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Reproductive cycle of the hair crab, Erimacrus isenbeckii (Branot)
(Crustacea: Decapoda: Brachyura),
in the northwestern North Pacific off Hokkaido

Jun SASAKI"

O In male and female hair crabs (Erimacrus isenbeckii), reproduction related events: 1) molting period; 2) mating period,;

3) spawning period; 4) ovigerous period; 5) hatching period; were inferred from observations following instar from X to

XVII: a) monthly changes of molt-stage; b)monthly changes of G.S.I. (Gonad Somatic Index); c) occurrence of sperm

plugs; d) appearance of the spent gonad stage; €) monthly changes of embryo stage; f) relationships between molt-stage

and G.S.1.; g) relationships between G.S.I. and maturity (coloration of gonads). The results indicate that the reproductive

cycle of males appears to require about one year, while females require two or three years.
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0 0O 0O 0O O O Hair crab, Erimacrus isenbeckii, Brachyura, Crustacea, Reproductive cycle
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Fig.[1L.CMap showing the sampling area (shaded) of hair crabs, Erimacrus
isenbeckii.
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Table 1.[Description of molt-stages of hair crab, Erimacrus isenbeckii used in this study.

Molt stage Period Carapace condition

Characteristics Drach's (1939) stage

integument soft, body flaccid and full of water;

| Postmolt (newly molted) -soft shell shell color pale white A
1l Postmolt paper shell integument soft, flexible; shell color pale pink B
m Postmolt paper-hard shell all areas of body r_]arfj except for merus; . C,
shell color yellowish;
. all parts of carapace and other shell areas ,
v Intermolt - (Premolt) hard shell - (proecdysis) rigidishell color brown C:- (D)
v Premolt proecdysis major portion of skeletal resorption, ecdysial D. - D.

(peeler)

sutures open
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Table[R.[Description of ovary maturity stages of Erimacrus isenbeckii used in this study.

Stage Maturity Color of ovary Characteristics0 0 0 00000
| immature white oocytes not visible with the naked eye
1 immature cream oocytes not visible with the naked eye
11 premature orange oocytes visible with the naked eye
v mature red oocytes visible with the naked eye
Spent spent colorless to yellow red residual atretic oocytes visible with the naked eye
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Table[B.[Relationship between instar and carapace length(CL) in the hair crab, Erimacrus isenbeckii
0 0O 0O O Kafter Sasaki & Kuwahara, 1999).

Male Female
Instar CL Mean CL SD Discriminant point by CL Mean CL SD Discriminant point by
(mm) Mahalanobis distance (mm) Mahalanobis distance

I 5.1 0.3 5.1 0.3
5.8 5.8

I 6.9 0.5 6.9 0.5
8.1 8.1

I 9.2 05 9.2 05
10.4 10.5

v 12.2 0.8 12.2 0.7
13.9 13.8

\Y% 15.6 0.8 15.9 0.9
18.0 17.9

VI 21.0 1.0 21.1 15
23.6 24.0

i 27.8 1.6 27.5 1.8
30.9 30.6

Vil 34.5 1.9 33.9 1.9
38.8 36.7

IX 44.1 2.3 42.1 3.7
46.4 45.7

X 50.5 4.2 47.8 2.1
54.4 51.3

XI 57.1 3.0 54.4 1.9
61.9 56.1

X 64.7 1.8 58.6 2.7
66.8 61.5

Xl 71.0 35 63.3 17
76.1 65.3

XIV 80.5 3.0 67.2 1.6
84.3 69.1

XV 88.5 3.4 71.2 1.7
92.6 74.0

XVI 95.3 2.3 76.3 14
98.3 79.2

XVII 104.1 45 83.0 1.8
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paper-hard shell; 1V, hard shell; V, proecdysis (see Table 1 and 3).
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Fig.[B.LMonthly changes of molt-stage for instar XVI of male hair crab. Fig.[D.Monthly changes of molt-stage for instar XVII of male hair crab.

Molt-stages are defined as follows: 1, soft shell; I1, paper shell; 111, Molt-stages are defined as follows: I, soft shell; 11, paper shell; 1l1,

paper-hard shell; 1V, hard shell; V, proecdysis (see Table 1 and 3). paper-hard shell; IV, hard shell; V, proecdysis (see Table 1 and 3).
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Fig.[L1.[Monthly changes of molt-stage for instar XI of female hair crab.
Molt-stages are defined as follows: I, soft shell; I, paper shell;
111, paper-hard shell; 1V, hard shell; V, proecdysis (see Table 1
and 3).
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crab. Molt-stages are defined as follows: I, soft shell; II, paper

shell; 111, paper-hard shell; 1V, hard shell; V, proecdysis (see

Table 1 and 3).
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Fig.[15.CMonthly changes of molt-stage for instar XV of female hair crab.

Molt-stages are defined as follows: I, soft shell; I, paper shell;

111, paper-hard shell; 1V, hard shell; V, proecdysis (see Table 1

and 3).
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Fig.(1.8.CMonthly changes of G.S.I. (Gonad Somatic Index) in instar X of
male hair crab. G.S.I.= Gonad weight (including vas deferens) /
Body weight x 1,000 (see also Table 3).
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Fig.[20.Monthly changes of G.S.I. in instar XIlI of male hair crab.

G.S.1.=Gonad weight (including vas deferens) / Body weight x

1,000 (see also Table 3).
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Fig.[19.[Monthly changes of G.S.I. in instar XI of male hair crab.

G.S.1.=Gonad weight (including vas deferens) / Body weight x

1,000 (see also Table 3).
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G.S.1.= Gonad weight (including vas deferens) / Body weight x

1,000 (see also Table 3).
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Fig.[22.[Monthly changes of G.S.I. in instar XIV of male hair crab.

G.S.1.=Gonad weight (including vas deferens) / Body weight x
1,000 (see also Table 3).
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Fig.[24.0Monthly changes of G.S.I. in instar XVI of male hair crab.

G.S.1.=Gonad weight (including vas deferens) / Body weight x
1,000 (see also Table 3).
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Fig.[23.[Monthly changes of G.S.I. in instar XV of male hair crab.

G.S.1.=Gonad weight (including vas deferens) / Body weight x
1,000 (see also Table 3).
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G.S.1.= Gonad weight (including vas deferens) / Body weight x
1,000 (see also Table 3).
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not significant.
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Fig.[28.[Monthly changes of G.S.I. in instar XI of female hair crab.
G.S.1.= Gonad weight / Body weight x 100; Solid bars show

Fig.[27.CMonthly changes of G.S.1. in instar X of female hair crab. G.S.1.=
Gonad weight / Body weight x 100; Solid bars show ovigerous

female (see also Table 3).

ovigerous female (see also Table 3).
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Table[#.[Case study of embryonic development of hair crab, Erimacrus isenbeckii.

Observation date Embryonic stage  Temperature(CJ) Progress date Events
[2 December 1990 Pre-cleavage stage 9 0 Spawning 2 indiv. female: CL 71.4 & 69.6 mm
[B December 1990 1cell stage 9 1
4 December 1990 1cell stage 9 2
(5 December 1990 1cell stage 10 3
[6 December 1990 1cell stage 10 4
[7 December 1990 1-4 cell stage 10 5
[B December 1990 4-8 cell stage 10 6
[® December 1990 8-16 cell stage 9 7
[10 December 1990 16-32 cell stage 10 8
[11 December 1990 64 cell stage 9 9
[12 December 1990 128 cell stage 9 10
[14 December 1990 128 cell stage 9 12
[15 December 1990 Blastula stage 10 13
[17 December 1990 Blastula stage 9 15
[20 December 1990 Blastula stage 9 18
[25 December 1990 Blastula stage 10 23
15 January 1991 Blastula stage 9 34
[11 January 1991 Gastrula stage 9 40
[21 January 1991 Gastrula stage 9 50
[31 January 1991 Gastrula stage 9 60
[18 February 1991 Gastrula stage 9 68
[22 February 1991 Naupliar stage 9 82 Dead 1 ovigerous female (CL 69.6 mm)
[12 March 1991 Naupliar stage 9 90
[12 March 1991 Naupliar stage 9 100 Dead 1 ovigerous female (CL 71.4 mm);
Removing embryos from pleopods
[22 March 1991 Naupliar stage 9 110
[11 April 1991 Meta-naupliar stage 9 130
24 April 1991 Meta-naupliar stage 10 143
[13 May 1991 Meta-naupliar stage 10 163
[21 May 1991 Meta-naupliar stage 10 170
[10 June 1991 Meta-naupliar stage 9 190
21 June 1991 Pigmented-eye stage 10 201
11 July 1991 Pigmented-eye stage 9 211
[10 July 1991 Pigmented-eye stage 10 220 All embryos dead

gbmoobooboooboboooooobobobob
gbobobooooobobobobooooooog
gooooboooboooooooooomes.t. o
gboboboooooboobobobobooobooog
gbobobooooboobobobobobooobooobog
gboobobooooobobobobobomoooog
gooboooooooooobooboooboooooogo
gboboboooooboobobobobooobooog
gbobobooooboobobobobobooooobog
gboboooooooogooan

gobooobobooobbo™mobooobog -0ob -0d

ugb-b00boboooboobooobooboboboboo
gooboboboobooooooboooobooboo
gbooboboboooobooboooboobobobooboo
goobobooooogo
ooooUoooooooUoooooood rigmoO
goboooooooooooooooooooooo
gobooomooboooooobooooobooboooooom
gobobobobooooboooboooobooboobooboo
gobooooooboooobooooooooooboooo
gbooboboboooomobobooooooobon
g



MO oooo

‘qed - "uer uer - Aey 00 -unt ‘Inf - "ged ‘uer ‘ged - "uer ¢ ‘uer - Aeiy HAX
‘0o - ‘uer ‘uer - Ae|N 190 - ‘ung ‘Ing - "uer ‘uer ‘g - ‘uer ¢ ‘uer - Ae|n IAX
‘uer ‘uer - Ae|N ‘des - "unp ‘InC - “uer IR 79 "Uel ‘uer 09 ‘uer - Ae|n AX
"uer - 09 ‘uer - Ae|n 190 - ‘ung ‘Ing - "uer ‘uep “JeN - 08 09 ‘uer - Aen AIX
‘uer - 09 ‘uer - Ae|N 190 - AN ‘Ing - "uer ‘uer ‘uer - 09 09 % ‘bBny ‘uer - Ae|nl 11X
"uer - 09 "uer - ‘unp 190 - ‘ung unc - ‘uep ¢ "uer - "08Q ¢ "uer - ‘ung 11X
‘uer - '99Q ‘uer - AN ‘des - JeN ‘Inc - “uep ‘uer ‘uer - '98Q ‘Ing ‘uer - AeN IX
é ‘uer - ’ng ‘ung - e\ ‘unr - 'qed ¢ ‘uer ¢ ‘uer - N X
A abels Al abels 111 8beis 11 abe1s | abeis
poliad 1'S'© potiad IETN=V}
BunjoN JO Syead uone|ndo) Jeisu|
sabe1s 10N

"IDjoSqUBS| SNJJBWILIT ‘gedd Jiey afew Ul Jeisul Ag SjusAe aAnonpoJidal Ajyiuow jo uostiedwoy] gIa|qel



00000000000000000 @

¢ "99Q - "uep ‘ung - ‘AON ady - "uer ‘uer - "AON 7 ‘ung é HAX
‘ung 09 - "uer 'das - 'AON ‘des - 'Bny 7 ady - "uer ‘uer - ‘Bny ‘uer - "AON 72 ‘unp IAX
100 % ‘Bny 09 - "uer ‘das - 'AON ‘des - 'Bny 7 ady - "uer ‘uer - ‘Bny ‘uer - ‘Bny AX
100 % ‘Bny 09 - "uer 09 - uer ‘des - 'Bny 7 ady - "uer  “Je - 'AON 7 'das - ‘unp ‘uer - ‘Bny AIX
"AON 7 "das - *Bny “unr “uer 09 - "uer ‘deg - 'uer 'das - ‘Bny % Ae|N - 'uer  "ged - 98 7® "das - ‘Bny IR - 'AON 7P "daS - ‘unp 11X
‘AON 79 ‘Bny ‘Ae|N qa4 - "uer 09 - ‘uer 'das - 'Inf % Aelp - “JeIN 'dag - ‘Bny 7 "ung - tuer  JelN - "08@ R Bny - unp ga4 - "AON 7% "desS - AN 11X
‘ge4 - '08@ % Bny - 'Inp ‘AON - ‘Bny 100 -'das % unp - U Cunp - '08@%w 'das - 'Bny  Bny - g 7@ JeN - "99@ IR - 98 % ‘Bny - une IX
'09Q %® unp '99Q - "uep ‘Ing - ady “JeIA - "uer “JeN - 'ge4 “JeIA - 08 7%® Bny - ‘unp X
A abais Al 8beis 111 abe1s 11 8be1s | abe1s pouad a3y
sabess 10N BunjoN Jejsu|
‘pPanunuogIgis|gel
4 ¢ 14 2 Ren - 1dy ‘uer - '08Q ¢ 28 - "N ON HAX
190 ‘uer - 190 % Ady ‘uer ‘uer - "AON 7 “ddy AeN - ady  09@ - 'AON %@ Bny - inf 98@ %@ IN¢ “uer - 'AON @ "das - ‘Bny  JAX
190 ady - "des 'AON %2 'Bny - e “ady - aep\ % 09 - 'AON “das - ng Aey - ady RN - 'AON R Bny - Ine 09 % InC ‘uer - ‘Bny AX
190 ady - 'Bny ‘AON 7% Bny “qe4 "1dy - 'AON 7 "das- ‘Bny Re\ - ady  Bny - nc7® JeN - 'ged  09@ %® INf Je\ - 'AON % das - It AIX
100 %9 "uer ady - By By - Ing ® e udy - 'ga4 %® '99@ - 'AON “das - Int Aey - udy By - Ing @ UeN - ‘g4 98@ @ INC ‘g4 - 9@ ® "das - Bny 111X
190 - ‘deg ady - Bny ‘Bny % “JeN ady - "AoN By Ae\l - “ady ‘Bny - 'Infc % “JeN IR\ JeIN - 08@ @ bny - Inc 11X
‘094 09 - "N ON % "Bny “ady - "qa4 ‘Bny % “Je\ 09 - 'AON % ‘Bny “ady - "ga4 Ae\l - “ady ‘Bny 7 JeIN - "ga4 ‘dag % Ine ‘Bny 7 "ga - "uer 1X
‘094 ady - 'qe4 e ady - JeN Ae\ - “ady ady - aeN ‘des JeIA - "go4 X
paka Jo Mead pak3 pakaun jo yead pakaun pouiad pouiad 1S9 pouiad a3/
1no-buiyoreH Burumeds 10 Syjead uone|ndo)d Jejsu|

uonipuod sokiquig

"ID{0SqUBS| SNJJBWILIT ‘ge.o Jiey afews) Ul Jeisul Aq sluans aAnonpoudal Ajyiuow jo uosuredwoy] gls|gel



M oooo

i T

Irstar X [nstar X1 ‘—I—-l' Instar X11 4—I—. Instar X111
Copulation pisibls Muating Copalativm puusibie. Muking Cupulmon poasible Moltisg Copalatios possible
Event L TEEE T
Wi b e T
I n 0 v ¥EOL v n ] v voronom v
s =<z |1 = S = )

¥ m

sorh [T TE TMTATMT T T I TATS TOTNTDT I TE TMTATMT I TT TATS TOTNTDT T TR IMTA

Instar X111 '-—I—P

Copulation posible Maliing

<1

Curpulation panaiblc Mnkmg

Insiar X1V

Inspar XV

T T TATSTOINTD T  TE TMTa Taal ) T1 Tal

g T g

Coplation possisle Muking Minlting

Inesnar X)W1

Copulation possibl

[} I v L}

=l ——

¥ I n v L n

S TTTTTTTTTTITTT T, N=

(4] L) ]

s [ TO TN TDT T TEIMTATMI T T TATS TOTRT DT T TEIMTATMT T T TATS TOTNT DU ITETMT ATME TTI TATS TOTN TR T TR IMTA

Insrar X1 4—I—“'

Crpubmion poesible

Tnstar X111

Mokng

Mo T T TATSTOTNTD T TR M)

Fig.[43.05cheme showing the reproductive cycles of instar X to XVII in male hair crab.
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A growth model of the hair crab, Erimacrus isenbeckii (BRANDT)
(Crustacea: Brachyura: Decapoda):
Application of morphological methods and innovatory statistical methods
for identification of crab instars

Jun SASAKI" and Yasuhiro KUWAHARA"

O We examined morphological changes of larval and post-larval juveniles of the hair crab, Erimacrus isenbeckii BRANDT,

and made statistical analyses of their growth for both laboratory-reared and field collected specimens. Sexual

dimorphism in external morphology is recognizable from crab Il stage. Using external morphological characteristics,

crab stage | to IX are identifiable. Further, using bivariate normal distributions for the carapace length and body weight,

crab stages X to XVII were identified. Analysis of monthly size frequency-distributions of the carapace length revealed

the growth pattern of crab | to X stages. By re-examination of a previous growth model, an alternative growth model with

a linear combination of size increments and Heaviside's function for this species is proposed.

goooooooooooooobooboooooooooooo
0 0 0 0 0 0 Hair crab, Erimacrus isenbeckii, Crustacea, Normal distribution, Growth model

ogooad
O0000ErimacrusisenbeckiD OO OO ODOOOOO
oooooooooooooooooooooooog
000o0o00oooooooooooooooooog
oo0oooooooooooooooooooooog
00ooo0ooooooooooooooooooog
oooood
o0oooodoooooooooooooooooog
000000000 ooooDooDooooooog
O00000ooooo0ooooooooooog™™
000o0o0oooooooooooooooooog
gbdoobooobooobuooobuoooboooo
OMooo00oo0oooooooooooooooog
ooooodoooooooooooooooooog
000o0o00oooooooooooooooooog
oooooooooooooooooooooooog
00oooooooooooooooooooooog
0o0oooooooooooooooooooooog
00ooo0ooooooooooooooooooog
oooo
g000oo0oooooooooooooo

goobobobooooogooobooooboobooo
gboobobobooooboooboobooboboboboo
god
gbooboboboooobooobooobooboobobooboo
gooboboboooboooooobooobooboboo
gboboooooboobobooboobo
gogobobobooooooboooobooboboboo
gbooboboboooboobooboobobobobooo
gobobobobooooboooooobooboboboo
gbobobooooboobooobooboboboobooo
gogo
gooboboboooooooobouooobobooo
gbobobobooooobooobooboboboboo
ood

goooog
gboboboboooobooboooboobobobooboo
gooboboooboooobobbmmo b oo o1
gbobomoooooobooooboobobooboo
00o0MmoMmoomoborg@ODOOODOOODDbDOO
00000Mo0o00o0oo0oooU@gUoooouoo

gooooooooMnooomuooo

0000000 DO0OD0DOO0O (Hokkaido Abashiri Fisheries Experimental Station, Masuura, Abashiri, Hokkaido 099-

3119, Japan)



M O00000%O0OD0

Kushiro

N 43—

PACIFIC
OCEAN

144 145
E

Fig.[..CMap showing sampling sites (circles) of juvenile hair crab,
Erimacrus isenbeckii: off Konbumori at 30-60 m depth in Oct. 1989
to Nov. 1992.
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DESCRIPTIONS
Megalopal stage (Fig. 2. A-H) Sexual differentiation
absent.
Size: CL: 4.3+ 0.20 (range: 4.1-4.500), 9 specimens, in
reared from Zoeae V (HKFES), 3.9+ 0.20 (range: 3.2-4.9
1), 100 specimens, in reared from eggs (HIM); 4.4+ 0.2
O (range: 3.6-4.8 ), 200 specimens, in the field (off
Kushiro), 4.4 * 3.9480), 100
specimens, in the field (Funka Bay).
Pleopods (Fig. 2. D-G): Pleopods on 2nd-5th abdominal
somite; Endopods small with 5-9 curved processes (=

0.2 mm (range:

hooks), 2nd-5th pairs respectively with 8 £ 1 (range: 7-9),
7+ 1 (range: 6-8), 7+ 1 (range: 6-8), 6 £ 1 (range: 5-7)
setae; Exopods fringed with 23-36 plumose natatory
setae, 2nd-5th pairs respectively with 30 + 3 (range: 26-
36), 29 £ 1 (range: 26-31), 28 + 1 (range: 26-29), 24 = 1
(range: 22-26) setae.

pleopod on 6th somite) (Fig.O 2.0 H):
Uniramous with 17 +

Uropods (=
1 (range: 15-18) +1 plumose
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natatory setae.

Sternum (Fig. 2. A): Rocking mechanisms are absent. A
pair of coxal spines on 5th pereopods.

Abdomen (Fig. 2. B-C): Six abdominal somites and
telson; Posterio-lateral margin of 2nd-5th abdominal
somites broadly truncate.

