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Studies on Stock Management of Snow Crab Chionoecetes opilio
Based on Biology

Atsushi Yamasakr

Abstract

Snow crabs Chionoecetes opilio caught by Danish seiners are important and of great ecomomical value to fisheries in the western
Japan Sea. Since 1970 the Japanese Fishery Management Agency of the western Japan Sea has enforced the fishing season of the
crab, the carapace size, and the maximum amount of catch per trip. These regulations were enforced to allow mating, breeding,
and molting to proceed. However, the sum of catches of male and female crabs landed in the western Japan Sea has decreased.
That is, it is probable that these regulations have not function well for the management of the Danish seine fishery.

This study contributes to a scheme for the appropriate management of crab stocks and proposes a profitable method based on

fishery biological surveys.

1. Fishery of snow crabs in the western Japan Sea

The fishing season by Danish seine is restricted from 6 November to 20 March for male crabs with hardshells, from 21
December to 20 March for male crabs with softshells and from 6 November to 13 January for female crabs, respectively. The
excluded crabs are males less than 90 mm in carapace width, immature and mature females carrying orange.—colored eggs. The
maximum amount of catch per trip is restricted for males with softshells and for female crabs.

The annual catch of snow crabs in the western Japan Sea was around 10,000 tons from 1964 to 1971. The catch from 1972 to
1975 decreased sharply, decreasing 1,500 tons in 1990. On the other hand, since 1971 the annual yield shows an upward or stable

trend from 6,500 to 7,000 million yen, because of the rise in unit price per a kilogram as scarcity value due to decreasing catches.

2. Fishery biology of snow crabs

The terminal molt of male crabs was studied using 1,638 male crabs with a carapace width larger than 60 mm caught by
Danish seine, trap and beam trawl in the sea off Kyoto Prefecture from August 1989 to October 1990. For estimation of molting
stages of male crabs, the second maxilla was taken, and the carapace width and chela height of each individual was measured.

In examination of the relationship between carapace width and chela height, male crabs were divided into two groups, those
with a relatively large chela height (large-clawed crabs), and those with a relatively small chela height (small-clawed crabs). In
the small-clawed crabs, intermolt, premolt and postmolt stages were mainly observed from February to May, from June to
September, and from September to October, resﬁectively. On the other hand, almost all the large-clawed crabs were at the
intermolt stage throughout the year, and the postmolt stage was observed from September to October. These results indicate that
small-clawed crabs continue to molt once a year, whereas large-clawed crabs have already undergone the terminal molt.

Male crabs with a carapace width of more than 60 mm were divided into four molting stages, with a mean carapace width of
67.4mm, 91.2mm, 111.1 mm and 130.2mm. The molting stage with the largest mean width (130.2mm) consisted only of
terminal molting crabs. The three molting stages with smaller mean widths of 67.4 mm, 91.2 mm and 111.1 mm, however, had
two different groups comprising terminal molting crabs and non-terminal molting crabs.

Both types of male crabs in terms of shell hardness, that is hard-shell “Tate-gani” and soft-shell “Mizu-gani” are caught by
commercial fishing. The legal-sized males consist of three molting stages, 91.2 mm, 111.1 mm and 130.2 mm in mean carapace
width, “Tate-gani” are more than one year old after the terminal molt, while “Mizu-gani” are just after the molt terminally or non-

terminally.
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Bathymetric and horizontal distribution patterns of male and female crabs, and sampling surveys were carried out by traps
from 242 to 244 m depth in the sea off Kyoto Prefecture in May 1990 (spring), from 236 to 250 m depth in October 1986, 1988 and
July 1990 (summer-autumn ; primary spawning season) and from 268 to 270 m depth in November, December 1992 and March
1993 (winter; secondary spawning season), respectively.

In spring, a distinct difference in horizontal distribution was noted between male and female crabs, while samplings were
made at the same contour in depth. Estimates of the dispersion of unit patchness for mature males ranged from 100 to 200 m
within a large schooling dispersion (600-1,500 m). Mature female crabs might disperse rather densely ranging from 100 to 300 m
within a large patchy aggregation dispersing over 1,500 m, with immature females ranging from 100 to 300 m within a large
dispersion (400-900 m). It is suggested that growth and/or maturation of the crab may influence the horizontal distribution
pattern, as well as seasonal aggregation.

In the primary spawning season, two groups of female crabs, categorized as primiparous females just before and after the first
mating and multiparous ones more than a year after mating, tended to form patchy aggregations, mostly separated by the
bathymetric boundary of 243 m depth. That is, the former was distributed in a shallower area than 243 m and the latter in a
deeper one. These distribution patterns followed two patchy aggregations of males: one a with small carapace for the
primiparous females and the other with a large carapace for multiparous females, respectively. The distribution pattern of
primiparous females concurred with the large scale patchiness of males in non-terminal molt with small carapace width. It is
suggested that small males can mate with primiparous females in areas shallower than around 250m depth.

In the secondary spawning season, the males with hardshells which were one or more years old after terminal molt and
multiparous females with fully matured eggs (black) seemed to aggregate patchily to the same area. Males in this shoal belonged
to the largest molting class with about 130 mm in carapace width. It seems that these males would possibly mate with the
multiparous females in winter. On the other hand, both males with softshells (regardless of terminal molt) and primiparous

females were distributed separately from hard-shell males and multiparous females, respectively.

3. Population parameters of adult female and male crabs

In order to estimate population parameters of adult female crabs, in the sea off Kyoto Prefecture, 1,953 tagged crabs were
liberated in February, March, June and November 1986. Most of the tagged crabs were caught just after the start of the fishing
season, and mainly during the first 5-day period from the start the average recapture rate was 27.1%, but 5.8% the second 5-day
period, equivalent to 32.9% during the two periods. The average recapture rate in all was 40.9% from 6 November 1986 to 31
January 1987. From the results of the above tagging experiments, four population paramaters were estimated as follows:

Natural mortality coefficient M 0.0002 (day™")
Fishing mortality coefficient F  0.0117 (day™ ')
Fishing rate £  61.14%

Tag diminishing coefficient . 0.0010 (day™ ")

The fishing mortality coefficient is extremely high, compared with the natural mortality coefficient.

Survival rates per year after terminal molting and between two successive molting stages of male crabs were estimated using
3,247 individuals collected by trap and Danish seine in the sea off Kyoto Prefecture from March 1989 to November 1990.
According to the percentage of occurrencé of the terminal molting crab in four molting stages at periods of soft and hard-shell

crabs, it was estimated that the survival rates of males was 0.35-0.43 (year ') and 0.58-0.71 (year '), respectively.

4. Consequence of decreasing crab stocks owing to Danish seiners’ exploitation

With regard to unusable crabs appearing in catches by Danish seine, irrational exploitation was emphasized in view of
biological points, mainly bycatches illegally fished during crab fishing months (November-March) and off-fishing months
(April-May and September—October). There appeared to be a lot of illegal crab fishing by commercial Danish seiners, catching
illegal sized males of less than 90 mm in carapace width, immature females and adult females carrying orange-colored eggs. In

ordinary operations by commercial fishing, these crabs were discarded at sea as trash together with other unedible animals. The
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survival ratio of crabs just after being discarded was estimated at 0.71-1.00 in winter, 0.87-0.99 in spring and 0~0.15 in autumn,
respectively. It is doubtful, however, that the crabs would eventually be recruited at an acceptable size.

Based on the proposed mathematical model and population parameters of crab resources such as fishing area, swept area of
Danish seine, efficiency of gear and survival ratio just after being discarded, it was estimated that 40-65% of crabs in number
decreased as a result of exploitation from 220 to 400 m depth from April to May and September to March, when seiners mainly

fished Hippoglossoides dubiusu. Desease in snow crab catches may be due mainly to this exploitation.

5. General view of management of snow crab stocks

This study proposes two measures for the management of snow crab stocks, the first being the preservation of crab
reproduction in order to increase the stock and the second being bycatches as trash.  For both measures, it is suggested that crab
sanctuaries in suitable fishing grounds are successful. The method of establishing the sanctuary and distribution patterns of crab

aggregation discussed in this study will contribute to this.
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Fig. 1. Annual catch of snow crab Chionoecetes opilio
caught by Danish seine in the western Japan
Sea.

Table 1. Regulation of snow crab fishing by Danish seine in the western Japan Sea in

1991.

Management item

Contents

hard shell ; 6 Nov.—20 Mar.

soft shell ; 21 Dec.~20 Mar.

Fishing season Male
Female
Prohibited crabs Male

; 6 Nov.—13 Jan.

; male crab of less than 90 mm in carapace width

Female ; immature female and adult female with carring
orange colored eggs

Maximum amount of Female

catch per trip

<24 hrs./trip ; 14 boxes
24-48 hrs./trip ; 23 boxes

>48 hrs./trip  ; 54 boxes

Male (soft shell)

<24 hrs./trip  ; 15 boxes
24 — 48 hrs./trip ; 30 boxes
>48 hrs./trip  ; 70 boxes

(15 kg/box)
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Fig. 2. Fishing ground for Danish seine in the sea off
Kyoto Prefecture. Thin lines indicate iso-

3 .
bath in meter.
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(Conan and Comeau, 1986), CDOMEICL B &, BHEE
Bz zEECid, FRice LB Mz k&
<, WISHRMBE LR Z T WEE T, FEXTHIC i
BINE W,
BERIBIZBITDEEOHIE TS, BHOFE L HH O
BREERESNATVWS B, 1957, chitkde, ™

Table 2. Sampling data of male crabs.

Depth Carapace width

Date Fishing gear (m) Numbers range (mm)
24 Aug. 1989 Trap 273 55 66 — 142
19, 22 Sep. Trap 272 93 73-152
13 Oct. Trap 245 74 63— 134
19, 22 Feb. 1990 Danish seine 245 149 67120
5 Mar. Danish seine 235 97 88-115
24 May Trap 273 138 59-111
14, 19 Jun. Trap 272 255 68 - 152
25, 27 Jul. Trap 273 125 59 - 152
21, 31 Aug. Trap 243 41 65— 140
10, 11, 24 Sep. Danish seine, Beam trawl 230 -275 93 58-125
3, 4, 11, 15, 16 Oct. Trap, Danish seine 243 - 350 518 58 — 140

RESFF R > & — TR0 E 48 19944



BOMBIEHILEORLL 2DOBIIKST 5 EWT
& HHEOKELBEFIROKE ZBIIZNT L25
PoTWVh, 25ICERBITORELS, 1FEUEDOR I
BdHELToTWhdo nERFIELALNTVES
(Yamasakr ef al., 1989), CTh o ORMERRIE, BERMEIC
BT HHEOBEIT S LKW & BRI, REBRENE
T AN ERE LTV,

2-2-1 EOREBEICET 2%
2-2-1-1 MEBIVHZE

19894E 8 H % 5 19904E 10 A T T I ZHBAF M & D KIFEH
230~350m HIZBWT, HoHh T, ELESB L UHRE
TR EN/55T1,638AEDH L MHE & L7z Table 2
KEDOFFMEERE L, RS BIlcownwTid) ¥ %
FRALT, BXFREAHOMMEZ 0.1 mm Bfi T
PIL 720 JBITAV-#H OEALIE Fig. 4 1R L7, #l
€/, Conan and Comeau (1986) 12 L7-2- 72, B

Fig. 4. A portion used for the measurment indicative
a chela height.

Fig. 5. Basipodite of 2nd maxilla of C. opilie. The
portion inside the square was used for deter-
mining molting stages.

XA HZOEREEMIC & O CRREHRICET A%

B OSFEARIES L RBAR I VBEL»CEETER2 W
fAkiE, ORI LRPN, E512, BOEERT—
VERHEHTALDIKE, ETOEMEHSE2/ME (2nd
maxilla) ZERE L7z, % 2 /NRITREERICHET 54
FBRVT, 3 %KLY) VBT ANRES N, B
BAT-V OB, £2/ NEDEE (basipodite) DF
B OFNIBDOERE (epidermis) 8 L URIE (seta) DIERL
b LS AREORRE ¥ OISR EME I L hiTbh/,
% 9 /NEOBEMME Fig. 5 \R L7,
2-2-1-2 RIS SHEOHEERE

19894 8 A » 519904E10H I TR S -0 FIiE &
SHHEORMEL, WBMEICIY Fig. 6 128 L7z, FIE 70
mm BT TR BRI LTS I B OB EE, £
72, FE 120mm L ETRBVWEKOATERE S TY
720 R 70~ 120 mm TRAMNHICHHBOB N O &
BVWLODO2BFHITRBD LN, ORI, FHE
(1957) SR L7-BE &L TR & O REOBB L ITIF
RA#TH 5,

Lo 2 BB ROHFIEHRRIC L b, HEWICRST
LT ENTED,

Y=—16.5221 In CW+14.5008 In CH+33.8949
ZZT, CW EFIE (mm), CH XM (mm) TH
D, ZORRIIFTEM ¥ 47-0.01123% » /N 2L

HEORANEEIS, RETUTSHES O WEEICXRT
BIENTELIERRLTVE, &5, 638FMA&OH X

agt N=1638 . ::; -
€
:
=30
[
x
©
T
< 25
=
(]
Z04.(1 : ! 5 50 Incw
1 A i I L S RO S
10 9 10 130 150 cwimm

CARAPACE  WIDTH

Fig. 6. Relationship between chela height and cara-
pace width in the natural logarithm for the
male snow crab. The results are separated
into two clusters with a .linear line; ¥=
—16.5221 In CW+14.5003 In CH+ 33.8949.



7-3

7-4

Fig. 7. Photographs of basipodite of 2nd maxilla showing molting stages. 1, Po-stage: postmolt
period ; 2, I,-stage: intermolt period; 3, Pi-stage: premolt period-I; 4, Pr-stage: premolt
period-II. Large and small arrows indicate the new epidermis and seta of the basipodite.

SHEE O S DOB0EME, H\ b OTBEEIITIT LN
7zo LT, 2 /NEOBISERERIE, HMHICHHRORE
EH RV ERICK ST LTRE L7,

2-2-1-3 AT — T LSRR

FB2NFORBORWMBI L BE L 2L, postmolt
B X U intermolt period X FNEFN 1 DD AT —, pre-
molt period 222D AT — TV DEEH 4D DFEHM L X
T=VWRRGITHIENTE, EFDRATF -V LERD
42 TH5b,

P, A5 — ¥ (postmolt period, Fig. 7-1) ; 28 DB
TORESITETEFIIELLL, BEL LAY
ELTWA, £72, ZOLHLE 2NRERTHEMROR
BEIEFIZEL L, HELTHZVWIKETH -7,

I, 27— (intermolt period, Fig. 7-2) ; B&i O &ILH
TREIFELEL, FREAETEL TV, BIOH5OA
HIZIEF LW EHORERPHIERE (BRI LT R,
72, FROKBIE P, 27—V ERLDEN,

Py A5 — (premolt period, Fig. 7-3) ; ZEHi D &L
GOEEREIE 1, AF =V EEMRTH 575, BBEHTD
PREICEEF L WEHOEECRIESER SN TWS (Fig.
73 DRED . LirL, HWEHOREEHF LV ENLD

BRIk, MBREECIDEL TRy, $77, B
DRI 1, A7 — TV ERBRICEEYV,

Py A5~ (premolt period, Fig. 7-4) ; tT W EEH DA
AR SN TW R LWEBHOERE S L URIER, Hw
EHORE, WMELLELITEBL TS (Fig. 7-4 DX
e ¥72, COL)REUNEEATLIEMIE, FHE
1957) ML RMEBMO “75 5797 ORETH-
72

COWRLAE 2NRICE BHEAT — VRSIIEAR
12 1% Morivasu and Mavter (1986) (T L7-255720 R
{2 &, premolt period 13H LWEAHOFKE B X URHIE
DSMESWICLY, AFtso02F—-Y (Do, DY,
DY, DV, Day) T RTWED, ERICIIELD
RGP HETH - 720C, KFFETIE Py, Pp D220
AF—TDHIIKG L7z, Thbb, ElRLALICHL
WEHORE B LIUVHIEITHFVENL 2 LREEICHTEEL,
Morrvasu and Marrer (1986) #5638 L 7-HE BRI & & £
S Dsey ATF—T% Pp AF—TUL, DD Dy~
D/ D4DDAF—T% Py AF—V kL7,

SRIZ, Fig. 6 W8 L2 BIECH LTI B o st o
WE KD ER AR EEROER O, 19894 8 A % 5 19904F

HANRF L v 7 TR 45 19944F
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Large-clawed crabs

50
=
.
o 0
= Small-clawed crabs
w 4" 83 50 55 B0 356
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g
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2‘%& MAR MAY JUN. JUL. AUG. SEP. OCT.

mlgﬂﬁ SEP. OCT.

Fig. 8. Monthly change of four molting stages in

small-clawed and large-clawed male crabs
showing in percentage. Py, postmolt stage:
I,, intermolt stage; P;, premolt stage-I; Py,
premolt stage-II.

