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Abstract

Swimming crab Portunus (Portunus) trituberculatus is the most important crab in
Osaka Bay. However there is a little information available on its ecology. Moreover,
although release of artificially reared juvenile crabs has been continued in Osaka
Prefecture, effect of release is not aware sufficiently. From these reasons I have
studied the fishery, ecology and release techniques of swimming crab since 1981.
During this study many findings were revealed and many problems solved. The
following summarizes the results of this study and proposals for the enhancement of

resources from the results.

1. Swimming crab fishery in Osaka Bay

Swimming crab is caught mainly by the Ishigeta dredge in Osaka Bay. Catch
amounts of the crab in Osaka Prefecture from 1980 to 1995 were low, ranging from
28 to 60 tons, however there was a big catch in 1996 when 118 tons of the crab were
caught. The unit price of the crab in Osaka Prefecture is about ¥3,000 / kg, this
indicates its merit as an urban fishery. |

Crab catch by the Ishigeta fishery was analyzed using a fisherman's catch record
from 1983 to 1998. The fishing days per year ranged 145-197 days (average 164
days). The yearly catch numbers and income from the crab were 555-9,268 crabs
(average 3,198 crabs) and 560-2,250 thousand Yen (average 1,175 thousand Yen),
respectively. Fluctuations in both catch and income were great. CPUE of the crab
were high in August and September but afterwards declined abruptly, and reached a

low level during January to June.

2. Ecology of the swimming crab
As the ecological characters of the swimming crab, growth and distribution were
examined.

- To estimate molting and growth, juveniles (carapace width: 14-26mm) hatched in
July and large crabs (carapace width: 166-233mm) caught by trawl net were reared in
concrete tanks in the laboratory. Most of the juveniles reached the 10th or 11th instar
in November, and their average carapace widths were 115mm for females and 108mm
for males. In the following year after hibernation, they molted 2 or 3 times, reaching
the 12th or 13th instar. Their average carapace widths in following November were
183mm for females and 190mm for males. The trawl-caught crabs molted once a year
for both sexes. Their molting periods are estimated as August or September for
females and about August for males. The relationship between the instar number and
the average carapace width can be expressed by a logistic equation, and the
relationship between pre-molt and post-molt carapace widths can be expressed by two
straight lines with an inflexion at the 9-10th instar prior to maturation.



Next, to estimate growth in Osaka Bay, the carapace widths of juvenile crabs in
shallow areas at Tarui in Sen'nan and trawl-caught crabs at Izumisano were examined.
Juvenile crabs inhabited shallow areas from April to November. There were three
groups of crabs. One group appeared in July, grew rapidly and migrated offshore in
September. In the other groups, crabs appeared in August or September then those
that had grown quickly migrated offshore in about October or November (second
group) while those that had grown less quickly migrated during the following July or
August (third group). The recruitment period to the trawling area was from July to
November and the recruited groups corresponded to the groups in the shallow areas.
The average carapace width of each group in November after recruitment was
estimated to be 181-182mm (recruited in July-August), 169-172mm (recruited in
September, female), 148-152mm (same, male), 144-152mm (recruited in October),
105-115mm (recruited in November). The growth of crabs is well expressed by a
logistic equation.

| The fisherman's catch record showed the fishery grounds where many swimming
crabs were caught mainly in the northern and middle parts of Osaka Bay in July and
August, and the middle and southern part in September and October. This suggests
the presence of the nursery ground near the fishing grounds. After October
concentrated distributions of the crab were not seen, the crabs seemed to be
distributed widely over the mud bottom of 10-20m depth in the eastern part of Osaka
Bay.

As a result of seasonal samplings by Ishigeta dredge, many small swimming
crabs, less than 100mm in carapace width, were found in the innermost area of Osaka
Bay from autumn to spring, and the area was found to be a nursery ground of the
crab. However, the crabs were scarcely found in this area in summer, most of crabs
were inferred to have migrated caused by the intense hypoxia. The reason of the big
catch in 1996 was estimated to be a mass occurrence of the late generation in the

innermost area.

3. Sea farming fishery of the swimming crab

Release of artificially reared juvenile swimming crabs in Osaka Prefecture began
in 1967, and has been carried out every year since. From 1990 all crabs have been
released after a secondary rearing, and over 700 thousand of large-sized crabs (12mm
in average carapace width) have been released in recent years.

Predation on released crabs was confirmed in eleven species of fishes. Sizes of
eaten crabs were Ci-Cs (crabs of 1-4th instar), especially Ci-Cs. Principal predators of
crabs were dragonets such as Repomucenus beniteguri. Predation by dragonets on
Ci-C: was examined in the laboratory. It was proved that dragonets consumed only
Ci-GCs, and the numbers of crabs eaten (/ fish / 24 hours) were over 79.6 for C,
22.4-23.1 for C: and 3.3 for GC:.



On secondary rearings of crabs in tanks on land, survival rates can be increased
by providing much material for the crabs to attach to. Survival rates were 30.0% up
to C:-Cs in 1987, and 42.0-48.8% up to Ci:-Ci in 1988. Secondary rearings using
netfence were carried out at a sandy beach in Ozaki, Han'nan in 1989 and 1990. The
netfence was attached to oilfences, inside which attaching materials made from net
were hung, and predators were previously killed by scattering bleaching powder. In
1989, 690 thousand crabs (Ci) were reared for 17 days on artificial diets for Kuruma
prawn, and the survival rate was 12.3% up to C:-Cs. In 1990, 590 thousand crabs (Ci)
were reared for 14 days on mysids, and the survival rate was 41.7% up to GC:-Cu.
Reasons for the low survival rate in 1989 were suggested to be the predation by
remaining fishes and the inadequacy of the diets. Reason for the high survival rate in
1990 included the solution of these problems and the usefulness of a red algae
Gracilaria sp. for preventing cannibalism were considered.

Examining leg loss of the crabs in the secondary rearing in tanks on land, the
number of lost legs was high, ranging 1.36-2.49 per 10 legs (average: 1.94). Burying
abilities of leg-lost crabs varied according to the state of leg loss. As leg loss of crabs
lowers the healthiness of fry, decrease of leg loss is needed.

Many C: crabs were released at a sandy beach in Nishitottori, Han'nan in 1981.
Retention rate of them by the next day was 1.0% and very low, the cause was
estimated to be their floating emigration which was observed at night of the release
day, and the predation recognized by greenling Hexagrammos otakii. The emigrated
crabs were probably eaten, therefore the effect of Ci-release seems to be a little. In
1982 many C;-C: crabs reared in tanks on land were released in the same area.
Retention rate of them by 2 days after release was 11.2%, and the effect of rearing
the fry to a larger size was revealed.

Investigations using a scoop net were made on the crabs reared in the netfence
and released in 1989 and 1990. In 1989, 84 thousand crabs (C;) were released. Just
after release no loss of crabs was observed and 89 thousand crabs (including released
crabs in Ci) were estimated to inhabit in the released area. The number of crabs
greatly decreased with the lapse of time, and the crabs moved offshore 53 days after
release. In 1990, 246 thousand crabs (mainly C:) were released. Retention number and
rate were 85 thousand and 35%, respectively. The reasons for the low retention rate
were inferred to be death due to high temperatures and tidal emersion, and emigration.
From the settlement to 35 days after release, the total inhabiting number of crabs was
constant, although there were some crabs moving to neighboring beaches. After that
all the crabs seemed to migrate offshore.

The catchability coefficient of the Ishigeta dredge was estimated by DeLury's
method from the fisherman's catch records, and a growth-catch model of swimming
crab in Osaka Bay was constructed. The effect of releasing crabs in 1990 (246

thousand in number) was calculated using the model. From this, the catch number and



weight of captured crabs were estimated 76,919 and 12,416kg, respectively. Recovery
rate (catch number / released number), catch weight and catch income per release of

ten thousand crabs were 31.3%, 505kg and 1,510 thousand Yen, respectively.

4. Proposals for the enhancement of resources

Considering synthetically the matters stated above, what is needed for the
enhancement of resources of the swimming crab in Osaka Bay is proposed.

For the stabilization of catch, release of artificially reared crabs is needed. It is
optimal for C: crabs reared in embanked ponds and such like to be released from June
to August at the southern sandy beach at a density of 4 crabs per m’. Release of crabs
on the mud bottom in the innermost area after the hypoxic conditions have
disappeared is also expected, however development of release techniques is needed.

Because the fishing effort on the swimming crab is too large in Osaka Bay, it
should be reduced. Since 1993 the Osaka Prefectural Federation of Fisheries
Cooperatives has applied systems of two weekly holidays in the trawl fishery and of
releasing all small crabs less than 120mm in carapace width. Considering the present
condition of the fishery, these measures are appropriate. From now it is necessary that
guidance to fishermen is continued for the measures to be enforced perfectly, and that
the effect of the measures is cleared quantitatively.

To improve the environment for the crab, recovery of sandy beaches and tidal
flats on all coasts and reduction of hypoxic conditions in the innermost area are most
effective. ’

In addition, elucidation of survival mechanism of the pelagic stage and genetic
effects of released crabs on the natural populations is needed.
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Fig. 1-1. Swimming crab Portunus (Portunus) trituberculatus. Upper: male; lower:

female.
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Fig. 1-3. Number of released artificially reared fry of swimming crab in Japan.
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Fig. 2-1. Annual catch and unit price of swimming crab in Osaka Prefecture.
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Magnified figure of dredge net

@ Frame (width:150cm, height:27cm)
® Claw (length:26cm, interva!:4.5cm)
© Sinker (material:stone or steel, weight:16-20kg)
@ Cod end (material:polypropylene,

mesh size:2.3-2.8cm, length:260cm)
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Fig. 2-3. Structure and operation of Ishigeta dredge (Osaka Prefectural Fisheries
Experimental Station, 1979).
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Fig. 2-7. Catch income from swimming crab by the Ishigeta fishery at Izumisano.
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Fig. 2-8. CPUE of swimming crab in the Ishigeta fishery at Izumisano.
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L7z, BERNOBZEEEAKBREIZIEHIRIS TN, BENZL<BERINL
BBIOBAHIC, SAFEEEO I WNIELE 20 ETHREDEE &K G &%
DY EZFT-o /2. BIER, NEEEA GOl T) BEAEMEOZEY T 7O
- —2HANWT0.ImET, KEOHDIFIEZNnOEREZANWTImE THEL
. £, BMEBOEHRIIBMERERMEEAOHBRE NS HE L Z.

BEEE 1987E~1IHDORH LHICENTHEICOZ 2T, KRFTORES
FLRREREEGFRASO/NHMERBE THREIN/-FIELI66~233nnD M &5
BZEZBAL, KERBRBEDk 2227 — Ak (EEEIN®) TENENLIH A
MEABELT, TOMOBMEEREEZHRH. EEL, SELEENREN > ZHEEIC
WEHBERPTI~3EZEBMLUZ. SEHEKEANICE, BX10cn0&RBERTL —
FEizxy F2EE, FOLEIKIIDEZ IR 2 ANLEZ_EHEZHRT, WEA
FTOKEIZHIcnE Lz, B4, XHAWPLA MLV ABLEDOEDTIZXAF v I H
(ME23nnX 20mm) TH56cmX 45cn®D XEIZHEY) > TRBIFAE LN, KEITHD
BEOBEZIZITONS (KB, 1938) cWwbhTHD, REICESHOEENEE
LTWaBHEBENEZ NS, KEM (9~10A) FiO8AHMA LT %
—HEWTHBEIRET D2 —#ICHBE L. £, KELEEIMEESARNE
SACETEB- . MBEAKRIZIZEA ETRBAKE»BETICERAL, HEHTES
BWLAEIEEZHWE., HAEL TEHIMOOKMEBIVRETRROBR &
KBEEZTTV, BEBEKTIHREI~IBRICFEZAEL .

AKBBLUES HAFHAMFOAENAKBRBLITHFIOESHAHETHD2KK
BrhRIMER (KEH0mD OFEHKIEZE Fig.3-1 iZRxU7E. KIBEHEITH T =
DK TIE8.1~26.6C, MEBAEDOKETIL2.8~26.6CTHo7=. Th5D
KBRERARBHRPREOWBELD, 198TEFE~SAIIHICTE S, 19874F11H ~1988
FEITAIRKITELS, 1988FE4~9F3RKLCEM» =, FRESE, KERREH
FAKEMD B TIIFEFTHM P OEITDR<FEE32. 3psuTH - 2.

R p: 3
MA_HBEER GFLEHI_OFREMREZ Fig.3-2 12, FEOHMEEF
BBEIOBEE%E Table 3-1 WEFENFNRLE. 20D B1981ESH1TH £ TIZ,
BEAEERSTICERBICAIELEZEDDTHD.
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LLAER SHAITHINALEMT ZIZHNL 0B TH 20, 1B UBIZEERD
PR E AERBIIHET, HOTOE 4B TH . BHEBIEBATEIDD B
D20, HABIZTOWTHEZMEGEL 2D, BEDIALH T4, HIEIZ,
11A12B IS, H2EBCRADLE., ThooREORERRIZILEILIFERaN:
BREEOHABEVWIZIESZLDTH- /.

LB IEHOBEIXIOAIIE (kiB20.7C) £TEEaINE., AZEOBK
EIEII8AIES~6E (MEHOBEZRL) , 9813 2~3ME, 10AIRI~2ETH->
7z (Table 3-1) . BiE#IE, 9A22HITIZS~9%:, 1B 24P ICIIMDT6.4%,
DT6.5% DEAKRNI0EICR> /=28, MED22.2%, BDI13. 2% XIEBICELRL. &
A%BIT6A 148 (kiB20.6C) »510A 298 ([F20.0C) £ THENBEZEEN,
INAL2BICEIIIETI281E, 1322, BIZZBEE D1 LTz,

LRE MAZRIAETARABMICKREL, B8 20HOEEPIEIIMT6. Ton, /66,4
mmiZZE L7z (Fig. 3-2, Table 3-1) . Z0#, HEHEEORAITIDBED M
Wb U720, 11AMBICIZERAREIZM 14900, #138nn, FHFREIIMELIL4. 9
mm, HE108.0mm&72 0, MOEFVKENWERMNRASNE (PL0.05) . LaL, #&
RBIEIMBEZENE<ZD (P>0.05) , SH4H DO FHBIGIXM145. 5mn, #152.8
mon, 11TAI2BICIARAKEEIIHE S H193nn, FHFEIZMEL183. Onn, #190. 0nn
Elro .

4 Rk ERIEOBERE FREKOTLHRFEBICERFEZE Fig.3-3 ITRL
. B, FTHEEOHEEIIBNT, WSO DBREBNELZ> THBENE#L W
BRZE - HP (1988) OO0V I LAREDEDBUTREONLLI BB LS

30 .
i ity

~ R il R e
entpv ok S
é’ Oa§* E IIE*
5 * (} II*
g E :il i
& 1o} %II% *

01%&87I J J A gS (o] N 19?8A M A M J J A S [o] N

Fig. 3-1. Rearing water temperatures for juvenile swimming crabs (solid circles) and
trawl-caught swimming crabs (open circles). Circles and bars show the
average and maximum-minimum temperatures over 10 days, respectively.

Stars show the average bottom temperatures in Osaka Bay at a depth of 20m.
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BTy, A—ORERTRAENEREOSERICIRDABERKEOLNDDE
BAHLUE. FEHBREZISBTIZ49mTHo 20, RETH2I&I2®mL, 58T
1323. Onm, 10&F CIIMEL110. 2mm, ZE107. 5mm, 1382 CiIME195. 6mm, #E190. Ommé 7z
o 7z. Mann-Whitney QUREZToREZA, HEOFRBIIAZZRZIRD OGN
minole. ik, HEREFE (MEOFY) 0FKRIIIE, O0PA74 v IR
(Akamine, 1986) WL <@WEL/Z.

W:3137/ (1+ e—o. 3777 (I-11. 75))

CZTWITHER o), TIEIHRE®HTHD.
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Fig. 3-2. Seasonal change of carapace width compositions of swimming crabs reared
from juveniles.
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Table 3-1. Growth of swimming crabs reared from juveniles

Carapace width (mm) Number of
Year Date Sex Instar measured
Range Average crabs
1987 Aug. 4 - 4.1~ 8.9 7.21 I~ 2 393
Aug. 10 - 8.6~ 12.5 10. 96 3 50
Aug. 13 - 13.1~ 19.3 16.29 4 50
Aug. 17 - 13.7~ 26.4 19. 40 4~ 5 119
Aug. 25 - 27T ~ 38 33.0 6 20
Sep. 1 - 34 ~ 49 42.0 6~ 7 26
Sep. 8 F 52 ~ 68 59.8 8 11
M 49 ~ 76 61.5 8 15
Sep. 22 F 49 ~102 76. 7 8~ 9 22
M 33 ~104 66. 4 T~ 9 22
Oct. 8 F 92 ~124 106. 3 10 14
M 95 ~115 105.4 10 11
Nov. 24 F 62 ~149 114.9 §~11 76
M 1 ~138 108.0 9~11 67
1988 Aug. 4 F 126 ~178 145.5 11~12 14
M 139 ~190 152.8 11~13 8
Oct. 3 F 174 ~209 187. 6 12~13 5
M 167 ~188 177.5 12~13 2
Nov. 12 F 174 ~193 183.0 12~13 3
M 187 ~193 190.0 13 2
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S ARDKREIREDZRE HREBOFHRENSESNERERMEORBOM
#%% Fig.3-4 IZRL7. BEMBEORBOBERIIMEHELHI-IBORETER
RiICHR, 220 THICEML, ZOBRBUREHRICHEATVS. E5H
S ORR, MEOEZIEE TR EED, BEOREOEAENISBR/INEE
BICEDEELAELZAUTOEBEANE SN .

1~ 9% . Wn+1=1.42+1.32Wn (I‘=0.999)
10~138% : Wor1=24.941.02F, (r=0.996)

TR R, Foe 3B B OB (nm) THD. KIZ, BEROFEEKR

2501
200} S
= /
E
= 150
o
2 /
2 ‘
Q
 100r ;
: ¢
4]
) i’
507—- l/
/
=
.
_9
-l—?'l.lLllllllll
O——5345678910111213
Instar

Fig. 3-3. Relationship between the instar number and the average carapace width of

swimming crabs reared from juveniles. Bars show standard deviations. @:
sex unknown; A: female; M: male.
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Post-molt carapace width (mm)
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Fig. 3-4. Relationship between pre-molt and post-molt carapace widths of swimming
crabs reared from juveniles. Numerals show pre-molt and post-molt instars.
Symbols are the same as in Fig. 3-3.
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Fig. 3-5. Relationship between pre-molf carapace width and relative molt increment of

swimming crabs reared from juveniles. Numerals show pre-molt and
post-molt instars. Symbols are the same as in Fig. 3-3.
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EE [ (BEZORE-HEMOFE) /MAERMOFE] OM%%Z Fig. 3-5
AU, RREEIZIB TS 1% EEN- 2N, BEICHD LB TIL 1% &R0,
ZORIIBRLZITH D L1 TIL16.2~17.3% TH o /=,

BREESHEEER AFLAEEEEAORBEOS{LEFETIRRE Fig 3-6 12
RUTE.

LR ZETIE, METWESA, TA, 10A, IHARSIBITORSNIENIISA &
SHIZEI 12 EER L, FOOIBLHERICEADONHIH > . #TIIHE HIE
BHBEOHDMNIFH >0, FALUIMISA, 9H, 108, ILACKRIFITHOEEX
Nnr.

2. MR BRI, MEWSHSH, 12H, 25H, 28H, 98108, 16H, 218, 108
IbH DOFH8%I, HEIXTH29H, 8H3H, 28H, IAIH OEH4FINEEI NS, HO
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ll e —_——
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Fig. 3-6. Carapace widths of trawl-caught swimming crabs and molt increments
(broken lines). @: death; A: death during molting.
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BRI T RTRSEHOBIZI~SHEMD A SNZRIEID, ZTO5H10R10H
OBREE, IAIBICERALZENIAIRICECLEZLDIOASHIZHL WEZA
NEBRICBERBINEZDDOTHS.

LIFIOBKICEZAME SHERPCHEKIN-REMBROFEOREKZ Fig. 3-7
WoR L. MEOEZIZIFEETRLS, HEZSOELBREAMBEORRBOBBIILLT
DRTEINE. 1B, REEIFI6.0~20.0%, EHIT.6%THo /.

Wor1=18.8+1.07H, (r=0.989)

::TWJ&E%EZEUG, Wn+1¢iﬂ%ﬂi?&@$@ (HlHl) TH 5.

4 ORI 6~9H DO EHICHEALKZEORN, EREN4, 5, 4, 3B
LTWhk., £k, 17, SHOLHIZRD ET-HTIZ, 4B E1IEBITHIEN
HHNTz.
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Fig. 3-7. Relationship between pre-molt and post-molt carapace widths of trawl-
caught swimming crabs. A: female; l: male.
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% =3

FERBRICEVREZHETHEE, BANKHAREBICIWREAZHET
LZRENRHD (BH, 1960) . FREOEETFTORECEEL2E5EZAHERLL
T, /KiE, Y, HE, By, SESENH0D, Z0O5BKIE, HE, BHEIKROE
EBNKENEEDNTWS (Kurata, 1962) . £, ALY UHZHDOI R
H = Carcinus maenas OEHBIXBVWTHHE L KBOZENKEWI ENHS
MIZEINTHBO (Klein Breteler, 1975) , ENICH/KE, KEH, HORESLHF
LORELEZIOND. AHEOHBIBITZ2HEEBIE, BRENBIRESNAEIE
NEToaEBEDNS. LML, AFKOKRBIZEEOZE TRKREFREEOKE
FinDBELDPPEL (Fig.3-1, AFELHM2SEOFEEKERITBEDKIRD,

- FEAZTIEH0.5C, HEREEKTIE+0.8CTHoL) , TNIKEDRENDEE

MEZOLND. -, BEFEAEKOEHEFTIZIBNWT, 7I9AFvI7H8EIEHEITLD
HBNHIESRPCZA P LV ARBIZZDZICHENDNDET, S~IFICEEAHDMHE DI
TWNELBEINA. HE (1990) OEBEFATHRUCBEENAESNTH D, EH
LOEEBIZIOBMITIZOBHICEICCTWERMNH 200 d LN,

SE, MAZhSOEBFIBWT, THHEIZEEL ZBENILA KRS
W08 (—3RI3118) &/ DEYHFEI08.0~114.9mmicE L. LML, THIZ
BAALEAYIOBRFOEFTH TS, BHIEE : Fig95~125mn [12&] (&,
1968) , FMIEREE : 65mm (ZBHIKER, 1974) , JERRE : 77~86mn [118] %
TS, 1983) THY, B-FEELRBAE< A>Tk, HY¥I0EIFEAIT4I~I
AICESsh, BbE<BILIIOERAPRTHTHDHIENE (BEHKH,
1974) , BHIICEETNIEKRE (1938) DED LD ICTENICHBIT0mnAT# (18
WOBBRRICEINETI28) IKETAHZIENFREEELZSNS.

Bl EHEORREZAD &, BMEORE T, 10HOFE@ENT8m (KB,
1938) , 62~75mm (/\¥%, 1968) , 50.03mm (FHIAZ, 1974) , 81.0mn (FEiH
- SEME, 1976) , 67.5mm (FF RS, 1983) EINTVBDICHL, FRB T
110. 2mm, ZE107.5mmiCFEL NS OHEHZ EE->/2. ZORERKRE, BEOHREIC
BEBTREICDWTHMICEINTVAWLD, HFRENE->TWEI EE, |
BEFOBRENEARBR TIIEE4. M TH- 2N FN 5 O|ETIZ/NE N>/~ [4mn
(K&, 1938 ; /\E8, 1968) , 3.86mm (FHIKH, 1974) , 4.5mm (B - FH,
1976) , 4.3mm (FFF 5, 1983) 1 T &ickdEEZOND.

Kurata (1962) I3IFRBREORERMIBOKRZT T OBERIIEPICEHBEZFEOEHE
TERIN, Z<0HE, HMEOBREIMOREIEIHERBNBEL YA ATHS
ZEEZHONII L., ZEBOHT NS OHBFIIBNVTS, BREMEBEOEIED
BRIZ-10O A THMTIERTERIN, BihSoBEs (9%) oFREIIMH
81.8mm, #80.4mmTHo/x. M T IOAEHEE DR ERBIIHFIE2lonld £ &R
HFEINTWS (B - Uk, 1995) Z&ns, BHAITREAEBY T XL DAT&EE
AbNs. e, HYPIOBREMBORBOBEBRICDOWTIZERBMEZ LY TIED
EENS BN (KABBRRAIEN, 1980 , REZOREE B0 R ICES
ERDODEREBHBTAHIEDUETHD. —F, BEIN-AHMBEAOEFTICH
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FomEFOMBIIERBTEINEDY, AN SOEEFTOII~13RICBIT DE
BREFKIFWCENRSNARNED, MEEZ—EOD D LEAMBAS OREERR
RS (FR) , LlckdEI~IBOMBRERE IO 5 & B K kO FIEZEH
L7z (Table 3-2) .