First crab stage (Fig. 2. I-P): Post-larval phase
030
reared from

Sexual differentiation absent. Size: CL: 5.2 %
(range: 4.5-590), 70 specimens, in
Megalopae (HKFES), 4.8 £+ 060 (range: 4.1-5.9 mm), 9
specimens, in reared from Megalopae (HIM), 4.5+ 0.20
(range: 4.2-450), 22 specimens, in reared from eggs
(HIM)®, 5.1 + 0.30 (range: 4.5-5.400), 13 specimens, in
the field (off Konbumori, near Kushiro).

Pleopods (Fig. 2. L-O): Pleopods on 2nd-5th abdominal
somites; Reduced; Endopods on 2nd-5th pleopods
smaller than exopods.

Uropods (= pleopod on 6th somite) (Fig. 2. P): Small
buds.

Sternum (Fig. 2. 1): A pair of rocking mechanisms on 6th
thoracic sternite. Coxal spine on 5th pereopods absent
over this stage.

Abdomen (Fig. 2. J-K): Six abdominal somites and telson.

Second crab stage (Fig. 3): Juvenile phase

Sexual differentiation present over this stage.

Male (Fig. 3. A-H)

Size: CL: 6.8 £ 0.50 (range: 6.0-7.6[0), 18 specimens, in
reared from Megalopae (HKFES), 6.0+ 0.500 (range: 5.4-
6.800), 6 specimens, in reared from eggs (HIM), 6.9+ 0.5
O (range: 6.4-740), 5 specimens, in the field (off
Konbumori, near Kushiro), 7.2+ 0.30 (range: 7.0-7.600),
3 specimens, in the field (Funka Bay).

Pleopods (Fig. 3. D-H): Pleopods on 1st-5th abdominal
somites; 1st pleopods absent endopods (over this stage),
flat in shape; 2nd-3rd pleopods present endopods and
exopods; Exopods on 2nd pleopods shorter than
endopods; Endopods on 3rd pleopods reduced; 4th-5th
pleopods absent endopods.

Uropods (= pleopod on 6th somite): Absent over this
stage.

Sternum (Fig. 3. C): A pair of rocking mechanisms on 6th
thoracic sternite.

Abdomen (Fig. 3. A-B): Six abdominal somites and
telson; Posterio-lateral margin of 2nd-3rd abdominal

somites broadly elongate.

Female (Fig. 3. I-O)

Size: CL: 6.7+ 0.50 (range: 5.7-7.600), 40 specimens, in
reared from Megalopae (HKFES), 6.9+ 0.600 (range: 6.4-
7.700), 4 specimens, in reared from eggs (HIM), 6.9+ 0.5
O (range: 6.2-7.70), 8 specimens, in the field (off
Konbumori, near Kushiro), 7.3+ 0.40 (range: 6.5-7.700),
6 specimens, in the field (Funka Bay).

Pleopods (Fig. 3. L-O): Pleopods on 2nd-5th abdominal
somites, Present endopods and exopods; Endopods on
pleopods 2nd-4th shorter than exopods; Endopods and
exopods on 5th pleopods, small, equal in length.
Uropods: Absent over this stage.

Sternum (Fig. 3. K): A pair of rocking mechanisms on 6th
thoracic sternite.

Abdomen (Fig. 3. I-J): Six abdominal somites and telson;
Posterio-lateral margin of 2nd-3rd abdominal somites
broadly elongate.

Third crab stage (Fig. 4)

Male (Fig. 4. A-E)

Size: CL: 9.0 + 0.70 (range: 8.0-10.100 ), 8 specimens in
reared from Megalopae (HKFES), 8.3+ 0.10 (range: 8.1-
8.300), 3 specimens, in reared from eggs (HIM), 9.2+ 0.5
0 (range: 8.4-10.3 1), 43 specimens, in the field (off
Konbumori, near Kushiro).

Pleopods (Fig. 4. D-E): Pleopods on 1st-2nd abdominal
somites; 1st pleopods 2 segmented, flat in shape; 2nd
pleopods present endopods and exopods; endopods on
2nd pleopods cylindrical; Exopods on 2nd pleopods
shorter than endopods.

Sternum (Fig. 4. C): A pair of rocking mechanisms on 6th
thoracic sternite; A pair of initial of male gonopores
appear on between 8th thoracic sternite and coxa of 5th
pereopods.

Abdomen (Fig. 4. A-B): Six abdominal somites and
3rd-5th  abdominal
Posterio-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elongate; 6th abdominal somite elongate for tip.

Female (Fig. 4. F-L)

Size: CL: 9.4+ 0.60 (range: 8.2-10.200 ), 15 specimens in
reared from Megalopae (HKFES), 8.1+ 1.50 (range: 6.5-
10.900), 10 specimens, in reared from eggs (HIM), 9.2 £

0.50 (range: 8.2-10.300), 56 specimens, in the field (off
Konbumori, near Kushiro).

Pleopods (Fig. 4.00-L): Pleopods on 2nd-5th abdominal
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Fig.[R.[Megalopal stage and first crab stage of hair crab, Erimacrus isenbeckii: A-H, Megalopal stage; I-P, First crab

stage. A. Sternum (cs, coxal spine); B. Ventral view of abdomen; C. Dorsal view of abdomen; D. Second pleopod
(en, endopod; ex, exopod); E. Third pleopod; F. Fourth pleopod; G. Fifth pleopod; H. Uropod (= pleopod on
sixth somite); I. Sternum (rs, rocking mechanism); J. Ventral view of abdomen; K. Dorsal view of abdomen; L.
Second pleopod (en, endopod; ex, exopod); M. Third pleopod; N. Fourth pleopod; O. Fourth pleopod; P. Fifth
pleopod.
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Fig.[B.[Becond crab stage of hair crab, Erimacrus isenbeckii: A-H, male; 1-O, female. A. Ventral view of abdomen; B.
Dorsal view of abdomen; C. Sternum; D. First pleopod; E. Second pleopod; F. Third pleopod; G. Fourth pleopod;
H. Fifth pleopod; I. Ventral view of abdomen; J. Dorsal view of abdomen; K. Sternum; L. Second pleopod; M.
Third pleopod; N. Fourth pleopod; O. Fifth pleopod.
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0.5 mm

Fig.[4.0rhird crab stage of hair crab, Erimacrus isenbeckii: A-E, male; F-L, female. A. Ventral view of abdomen; B. Dorsal
view of abdomen; C. Sternum (imgo, initial of male gonopore); D. First pleopod; E. Second pleopod; F. Ventral
view of abdomen; G. Dorsal view of abdomen; H. Sternum (vui, initial of vulva); I. Second pleopod; J. Third
pleopod; K. Fourth pleopod; L. Fifth pleopod.
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somites; Present endopods and exopods; Endopods 2
segmented; Exopods shorter than endopods.

Sternum (Fig. 4. H): A pair of rocking mechanisms on 6th
thoracic sternite; A pair of initial vulvae appear on 6th
sternite.

Abdomen (Fig. 4. F-G): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin somewhat curved in.

Fourth crab stage (Fig. 5-6.)

Male (Fig. 5. A-D, Fig. 6. A-C)

Size: CL: 12.6 + 1.10 (range: 11.1-13.600 ), 15 specimens,
in reared from Megalopae (HKFES), 10.6 + 0.50 (range:
10.3-11.20), 3 specimens, in reared from eggs (HIM),
12.2 £+ 0.80 (range: 10.0-15.100), 95 specimens, in the
field (off Konbumori, near Kushiro).

Pleopods (Fig. 5. A-D): Pleopods on 1st-2nd abdominal
somites; 1st pleopods 3 segmented, compressed in
shape, dorsal outer surface of tip covered with some fine
spines, inner margin open slit except tip, long plumose
setae on distal inner + lateral margin of protopods and
outer lateral margin of segment 1; 2nd pleopods tapering,
long plumose setae on distal outer lateral margin of
protopods and proximal outer lateral margin of segment
1, exopods dissapeared.

Sternum (Fig. 6. C): A pair of rocking mechanisms on 6th
+ thoracic sternite; A pair of penises appear between 8th
thoracic sternite and coxa of 5th pereopods, but
ejaculatery duct not open.

Abdomen (Fig. 6. A-B): Six abdominal somites and
3rd-5th  abdominal
Posterio-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elongate; 6th abdominal somite elongate for tip.

Female (Fig. 5. E-H, Fig. 6. D-G)

Size: CL: 12.2 + 0.80 (range: 11.2-13.100), 6 specimens
in reared from Megalopae (HKFES), 10.2+ 1.00 (range:
8.7-11.900 ), 8 specimens, in reared from eggs (HIM), 12.2
+ 0.70 (range: 10.5-13.800), 93 specimens in the field
(off Konbumori, near Kushiro).

Pleopods (Fig. 5. E-H): Pleopods on 2nd-5th abdominal
somites; Present endopods and exopods; Endopods 2
segmented, some simple setae appear inner margin of
endopods on 2nd-4th pleopods; Exopods shorter than
endopods.

Sternum (Fig. 6. F): A pair of rocking mechanisms and
initial vulvae on 6th thoracic sternite; hollow around

initial vulvae.

Abdomen (Fig. 6. D-E): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin somwhat curved in.

Reproductive system (Fig. 6. G): Vaginae absent; Ovary
and spermathecae absent in naked eye observation.

Fifth crab stage (Figs. 7-8.)

Male (Fig. 7. A-E, Fig.8. A-C)

Size: CL: 14,50, 15.200 (2 specimens) in reared £+ from
Megalopae (HKFES), 12.2 + 1.90 (range: 12.8-15.300), 3
specimens, in reared from eggs (HIM); 15.6 + 0.80
(range: 14.1-17.30), 26 specimens, in the field (off
Konbumori, near Kushiro).

Pleopods (Fig. 7. A-E): Pleopods on 1st-2nd abdominal
somites; 1st pleopods 3 segmented, stout and straight in
shape, dorsal outer surface of tip covered with fine
spines, the latter having rhombus opening and the
former having slit, long plumose setae on distal inner
lateral margin of protopods and outer lateral margin of
segment 1, simple setae on inner median lateral margin
of segment 2; 2nd pleopods 3 segmented, slender and
elongate, with apex triangular, long plumose setae on
distal outer lateral margin of protopods and proximal
outer lateral margin of segment 2.

Sternum (Fig. 8. C): A pair of rocking mechanisms on 6th
thoracic sternite; A pair of penises on between 8th
thoracic sternite and coxa of 5th pereopods, but
ejaculatory duct not open.

Abdomen (Fig. 8. A-B): Six abdominal somites and
3rd-5th  abdominal
Posterio-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elongate; 6th abdominal somite elongate for tip, lateral
margin curved in.

Female (Fig. 7. F-I, Fig. 8. D-G)

Size: CL: 16.0 £ 0.800 (range: 15.2-16.8(1), 3 specimens,
in reared from Megalopae (HKFES), 12.9+ 1.30 (range:
11.3-14.00), 10 specimens, in reared from eggs (HIM),
159 £ 0.90 (range: 14.8-18.100), 25 specimens, in the
field (off Konbumori, near Kushiro).

Pleopods (Fig. 7. F-I): Pleopods on 2nd-5th abdominal
somites; Present endopods and exopods; Endopods 2
segmented, simple setae on inner and outer lateral
margin; Exopods shorter than endopods, plumose setae
on outer lateral margin.

Sternum (Fig. 8. F): A pair of rocking mechanisms and



initial vulvae on 6th thoracic sternite; initial vulvae hollow.
Abdomen (Fig. 8. D-E): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin curved in.

Reproductive system (Fig. 8. G): Initial of vulvae hollow;
Vaginae absent; Ovary and spermathecae present.

Sixth crab stage (Figs. 9-10.)

Male (Fig. 9. A-F, Fig. 10. A-C)

Size: CL: 17.0 + 1.90 (range: 14.3-19.700), 7 specimens,
in reared from eggs (HIM), 21.0+ 1.00 (range: 20.0-22.9
), 9 specimens, in the field (off Konbumori, near
Kushiro).

Pleopods (Fig. 9. A-F): Pleopods on 1st-2nd £ abdominal
somites; 1st pleopods 3 segmented, stout and straight in
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shape, dorsal outer surface of tip covered with fine
spines, the latter having rhombus opening and the
former having slit, long plumose setae on distal inner
lateral margin of protopods and outer lateral margin of
segment 1, also median plumose setae on inner median
lateral margin of segment 2; 2nd pleopods 3 segmented,
slender and elongate, with apex conical, long plumose
setae on distal inner and outer margin of protopods and
proximal outer lateral margin of segment 2. At 0 % (N = 9)
indiv., 2nd pleopods inserted into 1st pleopods.

Sternum (Fig. 10. C): A pair of rocking mechanisms on
6th thoracic sternite; A pair of penises on between 8th
thoracic sternite and coxa of 5th pereopods, but

ejaculatory duct not open.

Fig.[b.[Fourth crab stage of hair crab, Erimacrus isenbeckii: A-D, male; E-H, female. A. Anterior view of first pleopod

(right); B. Lateral view of first pleopod (right); C. Posterior view of first pleopod (right); D. Second pleopod,; E.

Second pleopod; F. Third pleopod; G. Fourth pleopod; H. Fifth pleopod.
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Fig.[6.[Fourth crab stage of hair crab, Erimacrus isenbeckii: A-C, male; D-G, female. A. Ventral view of abdomen; B.
Dorsal view of abdomen; C. Sternum (pe, penis); D. Ventral view of abdomen; E. Dorsal view of abdomen; F.
Sternum (vui, initial of vulva); G. Longitudinally section of sternum through initial of vulva (bc, body cavity; cu,
cuticle; ivu, initial of vulva; mu, muscle).
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Fig.[7.[Fifth crab stage of hair crab, Erimacrusisenbeckii: A-D, male; F-1, female. A. Anterior view of first pleopod (right);
B. Posterior view of first pleopod (right); C. Tip of first pleopod; D. Second pleopod; E. Tip of second pleopod;
F. Second pleopod; G. Third pleopod; H. Fourth pleopod; I. Fifth pleopod.
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Fig.[B.[Fifth crab stage of hair crab, Erimacrus isenbeckii: A-C, male; D-G, female. A. Ventral view of abdomen; B. Dorsal
view of abdomen; C. Sternum; D. Ventral view of abdomen; E. Dorsal view of abdomen; F. Sternum; G.
Longitudinally section of sternum through initial of vulva (bc, body cavity; cu, cuticle; ivu, initial of vulva; mu,
muscle; ov, ovary; st, spermatheca).



Abdomen (Fig. 10. A-B): Six abdominal somites and
3rd-5th  abdominal
Posterior-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elongate; 6th abdominal somite elongate for tip, lateral
margin curved in.

Female (Fig. 9. G-J, Fig. 10. D-G)

Size: CL: 16.0+ 1.500 (range: 13.8-18.400), 11 specimens,
in reared from eggs (HIM), 21.1+ 1.50 (range: 19.2-23.5
), 6 specimens, in the field (off Konbumori, near
Kushiro).

Pleopods (Fig. 9. G-J): Pleopods on 2nd-5th abdominal
somites; Present endopods and exopods; Endopods 2
segmented, simple setae on inner and outer lateral
margin; Exopods shorter than endopods, plumose setae
on outer lateral margin of protopods, simple setae + on
inner and outer lateral margin except protopods.
Sternum (Fig. 10. F): A pair of rocking mechanisms and
initial vulvae on 6th thoracic sternite; initial vulvae
hollow.

Abdomen (Fig. 10. D-E): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin curved in.

Reproductive System (Fig. 10. G): Initial of vulvae hollow;

Vaginae absent; Overy and spermathecae present.

Seventh crab stage (Fig. 11, Fig. 12.)

Male (Fig. 11. A-F, Fig. 12. A-C)

Size: CL: 22.8 =+ 2.600 (range: 19.4-26.1(1), 6 specimens,
in reared from eggs (HIM), 27.8 + 1.600 (range: 24.3-31.4
), 40 specimens, in the field (off Konbumori, near
Kushiro).

Pleopods (Fig. 11. A-F): Pleopods on 1st-2nd abdominal
somites; 1st pleopods 3 segmented, stout and straight in
shape, dorsal outer surface of tip covered with fine spines,
tip triangular process, the latter having oval opening, the
former having slit, long plumose setae on distal inner
lateral margin of protopods and outer lateral margin of
segment 1, also median plumose setae on inner median
lateral margin of segment 2; 2nd pleopods 3 segmented,
slender and elongate, with apex conical, long plumose
setae on distal inner and outer margin of protopods and
proximal outer lateral margin of segment 2. At 5 % (N =
40) indiv., 2nd pleopods inserted into 1st pleopods.
Sternum (Fig. 12. C): A pair of rocking mechanisms on
6th thoracic sternite; A pair of penises on between 8th
thoracic sternite and coxa of 5th pereopods, ejeculatory
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duct opening.

Abdomen (Fig. 12. A-B): Six abdominal somites and
3rd-5th  abdominal
Posterior-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elengate; 6th abdominal somite elongate for tip, lateral
margin curved in.

Female (Fig. 11. G-J, Fig. 12. D-I)

Size: CL: 21.1+ 2.20 (range: 17.8-24.000 ), 10 specimens,
in reared from eggs (HIM), 27.5+ 1.800 (range: 24.2-30.7
0), 24 specimens, in the field (off Konbumori, near
Kushiro).

Pleopods (Fig. 11. G-J): Pleopods on 2nd-5th abdominal
somites; Present endopods and exopods; Endopods 2
segmented, simple setae on inner and outer lateral
margin; Exopods shorter than endopods, plumose setae
on inner and outer lateral margin.

Sternum (Fig. 12. E): A pair of rocking mechanisms and
initial vulvae on 6th thoracic sternite; initial vulvae
invaginate.

Abdomen (Fig. 12. D, F): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin curved in.

Reproductive systems (Fig. 12, G-l): Initial of vulvae
invaginate; Initial of vagina present, not forming duct;

Overy and spermathecae present.

Eighth crab stage (Fig. 13, Fig. 14.)

Male (Fig. 13. A-F, Fig. 14. A-C)

Size: CL: 29.0 £ 3.200 (range: 23.5-32.4(1), 6 specimens,
in reared from eggs (HIM), 28.7+ 2.100 (range: 24.8-31.5
), 11 specimens, in reared (HIM)?, 345+ 1.90 (range:
30.6-38.800 ), 67 specimens, in the field (off Konbumori,
near Kushiro).

Pleopods (Fig. 13. A-F): Pleopods on 1st-2nd abdominal
somites; 1st pleopods 3 segmented, stout and straight in
shape, dorsal outer surface of tip covered with fine
spines, tip triangular process, the latter having oval
opening, the former having slit, long plumose setae on
distal inner lateral margin of protopods and outer lateral
margin of segment 1, also median plumose setae on
proximal inner lateral margin of protopods and inner
median lateral margin of segment 2; 2nd pleopods 3
segmented, slender and elongate, with apex conical, long
plumose setae on outer lateral margin of protopods and
segment 2. At 17.9 % (N = 67) indiv.,, 2nd pleopods
inserted into 1st pleopods.
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Fig.[®.[Bixth crab stage of hair crab, Erimacrus isenbeckii: A-F, male; G-J, female. A. Anterior view of first pleopod
(right); B. Tip of anterior view of first pleopod; C. Posterior view of first pleopod (right); D. Tip of posterior view
of first pleopod; E. Second pleopod; F. Tip of second pleopod; G. Second pleopod; H. Third pleopod; I. Fourth
pleopod; J. Fifth pleopod.
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Fig.[L0.[Bixth crab stage of hair crab, Erimacrus isenbeckii: A-C, male; D-G, female. A. Ventral view of abdomen; B.
Dorsal view of abdomen; C. Sternum; D. Ventral view of abdomen; E. Dorsal view of abdomen; F. Sternum; G.
Longitudinally section of sternum through initial of vulva (bc, body cavity; cu, cuticle; ivu, initial of vulva; mu,
muscle; ov, ovary; st, spermatheca).
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Fig.[L1.CBeventh crab stage of hair crab, Erimacrus isenbeckii: A-F, male; G-J, female. A. Anterior view of first pleopod
(right); B. Tip of anterior view of first pleopod; C. Posterior view of first pleopod (right); D. Tip of posterior
view of first pleopod; E. Anterior view of second pleopod (right); F. Posterior view of second pleopod (right); G.
Second pleopod; H. Third pleopod; I. Fourth pleopod; J. Fifth pleopod.
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Fig.[0L2.[Beventh crab stage of hair crab, Erimacrus isenbeckii: A-C, male; D-1, female. A. Ventral view of abdomen; B.
Dorsal view of abdomen; C. Sternum; D. Ventral view of abdomen; E. Sternum; F. Dorsal view of abdomen; G.
Longitudinally section of sternum through initial of vulva (bc, body cavity; cu, cuticle; ivu, initial of vulva; mu,
muscle; ov, ovary; st, spermatheca); H. Upper view of spermatheca (iva, initial of vagina; st, spermatheca); I.