DA ETORPERT— I 0 AFIHRE S % Fig. 8 IR
L7z AROFERT — TV OHMBIRIRO E LB, TEH
EHARATEERLA2AEL LIFIFRABTH 57,

AT IS IRV ERI TR, B OBBIC A 5 728
BMTHLP A7 -VOHBERS A SAoN (4.3%),
ZFOHBRESIL7 AL S 8 AT TIRE 2 AEMETRL
72 (76.0~94.5%), 512, 8 AN SI0BICIE Py &
ToVOHRAFH LN, TOHBEEAASIIIAIRLED-
72 (20.0%)s F7:, 8 AP S10A121E Py X5~ DM
BLEDIIP, AT —-VOHBbLALK, FORBEHE I
ECIZI0B @577 (87.2~90.9%). 2 AH 5 5 HIC
F I, A7 —VOEBPEE L (95.7~100%),

BED X312, P8 60mm M Lo I SEHED
AR T, $CIRIANBERERD Py X7 — U7,
BNTIORCHBERERD P, A7 —IUHFSCHBLAC
Erh, BLEIAPLI0AEICHERITI bDEELS
NhH, TITHELLRERNZ, chitmEshtyn
LER (B, 1970) & HT—FK L7, X 5I2, 4EIEI

XA DA &S CRIBEBICET 555

Ao 1 AOERPRIB LN, REOR#HEBELRL 7
APHI0RIZBWTIE, RETER L8 ESo
BWEFDIIZE A LETOMEEK (94.5~100%) 1, &
B (P1, Py 25—9) W LBER P, 25—) T
Hotzl bhs, ZOEFOBMKIIEIC ERERIT
bDEEZ LN,

—7, HMBICHHEORVWERTIZ, 9 AL 51081
2P, A7 —TUAHBE LA (9.1~63.3%), “hbiso
ATRETL, A7 —VDADHHETH -7, THhbb,
HNBICHHEOBVERTIR, BEREORF -
(Pr, Pp A7 =) &L ALRT, BkTiT) EiEs
Thbhtwhd ozl eds, ZOEROERILEE T
DEWIEPHELPER 57z, DF Y, LRKEEEROL
¥ Fu— b ¥ AET Conan and Comeau (1986) ASHEHS L
7D BMBIE OFFED, HARBEHMERO X7 4 F =12
BWTbHER SNz,

2-2-2 B - RRBROE RS
2-2-2-1 MEBLCHE

19894E3 4 #* 5 1990411 A £ TIZIHERKF & DK IE 220
~350m I BT, FHhTBLIUERBCRE SN
AR, 47TEBOMER A & L7, SRS -, HiE
EHHEmORIEI Tb A, BRI S L USHEICDWT
13, BIIHEFRETH -7, Ml & N7z EIZBT OB BBk
Kok y, BRBEETHRIAK OUF, BRERELAE
IpE) E#EZTuRWELR OUT, REEHEMEEL P
) LIRS Eht,

HIEAEBIC A SN D\ D DRDEES A IERS
it HEEEL, Cassie #EB LU Tavror B2 70 7S
2B L4 (R - Heb, 1988) 10k ), S@HIOFHE
R & R E D E SR,
2-2-2-2 WHIESBORA

19894F 3 A4 519904E11 A I TIZIRE S 7= % S hi
Befifk & KRB AR L IR LT, TE D FIgRER
% Fig. 9 \TR L7z, B8 70mm R T 1 A% K7~
ETHRERBEEBEERTSH Y, FiE 130mm B ETiie
TOBEGERBETH 5770 B 70 mm 55 130mm @
#HHIZIE, MWHOBEIETN TV, FIEERD | Bk
BIDHDLWEOH A, IS 100mm Rl TRFER
B EEEEL (70.6~99.7%), & 100mm L FC
R AT L7 (56.9~100%) . FPIE 80~90
mm & 90~100 mm DFEH T BITIE, BRELEEOZ
AIEHEIKE LR BIFEE Y (Table 3),

BB L RERBEEEK S TE— FOMRBICE,
BHONLP /22 Ehs, Fig 9 IRENTERS F
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FREQUENCY

CARAPACE
Fig. 9.

WIDTH

Frequency distribution of carapace width in male crabs, which were classifided

y— .
110 130 150
(mm)

into two groups using a linear line shown in Fig. 6. White and black columns

indicate small-clawed and large-clawed crabs, respectively.

Table 3. Percentages of large-clawed and small-
clawed crabs classified into each carapace

width range.

Carapace width Large-clawed Small-clawed-

range (mm) crab (%) crab (%)
60 - 69 0.3 99.7
70- 79 11.8 88.2
80— 89 294 70.6
90- 99 259 74.1
100 - 109 56.9 43.1
110-119 73.6 264
120-129 95.1 49
130 - 100.0 0

EOT, TORICALNLBHBHOTH AL, £
R, FIEK 60mm LLEOHEY = OFEMBOFIZIE 42
DR A LK, FREFROFHEIRLIEERFED 67.4
mm*4.8mm, 91.2mm *5.9mm, 1l1l.1mm=*6.1l mm

BLO130.2mmt6.2mm THo7zo ZDFER%E, Table
4 & Fig. 10 128 L7z, AFAEXETIEEIE 130 mm Ll EDE

Table 4. Mean carapace width, standerd deviations
and percentage occurrences of four molting
stage groups, A, B, C and D.

MO e sp R
group (mm) (mm) (%)

A 67.4 48 17.0

B 91.2 59 52.3

G I11.1 6.1 22.3

D 130.2 6.2 7.5

B TERBELRI T2 a5 (Table 3), F¥y
G 130.2mm OWBIIRIKEVEHEEZ DN,
LT, ZFETIE ERD4>DEEA %A, B, C, DEE
T, FRESN-ZHHOMRLEEIIEOLE G AR
A517.0%, BEA52.3%, CHELY22.3% B L D EAHT
7.5%Td 572 (Table 4),
2-2-2-3 BERERD S & - BB SBORLIEO®RE
ARFFETHE S N7 E RS PHRIRE H REER
I T OHER DME (Swopa, 1968; FHEE, 1970 ; 4,
1980) & ILEIL, Table 5 (CEH Lz, HEROMEIZL D
E, PR 60mm DL EoOME bzl b 8oLk
DEHIDTEL, FMEOHEELD 48D EH VT &
HEEEN TS, £2C, HEEREE (%) (L. —L)/
L,X 1000 2 FFEDFEREEROBRELT BT LIS
&0, Hig60mm U EoBEKERE L, 22T, L,
&3 n W DOFPE, L+1 & ot 1 BTG
ThHb, BRATFHERICBVT, HFIEH 100 mm £ L
TPNSVETIEIREEFEEEARS, KEWHTIIRHPE
fEAENEB L T2 Z 55 (Table 3), BRERERIR
& 100mm %L L CHEBERA L FFFETCRERLK
FERITAR 67.4mm) 25 BE# (91.2mm) T34.5%
BE»SCH (1l.lmm) T21.8%, CE» 5D
(130.2mm) T17.1%CH Y, HIiE 100mm Ll FO#HIC
BVTHREEERIZN% IEVETS -7, FHE (1970)
&4 (1980) 1XHIE 100mm RiFIZB T HHEERERI
12.8~30.5%, EIE 100mm L EIZBIT5F1iE 3.1~
10.5% & L7z HI 100 mm i CTIIHERDH R & A7
FOERITIX, FREBEXRELEVIASNL D 57205,
HIE 100mm PLETCRAELRLS 7, 238, Svopa
(1986) DPLFHEFRIIFIG 80 mm BED 5106 TF & %

WA SLHEEE & — W38 %45 19944F
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1 90

CARAPACE WIDTH

16 130
(mm)

Fig. 10. Carapace width composition of male crabs caught by crab trap and Danish
seine, with fitted normal curves to distribution in each molting stage group.

Table 5. Comparison of molting stage group and
mean carapace width more than 60 mm
carapace width arranged by three resear-
chers in western Japan Sea.

Number of Mean carapace width (mm)

molting

stage group Sinopa (1968) Ito (1970) Kon (1980)

1 60.6 63.6 65.2
2 72.2 83.0 80.0
3 80.5 97.8 93.4
4 88.6 110.3 105.6
5 95.1 121.0 116.7
6 101.5 130.0 126.8
7 108.0 137.7 135.9
8 113.0 144.2 144.2
9 118.0 149.7

10 123.0 154.4

11 126.1 |

12 129.5

13 132.9

14 136.0

L =
(&)

138.1

H, &EHIEEIRVWETH L, Zhix, AEHESO
FiEERICEE LS TOE-FEHil s L2k
%, FIEH 100mm Ll kT3 BITHSEEE 1T LK
ELAZE R LEHENTEY (Bl 1970 &
¥, 1974), MEMRIN TV 5D,

BB X CKEAE TOERNMED S FEEERE

A7 A4 H=OEREEMIZS & O CRFEERICE T BHfR

HENTWEOT, TNLOEREERLANBOBREL I
B b, N—1) VB X Uh F S KTETOBEBRBGR
POEEEINBHERERIL, FIE 100mm £FET13.0
~35.1% (584 THY, FIE 100mm LLFTi6.4,
86% L/INEVEILALNTWED, ZD26%KiFiE
12.9~22.0% (6f8&) &IBAKIWEIHEShTW
% (MCBRIDE, 1982 ; TavLor, 1982), TayLor and Hoenie

(1990) iZ, »F FIKEHEIZBVTCFIEI0~110mm D
HETOBREEEFIZ10.6~13.0%TH B LH|E L7z, b
KUHEEXT A F=OKEREFERITE VT, Morivasu
et al. (1987) LHIE 100 mm R CTORLRERILIL. 4~
27.4% (18fEf), FHE 100mm L L Ti3 8.0% & 1 Ak
PN EWENRA LN TV B, id13.3~17.4% (418
F) LREFE L/, T/, Mrirer and Watson (1976) 13,
HiE 60mm 5 10lmm I COMOHERERITI8.4%
T—E& L, EFEOKEHETE, B 103.0mm O
BE 1 RIORECHEIE 125.3mm 1274 ), BHERER
21.7% DL TS (U, #5EFH),

VLB~ X 9512, REEEEEAAER L 22HIE 100
mm FFHTOREEELRIL, Swopa (1968) OF KT
BRI & A & AERBT S A EE I L A ERMEANE
IZEROEEF R L7z L2 L, RREAEEES =R L8
P8 100mm Bl EICBWTIE, RO E L EHMEIRIZ
\ZF UAE T3 - 724%, Smopa (1968), ik (1970) B L
U4 (1980) OEEFEME BAXCRE 5T, A
BERIGHMTARY, 2 ICHEL-EREOTEE
MEIERYTH o7 EZLND, I, HIE 60mm L+
W8 DU EDBENFLET L EARTOE, LTFLIFY
EEEZ LNV, ABIFETHE LA BIRMBIC I, B



B A & R R R BAOM TR O T — FATERL LR
BHIA SN o 72At (Fig. 9), EXEEEIIA N =%
W~ 72 Morrvasu o al. (1987) 1 & hid, REKE
(terminal molt) & RF LR (normal molt) & TidfiE
BERSRL2D &L, FIUHBHATHBEEREEDOHARER
Birk & 0 BEBERSMRWERE SN TWD, REROTRE
THIE 100mm Ll OB 8D, d LAEERUE
SEISNIDE, F—HAORREEEEE REREERE
EOE-FOX L EBIOE LHB Lz eELLR
5o ZOMBEMANE, & ITRMGEMBAEATERT 5 100
mm Pl ETHETH 5,
2-2-2-4 EE - BRETN

BOBRE - RETFVEERTA/20, BB LARRE
BOFIERRIES MR COMERBEET L EUTO LI
%5, FiE 60mm Ll EOBEMKICE, FOEICH LCHRY
(ZSHEN R OBV A B R 1B & S B DBV R R 1R
BHEFEL TV D, RERBEBEAL IEICIRIADLS
WDAFEICHEEZIT) Okt L, BREEEEEEEETS
T E%v, T/, FIEBEEOBIZIZ4 00 (A~D
B) PAach, ThPhoFEEHFIEIR 67.4mm, 91.2

Small clawed. &£
’/

Mean size (mm)
Motting stagegroup A
Fig. 11.

mm, 111.1mm BLF130.2mm TH b, BEEEIF
ETAHZEDD, A~DEICA L NARBERE EEAILE
—ERBFETHR SN, TRUEMMEISERERIEC
DHERLS B, 72721, BAKREV DB EEEHEEMEEK
ITCHER S B,
DEERLAZEEZLEICLT, BOBKE - BE/ (Y —
CEBAMIORT & Fig. 11 DX 5% b, EBELDORE
R A BT A IERBGR OB R TR, Bls» 55
FTCTOHHEFTELE,Lo-DIX, 144 TH Y, 44EDE
BRLABSIIE AN o722 s (LW, KF
K), BRER*RA-BOEMIIELELLND,
RIC, KRR THEBSNALEICE, fMIETHRZLII
TTHZT & RAZT BB HY, ZOWEOEYFER
BENERE L7z, KEHHTHE IS “FoTHZ &
KA OFMREHHECEREE Fig 12 IKRLA,
OREp b, T2 THZ" RETHIlBRERBETH), “K

=" d R & R BARANRIET 5 Z &S
LM ER ST F2MEADPLBEESNAMED FHE X
F-TR, “fTHZ
kA=

BeTI, A5— (Fig. 7-2),
& TP, A7 -7 (Fig. 7-1) Th o7z, L

A model of the molting pattern of male crab. Large and small arrows indicate ter-

minal and normal (non-terminal) molting, respectively. Broken arrows indicate

non-molting.

AW LB v 7 — BRI 45 19944
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Fig. 12. Relationship between chela height and cara-

pace width of two categories, hard and soft
shell male crabs caught by commercial
fishing.

L& 910C, B 1421 |9 AR 610 BICHE %17
Zk&, F ATATZOBEMIIHBEROERICY-S
HARE»SHELIERE, “T2THZ” LIIRARE
PRI THoL 2L LD IELEEARALBEETHY,
KA L IFBRERBE S & R RBE A DT

Table 6.

BEZT->THbRY, PRLED LELROEETH S
ZEDBELDER ST, BOWEY A XIZHFE 90 mm LA
ETHBNT, “FTHZ” L LTCHREINLDIE, Fig
11 ® By~By, Co~Cy BEU Dy~D,, “KF=" ELT
WESIhLDIE, B LB, G EC BXUD' Th
o “KFZ o ORBHEEBEEIROEOBEIICIE
FrTHZ LN, ARRBEEESTAOEOEL D
KA CHEEENLELEZ D,

2-2-3 £ =

Teissier (1935) 37 EX =R O—HETH 5 Maja squi-
nado DHEF =2 DVWT, WBITET S L PO L
YA XPRERII_RKEL 2D L 2B Lz, %
7z, XD REOKBE MO EROMBRIEZ T A
# = (Conan and CoMeau, 1986; Warson, 1970) ® % % X
74 %= C. bairdi (Brown and PoweLr, 1972) T & X
NTnbh, L7ad s T, ORI & thlidh & 2 HEL
BRICHD L L), —HRICHERETIPEMERLS
HEFERECRVE Y SFWE N5 L, HITHEBEORKICH
HHEMIR T - SR EE L CHESAVE 25U,
ZOFRNEYOIERICE D#HAREL T, M8yl
DY AXHWKEL 25 (K, 1984), FEOELZ DL
I AL NVHOZ R ZEREITI DO L EbR
A,

OB A XiE, kR U7z &9 ISR S s oM
BIIAREHREAIROONE Z & #BPIHEE I N TS,
Thbh, EREEEEIIER, REEEEEERIZREHR
THhHERMBENT WS (Covan and Comeavu, 1986), F
72, FRIRE SHH ORI ERE D O A7/ HED BT 1 X

Estimated minimum carapace width on maturity of male based on carapace width

and chela size, and maximum carapace width measured.