For:=22.041. 05, (r=0.998)

BB, BT ZOREICIEI8I~18IFIC KRB TREINZIBEHEEZIND
HH 23RO EHYRES. Omnz AV, BREEIARBTRAESNLEHYTIDOEKR
S (ME266mm, #£262mm) M5 158 &L .

BT OEEOEBENERR (Fae=atbl,, albIER) TERINDEHEE,
EERTBHEFARDLIITRES.

Wn+1“Wn - a_ + b _ 1
¥- £
N, Kurata (1962) BEMTI2LOK, REEVNFREOEME EBITELT

BIEEBRLTVS. HEAMBEOFEORBEBNI-10O R THIET HERTE

Table 3-2. Cailculated carapace widths
of the swimming crab

Instar Carapace width (mm)
i 5.0
2 8.0
3 12.1
4 17.4
5 24.4
6 33.8
7 46. 1
8 62.5
9 84.1
10 110.5
11 138. 2
12 167.4
13 198.0
14 230.3
15 264.2
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INDEG, BREMOFENIBOMB TENETNERDOREL > ERANRILT
7%, MEOHBIIMO S THET S IADMBTEINS (Fig.3-5) . H
FIOREEKRDVWTIRAE (1938) Ko THHANLN, Lo Lk
BonTnah, FEOHEMNEEDIIREEIRESEILLTHED, EHHEFC
koaMENEERREENEZ OND.
BEICEDREER—RICEEEKITEDTIN, RALUBEGICHIIBWTK
EWLTHEMEHAENDE WS (Hartnoll, 1985) . ABZEOH Y I TIIMEMs
ZIRAESNT, WHTRABRCHEALTIN, FRUBRIES®RLICEDL, REALT
M BB Db, BHICEDESN I XN F 13K, RERE, B
EEICHVWSNSA (Hartnoll, 1985) , SHOERIE, BEEANDODIRIF—
SEEINMMORBEEEBL TENIEERBLTRSONS LR,
HA-ASOREEBECBT2IEHOERBERRICOVWTIE, MEOKEICIR
KA~ B TH DN, 12~13BIELZ I &SR E S 2~3E & H#
FEIND. E, BEINZAREBEAOERBEERKIE, FELEZ2 AR

Table 3-3. Numbers of molting in the following vear after hibernation
in the laboratory-reared swimming crabs

Carapace width Instar Sex Number of Reference
(mm) molting
108~136*! 10~11 F, M 2~3 Present study
166~233 [2~14*% F,M 1 Present study
45~ 15 9~10 F,M 4~5 Yatsuzuka (1968)
95~125 12 F,M 3 Yatsuzuka (1968)
140~170 14 F 1~2 Yatsuzuka (1968)
140~170 14 M 2 Yatsuzuka (1968)
130(?) — M 2 Aichi Pref. (1974)

103~130 - F 2 Shiota(1990)
134~1229 — F 1~2 Shiota(1990)
118~158 — M I~2 Shiota(1990)
40~110 — F. M 3~4 Hyogo Pref. (1973)
110~130 - F 2~3 Hyogo Pref. (1973)
110~130 - M 2 Hyogo Pref. (1973)
130~175 - F. M 1~2 Hyogo Pref. (1973)
99~142 — F 2~3 Akita Pref. (1986)
97~151 - M 2 Akita Pref. (1986)

* ]

Average carapace width of each instar.
*2 Estimated instar.
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DI BB U EER2nZ &, 10AISEOFEF Z2ETIERKEHIZ—RIZESD
LTWBZEMNS, MEEBEMIETEORIIMIZSA L9~ FHa, #idT
ATH~YAEHEEZSND. AEBTHEONZHAZROFERBERKE, 5
FTRHEABTRRTANSN B EEE (JUR, 1968 ; BHAKR, 1974 ; HH,
1990 ; SLREIB B ARk PERR - IREE/KER, 1973 ; BKHIE, 1986) ZHiEE AT
B L7~ (Table 3-3) . H NS OEFTICRITBFEHEEI08~136mnD BEED
B EEIIMOBE L IZERCTHo 24, FiE166~233mm (HEE12~148) D
BEBEKOBEREICOWTIIHENZ 2D 0ONE S ERIFH LW, SEOR
BERBKOBEBOREZIFMOAT, FE134~229mnD I DN TEMI~2HED
BREREZINTWS (EH, 1990) . 20> 5HRIE165mmll Eo@EE TIHERM
BEEHIEKESNIETHD, 2EOHEIIHEEI68undEN8H LA &LIA LA
WIRELEZIBHOATH SN, IHHOBREOREEN2.5% (XD FEAB|

D) LENOEIEEBERNHDTRENDS.

SEOFEAEABR TIIKEBNARRBOBEECCRRD, HBNLRTHE N
REDODARHBROD LN, FoNTREERIEFOWMEL O KREN I EMN
5, MERERIDIBERRIFTHoLEEZLNDS. LML, KEEKICEL
Ti, AMREE (B - (LE, 1995) Ho#L THEEAND IR F - HENH
KODRRNWEEBZ SNDHEOFERIBEBRRMSEEFR U TH2 I EITHBMNED,
ERERREZ2To TRABHETOREZILEBL TOLENHSD.

3-1-2 ARBITBIZIATIORE

RKARBHIZBIFAHFIOREIIDWTIE, RARBIUOBHKEEINZHTZIC
DNTHRSNTWS., RABTERE (1938) ICLXDMA_NLSERECTSHET
ODRREMNREEZN, B GATE~8HA) OBRHIZHILLZbDIRFDEDEK
CHREE130~170mn, BEOMKIZ200mnLl E &2 08, B<EELEZDORNET
BEOBIZITO~190mIZ /5 EREINTWS. F/-, RHEHT_CTIIEHAL
KEODBABNOSMEBERETORE (B 434-5-3) CHEBHEI0~11H
FTORE (BEFS5, 1970) DHELSNIR-EEHANDS. LML, KR, K
MHESDIINEBHEROREL, RABROERHENES<REOESDENKEN
FORBREL <, FHETRNTREENDS.

T I TAEAIETIH, EMRBE THIAZFAEZTWY, BHELAEHT 2885
LTEHICDODVWTREZAND EEDHI, 2EMBEAEBL-BEWRAEN S
SNTZRBHRKICDONT, BI3E-I-IOBEZDETE- RBICOBELNMAY
UBOREZ#EE L. TLT, MEOHERZAEDLED ZEICXIDKRKREBICBIT
LHFRERNOHTFIDREEHS ML,

M &

HEA R 19834E5~11HIT10E, 19844E4~11HIZ7E, 19854E4H ~19864F
SHIZI2E, BROMEDH S RETHIFME (Fig.3-8) T, BKICXBEFR
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O (—8ER o fEYaly) THAYIMA- 284 L. #E2To7201R
BRI ICBERIR O H 5 FHHEH F2. 3nllROBE T, REIIPRAIFE283~290umn
OWE, FEITHRRBEITI~120unOBRETT AYE Ulva sp. EFT/ VD
|# Gracilaria sp. MAEBLTWS., BELAHA 3B E 13 KR K
ERABRETHRBZAEL L. FEREBREBERIIDWTIRERZH VW TImE T,
Rl 0nmRBO/NHEDOHDIZ DV TIRERBEREOI A I OA-—F-ZHNT
0.lmmFETHIZEL 7~.

WEYHEE 1984FE48 ~1986FE3F OEAP THIZ2~3E (19854FE281X1E D
), REFREGRMAS (Fig.3-8) T, NHERBICIOKBITINEHYT
SORBHEIEZRITo. TOOBI98FE4A~1986FEIAITHEEREEDNSE

K‘?ﬁg\gﬁ%}f ¢
a@ é%éSAKA

OSAKA BAY

Fig. 3-8. Map showing the sampling area of juvenile swimming crabs (¥) and the
investigation area of trawl-caught swimming crabs (%). The trawling
ground of Izumisano's fishermen extends throughout most of Osaka Bay.
The lower part shows a magnified map of the sampling area of juvenile
crabs.
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Fig. 3-9. Seasonal change of seawater temperature in the sampling area of juvenile
swimming crabs from April, 1985 to March, 1986. O: surface; @: bottom
layer (2m-depth).

Temperature ('C)

Fig. 3-10. Seasonal change of average seawater temperature at 20m-depth bottoms in
Osaka Bay. @: April, 1984 ~ March, 1985; O: April, 1985 ~ March,
1986.
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FAEA&OHEBREOFEN. AR, AYI0oRBTINRIEOBGEEKIIDOW
T, ZVWEGITIIEEAICTELLETEZSOEEKIIDODN T T2, FEIZEE30
CnOERZHNVWTIMETHEL, HEIEIZMMBEOERTHRIZEEDIRE,
OB EBIELAZBIIDWTIZE - BHF (1983) 070 r I a2 AWERDMIC
KBE-RHOREETo. 7B, DETIHROREICHZ> TIEE 3 E3-
I-ITHSNEREREFREOBEBREZSEICLE.

FEROKIE 19854FE4A~1986E3 A DM T HERIIRITIREBIVER
(KEHK2m) D/KiEZ Fig. 3-9 12, 1984F4H ~19864E3H D& H LAICRIT S
ARBHREER (Y 0FRE, KEM2D OFEHYKIEZ Fig. 3-10 %
NFENRLE. A ZHABHOKEBIZSAICES, 2BICREERL, TOHEMAT
#B:4.6~30.6C, K& :6.4~28.8CTHo7z. —F, KREPRIEREDK
BIZIA KRS, S~4AIEREEZRL, TOREIZ6.9~26.4CTHo .

* =

BHBICB T A2HEBHERKR I ZHEBEICBWTHY IR, 1983FIF5~I11AK
5T, 19844E1X4~8AIC36E, 1985FEITT~9A I BN TSN, EHEE
DOFRFHEFAIZ4.6~119mnT, FIRARED EICHIBELZEIAI~IFITATS
N7z (Fig.3-11) .

1983 ITIT3MN B 5N/, BIEITISAICHFENI0~100mno FE THfE D £ 18
EHIIRELI~SAICRE SN/ ko7, FIHIISAIBOHAETHIFEI3~36nn
ONBEEELTHRLEZBTENIIELS, TORBBIZKELIA THIZHE
100mnRfE TR SN o/, £, BIHIBII~TAREHI N ZH TR
48~94mnTH > 7=, 19844E1%, SHE TIRAME L IZZEATIENED SN, 448
THICHEE~10mOBEENEEEREL, TAIBICEEI0~33md A HIER
Un, 10ACIBIER I N Mo, F/2, 19854E1L, THISHICHIES. 6~
8. 8mmDEAEMNHIELIBETAELEL TV, ENLUADARERBEI N>z,

RIBITHB T HHEHR EG8EIDME THES, 660, #5, 5868, 712, 14618
OFEZRE L (Table 3-4) . BIESINB/NFIEIIHERE S 68nn (M -
19854E8 H, M : 19864 2A) , B AFIRIIME : 266mn (19844F12H) , H : 256mm
(19844E58) Tholz. FAOHFBHRBIULIB LT R#E%E Fig.3-12
IZRUE. 1984F4~6HIXEEAN DR <HBRBERIIAHTH -2, TRIZIE
M EHFESO~150mBEO/NHBEENZSHEL, RBLEERBHEOE—- RIZ
#E : 99mm, # : 104mnTH o7z, mEZHOET— FIXSHITIIHE : 118mm, #E : 123
mm, 9FIZIZME : 139mm, #E : 140mm, 108V S : 172nm, HE : 175mm~\ &
BiIrL, EOETI DM/, TAESATREDFBONIVWEINEETH >
X, VAEIOA TREEBRLIDEEO/NIVWENZNTNIHE A SN,
HAIRSE, HIZI0R EFERBOBBRTH > 2D, BTIIREZHOET —
RIZERE148mnN &2 L, FE173mE19imE T - RETHIHBHELAE. 12
B~1985FETH O#BBERIT, HRAOEB > TOLAWVWABEENZN, ML D
19844E 11 &R L, METIZPEBIT0nngiRICES 2R, 140mnA7# & 200nnA7 &
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Fig. 3-11. Seasonal change of carapace width and separated groups of juvenile
swimming crabs in shallow areas at Tarui. Arrows indicate the sampling

dates.
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Table 3-4. Dates, numbers measured and sex ratios (male/female)
of trawl-caught crabs at Izumisano

Number measured
Year Month Day Sex ratio
Female Male Total

1984 Apr. 18,20, 24 78 34 112 0. 44
May 14,15, 21 31 22 53 0.71
Jun. 12,14,15 31 22 53 0.71
Jul. 26,271 303 408 711 1.35
Aug. 28,29 190 231 421 1.22
Sep. 17,20 427 349 776 0.82
Oct. 18,19 329 286 615 0.87
Nov.  26,27,28 208 148 356 0.71
Dec. 12,14 242 176 418 0.73
1985 Jan. 18,22 150 127 9277 0. 85
Feb. 27 75 46 121 0.61
Mar. 18,20, 22 119 119 238 1. 00
Apr.  22,23,25 98 82 180 0. 84
May 21,123,217 80 81 161 1.01
Jun.  10,11,12 78 84 162 1.08
Jul. 15,16, 17 124 133 257 1.07
Aug. 12,13 441 541 982 1.23
Sep. 12,14 784 697 1, 481 0.89
Oct. 15,16 719 466 1,185 0.65
Nov. 20,21 371 256 627 0.69
Dec. 18,21 768 564 1,332 0.73
1986 Jan. 13,16 304 237 541 0.178
Feb. 13,17,20 292 240 532 0.82
Mar. 13,15,18 318 237 555 0.75
Total 6,560 5,586 12,146 0.85
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Fig. 3-12. Monthly change of carapace width and separated groups of trawl-caught
swimming crabs at Izumisano from April, 1984 to March, 1986.
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WEHEBLRBNSDEENE L, ERETIIREI40mATEICERZ AR, Hllime
HL6omnIC LB RBODHIEENEN>T-. 1985FESAICRS &, HHEEHE—~R
MR 0nnD EELRBENHERAL, ThL O XBEOBEKTOTNER K. 9H
WIS S FRELI0mET RO T - REZRKRET 3N EKRERD, 108
FIRICIBN TR THA2HBOOREBEHOT - ROMEISHME TR A DI T4nn,
HiZ149mnTH o7, 11AIRDE, BIIBREZEHOT - ROMEELIOA &FIZ
FRTH > ZWEBEI90mnfH i i 22BN HE L, ETIEXFEEITon, 152mm,

1TImmDIFEREZEZTDFELWIE - RENR SN/, 12H~19864E3H OB R
MRS BIISHEIAE ILSAUTHD, HWTIIFE165mnaTHRICERZ LR, 140nnF]
BEIIOmETRICHBRBENH I BENEL, LB THEREZEHOT - R
145mnE 21385 170mn T, FRLUMICISmETRICEEBRBODDEENE Mo .
19844E4 8 ~19854E3H & 19854FE4 A ~19864E3 8 = L9 5 &, /NEMEAEN19844F
WBTANSEZSHBELAEDITH LIBMETIISENSHEE LEZ EE, HORERKR
BB RNMNEBRNER> T, £t zZitRT A&, MEEHE~I0AT
EZWNNZND, 1TAUBETIEHIT0mDE—- RENERTHBDICHL, #T
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Fig. 3-13. Monthly change of the frequency of soft-shelled crabs among trawl-caught
swimming crabs from April, 1985 to March, 1986.
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RBICBT2KFREEOHBRE SFEEEIL, HIXT~12A, #THE6~I12ZA
WwEZaIN”~ (Fig.3-13) . 20D B5HEEI00~150mnd /NEEETIE, #IZ7~8
HEH, #IiZ6~88 1A HKEREADOLENE <, HEI75mml £ XKEE
T, MEE8H, 108, 12AC, TRI~I0AICEBEINE.

Z &8

BHEBRICBII2RE 3»EOHAT_HELR (Fig.3-1) zx&®d&, F
WEOEHIREWSHT 34~ 1A CEBEBEICHRL, Zhs5id (A) 4~5
BIZHEI0O~100mnA B CHEBRELI~8AIRAE N5, (B) THIC
HEZREICRELIAEPEImATBE THEIIBHTLLA5N5E, (C)
10~11 B ICREA50~90mnAi B OBOIFIC T oND. RIBBRICIHENELET S
D, MLE (RES, 1974 , RER (3150252, 1988) TOHRAER
BEEFE-KLTEYD, HFNBERTOEENHTERRZRLTVWDEEZS
N5, KRBTEEINLZIEON, BRIIIAEEZBUTIACHEL TWaA,
HYIOKRBEBOBWIREFFR —-EETIS - I5D33~4EH D (K,
1968) , BMEH TITIBFII6A LA, 2BFI3THA L4, 3FBMFII8A LAEEWLL
(HPIXZREDE, 1988) , FNEBIIBIT B AN OO HEBBRHIL6A
TH~TH LA (BEAKRIFH, 1985) LWEINTWB I ENS, BEIIIBF
WHRkRTZEEZEZONS. ERCEHICIDOWTIE, FIE20mnRE DO /NEEEIIHRE
ETNTWREWA, 19894FE L 1990EDS~IAIZ, LR m O THIB4I~
23mmDHEH ZRRBINTNA I E (FB4EL-5-3) BITTARK L ZEBED
FEHERE (B3E-1-1) 5, HERFRHIIS~IAETIBFLURICHEKT S &H
EIND. ABETIEHSAEALZEAEIZIIAICIZEEHEEI~115mmIlFEL 2
AN, 1983FEDI0H E11AIICIEEBELI0m LEOEENFEHEIN TN &5,
CEHOREOEVNDDIFII~ITAKRHEICBETLIN, REOBLHDIZDNT
BB ICBHTA I ERSBALARIIRSZDBOEEZ SN S.
BBICBIZRE BEYABTICBVTNIEENIISAEIZTAN S, 19854
3SHAMNS KBICHEINTNWSZ & (Fig. 3-12) , MEEAOHIRRE (Fig.3
-13) DO HTHREHBIBZIIBETEREREEAONS T E, £/, MELD
IHHBENRHOBRBHBRAESBUTNE I END, BEADMARHIZ19844127
~11H, 19854E138~11A EVNWD T ENTES. 1984ED6HA &TH, 19855EDTH
ESHDHIBHRELEK TS E, MEELDRTELUMOMABIILEMAR S LB
LTHINEZEZALENDD, BRIV U EOB TS EMARFEEHIEL,
BRIEOHMHARKZEINSZRHOFEBEOHB £2HE Lz (Fig.3-14) . Ik
D, BEMABIIT~8HMAR, IAMAR, 10BMAR, 1LAMABOLEIZY
ToNdEHBIND., T~SHAMARIIMHH & HPE100~110nna74 TIMAERK
EL, YAICYEE132~140mm, 157~171lomD2%E — RE, 1LAICIZ¥EH169~179mm,
190~206mmD2E — REICBITTDEEASN, T~8AMABDIIARBITBE
BHHEEE, ME—- FEOMEEHICLDISI~182mEFEINS. IAMARIT
FHPEI09~11Tan THA, 108 ICHE# S HFH146~153mmiC/2 548, 1A
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WIS SEE 169~ 172mm, HEIZFH148~152mn&72 0, HOAPENHEMLT~8A
MABEEDLES. 2O &AL TIZRE170nn#] 8 OB OB E
WOIZK L, BETIZFIEI70nnET8 O & 140nnaT B OO 2BNL WEMAA S
N3 & (Fig.3-12) o bHLNTHY, REMIIBTI2HOBMKICERT S
(FEHE, 1968) &Zzxbohbd. £/=, 10AMARIIH#E S S0 ITIXEERE
111~122mmTH DS, 11AICITES 44~ 152mn& 72> THIZIAMARES—L,
IHHAMARBDOILBIZBTAEEBIEIZI05~115mTHS. MAKRTRIIBITSE
BOBMRLEZIOEEIABORRBERMNSHET S &, HEBLIUVFEIIE>THES
DEMKEFND, T~8HMARE : 34~54% (F145%) , IAIMARE : 19~42%
([F129%) , 10BIMARE: 3~13% (F8%) . 11AAE : 1~35% ([FA16%)
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Fig. 3-14. Estimated change of carapace width of each trawl-caught swimming crab

group. @: mode of carapace width of separated modal groups; O: average
carapace width of a few individuals.
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T, AIEMARN—HBEEL TVWDEHBINDIHODTI~8AMARD 5D 5HE|
BEDBWI ENbND.

BEHBOBERBOROMNE RESRTOHA_HERRYN (Fig.3-11) L
ADMARK (Fig.3-14) ZRIEEE B &, T~8AMABIZAR, IAMARIT
BE, 10AMABEIIAMABIICHICEYUTREEZLONS. EEL, 19854
DABEIREBR TRENIIOEVWEEZSNE (Fig. 3-11D) I8 H 5T 8A
OMABRIZZN->7=D (Fig.3-12) , TR RKKREBEHOI T DOHTH T —H
EET OB EEOH T ORADBETETWARN LI LICLSEED
Na. ZOBORET, XE~FFIZFEI00mARBOHEN N KREBRFICE
KHAMLTVNAIENHASMITRD k- A, 1992; 855, 1993, 1994 ; 38
3E3-2-2) , EHENTHAEENEVWI ENS, BESIIEDSAMAR
BB AHF L TWEABICHETEZLDOTHAD.

HYIDERNICEHETAIAREIRDOVTI, BEHIIBLLZDDIZFEEI0~
170mmiCEL (KB, 1938) , bHIHEALL = DIXHIELI20~1T0mmiZ72 5 (J\IR,
1968) EMEINTHBY, INSEAMKOBHOKRELIZIZ—HLTWS. £
72, S~6HICHMMLUAEAYT I ZNERNIZIS0~200unicET S (EF5,
1975) EHEINTVBDA, ABT00mITRICZ2bONHD 2 E, THICHE
LZBHEEOMNEHKITMMIZRDIENSEEREEZEZSNS.

KRBIZBTDEHW AT IOREBREL2HA52012, #HAZREBITR
EYHAETHESNEZAR (T~8AMAR) SBE (QAMAR) OREMFILEFE
TOVLEHREZANWTREMEZHEELZ. REMBEL THUTOIMMEET
—ZIZHTIED = (Akamine, 1986) .

IN=HFF>T 4~ : Lrlo(l-e78710)
OPZAF5 4w IR . Lele/ (147K
TRV YR LELeexp(-e K10

ZZTLAWERE (mm) , HI4AHDZEIELZAE, Lo, K LIIHRETHSD. K

Table 3-5. Growth curves fitness comparison
by Akaike's information criteria (AIC)

Akaike's information criteria
Growth curve

Female-A Male-A Female-B Male-B

von Bertalanffy equation 65.9 66.9 65.0 50. 5
logistic equation 61.0 59.9 50. 3 42.2
Gompertz equation 63.4 63.4 52.9 45.1
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Table 3-6. Coefficients of logistic equations
L=Lle/ (1+e K 1m0

Coefficient

Cohort Sex
Lo K to
A Female 228.2 0.4401 4. 3717
Male 216.3 0.4868 4. 005
B Female 169.0 1.656 5.178
Male 160.1 1.756 5.107

DEFEOREHRBIZIDOWTHRHBOBHREEE (AT C;KkES, 1983) ITLD
HEgELEEZR, BPAT 4 v 7RMOIREDEENELL (Table 3-5) , £
DHBDOMEIT Table 3-6 KARTERVTHo. HYIDOREMBEEL TEN
75274 - (KOBHEAERIZTN, 1980) BHTIEDONFHNH SN,
GRIEIOPAT 4 v IRERAVDZONRENWEHEINS.

