 13,
IR - EMmES-TWwaA,. T, KEIOmM
PIROIRE 30 ST s HwTH 5. —F,
Hd7KEESM A I LT, EBElcT 3 Y7 Y Dictyo-
ta dichotoma,
t ¥V ¥ Hizikia fusiformis, bt 4 €7 Sargassum
< 7 % Gelidium amansii, 7 7
* FEisenia bicyclis, A A /N %E 7 Sargassum
ringgoldianumEWEERE L, WREITIEE8BiIch v »
Ecklonia cava, ¥rfi, Bwic/ 2 ¥ Y €7 Sarga-
ssum serratifolium DEEIER S LTV 5,

FAEICHVWIATHR, KRR RE
W cREMAEEIC X - THIcHHTH 5 (Table
.

AEI] Y IHEOEEST T, 198746
CHEBIS CamT 2y (KRR oKERD

v 39 F 9 Padina arborescens,

micracanthum,

E
129° 1?0‘
Tsushima Island

*y
i Iki Island |

ﬁ Kyushu

Waniura

Fig. 16. Map showing the Tsushima Island and the re-
search area.

HEBERAF Nz, F@ER, BEE» SHEVIIS
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MoOHHAANTRREEI W+ OMEKEZER SO
ke ilER L CIT» 7o, KRG, 3mEEgicow i
FERL, SMLBEIC>WTR YA ~— HiEEKE >
5 ies A - 7.

iz, MHEOERGFROEALE, FED2, HEiC
B L ATH (iR R) & REA ZXRIC198THT
Hicii~r, R EE, 1985410 H i L 72
R E22mm @ 3,000 (& T, KBRS O #EINL0~ — 60
e OEHEICEZ B Ik - TR Lz (Table 7). #A
AL, BHRE & KRA ARG OBIAL O RIE &,
ZOE 0T HBE LT ORI L TiT-
to. BB, BAORER, ¥ zofRRIcER%E
FEEIC T, RARRCEE LIz v o2 TREIRERE
BLTEE (HY) 2#5AHD, £ OE» o EAKYE
fmhoary2xToEms (Ho) #&LslWTHER
ORISR OMAL (Hs) 2K (Fig.18). 748,
BEAKER» S 3 v X2 TOEE (Ho)id, FErifA
Bickir 5 a vz ikl E TORE S OKAlE
i, ERZOSEEEXE LR THEA S Lot E
JEJE PR O FINL A IO L TRk 7z,

100m

Fig. 17. Profile of sea bed in the research area. [,
rock; [, sand; O, boulders

Offshore
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HEL . Y YT ORRICHESTEE 1986F0 5
19908 (1988 %K< ) o<, AT F6HIT,
GO, ATHEZRRKR L 2. Bk RS
DIk - T, TRERIR 0 9% ic, REITHEIsRA
EOHBOBHUPL RS (v =RIEE) 2 RBATK
Lo, ATHBRERR OS50 4317.2~25.6mm
D1,000~3,000f{ATdH % (Table 7).

19874 D 519914E 1T A1 THE4ELR], 5H £ 7136 H
I, A4V bS5 ve7 MERE-T, EREAENO
BENMER~NT., 54 vORII8AL L, 10mfEkE
TREL oAl TEITIREE L 2. AR R
Scuba#/Kiz & - TITW, FA4 =035 14 v OEl
1.5mFPARN (19874 A T (il 1.0m D HEPHA)
B L 2o flik%E 5 4 v osmX i & »TERE
L, BETHRESEZNE L1005, TOEFITRL .

BT B 2 FHERIISGN O #5155 B0 & LU
TOFEICK > TRDI, HTREOHTHENH

Table 7. Cultured spiny top shell seeds stocked in the re-
search area

Seeding Stocking Number Mean height(mm)
1984 Oct. 1986 Jul, 1,000 26,625
1985 Oct. 1987 May 3,000 22.1%12.7
1988 May 1989 Jun. 3,000 17.2£2.2
1989 Jul. 1990 May 2,000 18.8+£2.3
Compass Mea_sure
------------------------- Y
Ho

Sea level

Fig. 18. Method for measuring the habitat depth of the
spiny top shell. D.L., standard sea level Ho, height
of the compass from standard sea level. Hs, height
of standard sea level from sea bed of habitat. Ht,
height of the compass from sea bed of habitat.
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CHBL L AR OEREAISEE A3 E L, 8FELE
iF BERMDIES B % VB L 7z,

VI EOFTE TR 1o & 4F O E fn B 53 B IX I
& > TRE N B[A A O s E OREL I
F T, BRCHESBEEREY S Lk,

fw R

REL  KAREOKES ORI % Fig. 191278
Le, BIEE L ARRAEH81FEE T, 0~1mTika
23.1~89.1mm® & D A 113{EAK, 1~2m T E32.3
~97.3mm® & D A0 K, 2~3m Tk H26.5~95.2
mm® & D A2 K, 3~11m T 5 38.6~93. 1mm
DEDOWIMEETH -7z, TDH B, HEA0mmPL
To/NUHE, KE~IMTISMME, 1~2mTHERE,
2~3m oA, 3~4AmTIEART, dmPIETIIHER
9, 2RD87.0%IcH 1 520K 2m DL THIZ
.

iz, HmH & KRR o4 B © BN % Fig.20
R L, BuRR2MAGERR S 1, T o4 MM
E+48~—152em D& Ic H - 7. —F, RKRHII
16fE R D /N H A3 AT 416~ — 125cm @ #iPH T Bl %
ah, ALHoER#EME & —K Lk, i, A

THOAEBHIZ+H40~—40cmD &P TE L, koD
TO.1% 5 DEIPFH TER D Stz FAIKEER Z Juls

&9 5 O, B TS oy B o,
TR E Y FOEBIBRORE» S 7 5 4 ORI
D FEOTH - .

T AHGORER, BEMEZOIIK & M4 H» S Fig.
MTRT LS wBHS W, ERBOZVIHICAT
A5 &, ERBICKBOMEESS VY =R (B, P2~
13cm) TL02ME{EF, # (D) T3TEE, 7352, &
AN, GH#iY v 3€ Corallina spp., M4 E7Z,
AV €7 Sargassum hemuphyllum, 3 VE7J Sar-

gassum siliquastrum, ¥V <% €7 Sargassum
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Fig.19. Shell height composition of wild spiny top shells
in various depth.
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Mickbnd 0 RPETEL. 2KD84.7% % LY
to. Fto, WAETRE, 7320 A3® 7 HERNE
BPEKST A TRDE L, 2ER0T1.6% AN
HESBET AL TS Ry ok,

BEIN ABFESMOREICHES ZE, &F
MBS blEBEOMER Z R Ltz 1985 MEF 24l & L
T, #ERBT 3 EREENMEZFig2210R L 1.
19874 (2F) TRAFEMOR S c# I L TV
fo. 19885 (3%) T3, 198THEHURMADIMACE -
THEEENELBY, Aot L@EMcs s b
DD, 2FEEL D IR H - fo. 19894F (4F)
T, A - TEAD STHENCIAS AL, &
51T1990F (5F) Tid, KEBD DA M D A 1
AL TOW, ThoofER» S, FEREGICE L
T, A RREICE > TR O fm 0 S i
D EME T THEIdT 2 T EMNIHO - 72,

Height from standard sea level
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Fig.20. Vertical distribution of spiny top shells. R, re-

leased; YW, young wild; AW, adult wild; M.S.L.,
mean sea level;, M.L.W.N., mean low water neap
tides; M.L.W.S., mean low water of spring tides

Fig. 21. Diagram of habitat of spiny top shell. A, root of
gulfweed; B, foveola; C, small cave; D, ditch
(crack). E, small cave in ditch; F, root of sea
oak; G, small cave under root of sea oak; H, ditch
under root of sea oak; I, foveola of root of sea
oak; J, leaf of sea oak
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1987 1988

Fig. 22. Yearly changes of horizontal density distribu-
tion of 1985 year-class, 1987-'90. Legend: [,
0-0.01; B,0.01-0.2; £4,0.4-0.8, E,0.8-1.0; BH,1.0-
1.2 (individuals, nf)

z =

Y ORE ARG OEIN E DBREAZ &,
MEH AT TIED NS, BOEicos4RT
LIEMBHS N TH 1o, AR TORHAOERY,
OB DA, ATHERKL TT- 7245, K
m2A HRRDRGLEE ClE cBlE L RRH o4
BRI B —# L, MEFCHEZSWEEbN .
zhic ki, RE20mm+y 1 oM IF, HAK
HE[ F150cm & Tt/ L, $IC +40~ —40cm D &
Blicz <, WS (1982) oMEE R —HL 1.
E5iT, WS (1983) 3, AR L23HED» S
YT OYEOFERIIKEIMTEL L, £, EHES
(1986) A H D FE D S KES0em PLHE: THEER
BEbhofcb LTWa, BEAKERAZ D LOE L+
40~—40cm O EFHIZ, ¥+ T HE DEE & A I
WEEKEFHITVE D EEZEZ OGNS, BlSET
BB S BRI Ic T E 0w, 414,
YHEDEE, HRCKFIEERLEIC>VWT, &5
WEHELWIIESKEE SN S,