Carapace width on  Maximum carapace

Area maturity (mm) width (mm)
Sea off Kyoto Pref. 65 150
Yamato-tai (Japan Sea)*! 55 143
Sea off Fukushima Pref.*’ 70 145
Okhotsk Sea*” 55 145
Central Bering Sea*’ 50 140
Sea off Pribilof Is. (Bering Sea)** 55 140
East of St. Matthew Is. (Bering Sea)*? 40 75
Sea off Unimak Is. (Bering Sea)*’ 65 145
Bonne Bay (Newfoundland Canada)** 51 132
South west Gulf of St. Lawrence (Canada)** 60 120

*! Yamasakr and Kuwamara (1993), *? Fupra e al. (1988), *° Comeau et al. (1991),

** Conav and Comeau (1986).

A7 A4 HoOEREISEICH & O BFEERICHT 5038



W, BRI PRYBLRSTHD, BEICEI > TERS
BN A X% Table 6 (2R L72. & <12, BABTD
REM ORI L 72 5 WA S & AT THRRICMHET 5
KA & T, FETEH 70mm THB D5 L
FHETIHMN S0mm THY, #20mm DEFEDHLN
Twa (U - 2K, 1993), BEFII» (1988) 13Bi#Y
A ZXDOBAMEBDORE SHUHRICL W E 2D DL, oA
HEETAIHBEOKBIGERALTEY, KEFEWEZAT
BE/AFBERE L, BNEIATIINEL 2 BT RN
HBEL, L L, EEFNE L KRR D 5 Ars 7
A (199148 5 19924F) D#FEKIRIX, #hFh 0.50~
1.20°C (K#8 228~325m), 0.67~1.30°C (KiE 306~
355m) THAHT & (IUlF - &5, 1993), T7-, HEED
JKEE 300 m LLROD KR, BABEEKOREBIZXIE
EACTEEI L2 (FERE, 1962 ; AR, 1962) T EH5
BARBOMBEOWEKBRIEEALEELOND, X5
12, REFE L EBEMS TOR/INFREIFA L TH 572
AT OLWF - R, 1993), HEDOS AL L7 A (199148)
DR (K 400 m) KiRi 3.64~4.60°C (AH, 1991)
THY, TEHOBEKEIZIEPAZ Y OBVITASATY
5o LEDZ 25, HREOBR/NFEOZERIE, BIZAE
BROKREDOBNZTIRFERATEY, HOBEERIHEL
TWAH BRIV EEZ LRD,

BB % R 2 5L, MOBEITIRESIRT OB
PHEBREICLZ -0, ZOBBICERICEZERIIR
{, BUEBHEENTWD (FH, 1951 ; #7%E - /4
1967), —75, HETIZ Fig. 9 5B O A% L 51T, BB
Rk IR 5 FIB#EIZH 70~150mm & 2% 0 i
Vv, ZOEENOEESEE—-EHHTHL L IEZIZL L,
BPRREE T A2 AR VBRI DEEZ
LMk, BIEDX T A H % T EEEH 1 X255
FEHLNTEY, FIE 90mm RFERFHIZLESEH TN
b, LaL, YA LI WHEE 80mm 25 90
mm KFORFIZBNWTY, BMBEET R TV LEED
HEITH0%IET S (Table 3), NS DEAKIZFHLL
EHENKEC RS2V E0S, BENEY 1 XI2iEm
ALZvy, BHIEEOEMBIREY 1 X2, BT L2WRY
BT 5 & OREHRE L LICRESN TS, Ly
L, AIFRICBNT, EBRICRERBEESTFEL, TOK
BN e R 03 (Sinona, 1968; ik, 1970 ; EE,
1975 ; 4, 1980) & hEA DI EFHLMIENT,
L7=2h T, G8HAT A4 FBROBEETRFT 541
12, CZORRBEEDHFELERL-ARNEEATLLEL
H5b,

2-3 W OKRF KR & ERE L S HBEOFK

BEEEOVEDOREL LT, ERBOBEX DHE
BEZLNL, BEEMIZ ORI EOBEORBELZHE
THDOPERETT B0, REOEREIFN, L ICokR
NP BRELSFBOTIRR E2FARTCBLLEN S 5,
BEBIZBIIAX T AT ORELEFEROSAHITDONT
3, ERMBIC L B KENORBRBEERL LI NS D
WEDPZENTVDS (UMK, 1966; 4, 1969 ; Sivopa
1970; 7, 1970 ; BHKEK, 197172 &), LA L, FL
KEFIZ B BOHRNOWFRIIBETH L, REHTII,
PO IR A 12 B 1 B MM O 5 IR % KRBT
RS L7e KIS, #o2pTICL2ABRE LIS, AL
KEFTOMEDOETEE L AMBORKERFE L2,
7z, BEERSAHOTRE, WEBEIR LS B AR
JLER D RANHEHRIR & DB D 1T 5 72,

2-3-1 BERAFAEICH T B MBEOKERS TR
2-3-1-1 MEHLUHE

A7 A4 H=OKENOFAIRG %D 7212, HTRH
DFEITb N, FAEIZ1985%E 8 A20HH»523H »27H
»5H28H, FEI0AIE»SI1LA 1 BBLUULAJAA»S
22 HIZKEE 220~290m T b N7z, AEEME Fig.
13 IR L7z AEREERICH-T, BEH2 v T
05 HBEBE N RIFFICHER S NHRBIE, HFOmE
H8m, ME3N 1.5m THY, HBPEOPEIE 3cm T
Hol: (NFITD, 1982), MBS H=id, &

RI0E i

KYOGA-5K
W%Jv/~A\\

Map of the survey area of beam trawl in the

Fig. 13.
sea off Kyoto Prefecture. Solid and thin
lines indicate experimental zone and isobath.
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e CHERER) o BAEGEHE & Fig oMl E T b7, M
2, B (1957) IZ L2 ERERIN R AT AL H
L 722 WaREidk & /e S iz, .

BB BB I BEME DO AR T D 2201, RIAE
DELDB 3 ODEBEICEERICE T Lz, BT, Fig
10~40mm % #E A = (juvenile), H1E 50~80 mm % Z#5
H = (young), FLTCHEEONEE 2 5HIE 90mm 2L E
PP A= (adult) & L7z, HETIE, FiE 10~40mm *HE
A=, g 50mm L EOREELERT=, £ L THRE
REAE Lz, E612, BRI =CIIWEIRY OO
BROBEICL ) 2 00BICKS SNz, Tabh, WE
FRERE D L IZMEIRZEM S 2V 7m0 RAE L v EEk
ANPESRNE, MEIZ 1 £ EER L -FROBVWEE Y
R EER L
2-3-1-2 FREERERIO SR

SHEI0ABL U ADRAETIRBERITEND L
P olDT, ERECREI AR I LT, KiE
D—RMAY - RBESEOEE% Fig. 14 1SR L7, #
H=id, ETORBEXKEFCHELTEY, &JIFED
KEFI R THRESNAERIIA SN2 572, BT
ST, MEHEL D AKE 40m BT ECILE R &7,
HEA =B I OFERY =TI, MRS DB S A KRS
CEWIEADR o/, B =TT, HEIEKE 270m
LI, MEEKIE 240m T ECICE L, BETE CHRE
SNTKIEFHRY: 5720 SOFERIT, BB LM,
KER 275 m AHHT % IS L CERATCLil, RATCIREEIE
BLTCOHTAHE LIHERORE (4, 1969 ; SiNoDa,
1970 ; {7, 1970) &iZF—F, L7

FRREINME & FEESTIE D KRB D —BRAFL 7o ) SRIGE BB
% Table 7 1278 L7z, REEEIIMEIZKIR 220m & 270m LA

JUVENILE

=

Iat]
=
[—N—]

DEPTH tm

N
-

10

Table 7. Qatch in average number per haul of primi-
parous and multiparous females by beam
trawl from 220m to 290m depths in
August, October and November 1985.

Depth Primiparous Multiparous
220m 1.0 0

240 m 2.2 9.0

260 m 1.0 1.5

270 m 3.1 0.3

290 m 1.0 0.8

B’CIEA %< (0~0.8EM), KE240m BTIHEL LS
< (9.0, BEDKEFIE > THMAT HMA AL
iz, —7F, MENMRIESTOKESFTHRBES -2 EH
5 (1.0~3. 1E4), BENED L HICREDKERIC
RBoTHfiTrDTiERL, MEWLEBIICSH T 5, 4
(1969) ¥, HRBMECTEEFEAEL T OENNED
MEDIRIFIRIT A &, FEINICE b 4 ) EFET B KB 225
mBTITbhEZ L% L, 615, KE25m T
EFITB TR LAHE (FI8 85mm R &, FIE 90
mm PA B2 %5 $CIIE KR 275~400 m 3ICEEN L, K
H225m BICIRES 2V Eh s, BUOERMITEICIEH
L%, RKEDWENMES 2, bl s B0 ERNER
LML ZVWERORLHPWERTH D, RAEOKE
Bid, WEINICE S 2 &HATEE, HEOKRFTITDL
NEDTIER L, REWLETITbhAZ E2RBLTW
Bo JKIE 270m LLETIZFIE 90 mm LA EOMEATHR L7
&, 7, FHEAFMAOKE 270m HTIE, FIEK
120 mm OEAMFLEHEIC L 2 MEINGT OB TR A EIE
EhTwad (L, 1990) Z&H%, Fig 90mm LD

ADULT

FREQUENCY (%

Fig. 14. Bathymetric distribution of juvenile, young and adult crabs from 220m to

290 m depths.

Open and closed areas indicate male and female, respectively.

Juvenile, less than 40 mm carapace width male and female crabs; Young,
immature females more than 50 mm carapace width and 50-80 mm carapace
width of males; Adult, mature females and more than 90 mm carapace width

of males.
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50’

TAIZA
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KYOGAMISAKI

JAPAN SEA

> WAKASA
BAY

Fig. 15.

HTH, FITKE270m DR TAFBEITAICESTHEE
Zbhiz,

2-3-2 SEELHTHEOMRK

FETE, 7= ITRECERPS, BUKEFTOS
ZORARI, & ATEHBELAHHOBRKERET L7,
T/, ARETOREMOBATICL D, BEMEHFWD
LA THREBICEDIL T D RHRF ISR, BIE AR
MR TER L2 OATEET 5 XMMHERH O, BEBRAS
R DWHER T OREE 2 SWROTHEARROE IZDO W

THRE L7
2-3-2-1 HMHEb LUHE
HZHITRAE FEFNEIEE O TREZ, 199046

541725180, 212528 BL 28524812
Fig. 15 IR L72KEE 242~ 244 m D CiThb N, R
2, 100m BBICS0E O T 2B Y 72 5,000m @
B ITEER LICERAAMICEA L TITbR, T
BREPLIHICRA SN, PIOREREIERAEE LY
SHHMTHo7ze AFETHEEIN LI =D TOKRE S
2, EEE AODBEREN 130cm, 42cm, & 24 43cm
T, OB 3em ThHolz, LTOFIITIE, =%
FiTHOOEE LT, $EH 30cm DB EY /% 5~
6 BRMD T, %8, 20E»S5RAOATERIIBANT
W, 1~7HTBFTCRHITA i e Ly, fhox Y
RHEL EOFRHEPEL kh otz IR, S0
BB THrIIFBEICEEICREINL TR 572720
EEZLENTDT, TEOHDTOERHIBEITA S BT,
KANHEME T OFAIL, 1991465 2245230, 6 8
25825260, 1992465 A13AS14AB L7 A8 HIZ
K 290~349m B TENEFN 2 [, A58 EiThbhi,

Experimental fishing area by crab trap in spring in the sea off Kyoto Prefecture.

HAEMIRE Fig. 16 I8 L7z, 1 MORAE TR FRoHE
LRI LIS, 100 m FEBIC50H T % B D 13 -8 ssi
Hahiz, 22721, BBAMEAEICL IR -7, A
Shizh=id, »IEICHENREEGOTHEMT bR
T2o MEOBA I, BEERBEL TR E N,

CHMA P
Vs

./

L JAPAN SEA

DPR.

KOREA

/ YAMATO-TA!

39°30

Fig. 16.

Experimental fishing area by crab trap in
the Yamato-tai. A to H indicate eight ex-
perimental fishing sites.
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Table 8. Catch in numbers and rate of male, adult and immature female crabs by crab trap in
three experiments.

Date No. of - No. of adult No. of immature Total no. of Total no.

male crab female crab female crab female crab of crab
May 1718 1990 211 (25.2%) 466 161 627 (74.8%) 838
21 -22 188 (30.2%) 319 115 434 (69.8%) 622

22-23 147 (26.0%) 277 141 418 (74.0%) 565 -

Total 546 (27.0%) 1,062 417 1,479 (73.0%) 2,025

ERELOMBOAESOHEE #5,000m 28 LR
PTHEYS, XTA T OFFT LHEEFRL L 91
BRIBRESNDDEELL, —D2—D2DIhITDHFE
BEEBE, KREREACBEL ) 22RO = 0FE
RL, REVDRFELVHTEERLTCRET UL,
FOREREZ RSB EY o722 8l b, £
T, = TEORBEERIEE LT, BRI 57
BEELFHBOER L FORESRIEE L. 2640
P L S RRBEGROBEE KD, FOMLYH B
BT 54 2 T0OBBTEHORBESES LD LHS %
EVWEREE LSRR EEFE Lz, 3515, TOHmEIC
BT, —» OB EALEA Ll L7 4 2 T OBEF
BEVBEVRSEEIV L) EFEELRSAEE Lz, KL
T, R TRIEVWEBELIREER, ZORIHEE
TAHETVE VEBERSAEE/NER LR,

Emay 17-18
10fF

M D EF AT 5 M 20 GBI 2 BRET L7z, Bl
i, BOEHOHEEOMEAMOER L EL TV 0
BT o7 AETR, ZOHSYEOEIIET LEL
DEAVETRE,
2-3-2-2 WEFHSEBETORBREESUETE LS

iR DR

Table 8 12X 7 A4 = ORBIERFEHE L7 3EOA
A CHEIZ546MEE, BT, 479EEFRE IR, REasn,
F = O HITBIR - Tz, fEO S TIRAES1,062/8
&, RKEEPHTBEET, BESREEOH2.5ES 5 5
7oo COMEMAIT S MOFRERERICEB L CROLN, £
REO—H Y ) FHREEEEIL, B3 8E1ME, R
PHEATT MEM, £ L TREUEIES2 . IE/RTH - 72

BREUBIZ -2 IHEORBEESE Y, REMs X
DRI CER L7, BOFRBIRE* Fig. 17 12

5_

NUMBER OF INDIVIDUALS
)

5:- 2 A__A An;\ an

g /‘\.,CJLW»VN ﬁv\ NN y
u— 1 L i i i ! i TR 3
10F23- 24

5F AN i oo
AT TN WA T
10 N 0 10 &0
TRAP NUMBER

and 23-24 May 1990.

Fluctuations in the individual number of male crab trapped on 17-18, 21-22
Solid, level and broken lines indicate number of crab in

order of trap, the mean number of crab per trap and the moving average value

of four traps, respectively.
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R o PIEFEIEALSDIEEE Lz, 5 A17THP 518
AORETE, £EORBEAKDOFIHMEIZ4. 2/ 4T
Hote COFHELY D 4L TOBEFHOMATET
HoleDiE, 20~350TH 40P THUETH 577, 210
P H22H OFETIE, FIOMEIT4.4E4E T, BEFHES
Ihz bBl 57 DiF20~255hTH 40P TEURETH 5

30rmay 17-18
2

10

720 23B A 524HORETIE, FMEIZ2.oEMEKT, BE
FHEAZNF LRl 5/ D1323~350 T H £ 390 T H U
THotzo

Bl DIRIFIRILE Fig. 18 IR T, 17A25H18HDH
AT, FHEZILMEETHYH, BETFHOMAIN L
DHETHo72DE, 100THITEIN~2B5HTHTHo

]
30

2
10

.

NUMBER OF INDIVIDUALS

Wra3-4
m{ :
[

.M

1. i L
0 10 7 3 a0 Gl
TRAP NUMBER
Fig. 18. Fluctuations in the individual number of adult female crab trapped on 17-18,
21-22 and 23-24 May 1990. Solid, level and broken lines indicate the same as
in Fig. 17.
10 MAY 17-18
w L
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g I—
= 0r2-n
= [
Z T
I 52_ A i A‘- nal - o=
e f NS VAR 1
@
=
=]
=

TRAP

30 40 50

NUMBER

Fluctuations in the individual number of immature female crab trapped on

17-18, 21-22 and 23-24 May 1990. Solid, level and broken lines indicate the

same as in Fig. 17.
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720 21BH» 522 B ORATIY, FHEIX7.EETHY,
BEIVFHENF % LR 572013250 TBETTH o7,
23HY 524 HORETIHE, FHEISSEETHY, BH
FIHMES I NFE LB 52D THET T TH o7,

FEAHEORBIRIL % Fig. 19 I2RT, 17B25HI18HD
MATHE, £E60FEHEIIS.EETSH Y, BEITEIHHEH
ZOBEED L ETHSDIR, 5HTHIET, 192307
BB L4900 THLUBETH 72, 2182528 OFET
13, EHER2.7EETHY, BEFEHES AT EH o
72D1322~274 T H, 32370 BB L UNI~4hTHT
BHoto 23 M H24H ORETIE, FHEX2.8EETH
D, BEFEHESINE LH o -01322~250 T8, 27~
BIPTHB L UM0~4TPTH TH o7,

M, BB L URBEAMOENRENOER L NERID
KESI Table 9 DL IR T EDHOLNA, BT, £HO
KE 3138 600~1,500m T, F3§ 1,083 m THo7o /I
EHRZEHOHIZALEVWEDT 2D, FVndDT6 DI
EL, FOKE S 100~200m T, FiY126m THo
720 MAAMEDEMIZ, HOFNR LD L KEVH 1,400m
L8 2,600m L EDS DA LN, NERIZEMDOF

AW BDTED, FVLDTIDUEALNRTEDY,
FOKESEH 100~300m T, FiY 138m Tho72, %
BT, EHAOKE Si3#H 400~900m, F1 588m
T, HEPREHEIC VNS, NMERITER ORIz 20
BDTID, ZVLDTIONHEEL, FOKEZIH
100~300m, ¥ 144m TH o7,

M, BBHED X OSRB M O EH O HIEH 23RS
BWEY %o MOBMAKEITTLESR Y ES VL, 13~33%
(FH22%) T o7zo HOREBHIIITT B EHIIL, 12
~44% (F25%) Thotz, T/, BitkHEDOFEARMEIC
HYL2ELRVESVE, 12~35% (F3921%) THo7
ZhiE, FUKEHFTHHL T4 5,000m OFEHEOF T,
HE, BLARMES X USRI, FRISSEHE LWL R
ARLTWA, TOLI %G, P2ED5A1I7THRIS
4BETO AR HIE L TnwieEZ LN,