KEBEEORE EFM WHBICBITHIEABZORER, T~8ALBRSEMAR
OEIMIES EBREEDOBDIZEIDHEIZEL WD, FE175mnl £ D KE O #REH
EAEIIHEIS8A 108, BTIIT~8AIESHETAHI L (Fig.3-13) , DT
HEE221~234mm O EIZT~8HICIRIEEAERSNT, IJAMLSHELTWSZ
& (Figs.3-12, 3-14) 756, KREOFMEMABOBLIL, HIZ8~108, #IL7
~8HMHPLEHEEINS. CNITEIEI-I-ITHESNM . 8~9A, I : 8H
HEWSHREFEFEFELVWHBOOHMIIEL B> TWDS. KEM@EEKDE KL E KN
M EBDERIE (FE3E-1-1) THIHRS, HEYHEITB T3 148 (Fig
226mmAT#8) BL158 (F260mmATHE) CHEINZBEOHBERRN S, Hi
IIHEVI3~44E, XK NI~3FEELHRBIND. T, FHIT2~3ELEN—
HIZEFNU EEEHOFRREELENREN (KB, 1938) EWOHHELIFIEF—K
LTWwa. £/, gDy 1 U > HY I Portunus (Portunus) pelagicus %
Y ) AHYTIOHMIHITIEE R A (Potter et al., 1983 ; A, 1996) TH
D, ZNSIFEOHFTHYINEDBKRBEIRIDODEIEMOEIN—REEZI SN
5. LML, EOROBEADI4MB IR ETRET SN, KB OER K
EIFEIRABEHICBWTHIRIAFMRELDEINTED, FMIIOWTIESHE
HREVNBETH S D,

3—-2 &1

3-2-1 PIBITHIT B0
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RKRBOERBRBIIBIBHTIOHMITONTIL, RRKMAREERCS
THBERRN S ORENREE (KERAR, 1978@FH) ©, WHTOMESID
ERBBECIONEEACRBEAEDO I EZRANEF BE5, 1993,
1994) B BHICBET, HEVDL<bho Tz, 22T, EHCbE> TR
RLTWSEHMEEEEOREARZRTL, BETOMRHZE LD,

Bt H

AR GE2#E2-3) OAMBHRELSOBRERENS, KRBZDTEORKE
BETHTR260MBEON, BBENTONZBRIZOWT, AHEOCPUE (1
HIEY DO EEREE) 25tE L.

HEODEBIZEHMICODE>TWEN, 2HE2®/IOEIRKERD D, 4E
BT, LR EROL N >/ 19844ETH ~19854E6 8, 19884ETH ~198946H,
19924ETA ~19934E6 A, 19964ETH ~19974E6 8 D4 nEEEN, REE L. TH
MOBEDAETTELZDWE, THURICHYINBEMATS (5 3E3-1-
) FHTHB. RPBIZOMIK, KRB TIIEBEEHEDER (1987TF1H ~1991
FE12H) R “DALKDIYT” DR (198TFE4H~19964E3H) ERb D, BE
FROEBSBERIKREELLLTNS.

HREER

1984~19854F, 1988~19894F, 1992~19934E, 1996~1997TEITHIFT A HBICP
UE %, ¥ Figs.3-156~3-18 ITRL 7=.

1984FE T~ DA CPUEMNHL, I{@%iqﬂlﬁ?’c};—iﬁi'c%ot (Fig.3-
15) . 19884EDCPUES~I0AIZKIZE <, SHIZIREH#HTFEMLIL OB T,
I~108 2Tt E~ ﬁ%@FwﬁQTﬁﬁ\ﬁ§<ﬁ%éﬂt(ﬁg&w).
19924 T, THIWAWHBETHELAEZSDODSAIZHKD L, FHAITI~10A 21t
FEHTCPUENELZ>TWS (Fig.3-17) . —74, 1996ETIRTAMNSI0H
EFTECPUEZRRIHENHMGL TRDSN, FHRBIITA : L., 8~98 :
JEFER, 10 - PEHEETOEMERLTWS (Fig.3-18) . ZDFEIdII~1
BbOELOVDCPUEMNENS .

4HEEZLBETBEE, WTHOEBCPUENREWDIXTALET, MMABBMN
TARSEND ZEMNBHEEEINS. LML, CPUENRBKRKODAIFFEIZLS T
BWRHD, TOFRRELU TS, MEREFRER BEI3EI-I-20AH) L 44E
E%%&ﬁ(@BﬁﬁiUCﬁ)@%i%@%%ﬁﬁ’ DETBRDEER
5N5. Tbb, MEREENHETHICENESITIXT~8AIZ, HERERN
ZNEZITII~10H1Z CPUEbf%h%“hraKf;é&%iBmé.

19844F, 1988FEB L TN19924E1T10~11ALLE, CPUENRKEETL, 12H
“EGH I WIRENFFEL T, ZNIEFEHOMARKTL, GWAEE
DDz, BREVBDLL TV TVBREZRLTWVWEHDOEEDNS. Zh
LJJ‘L1996~1997¢'U;L FEMZBCTHMOEL D CPUENEN-Z. ZOE
WIEEIZRWIFRETH D (BE2E2-1) , MARNEEBICEN>EEDREDOMN
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Fig. 3-15. Areal pattern of CPUE (crabs/boat/day) of swimming crab in the Ishigeta
fishery at Izumisano from July, 1984 to June, 1985.
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fishery at Izumisano from July, 1992 to June, 1993.

_41_



sl
| A ]
f ;|
o T

\
IS
oY

|t

g
'/\’_0\

]
AT
A

\ 1
f}\

__JAN. FEB _ MAR.
>_‘/.. R J ] : § >/~ ﬁdﬁ%
ﬂ/ Jyy* ﬁ/ ~ ﬂ/ s
ST [ ST ST
APR, MAY __JUN,
i;Tﬁ 7 - S/ fi% j;fh T
lJ ﬁ::‘i“ "ﬂ f«fﬁ:::i-+ —iL ==i_
oA T oM oA T

< =10, *:10-25 ©:25-50, @:50-100, @:100-200, @:>200

Fig. 3-18. Areal pattern of CPUE (crabs/boat/day) of swimming crab in the Ishigeta
fishery at Izumisano from July, 1996 to June, 1997.

_42_.



BonlEolkhEEzbND.
HYINEENDHEEE, ERPAC I TEVWRH N, HRI~8AIZILF
H, I~10R I3 EEOBEENEN >, BEMAROMATOERENZ DI
THDHETHRRE, T~8HAITIMAT 2RIFEBNFE LR OF RSG AL 80 B
(3 3#E3-2-281) , I~I0ARMATA2LUERHREBOFRG I E BN R
BTHBIENRBEIND. 7272, EFEeFT-RmEARNEESE» > KRBIZ
BELZEHND D (HYFIXREDIE, 1988) Z&ns, /NEEEKDEES)
SBATHHEEDRINTVS. —F, AYVIOBAHBIIOVWTIE, £FITH
JAHCPUEREDHEHBELS, TOBRNSERFETERN. UEDODILLD,
AKEREBOAYIEZ, FREMSMAK, KERBERHROWBEH (KEII~20nD IR
B) WA HTHHDEEZEN5.

BB, 18TENSHESRHEBEEERLOALSDII TV ERDOERIZIDNTIY,
HEBEOBOOBMEOERENEZSNDN, BEOEOT -7 5 I1I3HEI
TERWN.

3-2-2 BRIIZBITB0MH

HEMMSHTTHEDOEERIL, HEEANB THLIARBORDRBICAEL, #B
KEZBMNBEN EITMA, REHZSEITEALZTEKRENXFN78 E DI
EFELTHRALTWAZENS, EXRFBAENVEETHS (MHS5, 1991 . 2O
7=, Skeletonema costatupm FIZXDHREPIERL, ERCREBKOEEE
fenAH S (B, 1989) , MEOCHBYHORARECE2MIELHEDOHEN S 2
STW5S (KBls, 1985) . ZoWBBICERTIEAEFMICIOVNTIE, vronN
P ATRBLREERETHAIAYNKAEA AR Paraprionospio sp. (form A)
MEBEBICARTAIENDN> TWB (LS, 1985 ; BEil, 1986) , KEIK
AFHICETIHBIEIHLTNTHS. HHFIWXDODWTH, LD XD ITRTEBY
REBOBERBTHDIENRBINZHOD, BMENFTEAETON TN
2%, FTOEEIZDONTWRW., £IT, 2AhFHIThlEosTERBICXLSH
BEBEETY, ATI0MREEZHRNZ.

e &bk

19934E11 A ~19964E 2R T T TEELA, 58, 8, ILAIENIIE, KKRE
BEDI2AER (Fig.3-19) T, ANMWEMZMHML T, THIZORBKLES
MEREL-. SHEBLOE S FEYIL. T6kn, KFEZI~15nTHS. HEICHW
FAMEOMOEI56cn, MEDOKEXE3.0~4.3cnT, 47T 215~200MHML
o, BEINTZHF IR KRR UAKEAXBRBICEER > THERER, SHER
MORBKEIBTOORBERIEL-. 723, 19944E8H L 1995458 H DA R IC
W, BEEEG (EEEEHE ND-108) 2HANVWTERB/K (BELY0cn) OEH
fFEEFTHEL .
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Fig. 3-19. Map showing the sampling lines in the innermost area of Osaka Bay.
Average length of the lines is 1.76km.
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Fig. 3-20. Seasonal change in the average number of swimming crabs in the
innermost area of Osaka Bay from November, 1993 to February, -1996.

Solid circles and bars show average values and ranges, respectively.

_44_



s R

AFIEERHBEROFHENL IEHOAETHROATINFEHEINTL.
BRAEBRICBIIENERBY- 0T IRBREDEZH L% Fig. 3-20 IZT/RL
7z 1993411 A~1994ES B OBRAER O FHFEMELEIXL. 4~1.5E 710, 000n*
ERELTWED, 1994FE8A DEFBHRIZIBEOATEERFHAEEB0. 2B/
10,000m2 & Biamor-. 1994411 A ~19954E5 A TR EURHBEHITL. T~4. 18
/10,000m* EFTEZ LR -720%, 19954E8H OBMIIIBOA L Doz (F8S
0.1 10,000m?) . LAL, 19954E11H L 1996E2H I3 FEEMERII N T
N9, 15.2R.710,000m2 &7z, EHL<EMLE.
NHEEFBHAROFRHEL RATRECBI 206 EHFBEBHEROFEHE(LE,
FNFN Figs. 3-21, 3-22 IZRL7Z. 19934E11A~1994FESHIZHBENEKLS, £
WHREBICEBREL T, 19944118 £19954F2313 Line 11 2R SFHERT
FIE—RRICoHm L TS, 199545 BICIZF A M &)1 O g1 THREE100mmAk
CRRONBIEAENESRBINSZ. BEOEN-ZI1995FE11A E19964F28 TlEE
REBRTHNUBENIEN ST, BICEN > ORBEH~KERMHHT, &K34.7
B,/ 10,000m iU (19954E11H @ Line 3) . @a N TFI0REHH
WE29~195mn T RK/NBIEL TWADR, WD A & HEEE100mnE i O /N EEO 5
ML, BITI9954E11 8 & 199628 CHETH > 7= (Fig. 3-22) .
SHORERICH T IEBERMAE 1994488 L 1995FEAICBITBEREK
DEFRBWMEDIHE Fig.3-23 ICRLE. HHAETROMRLAMEL, 199448
Hid1~22%, Y¥1910.8%, 1995FE8HIE1I~18%, FHT7.4% T, MEEHHANE
BERRETH->7. FONME2ADE, 1994FEITHE o~ B AT & R al TE
Mo 7, 1995 ENNM ORTERMTRIZFR WA NWEHBE TIOX LA R TH o 2.

z =B

SEORETHOSNLEHTIOFEFEHERIE, EELSNGSETITT >R
BREHICB T2 0EHBREBERIDEZ (1981~1984FEDI1HTO.1~0.62
/10,000m2) , ZO#WBICIESAZRVWTHYINEBHNEZS EELTNWSE T &
MWHhb. SAITBNTIZI944F, 1995F0MmMEEHEBERIIZDT A TH> 2
M, TOBESBIIBEMMEN1~22% (HE0.1~1.1n0 ./ 0) EVWIRNEER
{ENEREZEZSND. HYIOEBERWHEITOWTIE, Yamochi et al.
(1995) 2L D, BEMMENI~21% (EH12%) TIE25C, 24BEREITI%R N
Ty, 14~19% (EEJ16%) TWEIT% LT L, 256~30% (EHH21%) TILZE
BIWEREIN, MHEREBEHKEVWIENHASNITE>TNVWS. LML, &
BHEEIN LD AREBRZRENEHBICOE S THETAESICITEFIIR#
EEZOoND. HYIRESHHOBRECEBRKKESR (KAR, 1982) 5
BEIRADVKEVWEHREBINDZLENS, BEoLKBEBEZEEZ2ANTBHT I DD
EEOND. bRAIT, HTIIERBRKEEET A HZ Callinectes sapidus
CBWTH, COLIRBBELCESBHESLSNTNWS (Pihl et al.,
1991) . Alis (1997b) RBEBHICEERE T A RBEELEEMEBRH RN EERR
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Fig. 3-21. Areal pattern of numbers of individuals (/ 10,000m’) for swimming crab in
the innermost area of Osaka Bay. Solid and open parts of circles show
small (carapace width << 100mm) and large individuals (carapace width =

100mm), respectively. Size of legend indicates 35 individuals / 10,000m’.
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Fig. 3-22. Seasonal change in carapace width of swimming crabs in the innermost
area of Osaka Bay. Besides the crabs shown in the figure, two and one
individuals were collected in August, 1994 and August, 1995, respectively.
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Fig. 3-23. Distribution of dissolved oxygen saturations (%) of bottom water of the
innermost area of Osaka Bay in August, 1994 and August, 1995.
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WM S5 A TICHIEL, HYIWEIAS T Y Metapenaeus ensis AV A
Pleuronectes yokohamae 72 & 31T “BET M, AER{INVBOEIZIZ—
MELTSE” bORXEDE. YAHLVA TREAEBELOEBICEDERNRERS
TEMERBENTVSN (Blis, 1997h) , A¥IR@3~vadbr X0 ERED
MNBENZDREONEEERLAEEDHS. LorLAads, BREOEFETE
BRBERINEZEFA" B En0, BRFZKEOBHRRICE > TIEHETT
LEEHDEEDNS.
ARETHERINEZATIOZITFELOOmAK R O /NEMEET (Figs. 3-21,
3-22) , ZOWBENHHEFRER IR TWAI b5, KREBERBOWFE
iE, BABRTHDENSEOAOZBRNT, BVBEEZE<EFEELZVDT,
NODOEEFEZREECERELZOE TRELEDDEEZEND. O &EHEME
BTAHONHERH T ZNREINEZIENLHRBIND. KREERE
DAY IRIREBRIIATONDZENASNTED (FEI3ES-1-2) , BRI
FERTH/NRIBERT, BEICRELNBOEEBLE, T~8HICEEBMATSE
S TD., ZORERIIIIFEIA~ISEIADAETIIREN DL EHD
Y, FOHAZRBERBERICDRY (BE3E3-1-2) &5, KRB2KD
HYIERXESDTIDHEBENEETHLEND T ENTES.
SERBINEATIOEERICONWTIE, AHoNSEOHBEB IR
ZORE (E3IEI-1-2) MolETEE, SHHHE~IATHEHEIHEEINS.
ORI, BRERENDIEERELZBHICHZY TS, £5 (1993) 3E
BELETNCHEIHRILKBZORECLIDAYINEOERENET TS EBX
THY, TNLRTORHIZIEVWEERIEOLEDIZERTERY, HHIVITFEL
THEEENTZNWOT, BEHREEBBIERELRVWEZZSND. HAZNEEL
R, BEBEWMEOEL <EW (EH, 1982 ; Yokovama, 1995) I VINFRA
EFARPBICELEICERLTED (Fus, 1997a) , #AZIIHE, 228,
FREEZREND (M5, 1986) 20, TS EEELTHEETADTHAD.
¥z, ZORMBICRABEOEREN PRV (FlS, 1997a) Z&M5, BEE
CRERSTHBINTIAEEZRIDONENEHEBIND. E>T, KKEBHR
HICBWTEZFOHBRLIE, HY¥INCEST, BFEZHEETDIENWITATR
DHE, BEEZHRSOTEWVWDI TS ADENDDENZILD.

EIAT, B2E-ITHRERELDIZ, KR TIRI6OFITEEITIZ WA Y
SOBBASH o, TOFOBEZOBREHRE T, BERBIIT~I10AITEIC

*UEEE, 9BFEIALABICEEHORTFEIET, AYIZE0NZEYSAE (&
AR T Chelon affinis ) OEENERIT B LN > T 0D2EEL
T3, BELSLBEZAHINSEITYNTICHETCLEDDEEZILONS.

P EFE S, 199FESHBAIICERRE Y o 2w 7 AT DO KES. Ind g E
MOREBICED AT ONGEEEZ, 19964FEIH 260 I KRATE ST DK
FRIBnDORIEN SR > THMICE D HFEIS~49mmOH T B2 HREL TY
5
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%< ($B2%F2-3, Fig.2-8; H 3 &E3-3-1, Fig.3-18) , FAEIAITHICBIT 2R
EFRBTOEEOBRRICLD L, WEN T I 3R & FiE140nnaT 4 O # &
MEFRTH->7Z. INSOBREBRREEIEI-IOKERENS, IFEOERDF
RSHTEBEEHNRBCREL LD EEZOND. 2O L, FHET
19964F11H L1996 2 B IT/NBIEENEICE o2 2 L &G L TH D, BHRE
TORHREPRKRBL2AOTTIRERIIKRELZEERIEL T2 al N
. 728, 1995FORBREDFERICDOVWTIIREHICB T 2EmAEREE N
EINDN, ZHEMANEOERERENAATH 220, &, HHANLETHS.
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BAE ATIOREERE

HYIOBERAILIIENSHTY, BETREBARBROEENBKEINT
W3 (B1E) . BHOBAMBIZ~I10AT KEF - HEAREREWZ,
1999) , MHEBHAIXTFIRCPIERETHS. KFEHFEEL TR, IHHEHZC
LEERK OEFD, MEECETHHEERLTHRRET &7 Tw
5. KRFFICBWTE, 196TELSHYTIORENREBINEZ. 20%, KEK
OHK, BARTA XOKRECICH OB AN SI0EL EIThl> THIRZR#ST L,
BERZCEBNIINDHATVNS., 2ETR, BRNAEHEENT TSI LK
;D,ﬁﬁsﬁm@¥@ﬁ&aﬁﬁﬁ%ﬁdté.

4—-1 BEOHERE

WD TARBTCHTIBEZHRAEL-DIRI196TE T, HRFNERERERS
(BHAREREWYS) TEEINZAHaNGE0RRBEE, RETEKRE
(BfRmETh) ICHEBRAE L. 1968FE L 1969E DRI, Aoyt zEns
NAFA R, 200FBRTDEBREL TWS. A ZORKENBE->ZDIIX19T14E
MET, ZTANEATONRYEI G ARZFEIS~24nE THHEEFER L THWR
LD, BREBEEWITETH - (BXRE - A, 1973) .

TELBORBRFICBTA2HTIRA_ORKEK%E Fig. 4-1 ITRLE.
HWRBEGI SN T TH o720, 1974413815, 19764E121395. 05 &
ERMLE. ZHE, FNETHEBTRBRREEEEL TNWEON, FRDERK
BIMENVZD IR —OEBERENSE o7l &ILD. TRNS18IEE
TRAESNEERFETH 5228, 1982~19894FE iz —HMZhEAERL THEL
o, BBEEBILIISTEM SN, 1989F1TI13163.4FBICEL . 19904ELL
BRI, BEERRTHESENBEWI NS (B4EL-5-1) , 2EEI~BETY
MERLTHBELTWS., RERBEIIWEMOERIZH D, 1995~19984FEI12T0HF B
DEzEMREFELTVS.

BB, HABEOEEEEICDOWTIX, 19671~ 1ITERBEF NERE B XS
19T44E £ 1983~ 19884E 1T AR /KEL, 1979~19834F & 19894F, 19904E I H AR
(M2, 19FUBIIARMEERMESREEEL THD. ERRBBBEIL,
REHZ2EERE L RKRBETEE (REFH~WEIH#E) THokd, 19924
NS IIIBPROBERTHEORRZIT> TV,

4—-2 ﬁﬁ:@&ﬁ

—RRIC, MAEEEOLBRRIKREBRICKESHITSE. JITIERBNT

HAELEZAIBHEZTOEERR TSI LE "EEKRT L.
PEELEAIBEERRAY A XETERTS L2 “FHBER” &),
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Fig. 4-1. Number of released artificially reared fry of swimming crab in Osaka

Prefecture. Large and small sizes indicate = C s and C 1, respectively.

WRETERBICEZDAHICELLIRBAL, ECERELTRERNREDEEN &
WHNTWS (BH, 1976) . £/, EIATHHRBICEL VWHEEDH D Z
EVRBHSENIEINTWVWS (HFHHS, 1997) . £IT, KRBIZBITAHRBEEED
BREIZEEDDEEDIZ, BEERABARBTEEZSNSD FEX AU Repomucenus
beniteguri WL A2MA_OHABERZIT>T, AYFIOHEERRT M X EZ&H
L.

4-1-1 BBEEOHEYH

RERFIZBTDHTIRRBEOBEHRRAEIL, ITMELSERENT NS, T
NSOHET, A OHEEIT, 1980~1982E0HHEHE & F 00X B ICKREN A
T (CKBrAKRK, 1981, 1982, 1983a) , F/=, 1983, 1984, 1989, 19904 T
FREAFRTOBEWHEANT (CKBKE, 1984, 1985 ; F 4 #E4-3-2) RN
(Table 4-1) . MRBHT DO RIL, & X3 ITF Repomucenus richardsonii,
REX AU, N¥&FFX AU Repomucenus valenciennei*, A F > F R
Dictyosoma burgeri, & A/\Y Favonigobius gymnauchen, 7% 77 Takifugu
niphobles, 7 - 3~ A Hexagrammos otakii, 773 A Hexagrammos agrammus, 7
Bt ¥+ Nt Pseudoblennius cottoides, XA H VL1, £ HVLA Kareius
bicoloratus @ 1IABTHERAINZ. BRPEREHABALTVLAEDOE2E1T0mnO
NEFZFIXANT, IIRBDIBHET_2BRTWE., £/2, 2E45mO< a2l
1B~ —Z22EBHEAL TWE., MBI @EXxXIdF, 7HEeT7F
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Table 4~1. Predation cases of released juvenile crabs by fishes in Osaka Bay

Year Catching Species Japanese Total Body Instar and number
date name name length{mm) weight(g) of ealen crabs

1980 May 19 Repomucenus valenciennei*' HATATATE-NUMERI®' 170 ? Cit*t 91

Favonigobius gymnauchen HIMEHAZE 65 ? Cl
Kareius bicoloratus ISHIGAREI 62 7 Cl 4
May 20 Kareius bicoloratus ISHIGARE] 89 ? Cl

1981 May 26 Hexagrammos otakii AINAME 19 ? Cl 5

82 ? Cl 7

1982 Jun. 16 Pseudoblennius cottoides ASAHI-ANAHAIE 86 7 C3 |
Takifugu niphobles KUSAFUGY 11 ? €37 {ragment

1983 Jun. 9 Pleuronectes yokohamae MAKOGAREI 145 39. 1 Ci-2 26

Jun. 14 Repomucenus beniteguri TOBI-NUMERI 112 9.5 Cl 1

Jun. 17 Repomucenus richardsonii NEZUMIGOCHI 198 33.17 cz-3 1

Dictyosoma burgeri DAINAN-GINPO 201 35.5 C2 2

1984 Jul. 19 Repomucenus richardsonii NEZUMIGOCHI 213 45.4 C47 5

1989 Jun. 12 Hexagrammos agrammus KUZIME 14§ 50.5 Ct 8

144 41.6 Cl 7

Jun. 19 Pleyronectes yokohamae MAKOGAREI 185 88.2 CZ 2

155 51.2 €2 6

1990 Jul. 5 Pseudoblennius cottoides ASAHI-ANAHAZE 92 6.7 Cl 11

Jul. 9 Favonigobius gymnauchen HIMEHAZE 68 3.0 C2 1

*! This species should be corrected to Repomucenus richardsonii [NEIUMIGOCHI] judging from their habitats.
*? Cn indicates the n-th instar of crabs.

NE, 797 T7CERLNTHD, 2EIBmORXXITFOEN 534 S HE
SNDHITZNSEBRE I N,

Al - ety (1988) 13, 198548HIC, KRR FEOWEE (HiEd ~IFH)
DI2ZHFT, THEMASI00METRERT2AHLFREELZEBKEREEFTRE
WROEERICHANZ., FNiCLdE, LEODHTIHBADEEEEIIXL Y
RE (RXIIF+FEXAY) (0. 12B %, BEANE:0.198 /n?, 3K
LA 2010/ m*T, MOMBERIIHELSWN.03B 1L FTHhoiz. XX
YARROEEIZEANTEDEND, |BUZ0ORBEENEL, KE#T =
BENDILENS, KRFOMIERICBI S HTF I IcHTr2HAaEELT
RAERXy RENEEEEZ SN S.