Yy HHOHEKR, 77 (Bhs, 1969)
L[EBR, ARBTORRPREIS SR O b 2 EHE T HE
TEh-t. WEHMEORRIEREEOREYE
BEAEYD S OB ERE LB REERLT b0 L ED
n, SHELICTAGOAE.RELAAT ZRNERE
Ricisa &z ontz, £, WHEHRILOA B E,
MEH O HBBGI AT IMEEE L 0 /NG RE NN S B 5
At ot HABETHBT 2ENFER (B o,
1988) T, AEE20mmAiROMA B~ 7 v 7+
7 A HEO/NFEEEBRIICEEL, Bhige L
THRAT 2T &M, ThoD/NUHEEINERE SV
e AGE LTHEERERKEZR OO EEDLN S,
CORAR, MNMIEBESNAEOERAE LS X URNLE
ELTHMTH 2 e R o E80E & 75 2 (H&EH
BORBAEGHE LUTIFRRECH 5 24 2N S
(1982) DML E b9 3.

YT OBBARBICEE L TR IhETOES>hD
WENLENTVSE (RES, 1982 ; BIK, 1988,
1990). #FET ofERic ki, HEE@EVWEATICL
DEBLEVWLO®, piH IBEARKER T EEICH
POLTHERL, BLAKEIMLECELERT 3
WRAH -7, S5, HADTEYL BRER S,
HRET P - THART TE~ s L3 o R A5 & nh
BOVOEREICHT THE Lo, BERIcET 3
SOHMIIMPIRICH - 12, F DEREICES BE)
DRI ARANOBE (NG5, 1982) TH-1z &R
I, o, Bt 3 ERBENE L K
TFa2&ho, 5vyranBd (BHE, 1988) o
OB LICKBNMDIKRTH s o & bF I 0,
INOOHEBHERNSAT, v FTRBEEICE-T
AR ZTRT 218, % DA I3 I WK RS m P
BOASBHATLTHD, TOX I HMKENEER
HERBHTERZEEZ NG, HEEBENRA, K
TROREATHED TR & N8 WREMD S Ao SR
AT THEE L e OFHN I3 RBHTH 2 A8, Mo
ABROIRRIEH L Z#IcE - TB Y, BN
THERIROEEASZ T I WEHEHIRS S 57207
HIGE L THEEMEHATVWEEDEEZ SN B,

FA4E BEHEIGE

GEBICAER T 2B ohT, vy 3R

MBI E LT RIBBEETH 5 &4hic, WEMEEHY



HHIAEZ « HRinRICE T 3 9 = OBFAYIFHITA

HEOTKRHEBEOEE L TONEEFDTWE, &
NOoOBEICBT 29 ¥ = ORREMHIA S H i
THIEE, YV IHEFELRE BARTI0ICR
HEBMR L3,
AETREBOI S BBIEA» S, FricERLEIL S
MEEMZ O, ABOBEAREL Y Y2 HRT
LEMWNC D W TS AT - 12,

B1E EHE

TERy =—oRWICET AR, IhE TH
{LENEYOHREE GEM S, 1939 ; 1941) LilEH%E
B U PR E % 37l 3 2 f B EER (Bith o,
1967 ; %, 1981 ; Uki, 1986 ; R85, 1984 ; gH:
5, 1986) ik ->Tirbn, ¥ ic>VWTdEE
OFHETironiWE (RS, 1977 ER S,
1987) MH 5. Ihod ki, BYOEEP R
%W 5 LCidERTH 25, R OERT
R E RO SAE BT s 1chi - TRt
REEEEMAELTVWEL, 22T, vFHEHD
BRI T 2B E VWEREEED 2 >OHE D 5K
L7 (BFHS, 1988).

HHEE L URE

FERFLL R O 2 JHH 1T 2 W T RIFRKE RIS
BB SERT TIT - 2.

XRBI  YYIRAOREBEICHNTINELE
£ SETI00MHBEAR ) = F L v IKEOKROM
Rl LichBomEREEE L, Ino0@ERictd s
WK LRI U, vy /i HIZ, KRR
HEEHAE LR (ALH) T, #Ridznhz
N 20 AR S BIVKIE IS L TiT - 72,

KRR Z198TEI H IR B T & fu /o S
e 22mm O MEH T, ®WEH®IE < 7 ¥ Gelidium
amansii® % ¥ ¥ 7 5 $Sargassum spp. = fHE L
THB L. —H, ATHIZ19854F10H £ L
B LR E2mmOMEH T, R GER 7 »
A AL THE L7

fEd U 724838 13 Table 8IS/ R L7 1THET, S5F$ D
DHADIA B LEE(E- 1, 58, RMITIZTHE
BROFHR, v FHHOWERBEICE» - o4

2 % Pterocladia capillacea’ H¥EE L TAN I,
WERIRTLE, HEEHIRFICBEED MR EF -
THEH OB R LT~ o, #HIZ
EBKHED SV - I ARD B, KiGEOANE % E
FICT S LR, KiohRICRLE, TokH57%
23 1 oEic >0 TI0H RRkRE L <7 - 7.
MEES~HEBRF LV 0 LML, HEEEIHB
fHE» oM DRI R 25 W TK®», Table 8iT
ANU 7R TR ER IR L 7.

i, MBEOIEEERE L G680 WEIRF Z B
3572, Table 80 a ofl&EFOEEE A, %
neEnEY zF L 8 2008 oML (8X10ecm) i
ANT, LROFHEEREEMICI0H Rkl L gL
fo. COBOMEAHERAH, ATHZOLZN10ME
wF2ZHY, Fl-/KENE L THEBREIT - 1o,

LERHARI 1, 1987T4#E4H218~5H31H T, KB
15.3~209CTdH - 7-.

ERI Y IMBOEEEEMSD D O IIM/INE
ERICHEA-BESOBRICXTIEHBOEL *
BRXiE, AN 4B B0WETF 74 Y Ulva pertusa

Table 8. Marine algae used for the experiments and the
rate of dry to wet weight

Group Species Dry weight rate(%)
@  Pterocladia capillacea 31.1
2 Ulva pertusa 18.4
a 3 Undaria pinnatifida 1.1
4 Hizikia fusiformis 16.2
9  Laurencia spp. 9.2
@ P capillacea 31.1
2 Codium fragile 0.4
b 3 Sargassum patens 19.8
4 Ecklonia kurome 19.9
5  Lomentaria catenata 11.6
® P. capillacea 31.1
2 Padina arborescens 18.2
c 3 Sargassum siliquastrum 21.1
4 Corallina pilulifera 65.7
5  Pachymeniopsis lanceolata 16.1
® P. capillacea 31.1
2 Sargassum micracanthum 217.0
d 3 Dictyopteris prolifera 22.7
4 Sargassum thounbergii 14.7
5  Grateloupia filicina. 20.0
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7.