— P ZBEORBEGKOLERE (R FHHE) 25K
D418 ~6.42 L B <, RV THEAT.38~2.09, Fifk
MEAS1.13~2.41TH o7z, Thbh, BEBREIERNE £
OREDEDEEENKZIVI E2ERL, #10, HEERR
KM FEEEININT L2 ERT S,

Table 9. Estimated distances of large and small scale patch dispersions of male,
adult and immature female crabs, basing on catch fluctuations in order of

trap.
Large scale patch Small scale patch
Range (m) Average (m) Range (m) Average (m)
Male 600— 1,500 1,083 100 — 200 126
Adult female 1,400, 2,600- 100 — 300 138
Immature female 400- 900 588 100 - 300 144

Table 10. Depth of survey area, numbers of male and female crabs caught by crab
trap in eight experiments in Yamato-tai.

b Depth - Female

ate (m) Station Male Al Total

ult Immature
22 May 1991 303 -312 A 517 3,095 15 3,627
23 May 308 — 332 B 517 1,715 12 2,244
25 Jun. 291 - 306 C 1,005 3,862 25 4,892
26 Jun. 310-336 D 546 366 4 916
13 May 1992 296 - 314 E 1,543 2,914 14 4,471
14 May 290 - 301 F 1,321 2,897 16 4,234
7 Jul. 320 — 349 G 137 9 9 155
8 Jul 296 — 315 H 718 4,353 9 5,080
Total 6,304 19,211 104 25,619

* See Fig. 16 for explanation.
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2-3-2-3 AFMEBR TOSERRASLUESEE LT

DOFR

Table 10 IZREHEREXEBR L, sHORETAHE
25, 619EEDO X £ F=RE S h, D) HEH19,315
B4R (75.4%), HEA%6,304M1 (24.6%) TahY, MHIE
L7 MOPTEBEENEEDT% % 5, KEfkEE
BTDOHLT 1 BUT (104EE) Tholz, LEDERFAME
BB OMEREI % KIRBNCEBHET 5 &, REKETFHH 320
m DR TIRESHEL D $ %<, KEH 320m IR TIEHE
PHEL YD bS5,

FEDIT O NSO EERFAL, BIRRICD 6RO
B 32054 TIENTAZENTE, THbh,
O EEMEFREN 2720, FHE, QBELLLR
RWEBIRE 27202 FHE AL, O 2%
BN E 272 6 2 PHBTLALD, AICES 5m 2
BOEENAETAEETH o7z, UED3DD5 1 7
VEE & ORI R EH L, Fig. 20~22 IZR L7

@ Bt i3 kIE 308~312m $ TTEROTLME (34.3
fE&) %, HIEZKE 314~332m T TTLEEDOTFIHME
(10.3M84) L@, KFE 314m HEEHEICLTHED

=]
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=
=]

NUMBER OF INDIVIDUALS

u 1 l i 1
308 308 308 kifl M
10 20

MW 3 W B Wm
10 40 50

BOTTOM DEPTH AND TRAP NUMBER

Fig. 20. Fluctuations in the individual number of male and adult female crabs trapped

on 23 May 1991.

ﬂ i 1 1 L

Solid, level and broken lines indicate the same as in Fig. 17.

2(][1!’ Adult female

—
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e

NUMBER OF INDIVIDUALS

LRI S R R 7
10 20

M I 35 3% m
20 40 50

BOTTOM DEPTH AND TRAP NUMBER

Fig. 21.
on 25 June 1991,

Fluctuations in the individual number of male and adult female crabs trapped
Solid, level and broken lines indicate the same as in Fig. 17.
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NUMBER DF INDIVIDUALS

I VI -/ R R
10 Pl 30 40 50
BOTTOM DEPTH AND TRAP NUMBERS
Fluctuations in the individual number of male and adult female crabs trapped
on 8 July 1992. Solid, level and broken lines indicate the same as in Fig. 17.

Fig. 22.

Table 11. Estimated distances of large and small scale patch dispersions male and

female crabs, basing on catch fluctuations in order of trap.

Large scale patch Small scale patch

Range (m) Average (m) Range (m) Average (m)-
Adult female 400 - 2,000 950 100 - 300 148
2,200 -
Male 400 - 2,000 1,000 100 - 300 151

BHER ICAE B % RIS T A MmN A S /s (Fig. 200, &8,
B IEKIER 308~314m 3 F CEHETOW 5 i il
H, KE 314m LB CFEPELRKETH -7,

@ Btk 2 KR 302~306 m $ TTLREDFHME (77.2
BE) % EE Tz, BIRED LS 2F-7-5fh%
RET, SEREICTHME (20, 1K) (OEWEARTHER
LTEYH, B —-IHE LTk (Fig 21), &8,
HEIIARE 302m DR CIHEED LEWERE TS
D, KE3Mm DETRBEOLRZS»LFHBTH-
720

@ BEMEL L UEE BICKPEHFORBVICE 2R 725
iAo otz (Fig. 22), &8, 1~52TH, 5%
ZH, 35~400THB L P45 ~50 THNMRICE S 5m
BREOCHEENSE LTV,

DEDZ &5, BAMIZKEN 320m UEOHBED
B RZ ok A E LTHMAT 575, FKER
ThoTHHED LIEEBIIIST VM LENI &
DO E R o7, BETIE, BAMED X ) 2KERHEE
ORI L BRIz ELLIZASN 2o, %
B, o5 AOFEICOVTH, HhlLED3>07 47

A A7 OERFEIC S & O CREREHICET 285

DWTNPIRESFTTEI EHNTES,

BB L UEOERAE MEROKESFRHEEL,
Table 11 iZ/R L7z, %3, Table 11 1278 L7-#fE 1% Fig.
20~22 IR LAERZIT TR L, o5 BoRAEER
THOLNTELEDTHEEINADDTH D, HMEMT
2, EFOX & 213 400~2,000m (F3H 950m) Db D
£ 2,200m BEDSDBHR SN, MEFIOKE 8128
100~300m T, FEH148mTH o572, BIZDOWTIE, £H
DK E 13 400~2,000m, FH 1,000m THY, /&
FMOKRE SIEBRAH & FHEICH 100~300m, F¥ 151m
Thot,

2-3-3 =®

—RICAT A T AT A, BBICE ) aHT Bk
BEFRLEDE bR TWE (UMK 196; 4,
1969 ; Sivopa, 1970 ; 1, 1970 ; f&83FEKER, 19717 &),
TR EEEIC B ATRERERRICOWVTH, 20
&9 EMATHAB SRS & s (Fig 14), S O ICEHE
DFER, BEIZE D5 IO ARESVCISENS RV ET
E, MEEEGE CKERH OKE 240m) 1BV Th 4B



FRIITBEHFRLTVS (Fig. 17~19) LA,
5,000m A& BB OBENICBWTS, F0XL 9%
SAEORR Y BB LN,

22T, EHOKE I CHEIIEBLMZ 5, AT
EHBRITBWTIE, B 600~1,500m DLEAA &k
EMEREL, ZOFICRLVEEDOEVH 100~200m
DL DOPONERHA SN (Fig. 17). BifSlt 3 X
DHRKEVKH 1,500m LEDOERMEREL, S5I2ZD
FIZIE L DBEEOE WV 100~300m O/NEFATN L DM
FFE L7 (Fig. 18), KRG TREEMICER IS L
(#7 400~900m), EFAOFEIZEAL LNTHENRIF
Ewmlithd o (Fig. 19), 2O, BTHoTH
B L RBEL CREFOX S IPLFEICHEENA LR
T2o Thbbh, HELRAEEDOREITITITIZE—KEF DK
EWRILAY OFT, REHRKEZAT -V TO/8y F1K
SAE, FORELRAT—NVPRINE WA — VT8 y
FIRGRNTAE Lo SO LI ITHERICBIIL T4 H
=i, AT —NVORLRLy FHERB LA T 2
BEERELTWD D EEZ LNz, REMABIZOWTIE
HeBEH N Sty FIZ X 5 THM F T LT B W B A
N =X (AN

—F, KFHEERICBIT5HLBRARBOEROKRK S X
i, EEFMAOBELALL HITH 2,000m b L
FNL DA — VDb D HENIZAY, 1,000m FKif D
W YNER Ay —VOERFER L Tz, ZOXHIC
LB A r — N O/NE CEFINA Sz L &5 ORI
2, MO, PRIBRLWEEOFEETHYEOITS
Nz 72, PTO—FWHAERLAVBEETLIZ LS
{, ZO LI BHELPIEED LI T2 L HIT S h
L TOFRHEEARY, FORBONITITHEAS L BRI
Loty HIZ, 2,000m LEDERFALN AL A
DKL, BIROLWREZLPLIRETH -7, Th2b
L, HEORZE LR ESAHICIIRKEVEN, SR A
HETDEZHARBASVERIERIND LV L)
2, EFOKRESEIWEOHEIIKESELAERL DL
EZ LN, DX RNAINY — i, KEFOBDMR
W47 ) BIESTE A 5 R P THRBIZELONLTWE L S %
WA EBESOBE L RL Y, B2 EFRIET HIER
R LR e E 2 S,

AFR - (1978) W KRHIHEBER TH ZOFE LTV,
HOKRE SI13# 200~400m LHEE L, ZOE EORE
HHEIIH 700m VWO T, FAULEOKEZER, #
AFELTnARLLTY, BETE oM SR
Bo L7zAo T, /A -100 (1978) 2SHEELA-BIROX
2Qi, SCHNERFEELMACHEY T DLE

ABND,

A TREFRITONEATHEOER,S, FERAF
BB BT DMEOBREELAAIBOFKER N, L
L7z &9 IZF UKEICBWT O RERESBIN T/ 8y F 2B
THIEPHEOPER 5120 TDX )Ry FOFIRDS,
B COERBHIEHMOB LI LDE ) Ik T
VLDOPEFNLZLIZEYD, /8y FORBEIRI» S A
EIERRRBITHAER T A L Ebh7:, ZOHIco
Wi, KETHREY %,

2-4 ERICHSIMBOSEELSAROBRK EXE
18

A AT COREIEEIE 8 AL H11AE, 20
BLBEOERCTH HEENHIT 2 AMS 3 HETHL - &
o (fFEE, 1963, 1967 ; 4 « A&[, 1970 ; (L&A,
1985%: &), MESPOKIEE X EEINHOBI T L7
AR L ERT 2, B2 EFREEROBMESL LT,
ERXRR 2 COBAECEEMS T 2RBOREAY %
RETHILREERZETHD, LENF-T, KBRE
AL PICT AL LI, TORBOFARR
LI HLEND D, KEOZRLEITEHIIONT
i, KEHFTFOBHESERLLPO OB LALARMMEONRT
W3 (Watson, 1970, 1972; BEH - 77T, 1980 ; /T - 42
i, 1980 ; /MK, 1983 ; MaTtsuura and TakesuiTa, 1987)
A, DAL EICETAMRIEEREIIZE LY, £27T,
AETIIAEIN B L OBENRIAT b TREOK
Ro, BEOCEBEELRIMBROTKE FhdoAKR
T OWTIRET L7z,

2-4-1 MEICS ) IHBEOERE L 2HBROFIK
2-4-1-1 MESLVOHE

FEOZR, EIERICOWTHBICEE TS, iz
APSLAEICEEEE ¥ 1T, ZOBERZIKRE, ENY
119 o BRSNS O BB ONES X USRI
EIREL, METHICOBMBKING, BIANET 2
BRI, MEMIMIbIA-ZLED AL IAETD
Bo SMEDT L7218, MM 2 CROENEITY, F
ISR ETH X920 h, ZOBENIE{LT
HEFEAIL, EROBED 2 ADL 3 AEHTH D, FENL
2 B ALIEDEID S HMET 5 T COMMIE, RIBELEE
ETIRELR - TS,

MENB OB ARINPLRBITE % B 72012, LHIE
DEEEEIRIC Y B F L BRI HTREIMTb N,
*EOP AL, 19864E10831H2 5118 1 H, 19884
10A178 25618312 2 [MfTh s, 19864E10B 3182511

T Y 5 IR F45 . 19944F
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Fig. 23. Experimental fishing area by crab traps in the sea off Kyoto Prefecture.

A1HORETIE, KiE 235m, 240m, 245m B L U
250m HMTEHEFEMICH T, 50m BFEIZ120TH) i
TREAE | BB I N, 1988FE10A17TH2 518 T
2, 100m FIRSIZ474 B D i) 7- 84 A%, KIE 236~
250 m BCHFRBIT L TEEH I | BB I, B
FEOPTRAEE, 19907 AWH2H27BIC 1 HThbh
2o ZOFZETIE, 100m BIBIZ50% THLD i) -8 AT
KR 243 m DOHEBITIH- T 1 ERBI h, RFALHE
H# Fig. 23 IR L7z, ARETHER S Noh TR ILiER
BRT A L FETH - 7

RSN h =i, »TECHE, B TORBRTHOE
MELRToTEI ZVBEL B TOREET - Th o4
LB IED L RFNRMUEBR LA E #5UT, @
B DT L FIROBES TR, LT, HZoWwTik
EEWICHIE % RIEIE, %E T REIE &0, RHO
R - ENPSORBEBEOENILIN 22ICKEISNR
720 19904E 7 A OFRETI2HED TG & S B O 2T h
N, BB ESL L R AR 2 iz o,
A OMERL & F LoV TIE, ARk AKETH-
pA
2-4-1-2 MEHSIUVEEOHTRREEFIDNDKE &
19864E10A31H 2511 A 1| HOBETIRBEINHE, W
EEDPUE 35 & UNREEE BRI o0 B 438 % K RBIIC Table 12 1278
L7z HEZOKIEE 235 m TR b £\ 130fE AR S 1,
240~250 m B TIE ZF N ZN30BERIEREB S iz, WE
BRI KR 235 m TSR, 240m 3 T88fEMk L £ <
B &N, 245m & 250m B Cix b | Bk LR
ENLDoTe —F, BRENMEILKE 245m 8 T3728
fk, 250m B TI65MEMA L L (BRI EN, KIE 2%35m &

XA H = DERIEIC D &0 CRIFEBRICH T 5758

Table 12. Catches in number of male, primiparous
and multiparous females trapped from
each of the survey area from 31 October to
1 November 1986.

D((;pl))th Male Prig;pl);reous MqutIiI}:aﬁzous

235 130 63 0
240 30 88 0
245 34 1 372
250 27 0 165

240m MTRERFH I LD o7,

1988410 17H 2> S 18HOFEIC BT L1, FEIMD
L OREIIE ORIBIRIN % Fig. 24 2R L7, HTIREHE
DOFHMEIL5.8EET, 4 P TOBEFHENZ OESR L
B oD EICKE 239m L% MAZTHEMHEET) T
B o7, WEINMETIITISMER10.9EET, BETYHEA
INE FE 57 DIRKIEE 239m LiE (120 TBREET)
THolzo KiE 243m PR Q00 THMNILLE) ToR
FBIRIZBA U7z BRI T E 1222, AT,
BENFHMEITINE LE o D KIE 244m LLE (254
THRELE) Tho oo KiE 243 m LR TORRE &
ETHolo LED2EOFATERD S, MEILKE 243~
244 m P EIWIC LT, RETICITOEINME, FAITICIRE
RSB L THAT S EHS L o7z, BIROHT
REOREBRE T, BEINMBIIKE 240m B THELE
AN (Table 7). ST, FRKEFOMESS 10
m U ETHo722 R0, LD LS 2L Dl WA
R DWTIIIET L LRETH 5,
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Fig. 24.

the same as in Fig. 17.

10r Mate

Fluctuations in the individual number of male, primiparous and multiparous
females trapped on 17-18 October 1988.

Solid, level and broken lines indicate
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Fig. 25.

same as in Fig. 17.

19904 7 A26 H 2527 OB BT 1, WEIKS
L OREINME OBRIEIRIL % Fig. 25 ISR L7, IE SR
B S ONEE & Uiz, HTIRTIMEIL8ERT, BE
EHENRINE Lo -0 RESHTEFELETSH o
72o WESNMECIIEMMER] . VEAT, BEITHMEI L
T Lo 72D FI2350 5400 TEANE L 440 THET

Fluctuations in the individual number of male, primiparous and multiparous
females trapped on 26-27 July 1990.

Solid, level and broken lines indicate the

ot —F, BRENMTIITYMER.MEET, BET
MEXINE L5720 RU4PTEMEET T TH o7, 30
2B DU TR IR a5 7oy

WENICE T HMEDOEN L NEF DK E &% Table
13 1Z/R L7z, HETIX, #400m & 1,100m Bl EOER%
LTz, TOHICIEMH 100~300m, FH 143 m D

WE L v ¥ — e S48 19944
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Table 13. Estimated distances of large and small scale patch dispersions of male, primiparous
and multiparous females, basing on catch fluctuatoins in order of trap.