4-2-2 FEXRXRVIZE3HIA-_OHAER

EEIBAMEAZOBEOERZNBRBEREEZSND 2D, KT XOBRH

HE * NFFFIAYIRAIRE T E I KE Ol EOREIC AT S - &
M5, FXIAFORAEEEL SN,
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WS o T, EOXI2BBEREOY I XM 2 EN<EVERDLINER
BI20ENRHSL. HAZOHABERRIZBEIZ ANTERZDWTITHH, £2&60
~T72mmD E ANTIEY =0 URHIOTEEHEREKITIC, (1WA Z) @ 7.5,
C::1.4B, Ci:0.2BEEINTWVWS (5H - #¥, 1981) . LirL, NS
DEFBICDONTIE, WS DORDERVBTOLNTVEILDOERNRT —FIIES
NTWizly (FEkR, 1980, 1981 ; BIFRRERE LY —, 1979 ; EHEH
KEL, 1980 ; JRB IR, 1986 ; fmEKE, 1981 ; hOomyARE, 1979) .
KRBICBITDRATTIOHEAEL T, LROLICIEIERINT
B, TORRXAyREREETHS. 2 XAy hEER, FELTFMISA (L
&Mk, 1964) , YHE, iRE, BR (AHS, 1979) , IaLERE (KK
R, 1983h) ZANZENONTNDY, KRETOHIA-HEBEHERDLENRN
BRI BREEREHEEINAIHTZABELS L TWAEEMNE L. LaLad
5, HEBICEITIHARFHES MR ThwARWED, LEORAyREDD B
KEREOHRBETEDEBEDEZVWIEXAJIZDNWT, AFIHT_OHBEER
Ziro .

e & h ik

198TEBA W KRIFM KERXBRFEORBNT, Ci~COATFIMHAZIIDNT
SRIETOFEBARERZ2T 72 (TNTNERI~4ETS) . ERITIIAEE
D300 RUB—FHR A bk (EEREL0. 4n°) 262 H . T OKMEIT200,
AKEERNREIMROE Z—J)LIR—ZATDORND, $1.5~2.00/7DHAKERST
B, EIZITPRERME. SimOBNKIcndEXIWHNTH D (Fig.4-2) . 26
MO 520 “"MEX” ELMEXXAVIBEMAZZRAEL, M "WHRK
T ELTHAZORBRALRE. MAZONEREIZ, WK &EOEHAKEDOEEK
TOWEDEL, ERIBIUVER2 501008, EERI . B ENE, EB4
BB E25RBICERE L (Table 4-2) . MEAZZNAEL TH S U4RHBICH Z 5

Filtered seawater

200 2 tank 30 ¢ tank

Fig. 4-2. Apparatus used in the predation experiment of dragonets on juvenile

swimming crabs. Dragonets and crabs were contained in 30/ tanks.
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B0, EoEEERDEHITEELE.

FEICH L REX A Y (Fig. 4-3) (&7H 308 27K 2E i 545 it O 1 e TH A
EDIEL, V) FFAFTIEREZXTO Y U — KR THE [/'Cldf:%@'f“.
No. I~ 10D KRINICINEA LBk D2 EiX118~1TInn (FH140. Imm) , AHEIZI. 2
~22.1g (GE3914.0g) , No. 11~20DKMICINAEL ZEAE D2 &KIX108~182mm

(E$9147. 4mm) , AHEIXT7.3~29.5g (FHI1T.6g) THole. 2R EKEDOMER
BRI TREINE.

W=3.56X10"°- TL* *" (r=0.952, P<0.001)

CZTWIHEE (g) , TL /‘h (mm) THD. 2B, 00 KMADHREX A
D DI ERIBAGATE OSAH T, EHIEEBRLIOMICHUHL TETCL LI

Table 4-2. Synopsis ol the predation experiment of the dragonel Repomucenus beniteguri on juvenile crabs

Experiment Waler Contained number of dragonet and crabs
number lemperature
(9] Tank No.l-10 Tank No.11-20 Tank No.21-23 Tank No. 24-26
1 23.9 - 24.9 dragonet 1 + C1 50 dragonct | + CI 100 Cl 50 Cl 100
2 24.2 - 26.4 dragonet | + C2 50 dragonet 1 + C2 100 C2 50 C2 100
3 24.9 - 26.4 dragonet 1 + C3 25 dragonet | + C3 50 €3 25 C3 50
4 25.2 - 25.9 dragonet | + C4 13 dragonet | + C4 25 C4 13 C4 25

Fig. 4-3. Dragonet Repomucenus beniteguri used for the predation experiments on
juvenile swimming crabs.



BEBREAEIEBDEUCEAZFH L. REZERBBOUKMATI DTN
o, Tk, MAZWBKERBRE CEMEELELKETHHEFTRFODDT,
£ OFE (50 LI EEHED X Table 4-3 O@BOD THH =,

#E B

FEXAVIBYEDUREOBERE MEMRICSDIWVWIIE > THEIZIZ
KEBAEZETVWSBEERTH MR CHEEDDBEENTBD, ERI~ITHEHE
FUTKOBERHICEAZEED RSN, Table 4-4 KEHEEBRKITBI 2245
MBOAEKREREFETCERHEBLIOHEBADOLEZRLE. 8B, SH5WEED
BEICEDERRBMMNUEEZBA D0 H o0 (BAR817) , BiBKHEA
OEETHNZEAER SN ANl Eh B ERITORL>. £, EEB
QCPBNTHA I B HEE ORI ZORENR SN2 KENIEH - 208, Fh
S5DKEDT—Z IR L 2.

HAERICRISEBERIIERI~3TRIESDENKREL, AAIEERIDS0
BRTIHARBRBAERES VWA INITEEFZEAERILLTVRRENBOD
Hohl., TNCHLUERITHEXR EBE LR IZDOTHATHo 2. FHEXITH
F2ERBEHIEIFE—-RATOESDODEIE/NEL, EHIINERKDTS.5~96.0%
THok. £, HERBREREBEERBEREDDRSEEHIL.IBEUTTHoZ. —
., BEEAEORT, EBRL6.6~11.2%, FEE2:34.5~44.6%, EBRK3:
18.8~52.4%, EE4:0.0% T, BRIEITEHNBRXOAIHERIDENWND
H0IEIFIEELL, EBR3TIIHBERAHER XL DEMN - .

HERRIZBIS2WEIIHEBELIEZBAVNEAIZLSBDEEZONDLZD, EAN
YOEF (5H - #F, 1981 Wy, XRLDIBYEZD URHOBERK %
BHLZ.

HREK= (WHREKAEREBE+ABXAETER
- (MERLARER+HEXKIETER)

HEREE, ERICHWEZIMEIXAVOEEE{AE ST Table 4-5 IZ;RL

Table 4-3. Carapace width (mm) of examined juvenile crabs
in the predation experiment

Instar Range Average Standard delviation
Ci 4.1 - 5.4 4. 86 0.28
Ce 6.4 - 8.9 7.63 0.39
Cs 8.6 - 12.5 10.96 0.82

Ca 13.1 - 19.3 16.29 1.19
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. ERIOBARBRIISVER TEY6.48, BE4s. 18, 100BX THEHS55. 8,
BEE.TREAZIVWHEZRLEY, THXOFEHBABKIIKRESEEZ-> T
EEUIBVWTHHBRERIEEZL, S0BRTIRFEH. 1B, mE40.52, 100EX
TIZFEHE22. 48, BE60.5ETHD, MROEHIFEFLN ok, £z, ER
SDBRERX TITEYI. 3B, @HN0.0~10.0B T, CsRHATHHEVHSNTH
25, S0EX TIHEYNEADOHEIC/Z-> TR OVBBEOEEIAHTH > 2. EEid
TRERREKOHEEIZISERT-0.7T~0.38, BERT-1.7T~2.3BELMX & H0
DifETH- 7.

FREXAUDHKEDENVWRZEIZ2HERRBEOEL HEEHTIAKDORESITX

Table 4-4. Numbers of survival and dead crabs and ratio of molting crabs
after 24 hours in the predation experiment

Experiment Number  Contained Number of survival crabs Number of dead crabs Ratio of
number Section of number moiting
tanks of crabs range average range average crabs (%)

1 with predater 10 50 0 - 46 18.0 0 -1 0.3 7.8

10 100 2 - 98 34.9 0 -8 1.0 6.6

control 3 50 43 - 47 44.17 0 0.0 1.2

3 100 88 — 95 90.7 0-12 1.0 7.0

2 with predator 10 50 4 - 34 20.9 0-1 0.5 38.3

100 16 - 17 55.1 0-2 1.0 34.5

control 2 50 47 - 47 44.5 0 0.0 38.2

2 100 77 - 80 78.5 0 0.0 44.6

3 with predator 10 50 14 - 24 20. 6 0 -1 0.1 52.4

10 100 28 - 50 41.6 0 -4 0.8 38.9

control 3 50 23 - 25 24.0 0 0.0 18.8

3 100 38 - 43 40.7 0 -1 0.3 35.2

4 with predator 10 50 12 - 13 12.7 0 -1 0.2 0.0

10 100 21 - 25 22.9 0 -2 0.2 0.0

control 3 50 12 - 13 12.3 0 0.0 0.0

3 100 22 - 25 23.0 0 -1 0.3 0.0

Table 4-5. Number of eaten crabs by the dragonet in 24 hours in the predation experiments

Contained Number of eaten crabs Total length Body weight
Experiment number per one dragonet of dragonet (mm) of dragonet (g)
number of crabs

range average range average range average

I 50 -1.3 - 43.7 26.4 18 - 171 140.1 9.2 - 22.1 14.0
100 -6.3 - 88.7 55.8 108 - 182 147.4 7.3 - 29.5 17.6

2 50 9.5 - 40.5 23.1 118 - 171 139.6 9.2 ~ 22.1 13.9
100 0.5 ~ 60.5 22.4 128 - 182 151.8 11.9 - 29.5 18.17

3 25 0.0 -10.0 3.3 118 - 171 139.6 9.2 - 22.1 13.9
50 ~3.0 -~ 13.0 -1.4 108 - 182 147.4 7.3 - 29.5 17.6

4 13 -0.7- 0.3 -0.6 18 -~ 171 139.6 9.2 - 22.1 13.9
25 -1.7- 2.3 0.2 108 - 182 147. 4 7.3 - 28.% 17.6
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DELTDEFEINDZD, PEXAVDOKREEIHERROBEGEZH N Fig. 4
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£B (Fig.4-4, C1) THAREBBREEBEDOZNHONLVA, FELLID
BRHDHREGNE. TS E2RITIIEFEUHEREIINNEK  38.8E, 100K
2196 ERD, HEERRREABIZANDSTIEE-ETH-Z. ZOEEHR
EHIEIHXEBNERBDOSHBVWRZELFIWVWEZHDODE6.8%THD, KHEWN
DHAZDEIBHEEIN TV E.

£82 (Fig.4-4, C:) TiI, HEBEEKOBWMIZDRWINER D28 % KT
fXEBFERMBOEANR SN, AEOEMELBHICHBERD EIMLTVWS
HOBERIIAR (RPOER) TEbINEZ.

PN=1.92W—4.25 (r=0.743, P<0.001)

CZTPNIHERE, WEPEXAJDHEKE (g) THD.
EE3 (Fig. 44, Cs) DBERICBNTHREOHMELDIZHBEREKDHE
mysEEMAE SN, MEOMRITAR (KT OERE) TROEINZ.
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Body weight of fish (g

Fig. 4-4. Relationships between body weight of fish (W) and number of eaten crabs
(PN). C1-C 4 indicate instars of examined juvenile crabs. Number of crabs
contained in the tanks are @:100, O:50, A:100, A:50, W:50, O:25, %25,
Y113, respectively. Regression equations are shown below.

C 2: PN=1.92W-4.25 (r=0.743, P<0.001)
C 3: PN=0.533W-4.08 (r=0.782, P<0.01)
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Table 4-6. Carapace width and body weight of juvenile crabs
(0ita pref. shallow sea fish. exp. stn. et al., 1980)

Instar Carapace width (mm) Wet weight (g)
Ci 4.7 0.007
Cs : 7.4 0.028
Cs 11.2 0.095
2r
AA

Weight of eaten crabs (g)
T

0 i WY 1 __& J
o] 10 20 30

Body weight of fish (g)

Fig. 4-5. Relationship between the body weight of fish and weight of eaten crabs.
Symbols are the same as in Fig. 4-4. Solid and broken straight lines show
regression lines for C: and C s, respectively. A shows the maximum
weight of eaten crab, B shows the maximum ratio of eaten crab weight to
fish body weight, and the curved line indicates the estimated maximum
weight of eaten crabs.
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PN=0.533W —4.08 (r=0.782, P<0.00)

UL, 0BRKTIRESOENKRELMEOHEF{IIAHETH > 2.

EB4 (Fig.4-4, C.) THEAROEOEKEDHEAELHBEREIIICEN S .

FEXAVDEKEOEVWILIAHAEBEROE({L ERTIEHEI-—OKEIZHE
LTwignd, SEAVWEZHAZEEERERZEAEEFLNC . ~CORER
MBS NI > TWAT (Table 4-6 ; Kao@EEaiEn», 1980) , 20EZH
WTHREXAYUDOHABEREZ RO, COEZERI~IOBEBERENEDH DI
DWTHEL, PEXAVDREELOEBEAZDN Fig.4-5 THBD. 2EZ
HICKRDEEIBEHBICIOVWTHAERKZRBEERICEHBLLEZDBDEC., CslTD
WTENENEREBRTRLE. \

HAEERIZ, HREREREE, C:ECsTRMEXAUYDEKEDHEMEEDBIZ
ML TWSED, CikDOWTRZOHEAIFRE SR, £k, EERIIC D
FMCs LD KELZ>THED, CUHFMEXAYOEEN20U LETRERAXRES
Ca, CsELD/NELRoTNS.

—7%, BAREROEAMEIZL.69¢T, ZHNIEAKELD.HEDREXAYVDC .HE
BEETHo7=N (Fig.4-5, AfH) , ZOHEBIEC . TUHIEBRITHYTS. £/,
HWEEBOKEIZH T A HOBEAMEIZT. 8% T (Fig.4-5, BA) , KEIIHTS
HEEEOREAEIINPOMBRTEINS.

% £

AOBBHEHRIIDWTIEIviey (1965) , AE (1968a,b, ciZn) DFHAHFEN
HO, BEHBTCREARERNZETLHIENHESMIZR > TS, Ivley
(1965) BIEHEBLEHEFEEOMEFBEHSMILEY, ToOEFARNIT, BHERED
B EEORVWKIIBEORME EBICHEMT SN, HEFENES LD EBE
WER> THEMILRLFOBEIEIEABHEE (BER) ITEODW TN EER
N5, FPEXRXAYDOHEERIIBWT, S0BEXEINEXROLEEHARBREIIZC.,
TIRKESERDC.TREFEZELI-EMN, ZOHREIL, C.OERTIZHERE
ERE<HBCELTWAENP>EZDOIIHL, C.O0EXRTRENEENEN> &
FOBMEBELTWEZEERBLTNS. G (1968c) IHAOEKELIHERED
BIRIT—RATEHRDLINDERXRTHED, PEXAYIZENTHCECIZDWN
TZOBEERARSNTNS. £, BEERIICOAHNC:EDKENERNE
SN, EODE X (Ivlev, 1965) DEWIIERTSLIICEDND.
SHEOERTIE, OEBRFIHELEBEERD > /-8, QW ORI ENTEHE D4
EHMTHOIWERLOKREN A, QADEN (A, 1968a) , OKEAFEM
(G, 1968b) FICHEOH o TZmREENH B, FEXAVIBC. ~C:%2H
BLCIHBLARWYL, i, IBYEZDUEBHOLEEHHBEREIZC ., 1 719. 6L
E (I00BR) , C2:22.4~23. 1B, Cs:3.3B (5EBK) THsI LS
Wizo/l., ZOBREIZEANY (2E60~T2nn) OC. : 1.5B, C:: 1.4,
Cs:0.2B (5 - 8k, 1981) SHBLUTHEREICKEWVWETHD, HUIHS

-59_



SIEHTAREIAVDODHBNRKENWIEZRLTNS., £, ERICHWEE
ANEOEEN].5~IgRELHEINZENS, BUKELLEZDTHFEX
AUYDENEESTNWS.

KRR BECETFERNZWZ2DHY I ORRIZPERTIT > TWaN, £IIZ
WHYIOHBATHIRAYyRE, EANTYEREZLIAHLTHED, TNH60D
WEEIT19854ESH OFAETIE R X v R0 12B/n%, EANE0 19B/n*TH-o 7z
(Bl - BEL, 1988) . SEIOERIIH 4n° DWW ARICH T - 28 EEIZR
BLTITo2720, EBOKBBICBNTHOHRERICIIIOL DI REEILRS T
ENREZSND. HAEBROELHHREREAROMABNIREEREL T, B
EEYT-DOHETEEREZHET D E, R Xy REEEANTEOR - H42D
DHEREEREIZGEH T, Ci:11.0BEE, C.:3.0B, Cs:0.4BERD,
HMBRHEN IR T H2HABTE, HFICCTHTHIHBENKRENIENEZLS. C.
RCIIZDNTD, HEFEFTOHECHIN-—OEEZEZEZISEHBEN NI NE
BEZARNWDTIZRWEA D .

AT, 2EONHVFIKKER OKET - Hikt, 1999) 2R3 &, #AG=
DY A Xidd~5mm (C1) 2367%, 6~8mm (C2) 7%, 9~12mm (Ci:) 217%,
13mmEl BEI3Z9%B TH o7z, T ZOKHBEY 1 XD T, CiTREBEBNKEL
(BEAKRIZN, 1985) , EANEHEBENSEZEZ S ECULENHRERNT (5
M- 3, 1981) , BREACHEENSEZXZECULENEEL Y (EMA
BHAKEL, 1983) &SN TWS. LahL, KERFEHEROLDIIZTFEN2<HE
BOZVWEETIE, 2EROBERZSNICHARBIISCOBENESNTVWS
(BB4FEA-2-1) ZEMNS, WHAETI ZEFHEBEDIFEAERNC L ERN I NEE
ZoNd. N, FrOoNZAKBETOFRMBERIZEBEVWIERICAZD2D C M8
BETHD (LomgwAR, 1979) , 3> U— A TREBEVWTHEEZ &I
FIE/28P T2 (BER5, 1983) EhbhTws, £/, Cua~CsETEHERK
THEERMBEORMLEBLHEE O DD RFERBEOBERIZDRNB L (BEK
AIEA, 1985) , WBRICHBEDLZ NI ENHELSNITA> TWEED (B4 E
4-4) , C.THRRTH2EBITIIHHERBEMOM ENfR &5,

Iviev (1965) V&, BMOEBHEHIIIMEHNEEICIDENLRL, EROEAYNELE
TOBEHEEMEEIEDBIICLOE(LTRERNTVWS. 5T, WRHTFIIC
HTL2HBEERDHA_OTAI XPHBRAOEERL T TRL, MIZOBEDMD
BHAYMORIZE > THEDLBIRETTHS. £/-, HIHOEBVLEEDHOD
BOXEZ2205 (HM - B, 1973, 1974) . ZOXSIT, RESTOHHT =
DEBRIZEBZ<OERNERL TVLAHDEEDNS. ChS0ERIIERICE
DELZRHIZEDENETFNELRDIZD, FREEDLETEDAEBRENS I S L
IBHBRT A X ERREREZRD TS LENDH B.

4—3 TPHER

AFIOHRBFAXELTIR, EERIHSEBEOLDZTHRTRIBHT =T
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BWEBRENESNTWSN (IS, 1976) , KRB TIRBREXIELE LA
EEZELRRVWED (F4EL-5-1) , SBELITIMBETHHEBTRTHILEND 5.
FRITERICIE, BELE/AKE, BEBRWHE, NEEEHE BAKMEOBRIAHNSN
TWBD (FEAKFRITH,, 1985) , T TIE—MMRELKESEBLENETOD
FHERD BV, BESICDWTHRFATS.

4-3-1 B EKETOFRER

1976~ 1984 I IF M BARE R T, BLAKETONTI FRIERNHEL S E
HENZD, BHBEFAICBITDI~MBETTOEEEREILII.EXTH D (EEAKH
A, 1985) , MK oBMMIcETOmMENLEEINS. HH I O RHFHRE
OBFEIIE, NEABHOKIEAICEI 2 B0 (FEARIFEHN, 1985 bHHH,
BNNBRAOEREEZ SN, HM - BH (1973, 1974) BHEAEVWABEKER
WENWZ &, BEENTHTHHEVWNEZDB I EREZHLNIZL, O/
CIEIEENEORBERLEERRTNS, EHEL4HES (1986) 1, HAEWRIE
WK EANDHEMORE, HFIEBHMANOERENEFI THL I L2RLE.
FIT, NBEMELBICREBETAI LK DERREZR LW, BEEAHIIBT
ZHEERFEOHELER - -,

MeE R

19854E 12 4[B1, 19864EIC 1M, 19874 2ME, 19884 2[E, FENIE, BE /K
THEEFERZERLURE. TOBEZR Table 4-7 KR LAE. A#iZnwiInsa >
7~ FET, GHIZEAN, HEE IMIZBERIZHD, TOEREILI~T5ke T
HDH. BAKHIZEHA—ONEMELT “T57 2RELEZ. 75 (Fig. 4
6) ERRVIFL U OMMLHEEBBOLSTRNANAEDBDT, ERIZI2en, £
1.5 THh5H. ZNZE1985FE L 19864F 131k o BmD5AFTL, 19874 & 19884F (31
ko MEDSRETTHEHITEEITIA kL ITRBEDLERL .

EREBICEIARKATHEBEELZ GBI 24HAL, NEFEXEEAE
ERRAZE S 1986FEEZRNWT0.7~2.3ke & U7z, fHBEICIEZHA<TWL &
V)FFAFTIERAW, IHICHEAEEREZZ3E (19864 132E]) ITHTT
RELLE. MEKIAEBAKOTAE L, HKERITI9854F £19864E1L50%, 1987
FEEI1988FIT100% & L. 72d, KIBIZEBIRE & 4RICHIEZ TV, NEKE
WO ETROETZOFKIIERE (BNEEYZD0RBREDOSIEEIL) ITX
DiT-o 7.

HREER
MAZOFERERZE Table 4-8 IR, ERPERICEDENKZT NN, 9~
LHEMOERTI~SH T = (4FEHER) TTREL, £ERRITI11.4~48.8%
(EH2T.1%) THhole. ZOERRIIWFEMBERELIIBTHEEMEI.8%
(BEARIED, 1985) XDRREWL. LALAEMNS, REEMEESFETILS
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Table 4-7. Synopsis of the secondary rcarings ol juvenile crabs in concrele lanks

Tank No. Number of Instar ol crabs ;rabs number Density
Year No. Period Days (capacily) Brushes" at the beginning at the beginning of crabs

(density) (x10" (x10/ke)

1985 | Jun.26 - Jul. 8 13 I-1 (46ke) 232 (5/ke) MI12%, Ci84%, Ci12%°? 51.0 1.1
2 Jul.22 - Jul.30 9 H-4 (15ke2) 75 (5/ke) Ci73%, C,27% 11.2 0.7
3 Jul.22 - Jul.30 9 H-5 (15ke) 75 (5/ke) C80%, C:20% 4.9 1.0
4 Jul.22 - Jul.30 9 H-10(15k ¢ ) 75 (5/ke) Ci75%, C:25% 29.17 2.0
1986 1 [ Jun. 4 - Jun.26 23 - I-2 (46ke) 232 (5/ke) — Ci100% 2.6 ] 0.1
Jun. 7.- Jun.26 20 -J “ Cil00% 3.4
1987 | Aug. 4 - Aug. 1T 14 G-1 (75ke) 451 (6/ke) Ci34%, C.66% 60 0.8
2 Aug. 4 - Aug. 17T 14 G-2 (75ke) 451 (6/ke) Ci18%, C:82% 54 0.7
1988 | Jul.22 - Aug. 1 11 G-1 (75ke) 453 (6/ke) C,100% 166 y it/
2 Jul.22 - Aug. | 1] G-2 (75ke) 433 (6/ke) Ci100% 174 2.3

*! Brushes (Fig.4-6) used as the attaching malcrials for juvenile crabs.
** M and C. indicate megalopa and the n-th instar of crabs, respectively.