Wb BRI EE®S (Navicula sp., Nitzschia sp.)
i (Myrionema sp.) %, TwilotElbe = —
NVEIORITHEE LA Lo, BEEE, 79 &
T+ TAVFICOWTEER I &ERRICHBIEEERED oK
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A H R, 19864E10 H ok L 72 RS 22mm
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Mg k- THELL, WERKE, 10RO
BHBENOVWEREAH L, AL Lo v %
100& U BEoElS C0E#R) T L 72 (Fig.23).
REHEATLHORE TR, KAEMBY I 5/ 4
Sargassum thunbergii, I )V Codium fragile T
<, NLHM7 %35 7 Pachymeniopsis lanceolata,
v V¥iLaurencia spp. TEHWIE EDHERD - &
8, WEEGABICVWEROFVHDOHBEZVHRTE
—H L7, BEERICANTGEE O WEXKIFig.24
R Lt IBROEENRELES NS &, RRH,
ATHESHEUAOEFTICEHIET 2 D01
0, REB~DOWERIZHENIE -1
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Fig. 23. Rate of the number of spiny top shells gathered at each alga per P. capillacea (shadowed).
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Fig. 24. Rate of young spiny top shells gathered at each
alga wrapped by net.
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Fig. 25. Consumption rate of each alga by spiny top shells per P. capillacea (shadowed).
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Fig. 26. Consumption of P. capillacea and U. pertusa
under the conditions with (shadowed) and with-

P. capillacea

U. pertusa

out (blank) micro algae.
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W SR Lz 2 A, WEB L BRI 3,
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MR A WEREERIC L > T3>0 v 7 (A,
80%LLL ; B, 60—80% ; C, 60%LIT) icHiFT
PEMid % & Table 9D &k it -7, KARHEAL
HTWEREIBHEREEBICAT VI ILET IO
i, AN S 1FEOLTH > 1ch, RARATIR LD
/0, ALATR 7578 chiciib-7. %
tz, ALATIRWERNA S v, BHEHKEEBS v
7 &85y VHOITHMESE WBEE S > . IRWT,
WEREEHRBSA, CEidC, ALIE3DW,
RKRHBRHTR 7% 352, YU kN Corallina
pilulifera, Y3+ 5/ %, 7+7A¥ T, ALHT
BoarsF/s), 7VyvFF, UhA, TFHTAHK
EThote. Tho3WETIBRVEBHEHLSVD,
WEIZLEOWHAEERIEEZ W E, —EAIC I3
TEXL3MEBTH-1z. £, WERMBBS v LULE

Table 9. Grade evaluation of 17 marine algae on rate of number gathered and consumption by young wild and cul-

tured shells

Wild Cultured
Genus Species Rate of Rate of Rate of Rate of
gathered consumption gathered consumption
Chlorophyceae 1. U. pertz%sa C A C A
2. C. fragile B C C B
3. P.arborescens C C C C
4. D. prolifera C C B C
5. E. kurome C C C C
6. U. pinnatifida C B C A
Phaeophyceae 7. H. fusiformis C @ C C
8. S. patens C © C B
9. S. siliquastrum C C C C
10. S. thunbergit A C C C
11. S. micracanthum C C C C
12. P. capillacea A A A A
13. C. pilulifera A © B C
Rhodophyceas 14. G. filicina A A A C
15. P. lanceolata C A A A
16. L. catenata B C C A
17. L. spp. C @© B A

A =80%,B 60% <B<80%,

C <60% of the standard. P.capillacea.



BIHE  HRIRRIC B 5 4 = O BRI Z

OMFE I RARR, ATHRILIc6HE B|ERNLBS v s
PlEo@Eia RARA T, ATHT8EENLD, &
RO ZWEERATLHTEZ - /.

EHBIEEOBR I > THE L, BEHROE
WEBSIEEMEEIEE W, ThoDEED WER
BT L bEL R, ST EERSEVLEEICE L
EROEZVEDOMNH S, 0L, vHFHEHII
Mo BEEOMER, HEE L TOAB ST, KiC
MAPEBWTRVWET L E T AL E L TOMNM
bUETHZ, BOMIENE, WEREFRIC,
BHERGAFETHVY DOHE L, TOHERFITRARH,
ATHMEBEL—&% Lk WELEEOM D S5
maEmnb o, RAH, ALHTH’ET 004
Ny, THIRKKRAETRLAAF ), ALRT
B74857, vESIND M, WINOHEELAL
BTH-1. RROBEETIR, DHDOILSLBDEL
MG, ANIYEF VIS HEPROEERTH D,
+HMHORE, BERENZ LTE, Tho@EE
DRTEBRELBEZAEFR>EZEZOND, T, [
CHHBHEmchds 77 e L hid 3 &, B#INER
SVWEREICZHENED SN, TV ETIIEEN
(FH:, 1962), v TRAEHTH -7, 51T,
HHMOMKRE LT, 77 ETRM/NEDFANE
FEEZoNTVS (PUHS, 1984) », ¥ =T
B NBEOEE N T MR B L, 2
mm (EEH 5, 1989) ®EEmmORER (BXKS,
1991) To= 2497+ 74 352 EBHEL TREN X
WiEE, T ERERTEHOIIRSILA VWL S ICED
N5, THIIEEERScB T 32— REEXFIMT 3
HZTERBHEELELONS,

Bipp e fSIc AN, BEEY T 5 & VER
PET U, BEE77 ekt L@ IEsHE-o
(Harada et al.,1982) L &h, ¥ fiHTs ZD
nJRE R mETE LW, L L, EENOWVWEREOR
BERZOAMEEE bHEEER>EEZ o0, K
WER (G A NI Ry vy TS HEOREIRDOIERE
AR OWETED - .

Fr, RARHEATHAZUBE LGNS FERET -
tohs, ANLHBDKRRHIC A TEIERNE W EEN
£ <, fHEOEREE VS HE TIRIENSILAV., DR
BAEORMBESKMLLbDEEZ SN, ALHI
AWOH TRIFHMETHHEZR - TV 5.

AR TIE, RIS A2 s> W THH

WKRBRFLTVWEWY, L L, 41 B0y xic
BHEOWHEELE5Z TWREEBHORIEBE L 123
B O(BEHS, KRR PHILEANSYOHARKR
(BE%&, 1987) T, ¥4 XicBBb o< s 497 +
TAYREEOHEAITATEBIET 2 EB00->T
BY, EmBmm (B S, 1989 ; BHKR, 1991) O
MR OB A BT 2 SA2ZANE L, ¥
BT U eIl (RS, 1986) Mk d B
ENE <, BREICRES i iE R E B bidisn
boLtEZIONS,

FH2E BRE

7o EHAEWMBT 2WEHYIcoVwWTE, E b
FH, =8, A REEMELSASN TV
(Ms3E, 1971 ; FARY, 1972 ; Pak &, 1979 ; /NE,
1981). —7%, ¥ cfHIC>W TR, FAEEIC X
DS (BRS, 1986, 1987) ddk 343, HERMDE
FcEHS CIERRY 58V, AR TR, ERE
EHOWMETEBICR SN 3 12BOWESY HW T,
¥R IONT 2MARERETY, MABYE Y
Y rfEE T A AT 1 XRBINM:, EliE O
BN E OGSl o WTHRET U (R 1991).

MEBLUHE

EERELI T o4EHIT 20T, RIBEKEREREE
BIEPETIRTTIT - 1.

ERI 12EBOEBESHYICLSIY Y IHROHE
izl U 2 B EESN Y & HERKRE 0 58 % Table 104
AU, FHBRIE, kil hoBEINMEER
o iE GES6mmD & O 10K, 23mmod b
OEAR) EIINAEL, BEEFICIT- 7, RS
N, BHOLEE» SN, Zo®EY 1 X
OMR ET XTI B TERBRERKE Lo, FEEIH
319898 A2H~8H12H T, KiR1325.4~28.5°C
ThH -1z,

ERD . clEDEBETFYI_ L3V YITOREY A4 X
EE I Ty MEHAERHAEL- DD 5 bTable
MHNicRmr LUE6BIc>VWTHN, ¥V Fk+F

Cosinasterias acutispina & 1 ¥ # = Charybdis



Table 10. Marine animals and containers used for ex-

periment I

RIGE/KERBSH U e

Marine animals

Average Number of Container

size(mm)

individuals volume( /)

Coscinasterias acutispina
Asterina pectinifera

Ophiomastix mixta

Ophiophocus japonicus

Reishia clavigera

Reishia bronni

Ergalatax contractus

Charybdis japonica
Grapsus albolineatus
Plagusia dentipes
Oplegnt.zut"h-;;j-’-asciatus

Halichoeres poecilopterus

AL 52
42
58

.SH 23
35

65

64

. BL 285
102

61

22
Cw 101

15

3
3
3
2

10
20

N W = = =

15

"

’”

"

100

&

o

100

2,000 “

AL, arm length; SH, shell height; CW, carapace width;

BL, body length.

Table 11. Marine animals and containers used for ex-

periment 1T

Marine animals

Average Number of Container

size(mm) individuals volume(2)

Ko ch oWgEFEZERG Y ¥ £ GRESmm D
& DR, 10, 20, 30, 40, 50mm® & O3FE{A S

D) LILITAEL, iR $IciT - 7.

1324.6~28.1CT&H - 1.