Lateral view of spermatheca (iva, initial of vagina; ivu, initial of vulva; st, spermatheca).
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Fig.[L3.[Eighth crab stage of hair crab, Erimacrus isenbeckii: A-F, male; G-J, female. A. Anterior view of first pleopod
(right); B. Tip of anterior view of first pleopod; C. Posterior view of first pleopod (right); D. Tip of posterior
view of first pleopod; E. Anterior view of second pleopod; F. Posterior view of second pleopod; G. Second
pleopod; H. Third pleopod; I. Fourth pleopod; J. Fifth pleopod.
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Fig.[L4.[Eighth crab stage of hair crab, Erimacrus isenbeckii: A-C, male; D-H, female. A. Ventral view of abdomen; B.
Dorsal view of abdomen; C. Sternum; D. Ventral view of abdomen; E. Dorsal view of abdomen; F. Sternum; G.
Longitudinally section of sternum through vulva (bc, body cavity; cu, cuticle; vu, vulva, ov, ovary; st,
spermatheca); H. Lateral view of spermatheca (vu, vulva; va, vagina; st, spermatheca).
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Sternum (Fig. 14. C): A pair of rocking mechanisms on
6th thoracic sternite; A pair of penises on between 8th
thoracic sternite and coxa of 5th pereopods, ejeculatory
duct open.

Abdomen (Fig. 14. A-B): Six abdominal somites and
3rd-5th  abdominal

Posterior-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elongate; 6th abdominal somite elongate for tip, lateral
margin curved in.

Female (Fig. 13. G-J, Fig. 14. D-H)

Size: CL: 26.3+ 2.50 (range: 21.8-30.10] ), 10 specimens,
in reared from eggs (HIM), 29.5+ 1.900 (range: 25.6-31.4
0), 11 specimens, in reared (HIM)?, 33.9+ 1.900 (range:
30.9-38.30), 56 specimens, in the field (off Konbumori,
near Kushiro).

Pleopods (Fig. 13. G-J): Pleopods on 2nd-5th abdominal
somites; Present endopods and exopods; Endopods 2
segmented, cylindrical, simple setae on inner and outer
lateral margin; Exopods shorter than endopods,
compressed spatulate, plumose setae on inner and outer
lateral margin.

Sternum (Fig. 14. F): A pair of rocking mechanisms and
vulvae on 6th thoracic sternite.

Abdomen (Fig. 14. D-E): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin curved in.

Reproductive systems (Fig. 14. G-H): Vulvae and vagina
present, vagina present as narrow ducts; Ovary and

spermathecae present.

Ninth crab stage (Fig. 15, Fig. 16): Adult phase

Male (Fig. 15. A-F, Fig. 16.A-C)

Size; CL: 37.2 + 4.20 (range: 30.2-41.100), 5 specimens,
in reared from eggs (HIM), 36.0+ 2.100 (range: 31.8-38.8
0), 11 specimens, in reared (HIM)?, 44.1+ 2.30 (range:
39.8-48.40), 24 specimens, in the field (off Konbumori,
near Kushiro).

Pleopods (Fig. 15. A-F): Pleopods on 1st-2nd abdominal
somites; 1st pleopods 3 segmented, stout and straight in
shape, dorsal outer surface of tip covered with fine
spines, tip triangular process, the latter having oval
opening, the former having slit, long plumose setae on
distal inner lateral margin of protopods and outer lateral
margin of segment 1, also median plumose setae on
proximal inner lateral margin of protopods and inner
median lateral margin of segment 2; 2nd pleopods 3

segmented, slender and elongate, with apex conical, long
plumose setae on outer lateral margin of protopods and
segment 2. All characters same as adult ones. At 50 % (N
= 24) indiv., 2nd pleopods inserted into 1st pleopods, 1st
and 2nd pleopods functionally for morphological.
Sternum (Fig. 16. C): A pair of rocking mechanisms on
6th thoracic sternite; A pair of penises on between 8th
thoracic sternite and coxa of 5th pereopods, ejeculatory
duct open.

Abdomen (Fig. 16. A-B): Six abdominal somites and
3rd-5th  abdominal
Posterior-lateral margin of 3rd abdominal somite broadly

telson; somites fused partially;
elongate; 6th abdominal somite elongate for tip, lateral
margin curved in.
Reproductive Systems: Spermatophores present in
posterior vas deferens.

Female (Fig. 15. G-J, Fig. 16. D-H)

Size: CL: 34.7 £ 4.400 (range: 25.5-38.9(1), 8 specimens,
in reared from eggs (HIM), 37.7 + 2.40 (range: 32.9-40.8
[0),11 specimens, in reared (HIM)”, 42.1 + 3.70 (range:
38.3-48.200), 5 specimens, in the field (off Konbumori,
near Kushiro).

Pleopods (Fig. 15. G-J): Pleopods on 2nd-5th abdominal
somites; Present endopods and exopods; Endopods 2
segmented, cylindrical, simple setae on inner and outer
lateral margin; Exopods shorter than endopods,
compressed spatulate, plumose setae on inner and outer
lateral margin. All characters same as adult ones.
Sternum (Fig. 16. F): A pair of rocking mechanisms and
vulvae on 6th thoracic sternite.

Abdomen (Fig. 16. D-E): Six abdominal somites and
telson; 6th abdominal somite elongate for tip, lateral
margin curved in.

Reproductive systems (Fig. 16. G-H): Vulvae , vagina,
ovary, and spermathecae present. All characters same as

adult ones.
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Fig.[OL5.[Ninth crab stage of hair crab, Erimacrus isenbeckii: A-F, male; G-J, female. A. Anterior view of first pleopod
(right); B. Tip of anterior view of first pleopod; C. Posterior view of first pleopod (right); D. Tip of posterior
view of first pleopod; E. Anterior view of second pleopod; F. Posterior view of second pleopod; G. Second
pleopod; H. Third pleopod; I. Fourth pleopod; J. Fifth pleopod.
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Fig.[L6.[Ninth crab stage of hair crab, Erimacrus isenbeckii: A-C, male; D-H, female. A. Ventral view of abdomen; B.
Dorsal view of abdomen; C. Sternum; D. Ventral view of abdomen; E. Dorsal view of abdomen; F. Sternum; G.
Longitudinally section of stenum through vulva (bc, body cavity; cu, cuticle; vu, vulva; mu, muscle; ov, ovary;
st, spermatheca); H. Lateral view of spermatheca (vu, vulva; va, vagina; ov, ovary; st, spermatheca).
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Table[B.[Results of fitting bivariate normal distributions to the size

distributions of male hair crab, Erimacrus isenbeckii.

OTablem O OOO0OOO0O0O0™ 000000000 Models No of Paramoters— AIC
O0000000000000O00000000000 1 5 96833.8
2 1 93151.7
000000000 0000000000000000 3 17 921971
000000000000 00 M Fig. (O 00 000 4 23 91789.9
0000000000000000000000000 5 29 91703.2
6 35 91533.1
O000000000000000000000000 2 1 91530.5
000000000000 oooOo0ooooooooo 8 47 91524.7
9 53 90756.1
bobobobobooo 10 59 90702.2
0000000000000 O0O0O0O0000000 11 65 90847.1
000000000 00000000000000 12 4 910124
13 77 91012.1
D000000000000O000000000000 14 83 90930.4
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Fig.[1.7.[Results of fitting bivariate normal distributions to the carapace length and body weight of male hair crab,

Erimacrus isenbeckii.



Table[4.[Parameter sets of Model 10(see Table 3).

Parameter sets

1 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

2 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

3 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

4 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

5 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

6 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

7 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

8 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

9 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

10 CL Mean
CL SD
BW Mean
BW SD
Covariance
Probability

35.447
1.359
24.707
4.570
1.859
0.002

42.262
0.506
39.518
2.555
1.063
0.002

50.452

4.164
67.943
27.276
48.465

0.019

57.054
2.995
102.362
17.352
44.346
0.145

64.715
1.829
154.782
13.641
19.921
0.083

70.964
3.508
207.710
31.095
77.692
0.183

80.468
2.983
317.423
40.169
105.075
0.267

88.456
3.409
414.324
52.792
108.100
0.207

95.263
2.283
540.338
39.451
72.266
0.060

104.150
4.499
658.711
117.844
341.184
0.033
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Table[b.[Results of fitting bivariate normal distributions to the size

distributions of female hair crab, Erimacrus isenbeckii.

Models No. of Parameters AlIC
1 5 14385.8
2 11 13958.4
3 17 13718.3
4 23 13700.3
5 29 13669.1
6 35 13692.1
7 41 13635.2
8 47 13599.9
9 53 13641.8
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Fig.[L8.[Results of fitting bivariate normal distributions to the carapace length and body weight of female hair crab,

Erimacrus isenbeckii.



Table[6.[Parameter sets of Model 8 (see Table 5).

Paramerter sets
1 CL Mean 47 .844
CL SD 2.082
BW Mean 58.599
BW SD 7.860
Covariance 5.545
Probability 0.073
2 CL Mean 54.441
CL SD 1.861
BW Mean 87.129
BW SD 8.694
Covariance 12.758
Probability 0.091
3 CL Mean 58.572
CL SD 2.714
BW Mean 108.130
BW SD 15.183
Covariance 2.417
Probability 0.105
4 CL Mean 63.298
CL SD 1.730
BW Mean 138.382
BW SD 11.399
Covariance 13.732
Probability 0.284
5 CL Mean 67.222
CL SD 1.594
BW Mean 166.711
BW SD 11.346
Covariance 13.222
Probability 0.227
6 CL Mean 71.202
CL SD 1.704
BW Mean 200.263
BW SD 14.281
Covariance 15.066
Probability 0.131
7 CL Mean 76.288
CL SD 1.360
BW Mean 245.092
BW SD 13.805
Covariance 1.015
Probability 0.062
8 CL Mean 82.972
CL SD 1.758
BW Mean 319.850
BW SD 34.844
Covariance  47.353
Probability 0.026
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Fig.[20.[Relationships of between instars and carapace length of male hair crab, Erimacrus isenbeckii: M. Megalopal
stage; I-XVII. Crab stage | to XVII; HIM. Hokkaido Institute of Mariculture; HKFES. Hokkaido Kushiro
Fisheries Experimental Station. Error bars show SD.
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Fig.[21.[Relationships of between instar and carapace length of female hair crab, Erimacrus isenbeckii: M. Megalopal
stage; I-XVII. Crab stage | to XVII; HIM. Hokkaido Institute of Mariculture; HKFES. Hokkaido Kushiro
Fisheries Experimental Station. Error bars show SD.
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Fig.[22.[Absolute growth model for male hair crab, Erimacrus isenbeckii: starting from 1st April; M, Megalopal stage; VI,
Crab stage VI (1 year old); IX, Crab stage 1X (2 years old); X1V, Crab stage XIV (minimum regular size in
Hokkaido).
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Fig.[23.[Absolute growth model for female hair crab, Erimacrus isenbeckii: starting from 1st April; M, Megalopal stage;
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Table[7.[Difference in relationships between crab instars and carapace

length (O) of hair crab, Erimacrus isenbeckii, comparison

between this study and previous studies.

this study Abe (1982) Abe (1992)

Instars Male Female Male Female Male Female
| 5.1 5.1 5.2 5.2 - -
tl 6.9 6.9 7.0 7.0 - -
11 9.2 9.2 8.7 8.7 - -
v 12.2 12.2 12.5 12.5 - -
Y, 15.6 159 15.6 156 - -

Vi 21.0 211 20.4 20.4 204 204
Vil 27.8 27.5 27.4 274 - -
VIl 34.5 33.9 335 33.5 - -

IX 441 42.1 46.4 46.4 46.4 464

X 50.5 47.8 59.1 55.9 59.1 55.9

Xl 57.1 54.4 73.3 65.8 73.3 65.8
X1l 64.7 58.6 88.2 74.1 88.2 -
XIH 71.0 63.3 103.5 84.0 - -
X1V 80.5 67.2 117.5 - - -
XV 88.5 71.2 - - - -
XVi 95.3 76.3 - - - -
XVII 104.1 83.0 - - - -
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APPENDIXES

Append.[L.[Results of fitting normal distributions to size data of hair crab,

Erimacrus isenbeckii, in Septemper 1989 (see also Fig. 19).

Models No. of Parameters AlC
1 2 1227.4
2 5 772.3
3 8 747.5
4 11 744.2
5 14 748.5

Append.[2.[Parameter sets of Model 4 (see Append. 1).

1 CL Mean 9.988
CL SD 0.900
Probability 0.812

2 CL Mean 13.387
CL 5D 0.402

Probability 0.027

3 CL Mean  28.029
CL SD 1.369
Probability 0.109

4 CL Mean 33.014
CL SD 2.710
Probability 0.053

Append.[B.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in October 1989 (see also Fig. 19).

Models MNo. of Parameters AIC
1 2 3006.0
2 5 1868.4
3 8 1786.8
4 11 1794.5
5 14 1778.7

Append.[4.[Parameter sets of Model 3 (see Append. 3).

1 CL Mean 12.530
CL SD 0.684
Probability  0.683

2 CL Mean 10.460
CL SD 1.622
Probability  0.063

3 CL Mean 35.296
CL SD 4.236
Probability  0.254

Append.[b.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in June 1990 (see also Fig. 19).

Models No. of Parameters AIC
1 2 1001.9
2 5 924.2
3 8 930.9
4 11 935.1

Append.[6.[Parameter sets of Model 2 (see Append. 5).

1 CL Mean 44.648
CL SD 2.482
Probability  0.574

2 CL Mean 51.771
CL SD 14.646
Probability 0.426




Append.[B.[Parameter sets of Model 1 (see Append. 7).

1 CL Mean  50.155
CL SD 18.732
Probability 1.000

Append.[I7.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in July 1990 (see also Fig. 19).

Models No. of Parameters AlC
1 2 265.0
2 5 272.6
3 8 266.2

Append.[D.[Results of fitting normal distributions to size data of hair

crab, Erimacrus isenbeckii, in August 1990 (see also Fig. 19).

Models No. of Parameters AIC
1 2 131.2
2 5 100.4
3 8 107.7

Append.[110.[Parameter sets of Model 2 (see Append. 9).

000000000000 M

Append.[112.[Parameter sets of Model 5 (see Append. 11).

1 CL Mean 9.404
CL SD 0.795
Frobability  0.330

2 CL Mean 12.422
CL SD 0.592

Probability  0.094

3 CL Mean 26.862
CL SD 0.879
Probability  0.077

4 CL Mean 32.638
CL SD 1.991
Probability  0.395

5 CL Mean 48.165
CL SD 4477

Probahbility  0.103

Append.[13.[Results of fitting normal distributions to size data of hair

crab, Erimacrusisenbeckii, in October 1990 (see also Fig. 19).

Models MNo. of Parameters AlC

1 CL Mean 6.688 1 2 935.5
CL SD 0.585 2 5 227.3

3 8 216.8

Probability  0.309

2 CL Mean 74.090
CL SD 10.157
Probability 0.691

Append.[11.[Results of fitting normal distributions to size data of hair crab,

Erimacrus isenbeckii, in September 1990 (see also Fig. 19).

Models MNo. of Parameters AlC
1 2 1481.9
2 5 12359
3 8 1167.7
4 11 1146.6
5 14 1135.5
G 17 1141.3
7 20 1141.8

Append.[L4.[Parameter sets of Model 3 (see Append. 13).

1 CL Mean 12.354
CL SD 0.800
Probability 0.463

2 CL Mean 16.349
CL SD 0.728
Probability 0.395

3 CL Mean 48.903
CL sD 23.425

Probability 0.142
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Append.[l15.[Results of fitting normal distributions to size data of hair crab,

Erimacrus isenbeckii, in Nobember 1990 (see also Fig. 19).

Models MNo. of Parameters AlC
1 2 298.7
2 5 206.2
3 8 197.4

Append.[16.[Parameter sets of Model 3 (see Append. 15).

1 CL Mean 20.992
CL sD 1.116
Probability 0.339

2 CL Mean 16.217
CL sD 1.013
Probability 0.535

3 CL Mean 68.410
CLSD 5.427
Probability 0.126

Append.[1L7.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in May 1991 (see also Fig. 19).

Models Mo. of Parameters AlC
1 2 185.1

Append.[118.[Parameter sets of Model 1 (see Append. 17).

1 CL Mean 55.524
CL sD 10.516
Probability 1.000

Append.[19.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in June 1991 (see also Fig. 19).

Models MNo. of Parameters AlC
1 2 4117.3
2 S 3896.5
3 8 3903.0

Append.[20.[Parameter sets of Model 2 (see Append. 19).

1 CL Mean  44.019
CL SD 2.301
Probability 0.646

2 CL Mean 49.689
CL SD 6.888
Probability  0.355

Append.[21.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in July 1991 (see also Fig. 19).

Models MNo. of Parameters AlC
1 2 2251.3
2 5 2011.7
3 8 2018.6

Append.[22.[Parameter sets of Model 2 (see Append. 21).

1 CL Mean 42.070
CL SD 2.198
Probability 0.699

2 CL Mean 49,399
CL SD 11.173
Probability 0.301

Append.[23.[Results of fitting normal distributions to size data of hair
crab, Erimacrus isenbeckii, in August 1991 (see also Fig. 19).

Models No. of Parameters AlC
1 2 2537.8
Z 5 2445.5
3 8 2238.9
4 11 2246.2
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Append.[24.[Parameter sets of Model 3 (see Append. 23). Append.[26.[Parameter sets of Model 3 (see Append. 25).
1 CLMean  4.850 ] CLMean  9.458

CL SD 0.351 CL SD 0.546

Propagility: Udes Probability ~ 0.449

£ EEL”SS” 42'1"51; 2 CLMean  22.082

Probability 0:639 CLSD 12.805

Probability 0.115

3 CL Mean 49.548
CL SD 9.175 3 CL Mean 33,297
Probability  0.332 CL SD 2.813

Probability  0.436

Append.[25.[Results of fitting normal distributions to size data
of hair crab, Erimacrus isenbeckii, in September
1991 (see also Fig. 19).

Models Mo, of Parameters AlC
1 2 1602.1
2 5 1162.5
3 a8 1109.9
4 11 1150.2
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Study on the distribution of hair crab Erimacrus isenbeckii, larvae in the Sea of Okhotsk

Hisami KuwaHARA" and Toshihiro MizusHIMA"

O This paper examined the fluctuation mechanism of resources of Erimacrus isenbeckii in the Sea of Okhotsk. We notice

the relationship between the physical environment and the behavior of hair crab larvae in the sea.

O0O0OExperiments, JO0Numerical simulations, 000 Field surveys were carried out.

O0rhe swimming velocity of zoea of E. isenbeckii is less than[TImm/s. From this we consider that E. isenbeckii larvae are

moved passively by the Soya warm current.

OCSinking flow was generated by the cabbeling effect in the boundary between Soya warm current and intermediate cold

water in the Sea of Okhotsk. The area of sinking flow corresponded with the area of high density of E. isenbeckii.

00 Samples in early June, [TTT] were mainly of young stage zoea that were distributed in the north, but samples in the

end of June were mainly stagel] zoea and megalopa that were distributed in the offshore area of the Cape of Notori.
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Fig.(L.[(Behavior of Erimacrus isenbeckii larvae in a water tank. Sea water
is 40 and 32.3psu.(a)shows 1st stage zoea, (b)2nd stage, (c)3rd
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Tablel[L.Onitial conditions.

0 FIg[I]] oooooooooooooooooooon Layer Water depthl m Tempertured O 00 Salinityd psulJ

000000000000 000000000km0O ! 0t 10 70 525
m 2 100 40 0.0 328
O00000M000em/s0 000000000000 3 400 100 2.0 33.0
“OopoooO00o0oooooooon 4 1000 200 10 332

5 200 O bottom 2.0 33.6

Table[2.[Onflow and outflow open boundary conditions.

AO O Inflow open boundary BO O Outflow open boundary
Layer Water depthd mOTemperturel) O O Salinity() psull ~ Tempertured [0 O Salinityd psulJ
1 00 10 7.0 326
2 100 40 0.0 328
3 40 0 100 2.0 33.0 Free out flow condition
4 100 O 200 1.0 33.2
5 200 O bottom 2.0 33.6

Table[B.[Parameters used in the numerical experiment.

Parameter

Coriolis parameter 5.1x 10°s”
Drag coefficient at the bottom 0.0026
Horizontal eddy viscosity 10000 s
Horizontal diffusivity 10000 s
Vertical eddy viscosity 0.000010 O s
Vertical diffusivity 0.000010 O s
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Fig.[B.[Bathymetric map (contours in meters) off the Hokkaido coast in the sea of Okhotsk.
@ and ® indicate open boundaries.
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Fig.[#.[Distribution of temperature (contours in(J) in the Sea of Fig.[b.[Distribution of salinity (contours in psu).
Okhotsk. (a) shows 1st layer (0-10m), (b)2nd layer (10-40m) and
(c) 3rd layer (40-100m)

Fig.[6.[Distribution of the vector of horizontal velocity. Fig.[7.[Distribution of the vertical velocity (contours in mm/sec).

Positive values indicate the velocity in an ascending vertical
direction and negative values in a desending vertical direction.
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Fig.[B.CBtations of field survey where the distribution of

E. isenbeckilarvae were investigated.
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Fig.[®.[Distribution of crab larvae off Hokkaido in the Sea of Okhotsk.
Investigations were carried out by hauling of a GG32 net for 10 minutes at a speed of 10 knots (Jun. 6 O 8, 1994).