Bathymetric distribution Horizontal distribution Average
Large-scale Small-scale Large-scale Small-scale Small-scale
patch (m) patch (m) patch (m) patch (m) patch (m)
Male 400 — 100 — 200 1,100 — 100 — 300 143
Primiparous female 1,000 — 100 -200 500 100 - 200 140
500 —
Multiparous female 2,100 - 100 — 300 2,200 — 100 — 200 155
X EERELMERAL B DT D, FVHOTID 0 235m
BNz, IEIRMETIX, ¥ 500m & 1,000m bl EOK | N=130
AL, %0323 100~200m, F1 140m O/h X=548
EEW1~2 0RD N7z, HEMMTIE, #2,100m Ll -
LOEMPALR, ZOHEITIEH 100~300m, FH 155 i
m O/NERIAS 5~7 DR B I, b= B
He, EESRME S X UHEEESRIE O S O MR 7 xS BIAR 240m
ERET 5. HOMEIMK T2 EE ) ESVIL, WE — N-30
IRUEATS o 72K 245 m LLBCIT3% T, FUKET = X=811
bEFE (FHBY) CEHIEE Do . KE 245m i
BT 0% T o 720 HOBEMMIH T 2ER ) S L JARIHTD e dlL

W X UIEINE ORI T B F ik, £ TOES
TO0%THoTo
2-4-1-3 HORIEHERK

WRERICHE & SN O EFATE —MgIC R S h 7z &
L, KRB LFELARICHIEEZLION:, 22
T, IOXBITECHbLABROBEK PR LD, £
ECTRE SN ORISR 8T 5, 19865E10H31H
P511A | B OFAE TR S W/ E0 F IR % KRB
Fig. 26 IZ7R L7z FHFIFIE, 235m BTt 54.8 mm,
240m M Tid 81.7mm, 245m BTt 112.2mm % LT
250 m L 120.5mm THh Y, KEIFTFENIZEREWE
M25& & Mtz TSNS  BRif S h7- KR 235~240
m B TIXFIE 100mm i, EENMIE (ERE S
KR 245~250 m 15 TR 100 mm Pl EOEEHTHE L
T ENHSME 2577, 19884E108 17H 5 18 H DFRE
TE, K 241 m DA CHE & PIEIIME O £ AT U s
R ST (Fig. 24). SO TR SN HE
EFRID BFENEZATRE S BOTFIEMAK 2 Fig.
27 IR L 720 KR 241 m LUE CIXFIE 50~ 135 mm 254
S, FEHEEE 88.4mm Tdh o770 KiE 244m LIET
LB 70~185mm A SR, FHERE 101. 1 mm T
Hotze Tbh, WENEOKR R —EHHRICERA LR
BLCwel, BB~ N OBESERTHE L

A A A DEREICS &0 CRIEEHICET 25%

FREQUENCY
5
3
]

ulj i i ln Il—-l
50 100 50

CARAPACE WIDTH (mm}
Fig. 26. Frequency distributions of carapace width of
males trapped from each of survey stations
from 31 October to 1 November 1986.

DG 72,

19904 7 A26 H 4> 5270 DFETIX, 380 Z BT LLBE
THEMEIREOEFAITHE L T (Fig. 25), 380
B LR R S N7 HE D TR B % B B S 184 & SRIR iR
s ARIZ 4T Fig. 28 ISR L7z & Z TIXHME 50 mm
25 120mm Db ORI N/, FOEEIIFIR 65~
70mm T, 100mm I EOEEIZHLFTP8% &A%, F
BHEIEE 71.6mm Thotz, 72, 2EOHN%DL D
DSREEGLEETH - 720



2-4-1-4 % %

BRI BT B RO S/ RIRE, KEH 275m
BRIERFT T, ERTRESERL, BB
KFEFDBANIL D DAFIRERICT D (4, 1969 ; Svobpa,
1970; 77, 1970), o OHE T, ERMAOBREL
KB 10~50 m HBIZITVy, FOFRIRIT A o Wi D57
Kz BTz, Lizdto T, SFidh i hEHRME X —
VTORBLOHN TV S, KAETIE, HEOSRRRIE
KR 275 m PR T O MM RB VAL Rz, Thbb,
19884104 170 %> 5 18 B DA TIE, MEIEKERE 243~244
m ZIRITEETCIIMEIMEE, BT CIEEIMEARL
ML (Fig. 24), D2 EHs, KiE275m LLRTET
DWEFERT 0TI %L, FRFLORL LM HY
PHRIKEDEVIZ I DM ERICLTWDZ &S 2
Elrotz, BT, FARREBICEFCRFBONSVE
%5, BT TEHKEVEESS (A LR (Fig 27), KEH
DBNCEVHROKREEPRE L, 20X RMEHENS
R, 19865F10A31H2 5118 1 HOFAET ALK
722Enh, BRAZERTER CMENSRICAOLLE
WBHLZBREEZ LI,

MERFC BT HEROSHFRRTIE, HERLEBT S

[ 236~ 241m
(Na1~15) M
mrmm
10[‘ B
=
o
= {1 RN S o O |
w -
o [m-m0m
w (No.25~47) u
= H
Y- 10 N=128
L1
"W w W
CARAPACE WIDTH {mm)
Fig. 27. Frequency distributions of carapace width of

males caught by the Ist to 15th individual
trap numbers at depths of 236241 m and
the 25th to 47th numbers at depths of
244-250 m on 17-18 October 1988.
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Frequency distributions of carapace width of
non-terminal and terminal molt of males
caught by the 38th to 50th individual trap
numbers on 26-27 July 1990. Broken and
open columns indicate terminal and non-ter-

Fig. 28.

minal molt males, respectively.

e L ARTEINME, FDEEIRME L RESIMOEFIOELR Y ES
WHEI DR, 7228, FLTKRERN 45m DETH &
MEINEOEFDEL ) BEEVAED o2 2 LIV T
Holze £ZT, BREOHFHIELMEINCE D IRE
178 L BEMIF CETORREITS -

19904F 7 A D KR 243 m M COMAEHE R T, WEHN
WD & R MR L o &RIE, B8 65~70
mm DRFEEFELEEETEICERIN T2 E3HS 2
Lol EROKEATORTREBEE L UHBELBED
MBE L BEERY S, BTIRPIE 50~60mm BLET
HIUTRBBE B I ORERBEEBERICr2D ST, WE
AT OXREIITETH B (5 - KB, 1970 ; WaTson,
1970; /MAK, 1983 ; Conan and Comeau, 1986; CoNan et
al., 1988), L7245 T, KR 243m Tz ik Lz /~EY
DRERREHESDENHORRBCEML - L EE S
%, Conan and Comeau (1986) iZ, [F—KIEIZFEBE
Bk & R EEL X RO TOXRREITI MO
—HIINE L CRBOHEBRE L. FOER, RERE
EEGEGEREERERCIEHRI L, KEOBIZEneS
h, METRLOREREREERZTTH o eHEL
72o ZO#RIE, ZREND D VEITEEIITIEERME
B s REHEREEAEE TIRRY, IR BEICH~HE
ENIFNZ EERRB LTS, KEIOHI/NEIOHEL Y
SREBRIIENB NI &, 72T X =B Inachus phalan-

WEW Ll ¥ —HfRH L B4 5 19944

27



28

gium (DIESEL, 1986),

(BerriLL and ARSENAULT,

AV 7 ¥ V) H = Carcinus maenas

1982) R4 V4 7 FH =48

Menippe spp. (WILBER, 1989) % & THH LN TV 5B, Kig
250 m U TITh - ARRAETIE, N L KEIORE B
BB I AR IR F B A LT W7z (Fig. 26, 27). T b b,
Z DR TR /N TR B A A 8 A1 AT ) B v B R (A
EOMMERIITDILICE ST, MEDHBBERLR
<L, WERHORRBIZBMTHILEMEICILTVED

b Lt

2-4-2 BRENYICH I IBECETEE L SRBORMIK

2-4-2-1 MEBIUVFHZE

P THIEIL19924E11 A 24 B 525H, 128 9 HA2 5100
BLU199BE3AIE A 5108 ICEET 3 BfTb v, A
Bt Fig. 29 IR L2 L 910, KRAMOETAXOEFIC
L7 B IKIE 268~270m K TH o7z, FAIL 100m BRI
5070 THR D AT oSBT, SFERERICIE o TR A IC KM

Shiz,

TS hoh =3, S IBICHEORREEESR ORI &
HigOREF T/, BTRENSOHI TR, &
TR A e & SRR B R & IR S Fze R
BETRESPVRZRE S OEMEE, HAPFRE OEE
EFFE L. TR, ATERBLERRE b 2V Ek, %E
IR A O 1 ELL A Uk L fHT S v, W
RERREROEABBOREICL ) KT EN, k&
MR EERZ, ROPVWEFEELDLOEP Y ThHo7,
LT, RETRECPERE & ORMEBEEE T B,
SPVRBROBRFEE AL RERBEEMEL 2608 T

B LR,

Fig. 29.

A7) A H = DR

BIE il

BT, BRETEAEOR DR AR L R O R F R
POBRANIIRBOD L 2BBICRG TS hiz, $ab
b, IR LB % AT a4 L gAML L 2 |BIB
LD 4T\ RIEIR 2890 & A B840 % &R B0
W, & L CREMNDS LELUANDS OTHRRER L BEINE
BT HEETMERM - LTS Shis, BRRIESR
BR 22 RERESR & AUEESR DX R, RIE I RFHARY I EEINE £ IC
LH7z0MEFHEL LARARBEELTWA DI
L, BERSHLBERBMEGEL T A0 et L
YOBRERELTWAILDNLESITbN, kB, WE
Bt TH > € SIIRAILABER L2l A LN
COBETRMEN RS I Y BEIHHE L TH 5 37 Hi’
Eohipollhh, BENME:ODRFTEESTH-
720 ATEDOEEIMES X IR & 1, RIIH ORI
EESMEIC TN TR T B,

2-4-2-2 X1 HZOFEIRR

BRECHERBEINS X7 4 H =DK% Table 14 12
R L7203 EOFAE TR S /- B0 B S AHT56818
(76 ~249181K), FREAMEAHI3MEE (45~ 25¢E4K),
WEREINMEAS]  124MB 4K (188 ~6844HMK) 35 L USRI EEINME AT
17481k (5~16181k) Thors 2B, 3 ADRETI,
KERHED )+ 2 BERIHBMKRIBO 0, BRBE, K&
RIERBEEOBINITE hh oz, BAEEORBMEEE
i, BT 3 AORETHL L, FEINM CIIEXRE
D Uize —F, FREABEGIERMML, WEFE T3 A
DFETHML 720 RERHED S LREBEEBEOHE
i, WABLUI2AICIEBO%RIBTH- 7225, 3 HICIER
45%ITIET L7

50 i

S S
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0 5 10km KYGGAMISAKI
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JAPAN SEA
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Experimental fishing area by crab traps in the sea off Kyoto Prefecture.

indicate experimental zone.
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Table 14. Catches in number of terminal molt male with hard shell and terminal or non-ter-

minal molt males with soft shell,

each survey.

multiparous and primiparous females trapped at

Male Female
Date
Hard shell Soft shell Multiparous Primiparous
24 — 25 Nov. 1992 243 5 (3 10)* 684 8
9-10 Dec. 249 134 (1 10: 24) 252 5
— 10 Mar. 1993 76 254 (114 :138) 188 161
Total 568 433 (259 :172) 1,124 174

* (Terminal molt: Non-terminal molt)

10F Hard shell male

"

=

" Soft shell male

[2al

__.._-M__.n _—
P 1T DT N o S

:NMﬁhmm

[+a]
=
==

NUMBER OF INDIVIDUALS

4 50

TRAP NUMBER

Fluctuations in the individual number of terminal molt with hard shell, termin-

al or non-terminal molt males with soft shell and multiparous female trapped

on 24-25 November 1992.
in Fig. 17.

19924E 11 A 24 B 20 525 H DFATIZ BT HFHE, RELH
BB I URERRO—» TEORMMEEE % Fig. 30 IO5
L7zo DIESREHD» S DOIEE S L, BT, £
KORBEFBOFIGE 4. 9BETH 5770 TOTFHHE
DL 4aDPTOBEFEHEN LR D, 11~00T
B, 22~357n BB L U8~43h THMETH 572, RK
PHETIE, FHEIZ0.VEET, ZOMEL Y L BETFHE
SR 5 22D, 32~-380 THEAHES L U412 TEAFEE
BTdhol, RENMETIE, FHYMEIII3.7EETHY, &
DEL D B RBRETFHMERLIH - 2D, 7~280 B
HDEZABTH o7,

19924E12H 9 B2 5108 DFAKTICB I PR, REH
BB L OREIEO—» TEOREEEEE Fig. 31 IR

Solid, level and broken lines indicate the same as

Lto&%ﬁfu,@%@ﬁﬁ@%ﬁ@?ﬁ@ﬁ&M&&
THY, TOEXY SBEFHEY LN »7-DiE, 10~27
PTHBEUB8~430TBHETH 070, REKAHETIE
EROESHEIL2. MEET, BEIPHENT n%L@ct
DZUPTEFHRUBRD & 2 A TH -7, KT,
SEOTHEIRS. 0FET, COMELY DBEFEHESL
KHoteDiL, 1~240THMETH 572,
1993398 2 5 100 OFEITB 1T 5 Bl R
B, BREINME L CHENED—» THEORBEEK
Fig. 32 1078 L7zo BT, k0TI . 585 T
HY, TOMEIY SBEPHENFEE 220, 7~26%
TEMEDE ZATH o7z, REAMETIE, FHMHIT5.1
BET, ZOMELY IBEEHEN LICH D, 15~

TP LI v 7 —Bf3ERmC £4 5 19949 29
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Fig. 31. Fluctuations in the individual number of terminal molt with hard shell, termin-
al or non-terminal molt males with soft shell and multiparous female trapped
on 9-10 December 1992. Solid, level and broken lines indicate the same as in
Fig. 17.
5 Hard shell male
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Fig. 32. Fluctuations in the individual number of terminal molt with hard shell, termin-

al or non-terminal molt males with soft shell, multiparous and primiparous
females trapped on 9-10 March 1993. Solid, level and broken lines indicate
the same as in Fig. 17.

19 TEB L U0~-QHrTBFHENE 25 TH o7z, KIE
OPME Tk, FEMEIRS.SMEET, BEFEHEFIAE L
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Table 15.

Estimated distances of large and small scale patch dispersions of terminal molt male

with hard shell and terminal or non-terminal molt males with soft shell, multiparous
and primiparous females, basing on catch fluctuations in order of trap.

Large-scale patch

Small-scale patch .

Range (m) Mean (m) Range (m) Mean (m)
Hard shell male 500 - 1,900 1,167 100 - 300 157
Soft shell male 400 - 2,200 1,067 100 - 200 127
2,600 -
Multiparous female 1,000 - 2,100 1,600 100 - 200 192
Primiparous female 300 - 1,900 1,100 100 — 200 117
DEFL/MEFADOKE S Table 15 DL I ITF LOLR 2-4-2-4 BN & RARE O RIS

720 BUMEECIE, EFIOKE 1349 500~1,900m T, F
12 1,167m TH otz MEBMREROF ISRV D
T2D, HFVLOTSOARDLN, FOKE I 100
~300m, FHL 157 m THotoo REHABETE, £HO
K& EiI# 400~2,200m DL D&, 2,600m LLEDDH D
BHaLN, FEDFEL 1,060m T otz PNERIZE
HRCA 2w DT2D, ZVdDTIDONFELTS

D, FOKESEH 100~200m, FHiZ 127m THo
72 FEEESIMECIE, EMOXE 21349 1,000~2,100 m,
FOEHIL 1,600m THholzo NEFMFERAICL RN
LDT3D, FVNHDTIONFEL, FOKXZIIH
100~200m, ¥ 192m Tdh o7z, WEIM T2, £H
DK E SI1EH 300~1,900m, F¥1,100m TH o7 7
EHIZEFIRNIC 1~5 DHFFEL, FOKE S 100~
200m, ¥ 117m TH o7,

RIZ, BEIBIC BT BERME, REAHE, SEINES
L UPERMOEF OMBH 2ER ) BV RN/ &
EINMEORBMEIITLEL VEASWE, 1LAN76%, 12
AH%82%, FLT3AN0%THY, 1LADSI2AII,T
THELRD, SAIMET Uiz REUERME ORI 3T
b ZNI233~38% (FH35%) Thotz, MEDERVE
BV, EREL %o Trrz, RN O R HE 0
LERZVEANE IURENEOMEIRIIINT S 2N
i, WFhy 0% THo7

UEDZ EHs, EFRBIUVESHILKFTCIZ, HEE
EIBOEL Y EASVWIEIFYIZY (0~33%) LEro7
B, AFE 21, 12ATIRFEHIIN TR 6T
EFES P ER o7z, BT ORREINE &L WEINE G E
&, FEDSHE L FERICHE UKERCH HEIC AR
BIZL T, F77, BEITOWT S BBEGE & R E g
&R, Mo X ) RBHEERENTIEZ VA, WEiFhE
CEHEETOAT L LATRB E N,

RS L RO K X S EFDL 0, s
SR U Z19924E11 8 L 12A, # LU CREBHEIHB L /-
19934 3 A OFZE THRIF S N/ HEO FIRHE % Fig. 33,
34 2R L7z REBEBHEICD W CIIBEREEEE & RRET
BUERE L X0 Lize 19924E11 A & 128 T, B
IR 75~ 150 mm OBEELRE S, FHFEIEFT 122
mm CdHo7ze RFEHHE TIIPIE 75~ 140 mm DEED
Ao, FHFEIF 109mm Thoto REREDNDS B
BB EROF I FIEIE 110 mm, REFRBEEEEDOZ
L 106 mm T o 72, 19934E 3 AT, BBHEIZFIE

I =511
" Hard shell

(%)

FREQUENCY

5 L i | i 1 L Lot i TS
il ] 120 150
CARAPACE WIDTH  (mm)
Fig. 33. Frequency distributions of carapace width of

terminal molt with hard shell and terminal
or non-terminal molt males with soft shell on
24-25 November and 9-10 December 1992.
Broken and open columns indicate terminal
and non-terminal molt males, respectively.
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80~ 150 mm DEMAELHRE 2, FHFIEL 123mm T
Holze CORFRIE, EARLAZNABIPN2BOKEREE
BL Tz, REHAME TIIFIE 65~ 135mm OEEIA
Hh, FHRIEL 102mm THho72e 2D LEEEE
BAEOTFHPIEIE 106 mm, RERBEEEOZILIE 99
mm T&H -7,

DEDZ bhs, RBEETRE SN HBMETIE, B
g 122~123mm OKREEETH L Z EPFHELhE %25
7o REGHHED O RMBLE AR TR REL, RO
FNATHEN12~17mm /A E VY,
2-4-2-5 &R #

L AR ENRORE TR ONETEBRNICH 5%
E#E (seminal reseptacle) WIFET 5720, £HEIC1EO
R THROOENOBICZHEITETH L VbITES:
(Watsox, 1972)o LA L, #EETRBEINGIC S LR
ThNb I LS, HFFIEREFERTHREINTVS

(TavLor et al., 1985 ; Conan and Comeavu, 1986 ; HooPER,
1986 ; Morivasu et al., 1987 ; CoNaN et al., 1988 ; Ennis et
al., 1988 ; Comeau and Conawn, 1992), 24 i C (3 I 4044
MO SME, KRBELTREIN, FHICTKER 10~30m
DEFIZHEE) (breeding migration) L TiThILE 2 &Hh
L, INLO—FEDITHIRF 21— NN=FAETITL 5
THEINT VD, TOKR, BEINRIOREITIZRAEB
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Fig. 34. Frequency distributions of carapace width of
terminal molt with hard shell and terminal
or non-terminal molt males with soft shell on
9-10 March 1993. Broken and open col-
umns indicate the same as in Fig. 33.
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Fig. 35.