Fig. 4-6. Brushes used as the attaching materials for juvenile swimming crabs in the
secondary rearings.




Table 4-8. Resul! of the secondary rearings of juvenile crabs in concrete tanks

Year No. Crabs number Average Total amount Instar of crabs Crabs number Density  Survival
al the beginning temperature of diet at the end at the end (x10/ke) rate
1985 1 50.0 x10° 23.4°C 12. 0kg C:22%, Ca78% 7.0 {0 0.15 13. 7%
2 1.2 26.6 2.3 Ca23%, C.75%, Cs2% 2.6 0.17 23.2
3 14.9 26.6 3.2 C:36%, C.64% 1.7 0.11 11.4
4 29.7 26.6 6.2 Cal 7%, C79%, Csd% 4.8 0.32 16.2
1986 | 6.0 21.9 12.5 Ci63%, Cs37% 2.3 0.05 38.3
1987 | 60 26.6 96.6 Cidt%, CsH9% 18 0.24 30.0
2 54 26.4 92.6 C:56%, Cs44% 11 0.15 20.4
{988 1 166 24.5 52.5 Ci65%, C35% 8t 1.08 48.8
2 174 24.3 53.5 Ca69%, Ci31% 3 0.97 42,0

BETOERPZNDICHL, SEI4BEARTHD, REOEMTRBE &
WHEILCEADT 2 (BA5, 1983) Wb TWwa I EnsS, SHEOERRKD
DUAHFRBENZ LS. FITII8TEIBLR DA~ E TTI0.0%, 1988FED3I~
ARRETT42.0~48. 8% DBEFIIRIFTH o7z, 1I88FITBNTIE, NEEBEMN
2,200~2,300 ko E@EdoZilbBEb5T, BEREE (BARELZD DO
DETE) BIT0~1,0808 ke EE@do/z. IFREOCEREL T, SHOHE
WHD, fEMZZEIC O~6K k1) RELEIECLDEEVWNERIN
Tl EMEZENS.

RiZ, WEAEAROHEEGEER TRORAEZALDE, SHOERRBLEEFE
(B BEELUZDOAEER) 32 hF8, 19854E : 2.3~17.2%, 500~2, 400,/
ko (BEL - A, 1988a) , 19864 : 0.3~0.4%, T0RB. ko (R -AL,
1988b) , 19874F : 4.5%, 1,500@.“ko (FAil - B4y, 1989) , 19884 :17.2%,
4,500 ko CHI, 1990) ThHo7. 1988FELUNEIARATHo I &M, H
MEBERICBITDERRIIEHEERBEIMBABEL TOWS I ENRBEINS. T/,
1988 FITIIE B AR PICEENERPVE S EEL TWEI LB ERRIIEEL &
AIREHEN D 5.

SEBHLUAEBHAEIIOTNTHEDT, ZOEDRFENRE S ITHB T
. PEMOE (FES, 1990) , WAFE (BLS, 1997 , BB (RE -
B, 1998) HIZDOWTHMHL, BEKEIIBITZIDLINERFEZERET
LRHERHAD.

4-3-2 | EBEWHETOPEER
KRBT T2 & 1982~ 19844E I L WHIC R 2 H P I O PRIk & £
U7zas, 19T28 3V L, 1982~ 19844F 1IR3 A2, 1~10. 6% &K >

o (BEAKEED, 1985) . EAKRBEORRKE L TIE, FBHEEROREE, MAr
SORTCBLVEHEOENARBRENZZ 5N (KK, 1983a, 1984,
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Fig. 4-7. Sandy beach where secondary rearings of juvenile swimming crabs were
carried out in 1989 and 1990. Shaded areas show the sites of netfence, and
numerals show the depth (m) from the low water level.
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1985) . FD%IE, KRN KERRE TEESN=MEH 2B LKETHREK
(54 F4-3-1) LTHRAEL, ERPTERVESCRERERRZT>TEL.
UL, 19894E &19904E I3 ALK EE ARG BREEEL >y —BRTHEL
FOKERBRE COREEENTERY >k, BARBBRERRTEEIN
FEMNEELHAOCETTEERLKR 2T 2. AETRIO2FOFHEK
THROLNTZHRITDNWTHRENSD.

MEEH®

HIR 1989 36ASHA~6A24HOITHH, 1990FIXTA4B~TAITH D 14HH,
FRIERZITD 2.

B RETESEEEMNOBREICEVWVEEZRELE (Fig.4-1) . RESA
ERTEICEERIRO D DWIET, KERIMMEREZETH0. o2 5 — 1. In&E<, K
BT I3 R30% S F EA%% . EEITREIO~400unO MBS T, D/ U D1
BRZ<EBTBLTNS.

B 1,200m% (30mX40m) AN T ARBEWH (Fig.4-8) % 19894
6A3H, 19904 I36A28HICRELZ. HWHEILWME 2004 (#B2mnf) , HE3n
DFA4ALTyvEIHEOERIIAI N TR, FTWHIFz—ZROMATTZD
DT, FANT o RAEMBHOEIET7 7 AF—TROEBTULANTREZ>THO,
Fr—R Pz bRITICEDKI0cnDESITHRLE. £/2, HAHORNE
TIRMAEMEL T25nX D220 (FHEIL. 6onfs) F1 02Ty RIMKEET
L7z.

BY PHAREARENLAEBERZYETEEINLEC . EHERLE. EHBEEL
B3, 19894 : 4.8mm, 68.5/4 &, 19904 : 4.6mm, 59.0FEBTH-o 7.

Attaching—net

Anchor

0il fence

Netfence (200 mesh)

////

Fig. 4-8. Structure of the netfence used for secondary rearings of juvenile swimming

crabs.
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EWEER AWTEE (AOEZERORM I, 7% CREHFET b
A, BEEFREEGX) &19894(L6ppm, 19904E 13 20ppmic 72 2 L DB L,
BoAmPH 2P WHETRERBLZ. WMOERLITDWTIE, 19894FIZ6HH &4
FE0EER, 1990FIZ6ABEESEORAERIIPVASCSTYATHRBIZED, &
a0 —MIIHELLENETMEREL 2.

N B, NANMPBORREFEXGZHRELUEBREBICEHEELE (Fr
BRI bowr kD, MEBEBICHEAKLI kL ElkeDEROYIIZY
AT TBLUE. BMETHOMNTTER, Y1 713 BRI NWHETHN
MANICINE L., WNASBEIZII8EIZSTIE /n?, 1990F13492E n*Th - /=.

B 199NV IEARSER (A <IVEes, 75) 2EHL,
HSDOIALE, 1HYS7=0FHEBEKEDIN% KRR AOHETHEMALZ. 199041
Hw & —THM G LEY / FoAF7I2HW, 1H2E, RAOOIBHEIET
REEKEDLI00%, 40 BLUUBIZ00% 2 RBIBEETREL .

BHBOE/E 1989FEITEREBEL, 5, 12, 150 HDEM4E, 19904E132, 6,
12HBOE3E, o ELERL . FAEXIZ, FEVDICED, EMmO. 25in*K
E2THE A (MHREERMED0.6%) , #Hs0cniEs s AT (HtheAkD2.9%) , B
LT EMSOcntES H AT ((IEBEMED2.0%) WHEBTHIHT-_OLKEHERBE
L. EEICDOWTIE, 1989F 02, 5, 12HEHORETIE, HAESAMED
T UDEFTLTWRWEFIZ0cnX50cnDE E/N 1 TR G4 (Fig. 4-9,
A) ZEE, FORAICEBTAHA —_21E30cn, #E2mOP N H (Fig. 4-9,
B) THELEZ. ZHNIZTHLUIBIEDISHEEI1INEDRE T, AESMIET
F37 ) DEFRENREW AR, 50cnX50cn, &S [0cnd &R E S #
P: (Fig.4-9, C) ZEMEIT3~beniFLIAA, I/ UNEFL TWSKRIEAE

A

Fig. 4-9. Quadrats and scoop nets used for investigations of the survival rate of
juvenile swimming crabs. A: quadrat made from vinyl chloride pipes, B:
scoop net without edge, C: quadrat made from steel plates, D: scoop net
with edge.
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LTWBHAZ 25 E LN eAd U 2kEL, W25icn, ME2nmnTREIEITLS
nntg D H D= (Fig.4-9, D) TRORNMZ, TN Z2<KR3
EFTHORURELZ. £, ML, [AEMICDWTIRIKIZDE SR
REAEL AT D, Ewmhd FmAEBHBICEZEL L.

BE BEOWHEOT 7 AF—Z2BEKRLMARETF -2 2BETH EITE DK
ok, BB, AN T A, [FEM, T, 1989FITHHBMEDT
H#, 1990FEIX8HBICHEL -.

& 23
AWHANTEBINEAREIAZE HLWHEATERB IO ZABEEAZEZ
Tables 4-9, 4-10 27" L 7=. 19894F (Table 4-9) O EMEERFRFICIIAEINE,
l.1kg, AZ#UE, L ke Ni. LrL, ZOREY I HOZENN
IOl ELNELL, FBEUFAERICEANENEZLASN (WIEB/
WREBLTOWEEHEIND) , fITHT 1A, 2TA, £ HZ Chary-
bdis (Charybdis) japonica ZWNEEINz. SHEOFAERZIIEREINZDIZL

Table 4-9. Fishes and crabs caught inside of the netfence in 1989

Total length Individual number Vet weighi (g)
Species name Japanese name or carapace

width (mm) Rem. ”'Inv. *?Total Rem. Inv. Total
Etrumeus leres URUME-IWASHI 37- 49 23 - 23 [1.5 - 1.5
Syngnathus schiegeli YOUZIUO 242 1 - [ 6.3 - 6.3
Chelon affinis SESUZI-BORA 17- 20 2 - 2 0.2 - 0.2
Sillago sihama SHIROGISU 39~ 51 18 - 18 8.1 - 8.1
Repomucenus beniteguri TOBI-NUMERI 116-128 2 - 2 24.4 - 24.4
Pholis nebulosa GINPO 80-142 9 1 10 45.6 5.3 50.9
Ditrema temmincki UMITANAGO 50- 55 4 - 4 6.8 - 6.8
Favonigobius gymnauchen HIMEHAZE 40- 175 6 2 8 9.5 2.2 1.1
Sebastiscus marmoratus KASAGO 101 - 1 1 - 16.2 16.2
Hexagrammos olakii AINAME 106-148 6 [ 1 157.9 40.6 198.5
H. agrammus KUZIME 111-149 4 2 6 120.9 92.1 213.0
Furcina ishikawae SARASA~-KAZIKA 40 | - 1 0.9 - 0.9
Pseudoblennius coltoides ASAHI-ANAHAZE 38- 92 7 1 8 23.4 2.5 25.9
Paralichthys olivaceus HIRAME 29- 47 3 I 4 [.6 0.7 2.3
Pleuronecies yokohamae MAKOGAREI 74-180 7 4 11 429.5 156.0 585.5
Kareius bicoloratus ISHIGARET 44 i - 1 0.9 - 0.9
Heteromycteris japonica SASA-USHINOSHITA 68-115 3 - 3 42.0 - 42.0
Paraplagusia japonica KURO-USHINOSHITA  123-245 6 - 6 227.1 - 227.1
Subtotal of fishes 103 13 116 1,116.6 315.6 1,432.2
Portunus (P.) trituberculatus GAIAMI 70- 81 - 2 2 - 50.7 50.7
Charybdis (C.) japonica [SHIGANI 36— 94 24 50 74 1,399.7 4,025.1 5,424.8
Subtotal of crabs 24 52 76 1,399.7 4,075.8 5,475.5
Total 127 65 192 2,516.3 4,391.4 6,907.7

“! Fishes and crabs caught during the removal of predators.
*2 Fishes and crabs caught during the investigations of survival.
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Table 4-10. Fishes and crabs caught inside of the netfence in 1990

Species name

Japanese name

Total length

or carapace

Individual number

Body weight (g)

width (mm) Rem. *'Inv.**Total Rem. [nv. Total

Konosirus punctatus KONOSHIRO 24- 34 23*% - 23 3.8 - 3.8
Etrumeus teres URUME-TWASHI 68- 81 13 - 13 37.4 ~ 37.4
Pilotosus lineatus GONZUI 144-149 2 - 2 73.4 - 73.4
Anguilla japonica UNAGI 633 i - 1 400.7 - 400.7
Pisodonophis zophistius HOTATE-UMIHEBI] 439 | - | 50.3 - 50.3
Syngnathus schlegeli YOUZIUO 80- 99 5 - 5 0.5 - 0.5
Chelon affinis SESUZI-BORA 18- 37 17 - 17 4.5 - 4.9
Sphyraena sp. KAMASU 47 1 - l 0.4 ~ 0.4
Lateolabrax japonicus SUZUKI 59- 99 3 - 3 18.0 - 18.0
Pagrus major MADAI 51 1 - | 2.0 - 2.0
Sillago sihama SHIROGISU 117 1 - 1 13.4 - 13.4
Repomucenus beniteguri TOBI~NUMER] 21-144 9 - 9 109.9 - 109.9
R. richardsonii NEZUMIGOCH!I 49-213 5 - 5 108.3 - 108.3
Pholis nebulosa GINPO 36-128 90 [ 91 321.1 4.0  325.1
Neoclinus bryope KOKE-GINPO 31 1 - i 0.2 - 0.2
Ditrema temmincki UMITANAGO 60- 17 12 - 12 44. 8 - 44. 8
Favonigobius gymnauchen HIMEHAZE 24- 86 133 9 142 231.3 12.9 244.12
Chasmichihys dolichognalhus AGOHALZE 19- 33 14 - 14 2.6 - 2.6
Sebastes inermis MEBARU 54~ 69 16 - 16 55.6 - 55.6
S. schlegeli KUR0OSO1 38~ 43 4 - 4 3.6 - 3.6
Sebastiscus marmoratus KASAGO 47 1 - i i.6 - 1.6
Inimicus japonicus ONIOKOZE 131-133 2 - 2 92.4 - 92.4
Hexagrammos otakii AINAME 140 1 - | 35.4 - 35.4
H. agrammus KUZIME 112-156 10 - 10 382.9 - 382.9
Platycephalus sp. MAGOCH] 157-221 4 - 4 158.9 - 158.9
Chelidonichthys spinosus HOUBOU 108 1 - i 12.8 - 12.8
Furcina ishikawae SARASA-KAZIKA 44- 84 23 - 23 87.9 -~ 87.9
Pseudoblennius cotloides ASAHI-ANAHAZE 57-109 30 3 33 194.9 14.9  209.8
Paralichthys olivaceus HIRAME 33-212 19 1 20 191.4 I.2 192.6
Pleuronectes yokohamae MAKOGAREI 71-204 31 3 34 176.7 43.7 820.4
Kareius bicoloratus ISHIGAREI] 88-120 11 1 12 201.2 10.0  211.2
Heteromycteris japonica SASA-USHINOSHITA 61-139 19 - 19 128. 4 - 128. 4
Paraplagusia japonica KURO-USHINOSHITA 88-263 47 - 47 1,345.6 - 1,345.8
Stephanolepis cirrhifer KAWAHAG] 49 i - I 2.6 - 2.6
Takifugu poecilonotus KOMON-FUGU 128 1 - 1 43. 8 - 43.8
Tetraodontidae sp. FUGU 17 2 - 2 0.0 - 0.0
Subtotal of [ishes 555 {8 573 5,138.3 86.7 5,225.0
Portunus (P.) trituberculatus GAZAMI 90 - 1 1 - 41.8 41.8
P. (P.) pelagicus TAIWAN-GAZAMI 73~ 91 2 2 4 51.1 93.2 144.3
Charybdis (C.) japonica TSHIGANU 22- 83 43 29 72 1,394.6 910.0 2,304.6
Subtotal of crabs 45 32 7T 1,445.7 1,045.0 2,490.7
Total 600 50 650 6,584.0 {,131.7 7,715.7

"' Fishes and crabs caught during the removal of predators.

“? Fishes and crabs caught during the investigations of survival.

*? Besides these there were over 10,000 individuals inside of the netfence.
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B3R, 0.3kg, HZHESRE, 4.1kgT, BIIAIHZNEho/z. WMEZGE
5 EAMEITISHE, 11672, 1.4kg, H—3EIL2FE, 76/, 5.5kg, HREHII6. kg
ThHhok. BOENP OB HITHRERDII%, RERDIINE LD, A
BTV AL T3 Etrumeus teres, >OF A Sillago japonica, <3 H LA,
F >R Pholis nebulosa 73> 7.

19904 (Table 4-10) DOERMBEBREICIZAFALINE, 5. 1lkg, T340, 1.4
keMBFEH I N, ERHEERFELZVEL<, FICABIZEI TS 445, EETL.6
BTH-o7z. 1990ERTSUHROBEE0pppnEFEDIZL LI U LD EMN
KEL, ZEOAETRBITREANEIHWBL2ETHNIBA SN ZDOD, KA
BERIYITVAENKEERINZOATH 2. SEOVHAEREIIREBEIN
EOWRHEISE, 0.1kg, HZHEILE, 1.0kgT, BIEMEBEA P HZNEMho 2R
B3 Doz, WEZEE TS A, 5738, 5. 2kg, N1 HEE,
TR, 2.5kg, BERBIIT.TkgTH-o7=. BROBEBROEI SLEBIIEANETHE
Boiutxz 5, B2OEN->EBRA &0 /% Paraplagusia
japonica TREBODFNTNIN%, 1T%Z2ED TV, BETIIMIZF R,
THEeT7FNY, xablLanghok. 58, ERERFFICO ./ >0 Konosi-
rus punctatus OMEANFENERNICKEBIZEEL TR, #BEINA0TI<—
HTHo7ZM, I VHMITEDITRTHRELEONEEIN.

ERERRDERLAOELENEY SEOFAERICEBINZROELAD
HEERNEY OREHEZ Table 4-11 ITRL7Z. 1989ETEZRANZHER,
DIABINC L EI~8E, YAHLVAEBNC Z22~6BHEL TWi. 19904FT
BIBZRANER, 7THETIFINEIENC . Z11E, EANEIENRC Z1EH

Table 4-11. Stomach contents of [ishes caught in the investigations of crabs’ survival

Year Catching Species Japanese Total Body Instar and number Other stomach
date name name length(mm) weight(g) of ealen crabs contents
1989 Jun.12 Hexagrammos agrammus KUZIME 149 50.5 Cl 8 Gammaridea
144 41.6 Cl 7 Caprellidea
Sebastiscus marmoralus KASAGO 101 16.2 - empty
Pholis nebulosa GINPO 119 5.3 - Gammaridea
Favonigobius gymnauchen  HIMEHAZE 46 0.7 - emply
Paralichthys olivaceus HIRAME 45 0.7 - digested matter
Jun. 19 Pleuronectes yokohamae MAKOGAREI 185 88.2 2 2 Gammaridea
155 51.2 €2 6 digested matler
Jun.22 Pleuronectes yokohamae  MAKOGAREI 87 8.4 - Gammaridea
87 8.2 - Gammaridea
Favonigobius gymnauchen  HIMEHALE 60 t.5 - Gammaridea
1990 Jul. 5 Pseudoblennius colftoides ASAHI-ANAHAIE 32 6.7 Citl Gammaridea
Pleuronectes yokohamae MAKOGARET 102 14.7 - Polychaeta
Jul. 9 Favonigobius gymnauchen HIMEHAZE 68 3.0 €2 1 Polychaeta?
68 2.9 - empty
Pleuronectes yokohamae MAKOGARE! 100 14.5 - Polychaeta
Jul. 15 Favonigobius gymnauchen  HIMEHAZE 76 3.6 - digested matter
Pleuronectes yokohamae MAKOGARE] 103 14.5 - Polychaeta
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Table 4-12. Estimated number, survival rate and instar composition of reared crabs in the netfence

Year Date Days of rearing Estimated number Survival rate(¥) Instar composition

1989 Jun. 8 1 (Reception) 68.5 x ¢ 100.0 Ct 100%
Jun. 9 2 13.3 19.4 Cl 100%
Jun. 12 5 11.6 16.9 Cl 83%, C2 17%
Jun. 19 12 6.0 8.8 C2 89%, C3 11%
Jun. 22 5 8.4 12.3 C2 25%, C3 75%
Jun. 24 17 (Release) - - -

1990 Jul. 4 1 (Reception) 59.0 x 10 100.0 Ci 100%
Jul. & 2 28.1 47.6 Cl 100%
Jul. § 6 26.0 44.1 Cl 1%, CZ 99%
Jul. 15 12 24.6 41.7 C3 74%, C4 26%
Jul. 17 14 (Release) - - -
20¢

1989

o
o
— 10t
o]

L
-
-g O L ' 1 1 1 ) |
g 10
c
2 30
= 1990
>
- L Attaching-net
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w
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3}
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O a1 1 o 1 1 1 i L
5 10

Rear ing day

Fig. 4-10. Estimated survival numbers of juvenile swimming crabs inhabiting the

bottom, netfence and attaching-net.
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BLTWE.

BERE WESHLERENESNZD, BERIZIIFEOANELL, HOHEIL
MAOE TR L TWs0oREEINT-.

MA—OER SBOFAETHBONLHAZONEEBER, HEREBIUE
0% Table 4-12 IZ;RL7Z. 1989FEISIHEHNAZHICIEEHOSHBORAEEE
HL7ZEZ A, EHREDIZIIAB TRERBEENA LN L. FNLUEDEEN
rE, ICHEHOBRKRAEDIZLIXEEATH> 2. 1990FITRBNTHREENE
VHEICHAETEZEBLEDN, #HEEEDIZ4T.6% T, MIEIDEFVARIIDKRE
RBENALNZ. LrL, FRUBOREZEIIDEL, 1 2HEOEREHEEDIX
ALLT% EmWEERLTZ.

HH-_ORE 19894 T, SABKZAR->THEIBMNC TISHBICS C2A125
UERETHE, BREOENNA SN (Table 4-12) , 15HB OEHHEZS. Inn
THol-. 19904E1%, 6EBEBEICC WNI%E-> TWZbDDI2ABIZIZC.A326% H
HRUTBOREEBRET, LABOESREBIIL. SmnTH- /z.

MH—ONH SBOFAEBELIVEONZEE, #ih, AEMBOHEELEREK
Z Fig. 4-10 IR U7z, 19894 KRMANERICEREL, EHOFEHEE 44~
BE/MPTHo7=0, HEMERMIZIF2HBIICEL.IFREREL TWELAIZIEZE
ELEBRBINM ., TR, 19904ETIIRARICEANREDE EDF
BHEEIZIIN~220EB /1 ThHoi, AEM B THEL. T~ SHTREDAEEMN
Bt TN, —F, ERICBT20m K% (Fig. 4-11) 1, 1989412
HEMSIbHBETCIRIEREOEADA SN, MEM (BAD SIJLERAIIEZh -
7. LA LUI990E T, 288t E o PRBIUMAICEF /L,
FOEEILL36~591E,70.25n° (944~2,364E n?) TH-o7=7, 68EH&12H
BICREZDVOBBIEIIDHODFIE—RIIAHITHLDITE .

z =

EMERFE SEHOFEERTIE, FHALHSTHEL TEREH 5 BE
TEDD, YIVRILVERRGRET >k, ZOFERIIIRIEOTHE
RTHAWLN, SEEFAHKCETERS BIFEIchi» S BicEadThg, &
MEONICER, HExh, BLSEELINOEICHEEIRIFIRNEREIN
TWw5a (K- GH, 1981) . LAL, 2EOERER TR, BoTHEHEIhE
EMizoOXZ, TAFA, ESA, <aHLA1, 1371, 13 H-B0H
AEANMELEZETN TRV EREELHEN S5, B4 (KKRAR, 1983
a) YA (KERAR, 1984) ORBICLZER TRV BLAE ERSHE
DIMEL BB EANHRENZED, %I, ZHRERMBMEIN, LrbBED
HWHE, FIZE, BEOILTEZ2HVWTAZEVWHLANSHWHEZRET DS
% O(RE, 1986) ZOHAMNAEE L.