Contours indicate the number of larvae with one haul.(a) shows 3rd stage zoea (E.isenbeckii), (b) 4th stage zoea

(E.isenbeckii), (c) larvae of Telmessus cheiragonus and (d) larvae of Chionoecetes opilio
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Fig.[0LO.[Distribution of crab larvae off Hokkaido in the Sea of Okhotsk.
Investigations carried out by hauling of a GG32 net for 10
minutes at the spead of 10 knots (Jun. 20 00 22, 1994). Contours
indicate the number of larvae with one haul.(a) shows 5th stage
zoea (E.isenbeckii), (b) megalopa (E.isenbeckii), (c) laevae of
Telmessus cheiragonaad (d) larvae of Chionoecetes opilio

number of fish catch per 100 cages
-
E=: o~
] w0-200
- - s
N : +co-200
I cco

Honbetsu Sy,
Yubetsu

a4'N

Fig.[L1.[Density distribution of E. isenbeckii in the Sea of Okhotsk from
1990 to 1993. Annual report of Hokkaido Abashiri Fisheries
Experimental Station from 1992 to 1995 was referred.
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Distribution and abundance of larvae of the atelecyclid crabs, Erimacrus isenbeckiil] BRANDTU
and Telmessus cheiragonu3iLesiusOin Funka Bay and adjacent waters
during April to early June 1989-1992

Shiro TAKAYANAGI "*, Hitoshi UTOH"*, Takashi YORITA"*, and Yoshiyuki UEDA"?

O The distribution and abundance of larvae of the atelecyclid crabs, Erimacrus isenbeckii (Brandt) and Telmessus

cheiragonus(Tilesius), were investigated in Funka Bay and adjacent waters, southern Hokkaido, during April to early

June over 4 years from 1989 to 1992. The larvae were collected during the daytime by surface tows of a ring net (mouth

diameter: 1.3 m or 1.5 m, side length: 4.5 m, mesh aperture: 0.63 mm).

O The larvae of E. isenbeckiiwere generally distributed throughout the study area, although high densities of over

10,000 inds./net haul were found at several stations. The above two species showed aggregated distributions and had a

tendency to overlap habitat each other. High density areas and the abundance of their larvae changed depending on the

month and also between years, indicating that these pattern are associated with oceanographic conditions and currents.
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0000000000000 DOd0OdDDOdMuroran Branch, Hokkaido Hakodate Experimental Station, Funami-cho,
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Fig.[l.[Burvey area in Funka Bay and adjacent waters. The 19 strata that
were used to calculate the abundance index and to compare with
composition of larval stages are shown. Numerals in parentheses
are area indices which were used to calculate densities of larvae.
Strata 1 -6 and 7 - 19 are outside of and inside of Funka Bay,

respectively.

Table[L.[Burvey period and number of sampling stations in this study.

Year Cruise Temporal No: of
o ____________Coverage ________stations ___
1 8 -11 April 32
2 25-27 April 39
1o 3 9 -10 May 33
4 24 -25May 36
5 30 May - 1 June 101
1 11 -12 April 37
2 22 -25 April 38
[EEEN| 3 7 -9 May 38
4 22-23May 37
5 30 May -6 June 98
1 9 -11 April 29
2 23-24 April 65
1o 3 7 -9 May 33
4 20-22 May 32
5 28-30 May 62
1 10 -13 April 24
2 21 -24 April 62
1o 3 6 -9 April 33
4 18 -20 May 33
5 28 -30 May 69
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Table[2.[Frequency distribution of number of E. isenbeckii larvae
collected per net haul.

Number of larvae

Year Gnmise —5 5509 100-999 10009995 10000-_ ot
988 1 5 2 5 § 7 r} 2
2 21 6 p 2 39
3 1 8 5 12 6 1 33
: 0 4 10 16 5 ! 36
5 3 18 3 28 17 101
550 3T i0 15 3 3 37
2 1 3 12 13 8 1 38
3 1 1 5 20 10 1 38
4 3 8 18 6 1 37
5 10 2% 44 15 3 98
6aT 2 7 1 7 i 2
2 3 s 13 24 1 6 65
3 2 2 5 12 12 33
3 1 3 16 13 33
5 s 25 24 10 &
1992 1 7 1 5 10 1 24
2 2 16 7 16 62
3 o 3 6 15 7 2 33
4 1 1 13 14 4 33
5 6 18 28 14 3 69
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Fig.[2.Oremporal and spatial distributions and larval abundance of the hair crab, E. isenbeckii, during April to early June,

1989 - 1992.
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Table[B.[Density indices of six larval stages of Erimacrus isenbeckii inside and outside of Funka Bay.

Whole Waters

Inside of Funka Bay

Outside of Funka Bay

Cruise  Year

21 2720 zZm ZW ZV M Total 21 Z2 723 724 75 ™M Total Z1 22 723 24 2Z5 M Total
11989 13,607 39,234 55,186 13,168 178 0121373 4,288 31,601 50,6904 9474 173 0 96320 9319 7,543 4491 3,665 5 0 25023
2 1 7 184 398 82 0 672 0 0 160 392 81 0 633 1 7 25 6 1 0 40
3 24 482 1,130 4851 22904 1,128 30519 9 176 832 478122859 1,120 29,777 15 306 297 n 45 8 742
4 0 0 ] 7 151 11,472 11,630 0 0 0 5 74 11,306 11,385 0 [ 0 2 71 165 244
5 [} 0 Y] 9 55 5860 5924 0 0 0 9 55 5860 5924 = - - = = = -
11990 1,621 12,695 11,705 1,696 442 0 28,159 1,095 10,680 10811 1,606 438 0 248630 526 2014 894 90 5 0 3529
2 345 2,407 8,192 7874 3,857 0 22675 214 1908 6378 6,702 3,666 0 18868 132 499 1,814 1172 191 0 3808
3 9 151 610 1422 13378 1972 17542 0 1 34 389 11,400 1,684 13508 9 150 577 1,033 1978 288 4035
4 0 0 1 29 1,117 16,388 17,535 0 1] 1 16 436 10,615 11,067 0 4] 0 15 680 5774 6,469
5 0 (1] 0 0 01,253 1253 0 4] 4] 0 01253 1253 = - - = = - -
1 1991 6902 11,509 2337 165 30 0 20943 5107 10334 2257 162 30 0 17890 1,796 1175 80 3 0 0 3054
2 439 10,436 24,527 8343 1,239 0 44,984 301 8927 18,692 6910 1236 1 36,067 138 1,509 5836 1433 3 0 8919
3 271 241 2,249 4691 10401 188 18,041 226 214 702 2688 9334 158 13322 45 27 1,546 2,003 1,067 31 4719
4 0 0 3 507 1,141 958 2609 ] 0 0 13t 809 581 1,521 0 0 3 376 333 377 1,089
5 0 0 0 0 19 785 804 (4] (1] 0 0 6____668 674 0 0 4] 0 13117 130
11992 3535 1,990 74 7 1 0 5607 2787 1766 58 3 0 0 4614 748 224 16 4 1 ] 993
2 207 623 608 134 9 121,593 51 305 435 113 8 10 922 156 318 173 21 1 2 671
3 339 2,630 12294 17,772 860 22 33917 277 1,541 11,200 17,207 803 21 31,049 62 1,089 1094 565 57 1 2868
4 0 612 2783 1929 775 121 6220 0 217 1,785 1679 530 93 4304 0 395 997 250 244 28 1914
5 0 201 734 557 752 606 2850 0 29 98 131 200 197 655 0 172 636 426 552 409 2195
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Fig.[B.[Larval stage composition of E. isenbekii in the 19 strata in Funka Bay and adjacent waters during April to early

June, 1989 - 1992.

Table[#.[Measure of the dispersion of individuals (I5 :Morishita, 1959) of E. isenbeckii and T. cheiragonusDominant

larval stage in each period in parentheses.

Cruise 1989 1990 1991 1992
E. jsenbeckii T cheiragonus  E. isenbeckii _T. cheiragonus __E. isenbeckii _T. cheiragonus ___E. isenbeckii _T. cheiragonus
1 1248 (Z3) 457 (Z2) 802 (Z2) 6.69 (Z4) 587 (Z2) 6.09 (Z2) 627 (Z1) 1067 (Z2)
2 411 (z4) 799 (Z4) 12.56 (Z3) 705 (Z4) 7.04 (Z3) 5.32 (Z4) 261 (Z2) 1578 (Z2)
3 19.60 (Z5) 1239 (Z5) 560 (Z5) 267 (M) 252 (Z5) 6.00 (z5) 924 (74 6.65 (Z3)
4 6.75 (M) 383 (M) 545 (M) 981 (M) 262 (Z5) 9.34 (Z5) 6.49 (23) 269 (Z3)
5 6.72 (M) 450 (M) 590 (M) 684 (M) 470 (M) 339 M) 508 (Z5) 6.95 (M)
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Table[b.[Measure of the interspecific association] C\ :Morishita, 195901
of E. isenbeckii and T. cheiragonus.

Cruise 1989 1990 1991 1992
1 0.132 0.633 0.290 0.906
2 0.939 0.468 0.846 0.075
3 0.956 0.376 0.181 0.934
4 0.802 0.335 0.375 0.800
5 0.932 0.517 0.811 0.463

Fig.[4.[Horizontal distribution of surface water temperature in Funka Bay and adjacent waters.
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Fig.[b.Horizontal distribution of water temperature at 30 m depth in Funka Bay and adjacent waters.
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Diurnal changes in the vertical distributions of larvae of the atelecyclid crabs,
Erimacrus isenbeckiiand Telmessus cheiragonus in Funka Bay, Hokkaido

Takashi YORITA "*, Shiro TAKAYANAGI "*, Hitoshi UTOH "%, Yoshiyuki UEDA "?

O O In order to examine the diurnal changes in the vertical distributions of larvae of Erimacrus isenbeckii and Telmessus

cheiragonusa series of the MTD net samples(depths of 0, 10, 20, 30, and 40 m) were carried out at station 26 (63 m

bottom depth) in Funka Bay, southern Hokkaido, in April and May for 3 years from 1989 to 1991. Sampling for an

examination of phototactic response was made at the same station on May 23, 1989.

Differences in the vertical

distributions between species and between larval stages were not found. These larvae dispersed from the surface to 30

m depth in daytime, but migrated to and aggregated at the surface at sunset. We suggest that the larvae of both species

have phototactic behaviors relating to their vertical distribution.
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Fig.[L.[Burvey station of MTD net sampling. Botton depth of the station
is 63 m.
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Table[lt 1.0Temporal changes in the number of larvae of E.isenbeckii collected at the survey station during 22-23rd May
1989. Sunset and sunrise time 18:57pm and 04;09am, respectively.
Starting time of MTD net haul

Stage Pept MU~ o omm oom | 000 000 (000
Megalopa ] (EE] [EEN| [EEN] [mn] O [mE]
m 0 m m m m m m

m O 0 O m m 0 m m

m O m m m O

58] O O m 58] O O

Table[dt 2.00Temporal changes in the number of larvae of E.isenbeckii collected at the survey station during 9-10th May
1990. Sunset and sunrise time 18:43pm and 04:22am, respectively.
Starting time of MTD net haul

Stage Pepi MU~ o omm | m | 0nm | 000 000 0000
Zoea O 0 m 0 0 o 0  omD
m m ul o al ul o al m
an o 0 m ul 0 o al 0
m o o o
an ul
Zoea O 0 il (T & o iN
m m m m m m m o al nun)
M an o m 0 0 an m an m
m 0 0 0 0 o 0 0
an 0 O o al
Zoea 0 0 il iN 0 o 0 N
m m o o 0 o o O
m an 0 o ul al m ul al
m 0 o 0 0
M al
Megalopa O ] ™ 0
m o o o
o al ul o o
m 0
m O

Table[lt 3.00Temporal changes in the number of larvae of E.isenbeckii collected at the survey station during 23-34th May
1990. Sunset and sunrise time 18:58pm and 04:08am, respectively.
Starting time of MTD net haul

Stage Pept MU~ o omm oo OO0 000 O
Zoea O 0  omDo 0 0 o 0 0 0 o
m m o al al ul o
an m o 0 o
m m m o o
an O o
Megalopa o O
m o
m
m
an

Table(t 4.00Temporal changes in the number of larvae of E.isenbeckii collected at the survey station during 24-26th April

1991. Sunset and sunrise time 18:27pm and 04:43am, respectively.
Starting time of MTD net haul

Stage PepM0 —m . . o oo 000 000 (000
Zoea [J a
an
m 0
m
Zoea 0 0 (T Wan| il N 0 il NN
m 0
o o
M
Zoea [ ] mjunn| mjunn| [mEN (EE] [mE] m (EEN] [mjunn|
an o o 0 0 m al
m 0 0 o
M
Megalopa 0 oo o Ean s Tuan 0 N o onm
m O o o O O o m o
an 0 o al &l nan al
M o o
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Table[2 1.00Temporal changes in the number of larvae of T. cheiragonugollected at the survey station
during 22-23rd May 1989.

Starting time of MTD net haul

Stage Cepi MU~ o omm oo OO0 000 O
Megalopa O mn| o m m | o m oo
m m m 5an 5an m m O m

m O 0 O m m m m m

m O O m m m m m

58] O 0 m m 58] o m

Table[®2 2.00remporal changes in the number of larvae of T. cheiragonugollected at the survey station
during 9-10th May 1989.

Starting time of MTD net haul

Sage  DeplimMD —mrrm—mn  gmp oD oon ooo | oD 00D onm
Zoea ] 0 0 an M 0 m M oo
m N O O 0 0 0 0 O
m 0 u] O 0 u] 0 0 0
m 0 0
m 0
Zoea 0 O 0
m 0 O O m 0 0
m u] O 0 0
m 0 0
m 8]
Table[®2 3.00remporal changes in the number of larvae of T. cheiragonugollected at the survey station
during 3-24th May 1990.
Starting time of MTD net haul
Stage DepliMU = g o om | onm | o O0nn 0o
Zoea [l ] m ] m ] ] 0 m
m u] 0 u] 0
m 0 0
m u] 0
m 0 0
Megalopa O
m
m
m
m

Table[®2 4.00remporal changes in the number of larvae of T. cheiragonugollected at the survey station
during 24-25th April 1991.

Starting time of MTD net haul

Stage Pepthl M0~ mm mm ;| Wm0

Zoea U

]
m
m
m
M 0
Zoea O ] g m O M 0 ] m EEN]
m 0 0
m o 0 0
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Zoea O ] EEE] [mEn] m M 0 ] m 0o
m o O O 0 0
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M 0
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Table[B.[Results of phototaxis examination of megalopa larvae.
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Appearance period of larvae of Erimacrus isenbeckii and Telmesus spp.
in adjacent waters of Funka Bay, Hokkaido.

Yoshiyuki UEDA™ O Shiro TAKAYANAGI ™0 Hitoshi UTOH" and Takashi YORITA™

O Erimacrus isenbeckii and Telmessus spp. larvae were collected in Funka Bay and adjacent waters from 1989 to 1995. The
peak season of occurrence for each larval stage of Erimacrus isenbeckii was estimated as follows, zoea [0 larvae was from
the middle March to early April, zoea [ larvae was from early April to late April, zoea O larvae was from early April to
the middle May, zoea O larvae was from late April to the middle May, zoea O larvae was from early May to late May,
megalopa larvae was from late May to the middle June. The peak season of occurrence for each larval stage of
Telmessus spp. larvae was estimated as follows, zoea O larvae was the middle March, zoea O larvae was from early April
to late April, zoea O larvae was from the middle April to the middle May, zoea [ larvae was from late April to early May,
zoea [0 larvae was from early May to late May, megalopa larvae was from early May to the middle June. Duration for
each larval stage of Erimacrus isenbeckii was inferred as follows, zoea 00 and O larvae required approximately twenty
days, zoea 0 , 0 and O larvae required approximately ten days. Duration for each larval stage of Telmessuspp. was
inferred as follows, zoea [ larvae required approximately thirty days, zoea [l and O larvae required approximately fifteen
days, zoea [0 larvae was less than ten days, zoea [0 larvae required approximately ten days. Hatching of Erimacrus
isenbeckiiwas estimated to occur from late February to the middle March, and megalopa larvae was estimated to settle
onto the bottom from the middle June to early July. On each cruise, the larval composition of Erimacrus isenbeckii
showed many young zoea stages compared with Telmessuspp. and this is suggested to be due to differences in the
hatching season. Appearance period of larvae varies by each year, and it was observed that hatching was late and growth
speed was gentle on the year of low water temperature.
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Table[l.CNumber of larvae for each stage of Erimacrus isenbeckii and Telmessus spp. for each cruise.
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Fig.0L.05ampling stationsO closed circlesC] of Erimacrus isenbeckii and

Telmessus spp. larvae.
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Number of Erimacrus isenbeckii

Telmessus

Sampling Date

Stations Zoea 1 Zoea [l Zoeal Zoeal Zoea[l Megalopa Total Zoeal Zoeall Zoeal Zoeal Zoeall Megalopa Total
Apr.8th-Apr.11th 30 19,682 76,424 114,084 24,308 179 0 234,676 11,790 74,858 23,731 467 0 0 110,846
Apr.25th-Apr.27th 34 1 7 306 790 163 0 1,267 0 10 1014 5184 2,055 0 8264
1989 May.9th-May.10th 35 43 1,051 3,189 13,690 68,030 3,368 89,372 36 22 718 14434 110,653 12,692 128,555
May.22th-May.25th 29 0 0 0 7 269 35326 35,602 0 0 0 0 456 16,174 16,630
May.30th 21 0 0 0 3 96 14,208 14,307 0 0 0 0 24 15110 15134
Apr.11th-Apr.12th 37 7,082 51,781 44,036 5352 765 0 109,016 284 3386 18431 18223 3,266 0 43590
Apr.22th-Apr.27th 38 909 7,341 23789 21308 10,449 0 63,796 18 1,224 16,186 40,852 19,326 87 77,693
1990 May.8th-May.9th 38 16 321 1338 3310 30883 5357 41,225 1 2 230 867 2,022 14954 18,076
May.22th-May.23th 37 0 0 1 54 3435 39660 43150 0 0 0 8 994 188973 189,975
May.30th 14 0 0 0 0 0 4,254 4,254 0 0 0 0 0 11177 11177
Jun.19th-Jun.21th 38 0 0 0 0 0 2 2 0 0 0 0 0 1 1
Apr.9th-Apr.12th 29 13,033 16,937 2,618 165 30 0 32,783 1,670 3,739 1,675 254 0 0 7,338
Apr.23th-Apr.24th 28 404 26953 59,907 19,720 2,063 0 109,046 3 1462 21588 55506 8,355 7 86,923
1991 May.7th-May.9th 33 425 420 4780 11,329 23,148 348 40,450 408 380 1,874 30,720 57,840 8,730 99,952
May.20th-May.22th 33 0 0 5 984 2,799  23% 6,184 0 0 0 256 25019 22,783 48,058
May.29th 18 0 0 0 0 11 1,808 1,819 0 0 0 0 4 18162 18,167
Jun.17th-Jun.19th 33 0 0 0 0 0 54 54 0 0 0 0 0 86 86
Mar.12th-Mar.18th 30 2,277 78 1 0 0 0 2356 621 13 0 0 0 0 634
Apr.9th-Apr.13th 24 4512 3,089 207 8 1 1 7818 6,025 24297 7,843 416 0 0 38581
Apr.21th-Apr.24th 26 589 1400 1,103 118 1 2 3213 304 2761 842 55 1 0 3693
1992 May.6th-May.9th 33 710 6,730 32,700 44,186 1,919 23 86,268 27 2,357 9,691 1,822 5 556 14,458
May.18th-May.20th 33 0 1340 6884 4285 1575 237 14321 0 109 1478 1,148 408 600 3,743
May.26th-May.27th 27 0 436 2,173 1,692 2,237 1,554 8,092 0 90 785 917 920 1,885 4,597
Jun.16th-Jun.18th 33 0 0 0 0 0 2158 2158 0 0 0 0 0 6518 6518
Feb.24th-Feb.26th 15 21 3 0 0 0 0 24 41 0 0 0 0 0 41
1993 Apr.21th-Apr.23th 33 1,156 13558 91,096 5211 4 0 111,025 10 710 1555 83 3 0 2361
May.17th-May.19th 33 0 129 5383 9528 5945 2287 23272 0 16 302 444 431 3506 4,699
May.31th-Jun.6th 28 0 0 1405 3644 7,769 16,354 29,172 0 0 0 0 0 58685 58685
1994 May.10th-May.11th 33 258 10466 19600 13228 4,882 83 48517 0 338 1782 2,624 35 1723 6822
May.31th-Jun.7th 32 0 0 0 0 0 20470 20,470 0 0 0 0 0 52409 52,409
1995 May.9th-May.10th 31 0 169 3190 4638 6881 887 15,765 0 93 1883 9723 3379 1031 16,109
May.31th-Jun.1st 32 0 0 45 73 282 3,265 3,665 0 0 0 0 0 8,457 8,457




goooooooooooooooooooooooooo m

gbobooooooboboboboooboooooboo
gbobooooooboboboboobooogog
gbobooooooboboboboobooooobo
gboboooooobobobobooobooogoog
gboboboooooboborno oomo omo o
o 0 0Mmomo oo o oMmomo oo oo 0 m

gbooboboboooboooboooboobobobooboo
gooboooooog

gooo
goobobobooooooboooobooboboboo
gboboboooobooboobooboboboobooo
OFrg@mOOOODOOOOODOODOOOODOOOO

Frequmnecy (%)

Fig.[2.[Frequency distribution of larval stages for Erimacrus isenbeckii and Telmessus at every ten days in Funka Bay and
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Fig.[B.[Occurrence and peak season for each larval stage of Erimacrus
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Horizontal bars and rectangles indicate the occurrence and peak
season, respectively.
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Growth of juveniles of two species of Atelecyclidae, Erimacrus isenbeckii (Brandt) and
Telmessus cheiragon($ilesius)( Decapoda, Brachyura) reared in the laboratory

Toshihiro MIZUSHIMA"

0 Rearing experiments were carried out to estimate the growth during this juvenile stages of Erimacrus isenbeckii and

Telmessus cheiragonus.

