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Development of Control Systems of Resources and Fisheries

Conditions for Propagation of Topshell, Batillus cornutus

Mamoru YosHiva

Abstract

Except for a part of Hokkaido and Tohoku regions the topshell, Batillus cornutus. is the
most economically important gastropod in the coastal fisheries in Japan. In Kyoto Prefecture,
the topshell is also an important food; an average of 143 metric tons of topshell. per year
from 1984 to 1988 were caught by shell spear, gill net, and skin diving using a small boat.
Shell fishery is a small scale industry ideally suited to coastal villages, in which the harvest
of shell does not require investment inexpensive equipment or large boats. Some 270
fishermen in Kyoto Prefecture were engaged in the shell fishery in 1983. They not only caught
topshell, but also abalones and some edible sea-grasses in the rocky coastal waters. The
market demand for their catches has remained high, so that heavy exploitation of topshell
resouces has brought severe overfishing in some fishing grounds. The legal minimum size
of harvest in Kyoto Prefecture is 5cm in shell height, or 2cm in operculum diameter, and
the fishing season is restricted to 200 days from April to October. In spite of these
restrictions, successful measures for rehabilitation of this resouce have not been established.

Recently, with the technological advance of artificial production of shell seedlings,
cultural fisheries of this species have been initiated at a few villages in Kyoto Prefecture.
Cultural fishery is encouraged by the Goverment of Kyoto Prefecture in the hope that the
seeds will develop into the legal sized shells and the fishermen will get higher productions
from their rocky waters.

This study has contributed to the presentation of the biological knowledge and fishing
techniques relevant to cultural fisheries development in this Prefecture. This paper describes
the ecology of the topshell with reference to growth, survival, feeding habits, maturation and
movement, and also the methods for seeding and management of the fishing ground after
releasing the seeds. The findings from studies are summarized as follows.

1. Growth

The age and growth rate of the topshell were studied by using probability graph paper
in the analysis of size frequency distributions and mark-recapture experiments. From the
results of both the shell size analysis and the mark experiments, it was estimated that topshells
grew to about 10mm in shell height in the lst year, about 20 mm in the 2nd year, 40—50 mm
in the 3rd year, 60—70mm in the 4th year and about 80 mm in the 5th year.

A series of experimental rearing of topshells in a cage for one year proved that shells
could not grow fully at temperatures lower than about 12°C, but temperatures between
16—30°C were favorable for their growth. The growth rate of small sized topshells was
influenced by the kind of algal vegetation and the habitat in the depth of the sea. It seemed
that favorable algae for effective growth were Gelidiaceae and Ulva, whereas Corallinaceae,
Sargassum and Dictyota sp. were unfavorable algae for young shells. The growth of
topshells in shallower waters, 0—0.5 m depths, was superior to that in deeper waters, 2.3—
4.0 m.

2. Sexual Maturation

Seasonal changes of maturity of topshells were investigated based upon the gonad index;
GI=(GW/SH3) x 105, (GW=weight of gonad in gr, SH=shell height in mm). Topshells
more than 60mm in shell height mostly matured during the period from July to August,
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but shells of 40—50 mm shell height did not fully mature during that period. On the other
hand, the number of shells with spent gonads increased suddenly from August. From these
findings, it was estimated that the breeding period of the topshell in the coastal waters of
Kyoto Prefecture was from July to October, and the period from July to August was the
highest of its prosperity.

All of the topshells of more than 60 mm shell height, that is, over four years old shells,
were recruited into breeding groups and the biological minimum size of topshell was found
to be 30—40 mm shell height.

3. Feeding Habit

The stomach contents were observed to determine the feeding habits of topshells collected
from the coastal waters at Aoshima, Kyoto Prefecture. Although the topshells fed mainly on
Gelidium sp. and Sargassum spp., the shells also fed on a variety of algae densely found around
the habitat.

In a study to show the relationship between the shell size and the number of species of
foods appearing in the stomach it was clear that there was not much difference of selectivity
for foods among shells larger than 20 mm in shell height. The weight of stomach contents
was higher during the night than the day, and most starved shells were found in the day
time. Thus the feeding time of topshells was mainly at night, for about 6 hours after sunset.
The results of researching the stomach contents suggested that Gelidium sp. was a more
important food for the shell as compared with brown algae such as Sphacelaria spp., and
Sargassum spp., because the topshell seemed to digest Gelidium sp. more easily.

4. Predator and Survival Rate

The influnce of predator for the survival of topshells was investigated by skin diving.
Starfishes, Asterina pectinifera and Coscinasierias acutispina, crabs, Thalamita sima and Charybdis
Jjaponica, thaises, Reisha broni and R. clavigera and Seaurchins, Storogylocentrotus nudus were
obserbed as predators of released shells. The seawife also observed attacking topshells.

From the results of the relationship between the algal vegetation and the survival of
released shells, it was implied that a higher survival was expected in the dominating area
of Gelidiaceae rather than Sargassaceae. On the other hand, the survival of released shells
in areas exposed to relatively calm sea was higher than that in sea exposed to the oceanic
swell and wave action.

5. Movement and Dispersion

Skin diving observations of the behavior of topshells by day and night in the coastal
waters at Aoshima, demonstrated that shells moved for about 6 hours after sunset as previously
mentioned. The movement velocity of shells was approximately in direct proportion to shell
height; thus the velocities of various sized shells having 10, 20, and 60 mm shell heights were
about 6, 15 and 60 cm/hr, respectively.

As small sized topshells distributed rather densely in shallow water of less than 2m
depth and larger shells in deeper water, it was suggested that topshells dispersed in a vertical
direction as their growth proceeded. Horizontal dispersion of shells smaller than 30 mm shell
height could be approximated by a random walk model that was expressed by a probability
density function.

6. Efficient Methods of Releasing Shell-seedlings for Cultural Fishing

Releasing area: An area in which favorable algae as Gelidiaceae, Ulva and Codum
dominated was suitable to supply food to the released seedlings, and for seedlings larger than
20 mm shell height an area in which Sargassum dominated was suitable.

In order to select a site for releasing the shell-seedling, the effects of ecological factors
(habitats of hervivorous and carnivorous animals and algal community) and physical factors
(sea current, wave action, sea temperature and influx of fresh water) were varied and compli-
cated. In general, shallower areas seemed to be better for the shell growth and survival of
seedlings and sites having the least number of carnivorous animals should be chosen.

Releasing season: The period from spring to summer produced a high growth of shell-
seedlings, because of accelerating the growth in high sea temperature. At the same time,
since this period in the Japan Sea is generally calm, it is possible to expect a higher survival



rate just after releasing.

Releasing size: From findings on the growth and the survival of artificial seedlings, it
was seen that shells less than 10 mm shell height could be released to the specific areas which
seemed to be a nursery ground. Especially, in calm areas where Gelidiaceae dominated,
even small sized shells having 3—4 mm shell height could be utilized as seed. Moreover,
seedling larger than 20 mm are fully acceptable for release not only in calm bays but also
in the open sea.

Releasing procedures: The shell-seedlings regardless of shell sizes should be carefully
released by means of diving to the patchy Gelidiaceae and Sargassum zones, or by using a
container for obstructing such carnivorous predators as the seawife.

7. Methods of Management of Fishing Ground for Higher Recapturing

Watching of fishing ground: We have to select a place for releasing shell-seedlings where
we can make defensive preparations against illegal harvests. The shore around the releasing
area shoull be restricted to exploit the illegal sized shells, topshells less than 50—60 mm in
shell height don’t disperse too widely from the releasing sites.

Extermination of predator: According to diving observations, small shells were preyed
upon by carnivorous predators in the early days after releasing. Therefore, we have to
exterminate the predator concentration just before and after shell release. Diving is recom-
mended as one of the most useful methods for exterminating the predators, and starfish and
crabs can be concurrently exterminated by baited basket and trap.

Reforestation and biomass management of algal vegetation: When the algal vegetation
in the rocky shore are heavily grazed by herbivorous animals including topshells, the grazer
(like sea urchins) have to be exterminated in accordance with the density of released shells.
Since grazers remain active during the winter when young algae fronds begin growing,
careful observation of the algae biomass production in the fishing ground is required through
all seasons.

8. General View of Successful Cultural Fishery

Most of the shell-seedlings 5—10mm in shell height released into the area where Geli-
diaceae dominate in May grew up more than 50 mm in shell height, and could be caught
in the following November. That is, the artificial shell-seedlings grew up to the legal size
about six months earlier than the natural shells. It was confirmed that the survival rate of
shell-seedlings, which were larger than 7 mm in shell height, released into an area where
favorable algae dominated and managed suitably until the legal size was about 70%.

From the above results, it was clear that the topshell had some advantageous aspects
for developing marine culture fishery. For example, (1) smaller shell-seedlings than 10 mm
in shell height could be reared in the coastal nursery grounds by fishermen, (2) the growth
of topshell up to catchable size was faster in comparison with other marine gastropods, (3)
the survival rate of seedlings during the period up to catchable size was comparatively high,
(4) the spatial scale of movement and dispersion was rather narrow and so the shells could
be recaptured easily from shallow waters by existing fishing gears.
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Table 1. Turbinidae inhabiting in the coastal

area of Japan.