C. acutispina AL 85 1 15
” 65 1 “
¥ 42 1 4
Rbronm SH35 10 it
E. contractus 22 20 Z
. .C.. ]apomca B CW 101 - ] ; e
7 77 1 Z
“ 53 1 ”
G. albolineatus 64 1 .
P. dentipes 62 1 .
See Table.10 for footnotes.
Japonicald %A X&ZKZ THERL 7o, EBIZ, [El—

sk
i3, BRI ELFEBRICESHOAERED 6 fx, £0
B4 Z0HHF x & NTHY B L THER A RS
UZe. EERBIMIZ19884E8 H18A~8H2TH T, /Kid

§2455  19984F

ERI : vYFE MFICLZBEBERORE
FLOWMBPEL >/ Y Fe b FOHF oiowtd
R OER AT NB 01T - 12, FEEBIE, +
V7 b b FOEROMmMD b D6k %, Table 121
AN U6 DEHMEAK T D & ki, B10cmAi# O 1
EWEFEDIL00EOME XY = F L v KEICNE
LTiT-7e. 38, BHRAZ S I - THAS
BsESELBTVWELScHEE (o7 E
Nordotis discus discusidHz) 22mmpig o & o
ERO. fRINAHE, B, 8E&HOAR
B o#fr, ZogliashiBrmMrl TEBR%
e U7z, EBOKERIFACHRE L, HEBESIER
CHE L 2 ICEHZIE L, ERPIIER~ 0B
T - fo. FERWPRTIZ198T48H23H~9H 2
2HT, KiIZ23.2~27.1CTH - 1z,

ERIV  KEEROERN Y THAICETE ¥
YFEFFORRICRIITHE EmoOEKIETFg.
2R Lickdic, RESDEBINEDLIEA U,
2,30, # (45X) BLUoRIROZVWHED BK) @
6ETH 5. ERE LROKEICER MmO ¥ v 5
B FEAR &R E2lmm o 3 F = HEBSMEK T o %
AL, BYARBEAXRTE2TOMABHRs N
% & THERE L 7. KRB AR B LEEBE S B AR
A U 7o HBREBARA U T, HERWIRTRE,
Bt d A2HRERITORE D - 12, FERIRTIZ198749
HIIH~29HT, Kid23.6~25.5CTd - 1.

R

EB1 fERETable 18R Lz, 7 Tk b 7H

Ophiophocus spp.2f & 1 R = ¥ Reishia clavigera

Table 12. Marine snails used for experiment I

Marine animals el

height(mm)
Batillus cornutus 21.1
Nordotis discus discus 22.2°
Trochus sacellus rota 23.2
Omphalius pfeifferi carpenteri 22.5
Chlorostoma argyrostoma lischkei 20.3
Astralium haematragum 22.0

* Shell length(mm).
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Fig.27. Containers differing in bottom shape, in which C.
acustispina and 5 spiny top shells were present.
No.1, 9 holes of 4cm width, 2cm depth. No.2, 25 holes
of 2cm width, 2cm depth. No.3, 25 holes of 1.5cm
width, 2cm depth. No.4, 4 ditches(shadowed) of 4cm
width, 2cm depth. No.5, 4 ditches(shadowed) of 2cm
width, 2cm depth. No.6, flat surface.

Table 13. Consumption of spiny top shells by 12 species
of marine animmals

Number of shells consumed

Marine animals

SH.6mm SH.22mm
C. acutispina 16 3
A. pectinifera 0 1
O. mixta 0 0
O. japonicus 0 0

R czawgera 0 i _.O =
R. bronni 2 2
E. contractus 18 1
C.japonica 5 o
G. albolineatus 24 0
P. dentLpes 19 2

0. fasczatus . . 99 5
H. poecilopterus 9 0

Experimental period, August 2 to 12, 1989; Range of
water temperature, 25.4~28.5C

ZROESHAE L. ERBEHPOMaRE, e
WmmOMEETIRA v =R b2 <, Fofhizd
W otc. —F, mESmmOFER I, 4 ¥ ¥ A PR
%<, 343494 =CGrapsus albolineatus, ¥ =
v Y v = Plagusia dentipes, £ XA 3T 57 HA
Ergalatax contractus, ¥V 7t b FEEEZL T,
WETHOBEERIUTOLBLTHE, YV T
L h7F&EA v F b T Asterina pectiniferald

BRETH Y AOATOIEY, BEERANHL
THHF T E2EAHAL, AL SRETOAERHEL
7z, VA ¥ H A Reishia bronmub b A 39 59 54
3, WRTBOBERETE L > b, BROL 5K
FERIc 2% LIAACTHBR OEEZEHEL, £ X
3TN BB - THAELKL, —RIcT7 7+ 4
AR OEBHFRICHEAL TRIFKERT 2L SN 5B
(BR D, 1986 ; /N, 1984) 45, ABFFEOEER TIZ
T2 FHARCRTE LA v A4 & a5 o4
AT Z DL D RITHZRED SNisir - 1o,

H =, FHEOmmOHEE TR Y I TREPEE
RAEZIZ S AW > THB L, 7, #E22mm
OHETRBROOAFEELE ~+ 3 TE D, |EHH
B L& ATIICHEUHARL 2.

1 ¥ ¥ 1 Oplegnathus fasciatus(I7KIENIZ7% 56
mmOHHEANS EEBICRAAALE. —F, &
=22mmOHEH TRERFAMAPNI LT S b A
FTHEH U oA, 8HIRITE Z ARV TR O
HEFA L. * 29+ Halichoeres poecilopte-
rusi3momm O HE H (38 A& W TIRIKEE O 4 % Fl
AL, 22mmOREHE LK, - .

ERRID W3 Table 14/l Y vFeE b F
EVAYAARF0mMmEI ME, A3 U504
AmmPIFARAE L. 4 ¥ A= 3HEI0Imm T
A0mmPLTF, 7Tmm® & D T3 30mmPAT, 53mm®
SOTIEH0mmP FZE#B L., Yav v vyh=id
1I0mmPlF%, 3+ 3474 =@bmmPlFEHAEL,
AYHZIHNRE EHBT 594 Jd/NSh o1,
BLENTASL L, EBRTHWEICHEIN Y
¥ IEE20mmEL FTE» - 1,

EBRM fER3Table 15ic/RLc. XbMBEBEN
Db okkDRAXT IV I AN VAT S Ompha-
Lius pfeiffert carpenteri& 4 H T T, DWTYU XA
FE VU HA Trochus sacellus rota®% <, 7 o
T EE Y KRHA Chlorostoma argyrostoma lis-
chkell3/D1sp -t 138, U 59 X4 A Astralium
haematragum 3B I NI - 1o,

BRIV L5 idTable 161cm L7, ¥ xHEHIIZ
PBOEA O TIAHB I IZ2TH, [EWiEsk;
SAX T H3HHICRAEEBHAES N, EBROERT
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Table 14. Consumption of spiny top shells by 12 species of marine animmals

Marine animals

Number of shells consumed

SH.6mm  SH.10mm  SH.20mm  SH.30uwm SH.40mw  SH.50mm Total

C. acutispina 0 0 1 0 0 0 1

“ 2 1 0 1 0 0 4

” 0 4 2 0 0 0 6
Rbronm 1 1 = 3 2 i 0 0 7

E. contractus 5 3 0 0 i 0 9
.,.b...}(.lpor_ﬁc(.l.. e — 1 : - . : 6 3 . . 2 o 0. . 17 .

. 0 5 3 1 0 0 9

X 4 3 3 0 0 0 10

G. albolineatus 5 0 0 0 0 0 5

P. dentipes 1 5 0 0 0 0 6

Total 19 27 18 7 3 0 74

Experimental period, August 18 to 27, 1989; Range of water temperature. 24.6~28.1°C

Table 15. Consumption of various marine snails by
C. acutispina. C. acutispina and snails were
present in the same tank

Marine snails Number of shells consumed

B. cornutus 13
N. discus discus 6
T. sacellus rota 10
O. preifferi carpenteri 15
C. argurostoma lischker 4
A. haematragum 0

Experimental period, August 23 to September 22, 1987;
Range of water temperature, 23.2~27.1°C

HRBREL -1, F1, 1~3X34, SKickh~3 &
RS EL, PHEEEEER X TROESAEL
fo. $H¥FTEYYFEe b FORMBOAEBERIZ1I~5
XTI IEAPHDEEHRET O, X TIR/KIEDOMIFET,
i O I —E L 72,

= B

RIFEMNRCE@cAERT 2 12 OMEERYIC &
Y IHEHOMAERET-1cETH, TDHBI
HTHAasZDonl., £/, MBS 2y ¥ i
Hov 4 243, MAals LTEEE b N 56H £ H
WHERTIE, AvH=tbex3ayssh4 TR
40mmPLF, ¥ 7k b FT0mmPLF , 0T

Table 16. Number of surviving spiny top shells in containers with different bottom shapes. Each container had two
C. acustispina and 5 shells of 21 mm shell height at the initial

Containe: Days following start of experiment
No. 1 2 3 4 5 6 7 8 9 10 18
1 3 3 3 2 2 1 1 0
2 4 4 4 3 3 3 2 1 0
3 3 3 2 2 2 2 il 1 0
4 3 2 1 1 1 1 il 1 0
5 2 il 1 0
6 4 3 3 3 2 1 it 1 1 1 0