O The relationship between the number of stages (N) and carapace length (L, mm) is applicable to the Brooks’ formula

and can be expressed by the following exponential curve.

0 =4[54 e **" for E. isenbeckii
0 =20883 e “*" for T. cheiragonus

E. isenbeckii required 19-20 days and T. cheiragonusequired 13-18 days to grow from juvenile instar 1 to 4 , respectively.

In relative growth of carapace length/carapace width, T.cheiragonusis smaller than E.isenbeckiiafter the second

juvenile stage, and it is possible to distinguished between the two species by their relative growth.
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Distribution of juvenile Atelecyclid crabs, Erimacrus isenbecki{BranpT) and
Telmessus cheiragonFiLesius) in Funka Bay, southern Hokkaido

Hitoshi UTOH"* , Shiro TAKAYANAGI"* and Yoshiyuki UEDA"?.

O Distribution of juvenile Atelecyclid crabs, Erimacrus isenbeckand Telmessus cheiragonusas investigated by dredging
with a dragnet in Funka Bay during August to October in 1988, 1989 and 1991. Juveniles of both species were found
abundantly in the eastern and southern parts of the Bay, while only a few or none in the inner and western parts of the
Bay. In the eastern part, E. isenbeckidistributed on the bank which extends to the offshore, while T. cheiragonugended

to be limited to the coastal region. In the southern part, the sea bottom slopes down steeply, and both species were
limited to the coastal region. Erimacrus isenbeckiivere found at depths from 10 to 80 meters, while Telmessus cheiragonus
were found mainly at depths from 10 to 50 meters. They were rarely found in sediments with a mud-content of more
than 50%.
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Fig.[L.[Bchematic diagram showing the dragnet used for this survey (mm).
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chain, In; lower net (7.6mm mesh), un; upper net (7.6mm mesh),
sn; side net (7.6mm mesh).
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E. isenbeckii

T, cheiragonus

;E;a:;h :::t?:m Mo, of stns Mo, of Mean — Temperature Mo. of stns Mo, of Mean  Temperature
i with cateh _catch _catch” range(’C)™ with cateh _catch _eateh” range(°C)}™
1988 3z 8 19 6.8 §9-169 1 51 .7 158-182
1989 64 13 43 6.2 g81-182 13 194 109 82-19.7
1991 64 7 11 3.1 6.1-16.4 1 2 50 6.1

00— 9m 1 0 0 0.0 0 0 0.0 =
10=—19m 22 2 3 45 169 1 20 41 15.8-19.7

20—29m 20 7 17 6.6 13.0-182 5 1 50 13.0-180

30—39m 19 5 7 21 10.2-16.4 4 136 236 102-16.7

40—49m 32 3 8 6.2 99-149 2 76 245 g5-11.1

50—59m 27 3 7 89 105-11.8 0 0 00 -

60—69m 20 6 29 5.6 1.7-118 2 2 19 82- 90

J0—79m 8 1 3 15 6.1 1 2 50 6.1

80—89m 10 1 1 20 8.1 0 0 00 -

90—99m 1 0 0 00 0 0 0.0 =

*1 Mean number of juvenile collected per 100m haul by a dragnet for the stations with catch.
#? Ranges of bottom temperature at the stations with catch.



ooooooooooopoOoooobopooooo oo

gbomwoooobobobobobooooobaoboo gbobobobooooboobooboobobobooboo
gobooooodmogoboOo0oobbOoro g goobooomoooooooobooooboooboo
I, oboboooogoogoo gooboboboooboooboooobooobooboboo
gboboboobooboboooobooobdmmgnOOg OFg0@MOO00D0OO0OO0ODOOO0ODOOODOOOOO
0000000000000 FgDMoOoOOoOoOoDO gooboboboooooogooobooobobobooo

m
. o0 0 @O . o0 0@

0 1-4 5-9 10-19 20< 0 1-4 5-9 10-19 20=

Number of catch per 100m haul by a drag net Number of catch per 100m haul by a drag net

Fig.[B.[Distribution of juvenile Erimacrus isenbeckin Funka Bay. Fig.[4.[Distribution of juvenile Telmessus cheiragonus Funka Bay.



00 00o000000000000

gboboboooboobobobobobooooog
gboboboooobooboobobobobooooog
mpgooboobobobdmMmbmoooooboonDo
O0000000MO0O00DD0OdTableO™d
gbbobooooooooooooboobbboboooo
0ImMooO0ooooooboO0oO0D O Fig.OOmTm
o0'moogobmooooooboooooogoo
goooboobbooooooooboboobobboboog
gboboboooooboobobobobooobooog
gboboobooooobobobobobooobooog
gboboboooooboobuobobobooooog
gbobomoooooboobobobobooooog
goobobbooooooobobboooooobog
MO0 00000 TableO™
gboboboooooboobobobobooooog
gooOoOoOoOoO0 Fig.ODOOOOOOOOOOOOCOO
gobooooooobobobobomooobboo
gbobobooooboobobobobobooooobog
gbobooboooooboobobobobooobooog
gboboboooboobobobobobooooobog
gbobMmmmOO00O0000000O0bOO00b00000d
00000000oo000DoOoO000ooOddFrg.0

gooo
00000000000 ooooo™oomooooag
gboboboooobooboobobobobooooog
00000o00oo0ooo™ooooooooooooo
gboboboooooboobobobobooobooog
gooboooooooooomooboooooogoo
gbobobooooobobobobobooooog

20

OMo catch
M Tcheiragonus
B Both species

10 B £.isenbeckii

Number of stations

a 50 100
Frequeney(%) of silt and clay

Fig.[b.[Histogram of number of stations with no catch, with catch of
T.cheiragonusE.isebeckiiand both species by the frequency of silt
and clay in the bottom sediments.

ONo catch
| [0 Teheiragonus
E Both species

B E.isenbackii

Number of stations

Frequency (%) of granule

Fig.[6.[Histogram of number of stations with no catch, with catch of
T.cheiragonus E.isebeckiiand both species by the frequency of
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Relationship between the oceanic structure and distribution of male hair crabs
Erimacrus isenbeckin the coastal waters of southeastern Hokkaido, fall(TTT]

Masayoshi SASAKI"*[Nobuyuki TANAKA"? and Yoshiyuki UEDA"?

O The relationship between the distribution of male hair crabs and the oceanic structure were investigated in the
coastal waters of southeastern Hokkaido from late September to early October, (ITT]. Adult crab8I[T] mm [0 rostral
lengthO occurred primarily offshore where the bottom temperature was betweenJ] and 1100 approximately (T1£T1 m
depth in Funka Bay,[TJfTT0m depth outside of Funka Bay[] whereas juvenile crab$11] mm OO0 rostral length{] occurred
primarily nearshore betweenJ and [T O approximately [(IJET] m depth in Funka Bay, [TJET] m depth outside Funka
Bay[l These specific distributions of hair crabs corresponded to distributions of water masses on the bottom. These
specific distribution of hair crab seems to be related to differences between adults and juveniles in their adaptation to

temperature and the distribution of water masses on the bottom.
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Table[1-a.[Balinity and temperature characteristics for the water masses in Funka Bay from

analysis on a temperature-salinity diagram for late September - early October 1991.

Water mass name Temperature(d ) Salinity
Summer Funka Bay Water (Fs) 160 0 33.0
Tsugaru Warm Water (Tw) 70 0O 13 33.80
Transformed water of Winter Funka Bay Warer o7 0 334
(T.Fw)
Mixd water with Tw and Fs 130 0O 15 33.00 0O 338
Mixd water with Tw and T.Fw 70 011 3340 0O 338

Table[1-b.[Balinity and temperature characteristics for the water masses outside of Funka

Bay from the analysis on a temperature-salinity diagram for late September- early

October 1991.

Water mass name Temperature(O) Salinity
Oyashio surface layer water (Os) 16 0 33.00
Tsugaru Warm current (Tw) 80 O 13 33.80
Oyashio bottom layer water (Ob) ) 0 33.7
Mixd water with Tw and Os 130 0O 15 33.70 O 338
Mixd water with Tw and Ob 70 0O 11 3340
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Fig.[6.[Distribution of water masses on the sea bottom and male hair crabs[]

a : less than 50mm in carapace length, b : more than 50mm
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Migration of adult hair crab, Erimacrus isenbeckii, in the coastal waters of southwestern
Hokkaido observed by tagging experiments"*

Eiji MIHARA"? and Masayoshi SASAKI"?

O The horizontal migration of adult hair crabs was estimated from examination of 517 recapture data records from
tagging experiments conducted between 1975 and 1991 along the coastal region of southwestern Hokkaido. The
recapture rates were 2.13 % in males and 0.35 % in females. Average displacement distance was 8.2 km in males and 21.4
km in females. Male hair crabs scarcely migrated in Funka Bay and in the western waters of Hidaka, but in the waters
from the northeastern mouth of Funka Bay to Monbetsu-cho, they migrated in a westward direction including a
movement from the northeastern mouth to the inner part of Funka Bay. We suggest that they migrate in a westward
direction with the progress of their life cycle. Average displacement distance of females is longer than in males,
however a movement in any certain direction was not found in females. We consider that female hair crabs migrate

extensively with changes in the life cycle, i.e., mating, feeding, spawning and hatching.
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Fig.(L.CMap showing the release sites (closed circles) of tagged hair crabs off southwestern Hokkaido,1975-1991.

Table[ll.[Release and recapture data for tagged hair crabs released off southwestern Hokkaido.

Numbers in parentheses are values except recapture from sex unknown data at release.

Area of  Year of release Date of Number released Number recaptured Recapture rate (%)
release release Males Females Unknown Total Males Females Unknown Total Males Females Total
A 1984-1987 Mar. 5- Apr. 7 1,551 100 0 1,651 24 0 0 24 1.55 0.00 145
B 1984-1987 Mar. 5-Apr. 7 472 62 0 534 7 0 0 7 1.48 0.00 1.31
1991 Oct. 2 187 0 0 187 0 0 0 0 0.00 - 0.00
C 1984-1987 Mar. 4- Apr.9 1,586 322 0 1,908 16 1 0 17 1.01 0.31 0.89
D 1984-1988 Mar. 1-Apr. 9 1,041 50 0 1,091 32 [4] 0 32 3.07 0.00 2.93
1991 Oct. 26 192 98 0 290 0 0 0 0 0.00 0.00 0.00
E 1983-1991 Oct. 3-28 199 35 0 234 1 0 0 1 0.50 0.00 0.43
1984 Apr. 2 - - 387 387 2(0) - 2 4 - - 103
F 1991 Oct. 8 184 60 0 244 0 1 0 1 0.00 1.67 0.41
G 1987 Mar. 18 1,481 0 0 1,481 37 0 0 37 2.50 - 2.50
H 1975-'76, '81, '87-'89 Mar. 2 - Apr. 26 3,822 0 1,283 5,105 127(100)  22(0) 24 173 2.62 3.39
1985 June 30 - - 187 187 0 0 0 0 - - 0.00
1983, 1991 Oct. 1 - Nov. 2 738 28 11 777 5 0 0 5 0.68 0.00 0.64
1 1991 Sep. 3-0ct. 2 884 0 0 884 0 0 0 0 - - 0.00
1984 Mar. 29 - - 324 324 1(0) 0 0 1 - - 0.31
J 1985-1986 June 25-26 662 57 0 719 12 0 0 12 1.81 0.00 1.67
1981, 1991 Sep. 3-26 341 0 3316 3657 (1) 1(0) 25 35 029 - 0.29
K 1981 May 16 - - 502 502 1(0) 3(0) 3 7 - - 1.39
1984-1986 Mar. 12-27 843 10 279 1,132 47(45) 1 0 48 5.34 10.00 4.24
1991 Oct. 4 917 0 0 917 3 0 0 3 0.33 - 0.33
L 1985-1986 Mar. 12-14 1,269 40 0 1,309 39 0 0 39 3.07 0.00 2.98
1985-1986 June 24-26 860 4 0 864 45 0 0 45 5.23 0.00 5.21
1991 Oct. 4 665 1 0 666 2 0 0 2 0.30 0.00 0.30
M 1984-1986, 1991 June 26-27 1,181 0 0 1,181 21 0 0 21 1.78 - 178
N 1978 Jan. 30 B - 83 83 0 0 0 0 - 0.00
1986-1991 June 23-28 1,400 0 0 1,400 50 0 0 50 3.57 3.57
P 1985-1986 July 3-5 51 0 0 51 3 0 0 3 5.88 5.88
Q 1975 Apr. 15 - - 170 170 0 0 0 0 - 0.00
1989-1991 June 7-27 489 0 0 489 4 0 0 4 0.82 - 0.82
Total 21,015 867 6,542 28,424 488(447)  29(3) 54 571 2.13 0.35 2.01

* Sex unknown data were excluded from calculating recapture rates for males and females.
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Table[R2.[Recapture frequencies of male hair crabs categorized by the displacement distance
(straight line from release to recapture site) and by days until recaptured.

Area of Days after Displacement distance (km) Average Total
release  release <10 10-20 20-30 30-40 40-50 unknown (km)

A-G =30 2 0.7 2

30-60 7 2 3.7 9

60-90 15 2 1 6.9 18

90-120 47 8 3 6.6 58

120-365 16 6 7.2 22

365< 4 5 1 12.2 10

Total 91 21 0 1 0 6 6.9 119

H =30 10 2 5.7 12

30-60 12 1 1 2 79 16

60-90 13 3 7.3 16

90-120 27 23 7 1 2 3 12.0 63

120-365 8 9 2 5 10.6 24

365< 1 11.2 1

Total 70 37 10 1 2 12 10.1 132

I-L =30 20 5 1 3 8.1 29

30-60 36 1 1 5.5 38

60-90 14 4 1 7.9 19

90-120 13 3 2 7.6 18

120-365 23 12 5 6 10.3 46

365< 2 2 4 8.8 8

unknown 1 1

Total 108 27 7 0 0 17 8.0 159

M-Q =30 9 1 6.6 13

30-60 1 10.7 1

60-90 0

90-120 0

120-365 19 6 29 6.7 54

3656< 4 1 3 7.1 8

unknown 2 11.6 2

Total 32 13 0 0 0 33 7.0 78

Total 301 98 17 2 2 68 8.2 488

Table[B.[Recapture frequencies of female crabs categorized by the displacement distance
(straight line from release to recapture site) and by days until recaptured.

Area of Days after Displacement distance (km) average Total
release release <10 10-20 20-30 30-40 40-50 ... 80-90 unknown (km)

CF <30 0

30-60 0

60-90 0

90-120 0

120-365 2 6.5 2

365< 0

Total 2 0 0 0 0 0 6.5 2

H =30 1 2 1 12.3 4

30-60 1 2 1 15.3 4

60-90 1 1 17.9 2

90-120 1 2 1 1 1 274 6

120-365 1 2 32.8 3

365< 1 1 1 22.8 3

Total 4 7 6 2 0 2 21.4 22

J, K =30 1 1 19.9 2

30-60 0

60-90 0

90-120 0

120-365 2 32.2 2

365< 1 31.8 1

Total 1 0 0 4 0 0 27.2 5

Total 7 7 6 6 0 0 0 2 21.4 29
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Table[#.[Recapture frequencies of male hair crabs, recaptured within a year after release, categorized
by recapture and release areas. Bold-faced squares indicate the release areas.

Year of Month of Days after Area of Area of recapture Total
release release release releass A B C D E F G H 1 J KL MNO P Q
1984-1987 Mar. - Apr. 30-190 A |24 24
1984, 1985 Mar. - Apr. 10-238 B 1]2 3
1984-1987 Mar. - Apr. 86-188 C 1[7]2 10
1984-1986, 1988  Mar. - Apr. 83-141 D 32 32
1984, 1991 Apr., Oct. 169-288 E 2] 3
1987 Mar. 34-104 G 15[20] 2 37
'81, '83, '87-'89,'91  Mar., Oct. 15-321 H 4 22 46[49] 5 126
1984 Mar. 36 I 1 1
1981, '85, '86,'91  June, Sep. 17-337 J 1 117 19
1981, '84-'86,'91  Mar., Oct. 47-297 K 4146 50
1985, 1986, 1991 Mar., June, Oct.  15-316 L 1 31[44] 1 77
1984-1986 June 17-281 M T3] 4 17
1986-1990 June 28-338 N [43] 2 45
1985, 1986 July 221-288 P 1[Z] 3
1989, 1991 June 17-245 Q 4 4
Table[b.[Recapture frequencies of male hair crabs, recaptured after passing a year after release,
categorized by recapture and release areas. Bold-faced squares indicate the release areas.
Year of Month of Days after Area of Area of recapture Total
release release release release A B C D E F G H T J KL MN O
1985 Mar. 394-847 B 4 4
1984, 1986  Mar. - Apr. 423-469 o) 1 1] 1 6
1981 Mar. 413 H 1] 1
1981 May 445 K 1 [ 1
'85, '86, '91 Mar., June, Oct. 388-672 L 3] 2 5
1984, 1986 June 390-753 M 2 2
1986, 1988 June 595-1806 N Z]1 5

Table[6.[Recapture frequencies of female hair crabs categorized by recapture and release areas.
Bold-faced squares indicate the release areas.

Date of  Days after Area of Area of recapture Total
release release release A B C D E F GHTITI JKILM

Apr. 90,1984 188 C T[] i

Oct. 8, 1991 346 F 1 1

Mar. 31, 1981 25-269 H 4 8 2 3 1 19

376-484 H 11 e 3

Sep. 3, 1981 54 J 1] 1

May 16,1981 41 K 1 1

330-490 K 1 1] 2

Mar. 12,1986 135 K 1] 1
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Fig.[B.[Relationships between the area where recapture occurrd and the month for male hair crab release in five areas
G, H, K, Land M in 1975-1991. Fishing gear used for recapture are shown by closed circles for hair crab pot,
open squares for flatfish gillnet, open triangles for the others and crosses for unknown.

Tablel7.[Fishing season for hair crab pots in the three regions of the Pacific Ocean off southwestern Hokkaido.

Year Funka Bay (A-G) Qutside of Funka Bay (H-I.) Western Hidaka (M-Q)
Beginning End Beginning End Beginning  End
1975-1980 Apr. 15 Oct. 15 Sep. 1 Apr. 30 Jan. 1 Apr. 30
1981 Apr. 15 Oct. 15 Aug. 10 Mar. 30 Jan. 1 Apr. 30
1982 Apr. 15 Oct. 15 Aug. 10 Mar. 30 Jan. 1 Apr. 30
1983 May 15  Aug. 31 Aug. 10 Oct. 5 Jan. 1 Apr. 30
1984 prohibition of fishing prohibition of fishing Jan. 11 Apr. 20
1985 June 5 July 4 July 10 Aug. 8 Jan. 21 Apr. 20
1986 June 9 July 8 July 10 Aug. 8 Jan. 21 Apr. 20
1987 June 11 June 30 July 11 July 30 Feb. 1 Mar. 21
1988 June 10 July 4 July 7 July 31 Feb. 1 Mar. 22
1989 June 12 July 1 July 6 July 25 Feb. 1 Mar. 22
1990 prohibition of fishing prohibition of fishing Feb. 1 Mar. 22
1991 prohibition of fishing prohibition of fishing Feb. 1 Mar. 22
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Fig.[4.[Relationship between the area where recapture occurred and the
month of female hair crab release in area "H" on March 31, 1981.
Release point and fishing gear used for recapture are shown by
open circle for release point, closed circles for hair crab pot, open
squares for flatfish gillnet and crosses for unknown.
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Mesh selectivity of hair crab pots for male hair crabs (Erimacrus isenbeckii)

Shuichi NISHIUCHI"

O This paper describes the mesh selectivity of hair crab pots for male hair crabs (Erimacrus isenbeckii). A fishing
experiment was conducted during 1987 to 1989 in the fishing ground off Abashiri subprefecture, Hokkaido. Mesh
openings used in the experiment were 57, 72, 87, 102, and 117 mm. | used the SELECT(Share Each LEngth's Catch
Total) method for estimating the mesh selectivity, and AIC (Akaike's Information Criterion) for selecting the most likely
model. The selection curve fitted a logistic curve. To determine the the mesh selectivity of pots, the 50% retention
length and selectivity range ( 75% retention length to 25% retention length) were estimated. Moreover, in order to obtain
the selectivity curve of an arbitrary mesh opening, the mesh selectivity master curve was estimated.