Japanese name Scientific name

Sazae Turvo (Batillus) cornutus
Yakougai T. marmoratus
Kosidakasazae T. stenogyrus
Ookosidakasazae T. bruneus
Keshousazae Marmorotoma brunneum
Marusazae T. setosus
Kingutisazae T. chrysostomus
Tyosensazae T. argyrostomus

Ryuten T. petholatus
Tatumakisazae T. reevi

Nisikisazae T. excellens
Taiwansazae T. sparverius
Yakkosazae M. crassum
Hidatorisazae M. squamosum
Kansugai T. guttatus
Togekansugai T. asteriola

Sugai Lunella coronata coreensis
Kangiku L. granulata

Ooheso L. cinerea
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normal curves were fitted to four

Fig. 2. Drawings of side and upper views age groups by the Harding’s method,
of Funaya. RA; releasing area, which show Ist (A), 2nd (B), 3rd (C)
SP; shore protection. and 4th (D) year shells, respectively.
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LR (6 ~7 Adic, WERARE TR X UKH
PR CHEI R, £ LT, %S 50mm Bl E GR#ER
FREREHAN X v~ %R 20 mm, BETH 50 mm
BT+ =11 RETERG) Oy =% R EEE
fEpra Uiz (Fig. 4),
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Fig. 4. Showing shell height frequency distri-

bution of topshell collected by means
of tongs and gill nets in the coastal
area of Naryu and Kumihama from
June to July in 1986. The normal
curves were given by same method as
in Fig. 3. Three groups show 4th (A),
5th (B), 6th (C) year shells, respec-

Fig. 3 & Fig. 4 75, 35 60 mm R0 44 =53
EHCERFEE LTHBEIR T3, Tiebh, Z02
OOEHBBHRERY S, REMLNRRC ST 2 KRR+
Fro ERE R L OB, R BHTERE 10mm
Bit%, 2B T 20 mm Hi%%, 3T 40~50mm, 4 #T
60~70mm, 58T 80mm Fi{%, 6# T 100mm Hj
HEHEEIND,

PBEDX > LTHER Ly F=DERERERE & DB
BAELohE S R HBRT 5o, BRI RARKE
CEBLTVS 2WAEEL DR S (FE 15~24mm)
FY =BT R T, FoBROREYEH L, £
DFERM Fig. 5 ThH5,

4 A BRSO Lo 15~24 mm oFHL, R0
Aiz 40mm §igelE L. £ LT, BHCIE, —
oy =pE 50mm Bl b lE LT, #0EOK
7k 60 mm FiIc ¥ THRE LT\ oo = OEEMITR
BCHE LR F=DREDERE & ERFETY LTS
BRICHERELHE L TH, BRABKETIE, #il
THIDE YV =ORBR L - THEENEETH S
T I RN S AT LT L EHBIRL
T, RKBECOV¥F=DRE, FERFFTY LTHED
NIEREWET 5 EETRIFTID D ANERE &L E
b, FIROREMITAFEERC KT ¥ = DIERHED
BARIELWdDEEbh5,

b) KR &R

FHF=DLE BT, —ROKEEYOREZKECH
SHEEIFHEELONS, LI T, TV I7HERT
AR ERERE LT, SRRET Ty =% 1 4]

tively. fAE LTKIRE 5 =Bk £ 0 BIfic D THAEL
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Fig. 5.

Growth of marked wild topshell 15+1 mm, 20+1 mm and 24+1 mm in shell

height in the coastal area of Aoshima from May 1985 to November 1986.
The histogram and n show relative frequency and the number of shells

investigated.
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Fig. 6. Relationship between water temperature and growth of topshell reared in

the cage.

Open and solid circles show the changes of water temperature

and growth of topshell, respectively. Bar graph shows the amout of food

supplied for shells.

Too TORE (BES, 1987) i Fig 6 wrRETEBD
ThHbo

S = DEERT, KEN 12°C UTFrEFT5 1A
MmH 4 AP ETIIAEL, BRENBEALEELTL
5, Lal, KEN 12°C Yl ERT % 4 Aigld
By, KEECBEEL SR, Yy IRE LED
Bo FLT, KB 16~30°C 1z 6 ~10B I d B
CHEEL, BEERT 3.0~45mm/g Lind, TDHK
RIET T4, RAEFTHRRELKET %5, T4
B, Bl LSy ¥ =oREBHREORKE (Fig. 5)
T, 0AEBE4L AL oM I ORERENTAD S
haoi, FROEEVI0ALBI2AKNSFTH H¥=
PHEELRT D THD EELLRSL, ZDZ LT,
P =D ERIRHARE T - . BB FEAEN 12°C
HFwribd o, MESE]I AR ThbThrsi &
BHLEMTLRD,
MEDERFHERI X b, iz s »TKE 12°C 4
ERRET oo THRAKRTH D, KiE 16~30°C 2
FF=ORRIC L > THEKBHEBETHS = & bbb -
2o

(©) SHARERE

Fig. 7 (%, ALED/NEYy+= (%5 20mm) %K
BHCHR LT, TOBOBERDNTHELLEEZD
WR (BERL, 1986) THbH, ZoFnb, 0~05m
AN Ll =0 EiE, 136 B8 # 35 mm ¢
DAt DTRH LT, 2.3~4.0m BARH LI Voo
TR 27mm rinoTwb, DX i, BBk
WL S =ORERSBRMC BRIFTHL DI, BEA~
B Ly = DRRE, B LcKIEAEL fehut i
ZREELIRDT LB bb, Tihbb, —BCEBRI
HERT BN =R T HROWEEE, B0
T =L ) SRENEL L EASED SR, Iy
TORERE, TOZHRKEC L - GREGOELS Z LAt
o otcs

B, TDIIRGHAKENFEL LDREYFooR
BB P EBE LT, —RAOCESEHELTRE
BOFNKEMENC &, Th, BBTB IO, BE -
iR & BB LN = D R A B & A N
BES—EAC i S R EREL bR,

@ ERREIRE
FHREE L v P oRE & DBGEY 25 b, ik
DR B ERKIEIC ATES »v=HH (% 10mm
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Fig. 7. Monthly changes of shell height from May to October 1984 in
the coastal area of Aoshima. Vertical bars represent standard

deviations of the mean.

i) #HHELT, TOBOREYEHHEELLER FAESLCVWEKRE =KL T, KERDWT

(BE&5, 1987) ROWTB~N5, DHBRBE T ~Tco ERIL, 7F749~rvEE
¥ =HROMIL, 58, 6, 7TADKEEARTT BREILY¥F=OBRKOEN, BHivvI2EHPT 2

~te S BEAIIET FT7 AY Ula pertusa R~ 7+ Sy EBEREBTAEFR I D Y 3~7Tmm K&k

Gelidium amansii 75 E MBS LCwiokifE, Ffivv - Twie (Fig 8),

= %=¥g Corallinaceae 7 i < ¥ Dictyota dichotoma ¥, 6 b EEirv el A VA YSEES
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Fig. 8. Growths of the topshell in the four experimental areas; (O)
Port Niizaki and (@) Funaya show the growth of shells in the
area dominating Gelidiaceae, (/\) Port Asahi and (A) Aoshima
show the growth of shells in the area dominating Sargassum
and Corallinaceae, respectviely. Vertical bars represent stan-
dard deviations of the mean.
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N, FLT, 7RELHERE, =294 2y Pte
rocladia tenuis 7t ¥ 0 7 v 7 REELE~y =R
WKL, 118 ¥ CEORREER L, ERMFONRK
PHETR L, 7 rBEELEAEIE Loy =i,
IADEATE, 12 AN E» R Hiv v
B v X7 SEELEOY =L ELRELTE
D, b, W2 HABKHKE B T2 -
7S HERBO ¥ = L BIERABEOKE IR ET
BE LTV,

rERoERy LB E, v¥=HAOKEIL, MK
KB AETT 5 HEROBEEC X » TRV AL LR,
=Y, FAryhEDF IR, THT7AHRE
DWENE T KBANEREh ey F=ORKE, H
Hivv T2, RVAUSHE TIory, hEMEL
THKBEOHF=DFh I bbbl bERT e, Zh
LOZ EMD, +F=0&EKEC KT EREE 5
CEDOFRTIE, BETHIREOERC L > Ty ¥ =D
BREOR LELNELASND Z MM L,

3 * £

FHFORRE, EROBREILYF2R &L
BERB&HFC X - THEELZT T b2 b -,
T, REFRERCST Y =0RE L, chE
TRFAEER TS AR BT H Y F=DFh &
HELT, HETHER, i, ToERER W TR
T5,
AARRBEOAB TN ETRAEIRTUBE Y F=0D
ERERE & OB Table 2 Dtk b THD, 7078
L, ZhoERl, AEFECHERIPRRS0T
B 3 B TE Rl

BTN EED 6 ~7 BRBT 5 yyr=nkx X (H
ERAME) 13, Table 23R LA, | I THE 10mm

1990

Btk 28T 20mm FiEE, 3#T 40~50mm, 5
T 80mm FihE s, = OfEit Fig. 5 wRLT LS
AL ORERYAVCTHET S 2 LN TE, HER
DRI B BERE HETHZ LN TE S,

SRNEMBTORE (FF, 1962) L RETOHR
(IR, 1952) 13, V¥ =0OBOFERHH»H, FORREE
e BT sBELHEELTLLOTHD, #hT2I5K
ZhEDBIROKBRIMET LT, KESKIETS12~6
BoBE®ELTWHLDEELLRD, —FF, REN
WEREETOLXOF ¥ =HADKE JILHFE 3~4mm &
FEHIEL, CoREIOHICER IR CEDF ]
R RAIRs - EREETHB, 0Eh, FEHFL L
BT S Ch bR Tco w2l EL, Table 2
R LR | ENE L THRBFRERTORE L)
BT ARE DD EELDRD,

AA¥E L 4 o v ¥ =0REY HEsT5 &,
LI ETHAEHRRSHNTHF =D RENE L E
<, WHERE TS EL, FEEECHHRT
BSOSO L INERBRETH H, HEMLRER
TR EL T->Tw5b, Tihbb, dtrbErmEms» iz
Fyr=0REIRRL A EHANBED RS,

Wiz, KEFECH LI/MNEORERE (F%F, 1962 I
F¥ =0 AHREE» L I0FEOBREEHEE LD DT
Hb, REMRERCSTHI0H0rFo2DREI L
Bk, IO RELE-TwB, 2% b, KFHEM
BT F=0REY, AXRBAEIHEETS EnkD
BERTWDI5ThD, 2D L5 inkERIT, KEE
=ORE EOBRTIRNA X5, BREBATIEAER
DETTHXCRENMET S LS IT523, KB
AT AEAFREEIETRY, »F=035E Lk T
WhHZ R EBEEZDRE,

FE (1962) 13, +F=DREAx - vk, F~FO

Table 2. Age and shell size in height of topshells in the various coastal area of Japan.