Experimental period, September 11 to 29, 1987; Range of water temperature, 23.6~25.5°C.
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20mmPl FCch-7t. Fh, Yawdrh=, I+

34 7H=@FI0mmPI FERAEL, 1 YA =ickh~x
pENUOHEHR L. HAEBEOY A XEfAS
NAYYIHHOY A XEDRABREY Y T 7T &
AVH=EHOTERLUIHER, 1 v =341 X
WCHPIL T2 fRd 2@l M8 H - 7205, ¥
Fe b F TR L iEEA0~80mm Dk TIE T
OEEMIEED SN -tz BB, Hemdimm %l
Aty T 3BRINT, ChBEREILOREY
1 RXEZZONB,

Wi, BHOLREPCEOmM SHAME L TEE
LEZONAYPYFEMFICOVWT, ¥ A%
BUREEHIONT 2,82 H R, v
MEHREAA I TAT V5 RSN 3 HN
£Z<, ¥YYFe b FIREHOMMICEL, FOER
BITH T EMBR Pt i, BROBREY Vv F
EFFOMAEOBBRTIE, BWiEEEoEREIICI
RLi:boTREL 2B HAES N, =8O
RISV TREHDOBROILIRPIE & 12 &Y By E
RBEERBXICEBELTVWAEEEZEZONTVSE UN
7, 1984 ; Edith et «l.,1978). ¥ v 7kt b FOEA,
ANGIERICTHEO—BPHAOKE M TH
THGORRUESZOERARICERT 2 ERGEL
HiLA.

tdRo LS, ¥ MHEEZWMBT 5BETHYI
%<, COFBICHWIRESUTOMH EET
niE, ZEERECHBIVPLERET LEELON5,
KERDOFERD 5 RS EmmPl Fic?s - oo o e
Hterh=$ ¥yvFebtF, ex3avss514%
DEERHBHELEEL LN,

BOE MALERE

WIEISHELBIIIITT, yHFxOBE, B,
DEEDOEPFRFFHEEZHO LI LTE L. S5,
AETE, ETHEIHFCBOTEROABRBREOX
BEzHoricT ), BERFCMATEZETO
HEEROPHF T OTHETH 5 Rk EDFHE
KOWTKRE L, RIS 28Tl MEBR K
TEMBEDHEAEI B 12, RIFEE O B IE T
FhdtiX DT — 5 2l & LT, Boni&HR
B A RE - AR E S I TIRDERZH 4R
A7z,

B1E BREUEEOHE

R I CRATHZHVT, B« Bk
EREORLT, WEMAROAEERRIC O VTR L
fo. FEBMRERI TR, EEBREOBERDOHTO%
LB A2RBOBEERNRIC, BERSLUEIE
EEEY 4 XL DBARERET L e (B S, 1998).
18, WITNOFER S IR O k5 BT X
Tfr- 1.

MBS UVFEE

EERRER] RV TOER EERIL, H
TEHEBRCI->TTVFFRLPIEVEEFRN
LY DX MBI T - (Fig.28).

MEH CBamy v =) &, RIRR/KPE RIS &5
PR c19914E6 B ik L, 7 L 7127 H 16,900
ek T, A XRNTBIRER D FEERRZ KT 5 700,
L CPF¥E#%E20.9mm), M#E (16.6mm), S#f
(12.7mm) D32 D+ A XEHCHBIL THHE L. 1K
WA, LB 2,600 3>, MEr¥ v ¥

Tsushima lIsland

"4 /
lki Island
O

P

Kyushu
33°f 1
12'9’ 130°
E
Are
0 500m

Fig.28. Map showing the Tsushima Island and research
area, Arezaki and Zenze.
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1Th,000M, 7 L4700, SEME Vv E¥DAIK
2,000 ¢H - 7z,

B, 1 BB ORI s -V F 2 —
7 (P2mm) AR THE FOREEc, TV T7 v T/
77U L— FRBREEER TEE L. BN,
1992566 Hic i, BURIHWA0BEEZR OTH298 I, A
FEDVRE O W & - TEIE T S Wi o LI
I TEr - 7.

HREOPER, WEF %3 5L BRI « Bl
OHFECHSE, BIRZ6HEFE L 72199245104
23H 4 5455 % D19934E10 H 27T R T3~5+ H
felb TET4RlIFT - 7o (Table 17).

FRIOFHA L, Scubal/K &HBE D K2E T >HE
12 TITO, BIREIEN Z900 IR L, EREA &
B A &[] 4 A X DR AR % B4 U 7. FEAR
RIS, BRI L 7oAk sl &8 4
paEEhdEEZONK ZIT, EREAKIEE
Hic B2 12 & » TIHRBEOROBLEARBRTH 5
e, 74V =75 v CTRHIEONEY Z D R
THER L 72,

S BRI B X O R A, 1RH
DFEH CEAEFBNHRIFER L ST, FIMILAS
Nhe=—VFa—-—7THERL, HEGEHELL
BEBIRETT - 12, ANOFHEIC X > THS N -
HBRERNZ, AR W E A 5 BHEAEICE T
5 Jolly € 7N DIEIEFEDOBEHUNEED € 57 v« Nk,
1988) ZHWTHAEY ¥ = 0BEKB L UL RERE
HEE L 72

ERRRERL . RBYREICLEIZ YT TOY
A4 XF)EHEERE 200X 200mDEHFEOEEXZ,
EHITV I F EMFEN LRSS OB~
20m) CEE Lz (Fig.29). & 5T, HERXIZHKR
R OEBMEAOEENZTHNE /29, 100X100mD4[X

Table17 . Date of catch and release

cosonreh Daie fire reteased
1 1992 Oct. 23 86
2 1993 Mar. 19 233
3 1993 June 27 333
4 1993 Oct. 27 455

# (A, B, C, DHHKX) XsLi.

KRX DMK, ¥nfr, B, DHIELT 2585
T, AX &0l bc i L, DX omflids
BHARNTVE, FHELICIIT I X, Y XORE
B, AP aF )V EsEDOR VY
7 SRR E LcEESER S hTwz, L
foy ¥ id, 198844 25 Hicxt B o bt Bl — Bl
X, #BKBEECL - TRESNI1881HIETDH
5. A KRS TRE B Icpdic X L (B
IRFfE L HOSIRERED), BRI i 2 T Th O F BRI ICPE
U, EESAGE, BHDO4A26HI2iTV, KRB L
B (GRE85.4mm~109.8mm, 437f#{k), FAIDOM
Bt (GEET79.2mm~93.2mm, T13M{K), B L O/hEY
DSE GEESI.3mm~84.0mm, T3{#E{A) ®3-H>D
YA KBS, HONE DRI EICE T 72 /N L
(F2mm) DABICL > TENSEZXEIL 7z (Fig.
30), 5T, TOFLICRT YL RERE 2 (v
TN HR0.55mm) TS Eic—HMobDIico
WTIEE - XE%2EE L., Ch o4O =
420K (A~D) Kxtivs &/, Kikid4H27
HicfTote., &34 BT DWW, FEBRFARE R
XM IZHFIT s ® 529, ERERENE 010
mfififoo —754 vEFREL, 54 ViZih-> TH

Tsushima Island

Sel
ki Island
O

—Z

“20m N

0

Fig.29. Map showing experimental area and subareas
(A-D) in the coastal waters off Are, Tsushima
Island.

— 100 —



BRI  RBINRIC BT 5 9 ¥ = OB IRAEYIF

Fig.30. lllustration of position of tag attachment for
different size groups (I,M and S).

ELBELMS, LEIC>WVWTIRMIOMEI:, MEB X
USEIRZEOLENK MG I 1EE O EES Tl I
ALz

AR E D QLEERXNTORB O EOHE
&, 2TAOBEZ L > THRFHESHHB DO H2A» 56
A1I2H £ ToRAE, KRGME3SATIHI3HAD
58A31H E ToO®RMIcA T TiITb k. B4
THREZITA, EXTIAD, BIIITAT, MEE
1A, FE~43ADHEL 1.