O The 50% retention length of four mesh openings; 72, 87, 102, and 117 mm, were estimated at 53.7, 63.4, 74.6, and 83.0
mm, respectively, and relative fishing intensities of the SELECT method increased with increasing mesh opening. The
current Hokkaido prefectural minimum size is 80 mm rostral length for hair crab. The optimum mesh opening which
would retain legal-sized crabs but allow undersized ones to escape is estimated to be 112 mm, and its selectivity range

is estimated at 5.2 mm. This indicates that the mesh selection of hair crab pots is fairly sharp.
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Fig.[lL.CPhoto (top) and diagram (bottom) of the hair crab pot used in the
experiments. 1, upper ring of plastic; 2, lateral bars of plastic; 3,
lower ring of vinyl-coated steel; 4, polyethylene cylinder entrance;

5 diamond polyethylene mesh; 6, bait can.
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Fig.[2.CBchematic diagram of setting method of the experimental gear. Each block is composed of five pots with

different mesh openings; 57 mm, 72 mm, 87 mm, 102 mm, and 117 mm. The pots are arranged at random in

each block.
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Table[l.CModels for estimating mesh selectivity master curve.
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Table[R2.[0bserved numbers by rostral length class of male hair crabs
(Erimacrus isenbeckii) caught by experimental fishing with

different mesh openings during 1987 to 1989 in the fishing

ground off Abashiri subprefecture, Hokkaido.

Rostral
length Mesh opening (mm)

class
(mm) 57 72 87 102 117
47-48 0 0 0 0 0
49-50 0 0 1 0 0
51-52 3 1 0 0 0
53-54 8 3 0 0 0
55-56 15 12 0 1 0
57-58 24 18 0 0 0
59-60 14 22 2 0 1
61-62 17 16 3 0 0
63-64 19 22 10 2 0
65-66 23 21 20 1 1
67-68 22 38 44 2 0
69-70 54 43 68 5 0
71-72 63 64 69 17 0
73-74 56 67 65 39 1
75-76 b4 49 56 48 1
77-78 48 39 44 45 5
79-80 25 32 28 27 11
81-82 26 26 41 26 21
83-84 23 24 14 18 27
85-86 16 20 29 19 17
87-88 10 6 8 18 10
89-90 4 11 9 9 12
91-92 4 7 5 12 6
93-94 5 7 3 5 9
95-96 4 4 3 3 4
97-98 3 3 3 4 6
99-100 3 0 1 0 2
101-102 0 1 1 2 2
103-104 1 1 1 1 3
105-106 1 0 0 0 0
107-108 0 0 0 0 1
109-110 0 0 0 0 0
Total 545 557 528 301 140
Total=80 108 124 130 132 126

Proportion of catch in large mesh pot
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Fig.[B.[Plots of the observed (points and dotted lines) and estimated

(solid lines) proportion of each length class's total catch taken in

the large mesh pot. The control mesh is 57 mm, and the large
meshes are 72, 87, 102, and 117 mm.

Table[B.[Belection curve parameters and AIC (Akaike’s information Criterion) values determined by the maximum-

likelihood method for each mesh opening. Parameter estimates and AIC values are given from fits of the

logistic selection curves for both the equal (p=0.5) and unequal relative fishing intensity assumptions.

Mesh opening £ » » %3 4 The most
(mm) Model a b L SR AIC likely model
72 1 30.8 -0.574 05 53.7 3.8 1528.0 O
2 28.6 -0.530 0.513 53.9 41 1529.4
87 1 51.9 -0.824 0.5 62.9 2.7 1399.6
2 48.7 -0.786 0.537 63.4 29 1396.5 O
102 1 284 -0.389 0.5 73.1 5.7 952.2
2 25.3 -0.339 0.565 74.6 6.5 949.9 O
17 1 39.3 -0.486 0.5 80.8 45 449.9
2 35.2 -0.424 0.635 83.0 52 443.3 O

*1 The parameters of logistic equation, (L )=1/{1+exp(a+5bL)}, where r is the retention probability
and L is the rostral length.

*2 Parameter p denotes the relative fishing intensity of the SELECT method.

*3 The rostral length of 50% retention.

*4 The selectivity range ( L ; — L ).
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Fig.[4.CMesh selectivity curves of hair crab pots of 72, 87, 102, and 117
mm mesh openings for male hair crab (Erimacrus isenbeckii).
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Table.[Parameters of mesh selectivity master curve and AIC values determined by the maximum-likelihood method

for four models shown in Table 1. Parameter estimates and AIC values are given from fits of logistic selection

curves.
Model 2" »7 L, m o, p ps® 2™ psT AIC The most
G g2 8D (02 (1] likely model
1 323 456 0 o 02 02 02 02 02 57919
2 329 -550 86 -49 02 02 02 02 02 57747
3 309 -428 0 0 0154 0159 0177 0187 0323 57687
4 235 =367 242 252 0164 0171 0193 0194 0278 57642 o)

*1 The parameters of logistic equation: +(L)=1{1+exp{a+b(L~L ;)/(m=m )], where r is the retention probability,
L is the rostral length, and /17 is mesh opening. In both models 1 and 3, parameters £ ; and m, are fixed at zero.

*2 Parameter p denotes the relative fishing intensity of the SELECT method. In both models 1 and 2, parameter
p is fixed at 0.2. Numbers in parentheses are mesh openings.
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Fig.[6.[Mesh selectivity master curve of hair crab pots for male hair crab
(Erimacrus isenbeckii), estimated by model 4 shown in Table 4.
Parameters Lo and nmo are 24.2 mm and 25.2 mm, respectively.

0

100

90 : AW

80 Lgg

70 |

60

Rostral length (mm)

50

112mm
4
40

60 70 80 90 100 110
Mesh opening (mm)

120 130 140

Fig.[6.[Relationship of L2s, Lso, and Lzs to mesh opening, obtained by
mesh selectivity master curve shown in Fig.5. Lzs, Lso, and L7s
denotes the rostral length of 25%, 50%, and 75% retention,

respectively.
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Problem of the resource management of the hair crab, Erimacrus isenbeckii, in Hokkaido

Koji ABE "™

0 To maintain and increase the hair crab resource now at a crisis, the Hokkaido Government office has been conducting
since 1968 the resource management by the catch quantity quota system. However, the resource remains at a low level,
and the system has not been evaluated as an effective resource management method.

O In this report, referring to the background and evolution of this system adopted, we will elucidate that the number of
problematical points that existed from the very start have been left unsolved and that the crisis has resulted from this

poor management. We will then consider how the hair crab resource management should be in future.
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Table[l.CEvolution of hair crab Catch Quantity and Production of Canned and Boiled hair crab

in Hokkaido, 1951 to 1966.

Soya and Abashiri Seas Other Seas Hokkaido (Total)

Year Catch Can Bcori;%d Catch Can Bcori;%d Catch Can Bcorg%d
1951 2,205 16,253 1,249 24,487 3,454 40,740

1952 4,669 29,703 - 866 32,908 5,535 62,611

1953 4,752 44,885 - 457 25,450 5,209 70,335

1954 21,207 233,282 - 704 65,448 21,911 298,730

1955 26,513 304,701 - 873 57,475 27,386 362,176 727
1956 18,675 296,452 1,181 7,961 19,856 304,413 581
1957 16,695 249,711 1,834 6,565 18,529 256,276 572
1958 7,091 125,977 38 2,834 8,831 1,161 9,925 134,808 1,199
1959 6,243 104,488 101 3,986 30,056 1,504 10,229 134,544 1,605
1960 10,169 143,734 62 5,591 64,840 1,037 15,760 208,574 1,099
1961 7,443 140,619 49 4,661 45,614 172 12,104 186,233 221
1962 6,225 100,291 136 2,821 18,859 887 9,046 119,150 1,023
1963 3,418 49,818 91 6,032 42,362 2,232 9,450 92,180 2,323
1964 2,116 20,120 352 10,760 87,287 4,446 12,876 107,407 4,798
1965 2,890 28,208 792 8,842 52,747 4,446 11,732 80,955 5,258
1966 4,663 62,727 580 7,326 34,538 3,681 11,989 97,265 4,261

Notes: 1) Units: Tons for catch quantity and boiled hair crab, Number of cases 4 dozens of crab

cans No.2 for canned hair crab.

2) Tentatively one case containing 4 dozens of crab cans No. 2 has been considered equivalent

to 60 kg of fresh hair crab. However, the yield depending on the mixing ratio of soft-shell

crabs, the conversion value differs in terms of processing factories (56.3 kg, 67.9 kg, etc.)®.

3) The statistics for boiled hair crab include some crabs other than hair crab.

Source: Hokkaido Fishery Production Statistic Table for 1951 year, Present State of Hokkaido Fishery

for 1952 to 1957 years, and Present State of Hokkaido Fisheries Industry for 1958 and on. For

canned hair crab, the statistic figures are those given by Matsutani®.
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Table[R.[Evolution of the number of processing factories, canned production and Fishery production amount for hair

crab by Subprefectural Government office.

Subprefectural Government Office

Year Item Soyall Abashiri  Nemuro Kushiro Others Total
Number of Processing Factories 13 15 9 6 43
1951 Canned Volume 16,253 1,090 7,593 15,804 40,740
Catch Quantity 2,205 87 375 787 3,454
Number of Processing Factories 27 14 8 0 49
1956 Canned Volume 296,452 2,731 5,230 0 304,413
Catch Quantity 18,675 139 51 991 19,856
Number of Processing Factories 21 8 7 6 42
1961 Canned Volume 140,619 24,860 15,489 5,266 186,234
Catch Quantity 7,443 1,391 1,468 1,802 12,104
Number of Processing Factorise 10 9 1 0 20
1966 Canned Volume 62,727 32,225 2,313 0 97,265
Catch Quantity 4,663 3,294 2,192 1,840 11,989

Notes: 1) Unit: Ton for catch quantity, and case for canned, volume (refer to Table 1).

2) Breakdown of other processing factories: 3 for Oshima and Iburi, 1 for Tokachi and 2 for others

(1951 year), and 4 for Oshima and Iburi, 1 for Hidaka and 1 for Tokachi (1961 year).

Source: Matsutani® for number of factories and canned volume and Hokkaido Fishery Production Statistic Table and

Present State of Hokkaido Fisheries Industry for Catch Quantity.
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Table[B.[Evolution of authorixed number of fishing vessels in hair crab

fishery around the introduction of Catch Quantity Quota System

Okhotsk Sea

Tokachi and Kushiro West Seas

Soya Abashiri Tokachi Kushiro
Year pots pots pots  gill net pots  gill net
1961 94 150 84 0 25 33
1962 86 144 183 0 25 Unknown
1963 74 81 183 0 25 20
1964 25 25 183 0 25 42
1965 25 25 171 0 25 41
1966 25 25 179 0 25 64
1967 31 36 147 0 25 40
1968 37 37 110 0 25 40
1969 37 37 109 0 25 40
1970 37 37 131 Unknown 25 40
1971 37 37 130 89 25 40
1972 37 37 120 94 25 40
1973 37 37 116 102 25 51
1974 37 37 101 102 25 51
1975 37 37 100 102 25 146
1976 37 37 100 102 25 146
1977 37 37 100 102 25 146
1978 37 37 100 102 25 146
1979 37 37 47 75 25 99

Notes: 1) Year : year in which season began, season sometimes extends into following year.

2) Gill net fisheries for hair crab by special catch have been authorized for 1975 to

1984 years in Soya Subprefectural Government Office and for 1975 to 1978 years in

Abashiri Subprefectural Government Office. Number of fishing boats have not

been given.

3) The gill net fisheries in the West Sea of Kushiro were limited to the fishing vessels

belonging to Shiranuka Fishery Cooperative Association until 1974, but the

converted boats from gill net fisheries for flounder belonging to Kushiro Fishery

Cooperative Association participated from 1975 year on.

Source: Hokkaido Fisheries Experimental Station.
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Table[#.CNumber of authorized vessels in hair crab fishery in Okhotsk sea

(Unit: boats)

Abashiri ©

Soya”

Year Shari  Abashiri Tokoro Yubetsu Monbetsu Saruru Oumu Total Esashi Tonbetsu Sarufutsu  Soya Total
1967 4 5 3 3 6 9 36 10 9 6 6 31
1968 4 5 3 3 6 10 37 13 10 8 6 37
0 O Subprefectural Government Office
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Growth of juvenile Hanasaki crabs, Paralithodes brevipes] Lithodidae, Anomura, Decapodal],
in the littoral zone, northwestern North Paciffic off Hokkaido

Jun SASAKI"* and Hideo YOSHIDA"?

O Growth of Hanasaki crabg] Paralithodes brevipes[] an important fisheries species in Hokkaido, was investigated in the

littoral zone near the Rosoku-lwa in Buyuma, Kushiro Town, during 1990-1991. In this littoral zone, larvae of Hanasaki

crab seem to settle around June; Hanasaki crabs remain in this zone for at least three years after settlement. Hanasaki

crabs grew from Spring to Autumn, but did not grow in the winter season. In addition, as first collecting record, an

individual of the second instar stage is described.
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Table[l.[Tollecting data of Hanasaki crab, Paralithodes brevipes, in the littoral zone near Rosoku-lwa in Buyuma,
Kushiro Town.

Date of collection Collecting time Lower tidal level (cm) Collected individuals Number of collectors

26 May 199C 9:30-11:00 -15 155 6
23 Jun. 1990 9:00-10:30 -11 276 8
22 Jul. 1990 8:00-10:00 -3 388 8
21 Aug. 1990 8:30-10:00 13 36 9

7 Oct. 1990 22:30-23:30 6 200 2
4 Dec. 1990 22:00-23:00 -12 101 2
16 May 1991 9:30-11:00 -13 176 9
14 Jun. 1991 9:30-11:30 -14 526 9
11 Jul. 1991 8:00-9:30 -4 367 5
9 Aug. 1991 8:00-9:00 3 144 5
25 Oct. 1991 21:30-22:30 1 86 2
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Fig.(L.0OThe second crab instar of Paralithodes brevipes] A. Milne Edwards & Lucas, 184100 Male, CL = 2.28 mm, CW =
2.20 mm, collected from the lower littoral zone of Buyuma near Konbumori, 22 July 1990.00 AJ dorsal view of
carapace; B[] lateral view of carapace; C[J eye in lateral view; D[J antennule; E[J antenna; F[J mandible; G[J
maxillule; HO maxilla; 10 first maxilliped; JOJ second maxilliped; KOJ third maxilliped; L left cheliped; MO right
cheliped; NO right second pereiopod; O right third pereiopod; PO right fourth pereiopod; QO right fifth
pereiopod; RO ventral view of abdomen; S[J dorsal view of abdomen. Scale bars =1 mm.
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Table[2.[Results of fitting normal distributions to the size distributions of
Hanasaki crab, Paralithodes brevipes (see also Fig.2).

Models Mo. of Parameters AlC
6 17 15557.2
7 20 15527.5
8 23 15478.3
9 26 15487.8

Table[B.[Estimated parameter sets of selected by AIC [ see Table 200 .

Parameters/Normal distribution 1 3 4 5 6 7 8
CL Mean 95 11.8 143 17.2 20.8 23.2 26.8 30.3
CL SD 1.57 1.44 1.27 1.62 0.67 1.03 2.10 9.47
Probability 0.17 028 0.17 0.11 0.04 0.05 0.09 0.09
15 Table[.[Relationships between crab stage and carapace length (CL) of
N = 2455 Hanasaki crab, Paralithodes brevipes.

Frequency (%)

N e
T T T T T T T T
30 35 40 45 50 55 60

Carapace Length (mm)

Fig.[R.[Results of fitting normal distributions to the size distribution of
Hanasaki crabs, Paralithodes brevipes.

Instar CLMean CLSD Discriminant point by
(mm) Mabhalanobis distance
X +1i 9.5 1.57
10.7
X+l 11.8 1.44
13.1
X + iii 14.3 1.27
15.6
X +1iv 17.2 1.62
19.7
X+v 208 0.67
217
X+ vi 232 1.03
25.0
X + vii 26.8 1.03
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Fig.[B.[Monthly changes of size distributions of Hanasaki crabs Paralithodes brevipes. Vertical lines show the
discriminant points between the carapace length ranges of the crab instars. Discriminant points were estimated
by Mahalanobis distance (see Table 4). Instar 1l shows an individual which was identified from morphological
observations (see Fig. 1).
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Growth in the Early Life Stage of the Spiny King Crab, Paralithodes brevipes
(Decapoda, Anomura) in the Pacific Ocean off the Coast of the Eastern Hokkaido

Masaru TORISAWA"* Shoui KOHNO" ! Kinori SAKAMOTO"? and Isao HAKATA"?

O Growth in the early life stage of the spiny king crab Paralithodes brevipes in the Pacific Ocean off the coast of the
eastern Hokkaido was studied. The objects of study were larvae and young crabs collected in the fields of the eastern
Hokkaido, and young crabs of artificial seeds reared in nets or cages in the sea. The collected larvae indicated that the
metamorphosis from the megalopa stage to the first-instar crab (C.) occurred after July at first. The smallest carapace
length groups of young crabs collected in the fields had peak locations at 5-7 mm or 13-14 mm between April and May.
The mean carapace length of artificial seeds reared in the sea grew from 2.0-2.7 mm in the first June to 7.1-10.3 mm in
the first December. Their mean carapace length was 7.7 mm in the second April and did not increase during the winter.
These results indicate that the young P. brevipesreach about 10 mm in mean carapace length at most by the April

following the hatch.
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Table[1.00The number of individuals of larval Paralithodes brevipes

collected by a larva-net in the Pacific Ocean off the coast of

Nemuro Peninsula in 1984 and 1985.

Stage

Date U7z 7 ™
84-1 0 0 0 0

. 84-2 0 0 0 0
April 20,1984 84.3 0 0 0 0
84-4 0 0 0 0

84-1 0 0 0 0

. 84-2 0 0 0 0
April 27,1984 84.3 0 0 0 0
84-4 0 0 0 0

84-1 10 0 0 0

84-2 0 0 0 0

May 14,1984 84.3 0 0 0 0
84-4 0 0 0 0

June 11,1984 84-1 0 1 4 0
June 20,1984 84-1 0 0 1 0
84-1 0 0 0 0

June 27,1984 84.2 0 0 0 0
July 6,1984 84-1 0 0 0 0
July 10,1984 84-1 0 0 0 0
July 17,1984 84-1 0 0 0 0
85-1 6 0 0 0

May 7,1985 85-2 19 0 0 0
85-3 10 0 0 0

85-1 0 0 0 0

May 17,1985 85.2 5 6 0 0
85-1 0 26 7 0

May 24,1985 85.2 0 3 1 0
85-1 0 2 5 0

May 31,1985 85-2 0 4 20 0
85-3 0 2 53 0

85-1 0 0 12 0

June 5,1985 85. 0 0 3 0
June 11,1985 85-1 0 0 0 0
85-1 0 0 0 0

June 15,1985 85-2 0 0 0 3
85-3 0 0 0 1

10

Water temperature ()

Apr. 10

Fig.[4.0Water temperature at a depth of 15 m in sea water at St. 84-1 in

1984 and at St. 85-1 in 1985.
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OApr 26, 1982 St.5
O Apr 26, 1982 5t.3

Odun 06, 1985 St.8

OJul 21, 1986 St.4
Jul 23, 1986 St.7
B Jul 20, 1985 5t.8
®.Jul 19, 1985 St.5
M Jul 19, 1985 St.3

O0Oct 20, 1986 St.6
OOct 31, 1986 St.7

ODec 05, 1987 St.6
ODec 11, 1986 St.6

O Apr 26, 1982 St.5
O Apr 26, 1982 St.3

Fig.0b.[Frequency distributions of carapace length of the young spiny

king crab Paralithodes brevipes collected by hand in the tidal zone

along the coast of eastern Hokkaido between 1983 and 1986.
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Fig.[7.[0The schematic diagram summarizing seasonal development of
the spiny king crab Paralithodes brevipes in the early life stage.
Closed and open circles indicate actual captures of larvae at each
stage in 1984 and 1985, respectively.
Z1: 1st zoea stage; Z2: 2nd zoea stage; Z3: 3rd zoea stage;
M: megalopa stage; C1: 1st crab stage
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Stomach contents of the Hanasaki crab, Paralithodes brevipés Lithodidae, Anomura,
Decapodal] sampled from the littoral zone off Nemuro Peninsula

Jun SASAKI" and Yasuhiro KUWAHARA"

0 Hanasaki crabs (Paralithodes brevipgscollected from the littoral zone at Isomoshiri Islet off Nemuro Peninsula, were

examined stomach contents. Results indicate that Hanasaki crabs fed mainly on Laminaria longissimaand Corallina

pilulifera.
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Table[ll.[Results of stomach content analysis of Hanasaki crab, Paralithodes brevipes.