AGE
REGION

1 2 3 4 5 6 7
IMABETU (AOMORI) 10 24 42 56 — — —
TOBISHIMA (YAMAGATA) -  31—41 46—50 51—60 61—67 63—73 —
INAKUJIRA (NIIGATA) 15 29 45 60 — — -
KYOTO 10 20  40—50 60—70 80 100 —
KOMINATO (CHIBA) 25 51 78 104 — — —
TOJI (SHIZUOKA) 50 65 80 93 104 115 125

Data off IMABETU, INAKUJIRA and KOMINATO from Uno (1962), and
TOBISHIMA and TOJI from Abe (1952) and Fushimi et al. (1978), respectively.
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KEFPERTS EEICEREENHEAL, KESETT
BEWIREAMETSLOMEELTLESR (BEXYE
), KRCBEFRe R THE CRFHFR), RRAK
&AL RTHE (BEBED) 032038 - vty
FLTWB, 22T, zhALDHFZDREAZ — VR
ED LTRETHONEDOWT, ZhETHELMC-
fer P =DiE RS OBGRY b R L TH
%o

SEfT - e —EOREREC BT, ¥ =izFK
B 2R L, Z0EKBECIREAEELTLE
ST EEHRLTED, —BWiy, HEHRRERCE
B F=ORRE, FHEIBRTW5 LK) “HEE
;M ThHB I ERBMT BRI,

Wiz, KBRICBERL R TH R EFERORKR % —
VIRDWTEZTHRD, +F=DBFIIFR LI S
KA 12°C LITFwRin s ERERELRTS, =0k
EEERIOILIR < ' f2BT 5 /NMEOLZ D KEITH 14°C
ThY, 12°C LUTries Z tizig\ (FF, 1962), &
> CKPEMOKRSEED $ LT, KBIREREL Y
FrIRE LT A Z &iid, T, TOZ EHRKE
Fflo v+ =5, ks 12°C LTFTeET L, &
RABIELTLE BABRO =L h $ H L HKE
L, LndRETHABETHZEELZDRS,

DO ED, KEEAOHBYRTREROEE
ik, BREN LTKRUAOHIBERSFEL TS
ZERFEBL D, FlxiE, FE (1962) 11, MBS
s AHEREIL A EREO HEFEM L LT LA EGO K
TR, WNHEAKC L BB EEOHIN LA+ =
DERREEEY E L W5 LHERL TS, LL, &
EOREEERNOEL D &, MHBRE EEREE 2 F
T LTWwWB EBbha, Tihbb, BILicI v+
DR, TOEBIRCAETL WA EROBES
BEBC I > TERINLN, 7AVELIOYyF=ic
& o TIFBE R BRI o » T B ¥R WIS 35175 4
BREAL, —BCKEAEVCECEL, KREMET
THR~BHRCRL BB EAAAARLR, 20X 5 il
BEFSNERO YV =DRR 2 - vEHELTW5
DEHEIND,

1-2. sk & IR

S = DEREBEEIT 5 fodic, BBRENN 0
BHAERBE OWTHET A L RBEERZ ETH D, =
NETR, v FoDBBELERNOBREI ED bR AE
BT, v F=OlRCEMCETI W ohomENE

HEEhTws (LB, 1969 ; #4M, 1975 ; &R, 1975)0
IhBOHEL, TELTERNFETERI X - Ty =
DEBPENTERHR LD ThD, T, RRBEK
TO Y =0 EFITEPEFRREOCE L b, EIRH
DHEEEZT->TWBERAGHS (HEE, 1955 ; FHH
1964 ; R R, 1980), BT, HFE TIT v+ =D MEE
oW, HEFNFEYREVCTHRELCER LRGSR
RTwBH,

T, FENRRE CEEI ey =0, HEE
BARRAE L CRE Ly Pk, *oREuBREe
BRI S o TR I 5130y, BEESMERE
SGfEE BRI OVWTHRET B, ¥, ThBDRER
L, BfEOMRBEND, BEREY =R L EINERE
COWTERET D,

(1) WEFE

FAER O =iy, 19874 1 A~I12A R AER, K
AT TR S R B D b ErEAT R LB
&, FERTTEK U CRE LU BB 597 Ak v
Too TR B D =% 05 HEE TRIBEE Lick
ARDEFEROFEES v BREE L, £HEEOBR
[EBRE (gonad stage) 1%, EEMICAKB (immature),
Az (premature), 5B (mature) ¥ LOVHIR, RoE
HBERTASV I (spent) X4 LI,

ek, FHEEOHEIKDOER DI THD,

(@) kB : PUBE &R R o ZHEIC MR,

(b) 2P : PR LRI RSO 1/3 28 > BET
g, O, IPEAREAL LIRS, BRIIAE
ZELTWwa,

(0) 2% : BB LRI 12 bR 85, &
FA, DREERA, BRIEALLR2CHEABKEH
[69N

@ A~=vr JIEIEEIERETL, GHLERE
hEETE,

Flo, vF O DINE L BEEHERY, £
DEENDAERBEEH (gonad index) %<1,
ZOBE, REE IOAS Y MEFEOW T EER Y
HETmAOMEHETH - 1cledd, BERK=0% L,

@ #®/R

() MR DOEEHEL

Fig. 9 wwiE 60 mm [J ko =it 851 2 BSER
DOREEER LI, ML S 3 BEE TR, F3E
BOEIERBEVE, TRl SEcmAEGOEIE&M
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BrrilmaEEo &N AaM LT, 9, 0FRITAED
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Hebhs tExoh bl habhic,

Fig.9 o FEIZIX, AMERERBOFEMLE/LETRL
oo B 60mm L) Fovr o4 igiEisiay,
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Fig. 9. Monthly changes of sexual maturity
of topshell more than 60mm in shell
height collected in the coastal areas
of Kumihama, Naryu and Aoshima
from February to December in 1987.
Upper are changes of frequency of
maturity; (IM) immature, (PM) pre-
mature, (MA) mature and (SP) spent
stage. Lower are changes of gonad
index of topshell GW/SH? x 105, (GW)
weight of gonad (g), (SH) shell height
(mm).

#E 40~50mm @ = Tk (Fig. 10), 3% 60
mm B FoffEfks HELT, 4~7 BehidCaEs
DEIEVCHIMEL, TOFEMIMTEETHL, TiAHE
BE R & B v - 23D bR T, L

L, 7B Ay rioB&EF BB LTWSZ & .
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Fig. 10. Monthly changes of sexual maturity
of topshell 40—50 mm in shell height
collected in the coastal areas of Ku-
mihama, Naryu and Aoshima from
April to ‘November in 1987. Upper
are changes of frequency of maturity.
IM, PR, MA and SP are same as in
Fig. 9. Lower are changes of gonad
index of topshell.

b, BRI L TV 2 EARBIhD,

(b) EIIHA

FEROFEEND, BRI 035 = OREDP
LT ~10AT, ZOBMNT~8ATHDEELLA
Do XIT, ZOREREMIBTOVF= DR « EIFE
REHHET 5 0ni, BRCEROMEKE TS
Rl F= ORI - FROFKRE %Y Table 3 k¥ &
iz, ZOFEND, HF=OEIF, AAEHR EKTFE
BERETRREAER-RALRY, 6 AFITTA
EAE D, 9B FIRI0B Kb - TWT, FOBEIT
T~8RTHDHZENbND,

ID LA, RRARC KT Sy = DEINEIHX
BAGHERTPENE L T~8ATHE EELLNS,
Lnl, BABUTHHLhCERNTOENERABREE
Tk, B o 2mogiinsabh, FoyF=iiE X
DHDETHIREIILDT VL 5 BE GBI, 1981
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Table 3. Breeding period of topshells in the various coastal area of Japan.

REGION

SPAWNING SEASON

CHIBA (Chikura)
TOKYO (Oshima)
SHIZUOKA (Shimoda)
NIIGATA

KYOTO

TOTTORI
YAMAGUCHI

AUG. — SEPT.
JULY — SEPT.

JUNE — SEPT. (JULY — AUG.)
AUG. — SEPT.

JULY — OCGT. (JULY — AUG.)
JULY, SEPT. — OCT.

JUNE — OCT.

Data of CHIBA, TOKYO, SHIZUOKA, NIIGATA, TOTTORI and
YAMAGUCGCHI from Yamamoto and Yamakawa (1986), Nisimura (1975),
Fushimi (1975), Tuchiya (1969), Kajikawa (1981) and Kakuta et al. (1986),

respectively.

RIS - BEE, 1985) & b b, BAREHE T RB/KRC
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Monthly changes of sexual maturity
of topshell more than 60 mm in shell
height in Ine Cove wheie a large
amount of food algae was found
from February to Nobember in 1987.
Upper are changes of frequency of
maturity. IM, PR, MA and SP are
same as in Fig. 9. Lower are changes
of gonad index of topshell.