HH—REFE S™OFEEEBKCLDETBOEN S EDMAEMOBRE
Fok. EEOEAICII/NA TEBEHELYPVME (Fig.4-9, A, B) , &K
BiR - FfHEHNEE (Fig.4-9, C, D) OIMOAERFERLED, fMEEHL
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offshore
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Fig. 4-11. Distributions of juvenile swimming crabs on the bottom inside the netfence.
Circles indicate the collected numbers per 0.25m’.
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1989 12A B OAZ O HEENE. 8% ThHho O BEEHWVWEISHEOEN
MWI2.3%ELRA L ENS, MEDOHRENRIIENSSAREENEZ SNS.
UL, BEOEEE, AT/ VIKAEBFELTWAEEKGEEL, #ITZHSRNR
SBBHZETHEORLBELEZZD, 0.0nICERETAHIHT ZDIZIFI00% NEN
FEEZOENDN, MBRECETHELRD >R EBLAHD, ZhN
EZELTHNEDBDEEDNS.

1989ED2AENS1I2BHOSE O#HEHITERNITHA L TR D, EIRER
BUTOEBDTH- 2.

SR=-1.08D+21.9 (r=0.998)

ZZTSRIZBED (%), DIIERTHS. I5HES ZOHEANES &IRET
&, FREVDZFDOHEVIIEIS.1I%T, SATHEEAELDPWHETOREREK
i, SREREAMGEDVHEEZANTHRENCHRELZESD46.3% LFFHEEIN
5. ZOMED Table 4-12 12572, 5, 1LBEBOHEOERET D&, TNE
N41.9%, 36.5%, 19.0% &725%.

PIHIEE THERIEBOAE 0 IL19894E1319.4% (FHIEME41.9%) , 1990
EF47.6% THD, MEEHBRKEIRPHBENA SN, FHBEOCKERELT,
BEOEN, AECPKREBTFEHEOTEAS T (BEARIEM, 1985 , 7))
RIETRBEHOFAEKEMNS OWMD EIFE@BREICLDEEORTHRERINT
Ws (KRR, 1986) . Fo v DI I NTOREDENIIHEELBRIFTH >
=W, NSy NS REMICEAEE RO D JICH I I x> TBL, 561
BWBRAY T 73 0 BIUEPDWRETHRAELEZZENS, INSOEEICKIDER
BT ORI o Z HEHEAR V. I, 1990FORAERRKMTH > kDTl
WWEBEELEZOND. SREAINSOETEELYHBEOEBMICED 06
ENRHAS.

MA—onfm WMELDHBEAREDEERLTWED, 1989F 28 HITH
EMEMFHIZE. 9, 1990FIR3EOHERE BAEM & RBHIZEH. T~3.87
BORAEBL TW/E (Fig.4-10) . MEELHIHBEIXAEM LI EZ N> DI,
CiTREWREHNRRFEZELZE (LUK, 1974) EEBLTWAREEND S.
¥, ABEMERBBOEBREMNI98IEIZHBUB DR RB0, 1990FI13F
R EZBUTEN >R I ENS, MAZWER (AT U280 2EBHFD
2, TORKERBFWEEELIE/MEET, ThIXDEZVNRITIIMEN R
HICHETZDDOEHBINS.

BEDEREOER 1»EChbEVBELHVWHEATHHERZT>TZER,
19894E1X Cos ETHRU THED12.3%, 19904F1ZC:-«ETTHEENLL. TS T
Hol. BLEEWHETORRERICBITS1980~1984EDEHENIL22. 1% T
HO (BEAKRZIH, 1985) , SETCKRESN-EEEFMIC.ETERLT
42.8% (Z/Kak, 1985) , C:-FETHRL T39.3% (LOm#AKH, 1980) ,
CisETHMRLT39.8% (RS, 1985) T, 1989FEIRFEHL DN DKWV
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B0, 1990FEFBEEVLENDITENTES.

19894F & 19904E D EH R A EDHESIL, O, ONEFE, QFEBER, @
BB DIETHD. BTN TIE, 78 (19904) DA M6H (19894) K DK
ENE<UARARELHVWS, SATA~6A LARERL TESEDLE > =EH
(BEAKE, 1985) HHBIENSHERBNVWEEZONS. iz, NABER
19894E 125718 /m?, 19904E 134928 /m* TR ERZE R A o/z. BEE TIIFRE
BROBEFITZARNZD, BOLWHONEBEIZS00~600B m*NEHE (BEKRKIEH,
1985) EWbhTHD, ThHEETHD. Lhl, ERERIIDODWTIEHHET
Brr 0, 198%4EICIE T I8 &E6ppnil 2 X O®A LA, EWHEAICHTZD
BEATHOEANTY (5H - #ik, 1981) NEEREL, HLEREY B IH
HZORSGNEREO 7 ARTYIN LI HEBLTEY, REBERBEDRZ
SAREENEZ OND. ZNITHLUINEIZ TS M OBE % 0ppns LTz
ORODBLNDRLS, BELPhhokbDEBbNS. Tz, HENI19894F
W7V LEHESEE, 1990FRY /  FAFT7I2FEALED, EGEET
RERENE<BRIN. ARICKERBRERNOE LXK T ZHAETHRBRICS
WT, EEEHEBHCIBBEETNEIEAERSNTRESEN N, FF7IT
WHEBHZEENERIN:. EAHEBREEHB0E2H T T02HEH (S -5
W, 1987 Whba2b00, AYIOFERELRELTHEETRR2>EEEZLSNS.
UEZEFEDBE, 198IFQOESEFVDDOERFERIZ, EBFERVRETE RN
P EEFEMRERENEL TWahomZl EiTkBENnzs. 2, 1990FE04HH
DIMLOBEREF LRI THBEBD LML DR, LEEOMESREHEHRLEC
EDEMIZ, VIHBBIEIAEN RN FOBRORBRENIZLEAERNSEZERD
Fohns., HHBEUAOTHEERTOREERIZ, BE2BRIFITHAEVITKE
GEEZLSN, HBVNERLIVDLZERXEIVERENNETES. BV
CIHEBHOMELENEYNTHD (ELHS, 1986) , 7TIEDRARMEM &
LTHEZTHS FEFS, 1985) T M5, 19904 O HE 5L Tl a5 4
DT, ZRICEBL TWAEAT ) USMAEMEL THEELEZABWBHIEICEII-
TWebDEBOLND. £, YSUBMEBALEIZODNNDS THEENERIC
ML MABEMIIZ<DITTEECU L ASENEBELTEBD, AT 5HE
DREEZSNS. :

4—4 BHOMBZEEDEN

ME, SEORBREEOARICEL T, RAFEFT TR BEENEET
BB ENHmESIND DDA (HHE, 1993 ; WM, 1993) . LaL, HY
SOREHICDOVWTOHRIDARL, BMRICEIVIEANET TS (JhEBKR,
W%):&ﬁb#ofméwafﬁé.ﬁﬁidﬁ»sztﬁﬁ,§@Té:
ERE->THEEN S G250, BUREHNIBHEEOEELZ—-TETHD, W
REIIEDRENDEZETIEZ2FTERTHS. 0, MBEERRIZIBREEOE
BLEEZOND. JIWRILEDSHEEEEBREHOEBIZDN TRV DMD
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RS MRS TWAMN (AH, 1974FH) , AY¥I0bEERICBTIH
BEFRRIZCDOWTOBEEFI V2w (P - A2, 1980 ; #il - #FL, 1995 ; &
s, 1996 ; BHE - A, 1998) . /2, HBECBBWRENDEOEBIIDONTSD,
HEAT Z OEBIEENIIEEICEUHMH GERD SBEsA&E Gk 2L, Ins
ODHDIATHRITD EEODPR#EICRD ZENRETNTVS (L&, 1974)
W ERW., £2TC, PHERKOMBERR ZIEET 2 &I, HH%EREED
BWREDICOWTERZTH .

M¥Eh ik

19854F6~THIZEM L 4B ORI EFER (84 #4-3-1) THLNIZHTZOH
BERREZFHARE., Ihsi3nindE L7 - bKETOERT, RER
i, FBEKEZYA T4 O TREGETRALANS, FFH (T752) OfH
FIBODIRAATWSEHZ 2 KERICIRDEEL, BokfEKEKITHTAZ_ZH
AKOWHRBLZERE Ry b (InX0.50X0.5m) WICHELURAAR. R,
REXY FPADLSPWVRTIOO~200gBEREL, F252 (EZo 8 AT
) EHEAKDIIV NI VIZANZE, FIXXRFRITBELTKEYD, BB
—0COBHEEIZNALE. BH, HARELARWEDICHEBEL, 1ETDOHIE
0. ImmETHEITAEEDICHBEZARLEZBRLU .

K2, BIBSHELIIESHOBREL ZEAOEBREAZA2 DI, BELEK
RTHERS QER) OMAZZ2HAWTEWERE2T> =, #SEH T 21T Table

Table 4-13. Removed legs of examined crabs
in each burying experiment

Removed legs

Experiment
number Ist leg 5th leg
(cheliped) (swimming leg)
1 none none
2 none right
3 none both
4 right none
) right right
6 right left
7 right both
8 both none
9 both right
10 both both
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4-13 TR T EDEISHEEEHELE >ty PTRELTHD, EHREOHM
BEDEICMNECHEECHSRBREZRAVEZ. HAZRIBT DU+ —F - NAITH
F500m e AFO—J)LRAIINRAELE. ZOURAIITHRRIEI04nDF100m ¢
(2.5cmB) & AEWAKISMLAANTHB. HAZOBBDREE, NELTH
5104y, 304y, |FERME, 2B5R, 3RERMH, 24BBIBICEZmLU . B, EERBHHM
53R E TOKIENZ25.8~27.0C T, BXREfThbano’k.

& x

TRHEREGEONB%ERRE ATEAOEHK, FEBIUHELEmMAKE Table
4-14 17, HIEHRE Fig. 4-12 17, SHHOEHHEERZ Table 4-15 T
FNrELE. SEROEEEEIZ13.0~14.9nn T, C.M64~T9% 2 HO Tz
(Table 4-14, Fig.4-12) . &EMHIZE~3I5%HEL TH D, HELRDOEEHHE
HRIZIBSZ0D13.6~24.9%, F19.4% @ EZE L& (Table 4-15) .

KT, HHE, YA ZICEOBEEBERNES BT ENHEANL. FHETIE, £
FICIEENRL, EI4BH GHH) OBERNEH~0%EmEET, HESD
JEI R ERIZET L, B5HEH GERE) NI3~15%ERBESBZ>THE
(Table 4-15) . YA XL DHEFKETIE, WTFNOERIZBWTHHBOHEME &
HIZMAERBBAOT B HEANA SN (Fig.4-13) . T, SERIZDODWVWTEI
B EESHHOBERHZELEDREEZA, SEROFEEHEIIE ISR, Hik
MEBREDRNEDN6. 4% EHRHEND, BIHEHIEDOLDBRENEEEL1.1
% TRIZEL, RAT, BrbMIAE%E, BISHIARE, HISMEEHMH]
AT OMREDIEE > TW/ (Table 4-16) .

MBEEEOEDRNE EBRERICBIZ2L2ERXKOVEHENROB(LELRK
BT Fig.4-14 IRL7Z. ZITWIOBBREIBZERIEDLAEAEEOEED
ZET, ERBRPTHRELEBDRBIEHICHEEND >R ERRBRLERANA L. EB
RICEDEEEBRIZIAESER>THED, Cs, C.EHHEBX, FIHHIAR

Table 4-14. Numbers, carapace widths and instar compositions
of crabs which were examined for lost legs

Rearing Number of Carapace width (mm) Instar composition(%)
trials examined crabs
Average Range Cs Cs Cs
1 443 14.9 8.7-23.8 22 78 t
2 319 13.4 7.1-25.6 23 75 2
3 389 13.0 7.6-19.6 36 64 +
4 674 14.3 7.7-26.6 17 79 4
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Fig. 4-12. Carapace width compositions of juvenile swimming crabs examined leg
loss. Trials 1-4 indicate the numbers of secondary rearing carried out in
1985 (Tables 4-7, 4-8).

Table 4-15. Average loss rate of each leg (%)

Rearing Right Left
trials Average
i 2 3 4 5 1 2 3 4 5
1 26 17 21 21 14 26 20 18 13 12 18.8
2 27 12 13 8 9 26 14 12 8 8 13.6
3 35 22 17 18 15 32 19 15 16 12 20.1
4 31 28 25 27 20 28 25 23 23 20 24.9
Average 30 20 19 19 15 28 20 17 15 13 19.4
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EREBISHIARERTEL, BIFMHIACHESHIARER TR, >, K
FIRNZIE, 104 IS E VM0 % & SEMBICA T TIREWEEZRL T,
UMRBICIIW FoEENENL, BRRISBEFIERCEETERILEZ.
77, Ci.OEHEBRROHINERMICCsLIDEm< A>T,

Fig.4-14 TIRIZTSDOZINASSERLIZIKWVWODT, BUERNEIEEL TW
=304y, 1RRRE, 2BFfE], 3MHBOBRROEHEEZRDODEEEVRELL
(Table 4-17) . ZOEMNBUTOIENNZ S,
OBESHMMNEHHIVTEUEHABREL T THI% U LOEENBH TES.
QESHEMHMIAEBREL TWBEEEIZCTIEI~86%, C.TII50~88% DELK

NBEWTZES.
QFEHHMIAEDBWEL TWBESITCTIHI~45%, C.TIid45~100%D
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Fig. 4-13. Relationships between carapace width and average number of lost legs in

each rearing.

Table 4-16. Composition of groups separated according to numbers of Ist and 5th legs removed (%)

Groups 0-0" 0-1 0-2 1-0 1-1 1-2 2-0 2-1 2-2

Rearing trials
1 51.9 9.0 0.9 8.1 5.2 1.1 7.2 4.1 1.8
2 50.4 7.2 0.6 22.6 5.6 0.0 9.4 3.1 0.0
3 41.4 9.8 0.5 23.9 5.9 0.5 11.1 4.4 2.6
4 40.7 11.4 1.5 21.4 8.9 3.6 5.8 3.6 3.3
Average 46. 4 9.4 0.9 217 6.4 1.3 8.4 3.8 1.9

* Numerals indicate the numbers of removed Ist and 5th legs, respectively.
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AN ENTIEET, CaDAMCLDEDEMES > TS, KiIZCs
DEIGMEESRNOTRTAEBREL THWERICIEE-> BB TE RN,

= %=

SE, 3270 - hAKETHHERLUAEEEOMBRERNEE.M4EEL 0N
EWHSNITR o0, MR (RS - &4, 1980 ; il - #4L, 1995 ; Rl
5, 1996 ; RHE - iA, 1998) THEEHBREFRILIARB THLEND, B
EARETCs~CsETERTHAEHMBENBEETHDEND I ENTES.

MR BNBWENICSADIEE I OVWTIE, EisHOFENEETH B,
CsOEISHEBEHEMOTRNTHRHEEL TWEIHEEERNWT, HHrEEEBEDN
AEETHA I ENbho. COHRER, FUEHELEESHHOIATH RIS
HEBODRERBEICAEDENWD I (1974) OWE LTI —HRIzoTED, HiC
CaTIHHMREL TOWTHEBURINIIEESEVWIENREBINS. FEHO
ERIZEISHEESHFHOBEII DWW TOAANEDN, BHENITIEIEIHHO
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Fig. 4-14. Changes of average ratio of buried crabs with the lapse of time. I¥:0-0, [l
:0-1, @:0-2, O:1-0, A:1-1, A:1-2, ¥:2-0, V:2-1, % :2-2, which numerals

indicate the numbers of removed 1st and 5th legs, respectively.

Table 4-17. Standard burying rate of each group (%)

Instar 0-0* 0-t 0-2 1-0 1-1 1-2 2-0 2-1 2-2
Cs 90 35 45 100 86 42 100 08 0
Cs 100 88 69 90 70 100 100 a0 45

* Numerals indicate numbers of removed 1st and 5th legs, respectively.
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Table 4-18. Estimated burying rate in each rearing (%)

Rearing number Instar Cs Instar C.~Cs Total
1 83.6 92.1 90. 2

2 87.8 93. 4 92.1

3 83.9 91.0 88.4

4 80.0 89.9 88. 2
Average 83. 8 91.6 89. 7

HME5orfEEbiEREInTwS (FEH - IUA, 1998) .

KIZ, EBRICHFEERLEHI—OBREHEEZRFTI DI, EBRTHLSNL
EREBNREROME, FROMEEREICERAL TREREOEDRZ2#EE L -,
REL, TS I~4BEHOBEREBERRENICRIETEEIIDODVTIIEERLT
B5F, CsOEBWRIIC.ERUERFELR. Tables 4-16, 4-17 BXUB L &
#Ek (Table 4-14) K DEHELEEZA, BLEAHIHEREHOSEROHE
BRSEIT Table 4-18 DL DTz, Ih& b, EDERIZBNTHREELL
TR DHEEEBRTHO, BIHSHELEAEHHONTNNIATHRIG
TWBEENOB LU EEEFNTNTD, BERRIEFNEFIEREBWI ENDRNS.
LWALENS, HI0XOBEEIZEBLDAETHD, INSRHREEHEINPTL
bDERDbNS. HREZEDELDOEFENMNIEHEEHNSCHBEN S ORBREAIC
HRERHEEZRIFLTVNDEEZLSND I ENS, BESREZEDD12DITI,
A% 2 /DI B H50ENHS.

BB, HRENEEZEHICIODWTE, ERADOEEREICDVWTHRARTNAR
WO THRBEEN, AEMLSORVEELLOBLERERY NRNTORIABNVIZ
EOMENBEREINTNSE2D, FELTHREEEEZONDS. S%I1T, SR
TOBROLIICEHE Ry MCEDFTICHEMBRICE D KESTS (BHF, 199D
mE, MBEHFEORENVLETH B, ERPICEICHBEENEELTNVWSED
WE (FELS5, 1996) B0, BRTPOBER SR INEEEDNS. £/,
BERETOMBE (BRAS, 1996) KHRETILNENHSD.

4—-5 BFEHT=DBEHHAE

MR UM B RRBRMAEICEERE LT I TRET DA, £RREEHT =
DY A X, MBICLDREHZ>TWD (FEARIER, 1985 . Z0
2%, BRHEOEBBIZEIKAL THSHEIBHTLIETOERRZEL L
BI20ENHD, TNIRRKREBEMNETOLEETERNZBHREN R
RTHB. LML, ERBEEOREZEAINELHEBEOHEN RIS DDE
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ENERPRETH DD, BHRAENRPDWET—EAEERE L TELEE
AHEBELTVSONERTHS. SEOEBHFEECBVTHECHVWHEEEAL
0, BEMAKCHAEEKEERT LI VEEDN EITED k.
PLFIZI98I~19904E I EB L - ENAIEOBIHFAEZRICDOVTRRNS N, K
BRARITEICE ORI D, 1981413 C OB, 19824 13 kM ThEE
MU O, 19894 & 1990F 13 LEVWHETHBITR LEAEEORKTH
5.

4-5-1 1@HEHZIC X A EBERR

IRMET—OBEERKE2ToREE, HENZNBIZHSTIR TIEIERSICKRD
LTWway JIEs, 1976) , TNLUATREMOEZE EHRENE L WD ERL
BRNWEEMNE L (FEARIEN, 1980) b T, EFDORESIIRREN
DENVILEBEELEZLND D, KRBETREWHDIETOEERRZAAZ.

M EF

B HRBEFIEIKETEEBGEEDENIImOWIET, EXH5mOEE T
Ov 7 RENERICMBLTWS (Figs.4-15, 4-16) . KEIREEHKETD
L.8mPAR &<, EEHIZBOZWTHETZHRWTHY (hREE240~380pm)
MEEXRTHD. BURATOI98IELA28H, SHIHBIUSAI4RIIZ, FFHFAEELL
TEHKEZREDVWRRHZT>ZEIA, MARAIT/UDOIEETAHENE
BL, 7TAFAMBAENERINED, KAAYIDABIRDSNAND .

HBBEEN, DABREREGSETEXRETEESIN, Py I TR LEEXS
NEIBHET 46 4FRZHAWVWE. RIREMBZRICECHEEII P >0, &
HARBRDHON—HEETNTWE., HAZIE, 5HH DOTR157 ~8K1041Z,
A7 2ANWTITENS oMM ETOHEMICHE L. HEBEOKETS. 3T
TH-oTl=. '

EBHEE REMITI_OBMHALEEL T, BKEEK, BREZR, #HAaxy NF
EBLUVPHERAEZEBL =,

£9, KF2BEFZICITHRD S 20nMAHiaE T, E26RMBICRRBICEHENLEK
BEETEAKERZZTY, HREROHEIT _ORTZHNZ. KIZT, HHLBED
FLEHEBREZEET S0, TR0 ~19ICITE2 550D & (Fig. 4-
16, 2H) IIMZEEDT, KAMOOHMI_PRNESZEZEHE, BETHELLED
12, 19BE~20BFICHEA 2w b (O%80cm, WEEGGS4) %5:E#H (Fig. 4-15, &
T100~200m) TEREHRELHEIA-_ZRELZ. 1B, ZOHO B AR
023 Th-o7z.

e, RRBOMI_OEBRZIREBETL DI, KELTH51, 2, 3, 4,
6, 10, 1ISHBICHWHEHBAEZEBLZ. AP 0HEOMEILL. 5on, #E1X30cn
T, WREFRICELLN, EitlonfMEic&keE Lz s (Fig 4-16, BH) T,
0cmB X ZE3I~SEIFfTHO CHEHN 2 HREL /=
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Fig. 4-15. Map showing the release and investigation area of juvenile swimming crabs
in 1981 (A). The lower part shows a magnified map, where lines with
numerals show the sampling lines by fish larval net, and Y shows the

release area of C: crabs and the investigation area (excluding fish larval
net) of juvenile crabs.
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HBRIER

HRBEZORKE BMBICEKBEELEZEIA, REHTA R T TESS
T7VEQWBHEICILNADLSLONE 25D, A ZIIW LI DRIk
N, BEEEPCEFREAENEZS S TWAEFb AN, HETRETATA, 1
SHUVA, FXAyRE, EANEBLETHAESINE Tridentiger trigo-
nocephalus MWERIN, 74T ARXRBEXREs4EERELEDNDS2BON
Zino iz,

GREFIZ BRI ORMEFERU T, BREMMEDOA T/ U7 T TESE
KA BONE<EBINE. BERICERTHIHN DI o720, RIRBH
R 2 d.000, REBEBBICOHFLTWE., BAEBAH LA ETATANA
5N, ZOBERMINEZL2E1I~2mMOT 1 F A 2BN S MFEHREAT 25~ T &K
Ha= (Table 4-1) .

HEEOR LHRERE SHREZRTIE, 1B SBRKR TR (19F) TR
MM R IN-. A ZORFRIL, BREEDICES,TLB27FHESPE
Z-VREOREYICAHBELZSDI08E, BkERSETH 7z, AR Y
KBTI, AEBRITILRE, E25500nfOFAEETIBOHIZNRET N
o, TN EMS, HEOBREEBNEETHLIENEDONS.

—
®
®
> >
% [ ] [ J [ [ ] L J E
L
. ® ° . ™
S 5.
and), beach 0.0
- : ” L
Drainpipe
10m,

Fig. 4-16. Further magnified map showing the release and investigation area of
juvenile swimming crabs in 1981. @ and ¥¢ show the sampling points by
scoop net and the observation point onboard, respectively. Numerals
indicate the depth (m) from 0.17m level below the average sea surface.
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Table 4-19. Instar and number of sampling crabs, average density,
and estimated number and settlement rate of released crabs in 1981

Dale Days after Instar of Number of Average Estimated number Estimated
release sampling crabs sampling crabs density (/m?) of released crabs settiement rate (%)

May 27 1 Cl 6 0.89 4, 450 1.0
28 2 €l 2 0.30 1,500 0.3
29 3 Cl 1 0.09 450 0.1
30 4 Ct 1 0.15 750 0.2
Jun. 1 6 - 0 0.00 0 0.0
5 10 - 0 0.00 0 0.0
8 13 - 0 0.00 0 0.0

HMA_EBRE POWHEAETHEONERFERI~IIEHORFEHRTI-—D4ER
KP%E Table 4-19 WAL HMAZWRI~4BHICREMNSFEIN, 6BBL
BiIZFEHINaho/z. BEINZORWTNOISHBHENT T, 1EYZ0ORE
REZI~6E DTN THo7. HRZBOOTEHAEBREBENSHERBRNDER
BEPBLVOEFRZHELLEIA, TNTNL 08, 1.0%ERD, KELD
BHENREZLRDP > ENONS. TORRELTIE, REYKICEERERS
NEZFLBBRPTAFTATHRAINEZHEENEZONS. AT ZOIAED
FEETDTNT, HEUBERIN o722 &5, KREBETOWIELIC
BERRLTHEELRVWIENRBEINS., R LAEHTIZIIOVWTY, 45
BHICEHETL2ETRERINIAREIEVWEEDN, EERRIEIDENED
BNEND T ENTELD.