Stomach contents Occurrence(%)
Male & Female Male Female
CL size range in mm CL size range in mm CL size range in mm
n=5 n=58 n=27 n=3  n=93 n=3 n=26 n=ll n=2 n=42 n=2 n=32 n=16 n=1 nb1
ltem code <100 100199 200299 30.0-399 Total <100 100199 200299 300399 Total <100 100199 200299 300399  Total
DIVISION CHLOROPHYTA
ORDER ULVALES
Enteromorphasp. ENT 00 00 00 333 11 00 00 00 500 24 00 00 00 00 00
ORDER ACROSIPHONIALES
Spongomorphap. SPO 00 00 37 333 22 00 00 00 500 24 00 00 63 00 20
DIVISION HETEROKONTOPHYTA
ORDER BIRAPHIDALES
Naviculasp. NAV 00 00 37 333 22 00 00 91 500 48 00 00 00 00 00
ORDER ECTOCARPALES
Ectocarpus siliculosuéDillwyn) Lyngbye ECT 00 00 00 333 11 00 00 00 500 24 00 00 00 00 00
Pilayella littoralis (Linnaeus) Kjellman PIL 0.0 0.0 00 333 11 0.0 0.0 0.0 50.0 2.4 00 00 00 00 00
ORDER DICTYOSIPHONALES
Coilodesme japonic¥amada col 0.0 1.7 0.0 0.0 11 0.0 3.8 0.0 0.0 2.4 00 00 00 00 00
ORDER SPHACELARIALES
Halopteris scoparigLinnaeus) Sauvageau HAL 00 00 00 333 11 00 00 500 24 00 00 00 00 00
ORDER LAMINARIALES
Laminaria longissimavliyabe in Okamura LAM 80.0 552 66.7 1000 61.3 66.7 538 545 1000 57.1 1000 56.3 75.0 100.0 64.7
DIVISION RHODOPHYTA
ORDER CORALLINALES
Corallina pilulifera Postels et Ruprecht COR 800 741 444 667 656 1000 769 36.4 1000 69.0 500 719 500 00 627
ORDER CRYPTONEMIALES
Gloiopeltis furcata (Postels et Ruprecht) J.AgardBLO 0.0 0.0 00 333 11 0.0 0.0 0.0 50.0 2.4 00 00 00 00 00
ORDER GIGARTINALES
Chondrussp. CHO 0.0 0.0 0.0 333 11 0.0 0.0 0.0 50.0 24 0.0 0.0 0.0 0.0 0.0
PHYLUM CNIDARIA
ORDER HYDOROIDA fam. gen. sp. HYD 0.0 103 148 333 118 00 38 273 00 95 0.0 156 6.3 100.0 137
PHYLUM MOLLUSCA
CLASS BIVALVIA ord. fam. gen. spp. BIV 00 34 00 00 22 00 38 00 00 24 00 31 00 00 20
ORDER VENEROIDA
Raetellops pulchell§A.Adams et Reeve) RAE 00 00 37 00 11 00 00 00 00 00 00 00 63 00 20
PHYLUM ANNELIDA
CLASS POLYCHAETA ord. fam. gen. spp. ~ POL 00 52 37 333 54 00 77 00 500 71 00 31 63 00 39
PHYLUM ARTHROPODA
ORDER HARPACTICOIDA
Tigriopus japonicudviori TIG 0.0 0.0 3.7 0.0 11 0.0 0.0 9.1 0.0 24 0.0 0.0 0.0 0.0 0.0
Idomene forificatePhilippi IDM 00 34 00 00 22 00 38 00 00 24 00 31 00 00 20
ORDER ISOPODA
Dynoides dentisinuShen DYN 0.0 17 00 00 11 00 38 00 00 24 00 00 00 00 00
Idotea ochotensis ochoten&sandt IDN 0.0 138 00 333 9.7 0.0 115 0.0 50.0 9.5 00 156 00 00 98
Cleantiella isopugGrube) CLE 0.0 34 3.7 333 4.3 0.0 7.7 9.1 50.0 9.5 0.0 0.0 0.0 0.0 0.0
ORDER AMPHIPODA
Hyalesp. HYA 00 34 37 00 32 00 77 91 00 71 00 00 00 00 00
Amphithoesp. AMP 00 52 00 00 32 00 38 00 00 24 00 63 00 00 39
Corophiidae gen. sp. CoP 00 69 37 00 54 00 154 91 00 119 00 00 00 00 00
ORDER DECAPODA
Pagurussp. PAG 0.0 17 0.0 0.0 11 0.0 0.0 0.0 0.0 0.0 0.0 3.1 0.0 0.0 2.0
OTHERS
Unidentified eggs EGG 200 138 370 66.7 215 00 115 273 500 167 500 156 438 100.0 275
Detritus DET 40.0 483 222 333 398 00 538 91 00 357 1000 438 313 100.0 431
Sands SND 200 86 37 333 86 00 77 00 00 48 500 94 6.3 1000 118
Empty EMP 0.0 8.6 259 00 129 00 192 364 00 214 0.0 0.0 18.8 0.0 5.9

O0DO0O0ODOO0ODOO0ODOOD0DOODAO Corallina

piluiferal D0 O0OCORODOOODOOOOOOOOOO
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Fig.[l.[Dendrogram resulting from UPGMA cluster analysis for male Hanasaki crabs, Paralithodes brevipedndividual
similarity (evaluated by simple matching coefficient) among stomach contents (see Table 1 for abbreviations of

codes). The bootstrap confidence level (from 100,000 replications) is indicated at the node of each cluster.
CPCC=0.986.
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Fig.[2.[Dendrogram resulting from UPGMA cluster analysis for female Hanasaki crabs, Paralithodes brevipesndividual
similarity (evaluated by simple matching coeffcient among stomach contentsd see Table 1 for abbreviations of

codesl] The bootstrap confidence level (from 100,000 replications) is indicated at the node of each cluster.
CPCC=0.995.
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Growth of the Tanner crab, Chionoecetes bairdRATHBUN,
on the Pacific coast of southern Hokkaido

Yasuhiro WATANABE "* and Shuka MARUYAMA "?

0 O Growth of the Tanner crab (Chionoecetes bairjliwas examined from samples caught by crab pots and gill nets
between March 1985 and June 1987 from Funka Bay and the Pacific coast of southern Hokkaido. Juvenile males of 28
0 134mm CW were divided into seven instars, with mean sizes of 33.0, 40.6, 52.8, 71.3, 92.7, 116.6, and 128.4mm CW
and adult males of 75 0 148mm CW into four instars, 93.8, 116.0, 128.5, and 141.7mm CW. Juvenile females of 28 O
98mm CW were divided into five instars, with mean sizes of 32.9, 40.4, 52.7, 71.7, and 85.6mm CW and adult females of
76 O 114mm CW into two instars, 86.1 and 101.3mm CW. The growth pattern was similar for males and females during
the juvenile stage, but differed after maturity. The size increment was similar for juvenile males and females molting to
an adult stage compared with those molting to another juvenile stage. Tanner crabs 1 year after hatching attain 33mm

CW at instar O , at 2 years 72mm CW for instar XI , and adult for instar Xl at 2.5 years.

gbooooooooboob, bo, oo, 0o

gooo

000000000000 0DOODDOOOChionoecetes

bairdi RaTHBUN) O IO O 0O 0 0 0 0O 0O O O M1
0o oboooddoooobo oD 0o Oodr
D@IDooofo000oooooooo™ooooo
oo oooodooooooooooooood

goooobboooobbbbbooobobbboboo
ddddddooooooooooooooooooo
OO00O0ODonaldsonetal™”0 0000000000000
oo 000000 0oo0ooooooooo
Jdodddddoooooooooooooooooooo
good

gooboo
gbooobbooobmnoooboooooog
OO0Frg OOODOOOODOOUOOOOOODOOOO
gboooooboboboobobooboboboog
OTableD M O0O0O0O0OOO0OO0OO0DOOOCOOODOOOD
gbobobooooommoobobobooooog

gboboboboooobooboooboobobobooboo
goobobobooooooboooobooboboboo
gboobooboooooooo* oboogor booboo
gogobobobooooooooboobobobooboo
gbobobooooboobooobooboboboobooo
gobobobobooooboooooobooboboboo
gboboboobooboobommbOdbooooon
0000000000000 00 Hilsinger"OOO0O0O
goobobobooooobogooobooobobobooo
gbooboboooobooboooboobobobooboo
gooboboooooooooboobooboobooo
gboobobooooboob mmbOoboobooooo
gooboboboooboooboooobooboboboo
gboboboboooboooooobobobooboo
goobobobooooooboooobooboboboo
goboooomooooooooobooobooomo
000 Harding" D0 0O0O0O0O0OO0OO0OOOOOOOOO
god

oboboombOorooomoooo

00000000000 D0ODODO (Hokkaido Hakodate Fisheries Experimental Station, Yunokawa, Hakodate, Hokkaido

042-0932, Japan[]

000000D000000D00 (Hokkaido Central Fisheries Experimental Station, Yoichi, Hokkaido 046-8555, Japan)



00 ooooooooo

Hokkaido

Toyoura

.

Mori

sampling area

Tomakomai

Pacific Ocean

0 10

20 300

Fig.[L.CMap showing the study area, Funka Bay and the Pacific coast of southern Hokkaido.

Tablel.CNumber of specimens used in the analysis of size frequency distributions.

Year Maonth Fishing Male Female
gear Juvenile Adult Tatal Juvenila Adult Total
1985 Mar. pot 24 24 23 23
Jun, gill net 18 18 i} GG
Jul, gill net 28 28 24 24
Sep. gill net 44 a4 24 24
Oet, gill net 109 100 BB a8
Mo, gill net 17 77 49 49
1986 Fab, gill net 162 162 65 i)
Mar. pot 590 423 1013 787 44 an
Apr. gill nat 155 39 144 114 27 141
May gill net 825 21 546 225 44 269
Jun. gill net 239 a0 328 133 106 239
Jul. gill net 146 3 149 58 18 76
Aug. il net 543 ] 248 125 60 185
Sep, gill net 166 2 168 46 41 a7
Mow. gill net 14 134 148
Dec. gill net a1 23 a4 26 29 53
1987 Jan, gill net 104 a1 191 21 47 a8
Feb. gill net 134 214 Jag 46 120 166
Mar, pot 477 262 739 113 323 436
Apr. gill net 34 45 79 5 43 a0
May gill net 130 it} 185 7 163 170
Jun, gill net 84 40 124 2 133 135
Total 3910 1319 5229 2061 1334 33495
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The line indicates the linear discriminant function. Open and solid circles indicate juvenile and adult males,

respectively.
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Fig.[B.C(Bize frequency distributions for male and female Tanner crabs caught by crab pots and gill nets, with fitted
normal curves to the distribution of each instar. White and black areas indicate juvenile and adult crabs,
respectively. Arrows indicate the mean CW of each instar.
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Table[2.[Mean carapace width (mm) and standard deviation of male and female Tanner crab instars estimated from
analysis of size frequency distributions.

Instar
Year Maonth  Sex n n+1 n+2 n+3 n+4 n+5 n+6 n+7
Juvenils  Juvensls  duwenil Juvenile  duvenil i
1885 Mar.  Male 3324 52.0+47
Famala 32923 B1.6+35
Jun Maleg 41.1£38 53534
Femals $00+=20 5164249
wul, Male amT+36 537128
Femala 407443 54438
Sep.  Male 61.6+33
Female G346
[a]-13 Mals 69.1+548
Femals 92444
Maw, Male T01+54
TS SR -1 | |- RO R e W SRR T B A PP PGt . . = = -1, NSNS
1986  Fab. Mala T0.1+£47 BEEX1D
Famala 10036
Mar. Mala 63344 70767 B8E5:48 BAAESZ
Famala 62627 TI1x55 84445 85040
Apr, Mala 72344 BI6ETO 93246
Famala T26£37 B5E:I4 85743
May Mala 73448 91854 934460
Famala 722+36 B8HXIA B52+3E
Jun. Mala 72662 89061 919x60
Famala 72946 BI9X2ZB B27X39
Jul, Mala 728+34 900%77
Famala T31£36 86445 BAO0XI6
Aug.  Male M5E54 92756
Female T22+41 87544 B5EE4D
Sep.  Male Tot42 932x54
Female 72946 866X52 85739
MNov.  Malae
Female 81248
Dec.  Mala 83651 95148
o v A s e s s e o RERSE R BRI e e e e s s
1987 Jan. Male 973450 6438 114549 1153275
Female 846430 BEA3G
Fahb. Male 973452 951+38 1145%76 116681
Female 834456 BEAE4T 100647
Mar, Male 97666 95450 114464 112760 129431
Female 47.0+4.2 BRAEIE 999+56
Apr, Male Q4658 TIE1£73 170154
Famale 100647
May Mala 1BAE59 118247 1287229 1276243 141,74
Female 241 101,943
Jun, Mala 119.8+6.2 1281 %27
Femals Br4t46 102449

Table[B.OThe X test of goodness of fit between the observed size frequency distributions and fitted normal curves.

Gax Mals Female
Stage luverile Adult Havenile Adult
Year Month N x° df. P N x~  df P N x* df P M x" df B

1985  Jun. EL] 073 3 0BG ] 0.39 2 0.62
Sep 44 022 4 099 24 0.005 1 084
Oct. e 224 10 099 B3 1.98 1 096
Mo T7 B.02 8 043 44 0.76 L] 059

1986 Feb. 162 1043 10 0.43 58 0.21 5 042
Mar. 590 1755 22 073 423 325 12 059 18T 1704 15 032 44 0.2 5 0.89
Apr. 155 203 12 099 39 0.1 3 0.5% 114 299 § 081 27 1.12 1 025
May 525 931 19 09g i oo 1 0.99 225 678 11 ne1 24 on 3 0Ee7
Jun. 234 175 14 080 aa 4,34 o 0.EB 133 294 7 D.aa 106 210 L] 081
Jul 146 5.62 i3 0.06 58 226 4 069 18 004 1 064
Aug. 543 816 21 099 125 209 11 0.69 G0 1.06 § 0.82
Sep. 166 474 15 099 48 260 2 027 41 193 4 0.74
Hew. 134 268 k) ne7
Dac. i1 0.27 L] 099 23 087 1 0.32 26 0.37 1 0.54 29 033 3 096

1987  Jan 104 10069 a 022 a7 5.30 9 080 Fal 0.2z 1 04 47 42 4 oo4
Feb. 134 787 9 0.55 214 1518 17 0.58 45 1.1 4 0.89 120 499 8 076
Mar. 47T 885 20 098 262 521 15 058 113 052 7 LEE 323 507 12 056
Apr. M 0.46 K| 042 45 1.70 5 0.88 45 322 5 0a7
May 130 5.00 a 0.76 65 0.58 2 0.75 163 3 1] 0.69
Jur. B4 8.20 [ 0.22 133 093 11 089
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Table[#.[Average carapace width and increment of instars of male and female Tanner crabs

estimated from the arithmetic mean of the mean carapace width of each instar in Table 2.

Average carapace Increment
Instar Stage width _ (mm) (%)
Male Female Male Female

n Juvenile 33.0 329
n+1 Juvenile 40.6 404 23.0 228
n+2 Juvenile 2.8 52.7 301 305
n+3 Juvenile 71.3 .7 351 36.0
n+4 Juvenile 92.7 856 30.0 19.5

Adult 93.8 86.1 315 20.2
n+5 Juvenile 116.6 25.7

Adult 116.0 101.3 23.7 15.5
n+6 Juvenile 128.4 101

Adult 1285 10.8
n+7 Adult 141.7 10.4
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Fig.[4.[Bize frequency distribution for unsexed Tanner crabs collected by
beam trawl in August 1984 on the Pacific coast of Tokachi,
eastern Hokkaido. Numbers above the modes indicate the mean
carapace widths(Torisawa, unpublished data).
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Table[5.[Carapace width (CW) and age of instars of male and female
Tanner crabs from the Pacific coast of southern Hokkaido.
Predicted CW was derived from the juvenile growth equation
(Ln+1=1.272L.n+1.058).

: A
Instar Observed CW (mm) Predicted (manthfaﬂer
Male Female  CW (mm) cattlaianit)

I a0

I 5.0° 4.8 05

m 7.3 72 1

v 102 15

i 14.0 2

VI 18.9 3

VI 25.1 55

VI a3 129 33.0 8

X 406 404 430 11

X 528 527 56.8 14
X1 713 717 72.0 20
X 832 86.6 26
Xm 1160 1013 a2
XV 1280 44
XV 1420 56

#*, zex undetermined juvenile
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Fig.[b.Graphic representation of Hiatt growth models for juvenile and
adult male and juvenile female Tanner crabs. Open and solid
circles indicate juvenile and adult males and open triangles
indicate juvenile females, respectively. The solid and broken lines
indicate the Hiatt growth equations for males and females,
respectively.
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Table[6.[Percentage molting activity for male and female Tanner crab from instar X to instar XV . Maximum values for

molting activity by each instar are underlined.

(A Males
Stage Juvernle Adult
Instar A=X | Al=X10 HAO—XM AM—XTV Al=—X1 HOI—XI AM—XTV AN—=XV
Year Month %% MWember % % Mumber %% Muymber %%  Mumber % Mumber %%  Mumber
1986 Fab. 286 125 a 161 a 36 [ 125
Mar 03 344 1.3 524 0 180 2.0 167
Apr. 21 106 24 155 a 57 1.4 145
May 0. 300 8.0 538 0.4 239 44 a
Jun, ] 0.5 50 240 11 169 6.2 181
Jul, a EA 128 148 a5 BG a3 75
Aug 0.4 251 78 544 1.0 2493 64 254
Sep L G 459 167 a 107 415 62
Now.
Dec. 50 G0 52 B0 0 21
19687 Jan 13 77 247 102 40 25 a 3z 285 133 4.0 25
Feah. L] 85 134 135 4.0 50 4] 35 8.4 264 4.0 50
Mar, 4] 325 7.1 474 0a 184 4] T4 16 476 27 223
Apr. 8.1 33 4] 33 a 43 4] 35
May 52 58 B3 129 a6 35 138 BO in 16
Jun, 48 42 a3 240 136 okl 10.9 95 1] 22
[ Famales
Stage duwvenile Adult
Irstar K=X1 XI—=XT1 XI—-XI XO—XMm
¥ %% MWumber %% Number % Murnber % Mumnber
1986 Feb. 305 50 15 67 i 6d
Mar, 0.6 G6&7 2B 143 a 713
Apr. 10 100 4] 114 4] 123
May 0 184 22 224 22 229
Jun 09 13 B2 134 54 222
Jul 4] iz 140 57 118 51
Aug, 4] ki) 288 124 26.1 138
Sep. o 30 333 48 219 73
Naw. [¥] 18 [{] 135
Dec 125 40 135 ar
1987 Jan. 222 36 218 55
Feb. 240 50 238 122 48
Mar. or 142 5 241 253 225
Apr ] 5 44
May o] 7 1.1 BB 6.0 Bd
Jun. 1] 1 0 72 0 L]
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Table[7.[Comparison of the mean carapace width of Tanner crab (Chionoecetes bairjlinstars fonud by Donaldson et al.
(1981) in the northern Gulf of Alaska and this study in the Pacific coast of southern Hokkaido and for snow
crab (Chionoecetes opiljpinstars found by Kon (1980) in the Sea of Japan and Sainte-Marie et al (1995) in

northwestern Gulf of St. Lawrence.

Snow crab Tanner crab
Instar Kon (1980) Sainte—Marie Donaldson et a/. This study
et al. (1995) (1981)
Male Female Male Male Female Male Female

I g 3.19 35 34 307

il 46" 5.12 4.6 45 48"

i 65" 7.65 6.1 6.0 72"

vV 9.7 10.97 8.1 79 10.2*

' 135" 15.32 10.7 104 140"

VI 19.6 19.0 21.02 14.1 13.7 18.9"

VI 973 27.9 28.48 18.6 18.1 25.1"

VI 36.8 37.2 38.25 246 23.9 33.0 329

X 492 496 50.73 325 31.6 40.6 40.4

X 65.2 66.2 64.53 429 417 52.8 52.7
X1 80.0 77.4 79.79 55.0 53.6 713 717
X I 93.4 96.67 695 67.8 93.2 86.6
XM 1056 115.34 86.7 82.7 1164 1013
XN 1167 135.99 1085  97.0 128.4
XV 1268 131.8 141.7
XVI 1359 156.8
XVI 1442 1835
X VI 212.1

*, sex undetermined juvenile
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Vertical distribution of the Pacific pink shrimp,
Pandalus eous Makarov, in Ishikari Bay, Sea of Japan

Keiji MAEDA" and Shuichi NISHIUCHI"

O Vertical distribution of the Pacific pink shrimp, Pandalus eoudakarov, was investigated in Ishikari Bay, Sea of Japan,

over a three year period, 1993-1995. A total of 340 shrimps were sampled with surface-to-bottom pot fishing gear and

ORI net during the six surveys, of which 290 specimens were sampled from mid-waters. All adult stages of Pandalus

eous, i.e., males, transitionals, non-ovigerous females and ovigerous females, were found in the mid-water layer in

Japanese waters. However, the pink shrimp caught in mid-water were composed mostly of males. From the average

depth distribution in each adult group and the relationship between carapace lengths of males and their collecting

depths, it is clear that younger shrimps are distributed at shallower depths than older ones. In addition, it was found

that P. eouswere distributed in water below the "Tsushima Warm Current Intermediate Waters".