Fig. 9 & Fig. 10 R LIcEBEBRORBERET, &
VR O IR Ly PR /R LIch OTH
B ZHIEHL, NEBRTHRELICY F=DERRDRL
PR (Fig. 11) i1, AR i %+ = DEEE
EHET B L, WBERTIL4 AUATTOREOEAIE
OEENEZ &, T, SEBAEREL MR
L0 LD1.5~2.MEEBEEL LTV D, DI,
W = DESMRTH B MECERTHEGE, KiET
B S EERP, FEEREESRS CERLTWTER
FREE L BITF 7o sl CAGE & 4 BEREAVRLIL T
WANBECERT o EE L T, £HEBOREEOCHS
NBRLD ZEREID LRI,

QR
HF = OREERBO BEE T ED LB D TH S
B, WS =0 THE L CERFC b D, EE
OESECHEELIZI LD D 4 XILDWTHNTARS,
T, 9~10BKk\VT, B BRETAREELOR
BAv MEGE, HON - BE A REIR B B 5 T
Bk & o &EEED, FARHCHEE LiceBER o fME
FLDBEOrE Y FoOREINCHELT, FoBED
KEERRD & F=p T TEINCIN S DR
Lo

Z DR (Table 4), HE 60 mm [l EoEETE,
131F 100% OEENR A v P I ZREETH o 72,
LT, 50~60mm T92%, 40~50mm T67%, % LT
30~40mm TiL A~ v MM Fol EZREGRTH - 1c
Eer22 e T ¥Y, 2RO RENRD LR
WHERED K BIDA TR A TH ol ZREDZ &b
b, B 30~40mm 4 XD F DKL FEDR

— 14 —
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Table 4.

Percentages of matured and spent individuals in each size of

topshells collected in the coastal area of Kumihama, Naryu
and Aoshima from January to December, 1987.

Shell height (mm)

30—40

40—50 50—60 60—

Rate of mature (or spent) (%)

22 67 92 100

BeiiboTE 5T, & LT 40~50mm +1 KTl
S TERDCERBC b T B3 DEEL NS, £
LT, Z0HBIIRRCE ENE~OMALEA T, &
& 60mm 22 BERIE, BEAETRTOH =R
HAEETESDREBC R - Tnb Z EREBR IR,

Fio, ABEBRIEHRRETH > RNEDO ¥k
& X2, SEORETIERE 9mm THh, O &
Db, REFRRBE O =0 EWERNR/ AL, &
7 30~40mm 41 XTHDZ &b ot

(3) =%

= DEREEY TS fdiiy, v F=0FAER
BERBLTRIMLERDS, 22T, +¥F=pHT
B U CERRC b Y, BEOTAELHD B DI,
EERTHLRAERTHD DL, Thbb, =D
B B E DOBRICOWTHRE L TR D,
WHEFRERC RT3 v vy=0RE s £ & 0B &%
i, BB L X S, EIIE 7 AEETHE LG
CHE 10mm Fi, 2#8 T 20mm Bt 3# T 40
~50mm, 48T 60~70mm TH oty LT,
7 AERE 20mm Figo 28R, TOEDI10FE
1T 40mm FECEE L, ERNTERKEICRDD,
EIRZERBEAEBNLTVWERVWb D EE L LA
%, LL, BED 7 AiiidE 40~50mm o 3 R
LoT, ZOFELOSGBECEEVRENCSINT S,
Fi:, 4BELED 60mm L) Eo 4= Tl 1313 100
BHERCBEMLT5LEL bh b (Table 5), =
D X5, REFRRETIE, =G 3HANGE
IRERZINA LR, 4BBARLD LEEAETNTCOM
ERFEECES LT3 0 E#EERS,
AR R 535 ¥ =0 — B EER L

rolBbTHBN, —IFRBELMERE T =0
REEENRELZERC oW, 2 THBCRFLT
<,
YF=OEGHRTH 2B ERT HEK L, KiE
THE SN ESLLEEREN KL BUL T2 HE
e BT A EE LTI, AEBOREDATLRRS
ZERRR LI LR D THD (172, 2b) ZhE DS54
LEEIC AT RD &, NBEICER TS+ =0frst
WEOLOL B L CAREROREL TSRS 1~
2RAREEVISTHD, 20X 5iEER, WEK
TERAEBEL VL, FvrHER T AR DY
Tl o T B EREEN L CER LT 2 00
TE« M (1982) LM77 ETHEBLTWS X5k, %
FHRBOMHBIR X > THETTWS00E Lhitl,

1-3.  frfE

FH = NERT B KR ERIBREL, v F=DORER
EXB VL EATHEELRERO—2TH D, Atk
THRD Z i3, Breyvy=ofsBo—mesRl+se
Tk, By F=RETHA, Enk5iH
BEENY ¥ FH L TWD 00, ¥, =0kt
ECHHEIT CONBNIOBREERITS 5 2 THEERZ
ETHB,

F ¥ =0 REREEEBCET AL MR R,
FEF (1962) DEAERIC X5 EERENFEES, B
(1974), fAES (1982), 5B (1983) HIo X% %=
R OB IIFEAER, 1, RAyy=0f/M o0
iy, TR - KB (1977) oWmEhENRDHBH, FLL
> ¥ WREINfchF T, 22T, F&LULTH
RETH B TfT » fo v =0 BEEE R BT 2 R AR
B ownwTF bdd,

Table 5. Percentages of matured individuals in each age of topshells
collected in the coastal area of Kumihama, Naryu and Aoshima
from January to December, 1987.

Age 1

Rate of mature (%) 0

11 80 100 100 100
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TI9844E 7 H17~18H % X O'19854E7 § 8 ~9 Hiz, 3
~ 4 IFHER U bl - Ty ¥ =R L LT, ¥
Ll = (19844FE X2, 19855 44E) BE
BIHI0Y == U ik CERE Lk, ERECHED
o CBERBYERS IV EASWERY R, §H
BYWERZ, ARYEwRScEl (90°C, 2R X
B, ERVEXTCHELL, 1, BRSFHHA
BRI, 840FTEDOI 72— AR ETHREL, HE
REORBIHREOEFTHO ) B ET HEDBMIIE L
- T, BRBMORENOEEGIRRMCED L 5 E
EL TR DB DWTEE L,

Toks, +Y=OREMEOBEEEL LT, &y
TEH, ~FYAKX, =ry, vV REDOEM
2, sV EVSHEORFENEBKES L v BEEIHh
oo

(b) fERYEE

19844E 6 A H 10 TEA 1 B, FEOEHK
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F£781~2A01T, AERAMECHD KRED 20~
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TEREABEOFETHE L vk, FHEOBHELFH
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CRMEIDE L TRETES X5 CEELE,
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(a) TEEHEER & B ASWER DB,

Fig. 12 & Fig. 130 LB B BHECHIC v =0 E
0 AL BE LR TH S (B, 1987b),
B 1282 B E B EHh LEFAGENE A LR, BASY
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SUNSET SUNRISE

[ Gelidium sp. & Sphacelaria spp. %3 Sargassum spp.
[MCorallinaceae £ Colpomenia sinuosa [F]Punctaria
latiforia B Dictyota dichtoma ¢ Others

Fig. 12. Change in stomach contents index

(upper) and frequency of stomach
contents (lower) of topshell collected
in coastal area of Aoshima from July
17 to July 18, 1984. Solid circles show
stomach conents index. Straight lines
show the change of average stomach
contents index.

* Stomach contents index (SI)=WSC
x105x SH-3 (WSC: Weight of sto-
mach contents (mg); SH: Shell height
(mm)).
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SUNSET SUNRISE

[J Gelidum sp. 8 Sphacelaria spp. 4 Sargassum spp.
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latifolia [ Dictyota dichotorha i Hydrozoa B Others

Fig. 13. Change in stomach contents index

(upper) and frequeync of stomach
contents (lower) of topshell collected
in the coasatl area of Aoshima from
July 8 to July 9, 1985. The index is
same as in Fig. 12.

W T e M Tths  &nb (1-5, 2a), ++
=DM S BEA LR 6 B TH B L EL LN,
FE (1962) 1%, ZERFAEIh ¥ =D THEERS
Banb, =ik HRRI% EETE Y B L CiEg
WEECA D, BEH 6 - TEHEY T2 LHE
LT3, Tihbb, RARBCKTh, AT
TEWTh, BERTCX 5 REED AL RT &M
ool

Fig. 12 & Fig. 13 Tz vv =0 B ABWHEET
HORRELRBINR LIS D TH D, 1984EDKERT
i, BEENERELTCVGAEHIS T, vyl
AR 5% = 2 HED—T& Gelidium sp. DE|EMN
B, MCEEERSEIE LTV EEr bh s Al
FOTUL, <2 HEXPFARFEARALhTR, 77

< S8 Sphaceraria spp., -~3% ¥¥ Punctaria latifolia
R EDEIEREL B E VI HEANEDLRS, Ei,
1985EDBE TS, Hox s vy y SEOEENIEER
BUoER LT, < 27vEOEHGIIEFTE . Ln
L, BB <7 vEOEESNTECE o TW &
VS IRIFRTE & RO BRI D i,