4-5-2 BE EAMTHREIERL RS = 0K

FROXICEERATREEZE LR WVWED, BEAKMTHREFTRLEAKST =
(=% EEVWVEETR2Z2E8D) 2EL TEHFET- =,

e & H

B BRI, [9824E6 A 14~16HIT, 1981FE DM &MU < K i S B
ZHDOEWAI0MOBIETERLE. TOBEMIZISIERREFTOEROET, EX
KIS3mDWHE T Oy VRBWERICMBEL, ERICKEDODEVWNINHEALT
W (Fig. 4-17) . KE, EBEHIBIERFBEFREIFTIFALC T, KEZEMS
TOmip DR TREFEHRS. In& k<, KERTEULNEARTHS. BRI 7THHE
EFT/)UDIENEFTLTWS. AETIZ, BORATOSH 188 O RMHE T A
Y Scombrops boops, A XF Lateolabrax japonicus, > DTOF LD LEMN
EHEINTHD, AHBRRALIE, EANY, 2 Xy RENBEEINTK
5. 7128, SAIBICIIFE2mORXRATIbIBREIN-.
BABEIIIR T 4B TR0 =T, 9. 76 FEZHFHE L= (Table 4-
200 . IMBEOBHIEKAEEMICREL B LHAVETHIREIERLADOT, &
BICKSHWHEMETOH 4FICHBMNICKEEZ>7. 6AI5HE 160 OFE T
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Jetty
Jetty

Drainpipe

Fig. 4-17. Map showing the release and investigation area of juvenile swimming crabs
in 1982. Size of the released crabs are mainly Cs and C 4. Solid circles
show the sampling points by scoop net. Numerals indicate the depth (m)

from 0.94m level above the low water level.

Table 4-20. Synopsis of released crabs in 1982

No. Date  Number of crabs Instar Facilities of
(thousand) secondary rearing
1 Jun. 14 5.2 Csl1%, C89% Netfence in the sea
2 Jun. 15 51.8 Cs32%, C.68% Concrete tanks
3 Jun. 16 40. 6 Ce1%, Ca97%, Ci2% Concrete tanks
Total 97.6 (sH8%, Cid 2%
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KERBRBANOIZ ) — hAKETHEERLEDOT (B4E4-3-1) , bT
w7 The E#s%, 6HISHIEDAER, 16RIZEOEDOZENTIUTHD 5K
EInETOEHMICH T 74 > THRIREIT -2, ’P, BURK OKIEREIZ20.8~21.0
CTHhHoz.

BEHHEE WAEHI-—OBMAZTELT, PLHEATOAERLEZ. #EEZE
LD, BEBORKEFTo6AISHNSEDI06HBDIH 290 DHENLL
WTH5. FAELSL Fig. 4-17 IR UL 71268 T, £FH10n, FMHonfEREICEREL
7= (6B15HEI6HIZEWHANBEZBR W -14E2RAELE) . £HELAT, 830
cm, MWEOSMOPNMIC L IRMEIETOEBLE. BEINLHEA TR
CHEBELIIREEZAN. 2B, 6AH (RBIOEE) &, AEHHE
NOHMT—_DEBRRZADZDHIZ, EADETHENS TN E TinklRIZ14
HEOEBOAFETHARD EEBHIZ, ATABEOLEN, FRBITEHOMAIT
DNT, ENS5T70~200n0 &M% 1 0nEE TI4ET DS CUBABKIZKDHA
21T 7.

HREER
HYIWRARBBIUORABOEMIRMWZ Tables 4-21, 4-22 ZENTNRL
7. RARBOPEIIHKAEBIVASHICRKEVWNERIZINI N oD, WMED
SBIBESETHo .

Table 4-21. Instar, carapace width, number of collecied crabs, average density,
estimated number and settlement rate of released crabs in 1982

Date Days after Instar Carapace Number Average Estimated number Estimated
release width (mm) of crabs densily (/m) of released crabs settlement rate (%)
Jun. I5 0 C2-C4 - 68 2.21 14, 144* -
16 I C2-C4 - 134 4.35 27, 840" 28.5°
18 3 C3-C4 - 53 1.56 10,920 11.2
21 ] C3-C5 - 53 1.56 10,920 11.2
23 8 €3-C5 - 38 1.12 1, 840 8.0
25 10 C4-C5 - 21 0.62 4,340 4.4
28 13 - 12-18 14 0.41 2,870 2.9
Jul. 2 17 - 16-27 11 0.32 2,240 2.3
8 23 - 19-28 19 0.56 3, 920 4.0
16 31 - 22-31 11 ’ 0.32 2,240 2.3
23 38 - 27-58 11 0.32 2,240 2.3
30 45 - 30-42 4 0.12 840 0.9
Aug. § 51 - 45-48 2 0.-06 420 0.4
1 57 - 50 | 0.03 210 ' 0.2
20 66 - - 0 0.00 0 0.0
24 70 - - 0 0.00 0 0.0
Sep. 2 79 - - 0 0.00 0 6.0
10 87 - - 0 0.00 0 0.0
16 93 - 1095 I 0.03 210 0.2
24 101 - - 0 0.00 0 0.0
29 106 - - 0 0.00 0 0.0
Total 441

* Crabs in the netfence are excluded.
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BRBIIEFTMIBNERAB SN, EHEII6A 168 OEEHRRINEEZEORE
TRADIMBERLED, ZTOBRLITHLLE. 8A208 (KE%HE) LA
B3, 98160 (93 E) KERsNZIBEREERI AL, 8, KK
BIOBEHO6HBRICIE, EHEOBIETC 3R, EMST10~110mHEaTH C.18
EC3EMEBE N,

—HRRBEIZDNWTIE, BtENEBI N (Table 4-22) . ZD5HE6H
I5SBMSTASIHICIIHEETA~14mO K BEANEH SN, INSEREEEN
EEAZBND (PF3E3-1-2) . YEEAFTNEMTINLMHEAEIITA AR LE
L7z, RABORHBEEBIVUEHEEIL, BRKTHENENILE, 0.35EB 1’
ENEhoTz.

SEIORBERNORRBOETERZHE TS &, BIRKKIHE DA 18
IZIE11.2% T (Table 4-21) , RIROEEZERBCRITSZFHOEERL.0%ZK
ZEL EE->THD, PHEFRBREOENENRBINDS. CsExTELTHHE
RUTHARLPDPOWHERAEICLDHELZZ A0 EERIL, #METI3.6~17.6%
(ERN - K%, 1994) , MILETH20.3% (Il - 5k, 1996) , 29.1% (BF
JIl, 1997) EMEINTHD, BHEOBVWICLLAADLETEVWI EMbNS. &
G, #H RO Lass b BHESE L THAINAD, #HEBRTOBEN
BOLEZOR, BRBICEBLEZEBEAE TEHESINZABEOENEY NS O
ZOBRHENDODTNATHE- I E (Table 4-1) , 6AHOFEETHREGZHAIZD

Table 4-22. Carapace width, number of collected crabs, average density
and estimated number of natural crabs in 1982

Date Days after Carapace Number Average Estimated number
release width (mm) of crabs density (/m) of natural crabs

Jun. 15 0 103-137 2 0.06 380"
16 i 91 | 0.03 190*
18 3 - 0 0.00 0
11 6 118 1 0.03 210
23 8 - 0 0.00 0
25 10 144 ! 0.03 210
28 13 T4- 90 2 0.06 420
Jul. 2 17 - 0 0.00 0
8 23 95 | 0.03 210
16 31 - 0 0.00 0
23 38 10- 15 2 0.06 420
30 45 8- 81 4 0.12 840
Aug. 5 51 - 22 12 0.35 2,450
1 57 i6- 29 4 0.12 840
20 66 25- 39 9 0.26 1,820
24 70 19- 47 1 0.32 2,240
Sep. 2 79 31- 35 4 0.12 840
10 87 5 | 0.03 210
i6 93 40 2 0.06 420
24 10! - 0 0.00 0
29 106 4] 1 0.03 210
Total 58

* Crabs in the netfence are excluded.
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KARMH L EINIHANRETNZI LN 5, REICHEIDHHROIELK
MERZFERREEZSND.

4-5-3 W LEEWHETHEERL LT Z ORI

BABE-3-2TIRIISIE S INFERARFEEHEDOHNETT AT IO
FHERERICOVWTHE LD, I TREVWHEMKEOEBHRAERRIION
TEN5.

e EFE

BEOKY: KETREBHEOWIE (Fig 4-18, AiR) IKEREBL-M AW
THEBERLEEA -2, BOWHEBEKICEOKRELE. BREAR, Y1 XB LT
BEWE, 19894E136H 248, Co-s (CEHHFES. 9nm) 8.4, 1990 THITH,
Ca-+ (EHFIEI1.5mm) 24. 6B THD. 2B, HHEEHOY I X LHEBERK
YJILZEHU@%}%%D%E%@T T, Y1 XY I oEA, BRISER D

|, W EABEMOBEICLIDHEETINZETHIN (BE4EL-3-2) , RFEHR
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Fig. 4-18. Map showing the release and investigation area of juvenile swimming crabs
in 1989 and 1990 (). Size of the released crabs are C 2-3 in 1989 and

Cs-« in 1990. W and A-D show the release area and the sandy beaches
investigated, respectively. '
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7z, 19894FE6 A 16HICIE, TINS5 ERIC, BAREREN S ETE XL TERE
ENZCI.0FERZAEROHVVEARICEREKR L=,

WESH EVERESFEOMREE, B REICHENZER (Fig 4-19,
AR, HFEA20,300m*) BLUOENICBEREL -k (Fig.4-19, B, C, D) O
BEAIInE TOWHE (AFHEEKN40,4000%) KWDODWTHEZT- . EQEDK
EOBEMNEAER T2 mETT, ARBER CAETEICIZNESNTF LD
BN, B~DIERIZAEREEBLU THRNBER> TS, KEIX, BEES~10cnfE
EOHEAGER > TWVNSEB~DEROMWEE (MHEKMLS, 100n®) ZFRWT, RIE100
~400unDMW N ERTH2Z. WEFTE AT/ VOIENLEEFTL, FRHE
T =R AFEZ Y Nihonotrypaea japonica 7%, BETIIE ANENESL
TWwa,

PEFE MEESHKRAMCENREZIE, BORRAKEZIZERNEL TEHEE]
EIREEZEBELZ. AEEEL, 1989FETRFIMEBERKKL THS65H%ETHE
NXI10[E, 1990E TIT49HBETENRIETH BH. 19894 L, ARIZHEERE & FET
IZ20mMIE, EEICIOnERETITA (6B228124148) 2% EL, E25cn, ¥ H2mn
DOAFERL NV (Fig.4-9, D) ZHML TO.2m* S0 2HHL, B
REFBRZRBR L. RAEIREYZD O RMEREE RMEEBEIL In, 1EX//&1X0.5m,
QEIT, BBLEANZRBHAYI, Py /) AHYI, Y10 IDMWETH .
INERHNZ, B~DETHSAIAEIVARDWHENEHTHEICI DI 21
HMUFBZEEL 2. 19904F12iE, ARDMIZ, B~DIRIZDEREEFETITI0
~40nfEfE, EEIZTInERBT, £NEFN30, 20, 30EE2REL, BEF1TRICD
WTHHOREEZERKELE. 2EL, AWMU KITDODWTIIHA B O RN
MWhSWize, 2EHUBRFAERTODR2 . BB, HEADOE#RIL, A

o} 100m
—— )

Fig. 4-19. Magnified map showing the investigation area of juvenile swimming crabs
in 1989 and 1990. Black dots, broken lines and shaded part indicate the
sampling points by scoop net, bounds of the area for estimating crabs
number and pebble area, respectively. Numerals show the depth (m) from
the low water level.
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7b>b%x’cﬂﬁbﬁ> INEL, RBIMATEERBEED I ETHS. HRHEAZIZDN
T, FRREOVFRESHSERFTFHOBBEERBCIZRE L LTz,
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n—1

st =

= x + 1.96 —
CI X /11 N*l

ZZTx T iIBEHOREBHE, nl3IBELAOKRES, NEIHEHOKZITHS. il
HOFABEEREIZ0. 25> THEDOTEEZMEL TIn*E 2D OEHEEZKRD, F
MEBEECHEZ2ECCEEREHEHE L. HEAEERROIBXEHXMED R
W2, L TROECITAEHEBEERCTEHLE. £, PUBHAETEBIN
P I AAYPIEIATOHTFIRDVWTS, FIUK T BELLEBEREZHE
L.

& P~

19894E DHERE R
LLARODHIA—OKREILEBE ARIIPITLIHRFEHTIZ, XKBHT=Z, BLY
P I ATYFIEIATHTID, KEE, LHEERLIUVHEERERE %,
ZNF Tables 4-23~4-25 TR L. BHWHBHEKAMOA22BICTT -2 F
HIAETIE, C.NTTEAELTWA EH#EZN, 6AI6BICC. THRRLAEERE
RARFEELEEZOND. HOHEEKEEEDOA 29 ICIXFEHEE12. OnnDHE =
(Cs-4) MIHIRL, FHEEIZLIE 1, #HEEERKIIS.IFRERERELSH
mU7Jz (Table 4-23) . I NIRRT HERHRRBENERT, HELER
BERIIFHEFTRRREE B4R LEFEAEEDLSEN>R. FD%, BIE
SR UBR#%ESH HD8A 8B ICIZFEH65. 5mmiZE L 22, HE4LBRRBEKIIR

2D U KFE#ZS3BEEDSHISBEIZIZ2. 0B (0.9928 . /n?) Llix-o/k. E51C
BmZEGSHBD8H28AICIE2TFTRE (0. 10 n?) EKELEBALE. HKHOH
WAL (Fig.4-20) 245 &, REIEFTSHI6HITIZFEHREIL50. 0onT,
I6mmDBEE S HEHL 20, FHFEOMRIIEAICR D L8 T 3 HEmAA
5. —F, HTFIXKRHEAT= (Table 4-24) 1Z6H298 ETHA6CHIZE1IE, 8
A9~28BITSENEEIN, TOHRBEII4~1TanTH o720, MFEH LKL T
FOHEIZHLTMTH-E. T, Py / AAYFIEFSAIAE8AKRIETD, ¥
AT AT II8A28HITSEN R EINZ (Table 4-25) .
2. B~DEOHIA-—DAKEX SHIH EI08IZ, BIET2IRE, CETIE, DE
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Table 4-23. Carapace width, estimated instar, number of collected crabs, average density
and estimated number (released swimming crabs, beach A, 1989)

No. Date - Days after Carapace Estimated Number of Average density Estimated number
release width (mm) instar collecled crabs (crabs,/m?) (ten thousand)
PR*" Jun.22 - not measured Cc2 4 0.39 0.7 £ 0.9*°
1 29 5 §~15(12.00 % C3~C¢ 84 4.36 8.9 = 4.5
2 Jul. 6 12 10~21(15.3) C4~C5 67 3.48 7.1 £ 3.4
3 12 18 12~27(18.5) C4~C8 49 2,55 5.2 £ 2.3
4 19 25 14~33(21.9) C4~C1 33 1.7 3.5 £ 1.7
5 26 32 17~47(30.0) Ci~C8 39 2.03 4.1 £ 1.9
6 Aug. 1 38 27~53(38.6) Ci~C38 28 1.45 3.1 £ 1.5
1 9 46 29~72(45.0) Ci1~C9 24 1.25 2.5 £ 1.0
8 16 53 34~96(50.0) Ci1~Cio 19 0.99 2.0 £ 0.8
9 28 65 56~75(65.5) CI~C1lo 2 0.10 0.2 = 0.3

“! Pre-release
*2 Range and average
* Average * 99% confidence interval

Table 4-24. Carapace width, estimated instar, number of collected crabs, average density
and estimated number (natural swimming crabs, beach A, 1989)

No. Date Days after Carapace Estimated Number of Average density Estimated number
release width (mm) instar collected crabs (crabs./m?) (ten thousand)

PR*  Jun.22 - - - 0 0.00 0.0

1 29 5 5 Cl 1 0.05 0.1

2 Jul. 6 12 4 Cl 1 0.05 0.1

3 12 18 - - 0 0.00 0.0

4 19 25 =~ - 0 0.00 0.0

5 26 32 - - 0 0.00 0.0

6 Aug. | 38 - - 0 0.00 0.0

7 9 46 17 C5 i 0.05 0.1

8 16 53 4~13 Ci~C4 2 0.10 0.2

9 28 65 5 Cl 2 0.10 0.2

* Pre-release

Table 4-25. Carapace width, number of collected crabs, average density and estimated number
(Portunus (P.) sanguinolentus and P. (P.) pelagicus, beach A, 1989)

Portunus (P.) sanguinolenlus Portunus (P.) pelagicus
Days

No. Date alfter Carapace Number of Average Estimated Carapace Number of Average Estimated
release width collected density number width collected density number

(mm) crabs (crabs/m?)  (X10% (mm) crabs (crabs/m?)  (X10%

PR* Jun. 22 - - 0 0.00 0.0 - 0 0.00 0.0
1 29 5 - 0 0..00 0.0 - 0 0.00 0.0
2 Jul. 6 12 - 0 0. 00 0.0 - 0 0.00 0.0
3 12 18 - 0 0.00 0.0 - 0 0.00 0.0
4 19 25 - 0 0.00 0.0 - 0 0.00 0.0
5 26 32 - 0 0.00 0.0 - 0 0.00 0.0
6 Aug. | 38 - 0 0.00 0.0 - 0 0.00 0.0
17 9 48 - 0 0.00 0.0 - 0 0.00 0.0
8 16 53 57 1 0.05 0.1 - 0 0.00 0.0
9 28 65 10 I 0.05 0.1 5~10 8 0.42 0.8

* Pre-release
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Fig. 4-20. Change of carapace width composition of the released crabs at beach A in
1989. Solid circles show the average values.
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Fig. 4-21. Carapace width compositions of juvenile crabs collected from beaches B-D
and A on August 9-10, 1989,
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TIBOAY I 0 FEH I Nz, EENICHAEL Thianwy, B, C, DD
Bz D B EANRA SN, B~DIETHRBINZHATZOFREZ 10nnf i
F & Fig. 4-21 IZRL7Z. BEZICSHAIBOAETERBINH T O BEEHERK
HHBTRUE. AIROKH ZOFEEFIZIT~T2nn, FH43.9nmTH > 720,
B~DEOCHEA —ORB&HMHIZ13~81mn, ¥H46.2mmTH-7=. £z, AETIE
£ — RiZ40mnfiB 01D TH 3D L, B~DEIZHK20mm, 50mnD2DDE— K
NAHBN. 728, B~DEOMHEITHIEI4~59mn (FE#39.3mm) DI v/ AH
ISR, CIROAMTHEIEmOY 17 HYI biRMaIN~.

MR DA WEHT O RNE Fig. 4-22 IT/RUA. BHWHEBIK
RIO6H22BICIE, BERRBESAONDIHETZNEHWERAICEFTRNIC A
LTWBOATH--. MHEBSBBEEI12EBICIEEH WO H - BT L DK
WO~ ImDFTICHEA N KBICER L, MMNEREERLIXRICHI~3E 0. 2n*D
BETHALTWE., BHABRISABE S A/HORMIITHEOT HORLPRES
o BT OKIE : B EEER L0.3~0.4n) ITBITL, BWHEOH > 8T
DEBBEEIIETLE. HREHEDOSAICHICIZEAE, S METOHfHIL
HHENBL<Y, RFEEOGEEDSA SR ICIIHBREBIZEZEAERELZLS &>
7.

19904E DA EHRE R
KBTI —DOKREIELERE ARBIUB~DERXBITAIHFEHTI—_OREX,
THEEBLOHEEERERS Tables 4-26, 4-27 KZNEIRLE. AR
(Table 4-26) Ti&, BHWHEBEKIOBAMOTATHIRIT S EEMHATICBWTHAN
ZE<REINT, KA IFEALAEW M-, BWHEBBEIABEDTH20
HIIZEEFE6. 3N = (Cs~Cs) NAKRBRICEBIN, THBEIZ4 2
B/ n?, WEEBBEIS.5FABTHoZMN, WAEE (U4.6F5E) LHEELT
RELBAL TR, TORICIRAROBMNERER FOBH THEEDEEIN,
EERERBEMBOFETEREZHELEZEZA, AIRBZEKTIL.IARTH =,
LWL, ZOROKEEIIERAT, RIKZEISBE DA 21 HICHEIZHE K 9nn, F
560.8mmicZEL. HEABREBRIZDWTIHSAZIBE TARERBDIZ/AL<FEH
ICIZ6. 5 FRMAERL TWaD, WKEB4ISEEDSAIBICIXL. TR EKRELK
DU, BBBEOREMAR (Fig.4-23) ZRTH, SH2IBETERIEALREN
HbNd0, THLUBOEERERZSE DB TV,

—7%, B~Dik (Table 4-27) TI%, AR, BAET THI I3 EH
SN, MHEBIHBBDOTHLWHICOEFH SN N> 7/0Y, THL2TH LA
BL THEENAON. ZOREHEEIIHEML, 8AI4RIZ0.8E . n*EBX
EICELRZDN, TNURRIBEASLE. BAZOEHEEIR, SHIBUBAEREDF
NDI5.8~122.3% (FH110.4%) TAERIDRPDVREWNEHANA SN, F
HEEIIRARTHOARD.I% /NI /.

ABRBIXUB~DERIZBII IR OHETEERERKE Fig. 4-24 1Z:RL=. #]
MOEDIZ, THITHIZUA.6FBOMA 2 MHE LN BICITAEDHIZ8.5
TRMWMAEBLTW/E., B~DEICIZTHZIAUBHE LS 4ACEBRIIBRER
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Jun., 22
(32 days)

(pre-release)

Aug. 1

Jun. 28
(38 days)

(5 days after
release)

Aug. 9

Jul. 8
(46 days)

(12 days)

Aug. 16

Jul. 12
(53 days)

(18 days)

Aug. 28

Jun. 18
(65 days)

(25 days)

Fig. 4-22. Distributions of the released crabs at beach A in 1989. Size of circles

shows the collected number per 0.25 m’.
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oM, AREBL THIAZOEARERRIEI Doz, AlREB~DIEOFET
B, TH20H~8A21ATIIT.5~9. 57 (LS. 4FRE) &L PVPDODE#HILH
5b0DEFIEFE—FEL TN,
LHVIRRMI-_BIOMON_EBOKREIEEE A~DERIZBITAAY2
RAMAZBIUVS Yy AT IEIA T HTIDOKRES, FHEEBLIUH
EAEEERE Tables 4-28, 4-29 IZFNTIURL L. Y IXKAREIL, 8A21H
WDIETIE, 8H29BICAETIR, IA4HIKAREDIERTEIBT DNEBEEIN,
ZTORBIXI~23mTH o7, AIERE, KA ZOHBHEABITRRE S L
THITMTHo=. —F, DPv /) AATFIRREELAERITI~SEHEL, £0O
FFiEI316~86mm, PHEBEEIIEA. 4B M*Tholk. iz, ¥4 T HY IR
8H 9B IC/NBIBERMN2E, IF4RICKEEENIEFEH SN,

MBI —DOnH KEHMIT-_OLFHIRNE Fig.4-25 TR LZ. HWHERK

Table 4-26. Carapace width, estimated instar, number of collected crabs, average density
and estimated number (released swimming crabs, beach A, 1990)

No. Date Days after Carapace Estimated Number of Average density Estimated number
release width (am) instar collected crabs (crabs./m?) (ten thousand)
PR*" Tul. 7 - - - 0 0.00 0.0
1 20 3 10~24(16.3)* C3~C5 81 4.21 8.5 £ 5.1
2 21 10 17~34(25.3) C5~C6b 13 3.79 7.7 £ 2.4
3 Aug. 1 15 21~45(32.3) C6~C1 84 4.36 8.9 £ 2.4
4 1 21 27~62(38.3) C1~C38 6% 3.38 6.9 = 2.2
5 14 28 271~62(46.7) C1~C38 63 3.27 6.6 £ 2.3
6 21 35 38~179(60.8) C1~C9 62 3.22 6.5 £ 1.8
1 29 43 48~67(58.2) C8~CH 16 0.83 1.7 £ 0.8
8 Sep. 4 49 51~89(63.8) C8~Cl10 11 0.57 1.2 + 0.6

*! Pre-release
** Range and average
** Average x 95% confidence interval

Table 4-27. Carapace width, estimated instar, number of collecied crabs, average density
and estimated number (released swimming crabs, beaches B-D, 1990)

No. Date Days after Carapace Estimated Number of Average density*’ Estimated number
release width (mm) instar collected crabs  (crabs/m?) (ten thousand)

PR* Jul. 7 - - - 0 0.00 0.0

i 20 3 - - 0 0.00 0.0

2 27 10 13~21(17.0)** C4~C5 2 0.14 0.4 + 0.5

3 Aug. | 15 24~43(35.0) C6~C1 3 0.20 0.6 £ 0.6

4 7 21 33~41(36.7) Ci~C8 3 0.20 0.6 £ 0.6

5 14 28 42~177(53.8) Ci1~C9 I3 0.88 2.4 £ 1.6

6 21 35 56~88(67.1) C9~C10 7 0. 47 1.3 £ 1.0

7 29 43 not examined owing to waves

8 Sep. 4 49 72~84(78.0) CI~C10 2 0.14 0.4 £ 0.5

*' Excluding pebble area

"' Pre-release

"' Range and average

** Average * 95% confidence interval
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Fig. 4-23. Change of carapace width composition of the released crabs at beach A in
1990. Solid circles show the average values.
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Fig. 4-24. Change of estimated inhabiting number of the released crabs in 1990. Open
circles and solid circles show the number at beach A and the total number

at beaches A-D, respectively.
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MOTATEIIE AHLTWAEN S 28, KHFEZIA BBV ® 5 ki
FERLMILTROWAIROAM L, HKEZI0E BH 513046 1E AROKE nSE
DIFELBMICEDN D B~DIER O THARNSHEAT B LD/ . Hik%K2S
AEDSAI4HICIE, BEDOERSI~100nOMSICHOHLAENSOBHNE
b3, WFEKBSHEEDOSHIIBRIEEROEDB~DEOHEIITERL L
WHRDO L D ICARD A RIEW 7. T LU THABOABEDOIALRICIZA~D
EOAHRIZVTNOAMEORERI DB LE.