A O RN, BEOFE aENE, @
AB, BERNS CL-THAEBELEL., S5, H
S N EERMAARIIKES S OBRENN U, 4
& [BIRpIC Bl & 7o IE AR (RS0 (K ic o W TRl
HIEL T2,

1535, FZRkRRFERIL & BEERE A O R D R
EPHRBICE L 2EEM S odic, EHREAE
JEESEA D EnEng Y4 X (LB, MBIy
SED BIcl0OEAT o %, RIGEKERBRBEEE
Bfgeah o Lokt 1 7 ARIAEBEL .

fm R

RRBRER T AN 21T > TR - i
OB IR %E € v €idTable 18, 7 v ¥+ i
Table 19iC/R L7, 183, #ERIEBEER] « 41 B
BIPE & OIS BB A 1T 2 W TR R B o B K

W5y TR L 7

BB, MRSk LEEMBES 3 IEMTE
$, ROTEEMEE, €v8icifilzSEE,
LEHCHE L T DIRRE & /D18 5 12,

T IT, B d s EA LU CEBME L OGR4 %
FHC WU/ 18 3N A3 % B 1o 8 Tl s
& BITERY A XDOEMEIG TlEMEE S U
TEA DB A TRITIC AW, &9, RT3,
I LB MO Rz 2 hZhmEgo &5 v
(1988) IchTiEHR., 1B, HEELDLEDL-72S
Bl oW TREFAANDHTRDIZITONED - 12,

KR (A~3EH) oKy v = OBERE &
UHEEM A~2EBH, 2~3EH) o4ER 3 Table
20i/R L7, Baf 333H#%& BEIH) omERII,
L ©1,373fé{&k, MT1092M[@EE 5y, 1~2[EH, 2
~3mH o oA5kRIE, £ FHn L 0.845, 0.834,
M0.928, 0.966& 75 - 7-. T DR AR, HKiK333
HRROHERERE, BFHERRETHRL TR 3 &,
L 0.264, MO.164&75 -7z, SOEERIZ, € v ¥
2T B L ESOEMREEDLERE L D0.2641C3F U
TO126 EH#EE L 7o, AR Y 4 Xic &k - TH
EL, Y1 XBRZVb0EFESGVWEER L. X
51z, L, M, SEHOHH « KkERESE CHE
DT AT » 72, T DGR, 1~3EHD/ (247HR)
DHEFEAR0.78370 &, AR MK 2 b0
& U TRDIAF B OAETERER (365HRT) 120.679& 75 -
fo. X5, RS Hoid, dHOHEEE TORE
2 5 BAES H O HIABARGR I 137% R 60mm % i X i
KMAT 20 &E LT, B SMAE TOAER
AR B 01268 75 - 1z,

FRBRERL KB OB S N7 B
AU, B I3 AET264MA (LAEL04, MAFLL0,
SE0), Bic i3 AIH1IT8 MK (L BH41, ME£Ss,
SEBLD) Thote, —HHEREOTHTIE, mil
I3 AET233 @A (L#E95, MEf87, STE35, 4 X
ARFCALG), BRI IIAET1I8MA (LE27, MEF64,
SE2D O RE SN (Table 21). % 7z,
BIATI383.7%, H%HUITI355.1% KX & H LXK
THS N, ZOMEBKRKRX &R 2 X THESA
bt Fi, BRXERMXEOMBEREKBTAL
BEZ, RIcREIETRARAN (BlZFAXD
5DX~) 65%, i~ (BIZIEAKDSBXA)
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Table 18. Number of tagged shells recaptured in Zenze, fishing ground of Are

Number of tagged shells recaptured

No. of Date of capture (Average shell height)
research and recapture
L M
! Total  i=0 1 2 3 Total =0 1 2 3
1 1992 Oct. 23 130 130 126 126
(30.2) (26.1)
2 1992 Mar. 19 147 97 50 113 78 35
(42.8) (40.5)
3 1993 June 27 137 80 22 35 106 51 30 25
(49.4) (46.7)
4 1993 Oct. 27 99 53 5 16 25 90 45 13 17 15
(58.0) (567.1)
Total 513 360 i 51 25 435 300 78 42 15
Number of tagged shells recaptured
No. of Date of capture (Average shell height)
research  and recapture
S *
; Total  i=0 12 3 Total i=0 1 2 3
i 1992 Oct. 23 26 26 122 122
(24.0) (28.0)
2 1992 Mar. 19 20 12 8 98 40 58
(38.1) (40.0)
3 1993 June 27 24 14 3 7 127 77 30 20
(42.2) 4771
4 1993 Oct. 27 24 14 3 2 5 136 82 19 17 18
(56.4) (57.9)
Total 94 66 14 9 5 483 321 107 37 18
* tagged shells that shed their tag after release.
Table 19. Number of tagged shells recaptured in Arezaki, fishing ground of Are
Number of tagged shells recaptured
No. of  Date of capture (Average shell height)
research  and recapture
L M *
i Total i=0 1 2 3  Total i=0 1 2 3  Total i=0 1 2 3
1 1992 Oct. 23 146 146 130 130 93 93
27.2) (22.5) (22.3)
2 1992 Mar. 19 107 7% 32 104 86 18 36 13 23
(39.4) 4.1 (36.3)
3 1993 June 27 54 23 14 17 45 30 6 9 34 26 4 4
7.0 (42.5) (43.3)
4 1993 Oct. 27 40 1 14 11 4 35 12 12 6 b 35 28 3 2 2
(54.1) (63.1) (54.1)
Total 347 255 60 28 4 314 268 3 15 5 198 160 30 6 2

* tagged shells that shed their tag after release.

23% B L UAIN (BIZIEBXH» S AKX~ 12%,
F 7, BT, WMHIANG8%, FIICEITIEANS
%, BLUERAINS%TH -1, BSXICBIT HER
M, EfEARS L oREREAEEKE, AT EERX
OMEIAX E DX AR ERAIBX & CROGEHE

FHEREPIE VB R /R LS, RETERHMITARER
ExERLI.

B, EEROEHICET 2, 30EAENKICS
WTHRE ZIT- 72, 9, BliciT- 7217 Ao KE
fEERIC & 2 LEHROBE IR D S 0T, HEM
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Table 20. Combined data for stock and survival rate of

released at Zenze with Arezaki AEERPESREIADEE U IR THE S Ll 31
L size group BiEoAT, EHcLZHEHAIBELES BEODL
Stock of Survival rate DTH -1, Eoic, RES NIOERMEE S IS

No. of  Date of capture . d f el d e ) ) B ) .
research  and recapture Rt P Ak oFEfgk:, Figldlicsnlicidic, & <aE

shells shells(%) o .
A oo 5 st 5 B2 EhoMBOMICY I XITLB2ESLSNAI
o ch SRS o 1o,
2 1993 Mar, 19 1,442+107 0.845%0.073 mbt”\:lszif‘; Z)[X—(E_Fﬁé na @{Ztib)% B s
3 1993 June. 27  1,373+180  0.834-0.126 o, GRIRREEREET 5 2%, ZIREROEER
XANOKE) (eEeR) 2H S (198D ohFH%
M size group BEILTOLSICHES » . ZEHAKOERX
No. of Date of capture Stock of Survival rate l’\]@fﬁih i3, ﬁé% Hiklck 3 jﬂﬁﬁiﬁ[lﬁ & ﬁ%'ﬁzﬁ &
rosearch  andrecsptire oy O el DBIED &, 4 ORI Fig.32(a) KBRS 1
. T — L5 AOBEE L TRETES, IS KR
t. 219 = . — .

’ K OBEHHARA L TFig.32(0) 10 R T & 5 1585
2 1993 Mar. 19 1,460£133 0.928+0.095 mA0KEE LTEeEF L, BEOQEoHBKE
3 1993 June. 27 1,592+£266  0.966+0.184 KEA L. Biflo LBz > W TFIg33icmRL

fo. 4o, EEBREAOFRHFEREFg2@IKHU TR

Table 21. Recapture data by size groups (L, M, S) of spiny top shell in the experimental area (subarea. A, B, C, and D)
from daily reports of the free diving shell fishery

I. Former half of fishing season (May 2-June 12, 14 days fished)

Recapture A B e D Total
\ L M S NA” L M S NA L M S NA L M S NA L M S NA
0

Release
A 2422 11 0 3 1 0 3 1 0 0 2 2 2 1 30 26 13 4
B | 1 0 0 19 18 3 4 2 2 1 0 0 1 0 0 22 22 4 4
C 0 0 0 0 2 2 0 0 18 16 7 6 0 1 0 0 20 19 7 2
D 2 3 2 0 0 0 1 0 1 1 0 0 20 17 8 2 23 21 11 6

Total 27 26 13 0 24 21 4 7 22 19 8 6 22 21 10 3 9% 87 35 16

Number of
shells relagsedllo 178 182 109 179 183 109 178 183 109 178 183 437 713 131
Total fishing 30.4 4.5 28.5 38.5 141.9

effort (hr.)
*! Data for shell size are not available.