(b) FHElEE
=0 BREYO A JIELE BaowRo ey,
Fh¥h Table 6 & Fig. l41ciT, CoBA0BAR
o A JEE{E, 1984456 A, 8 A, 10ADRET, Wik
fie  BARY P B I h iR O SRR L, 7
1 v b ARBEIh g, yyF=pEH LTV
ok, WEE T, 7 x 2 Sargassum horneri, 4 V E
7 8. hemiphyllum 70 ¥ DR v X7 SEDEM, 7327
H#, ~3F ¥ ~X Dictyopteris prolifera lc & ThH b, &
B, By =28 v VEo—fE Laurensia sp.,
b ¥4 XA Centroceros clavulatum 75 & TH ol &
7z, Table 6 X IBHR I TR WA, 727r )0
Colpomenia sinuosa %25~ Y & Leathesia difformis 75 &
b F o LB LT, ek, CoXKIETIE, BEE
DT FT AW E v F T BDO—FE Cladophora sp. 735 A
ThbIhREBT L TWA, »F=0FHRED I
RS Lhichotc, £0fl, » 754 vELUTHIR
BRINLEED S B, +F=EHL DI, ¥
v=gE 2 S patens = A X735 8. piluliferum 75 ¥
Dk v E 7 SEL, FIEE T < 7 vBO—& Gelidium
sp. EETHotko Tibb, =348 e BKE
TESLCWARBEYBHEL VB Elbh ot §
ARYTCBEIR A A7 588, BT rer0Kk
itk (EFER Thb, TOTHE 2L, 84, 10
BEAZBEDIRKESTHREL, BEIMEREL T, |
THhERLT, vy =cB&HIhs B8R icoTl
CHREAEPVED bR,
—H, n—751 YFEECEHIKETO RRBE T
Zbhigh o L BETS, F¥=NSJEHALTRD
DbB5B, PlxiE, BEETR~ 2 FFOHhHhrrn
HoSBEELT, 71 OH R 2 nH >S5 Sphaceraria
Sfurcigera & = X% 7 v AT S, variabilis), SIS T
L=k Symphycladia marchantioides it ETH%B,
Lo kb kg@orhe, v¥F=oFHABHE LT,
e FeHE (FELT, Frwvi ol Setularddla
miurensis & v A7 3 h ¥ Amphisbetia furcata), B,
H=3E, o=, 2B Xl AE LT
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Table 6. Occurrence of stomach contents of topshell collected in June (A), August (B) and October

(C) 1984. Score 3: £3>100, 2: 100=>>50, 1: 50=f>0, 0: f=0, —:

no data, f is number of

squares occupied by each contents with Rafter Cell divided into 840 squares (1 mm x 1 mm ).

SHELL HEIGHT (mm) 0—20 20—30 30—40 40—50 50—60 60—70 70—80 80—
MONTH ABC ABCG ABC ABC ABC ABC ABC ABC
FOOD ITEMS

PHAEOPHYTA

Dictyopteris prolifera --0 0-- 011 olo 010 000 000 020
Dictyota dichotoma --0 0-- 011 011 o001 101 012 021
Punctaria latifolia - -1 0-- 001 103 011 003 001 011
Sargassum horneri --1 0-- 101 110 110 111 120 311
S. hemiphyllum --0 0- - 110 100 010 010 010 000
Sphacelaria spp. - -1 1 - - 321 111 211 221 310 311
RHODOPHYTA

Centroceros clavulatum --0 0- - 001 001 000 001 002 002
Corallinaceae - -1 0- - 021 022 011 011 010 011
Gelidium sp. - -1 0- - 111 001 011 111 201 312
Herposiphonia subdisticha --0 0-- 001 011 001 000 002 o010
Laurencia sp. --1 0-- 011 011 010 o001 000 o011
Symphyocladia marchantioides --0 0- - 021 001 000 001 000 010
NO. OF INDIVIDUALS 002 100 132 122 211 232 421 114

LEMLBEINT,
FEHEOKE 10m LEO W BB ER TS
H¥F = DERERCOWTIRN ED E B D TH DA, X
LIRS A BT 2 vy =0 ERET OWT Y, 20~
30m FTRBRELLPRACHREIR =2 BL
THRERT-70. BRI, 5EETXTo = FE
B (FoXREBREBEEES S, 227U P EERIT
AF I VEO—MEEELLNRD) OWE (RFEH) &H
D SBCEALTED, T, vIivFIREOMA
Padina sp. O k% kv Xy SEOER D BN
CEEL U, To@PETIA s, —RINC
BB EBTLTWD E IR T WD B v 5 %% Halopteris
flicina %, BpEoe FeflH, RERES BREY
s bht, bbb, EEIR T RN %
DA TH T nwd &R, BRRAEBTTZEENRD
BT YR ERY =N EBEL QI R END,
20~30m FAEETE Y=, BBIERTD vy
=tk EBSPRUCEET 5y X L
TWB T EBbhat,

t3, RLBABRHPCR LRI v & 7 SENRE
DEFEBLIhD Z L2, FLREBEA7TALGE
528 3FELHHRT, ZOPEOERAEYPDOR VX

VSEL, BEHANEE Lih B RS 20 &
ik, BELG TR EBCER T Y oink o Th ok
vEYSEL, BEEAHARC - TWL B I e fAbED,
e EABGREDOFKEN S, vy =D RO
COWCTEETSE, v Yot THEAREROA
P, TONBEBEAKENC R 2 2 HoT (B
B, FRSRABRT KD IO ML & B BE
LTw2330DEELLID, BE, SHOARETS, R
FRIBAEORELE & 55 =0 § A & B X <
—FK LTz Bz, "V xS 717y, 7
vy, BEv v Ie 8 E ),

(3 EZE

Langton (1983) #% Yellowtail flounder (& 5 2 ®
—f&) DARMAEY LR I hiE EMOEREY
P s HEROEAIRE S, BRRICIISERIIR
AL, chieflb-> THREEO 52857 K&k
Tz (7272 L, Yellowtail flounder nEfIIF & L
TEMfTHbIhD ) ZO X BEREFELERELT,
Langton {3, ZEHOFAHHEL » 3 BIhT
Wi EHER LT D, v ¥ =DBAEATH, EROBK
O B BB E L, AEHOBILRINOBESR

— 18 —
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DEPTH (m)

Corallinaceae
Leathesia difformis |esm
Hydroclathrus clathratus |
Cladophora sp- -

aurencia okamurai -
Sargassum hemiphylium
Colpomenia sinuosa
Dictyota dichotoma

Iva pertusa

30. May 1984
[1o0%
0

Scale

1

Corallinaceae

Dictyota dichotoma
Hydroclathrus clathratus
Dictyopteris prolifera
Heterosiphonia pulchra

Sargassum hemniphyllum
rborescens

Sargassum horneri
Laurencia gkamurai
Laurencia sp.
Lallithamnion sp.
Qscillatoria sp.

7 August 1984

Corallinaceae
Dictyota dichotoma

12 October 1984

Sargassum hemiphytium NN

Sargassum horneri
Sargassum autumnale
Padina arborescens
Callithamnion sp.
Ceramium sp.
Oscillatoria sp.

—

1

Fig. 14.

2

Flora of the investigated area of Aoshima.

3 4 5 6 7 8
OISTANCE (m)

g 10 11

The height on y-axis

corresponds to percentage of coverage. Ro and St show rock

and stone, respectively.

WL;

the water level at the time of

investigation of May 30, 1984, which fluctuated +0.3 m during the

period from May to October.

e, =24 BOAN e SERRVEATSEID
3, EMEBRRERckdEELORD, L LEDT
B, ZoOWCHGEER, EIFLTHRDL &5E
MAEoR®EL isv7 v 7y (B - X1, 1977 ©
R EYEDTWE LD EEL LIS,

Teds, 7V B0 F KT 5 EHRoFERMEC D
Wik, BROKRREE k35 ATEEE BuvicliR
RBRER»OLHLNTH D,

B (1949) 1k, AKER»=FHE0 BRBRCR
ALHhOBERBILLTWBEHEL TS, Fi, 7
v EChEBo@mErH S BT, 1952 ; B, 1962).
L2 L, 4E0EARYHECEETIX, 8 ~1050EH
Wy TEE LR 7 e 2 T4 Herposiphonia subdisticha
R ¥ ORUNEENEE LTV A B, Y =08R

B HH v T2 @RI R bR, BuhEms
EFEL TV 6 BOB ST+ Xy 728
HEHLTO R ot, 2D EMD, V=D FHv
v 2B DAL, BERLS TR, FEiv
v a2 LR EET LM NERYEET B, Bk
b DEdEXONSL, LT, +¥=R7 7D
HE v = =B 5 SRR E R {EIC OV T O
Bo BT oWTL, FEEYINCHRE L TADBEN
H5H5,

BAGEE TS+ =ik, E~HKogKEcalEs
FTHZEXTTRBRIEBVTHD, 2D EhD
B~thie k3 s R0 BERENr F=DREY K&
REATHERD—DRE T b0 L HEEXRD,
HEEIR & T—Rioc BABATE, RESETH
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BRV AT SEDE L, BOEEMEYEED L HhE
ELTHHBLTLE S, 20k, AEHMFETS
R Ry SHOBREEI—RALVI S THoTeh, +
F=OEANBEHETRRICABE, ¥¥F=KE->TTIY
BEELRTWEE2OhE 2 v T Ho ik G4
%) 2, EELEHO - TW5E 2 ERHBL
oo oo h e, AT V7 s i
TERABPCLAb i, LT, +¥F=0RE
T haER, =7 vEkERRL & LB IEE
DBEEENRPTE VDL L “Biih” NEELFER
WE, =7 RO EEN Y0 % 5 B8O
kb, REMY L 2EERE”E LT = FH
LTWBL0EEZBRS,

AHBET, w0 HABYLE LTRIPECALR
ferzeyy SR, {3k RURBEEEO7 7 v #HO
EREEE L LT, BB sh T (A
M- [H, 1934, 1941), » ¥ VEEHIhL Ok
o LU, 7 eie SEIEREME I LS
CHERELT, —EXBELTEFT L5 BETH
BT Enb, FEHACKVT, BiiRoRFEEN K
ATHERL, v =0EEREEEC L, T\ T
EhEZBRD, ThIL, b Fedtffilc FOBMED D
DEOWTHEETH D, HILREOFEND, ¥ =
REEOER D HHREBLTE, chbdb, HERO
FRMc Ry = BBt > TW B b0 L HEE
Shd,