Liberation sites of tagged adult females in the sea off Kyoto Prefecture.

Closed

asterisks, 11 February and 1 December 1986 ; Open asterisk, 27 March 1986;

Closed circle, 10 June 1986.
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Fig. 36. Number of female caught by Danish seine in
each 5-day period from 6 November 1986 to
31 January 1987.
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Fig. 37. Catch in number of female per haul in each

mile? in the sea off Kyoto Prefecture as indi-
cated by fishermen’s log records from
November 1986 to January 1987.
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Table 16. Number of recapture and recapture rate of
the tagged females in each liberated group.
Date Number of Number of Recapgure
liberation  recapture rate (%)
11 Feb. 1986 492 177 35.98
27 Mar. 317 119 37.54
10 Jun. 247 102 41.30
1 Nov. 537 261 48.60
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Fig. 38. Geographical distribution of recaptured
female in each liberated groups. Solid cir-
cles and asterisks indicate recapture and
liberation sites, respectively.
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Fig. 39. Recapture rates in

against the mean recapture time in day (T).
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Table 17. Number of tagged females all together
liberated groups, catch in number of the
females by Danish seine and reciprocal of

tagged rate in each 30-day.

Priod Number of Number of Reciprocal of
(T) recapture catch tagged rate
(mT) (TlT) (TlT/mr)
1 593 279,115 © 470.68
2 35 16,938 483.94
3 31 15,465 498.87
3-2-2 # =
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%KLt&%*KﬁEéﬂ,ﬁ*&%éﬂ&Hﬂ@,?%
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Molting stage A B
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Fig. 40. A model of the molting pattern of male for estimation of survival rate. Solid

and broken arrows indicate molting and non-molting, respectively.

NA—ND N

total numbers of large clawed and small crawed males in each molting stage

group, N'a—N'p: total numbers of large clawed males in each molting stage
group, n';—n'q: numbers of large clawed males within one year after terminal
molting in each molting stage group, n.—nq : numbers of small clawed males in
each molting stage group, r'v/r=n"v/ny and ¥'o/re=n'c/n..
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Fig. 40 O & ) X ENFIOBEEK LS L Thb
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BOBEY, BlliE e 2o/ lkE 2o ko -k
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B Lo,
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Table 18. Percentage occurrence of accumlated num-
bers of crabs after terminal molt (N') and
non-terminal molt (n), also just after ter-
minal molt (') and normal molt (r) in four

molting stage groups.

Mean size N 7

Molting stage n r
_group (mm) (%) (%) (%) (%)
A 67.4 42 958 14 986
B 91.2 295 705 17.3 827
C 111.1 64.1 359 408 59.2
D 130.2 99.1 09 855 145
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100% &% bhdol, T, PHHIELZRFE
(Table 4) H 5RD 7z THMEP-FiEF— 2L Y HHED
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D EDDBB O P ICEBERBNFET AHEITE, B
KEOBBEOBEET L L CLTERERHET 5014
WEe T3 B, Smopa and Kopavast (1968) 133 TITH#&
B OFEESHER IR T AABEOMFIC, MDDk
ORI HEKESHNRBINTWEEED, BEEEY
B I-BGBEOERROMEEHETHRE Lz, ZOHET
3, BREEBROEMOEREISELVWERKELL, BT
3, BRBEBRORERBOERBIENECICRZHEILD
WS Ehh, WHEOISKEILREU LKL, R
BiLiE 40 | 458 L BEO BRETHRIUS, HOBET
HETR L7 X 512 0.07 (year ™) LHBOThE WV, BTDH
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DOREBER | EUBROEBRRIZ LW EREL, BOK
EBE TR AEEOBAES L VEREOEL T %
Sinopa and Kosavast (1968) O FEFIGHET A2 LIz k
DR L7z
B O OREBE 2 R A ERESH THE I NT
W23 N OfEfE%iE, Swopa and Kosavast (1968) DHiE
LR TELZLNS,
l—S,,,A’ n
N=n"- W 7
RREL, A EBREBEERLTHLOHRM (), I3
BB LR T OB E & DI T 2T, Xxid
BROERTHE, - Tid, BRERE 1 FLUEOETR
FPTNTELWERETENT, A=1 Thhb, S, &
B AEOERE (year ') Thb, (1) RON &«
12 Fig. 40 ® Na~Np, na~n's ¥ FNEFNEKT 5,
ZZT, BELCHOEAEEMIILT, CHORMR
BEREED S, DE 2 HIOWTRET S, CELEDHE
% Ne i3,
|—g A at
Nec=Ng+n=n'c" I+S,,,+"C (8)
LEE L, BELEOBEEE N 13,
] 0
LRFT LN TEDLDS, BRELCHOBGKOK
(No/Ng) &, Nu/m %Ry ETHERRDLHITL B,
Ng 1 I
Ny m- (I4Ry ("°+"°' 1=s, ) (10)
22T, (10) XD ng, nc EIEBED ny WL LK
Thr, W, BEILCE~IMALTY2S IEDAD

NB:NB+7lb:7lb M (1 +

EBRRE P (year ) ETBE, n, nc lENRFNR oy
7e* P, mprer P EFREDL, L7z oT, (10) it

Ne¢ P 1—§,*

Ezm' rc+r’c'W (11)
LEERMZ LMD, 727FL, TOBEOP LIEIBFICK
DERFETRE, REMICRBEShWEEIRDLILIRLD
BEBLU RV L L THEBSNABFEELT IV
NG A= ThHb, UL BEE CELHAICLALY, #
DB OBE IO RAKOHENEGTED, LL, CH#
EDEOBETHE, DERIBKRNEEKOATHELIN
TWABORADLHIIIET I LN TE S,

Np P 1—§ 24

Vo 1tk 1-5, (12
¥ 7>, BREHORKBEEBEEOEER (V) TS, xETH
A2, BEECHEHZAKCTLIERRDL H TR S,

Neg P 1=-§t 4

Ny R, 1-8, (13)
(13) REIEWHOBRKREEAE TESND 0, DI
2 EDETORBTCEETA I LWTE S,

11, (12) XD R(N/n) i3, Table 18 DEE» LB
WkKEB, A3, EoBTHENIIICLELET S, Ry
YR, %KD T, No/Ns, No/Nc L PB LU S, DBFE%E
Fig. 41, 42 IZRL72 TTC, S, & P O 2 BHRIC
SWTHET B, BRBER 1 ELA L | FUREOEKD

156 P=04

Nc/ Ne

-1 | | 1 | ] | |
f 02 04 06 0.8
Sm (year ™)
Fig. 41. Relationship between N¢/N and S, at

P=0.1-0.9 (year ") in the crabs after ter-
minal molt of molting stage group C.
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Fig. 42. Relationship between Np/Nc and S, at

P=0.1-09 (year ') in the crabs after ter-
minal molt of molting stage group D.

BRI, BEIIBDTREWA, BIERBEICE %

D BHEDND B 72, HIEDEE L) SHMRIIKE Y,
WIEIC X AR, BEXT AV oE&fOBBEDRIIZ
Edmwv KA T ABEEE DR o TWwAIE
o, REBES 1ELRE | ELEOREA L Ti2I3IEE
LWeEZEZbhbE, LEDZ Ean, PIiX S, I2h~dast
B (P<S,) &£ 2 bR/, No/Na B X Np/Ne
130.42, 0.34LEIEENLEDT (Table4), CE L DEHD
PIEENFN0.43, 0.35LLTF RS hrz,

FEHD S, 1%, TRBEGE S RERELEEOHE
RWN/n) LZOEBHICMA L EROE ~EFEICBITS
BB E REREEBEOEE (/) TRO LD
WCRTZEITES,

’ l_Sml-At
R:T-—T:g— (14)
Fig. 4312 (14) RO R & //r BLUV S, DB ER LT,
COMNPG, BELCHEHD S, IBEUMICRTY, FhF
10.58, 0.71HER S N7z, Thabh, BRRBEETERZT

VR BB U2 AR, | ELLROEMRIC B
PRIBVWIDEBbhl, JOEBRRLBOBRBEERE
| ELEDERTE, M20.35THho2 &0, Hidk
Ly dE, IhiE, B QBRI SRR ET
DT HDBEEING DI L, EiElo XS Ed
TR IRV DEEZ LR,

AT A OEREFRIC D & O CEFERICH T AR5

20 r/r=15 1.0 0.7

=y 03
o
0.2
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—//0-05
u ¢ 4 4 I 1 .4“10.01
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Fig. 43. Relationship between R(N'/n) and S, at
7 /r=0.01-1.5.
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MARD—TFLIMRETERVE I LRELELLTHA
Yo TDLIIWFEITNE, BOBRMKBERD A4t 1344 L
EZoNIzZ b, FHROBNEELFES D WEKORE
TR L SHEORMEERN 2P0 LD 4 EHERT S, Th
5 OBRMEN»S, SEEID //r 2 N/n PEHETE, 851
BEBFHOBERORE S 2 ERILT LI LICE, £
iz 1D)~(14) RPoHEETTLIENTES,

F4E EREREIITAHERIC
BLETHE

4-1 MEOEELEMN

RRAEETHEEOWBIEICL Y, HFEDOAES LS
BIFEDORE SO DT HERIERET 2 LR
Thbo LT, BEDERMOBETE, Feif
BBIVKREZOIDFIAML, £0HLLKBITONE
ELBbDEZTTENSH, BRYIZFOBTHREINL,
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DOFWFEAHEIZENRT WD (Jran, 1963; LiR - KA



Table 19. Average number of trashed crabs per haul of Danish seine in the sea off Kyoto Prefecture from
September 1988 to May 1990.
Depth (m)
Period P
220 230 240 250

1988 Spt. — Oct. 216 102 ( 26: 76)*

Nov. — Mar.

1989 Apr. - May
Sep. — Oct. 318 273 (175: 98)
Nov. — Mar.

1990 Apr. — May

418 364 (41 :326)
777 896 ( 9:889)

669 645 (54 :591)
244 150 ( 2:148)

101 374 (247:127)
205 550 (354 : 196)

28 174 (116 58)
68 182 (106 : 76)

92 429 (307 : 122)
796 736 (134 :602)

46 88 ( 36:52)
85 295 (283 :37)

Period

Depth (m)

260

270 300

1988 Spt. — Ooc.

Nov. — Mar. 100 304 (160 : 144)
1989 Apr. ~ May 112 240 (140: 100)

Sep. — Oct.

Nov. — Mar. 18 50 ( 37: 13)

1990 Apr. - May

26 266 (186 :80)

103 22 (11: 11)

80 235 (159 : 76)

* Male Female (adult: immature)

1982 ; HFEBITA>, 1990 ; &, 1984 ; HHE, 1993 ; [LIEFIZ
2, 1991 5 BEAR, 198472 &) B 1 ETH/I- LI, X
TAHZHEBTBKEE TR, MoREENRICLE
EDPTONTBY, 1oOBRESINLZILIZLDHEEDR
BREEINE, L2L, BEREBEHSERTEA7 4=
RESRBEEOBRETRETHAHIZL b, HED
EBEIIOWTRITEAETRLL TV, KBTI, B
AR C BT, BERIBEEENLTWEATAYT
ZOEBYHEHLPITLHE LD, HFEEHEO D4R
EEAREL, FRUEBTERFEINLILIZLIZEFROR
ERR AT,

4-2 ERMICLDZXV A HZHEOER

4-2-1 AR OREER
4-2-1-1 AEFH &

AT 19884F 9 A 4519904 5 A £ TITEEB0EATh L
720 MEFFIIKUMEMICEN D U RHEESIC—RIE
FOBREINL I =OEBEFRFLR-THLW, Wi
A ICHBEEOFH & 2REIC oW TRIBHE T
720 AEPERSNI-OIFBPATRFEITHALVAL,
BT L0 (KE 20m ) BLUTHALA,
Fv 22 TAIY (GKE 300m LLE), LEHTIEAT A
Hoh FNETNHEOHRE LI BETH -7
4-2-1-2 HBEINATVWIH-OAKESELE

Table 19 \Z X7 4 A= D @EFIKER O—BMBL /- )
R EB AR Lz, — RN ) EHEEEAKIT

BEEEDLE D L68~1,673AMT, HEIRKREIZLYR
Tole EIHRERERI S0, 4 A5 5 A
BIUNAD»S 3 ADKE 230~240m DEHTH 5 72
(394~1,673MB4K) -

TEI N H = OMEHER O FISMLE % I Fig. 44,
45 (TR L7270 HECIFIEH 30 mm Ll E AT SREIE R I H
EENRTBY, &EMNICITHFIR 50mm, 70mm B L 90
mm FIRICE— F% 303 0DMKEIPTHIT -7 (Fig. 44),
HEDEEY 4 XHHIE 90mm L ETHBH T &, 50~70
mm B % OEAETRABISFBEEBEEER I TwiL
(Table 3) =&, 72, 60mm LLEDOMHOBEHEREA | 4
WIETHAHZ EH S, 70mm E— FOERRIZ 1 £,
50mm E— FOREIE 2 FEHIITEEY 1 X ITAT S
BEETHLERESNS V= OEHHICHIE 90 mm
DLEDBESHFREI N TW A, THBREESRTEHE
REED VLD, Lk “KRF=" L LTHESLS
BIORBREETH-Th, K=" ORI TR
TELZWIIDTHorz, T, BEFL LI ICHIERH
30mm Ll EASREINTE Y, SFICIZFIG 50 mm,
70 mm B2 ICE— F& dOREMAL 80 mm BIHEICE—F
% HOBMED 3 DDEHATE L -7 (Fig. 45) 0 BAD X
ok, RBBROESEMINYETAEERTH 72 HD
WERORNRE DO, BIRL-EENETETLREGETS
B0T, BT 1 E%E, 0mm FIEICE— F2boERRK
Rt 2 FRITIIEEORNFIIMATHERETH D LHEE
=X (A

B LB v ¥ —BfRmL $£45 19944
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Fig. 44. Carapace width compositions of trash male
crab in each fishing season.
UEoZ &6, Kig220m R CTBRENTOILH

i, A BHONT DT X 4 F=EES h,

0 R T

BHEEINTWL I EPHPE 2ol T2, BESH CARAPACE WIDTH (mm)
TWbH OEMRE, Ml s b BB A I\ WEg Fig. 45. Carapace width compositions of trash female
THY, OB F 1~ 2ERICTREBONR LR 2 crabs in each fishing season.

Table 20. Number of individuals and carapace width (C.W.) range of male, adult and immature
fernales used in the experiment.