Table 4-28. Carapace width, estimated instar, number of collected crabs, average density
and estimated number (natural swimming crabs, beaches A-D, 1990)

No. Date Days aftler Carapace Estimated Number of Average density® Estimated number
release width (mm) instar collected crabs (crabs./m?) (ten thousand)

PR** Jul. 7 - - - 0 0.00 0.0

| 20 3 - - 0 0.00 0.0

2 27 10 - - 0 0.00 0.0

3 Aug. 1 15 - - 0 0.00 0.0

4 1 21 - - 0 0.00 0.0

5 14 28 - - 0 0.00 0.0

6 21 35 17 C4 1 0.03 0.1

7 29" 43 20 C5 | - -

8 Sep. 4 49 15~123 C4~C5H 2 0.06 0.3

*' Excluding pebble area
"' Pre-release
** Only beach A was examined.

Table 4-29. Carapace width, number of collected crabs, average density and estimated number
(Portunus (P.) sanguinolentus and P. (P.) pelagicus, beaches A-D, 1990)

Portunus (P.) sanguinolentus Portunus (P.) pelagicus
Days
No. Date after Carapace Number of Average™ Estimated Carapace Number of  Average®' Estimated
release width collected density number width collected density number
(om) crabs (crabs/m*) (X109 (mm) crabs (crabs/m?) (X104
PR**Jul. T - 18 1 0.03 0.1 - 0 0.00 0.0
1 20 3 - 0 0.00 0.0 - 0 0.00 0.0
2 27 10 48~60 3 0.09 0.4 - 0 0.00 0.0
3 Aug. ! 1B 16~43 3 0.09 0.4 - 0 0.00 0.0
4 7 21 22~68 8 0.24 1.1 - 0 0.00 0.0
5 14 28 32~386 5 0.15 0.7 - 0 0.00 0.0
6 21 35 41~63 4 0.12 0.6 - 0 0.00 0.0
1 29" 43 63 1 - - 9~13 2 - -
8 Sep. 4 49 78~19 2 0.06 0.3 % | 0.03 0.1

*' Excluding pebble area

*! Pre-release

** Only beach A was examined.

** Perhaps about 100mm (the crab had escaped)
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Jul. 7 (pre-release)

Ggow

Fig. 4-25. Distributions of the released crabs at beaches A-D in 1990. Circles indicate
the collected numbers per 0.25 m’.
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Aug. 14 (28 days)

L————not investigated ——

Sep. 4 (49 days)

Fig. 4-25. (Continued).
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% £

KGRI XARBOR KABEICIIESRZEEL TWRVWEDRRRTZ &
OREHRSHINIERTHS. LMrLaNs, OI9894EDERTFE TIHE KA
LEZENDYAZOHAORFHIN-I &, QIINFOHERMAETIEA~
DEWTNOHAT N EHIN B> &, ORRBOREMA (Figs. 4
=20, 4-23) MSHWTHE, TTIIHEND Modal-group BRE—RFEEDLND
TEND, SEMGBEHAZELUTEHELEZBOOHPICKAMAZNEEL TWVD
WEEHZENEEZLONS.

BB ZOEE 19894E1F, 6H24AICC-:8 4FBERIMLZEI A, o8
BOAEDOHELRBERIIS.IFET, HERRBEN—HEST > TEVRDIZHDOD
MRBOEFEAENARICEELEZDOEEZISNS. ZHNITHLIINETIHE,
TAITHICCs-424. 6 FBZHAE LN, SHEOHEEEREKIZS.5HTE (35%)
THRERBICAERBONBONEZZ LIRS, PHRFRRALAEATIEEHD
EBEBRIZDWTIE, 80% (FHS, 1979) , 47% (KoEwiEE, 1980 ; BHEK
R, 1985) , 45% (ERMEFIAR, 1980) LELKHEINLZEHADH I, T
—H THREBORENKEINZDIESHEEINIEEDLEL, FEELVD
NTWa (BEARIEH, 1985) . BIRHENBERFERSEITEERINHARL I N
TNBEHEDVE, BoNEEEETSEE, SEOEBERITIGIFILIESE
IZBAF, 1990FITEHBHENZXD.

1990EE MMM — D EBENIIIE LB L TEI>ERERHO—-DELT, A
HERETHRENEEHRINEZZIENS, THRFICKRBICIMODEBEINZHA N
FRICEZ2BERCELBICIMAZINTEIEL 2O TN EHRBINS. BERS
NEHBEBEENLIFRTH DN, ERICL2H/->HEOHESLHEND
HolEEZON, BEREKIBEREID - EZM R EEDNS. HH W
DLPOFRRICIEZNUARCBECEBOTREEDEZEASNS. JITIEORRKE
BORBERIIAEETHO (i, 1986) , BEWMBKICX DR T2 HANE
BERXHEAIE2EOEROEBRVEZSBBREOH LI ENEHINTNS
(BH, 1972) . AFICBVWTHIDOREELRH B, CLUEOKRESILELE
HENRENWEEZEZOSNDZE (B4EL-2-2) , BLUISIEDOH R TIIBEN
BEAERNSTEIENSHL TREEZDAEVWEEDLNS. /- T, BPLOER
Wi, BRCERICIIBIELEIL, KREENESTELIEICLZHAEGHEN
NDBEEBEZSND.

BEHBH—O2HEEBE 1989FE BT IHABBEHDODAETOHELEE
BEIIS.IFETH 2N, TOBBL UKKRKIIHEBEICIZL 052, 60A®BICIX
TR &> (Table 4-23) . B~DE&TII8AIHLIOHDARAEZIT > =M,
BRHINHET_OBRIEBHR (Fig. 4-21) 2ADE2D0F - RBEELE.
DK, AETIZEE2I~7on (EE45mn) ORFKEBH S 1 TmnORARBENFEINT
B (Tables 4-23, 4-24) , AIROPEHARELET S E, B~DIED50nnAT
BOE— RAVKRE, 20mAiOE — RRKABEHT NS, COTEND,
ARMNSB~DIENDRBE, HICAMOBEOBENREBINS. /7L, Kk
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#ISHHEHL6SHEDOHMODAERTOAEBRK DO RERWAIIDODWTIE, 65HHDE
BTLTRLMNES TR oI ENGHEL T, ZORATHENDOBE %
BIMEMDERNBGVAZEEDNS. 8HI16H (KWHEHKS3HE) LUK, NEE
HEORREITHSNENEESmME L3O ThTHHIENS, ZOBRBEORES
Wb ERBHEOWERIVETWS LHEINS.

19904 T3, HBEBIHBETOREOBPDIEBERENSTZHDD, FNLUBEK
HMERIBHEEFTAROHELEERBEOB AT D72 (Table 4-26) , A~DE%E
EOHELEERRIZFEALE~ETHo- (Fig.4-24) . B~DEI HHFKEEIL0
HEUBRHBRELBESHEMLZZ &5 (Table 4-27) , AIRTORBRE OB
B~DEANDBHEZEHKL, B~DEOHA_OLHFENARIDKREN >
ZEMSHLT, BIERE, KABEEROBHNH - HEEXILNDS. £, A~
DIEEARDODHELEEEREOE(NDIhoZ &L, ZOMOMTZDORENDH
EF04aL, BB LAHSIILIIHEEDHERBENDIFIEAERN >R EHET
TS, ZhF, BURBREHRIZC.THRRITNE, RICHUBEEIHI &L TH,
—HEEL BRI OERBETTICRELTENBHTLIILETRBL TN,
BiR#%ISE BELUEE, A~DIE2ZAOHEEBEERBEIIHERBML, AETIIFEEHREN
WL Twisng, ZORICHEET M EOBEENMEABELEZDDEZEZS
N5, FLT, TOLIBEEIX, HIE Pl il tREBENSBEHT 2 &
WHRTEDHE EDIFIE—HTH. 517, 8H29A (HHEHB4HE) KE5N
Z, RRBEEREORZIOHTINEDEEMRIIAHL TWE NS AE
ELDDOERESGHL TN S,

BBHET —ORE FHFRPE0mmIZETSETOHEKIE, 1989F I RFES3
HHE, 19904F1ZMIHETH- . MEDENR, HEAXKIyARLZ> TV
D EITKRBIZESZHDEEZSNS. AR, KRETHARRICHRRENZE
Bl& s d 5 &, 1989FEDMARITII8ECH 4R MmRE (KA, 1984) Xk
DEREMNE, 1990FERITI984ETH 200 R (KB/KE, 1985) LIFIFFEEE
THol. 1983, 194HEDH T _OEEEEISEOREIDEN - - & HE
ENBN, EEREEEIZIORENEEINDAEEDEZILSNS.

BMAEATIORERELTRN-FS5 274 —RABA5NTWVWSA, FEiE45mm
UPEEAELES Ly (RORBERKER, 1980) 20, SEHOKERICDN
THEHEIEI-I2CHENOP AT 4 v I REHTIRDREZ. 2B, HECKRTHEEF
BB SMEBERETCORYEBOT & 2 M\, Akamine (1986) O 7O
o LhEFERLE.

19894 : (W=81.00/(1+exp(-0.04909(7-58.21)))
19904F : C#=80.65/(1+exp (-0.07507(T-34.68)))

ZZT CFEHE (mm) , TRPHBEFREBENLSOAKETHS. MRITDODNT

YREZITTOIREZA, WAHAEBBEETHH -,
RKRBBIMMO I HEORE HYIXRAMH R ARFEROMIETIE
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BIETH F~hEIc & HET 2. SEFHESNAHAZTINICHET 201,
198948 H9A S 10H DB ~DiEDMEEZERTIE, 19894F6A29B LTAHDOELE
TOELHLTNT, BUSMNIEFEEORARLEELEENBAL TASHEL
T3 (Tables 4-24, 4-28) . /-, WMABROEENEL L THS5HET S
By 1 HTICHHTIEESD (Tables 4-25, 4-29) . MARBESABERIZ
EELTOWNIERAH A A BEICHBL TCORABOBBICKDEFTET,
BERDBICHD TEBRBNUREERDDTIRAANVWES I N, EEL, 1990FD0D
v ) AN IOESITHABREIDAZWI A X THNITHENTRETHIN, ¥
v ) AHTFINEHICTE N E19844E (KRR, 1985) OBWMEEDOLIIT, HE
WEOHRBRBENERLZDHEREINEIEBEZI LN,

BT XEHFE 1989EICEFRFTRBIAOMICARICC . DEERREIT
SN, BERFHZHEOHEESRIZL 3% EELS, RERFOBERDOKIH &
FRRICEEREZ LSS EERNBEVWEHRANA SN, Fik, 1990F0HERIE,
ARBBREDEIDICTFENESHEAOZ WER TIIRRY A XBHEREDOZ WL
C.llENEWn (FE4EL-2-2) LWHERHEEMTA I EER>. LML198Y
FITE, BETTFERICA S TWAARIC: THMERBRKLZEZ A, &
RNBHFB LIS BBEZHELAZIENSHLT, TOLDRGHTIE
IBEVNCKLPHRFETHIARDORENESNEEEDNS. 22, £hLst
DB, FIZAEB~DEDLIAZRAEDPRARTIE, C.zHET SR
DHH2AHEHELEAON, PEBVCHIPHANEELWEEZOSND. kX
U, DFDOIIWIHAIRAKBIIKRRTHAEEBT DI EDHD2D, 15N
SEBEICHRBATHILENSD. COBROEEIIX, SEHOEEROBE,
4.21~4. 36 B/ W N EBOHZ ERBREAS. £, HRKEOFHIZE> TE
ChBRPERICEIIBEEZE SO, BAIANOKRKIIKEIRZEBTZANK
WEEDNS.

BINEHEES 1990FEICIEA~DETKSAFTROMTZINRELHE B
BLiZEHESINZ. Zhoh oI N2EERIRETT L ERAVWS I &I
KOFERRERZEN (B4FE4-6) , SHOMRIREEALES, MEBHEL
FTRSHHMICEBLEZETIZICLZ2DOLEDILEND D, RRBE» 5k
BLEMAZWRELLTAROILESMEZEIMSIIBHLZEBEDN 30, £
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Fig. 4-26. Growth model of the released swimming crabs in 1990. X indicates a
natural death.
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Table 4-30. Growth model of the released crabs in 1990

Month Carapace width (mm) Body weight (g)
Year Month code
i Female Male Female Male Average
1990  Sep. i 107 107 70 70 70
Oct. 2 152 147 195 176 186
Nov. 3 165 147 247 176 212
Dec. 4 167 147 256 176 216
1991 Jan. 5 167 147 256 176 216
Feb. 6 167 147 256 176 216
Mar. 7 167 147 256 176 216
Apr. 8 167 147 256 176 216
May 9 167 147 256 176 216
Jun. 10 167 147 256 176 216
Jul. 11 167 147—176 256  176—299 247
Aug. 12 167 176 256 299 218
Sep. 13 197 207 415 480 448
Oct. 14 197 207 415 480 448
Nov. 15 197 207 415 480 448
Dec. 16 197 207 415 480 448
1992 Jan 17 197 207 415 480 448
Feb 18 197 207 415 480 448
Mar. 19 197 207 415 480 448
Apr 20 197 207 415 480 448
May 21 197 207 415 480 448
Jun 22 197 207 415 480 448
Jul 23 197 207 415 480 448
Aug 24 197 207 415 480 448
Sep 25 230 240 653 740 697
Oct 26 230 240 653 740 697
Nov 27 230 240 653 740 697
Dec 28 230 240 653 740 697
1993  Jan 29 230 240 653 740 697
Feb 30 230 240 653 740 697
Mar 31 230 240 653 740 697
Apr 32 230 240 653 740 697
May 33 230 240 653 740 697
Jun 34 230 240 653 740 697
Jul 35 230 240 653 740 697
Aug 36 230 240 653 740 697
Sep 37 265 - 989 - 495
Oct 38 265 - 989 - 495
Nov 39 265 989 495
Dec 40 265 989 495
1994  Jan 41 265 - 989 495
Feb 42 265 - 989 - 495
Mar 43 265 989 - 495
Apr 44 265 - 589 - 495
May 45 265 - 989 - 495
Jun 46 265 - 989 - 495
Jul 47 265 - 989 - 495
Aug 48 265 989 495
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Fig. 4-27. Relationship between the cumulative fishing effort (X) and In CPUE (Y)
during the period from December, 1984 to April, 1985.

- 106 -



SRIAKRFOAHATHREZNDZENS (B2FE2-2) , IXNTHEGHMAICH
BINDELEEAOREBREREZHE L. MBI, FEARCHERRED
TR TNBI984FEI2A~IIELA DD DEH WS, £7, @ADCP
UETHRZ2FZRBRL TWRWIREENSZOT, REHFEHEAOAMAY
BESE (MOHEEE) 20MRREF0BRERRE (B28E2-3) o/l
BY%7=00A EEEMEREBRIGO AR ATRREER AL HE) TK
LT, REBBRBICRITLIEYWN/RCPUEZELHLE. FhECL/XH,
7z, HETEE (HF) CEEINTWI2ARFCBII2AHBAMBEERZ
XU EFNZFNRATSE, g=0.000291, No=22,075 M:Kx >3 (Fig.4-27) .
KIT, BEETRE (F) X OROIINCHERRLAEZHEBOHETH S
DT, LTKRODEWMERRESADHELZNIEERALTFERDKE. £#ADH
EENEIZDWTIY, RRDRMEEZIT o 1990FELBEIZH S NI/ > T
2, KRBOFHAHPBREER (Kitl) 2REFHRBOGHHEREER
(MEEsHE) OBEADESTHAES L THELE., Z0XDCLTESNE
AROFBELUOMDEZE Table 4-31 IR L T=.

HREER

EFROREBEETNVERNWT, MANSCENMETOAGBOBRECERB L
VHRERRECEEBZFE L. FFEHEEEL Table 4-32 17, MERKCHEER
% Figs.4-28, 4-29 WENFNRLZ. WREAOBEERELILT6,919E, HE
HE12,416kgThH-o 2. MEREEL, DEMNSHEBICBEILZ8.4FEDIL. 6
%T, RRBOLD ICHERENSVWIBE TIIRKEINBEIND ZENDN5S.
BICMALTOS3n ADRICTI B DRER, 60 DEENBEINTRD (Figs.
4-28,4-29) , EHBEEAKE (16lg) BVIhNZWEHEREZ>TWVWS. £/, ENE
(BEREHRRE) BLIUOKKERIFEY -V OREER - EESE (B
3,000 “kg) iICDWTIE, FNEN3L.3%, 505ke, 151 FM&ERD. BE4
EBLOTEERREIIABICIEZ > T, EEE M EERMENS. 2[/
B (AXREEEHS, 1998) THDI2IENS, AEIN-PEEBRIBEFLLE
BENEoTn2H0EEbNs. 5%13, BEZHEORDL/NEEKDRE
(5 ES-2) IT&D, REBEZHEAIBILENHSS.

SRIOFHET, FHIBEHZHRITNEIABRYZ0K0 5 OBREICDOR
MBIEMASHERSZ. ULMALARNRS, WKLEZORE FENBTHERTR
INEEHET (B4FEL-3-2) , Y1 XADOEADSHBEEMASBEENZ DD &
BEON50T, BETH> TWHEEHRKDOMRITIINIZERELZOMDBLN
M. KRBT, 19920, 607BUEOERZHRAL TBD (B48EL4-
D, 1FRYUY7ZD0F OB ETNITION LU EOWERE 2B, BER
228> (19954F) OEDH -7 (FE2FE2-1) . £7-, LA THEERL
THRLEBEOEERE (F4E4-5-2) X, BWEHHOALDRETH B,

- 107 -



Table 4-31. Model of catch and natural mortalitly
of the released crabs in 1990

Fishing Fishing mortality Natural mortality

Year Month effort coefficient [F] coefficient [M]
(boat-day) (/month) (/month)
1990 Sep. 1,328 0. 386 0.0471
Oct. 1,321 0.384 0.047t
Nov. 1,379 0.401 0.0471
Dec. 1,299 0.378 0
1991 Jan. 713 0.2071 0
Feb. 1, 239 0.361 0
Mar. 1,141 0.332 0
Apr. 1,537 0.447 0
May 1,152 0.335 0.0471
Jun. 1,289 0.375 0.0471
Tul 1,134 0.330 0.0471
Aug 1,544 0.449 0.0471
Sep 1,163 0.338 0.0471
Oct 1,241 0.361 0.0471
Nov 1,289 0.375 0.0471
Dec 1,352 0.393 0
1992 Jan. 969 0.282 0
Feb 1,065 0.310 0
Mar 1,158 0.337 0
Apr 1,666 0.485 0
May 1,239 0.361 0.0471
Tun 1,564 0.455 0.0471
Jul 1,357 0.395 0.0471
Aug 1,287 0.375 0.0471
Sep 1,378 0.401 0.0471
Oct 1,460 0.425 0.0471
Nov 1,103 0.321 0.0471
Dec 1, 248 0.363 0
1993 Jan. 602 0.175 0
Feb. 1,284 0.374 0
Mar. 1,556 0.453 0
Apr. 1,448 0.421 0
May. 1,711 0.498 0.0471
Jun. 1,308 0. 381 0.0471
Tul. 1,173 0. 341 0.0471
Aug. 1,691 0.492 0.0471
Sep. 1,424 0.414 0.0471
Oct 1,772 0.516 0.0471
Nov 1,297 0.377 0.0471
Dec 1,291 0.376 0
1994 Jan. 633 0.184 0
Feb. 999 0.291 0
Mar 1,339 0.390 0
Apr 1, 754 0.510 0
May 1,772 0.516 0.0471
Tun 1,912 0.556 0.0471
Jut 1, 764 0.513 0.0471
Aug 1,735 0.505 0.0471
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Table 4-32. Calculated result of natural mortality number,
catch number and catch weight of the released crabs

Initial stock Natural Catch Catch
Year Month number mortality number number weight (kg)
N(D) D(i) c(i) Y (i)
1990  Sep. 84,000 3,210 26, 340 1, 844
Oct. 54, 449 2,083 17,000 3,162
Nov. 35, 366 I, 342 11,437 2,425
Dec. 22,587 0 7,110 1,536
1991 Jan. 15,477 0 2,900 626
Feb. 12,571 0 3,807 822
Mar 8,710 0 2,478 535
Apr 6,292 0 2,269 490
May 4,023 157 1,121 242
Jun 2,745 105 840 181
Jul 1,799 71 495 122
Aug 1,234 46 437 122
Sep 751 29 211 95
Oct 511 20 151 68
Nov 340 13 104 417
Dec 223 0 72 32
1992  TJan. 150 0 37 17
Feb. 113 0 30 14
Mar. 83 0 24 11
Apr. 59 0 23 10
May 37 1 11 5
Jun. 24 1 9 4
Jul. 15 1 5 2
Aug. 9 0 3 |
Sep. 6 0 2 |
Oct 4 0 1 1
Nov 2 0 1 0
Dec 2 0 1 0
1993  Jan. 1 0 0 0
Feb. 1 0 0 0
Mar. 1 0 0 0
Apr. 0 0 0 0
May 0 0 0 0
Jun. 0 0 0 0
Total - 7,081 76,919 12,416
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Fig. 4-28. Calculated monthly catch number of the released crabs in 1990,
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Fig. 4-29. Calculated monthly catch weight of the released crabs in 1990.
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Fig. 5-1. Calculated rate to the original catch weight of the released swimming crab
in case of changing resting days and restricting carapace width. Mortality

rate after release = 0.1.
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Marsupenaeus japonicus
[KURUMAEBI]

Crangon sp.
[EBIJAKO]

Portunus trituberculatus
[(GAZAMI]

Charybdis japonica
[ISHIGANI]

Hemigrapsus penicillatus
[KEFUSA-ISOGANI]

Repomucenus spp.
(NEZUPPO-RUI]

Favonigobius gymnauchen
[HIMEHAZE]

Acentrogobius pflaumii
(SUJIHAZE]

Pleuronectes yokohamae
+ Kareius bicoloratus
[KAREI-RUI]
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Fig. 5-2. Distributions of the main crustaceans and fishes in the shallow beach at

Tarui on July 18, 1985. The lower part shows a sectional profile of the

beach.
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Fig. 5-3. Distribution of sandy beach in Osaka Bay in 1934. Dots ondicate the
presence of sandy beach.

50 5
— Distance of sandy beach
E Loss of sandy beach -
X 40 4 E
< =
L
8 S
% 30 3 _8
= )
3 S
% 20 2 3
@ 9)
= &
4 10 19
(an}
0 0

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
Year

Fig. 5-4. Distance and loss of sandy beaches in Osaka Prefecture.
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