ATEY = RARERNBR TS L, TCREFL
TWBHEEIL L - T, v F=28T5HREETS
EA4WINRRLD, flziY, 7V 798 E 7w 2 Ecklonia
kurome MNRAETBHBHTIE, FTH¥F=i3F v 0EH
CHEL, ThidRX2L LThb s e 2 wiEHTS,
Fie, THFTAYE TV IHEY AR KE T
P fB LCEES, ¥ T F=id7 #7442 RN
$Fo 2ED, =3k EHTLECEE LY
WRBE, THTARSFVIVF>rurbirh, Ic
¥, TOXIRVF=DT F7 AT EERENE
WIZ 32 b, B LCEEMETHRE L yv¥=
DERBYPCRT 77 A REEIR o, TO
HhE LT, 774 MbolglEs KB L Tl
hed <, FH 7 RoRERTETTRBELIh Ty
EREZLRBZDOT, ¥¥=0fRy X b EHlET
Bicdiiy, BARZEETHIREC OV TSEBRILKE
HTARBENBA I,

—4, 729 v7T 3 Dilophus okamurai O FEEC

H W =B LB AR, TV S RERNCEIRE L

CBAD XS RE = ERE T, MEs A LBBL

TLERBAD2, 2D LD F=DTEND, T
v 7RIS IfEAM S b (Harada, 1982), e 7
2V V7 CRRBBEENDD (EHES, 1986) & T
A7 7 EOWMELAKO &R, v F=0BB LT
TWBDOTRIT VW EELBRS,

DED X3, #¥F=icd - COEERDEREEL,
B ARy R E L CiESh o T iel, #
FEHOARNLhLTE, BLEE, vy =0EE
T AR E A BEERERR - TV 530 &
bhs,

1-4. 7%

B OARICETAGRRERNIZ AL, Th
¥ Cr, RR -5 (1972), (RA S (1978), WHLH
(1984) 7t &, EHOWERDDICELEF TS, L
L, FF=ORBEECEFEOPRYIEE T5 b
b, TOEBICOWTMEZ LREERZ L THD,

B OERER ML HEE LT, BEHOERE
B, REYFoOEBBEORi EhbiETSH
B ¥l EEERC LA FERERDD, 2T,
ALEDOH =T 5k FOREBERLAVT, %
DOEBIRREHE TS, SHIK, O, ARBELME
MBHFZDOERICED L S5 EE LTS DO DOWT
LT %,

1) F/EFE

R Lic ATEy V=2 HWRERAEEET LT,
SAKEE, WA, WRE IUHEHAEw Y, BESEN
B = DA ED X HTHBL T B OWTHEE
L7z

19844E 5 A 28 Hiz, HFEMER KT, FHHE 20
mm O HF =% KERH (0~05m, 0.5~1.5m, 1.5~2.3
m, 23~40m) THIFE L, FOHOW¥¥=DEBRK
BPEBARECERH TR L 5T, SAKEE V=
DR L OBIRIC W TN,

1985%E 5 ~ 7 el ¢, HEMEXHEDELT, £
FRAEE PR & ORBEEMEN RIS 5 ERKE (F
HETAE, AFERETIRRE, FREISHEERE, Sih
Pk, FAEME) i, FHRE 7.9~102mm OA
TEY Y= RRK Lic, £0#%, #H 1 EBK X T
HF=DEBRRAYBEL, REATR, BARE
ZEDH =Y BT FEFRE S 5 DeLury (1947)
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Table 7. Relationship betweem shell height and survival rate of small topshells released to the
area dominating Gelidiaceae.
Mean shell Algal Date of Date of Mean shell Rate of
height (mm) vegetation releasing catch height (mm) survival (%)
2.9 Gelidiaceae 12 May 1987 9 Nov. 1987 15.5 13
3.1 Gelidiaceae 24 June 1986 4 Nov. 1986 14.3 30
3.9 Gelidiaceae 12 May 1987 10 Nov. 1987 23.7 64
4.1 Gelidiaceae, Sargassaceae 25 May 1987 29 Oct. 1987 15.6 57
4.4 Gelidiaceae 18 June 1986 7 Oct. 1986 15.5 75
7.4 Gelidiaceae 16 May 1986 11 Nov. 1986 23.7 79
8.0 Gelidiaceae 19 June 1986 13 Oct. 1986 20.4 95
8.7 Gelidiaceae 16 May 1986 10 Nov. 1986 24.3 84
FEw A U CABREERHERE Lz, Ll EoBZsERER Table 8. Changes of density (number of shell

SEEREOHERD D, HESERE Y F=0ARZED
X5 RBEELPRIFLTWANIROWTERRN L,

¥, FEoOBECEILIBRERZCI T, ED
XY RALESF =2 HBRTHOBROWTHDH
HETHELL,.

HWREY L RRy =D AR OBBRE RN
KBRS Te b FEHR7 7 F2 V(B ED, ¥
=R ERTH EEL DR AP T Y BRI ERIE S,
Bbog&EEiThaVRBRE T, HFBE 20 mm Kil
O/NEROEREENRIFOC E0 X 5 rBL T
PEOWTIRE Lic, SAEHRENL, 19865 4 HA 5 1987
F10H £ To 5298 HT, Z ook, 1986&1185 5
B3 JFCoOMBYRT, B —EERE, SO
AAEHOTHBRE L, 05mx05m OFHArEWT,
FBRFT I =L BEELTHE LI, ik, Kk
HEABROBESLHEIBTRBETH Y, EEERT
ARz, BEy v I8, (VvE2, ~F¥
X, 72 w7 L ol E o HERIC /N O Yl A KR
0~1.0m L LTV i,

(@ #RIEE

Table 7 ¥, &5 10 mm R0 /Nl = % BEESL
HORLZ KB R LIOEBRREY X LD (DT
Bbo LT, ZORTRLINESF=ERRFERE,
FROPER LTI KIBD YRy ity &l
£) B ICYBRRESE L ORI OWTER T,

() HWREWEER
INEL Y = R B L e R T o BB o is R, EEE
CHF=HAEL TS Z AR IRESL, 11

per m?) of the small wild topshell
in the coastal area of Aoshima after
exterminating predator from April
in 1986 to October in 1987. Experi-
mental area: exterminating, control
area: non-exterminating.

Elapsed days Initial 150 529
Experimental area 5.6 22.4 28.0
Control area 11.2 16.8 11.2

* Number and species of exterminated preda-
tors were for experimental period (529 days)
as follows: Asterina pectinifera, Reisha broni and
R. clavigera were 132, 2,493 and 533 individuals,
respectively.

<X e kT Asterina pectinifera vV F e +F Coscin-
acterias acutispina iz Ko v T, 722V y=
Thalamita sima R4 < % = Charybdis japonica 7n & O
=81, VA v HA Reisha broni A A= R. davigera
REORREER, 2 A59F v = Storogyecenirotus -
nudus 7o & ChH5B, Kz, Table 9 iR LA EEr
WL, v =HROHMERKC, 75 =Y
=R vH 2 EDI 2T X - T, +F=iEYRE
EHFTTWBZENBEINL,

FTHWLE 00 #4E (Zipser and Vermeji, 1978;
Elner and Raffaelli, 1980; /MR, 1981 ; /N, 1981)
by, SEORE,D, vF=RHATH, »=HBrX
BHENKELRBHEERO—OTHB Z Eiibh i,

LI EDEmi b, ¥ o 7ty Halichoerea poecilopterus
REDRFELrF =BT, ¥, WALk

=

w:ﬁu,7ve?@o%ﬁ@ﬁﬁi@&Lf,:h‘
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Table 9. Survival rates and growths of the topshell released to five experimental areas in 1985,

Experimental Date of No. of shells Mean Shell Date of Rate of Mean shell
area releasing released height (mm) catch survival (%) height (mm)
Funaya 8 May 2,000 7.9 8 Nov. 68 28.9
Aoshima 8 May 396 8.1 1 Oct. 12 26. 3
Port Asahi 4 June 5,000 10. 1 21 Oct. 79 21.5
Port Niizaki 4 July 10, 000 8.6 5 Nov. 94 25.2
Kurochi Cove 26 July 6, 600 10. 2 29 Oct. 61 16.8
Port Naryu 26 July 12,000 8.5 11 Nov. 54 18.9

A, 37 v = Hemicentrotus pulcherrimus v b #
e LNk FOGRICMAEILTHETIRS
ENBY, HRAHLUSTL Y FobBEEIe4EY
DELETHZ ED DT3B,

wie, RBAKBREWT, Basfryr=fHA04
B EOBREMEYRELTHWANR DWW THEX %,
Table 8 12, FEMELENWT, VV=04RCPE
FRIFTLHEZ LD AW YR 7o SERIR & B B
DI - T BIK S C, FoBONEKRRR (GBS
10~30 mm) D4 BBEOELEERINCRNERT
Bbo ok, BEMEPEREY S BRGIEHORE
BEBEEET, 4 F <% e b FAU2E, 1 H =533
B, L1 b1 p2 493, A7 v =pU4fETH -,
BRI CO v =DEEEER, %7 5 68/m? TH
otz DA, 520 H 411328, Offl/m2 Lig o TWwT, Y
O 5 ECHEML Tt —5, WRRTOEREER
520HBIC BT, MU 11 2(8/m? TH o7,
ZoX5k BERBOERBEELTHEMULLERELT
Vi, FHEBAMARE (19865E 4 A 4 A) i, & 10mm
UTFE3A ApVpETEFTCRETERh > vy =R
2, FOBKEL, HAENKFCIATE L LD, 10
mm [ ECHETS F To v =0ABEY, RER
TIAEOBIAAE TEMeh » D LT, ER
BeRBAEYOMYREOHRIT L - THE -7 Z
ENELZLRS, '
BlEo#ER» S, ABNCERBRRY ThiLRRK
BeoBAREY X5/ By FoDFEoRELY BB X
FHETHE, FOBPICERLTWHEE 10mm Fi
BoEERD 4 EREOvF=2%, & 10mm R
BRET22Cle  FRR7 7 ¥ A1 Bl o iRed
CIoTHELTWADDEEbh%,