II. Latter half of fishing season (July 13-August 31, 17 days fished)

~Recapture A B C D Total

Release\ L M S L M S L M S L M S L M S
A 115 5 0 1 0 1 0 0 2 3 2 14 19 7
B 1 4 2 2 4 2 1 2 0 0 3 2 413 6
C 0 2 2 1 4 0 1 3 2 4 7 4 6 16 8
D 0 2 ! 0 0 0 1 1 0 2 13 5 3 16 8
Total 12 23 10 3 9 2 1 6 2 8 2 13 21 64 27

Hofal fE g 28.8 1.1 11.6 28.5 79.9

effort (hr.)
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Fig.31. Cumulative frequency curves of shell height
composition. , recaptures, - ,
catch.

»H5EFig33a)mBEons, OB, SR L S
NI ES TBEORKZ S ZENEFNRL B 120, B
NEPROE P > -BROJFEERELESL L Tk
BRX OBMHKEE RO LR T X i L Tt
LU, Wi, BRKEXKANTOHEREE X ORI
OB O % Fig33(b) i, Z O
(%) %Fig.33()ic/mlLt. #hick s &, Hilo
LEHE, BORKIZT26% 080, 50 D27.5% 45
WOSHR~BE Lizb o EHEEs Nz, ORI
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Fig.32. Explanatory diagram of the moving model, based
on the release-recapture data. (a), Moving direc-
tions of released shells in each subarea (A-D). (b),
Moving trend of released shells in all direction.

Hox, LB LW TERAKROMARE L UBH
RERBRXEICRD, 2h o E2BE5 L TERRANO
AR HEE U T Table 221c/R L. FO8EE, #i
BoLEico0wTid, BKED > b ERXICEEL
72 DDOIHEIE84.9% T, b D15 1% HERX A
NIERBL I SRS N,

B4 ARV T bR ORET AT\, IR,
YA ZHNC KRR ICB 1 2 R EBHERERD T
Table 23Ic/R L7z, #RICE B ERIICRED Y 1
AT HU~TTWRIERD, B TEVWThOR
I L35~39% S EERX AN L 72 HEE S 0
T,

CORERER, BARICHEBRER L CERK
WEEKD, CoOMTEBMAAOBEKRERL TY
1 XEEOIBERERMTable 248 L. Zhic
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Fig.33. Distribution and movement of released shells in number (a and b) and percentages(c), for
L-size group in the former half of fishing season(see Table 21). The number of recapiures
is standardized on the basis of the fishing effort in subarea B (the highest value of effort),
e.g., Ra=Xs,/ XX Rs(Ra and X, the number of recaptueres and effort in subarea A, respec-
tively Xp, the effort in subarea B). (a), Distribution in number of recaptures by subareas.
(b), Average number of remaining and moving shells, calculated from data in (a). (¢),
Rate of movement for each direction(9).
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Table 22. Distribution and remaining rate of released
shells in the experimental area, based on the mov-
ing model shown in Fig. 5(¢), for I.-size group in
the former half of fishing season.

Remaining rate(%)

Release

subarea A B C D  Total
A 72.5 6.9 5.5 6.9 918
B 14 725 6.9 0 808
C 0 6.9 725 14 808
D 6.9 0 6.9 725 863
Total 80.8 8.3 918 80.8 e

84.9

Table 23. Percentage frequency of released shells remain-
ing (R) in and emigrating () from the experi-
mental area.

Fishing season

Size group Former half Latter half
R B R B

L 84.9 16.1 64.3 35.7

M 85.5 14.5 62.8 37.2

S 82.5 17.5 61.1 38.9

& B LR IR BT 2 LEET0.280, MBET
120.180, SETIZ0.083& 750, BMIcBFELET
120.238, MEfTI130.274, ST TI0.151& 75 - /<.
MR, AR LTSS, BRYUTRLELIM
BoEmbror. £, SHREREDL - H, Al
WCHE T B EEL -1, Eh, @ EE L L
RIS A ABHOBMBEEDBRETlRL TK
b5 E0.406& 78 - 7z

PIEo X iz, ¥4 XBHT & » THERIIMEL,
TECE > THHF DY A4 EIRBB SN/ &M
Dot FIT, A XBIORRMEE ZOLEALE
Witd 2709, mill (BIE168. TR & 2
(BER303.28) D E N Fh ORI THIZ > v
T, BE10mmpERE O+ 4 B OMENFEHR (A
ZRIERRO 5 bk b &\ E R ICx 3 5 HHE)
%R EFig3MD LS it - 2. BiTERA M
KIFELDESNDT VY 4 XEFEAIT S H IR
»oh, ZOBEREIFIIEOEMICE > TEALT
BT EMWH T F i, FEY A XIZHEXFEH#E0
% DIKEET A B LR ES0mm D &2 A6 Tmm
E/NEUE L 72,

£ =

PR HOREER T OSSR, R ¥ = 0 BERERE,
BHROH A4 ZHIck->THEL, KEEdDiRE

Table 24. Summary of release-recapture data and exploitation rate by size groups (I.,M,S)

Fishing season

Items Former half Latter half F%rﬁegoﬁlgikaétdter
L M L M S L M S
Number of released shells 437 713 267 500 553 437 713 731
Number of emigrating shells 66 1038 95 186 215 161 289 343
Number of remaining shells™ 371 610 172 314 338 276 424 388
Number of recaptures*’ 104 110 41 86 51 1456 196 101
Exploitation rate 0.280 0.180  0.083 0.238 0.274 0.151 0.525 0.462  0.260
Percentage retention®’ 100 64.3 29.6 100 115.1 63.4 100 88.0 49.5
Total fishing effort(hr.)*" 168.7 134.5 308.2

*' Effective number of released shells.
** Data from inspection of landings.
** Relative value of exploitaion rate.

** Estimated effect corresponding to the number of recaptures.
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Fig.34. Relationship between shell size and percentage
retention in the spiny top shell free diving fish-
ery, based on the release-recapture data. The
point of 50% retention changes with the accu-
mulation of fishing effort. (1), Fishing effort
: 168.7hrs. (former half of fishing seasomn).

(2), Fishing effort : 303.2hrs.(former and lat-
ter half of fishing season combined).
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ATV DS S - Fo. B/KERNICHIFI P B 5 &
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PIERICHE S N, B I IR © B ROk HE
DIE NP HEZOEERE/ IO EdH - T, A
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TSR SRS 4 X 3EBERBEE NS D,
X EAHERO0%6 KEE 2 IERR v 1 XOB&KE L TH
A&, AL ARIATIIES IR KIS T
E80mmA» 56Tmm &/NME U e, T ik Ao
4 = DiFEd &Rk (B, 199D 2 o1 o EiR
DOAEMLICHHY T 5.

vHrEF T rERicESHEORVAENLEEZL S
NTWAY, APFETIRRIARIC40% 2L EofEgkn
KBRS L, DR OBEHNDL - . DA,
BEORE BN BRI 2 b0 EEZ SN 503,
SHRERRIR & WV O FIETIREREHEE T 21555,
EEHEELNEYFI LTI EILBLWT & BH%
ZETIMNEND B,

AT, BEABLT 7 4 — 0 F TOERK IR
AR, HEYEB XUOHESHAAERR E OB ICK -
TRonEREEEZBEL, BROBE M
EohkbEAE L B Beverton and Holt's D& —
HREFVANDBTEHEIT-> T, BRHZHZHS
7z.

HHEELUFE

X G I AT Pt X & R U CEIEZH 217 -
7c.

459", BURDMERE(F 3, 1986~19894E 0 ift
VAR 22 « B 077 (1987) % H W T sk
I L, HOPEEREAITICL > TR K
HEFRAR(S) Ip B HEE L 12,

KT, RE-HEEFVOMAY Iz ER
(Y./R)DEA(FEh 5, 1988) 2@/~ 3k,
Y./ ROMBITICHE & 12 2 BIREFEEOYS 2 — 5 —)
BEMHLI Y. RO -5 —-&1LT, KE,
FFicBT 5 b0 & L THERENEREW.), Bk
BE, EXLOREODER G ), FH@
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THRKLCHREDD, ALK G BT hBE
185,

BB 2 RABLERE(W.), BKERKED,
X EDEE0DEHR(20) B L UMAES ()13,
1 BOEREBH LK. Wa, K, told, von Bertal-
anfflyORREHBREED 25X -9 —THb &»
5, W.=280.98, K=0.36221, £,=0.490& L, t.
(F3.0F 28R - 7o, FHandBEFH (1991) £ H (1995) A3
YHF T TIROE L7220 28 L, 2031 & < 2fif
2B i HARSE T R (MD) 20.357 & U e,

IhHDN5 A -5 —%FAL, BERKE L
RIS (to) 2 AL S B B O MAY 72 0
#(Y./ R) DAL, M98 D7r s s itk -
TR L, FHRERIIRE V.