Male Female
Date Adult Immature
Number G.W. range C.W. range C.W. range
(mm) Number (mm) Number (mm)

3 Mar. 1989 150 33— 87 7 73 -81 137 35-74
13 Apr. 57 61-134 73 66 - 90 44 59-80
25 May 130 43-108 23 71-95 118 47-77
26 Oct. 93 42— 146 102 71-91 67 53-79

5 Dec. 24 27-110 37 70 - 87 13 37-175
14 Mar. 1990 109 36— 98 44 74-95 119 34-78

A7 A HDERREEICS L0 CREERICH T AH%



Table 21. Atmospheric temperature, water temperature and salinity in each experiment.
Date Time Depth Atmospheric Water temp. (°C) Salinity (%o)
(m) temp. - (C) Surface Bottom Surface Bottom
9 Mar. 1989 12:52 238 5.5 12.0 1.1 345 34.0
13 Apr. 13:03 240 13.2 15.1 3.6 34.5 34.1
25 May 15:40 235 17.6 17.5 1.3 346 34.1
26 Oct. 21:20 200 215 21.4 3.1 335 34.1
5 Dec. 15:10 274 14.0 16.8 1.9 33.6 34.1
14 Mar. 1990 14:20 235 11.6 13.2 1.7 33.9 34.1

19904F 3 A 127K 235~274m B CEH 6 BT b, FAK
FERROEBYTH o7z, EEMEBIZL YRE S
X4 F =3, BEDSH05DHICELTHEER CF
FH28 D ) WWRITELR, EHIZI=hZTIZARGR
ot BUBEKIZR SN, IO EER I3 6 BH
T, FOBRMECERLTCHZOEFEZHE L, HEH
B, 7oOEHLMALREOBIOFEFHEL, £/<
B WEKIZFET LW Lo 2B, 1 BT ) DI
B AEEIIH30~508E& L L, DU ERR OREE % FR
LT, MR o KRB & NAEELE — O, TIZAL %
Wk JI24F 5 77, Table 20 (C&FERICHE L2 M, Bitks
X USSR A OE G & FIERBE R L7,

RERFIZZ, -V Ty EOCTD KLY EBHS
KT TOXKES L TESH5ER LCllE sz, BlER
E% Table 21 [ZEE L /-,
4-2-2-2 RBREEHEOEEZROHE

WEBORE, RS L URBGEEORFEEROETREL
Table 22 1R U7z, &BEIL, 3A, 48, 5 ABLUI12
AT, 3AORKENOES (0.70) %KRiITiL0.87~1.0
E®m <, 10A12i30~0.15 EBIR ICIK D » 720 &RRIICIE
SAPSI0AIZAT TR 2D, RARIIBUEL 258
BATH 5Pz, 19894 3 A BB D AFE=IE, [FAOK

Table 22. Survival ratio of just after discarded of
male, mature and immature females.
Female
Date Male
Mature Immature
3 Mar. 1989 0.99 0.71 1.00
13 Apr. 0.95 0.99 0.95
25 May 0.87 0.87 0.97
26 Oct. 0 0.03 0.15
5 Dbf. 1.00 1.00 1.00
14 Mar. 1990 0.92 0.96 0.98

BLUREAHOZN LY B o7 ZD& 3 DORAM
IR EHECTRBEOES PWEKSH0% £ £, FETE
EORBGEZ DL ) 2EECTH 720 T, 108 TIIFH
BB LA ZORBISPREERORETH D, »TIC
PNETAREATT T LTw i, 8512, HEEHRD
Ak, BIZAERL T ThEREE IR ARIEE 2=
V, T AT E2RE P o722 ds, WTFRIERE
THHDEEZLLNZ, B, AULEHOI=OKREED
BEWIZLDERROEZEIALNE P o, WEBERE
DHEFER L FERORES L UKE - B5OBRICOWT
AbE, EREIFEEARS I OCREATEVEDICE

{, BURHICEE 2o TB Y, REKBLREBENE
ERITTWA I LGPt BERKERES I, ED
1.1~3.6°C, £FH933.5~34.6% CETDOEEIHE N
7o, COFEBEEREOEB L GEEMBLTWRY S
720 L EOFRERERIL, BEROERE UM, 1965 : /MK,
1966 : FIR - #hioC, 1963 : AT - JJil, 1964) &IZIFFHE
THo7z,

FRFFR Tl H —0EFKRFIL, RABTHERs L =%
PTICAN, PTE ABMICERT CRA L, BEMLE
B UAEZEDR W 2 4TV HEE L7ze —H, BEOKERD
BEBEL, B LERSRT Sk, ROBEOE
g LCa— 7Bl RASND, £ LT, KBFOxt
BLRLABORNIFTON, KETOMBE LSV
ZRERIMMOTI E-RICRESRL, ZO—EDEE
EFEH30FTITh TV b, BREINTHSLBKICEET
5ETOREE, PTRCARTABHIAT2HEEM[MD
FhRVEEOREL TIE, MEIHRE LY HTICE
WEEZZONB, L7 T, HECHITFONThORE
BNTHEEICEET 5 TORMIT, Kt BEnigs
ETIEELY, WESHBRELY BEY, 3517, REMAI
I EICBToRH 23, ARBT I A HEY I
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LR LIEALNS, COLI LRI Lhn, BEDORE
REOIRFEEBZDEREIL, AFRTHEESIAZETRLD D
SHIZEWEE R 6B, SR S W -EREE, &F
DEEOTT, BEFEHIHNR CTEICHER LB EDE
RV D EHEShD,

4-3 BEINBZIEICLIFEORE

ERMOBER I H SO 2 by, Ko
AR ShERIIERESRTWIERIAO, L 2o
oo 7o, HEERON ZOEFRFIRYICL - Tdd
NIES, HRESNLZ LI LB EFROREESEREINS,
ZITH, BEIWLZ LICLABFEOMELRE L2

4-3-1 BEROMFRENHYE
4-3-1-1 HEAZHLIUEBICAWANS A—%
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9%, ER-EERIBECABLEEINRDTRELSD
o TITH, TOZELEERL CERORBFEIRG %I
BB L, vE, EREO—ROBRETHETTLIH =
OEGEK (Q) 1, HER WBHERE : 6 ONHEEE
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I, s —BRMY Y ORBERE, fILEENETH
bo ¥, F3—RPLS-VOBERKTHY, (I—exp
(—F)) L3—BHMU- ) DBRE SN _ORTERLE
T2, (1) RCBIFHETEGK 0 &, OHERER
BT L CRADOBRER T 2L E AL D TH B,
L7=¥oT, z MBICBITAETHEESR (Q) &, 67
stk (l—exp (F)) 2 X LT 5L,
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Table 23. Area of fishing ground for Danish
seine from 200m to 400 m depths in
the sea off Kyoto Prefecture.

Range of depths Area
(m) (km*)
200 - 220 109.8
220 - 230 48.0
230240 823
240-250 96.0
250 - 260 123.5
260 -270 147.5
270 - 280 140.6
280-290 126.9
290 — 300 150.9
300350 672.3
350 - 400 247.0
Total 1,944.8

227EL, ZOBEITEABPLBERECIIL ZRFEOREE
BEBLTWARW, $, EHPEBRIECHIEHTCELZ
FOBHBICETIIC ; MORERITRBED S, 13KkD
IR TAMPICETEHTE S,

8, = [N—=N;:G o5k (1—exp (—F 2| /N; (5)

BEICHWE/NS A—2  FEHFPEIZBIT HKIE 200
~400 m MOEILEFE % Table 23 IZEE L 7~ KHHFO
—B¥EORBERE () i, 1.756km? (LT, 1990),
HRELIER (k) 120,29 (SiNopa, 1968b) & L77,

AR TOBENELHEE T L7012, 19894 4 A
2519904 3 A £ TOEAMOBEHELEH L -, Fiff
RARIET 2L, BT AMBEA CHE 2 EAE—
HRTHHIENFEN L2 b, KRG EAET HERMN
DF—=F7 LI LTE2EDVEDITL #4757, Table
U W FDERERLZ. LUF, 19894 4 A » 5 19904 3
AETCOF—5 2> THRE LS.
4-3-1-2 HHFIOBRFILL I EEREORE

XF (MBY»53R8) OBE AU 472945 L
L7o8303, KB 230~350m T bR TWh, 20
KEFCTHINAZESERE (G) 1 1,540km” TH 5
(Table 23)s L7225 T, (4) ROBXFEEHROERZRR, &
MM () BIU  HOBRESFTONIEOERE (S,)
it Fig. 46 D L 5 I2FE 5, 1989F1LA DS 19904E 3 A &
TIHEHB IO REMEIEHS,000ETH- 72
(Table 24), —7F, ZORMOBEERDOERRIIFHROD
BVERRTIZIZIZL.00TH - 724, HEEZOBEFIZIZL



Table 24. Number of hauls of Danish seine in the sea off Kyoto Prefecture by fishermen’s log records.

Depth (m)
Date
200-220 220 230 240 250 260 270 280 290  300-400 400~
Apr. 1989 439 138 145 140 112 69 60 0 0 0 0
May 297 166 233 151 262 233 109 71 33 13
Apr. — May 736 304 378 291 374 302 169 71 33 13
Sep. 4 11 2 0 0 0 0 0 0 18 702
Oct. 50 91 30 0 0 0 2 181 486
Sep. — Oct. 54 102 32 4 0 0 0 2 0 199 1,188
Nov. 0 3 152 619 565 1,261 501 49 53 0
Dec. 9 17 110 235 381 540 664 303 88 70 0
Jan. 1990 195 22 41 122 261 201 29 6 17 9 0
Feb. 328 65 49 138 305 237 142 112 51 36 0
Mar. 130 54 137 160 278 88 29 7 0 0 0
Nov. — Mar. 662 161 489 1,274 1,790 2,327 1,365 477 162 168 0
10 PR END T L1210 WD OMPRED23~32%
- AREL TV B L REE NI,
100 R (4APS5R) OBE OB, 7oA
1000 VA ERRIILIBETATA S ARBLBEEINS,
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& B30
3 05 20
s 000 10
> b
E
« 000
00( L
| I
u 1 i i 1 i i i I3 1 E
0.5 10 — 05
Survival ratio of just after discarded §
Fig. 46. Relationship between survival rate (fishing 3 i
season period ') and survival ratio just after
discarded, under conditions after from 500 to i
8,000 operations of Danish seine in the L
fishing ground from 230m to 350 m depths
(1,540 km?). L
ﬂn 1 1 1 t 015 1 1 1 1 0
AEETHRT LT e ZOMBICART 27 =P8 Survival ratio of just after discarded
Wizhd e, 2EOHI%FREEEROEGETH 722 Fig. 47. Relationship between survival rate (fishing

&, T, EBLAE I ICHRETCOS Z—DREERE 2 &
5, REESROERRIZS ZTI20.85~0.908 LTRET
Bo Dbz b &1, £RE (S) 130.68~0.77& K
HER, 11AH»S 3 A T TI2H8,000EDIBENTHR,

season period ') and survival ratio just after
discarded, under conditions after from 100 to
2,000 operations of Danish seine in the
fishing grounds from 220m to 260 m depths
and from 330 m to 400 m depths (500 km?).
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UEBR7Z-ZERFOBFERIEL» S, EHOERESE
(S) 120.40~0.55 RE N, Thbh, EFHOBRE
12 & BEFEE, BEMICRET 5 L MERD45~-60% 128
IRbDLEFEENT, 2T, ERBICLLEROR
FlERI—gLREL, BBHERE, THEBS I UREER
DHZDEFREREL &I, BECLLIRFEORETRAEL
720 BOETHARLEIIE, HZ@FBH—IIHHFTHNTIE
%K, Ry —VREEDRL L)y FifEoTHHT 5,
T, Ny FRBET AL —OKRE SR, bTRE
KEFLREDEVICEDRELR S (UK A, 1993b), L
oo T, BEDORHL L) ERICHET LI, =0
SRR FEHRKET B S KPR LREAD ERBLT
REShLILENETING,

E5E FHRBMCAREERLISAHL
REDOHNHICHETIER

AT7A N ZEFERONER, ThITHLIICLAAE

A7 A A= DEREEICS EOCRFERICHT AR

RS & UMEEERD» SR SIS L, RETI,
BREEENECILEEEZONLBEEYRET L7120
DHKE, BRI DPBREOBHELBRT H720DHED
2RICDVWTERERTo 72,

5-1 BEEY*RETI-HORE

EIBETRIE I, H S EREE R OB EIIMEE
BN HBHI35% LIABEEIZFSL TRV LS 2
&N RETIE, FEESAME S RE L CFAE L RET
BLVIHIEENL, BREFEOD ) FIZOWTHRHNT 5,
HEEATEZONLRENMLRET 2K, OlD
SHEEREE, QBRMOEE OQRBEROEEN3HEE
AEZLN, LFINLIZoWT, BAEOEREYSFH
BEBIOEEOEEL L LICERT S,

BWOLERBELE 74 F=OFTLIEE, HEDE
BAEF L TR T AEmPAH S (LG, 1985). £
D7z, HO—RMEY ) BREE LA ORI HEY
£, Bixvwhds NRELLTV, Lo TWVD
(BHEARIIA, 1972). FEHFO L 15 b »RFH/A
BERBIIEROBREE TR, —BEAY-)OLkES
FICEDLMOEIE R, BNEIATH0%, BEas
THMOBIBLATVS, BEEETERL, FFEY
S LB ITH O EERR LM T A 0RFFHENTD
Y, BOSEHRIEELILEOETRBRROBEREDS D
TORBEEER D,

=%, XTAH=OHERZFOREIFTENRTNELF
Ferbu—LryRBETIE, BEREL VDI 20D
HF, MEEREFNICEA LTS (Rwvarp ¢ dl.,
1988), B UCMEMIL, BARHEDNZXT A4 F = C. japonicus
BETIALNRTVS (BEUEKRIZH,, 1988), Zhbd
DT ik, MOWEELZZIE L2 TR, GROMWAIZIE
B3 I3 LMBESHSETEILVWI L RRBLTHS, Lz
PFoT, UHMERRIFEOEMBIIEOBEDRNDHLD
PE, SHRELIRHNTILE DB EEL B,

REOBEHE BT LREZNETBET D00
EODFEIE, BERESN TV IHMZ 36108 T
LHIENDHD, BT L5 X IBEEROGHNICE
5700, KIEZEHERETE L2 IFUIER s
WK biv, Bz, BOBEMZTEEHLTYS, 22T
VR KA RMBRE LIARENTDRIE, AT
RBESNTS2MREABETEILR Y, b L7-BOLMHE
BELEOHEHFICOVTY, RIEEFENRTHIRALE IR
BIZEDBENFELD,

BEXORTE BT (1960) HBBROEHZELLT,
LEEEICBBEIRED/ PRI, LRBBIENDED



B EOFFEERIZIOVT, ROLI N, b LED
MESICEESETT T, FUBREEARTHBEORS
BEILLE D, SO LR, BHINLTRODTEK
LRREY 5 BRSNS LDT, ZOHEES LLIFED
—WERERICTAIENEE L wE L, Rl LD
2, BEPRIISEOESICERT S L) bomERt b
5 (LUEFEA, 1985), B SHIZERMOBRED FOBKIC
B L7, BEELYHLIRERRT 101, BEIEIE
HLCHA T SO — M BEFERBICHRET AL
P, BAFENLHREEZ D,

ZITR, +AEERYRET S0 IEEINEZ T
DREEZEZCE, LL, WEINFO | HOKREET
T, ZOROENTOZTHERMPET L, ERZ2SHLHTT
NI ERFT AT A FTHESI N TS (PauL,
1984); X7 A4 H=TRHREENMORRIHER I TS
Z &H 5 (TavLor et al., 1985; Conan and Comeau, 1986 ;
CoNan et al., 1988 ; HoopEr, 1986 ; Morivasu ¢t al., 1987;
Ennis et al., 1988 ; Comeau and Conan, 1992), +47%F&E
ERERT L ICIREOREL L HIC, REOBRIC
DWTHEEN I RETLIVLEN DL EEZ S, BAFWEH
HHERICBIABENMEI2A»S53ATHS (B,
1963, 1967 ; 4+ &[], 1970 ; LWIE7>, 1985), KRS
b AEs L ERT A2, L XZF0HKE
PLEE 2L, ZOEHICIR, KROZOZEINE & Kt
Oy F L DE I RS AENSALNS (LG
EA, 1993b), D72, BB TEBR*HRET
52 ET, BRENBORELIT, SMHABELHEMEES
ZEIE), REROBREMTIESTRTH S,

5-2 BRELIIEBEBRREEERTL-HOEE

ERBICL BT A4 F=E TR, XUAFTZREOR
#Fr HHE LGRS ERORZE L SO WERN
PE/BINTWS (Table 1), L2 L, EEOKRMBRE
DBRFEEBE AL L, 2B WWAPLS3A), FAMY
(4 AH55R) BXURKAH (9 AMS10A) 2RbLT,
X9 A4 HZHERT HKEF CTHRENMTOANE, KO
HoPREINS, FNHETIE—HBIOERHREINT
By, NI Y EAEREOMS0%BIEL TnL I e %
HIE TR L7, $0bb, BUTORY S X RFMRILE
HOBHITIE, BiREHRETLETUT LS HAIC I8
LTwiv, $4B0BFEE(L s &R LAERELT
i, BEE LT, RAPOLIRFEINLEFOBEED
KEzFEREHW S NG, BFEEEHESE L0010, &
FIILIBRBEYBENIBRBRTAZEBBOTEELEEZON
bo ZD7-®ITIX, Fig. 46, 47 R L L ICREL -