GV - e 7 5
FMBRLFHISRERDIcED L 5T, 7 v 7 HNE

EKIBEARRE 8mm v 4 X 0w =R LicBa
WE 20mm A X ETOAEBREIZIO~0STH -1,
—7F, JEWREER BB X 5 ek v £ 7 FELKEAR
& 10mm 44 Xy ¥k LBETLL0ER
RKi160~80%TH b, T v o HEOBEKBEOIH AV
A7 SEOBEEKEKL b b v =D EBENN0LEE
EHL o> Twvh (Table 9),

DX IRBERELSFERE LT, v =0l RIZ
Fv 7V BOBEETHEL, s v SROELSRTE
WOT (1-1, 2d), ZORREVEBRRCEELRIEIL
TWAHHEHERA BB, —RI, KEEYOHE, KE
DEEROFFEER L v /N D BESREOFFERO T E
{IeBDT, BREN B+ v AV SHESECHERR
DFHNF v I EEERTOTR LB L TEL 53
DEHREIND,

Fio, RN TR, BRYEOIT AR, BR
50~150 mm RED 7 v 7 HEO /NERC IR Lice *
DR, ThbBERCEEL T v 78RS, »
=He F TR EOBAEY» bikh B b oEhS
ELTO®/ER LT, ZITOVF=D4EBRNUY L
BraEcit-7cbDEEXbNS, Thbb, HE
DEFIC XA HBOE S, NNy =0 ERCEEY
BRELTHWBFEERD S,

(c) WEMBRESGLER

Table 9 DFERD 5 b, FETOABRENILY &, il
K HBET 5 LEWER - TWb, Zhut, TED
EERAIEDS, MOAKIRE B LTSRS, iR
BEYRLZIRT VR, AR LS 5
B R EN B CETh o faz LR Enb,
BE 10mm DITo/Nv =13, BRaiioRkise X
> TEBETERL, TObEBENMELL-TcbDd
Ez2bhb,

LA L, FEEAfcsEcm LBt cd, Rk
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Table 10. Survival rates and growths of topshell released to different depth
of water during experimental period (1984).

Depth of releasing (m) 0—0. 5 0.5—1.5 1.5—2.3 2.3—4.0
Date of releasing 28 May 28 May 28 May 28 May
Mean shell height {(mm) 20 20 20 20
No. of shells released 385 1169 770 676
Date of catch 11 Oct. Il Oct. Il Oct. 11 Oct.
Mean shell height (mm) 35 30 27
Rate of survival (%) 89 26 6 3

REEAETRNT AR LB AR 81, HROBE
e, BHERNCERENSLMOKIRE DT VEHD
ERR (61%) MEbhTw5,

B EDBEOR LRI & o T/ AAREET 5 61 &
L, Castenholz (1961) ® Dethier (1981) #3, #ifEl
HEAERTA 2 ~¥ CHOBED, K~FTHBETHH
> TETFTTLEHHE LT3, Thbb, %
*FEFIZ L T, K~ZDOR LI BHERNO—>TH
Ao LRk, DMy k- Th, HBIERCK
ETEER ATV TH S,

WRO @Y =D E R BEY R THRNERN
LT, SEKERDTFLRE (BRL, 1986), AT
Eo/pByy = (RE 20mm) & KEHC R LIcH
A ORI, BBERIRIFT BEBCHRR LYY
=DAEBITEL e RS b s (Table 10), 7o
%, 0L BATCERCET PNy F =L
DREL B O PHE TV, IR Lc X deiR
B3 sr+y=0XREIES LI VEL (-1, 2), &
DERENPFF=OE TR ICHEYRIEL TV
RN E L bR A,

1-5. BE) - S BEREN
BREYOBE « ST PRI, Ay 1 off
Mlasig s LGRAECTRRTEY, Zhbodrit
BEAEDOHD Z EXFEPHIR T3 (KB, 1955),
0 X 5 I DT ORI, LRERLEN D
Eeiind, BEAHYE L TRERE #EH DD
BHVF= EDERRE 5T, B LBV
R Y PR EDOT AN E VI RESEOEN L b
BELZ L THD,

T, SECHREOLh ok = 0 TR
X, BRRABRC KT SBE - SEuc o THR~NS &
b, FRLOHMENBRREBERD v = xfT 581

BRAENCEE T2 —20&F L He 2T a5,

(1) REHE

(a) TEBINE - BERE

FRFIRIT 35\~ = D IS BRI 2 5 1o
FEHETINSE T H 8 Havh 9 Hic 2sv) T 24mef Ekk
BUFAEY T, B, RENSETEFF=DR
WRAFBH AT ST v (R3HH1 v, EREE
THERD % E - TRPFCESL, ¥2BHEEBCERR
OBEABEF L,

(b) SEFE~OBE « ik

19864F 3 X TR 19874ED 6 A & 7 AR AFERRTHI% TfT
12K (10, 20, 30 m) MIMEERERR & KERET
KBTS hicEy GEE, 818184 » REHEREK
OB Uiz, %7, 19854E& 19864ED 6 A& 7 A
, SERTRER X OESHEO RS TRKC I - Ty
= (BE7sEE) » HEL, 0 REHRRY KED
CEBRLT, v¥=DRELZTOBE - S s ORI
DNTHE L,

(©) KEFE~DBE) » 558k

198448 5 A ER Mt FHBE 20mm o ATEY
= (385MEME) HHML, AEI0RFTOHF=nK
EHEANOBE) « FEc o THEE L,

¥z, 19874R5 A ik FRED MBI FHRE 85
mm D ALEF¥= (2, 000[F4E) LT, FEIN
BE ot FoRESME ¥ ORRERBE - S
TR Lz,

) WEREN
BB CORBEREN LR 570, 198745
SR L FESREORBIRS LT, RABEETS =
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Fig. 15. Movement of topshell for twenty-four hours in the coastal area of
Aoshima from July 8 to July 10, 1985. A shows the initial position
of topshell at 16:00 and 18:20 in July 8. As time goes by, B-20:00,
C-22:00 (July 8), E-2:00, F-5:00, 8:00, 14:00, 19:20, 21:10, G-23:15
(July 9), H-1:20, 1-8:45 (July 10).
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oo

@8 R

() TEBIRERH & BEIEEE

FE (1962) HT-> e KEEROBRIC XD L, +
=XEMIZIBE A ETH LRV, BREZ»LG6
REC A TTEPERIEL, Z0oBRIFORERC T
5o 1985 7 i, BEHAETT ~LRBr¥=0BK
FIEHRIT B\ Th, S+ =3 HBEEO20BRE
®|H 2 BEE COM 6 BRRIERCTEHL, TR0
MHEIZIREA L T8 Lich o/ (Fig. 15), T+ b
B, V= O EBREE I AREE»D WL TH
b, TOREEL, BB L= o SRR & 13
—F LT\ 5,

Hy = DOBEHEEY, Fig. 15 TRLAX S niEiHy
O eEER B L, —HE KB Loy =
OHERAETRARB LR L - THMB L ENTES, L
ROFBEHETT > KR V=0 BREAMHEE T,
2 EER T Y=o BBERLAIEL, Thairbl
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Fig. 16.
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Relationship between shell height and
velocity of topshell movement. Solid
circles represent the relationship
between shell height and velocity of
topshell investigated in the coastal
area of Aoshima from July 8 to July
9, 1985. Open triangles represent the
relationship between shell height and
the estimated velocity from topshell’s
dispersion at Funaya from May to
November, 1987.
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Frequency distributions of shell height of topshell.
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Fig. 18R L7 Fig.17 & Fig. 18/ 5%, KIEAEL I
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KiE 10m 3K 50mm B EofE#E, A 30m
BRCIEaRes 65 mm [ Eo@E LAHE L TwEV, &
DRI, VY= AE IR L - THARBFAERD
1 fomE Lot
Fig.18 Fiz X {;RE¥N T2, Fig. 18I, A& 10m
LKEE 20m 2Tk, BREFEFMAOEZ—-EDHED
RERI(UTWA, DX e otehy, DR
BiL < boabitv, i, KB 4~10m TIE, 40~
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Left is the frequency

distributions of shell height of topshell collected by means of skin diving
in shallower area than depth of 10 m of Naryu and Aoshima from June
to July, 1985 and 1986. Right is that of topshell collected by means of
gill net in deeper area than depth of 10m of Kumihama from June to

July, 1986 and 1987.

n shows the number of topshell investigated.
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Isopleth on relative frequency of the number of topshell by shell

height (mm) to depth (m). Topshells studied are same as in

Fig. 17.

Number of the topshell studied are 191 individuals in

the depth of 0—2m, and so on 65, 19, 545, 424 and 304 in the
depth of 2—4m, 4—10m, 10m, 20m and 30 m, respectively.

NBEOBAENTERTEY, FhihEGKELE
KB TOEES LWL P27 b vy, Zhit
KEE 4~10m ToORE[ERH 19 L, MOKF N
TSI AT, BEIKREL R EELLORS,
Liedi- T, KIE 4~10m BEToSHEiRo B,
HEDVERN L, ThOPER L KRNERA %
EriE ke,

FRTIRKIET, vHF=REDLBVDREIR -7
BT, SREHANEDL BV HAKELIRT T3 0
B, EOMBEAEERLTE~N5, BE 20mm LITov
PO AETAKE 2m HETHD, 20mm L ETHK
RT3 LBEF DB LT HED S, L, BE
35 mm FTIIKE 4m ¥BL TEETHZ &kt
B 35 mm B hrins & SRS MIREIT B 28, 60
mm ¥ TCIFERKE I0m HERCGMH LT 5, £0
%, BRECHCSHXEL RTINS, B’E 75mm
Bl bR 5 &KE 30m L b E8T5 Lok
=TT,

() KEHE~DOHE « FH

B H A OREICITIREESED bR T v N (R
BB, 1955), Fig. 15 o+ =nfT8h B LR 4
BEnE DT, Y =RBRESBRRESLRT, LA
SR AEBIER LTS L5 THB, £2T, T
Y F DTN v EATHEONE I hEBET5,
Fig. 17 & Fig. 18 iwR Lic ¥ =0 KIEFREEES

Fig. 19.