S50, ERRTR (to) IR 221 &
#T, ThThofiadbEics i) 2 EIPHAEKE
RNEL1BDBIUOEMPCGE 2 B) 2R CEHEL, B
IS LACE TR D50% & 33% i i B A1 iE & K o
7z,

HREER

589, 1986~19894E D B MR AR % 47 kA % 1o 22
#id 5L Table 260 kit ~7z, B 5 n1-Fkh
FHE% D & T H O SPERE (1975) 1T & - THFRER(S)
R D ES=0.312&713 0, 2RDBRKQ) iES=e
OBk bZ=1164L L5 HE L. ZOER, HR
FELCGREM =0.357 5 & HHEERIF=0.80T114 5 1,
TERE=0554 L HEE S LTz,

RiT, MAY 0 R (Y. R) O EERE R
i, GEENSHERG TR o) 2 HEET 2120,
BWREW) TS EBAEDOY./ROE{L%
Fig.35ic/n Lz, Y./ RPERKER LD, F=0.1
~0.27Tldtc=2, F=0.3~0.8Tdtc=3, F=0.9~1.1
Tidtc=4&B -1, —F, AHENRBFEHET 5 1k
BicweZibs e Y.,/ ROZA%TFig.36i2 /R
L. Y./ RO¥EKRE It =3~4TEL, £HTh
SRFS11OHH TRFAEMT 2 &Y, /R
T30, ZOHMKIRZF=06Ri%»OBOHER - 1.
PUED2-> DB/ RIFERD S, tc=3~4, F=0.5~
0.6DHPHIC B W THAOHYJSHA GO EICK - T
AHN R AFREERSBEONE D EEZ LN
1a,

Table 25. Number of individuals in each age group
caught in the research area, Are, from 1986 to

1989
Year - Age—iroup 5
1986 85,795 7,897 1,526
1987 96,776 25,149 780
1988 43,570 31,342 127
1989 27,466 26,845 6,434
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Fig. 35. Relationship between yield per recruitment of
spiny top shell and age at first capture for each
fishing mortality coefficient.
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Fig. 36. Relationship between yield per recruitment of
spiny top shell and fishing mortality coefficient
for each age at first capture.
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Fig. 37. Isopleth diagram of yield per recruitment of
spiny top shell in the research area, Are. Point
represents the present situation, - , 33%
and 509% isopleth of relative stock fecundity
plotted against average age at first capture and
fishing coefficient.
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Summary

Fisheries Biology of the Spiny Top Shell,
Batillus cornutus, in the Coastal

Waters of Tsushima Island

The spiny top shell is an important snail spe-
cies in Japan, but knowledge of fisheries biology
of the species have been beggarly and the prac-
tices used to manage fisheries have been inade-

quate. This study was carried out in order to

clarify grounding for biology of the species and
feature of spiny top shell free-diving fishery nec-
essary for management of this resource. The

results of the study are summarized below:

1) Age and Growth:

The Growth of spiny top shell was examined
on the basis of shell height composition data for
4,306 individuals from 19 seasonal samples in
1986-88. The shell height composition for respec-
tive samples was separated by modal groups
using computer technique. Modal values from
these modal groups were arranged according to
size and season to trace growth trend. Age-size
relationship obtained from the growth trend can
be expressed by the following equation:

SH,=93.0/ {1+e‘ *17 179}
where, SHt is shell height(mm) at age t(year).

The growth curve thus obtained was com-
patible with the growth monitoring data for re-
leased seeds in the natural field. Age at first

capture was 3-year-old in research area.

2) Maturation:

Seasonal changes of gonadosomatic index
(GSD) and gonadal histology were investigated to
clarify the annual reproductive cycle of spiny top
shell.

The GSI increased from April in parallel with
the rise of water temperature and attained a high
value during May to July. Histological observa-
tions of the gonad revealed that the accumula-
tion of yolk granules in oocytes and sperma-
togenesis became active in April, and then the
ovary and testis were filled with mature oocytes
and spermatozoa, respectively during May to
July. Spent gonads were observed during June
to September. These results suggested that
spawning season lasted from June to August,
when the water temperature is 20 to 24°C. During
the 4-year-investigations, the time showing the
highest GSI value and the time of spawning var-

ied slightly each years. The fecundity was high
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in 4-year-old shells with a height larger than 80
mm. From the viewpoint of fishing management,
it is necessary to protect shells younger than 3-

year-old from fishing.

3) Distribution:

Vertical distribution was studied by released
shells(22 mm shell height). The released shells
were distributed from +53 cm to —147 cm of
standard sea level(SSL) with the highest num-
bers found in between +40 cm and —40 cm of
SSL. This is in good agreement with the vertical
distribution of the wild shells in the same ground.
Habitat of the young spiny top shell of this spe-
cles ranges from the lower intertidal zone to the
upper sublittoral zone.

The movement with age of seed-stocking of
the spiny top shell were examined during a field
survey. The stocked seed shells settled in are
latively limited inshore area during the first two
years, but subsequently moved to an offshore

rocky area.

4) Grazing and predator-prey:

Grazing: Alga preference was evaluated by
the number of the shells gather and the amount
consumed by the shells. Comparison was also
made between wild and artificially reared (about
22 mm height). Sixteen species examined were
divided into 4 groups, and each group contained
four algae plus the additional standard species,
Pterocladia capillacea. Five algae were settled in
same distance on the circumferece of the bottom
of the container (black round 70 cm diameter).
The shells were released into the container in a
morning, and numbers of the shells gathered at
each alga was counted in the next morning. The
experiments were made for 10 days in June, 1987.
The weight of algae consumed was also deter-
mined.

The largest number of the shells was found
for red algae, and smaller for brown and green

algae, the same order being the case for

consumption. No difference was found for alga
preference between wild and artificially reared
shells.

The algae with the largest number of the
shells gathered did not always correspond to the
most consumed. It suggested that marine algae
were utilized by the shells both for food and
habitat. Pterocladia capillacea was found to be

the most preferred alga.

Predator-prey: A study was conducted on 12
species of marine animals, 9 of which belonged to
starfish, snail, crab, and fish that preyed on
young spiny top shells. Size for safety [rom
predation by these animals exceeded 50 mm for
shell height and 20 mm in the case of severe
predation. Among predators, Coscinasterias
acutispina and 3 species of crabs may be possible
to exert the most influence due to their wide dis-
tribution. C.acutispina showed preference for

young shells.

5) Recruitment and survival:

The survival rate of young shells between 20
and 60mm 1in shell height (the size at recruit-
ment) was estimated at 0.677 by monitoring re-
leased shells.

A tagging experiment was performed to ex-
amine the exploitation rate and the selection of
shell size in relation to the magnitude of fishing
effort in a spiny top shell free-diving fishery. A
total of 1881 tagged shells, ranging from 59 to 110
mm in shell height, were released in the experi-
mental area of 200 X200 m. Exploitation rate in 3
size groups, large, medium and small, was esti-
mated from the release-recapture data.
Selection of shell size was recognized, as the
highest rate was attained in the largest size
group during the former half of the fishing sea-
son (l4days fished) and in both the large and
medium size groups during the latter half of the
season (17 days fished). Lowering trend of the

size of the first capture (50% retention) with
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increased fishing effort suggested that the size of
first capture was closely related to magnitude of

the total effort in the fishing ground.

The stock in the Are fishing ground was as-
sessed using Beverton and Holt’s Y,/R calcula-
tion, using population parameters obtained in
this study. The results show that this stock is
being over-fished. The present level of fishing
should be reduced by 40% to allow the stock to

recover.

6) General overview of conservation and propa-
gation of spiny top shell stocks:

When spiny top shells are young, the seabed
between the lower intertidal and upper subli-
ttoral zones is important habitat, especially re-
gions covered with a growth of small-sized algae
such as Geliduim spp. For conservation pur-

poses, these tidal zones must be managed, to en-

large the habitat suitable for the young shells.
The breeding population with the greatest fe-
cundity consists of shells at least 4-year-old. To
allow recruitment into the breeding population, it
1s necessary to protect spiny top shells less than
4-year-old from fishing. At present, there is no
closed fishing season to protect the species. A
closed fishing season during the spawning sea-
son should be incorporated into the Nagasaki
Prefecture Regulations for Fishery Adjustment
to allow successful spawning by mother shells.
Selection of shell size was recognized in the
top shell free-diving fishery amount to 70% of
total spiny top shell catch in Nagasaki
Prefecture. The size of the lirst capture in a sea-
son is closely related to the total intensity of the
fishing effort in the fishing ground. This must be
taken into consideration in managing this fish-

ery.
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