FF A S —FEOBERAEIT, FOERELF| X EITS
7, BHERHEBTLIZEZEZ NG,

KFBEBEOBREAICL 2EHRENS| & LT RERK
EINLIZOEBRELFIZ FHI0E, A2k
K%ﬁ%hf#%&%éh%if@ﬁ@%ﬁﬁ#%:L
FLTEATEIIBR -7 L TRETHZETH B, T2
bh, IIL LT “BFE $L0TEEL, BRLEEE
LCHRIBTES X1 “BRIR $4&w)E#)", MR
WEEHIILEL LD, UT, KB TRERTEES, B
WHBEROEREL, KRPREBOBKICEG SN
W, FHICLYRL D, F121F, KELREBEIMENLET
3, REZBLZ2VEEYRINE, ERBi1.05 LR
FRITEWETH o7 77, #@EF LWA»S3A8) 12
SN o, FOMICHORE—BICANRS R, B
EINLTTORMEIVEE S NS, ZOBE, HEFLSH
WECRHBEHAFTERBLTV I 22b 5T, 11T
100%HEEHR S TS, 2O LR, LFIIBVWTIERY
ZORFENEFTEITZE, ZOBRRTICORMEEL
72 LThH, BEOREZHBEIZEILLEWVWIEERLT
Wwh,

—%, KERTIRISTEVIE» ST, IFTE, TE
LEERCITMA M ETORER 2 CE LR ) 8T 2 0EDT
Hh, BEDERMOBETIE, FZIMMEIETSNT
POBRMEING T TORMIZ, FOMICROEBREEM,
U—7  @REOBAZ L CREYORY 2 &L o—BOEE
PITh b7, RK20~305BETH L, FRHYICHE
BOoTELZBRERITI L3, FEBEDAEREIZL
h, BEOLZABOTHELRKRICHD LEZ LND,
T/, BREIIREEZOBEOBBREIEGHE 0BV,
Z D& AR AR I O B OEINIC X Y BRAs
gh7-0, HMSSHABIELT, BECBTohre &
WRKBAHPHET LT 5, LT, FELLKEC
2T, BRVEROERELXFIE LT ik, 2k
DREL VY,

BHBOHE BHRREREOEREDS & LiFSHELR
AT, BHEOHIEMThbARIThELE SR v, B
B FOREHBRTNERVWOPE, BRIEZROEFRE
BLU—REL7 ) OBBHEEEOECICL VRETT S
VEFDH D, & ICHERREROEREMNMEL 72, —
BN 7 ) OB ROEARS S VIR, RIBLEhE
BIRALEE 25, 9 AR S108 O X 5 I HEEROEME
OHBHEELNE (, FEABLRENE L ERRERDE
BEMNED CEVIEICIE, X074 A= BT 58T
OBFEIEHEWICHILINDLRETH L, TORHICIE,
HECIEFIE 90 mm B EOMEED & ® % E &AM OB I
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@y (Fig. 44)e A7 A ¥ BIZULA LARPLETE S
A, EEAREICL CREOMER LR HRIFEICKE RIEEN
BiEz L, BEOAYFHOED LI AEEBZERE
BrThrb, TR, XA T BEEORLSETIRIT
EENLZRERIZS 2N L, B, HHFTEHEETIIE
FREYHHE L CTHRBEREOHENLHEMMICLD, 9
A1EB»Oh OB HE T TOMRB, KiE200~330m
WTDJBE T -DEIINTHE, ZORFERHENZE, D
R OZX 7 A FZREDOBFEEBE T 5 CHIIEFFMmS
NAENRETH 5,

4 AH5 5 ADBEIIOWTERT S, YHHTH—R
L7 ) BRRESEIIKEFICL VSR 700, &2
BRI S o 72 KIE230~240 m 3T O FHME A1 13 Mk
Ebd s EH1,000BHETH o7z (Table 19), FHRAES
DEBRRF, FHWIIZH0.90E BVt R L7z (Table
22), L2 L, SHMOFECEEREMBENICEET L,
— RGN FETEI0EETH 55, Zhizhk
T CTOREN K (W70088) %2115 &H70,000f &
L b, BRRESROERERISLBRIFME ST HAET
MEHBDT, ERIZEZHUEDETHIES 5 T
5o FESHFP A CHAOBAMIC IS “Th=" &
KA =" OReERBEAEE, 198940 519924 TH
82,000~ 131,000B4T&H - 72 (LFiEA, 1993a). 4 A
0 5 A OREIC L HTHEERE, BERICEEIRS
HEOBBEIIIIICE T 5, HEMERICE QR FICHA
L, OIS CHEFNLIBEES N SNEHE, 0
BABERICRET A LA, BESHEYT)I LCRLE
¥hhgEEZONE, 4 AL 5ADLIIC, BREE
BOEFRRIHEBHE T, HoFEL D/ T HIHET
BENFEEIATONEL )RS, FOHERTOREIRE
KT B EPLETH A,

BEIZBFEORETERT L4010, BRIEEE
DEBRENIE L, LrdERRESKSS R TETRE L
FIRE A U v, BRIRESROABRESBD TR, 72
D, BREBEESETICEVESINE, BEOEREE
BRICEETHI LA, BIAMNLREEEEZ N,

A4 KRR ERBEECREMFAL Tk
HORFEEBROLFEE LTI, "BHREKOBRE” " RdOE
HThhrLEZLNE, LI, BEULHEES YR
5EMR, KAAEROBREICL Z2ERBET COILE
$ChHb, BEXORBALZMBE, BHIOWTL, &
SO L CICHAERRE, ShEER L EREERE
POBET AN R ITT b nwekER b,

XA HoOEREEEICS &0 CRIEESHICET AR

3 #

KT, EREREOREEEECTHD LT A He
DR - BE PSR LA T O
BD ko BRI EE L ST B E L bIC, B
DATA FWEOMBE LI Lz ZOREE D EiC
LT, BEOREL MR EELIT) o0 HFLR L
72o SNODBERDEKIZIRDODEBY THD,

1 X714 REOHRE

() BABESREROKRBICL LA 74 Foilgic
i3, BEOREYEHE LR HERS BRORES
IO ML D EEBORIR L COBEFAERE STy
bo —7F, WHEIZ1964ELIFE19714E % Ti210,000 + &
BERS TS, 197265 51975412 T2 L, B
FE19804E4CRT 4 £ 73,000 b B TR L /-e £HLE
SWAEREHITTHY, 1990412131,500 b Y Hi#k &
o, TOXIRIBEEDE L WVBLEMIF TV
ZEph, BERESN TV ABEERINITEERE L
BUCHEE L TRV EASRIB & iz,

(2) WHAF WA EROERBES L, KEH 100~900
m OHMEAKTHEEENRTSY, MRETHABICL DigE
SNBKEFVR R o TCnD, XA BT BKE
#5 200~400 m OAKEFH TIX, LY (11AH»53H) i
X4 K=, FEE (4 A»S58) @754, #L
TR (9 ADSI10H) B7AFLABIY Ry s 7
HILERMBE LREITORL TS,

2 RXT7AHZDBREEMENITRE

(1) ZEHE O 2/ 3 (2nd maxilla) DEHE (basipo-
dite) DBRAMDOFHIHDKIE (epidermis) B L UHEIE
(seta) DRI E b LICHEATF -V FEELY, FL
T, FE 60mm Ll EOHEOBE X 7 — ¥ 0 A B HBRR
PR, HOBE - EE, ERIRECT ST CHEY
EBLEIEERFEITAE SN T WA, BICOHERL X
IR BBREEIEET A EVBHOL DL R o, BRBE
R M RO U CS B SN ICE {, KA T
W WHEE IR R U C SR AT AT Y LR, FREE 60
mm D EOBOBREZIZ1EIC1E, 9 A»S10AEIITH
nb, BRBEESROFNITELEZ SN,

(2) BOHIREMHBmOMLRESS, FIEG OB
BREOEHE 2R, ZOEEE, FIE60~100 mm
Ti30.3~29.4% L KA o 724%, HIE 100mm Bl ETiX
56.9% Ll B2, HME 130 mm LA L Ti2100% TH -
770 FIE 60mm AL T 4 DOBMMBEEL, 2NHD



FH PR 67.4mm, 91.2mm, 111.1mm X0 130.2
mm & HEE SNz, RERDEHRETIE, FIE 60mm LI EIC
X8 DL EORMIAPHET AL SN TV, LaL, &
BRE DT, EROKERE CERBTRER»OFE SR
TBEHRERELY L EIIT DL, BFEOBBESEORY
AR Sz,

(3) WX B, “7~TH=" (hard shel) & “XK
HZ" (soft shell) D 2 DDHMIZEKF T ERT VD, =
THZ" ELTHEEINRLDIE, BREETRLTOLL
EAHIEDERE L ABELS T TH L, —FH, k=
IR HAD b 1 EURNOBRRBRE A & AR
REKEARELTWAZ LASHBE L7,

(4) 198548 A, 108 B L 11 A KKHERFMN & DKEFE
220~290 m 3 CHTRMAE 1TV, HHEOSHIRK £ H
~7zo BB 10~40 mm OMEHEIL, FEDOKEWRICH - T
ST HEMER L2V, FiIE 50~80mm Ok s L UH
18 50 mm LI EOFRKBAAMIZ, KiE 240m KIS (OB L
72 BB 90 mm Bl E ORI AKEE 270m DIRIZE (, Btk
B KR 240m 31T & KIS S AR LAze BB L - iE
i, KEOBNICEVEBBERIIL, ZOKR MR
DR —F L7,

(5) 19904 5 BICHUARF & OKIRM 240m B TH =
T EE S TRELIT, BEOSAFEEETRE L, 1
B, FUKEHFICBOCTHKFHRIEDI) O THAE
ERIZL TV, MTORBERBATRIARERIZL
72o TN, 5,000m DHOETVWHEENTLRD S
Nize XTAFTZETERKREZORL LSy FEREL
THHT B, DEDDAT—VOKEVy FIRGAHDF
Wi, SHRBEOBVNEWR Y — VD) y FIRGARH
W ohEDLNT, BT, AFr—VOKEVISyFOD
FIiE 1,083 m, HE Ny FOFEIL 126m ThHho 7o,
A TIZRE WSy FIi34 1,400m L < iE 2,600m
HE, Asvty FOFHIF 138m, KEEETIEFN
FR588m, 144m CTHol, /Sy FHEZORBOEE
EE-DAIORBESROTERE (RE/FHE) A
NRIzE A, BAETIEEC, BEREERTIHEY, -
AL

(6) 1986%E108 5114, 19884E10A 3 & U'19904E 7 A
IZ7KER 235~250m B TH = THE TV, WEINHO
MEHE DS ARFENE E RRET L7 MEIZOKIR 243~244m R EEIC
R CIZAIEENEK, R CIIREIMEA B L, WE
BHTHLKIREOBNTHMIE RIC U, B, FKER
FIRIER CEFRO DS WER, FEEFCIEKEWEED
B U7, BRI, HEEEIRED Sy F 05 F—HEER
WIS E Lz, Thid, WESIRIOKRTHICE DRI D

DEEZ NI, KE 250m LR TIE, WENFTOXE
(TR 65~70mm DERBEEEEIBMT 5 L HEE X
e M, $H400m BLU1,100m LD -1
KEWVSy FOFIZ, FH 1483m ODRAT—VD/phEn
2y FEVCODEE L. MR TIE, A4 -1k
EVvi %y FUiEH 500m b L <IE 1,000m BLE, HE W
28y FOFEIT 140m Tho o, BESM TZERLEN
#2,100m Lk, 155m TH o7,

(7) 19924E118, 128 3B L 019934 3 AIZKIEH 270m

RTH =P TRELIT, REINGOMREO SRR R R

BT L70, REPESNME & FIEORME L, W UKEEH € KFEHL
L) O CHBICAERTRIC L, BT, BREE
ERZTIEMULER L -FROBEMERE HEHRES 2
WERBOFRL AWEE S, RS RICT AEERL S
oo REDBEGIE I & EEINMED, Sy F 23R —HEIC
BRI hTsh, CHIBRERMOLRBITENC LA DL
Ezons, BROBEVHEEIE, P 1,167m DA 7 — )b
DREVSy FEEEL, FOHICIEFEH 157m DR
T=NVD/RE Ny FERE L, FROXLPVHET
i, A= VDOKEWV/)Ny FIFFH 1,067m B LV
2,600m U ET, AF— VDR E V)Y FIZFEH 127m
Tdh oz, REMS L UCWERECIE, £haHh 1,600
m, 192m L 1,100m, 117m T o7,

3 XTAH-OERHHE

(1) MO THAH19864E11H 6 BA 519874 1 A31H
TCORBRIREEREL 72, BOBBIIBEEROS HE
T O®H65%, 10HE T TICRWTSBANERE ST S
h, BEEHOEHMICEENSER L TWEZ EHL R
Lol BOEMEIBIL, KE 240~250m DIFEHIRT
Hotz,

(2) 19864E DA P I AZ TR B S N7 Bkl O MR
OEBRERD S, HARTHREL 0.073 (year ") LHEE
S, BABE T2 PR STE VW ER O BRET
i3, AR EEDTLTL O THERIDTH o7,
WL BT 1.0179 (year™ ) EHEE XN/, THHD
BRI E b &1, BYROBERED ) bED LI
B LBAEZIT-7-013, 2E0#H35% LS N,
RADOEE TIRBAEIMT bR AR OEHEICES L Tl
FHELTWAI L5, BICHT 2BTORMB L U
BRI BEORER EORNL, BRFEEICL > TRLT
Ly T4 BiE L TnkwnwkEz 5hi,

(3) BRBEESEEL, DEO0OBICERERBENE
RENTVIHED, EORVKEEROERFEOHEHE
DWW TREF L7z ERFEAMET LD OOFEMEE L

SHEMFALMEE v 5 — BRI F 45 19944F
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T, BIE 60mm L ED 4 D OBMEORKEREADH
HE A%, 19894E 3 A 5199011 A T CORETHN
Too TORERE, BHRBEMEOEIEIE, TFHPIE 67.4
mm B A%4.2%, 91.2mm BEA%29.5%, 111.1mm B
64.1%, € LT 130.2mm BD399.1%Tdh o7z, SHHIIC
A LT 1 ELUADBE—EGEORRBEEEOEEI,
FNENL.4%, 17.3%, 40.8% B LU85.5% TH -7,
BHNORREEEFEOEEE, REVEBHILEEP-
775

(4) FIEIE 91.2mm B L 1111 mm BOBREBE
BIFULERBL-HEEOLRER, FhFh 0.58,
0.71 {year ') LHE SNz, ZOMBIHDOENID BFE
Vo ZhUd, B XS\ EEBIc B T B 5
EHhniodis, MERCHI LW EEZ LR,
FHEME 111.1mm £ 130.2mm HOBREEE 1
ELAOAFRET, FRFN 0.43, 0.35 (year ') &HE
Sz, AI—@OAETEE, BEREREEZE 1EDEZAL
7B 1 EE DL ORI TE W L% 5 72,

4 EREAEI VI H BRI LIITHE

(1) ERBCRESBFHREINRTHWLEIT A =D
BB AKRA OFHEGE L FAE L2, —R\ELLH T
HEEAKE, e BIIMETHL,50084E, Liw
EETHHIEH L Zh oz, & I0, FEM & LB
DKIE 230~240m B TEh o7 WES R THEHZ
i3, HETIZENE 50mm, 70mm B &£ U 90 mm FiEIZE—
F% b O, T FIE 50mm, 70 mm Fi#ICE—
F % b OREAAE L PIE 80 mm Fif#ICE— Fx b DAk
BFIERThHol. Thbid, 1-2ERICBEBONE
W BEGEABE L HEE L 7o

(2) WEXNBEHOH =OEBRRZ, 12A»53AT
130.71~1.0, 4 A»5 5 8 Ti20.87~0.99& &\ 25, 10
ATIE0~0.15 L BMIFITAEKV, Z OAEFKRFIZEm KRS &
CRRDEEK, BEROEERBOREBICL W R -7,
Thbh, EBRFITERKRLTBITEVE XITIEL,
Kif - RIBAVEV & X ICIEE, REER TRHREEOE
WD BRI IS TR,

(3) MBpmE, EREOREmRE, WBEDE, EHES
S UREEROERR, CORMEER S £ 12, 19894 4 A
519904 3 B £ TOWmPHRIFEICL 2 BROFFELKRET L
72 TR, FWHNIZMHERIRDO17~30%, FAEHIC
1215%, % L TAHERIZIZB~32% 23t L T b 3R
s, EROEMEL, APEEDHB~60%ICbBLE
EHEEENIz, TN RREIR L BRESSHORRE
OO EO>DORERFEREE /2,

AIAHZOEBRMEIZS L0 CERFERICHT 2R

5 HEFMCAETEISHAT-BEOHY AICEHTIE
=

(1) REFFETHL P U ERES XRS5, X
DA HBFEOEEFREE L TEEEYRETL I L i
ZILLBEBEYBRT LI v E 2, BAEELRE
THEDOFERIZE, BOBEEYeEICEETL L,
BRIEDER* S OIEHETHI L, ZLTHBEXEEET
LIZEDIOBER LN, —F, HEIILDERBHEY
BRTA-00FEE LTI, RFHEETBERRT A2
FIEVAERRLEOL L, BEZRNIEFHHTAZE
DIOWEZ SN, FRIZIE, BREOBZESE IR
BTHdHIERREL, X ORE 2 ZEHE L
i, REOLERBIENE L (IZEEERR, SHEEL Sl
REELPORIATELEND L,
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