TOFEFBE»S, BB 20mm YT ONEyF=0gh
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Movement and dispersion of small
topshell (about 20 mm in shell heght)
in course of 136 days after trans-
plantation to the experimental site of
Aoshima in Otober, 1984. R indicates
releasing area. Solid circles show the
frequency distribution of number of
topshell calculated by the random
walk model, which is expressed by a
probability density function (p(x,t)=
1/2(zDt )2 exp(—x2/4Dt), D; coeffici-
ent of diffusion=C?%r/2, C; velocity
of topshell=0.23 m/hour, r=1 hour,
shell heigh of topshell=27.6 mm.
Open circles show the observed the
number of topshell, which is a total
of 709 individuals.
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BEONIYF =BT, 4 F=DKEHRA~DOBE) .
SOV THRE L,

¥, FEMETESEE 20mm o A TE/N
=¥ BB L, TOBDOKE 1 RTFHFANDEE « 4
BRI 2 AE LR (BERG, 1986) T, HLT
B I36AETIE, MK s fafign bEER TR
i 4m BEhic & = A% CC, T09BED AR EED
S BD62OBNGHML T, FRIVEERICEZAT
OFHREERO TSR, 4~8m T 27.2%, 8~12m
T10.9%, Bifiks bEEMCh > 12m L=
Mhiob 2 ATIL0% Th ot (Fig 190 EH), ¥,
ZDOBFR BT B BORSFTOER O\ TR T
B &, FIBENLKE 1.0~20m FThrEHRE
CitoTEH, KE 0.5m DR i Lic =12z
DEBEOFRIR - TKE | KITHECBE L,
ENOFBRALFTROEENT=F 4L, 1 KT
DT v ELEFTEFATHD, b L, EEo/NEHy v =
AR EARECEAHOFES ]« THRL L, KFE1KRTH
My v £ ABEL D EEETD &, v =BG
DB R PIIRARTELBR S,

b(x, t)= exp (—*/4 Dt)

T, x & i, ThER | RGO ENEERE - SR
fHiz#T,

2, OREOH 5T, LERO/NEy =0 KER
BB LTA%, DIREHEHRT D=C?7/2 (Cik
FF=OBERE, « ZBEMED & LTRIETE S,
2 G, Wik L- BRI 3135 + ¥ =0 7B ZE (Fig.
15) Lov= o BEREED ZHKER (Fig. 16) 55,
=1 K, C=0.23 m/Ff] (BE =27.6mm) %A\
T, MR HRDI P OREEMET, HIKEAD 4m S
AD KK T63. 2%, 4~8m DOKIKT 25.0%, 8~12m
DK TIG.2% &7 -»T, EREE IR I —FK
LT3 (Fig. 19),

w, REEE 85mm T AR (Fig. 2) Wl L
o F = OSEIRTE (BED, 1988) o\W-TRE T2,
B KBEIH 0.3 m T, BHRIZH L.7m? TH DY,
IR WA AR ADOSE R HIREET, HifIRo #iiE
DKGEIH 2m THhotle Fih, KEER LUEREE
LA, BEHAOKEN lm 2Tz ~297tl0
Fv sy, TH7AIREOTHAFENEE L T
Lo Lz =it, TKE |lm ¥ CoOERE LS
KEFEZB L TNT, ToSBRE % Fig. 20 1R
Lico BB 2 »ARBLE 7 BETOHF=DHED

1990

HH1, o= 180, C=0.066 m/R5E (35 =10.9 mm)
(Fig. 16) & LT, OREZAVTHEELHLE L&
LT\%, D% Db, BEBRBIOMEE T EOBRBELEN
HERCHELB &R, Ny F=0BE « FEoM:
it EEACIISEFERR - KFEHEND 1 KTLD
SYRXAGHTHD EBELLND, L, BUOHEE
75 L ORESGNTH—ICinD &, BE « FEOAHR
T 5,

Bt oOMAR, 7TRETRT v/ ERST A
BAER LW, 8 ALlMcins &, *Fiukln
DEFENE D Lihd, TOBIEEOBI BTN Y,
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Fig. 20. Movement and dispersion of small
topshell (8.5 mm in shell height) after
transplantation to the experimental
site of Funaya. R indicates the
releasing area. Solid circles show
the frequency distribution of number
of topshell calculated by the random
walk model (C=0.006 m/hour, shell
height of topshell=10.9 mm in July,
C=0.093 m/hour, shell height=15.7
mm in August, C=0.142m/hour, shell
height=19.1 mm in September, C=
0.163 m/hour, shell height=20.9 mm
in October, C=0.175m/hour, shell
height=22.5mm in November). His-
tgrams represent the observed num-
bers of topshells by distance from R.
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Fig. 21. Percentage cover with algae in the

experimental site (same as in Fig.
20) from May to November, 1987.
R shows the releasing area.
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Fig. 22. Shell height of topshell in the experi-

mental site (Funaya) in November,
1987 (six months after release). Ver-
tical bars represent standard errors
of the mean and R shows the relea-
sing area.
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Relationships between the growth of
topshell and the cover of algae from
May to November, 1987. Open circles
and squares show the growth of the
topshell in the releasing area and the
control area (artificial reef; 6.0mx
3.0 mx0.3 m), respectively. Solid cir-
cles show the calculated shell height
of topshell in the releasing area which
has the same growth rate as the tops-
hell in the control area from August
to November, 1987. Solid triangles
show the change of cover index (cover
of algae (% )/density of topshell
(No./m?) x shell height (mm)) in the
releasing area. Open triangles show
the shell height of the topshell which
moved more than

Fig. 23.

10m from the
releasing area.
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Fig. 24. Photograph of the nursery area of
released topshell, Port Asahi in July,
1985.
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Table 11. Comparisons of survival rates and
growths of released topshell less
than 10 mm and more than 20 mm
in shell height in the area exposed
to the wave action.

Mean shell height (mm) 8.1 20.0

Date of releasing 8 May 1985 28 May 1984

Date of catch I Oct. 1985 11 Oct. 1984
Mean shell height (mm) 21.5. 37.0
Rate of survival (%) 12 89
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Fig. 25. Photograph of topshells released to
a tide pool in the shore of Aoshima

in April, 1985.

Fig. 26. Photograph of releasing cage in the
shore of Naryu in October, 1986.
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Fig. 27.
coastal area of Aoshima.

Photograph of released topshell gathe-
ring under Gelidiaceae (Port Niizaki
in October, 1985).

Fig. 28.

DOIEFTB B 1 RIRADOR R & LB LT, F4F
IBERLm-Twb, ZoMEBE LT, BURRRCETS
BHBEOKE INARLHOTRE & BB L TR T 2~
Smm BEAX WL, T, FrrrEHOB LR
5+ F=OREOFN, RERBOESMBETH D &~
X7 EBEBc B3 ARELIVRETHD Z i EN
Exbhb,

T, HR = RERREY A Al s ¥ TIRE
THERE, MEOBE T ABETE, vF=%
b % < A RBRET BAREN S AR L TRV S
b, Fio, BERESA LoBMY 1 XL KR TR
ST BZ e (Table 12), HEFHOHEMY EES
B b Tiads o Lk cxinuwy, RUAAEAT, iE
BT & U O TR BRI & e e 4 BRIE
ATV EEZ DR, KE BN EROAROB
BEDWTERE L TR 5D, BEUR TS 1 XH5ER
WERMUTHLDT, BBy =rEgv1 1t TR

M) J A S O N D
1986

Monthly growth of topshell released to the nursery groud in the

Table 12. Legal catchable size of topshell in
each prefecture of Japan.
Prefecture Diameter of Shell height
operculum (mm) (mm)
Nagasaki 25 —
Fukuoka 25 —
Yamaguchi 25 —
Shimane 25 —
Tottori — 50
Kyoto 20 —
Fukui 25 —
Chiba — 70
Kanagawa 30 —
Shizuoka 30 —
Hyogo 25 —
Ehime 25 —
QOoita — 60
Miyazaki — 50

£35 O ET A EHIIIREIN L IERFTHD EEL
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T, +F=DRMEELED T 5 2T, HHITES
T35 B f R R o REY HkrT 5 &
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W, ERL BV oABENRAS L O LD AEEEY
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Fig. 29. Relationship between cumulative catch numbers of topshell
and CPUE in Port Naryu in November, 1985. CPUE;
catch number/person/0.5 hour.
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FEHEBTHE IRy =0T e 2L TED,
COANHIKEDE - T 50T, ROTHMOE, SHFE
EOXANIASTHD (Fig. 30),

Photograph of artificial reared (right)
and wild (left) topshell. Artificial
reared and wild topshell collected
at Funaya in October, 1985 and in
the shore of Aoshima in June, 1985,
respectively.

Fig. 30.
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Management of the
fishing ground

Spawning in June
to July

8am in shell height in 20-40ms in shell heighti
April to July next year April to May next year

Rearing ina
nursery area

Production of

seedlings . '

Release Catch Forwarding

-

o

50-60mm in shell height
after July

{1

Rearing in a Release

nursery area

Extermination of

predator

2-4am in shell height

{7

{

Extermination of
predator

Selection of a
releasing area

il

Selection .of a
releasing area

Fig. 31. Florechart for the marine ranching of topshell.
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32. Growth of the released topshell in the nursery area being

in the case of a poor food algae (Port Niizaki).
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