Key word: Pandalus eous] pink shrimp vertical distribution surface-to-bottom pot fishingd ORI net samplingd

0000 ontogenic vertical migration

Introduction

0O The Pacific pink shrimp, Pandalus eous Makarov, is
distributed in the north Pacific Ocean and adjacent
waters (Bering Sea, Sea of Japan and Sea of Okhotsk),
and is one of the most important shrimps for Japanese
fisheries. In Hokkaido, P. eousis generally caught by
shrimp pot and beam trawl on the continental slope off
the coast of northwestern Hokkaido from 300 to 650 m
depths ? with annual landings of about 2,500 metric tons.
O Diel vertical migration is known for the pink shrimp in
Kachemak Bay, Alaska *®. The Atlantic pink shrimp P.
borealiswhich has recently been taxonomically separated
from the Pacific pink shrimp ?, is also known to migrate
into mid-water in Greenland waters ®, in the Gulf of
Maine ® and in other waters.

O Although several investigations on the vertical
distribution of Pandalus spp. have been conducted in the
northeastern Pacific and Atlantic waters, there is still
little information on the vertical distribution of the shrimp
in Japanese waters. In Japanese waters, Pandalus eous

except for larvae ™ and a single juvenile ® have not been

collected in water. Most Japanese fishermen also believe
that the pink shrimp is exclusively a benthic species,
because P. eousare usually fished on the bottom using
various kinds of trawl and pot fishing techniques .
However, indirect evidence suggests vertical migration of
the shrimp would occur. Trawl fishermen in Yamato
Bank (Honshu) * and Mashike (Hokkaido) in the Sea of
Japan state that the amount of pink shrimp captured on
bottom is less at night. The same phenomenon was
found in other waters ™.

0 The purpose of this study is to examine whether or not
P. eousin Japanese waters indeed vertically migrate into
waters above the sea bottom and to describe the

characteristics of their distribution pattern.

Materials and methods
0 Pot fishing Six surveys were conducted during 1993-
1995 aboard the R. V. "Oyashio-Maru" (178 gross tons) in
waters west of Yoichi Spur which is one of the most
important fishing grounds for pandalid shrimps in
Ishikari Bay, Sea of Japan (Fig. 1, Table 1). Most

o000 0OD bInoobmo oo o

0 O Hokkaido Central Fisheries Experimental Station, 238 Hamanaka-cho, Yoichi-cho, Hokkaido 046-8555, Japan
O O (e-Mail; Maeda: maedak@fishexp.pref.hokkaidg.fpishiuchi: nishiuchis@fishexp.pref.hokkaidd.jp



[T K. Maeda and S. Nishiuchi

shrimps in this study were collected with surface-to- suspended from a buoy and an anchor from sea surface
bottom pot fishing gear which was slightly modified from to bottom with pots intermittently attached (Fig. 2). A
the collection device used by Barr and McBride . The sandbag (about 100 kg weight) was used for an anchor.
structure of the gear is as follows: the main rope was Fishing pots were fixed with a short rope to the main

20’ 40° 141°E 20’
43°40° N — 1 1 . I 43°40° N
- 30’
\ - 20’
Surveyed Area
10— T 10’
20 40’ 141°E 20’
Fig.(L.CMap showing the area surveyed by ROV[yashio-Maru between 1993 and 1995.
Table[1l.[Bampling data of surface-to-bottom pot fishing surveys for 1993-1995.
Mainlope  Pots Locality Depth of Setting Pulling Experimental
Survey Exp.No. length  Interval Latitude (N) Longitude (E)  Bottom Year Date Time Date Time period**
1-1 300m  SO0m 437 2287 140 3937 295-330* 1993 17, Aug. 18:55 18, Aug.  5:10 N
12 300m  SOm 43" 2267 140" 394 291 1993 17, Aug. 19330 18, Aug. 415 N
Ist 13 300m  S0m  43° 2247 140" 3957 283 1993 18, Aug. 457 18, Aug. 18:13 D
survey 1-4 300m  S0m  43° 2247 140" 3947 279 1993 18, Aug.  5:26 18, Aug. 18:42 D
1-5 250m  50m 43" 2257 140" 3887 249 1993 18, Aug. 18145 18, Aug. 423 N
1-6 250 m S0m 43" 225 140" 38.8° 250 1993 18, Aug.  18:46 18, Aug.  4:38 N
2-1 400m  20m 43" 236 1407 403~ 372 1994 18, May 19:59 18, May  23:55 N
22 400m  20m 43 2317 140" 4047 376 1994 18, May 20:26 19,May  0:20 N
23 400m  20m 43" 2327 1407 4057 386 1994 19, May  0:40 19, May  5:00 N-D
2-4 400m  20m 43" 2357 140" 4047 373 1994  19,May  1:02 19, May  5:30 D
2nd 2.5 400m  20m 43 2377 140" 403 ° 376 1994 19, May 605 19, May  10:26 D
survey 26 400m  20m 43" 2377 140" 4057 387 1994  19,May  6:21 19,May  9:58 D
2-7 500m  20m 43’ 2507 140" 40.1° 483 1994 19,May 11:07 19, May  15:00 D
2-8 S00m  20m 43’ 2507 1407 4037 487 1994 19, May  11:30 19, May  14:38 D
29 500m  20m 43" 2757 1407 4537 467 1994 19, May 16:08 19, May  20:30 N
2-10 S00m_ 20m 43" 276 140" 45.1° 491 1994 19, May  16:34 19, May  20:00 N
3-1 340m  20m 43" 2387 140" 39.3° 334 1994 29, Aug. 17:56 31, Aug. 18:10 N-D-N-D
3rd 32 340m  20m 43" 2357 140" 3977 336 1994 29, Aug. 18:14 30, Aug. 454 N
survey 33 340 m 20m 43" 2357 140" 39.7° 336 1994 30, Aug. 5:32 30, Aug. 18:16 D
3-4 340m  20m 43" 2357 140" 393 ° 336 1994 30, Aug. 18:52 31, Aug.  18:10 N-D
4th 4-1 340m  20m 437 2277 1407 421 338 1994 9.Nov. 1527 10, Nov. 3:12 N
survey 42 340m  20m 43" 226 140" 42.1° 332 1994 9,Nov. 1545 10, Nov. 331 N
5-1 340m  20m 437 226 1407 4327 340 1995  27,Feb. 17:31 28,Feb.  6:30 N
Sth 52 340m  20m 43" 2307 140" 436 341 1995  27,Feb. 1835 L, Mar.  7:12 N-D-N
survey 53 340m  20m 437 2257 140" 4297 336 1995  28,Feb. 657 28, Feb. 17:32 D
5-4 340m  20m 43" 2257 140" 429 343 1995 28, Feb. 18:02 I, Mar.  6:46 N
6th 6-1 240m  20m  43° 224’ 140° 432’ 236 1995 21, Aug. 17:52 23, Aug. 17:47 N-D-N-D
survey 62 340m  20m 43" 226" 140° 43.0° 340 1995 21, Aug. 18:08 23, Aug. 18:19  N-D-N-D
6-3 440m  20m 43" 230" 140° 42.8’ 437 1995 21, Aug. 1827 23, Aug. 18:27 N-D-N-D

*  The sampling gear drifted.
*% N: Nighttime, D: Daytime
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Fig.[2.[Diagrammatic illustration of the sampling gear for Pandalus eous.

rope at intervals of 50 or 20 m. Each fishing pot was 70
cm in diameter at the bottom ring, with 19 x 19 mm
mesh apertures. A plastic funnel-shaped entrance of 30
cm in diameter was attached to the upper surface of the
pot. Four walleye pollock per pot were used as bait.

The first
preliminary survey (August 1993) was carried out to

0 Sampling data are shown in Table 1.

initially check the suitability and operational procedure of
pot fishing and to examine the vertical distribution of
pink shrimps. In the second survey, 4 hour-interval
samplings were conducted to examine the diel migration
of the shrimp. In the third to fifth surveys, four different
interval experiments (nighttime, daytime, 1 day and 2
days) were carried out to compare the number and
developmental stages of shrimps collected at different
depths.

were not successfully accomplished owing to stormy

Most of the experiments in the fourth survey
weather.  During the 6th survey, 2 days interval
samplings were carried out at areas with bottom depths
of 240, 340 and 440 m depth.

0 ORI net sampling Supplemental net samplings were
carried out in 1994 and 1995 using a 160-cm opening-

Vertical distribution of the Pacific pink shrimp in Ishikari Bay [TT]

closing plankton net: Ocean Research Institute net (ORI
net). The structure of the ORI net is described in detail
by Omori et al. ™. Actual towing depths were monitored
on the ship with an acoustic net recorder system (FCV10
and FNR-80, Furuno Co. Ltd.),
controlled by changing the wire lengths and towing

and depths were

speeds (about 1.5-2.0 knots). The filtering section of the
ORI net has 2 x 2 mm mesh apertures. Horizontal tows
were carried out during the 3rd, 4th and 5th surveys.

During the 6th survey, oblique tows were done in three
different depth layers (300-200 m, 200-100 m, 100-0 m).

Data and sampling procedures using the ORI net are
shown in Table 2.

0 Measurement and definition of sexual groups After
sampling, specimens were immediately preserved at 0 20
0. Oblique carapace lengths (OCL), distance between
posterior margin of orbit eye and posterodorsal margin of
the carapace ¥, were measured to the nearest 0.1 mm
Pandalus eous matures and
through the

"transitional" phase before becoming "female" . The

with digital calipers.

functions first as "male", passes
sexual stage of each individual was determined based on
the shape of the endopodite of the first pair of pleopods
' Females spawn every other year in the Sea of Japan.
"Females" were divided into "ovigerous female" and "non-
ovigerous female" according to the presence or absence
of external eggs. Immature specimens and mature males
were grouped as "male".

00 Oceanographic observations Water temperature
and salinity near the sampling sites were measured with
a CTD (conductivity temperature depth recorder; Sea
Bird Model SB-9/11). The CTD data were collected at
In the

sixth survey, data were obtained only at the standard

one meter intervals in the first to fifth survey.

depths used in the periodic oceanographic observations
by the Hokkaido Fisheries Experimental Station, i.e., 10,
20, 30, 50, 75, 100, 125, 150, 200, 300, 400 m, and the
vicinity of the bottom.

0 Statistical analysis Data of the third survey were
statistically analyzed for comparison of distributions,
using SPSS ver. 8.0 using a one factor analysis of variance
(ANOVA) with a Tukey HSD test.

Results
0 Pot fishing In the preliminary survey in 1993, a total of
39 specimens of Pandalus eous were sampled only during
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Table 2. Data of ORI net samples.

Sampling site Numbers of
Towing Towing Depth of Time of day Starting point Finishing point individuals* OCL**
depth (m)  direction bottom (m) Date Start  Finish Lat. (N) Long. (E) Lat. (N) Long. (E) M T (mm)
200 Horizontal ~ 302~305 29, Aug. 1994 1315 13551 43" 227 140" 41.0'0 43" 230 140" 39.0 0 0 —
300 Horizontal — 409~412 30, Aug. 1994  9:33  10:03 43" 249 140" 3000 43" 254 140" 38.0' 0 0 —
205 Horizontal ~ 380~409 30, Aug. 1994  16:18 1649 43" 252 140" 386 43" 245 140" 302 0 0 —
180 Horizontal ~ 348~350 31, Aug. 1994  20:07 20:37 43" 227 140" 40.1' 43’ 241 140" 392 2 0 89~108
140 Horizontal — 362~368 1, Sep. 1994 0:14 044 437 227 140" 395 43 246 1407 387 0 O —
140 Horizontal ~ 385~604 9, Nov. 1994  13:59 1429 437 266 140" 42.1' 43" 274 140" 423 0 0 —
150 Horizontal ~ 413~495  27,Feb. 1995 1341 1411 43" 223 140° 428 43" 231" 140" 427 0 0 —
250 Horizontal ~ 487~3521 27,Feb. 1995 1449 15119 437 251°  140° 42.9° 43" 241 140" 42.9' 6 0 —
150 Horizontal ~ 481~538  27.Feb. 1995 2315 23:44 43" 249 140" 42.9° 43’ 241 140" 43.0' 6 0  64~112
250 Horizontal ~ 484~523 28, Feb. 1995 0:13 043 437 249 1407 429 437 243 140" 430 10 217
300~200  Oblique 419~445 21, Aug. 1995 21:09 21:40 43" 239" 140" 40.8' 43" 245 140° 40.2 2 1 13.0~188
200~100  Oblique 406~455 21, Aug. 1995 22:14  22:44 437 244 1407 40.6' 43° 237" 140° 40.6 [UN] —
100~0 Oblique 340~367 21, Aug. 1995 0:25  0:54 437 238 140" 39.7' 43° 246 140° 38.7 1 0 13.6
300~200  Obligue 390~468 22, Aug. 1995 4:44 514 437 245 1407 39.3' 437 251" 1407 39.5' 0 0 —
200~100  Oblique 395~442 22, Aug. 1995 7:26  7:56  43° 247 140° 39.6' 43° 245 140° 39.3 0 0 —
100~90 Oblique 431~472 22, Aug. 1995 841 910  43° 247 140" 40.6' 437 241" 140° 404 0 0 —
100~0 Oblique 364~411 22, Aug. 1995 20022 20:51 43 237 140° 398 43° 244'  140° 39.8 0 0 —
200~100  Oblique 360~427 22, Aug. 1995 21:09 21:39 437 241' 1407 4020 43° 235 140" 39.8' 0 0 —
300~200  Oblique 446~459 22, Aug. 1995  22:30 23:00  43° 242 1407 406 437 248 140" 400 11 193~223
100~0 Oblique 425~455 23, Aug. 1995 449 518 43° 239 1407 404' 437 245  140° 404 0 0 —
200~100  Oblique 408~440 23, Aug. 1995 5:38  6:08 437 244 140" 403 43° 238 140" 40.2 0 0 —
300~200  Oblique 427~459 23, Aug. 1995 6:30  7:00  43° 239 140° 403 43° 245 140" 40.6' 0 0 —
* M:males, T:transitionals
** OCL: Oblique carapace length
the nighttime experiment. Six of them were collected in Number of individuals
. 0 10 20 30 40
a pot set 50 m above the bottom (about 250 m), while the e
. . N =39
others were sampled on the bottom (Fig. 3). These six 50 -1 Aug. 17-18,1993
shrimps taken in mid-water were composed of five males 100 - Nighttime
ranging from 17.5 to 23.0 mm OCL and one transitional of __150
. . . S
25.9 mm OCL (Fig. 4). These specimens were the first =200
e
records of adult pink shrimps collected in waters above Fos0 1A
. . a)
the sea bottom in Japanese waters. Most of the shrimps 300
sampled on the bottom were composed of transitionals. 350
The carapace length of the shrimps caught on the bottom 400
ranged form 18.9 to 27.3 mm and the modal frequency at "
g quency ] Male [l Transitional

25 mm was observed.

0 The 4 hour-interval fishing experiments were carried
out in May 1994, and a total of ten P. eouswere captured
in the first (bottom) and second pots. These shrimps
were composed of six males ranging from 14.8 to 19.0
mm OCL, four non-ovigerous females of 25.6 to 26.7 mm
OCL and an ovigerous female of 25.6 mm OCL. Six of
them were collected in the second pots 20 m above the

bottom pot (first pot). However, these second pots had

Non-ovigerous female [ Ovigerous female

Fig. 3. Vertical distribution of P.eousin the nighttime experiments during

the 1st survey, August 1993.

apparently come in contact with the sea bed as captures
of snow crabs and brittle-stars occurred in the same pots.
OIn the third survey (August 1994), the four fishing
experiments were carried out with different periods
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between setting and pulling the pots; i.e., "Nighttime",

"Daytime”, "1 Day" and "2 Days". A total of 254 P. eous
were caught in the mid-waters except for the "Daytime"

sampling.  No shrimps were captured during the
daytime, not only from the mid-water but also on the
bottom. Vertical distributions of the pink shrimp showed
similar patterns among the three experiments (Fig. 5).

The upper Ilimit of distribution was observed at
approximately 120 m depth. Maximum concentrations
were observed in the upper part of their vertical
distribution (120 - 220 m). Few shrimps were sampled at
the bottom or in the vicinity of the bottom.

0 Only a nighttime experiment was carried out in the 4th
survey owing to stormy conditions, but no shrimps were
captured during the experiment.

[0 Only three specimens were collected in the 5th survey
(Fig. 6), although important information was obtained
from these specimens. A female collected at mid-water
depth of 200 m was ovigerous with pigmented eyed eggs.
Further two non-ovigerous females collected in the water
above the bottom possessed breeding setae on the
protopodites of their pleopods.

0 The 6th survey was conducted to compare vertical
distribution patterns among three grounds with different
bottom depths. Pandalus eous were observed at almost
the same depth in all three grounds; 180-220 m in water
at 240 m deep ground, 220-300 m in water at 340 m deep
ground, and 220-280 m in water at 440 m deep ground
(Fig. 7). The distribution pattern at the deepest ground

(440 m) was similar to the pattern observed in the third
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Fig.[b.[Vertical distribution of P. eousduring the third survey in August 1994.

No specimens were caught during the daytime sampling.
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survey, i.e., a maximum concentration depth near the
upper limit of distribution, and a small number of
shrimps caught in waters just above the sea bottom.

0O ORI net sampling Fig. 8 shows the number of
individuals collected by ORI net with data of the time of
day, category of daytime or nighttime and sexual stages.
A total of 14 individuals were captured by ORI net. All of
the specimens were males except for one transitional
specimen, and all were sampled during the nighttime
tows.

O Hydrography Vertical profiles of water temperature
and salinity are shown in Fig. 9. A steep seasonal
thermocline was recognized in August, at depths of

between 50 and 70 m in 1993, between 20 and 40 m in

Number of individuals
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260+
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1994, and between 30 and 70 m in 1995, respectively. In
August, high-salinity subsurface water (34.2 O PSU)
derived from the Tsushima Warm Current was found at
depths from 50 to 150 m in 1993, and from 40 to 140 m in
1995, with a maximum salinity at 80 m deep in both
years. On the other hand, in August 1994, high-salinity
water was recognized at a shallower level at depths
between 30 and 100 m with a maximum salinity at 50 m.
Well mixed water was found in the upper 100 m in
lying
beneath the mixed water. In late winter (February 27 to

November 1994, and high-salinity water was

March 1, 1995), well mixed water was recognized in the
upper 120 m. Although the water between 40 and 120 m
showed a slight increase in salinity in early spring, high
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salinity water as in summer was not observed. In late
spring (May 1994), there was no distinct thermocline and

no high salinity water.

Discussion
O Vertical distribution of Pandalus eous adult stages
From the data presented here, it is clear that P. eousin
Ishikari Bay distribute in mid-water. A large number of
pink shrimps were caught in water above the bottom
using both surface-to-bottom pot fishing and an ORI net.
It was thought that P. eousin Japanese waters was a
benthic species, because most investigations for adult P.
eous in Japanese waters had been carried out on the
bottom using pots or trawls. In addition, it was difficult to
collect an adult pink shrimp with plankton nets or larval
nets owing to their marked escape ability. Actually no
shrimps were caught in our survey with the ORI net
during daytime (Fig. 8).
0 Pandalus eous shows similar protandric sexual
development as other pandalid shrimps. The first point

Vertical distribution of the Pacific pink shrimp in Ishikari Bay [TT]

to be consider is the difference in distribution patterns
among the four sexual groups. Sexual stages of Pandalus
spp. collected in mid-water have been described in some
reports. In the Gulf of Maine, five mature males and one
spent female of Pandalus borealis were collected in water
above the bottom with a Scharfe mid-water trawl or an
Isaacs Kid mid-water trawl ™ In our surface-to-bottom
pot fishing experiments, 81.7% in numbers of all the
shrimps caught in water above bottoms were male. In
addition, all the shrimps collected with the ORI net were
also males except for one transitional specimen. Shrimps
distributed in water above the sea bottom were mostly
composed of males.

0 Ovigerous females are known not to show vertical
migrations™, because ovigerous females have never been
collected in water above the bottom in spite of many
examinations on the vertical distribution of Pandalus spp.
Some authors have pointed out that ovigerous females
do not migrate vertically owing apparently to their
decreased ability to swim ™. However, ovigerous females
were sampled from mid-water. Why do ovigerous
females migrate to shallower waters with a great energy
expenditure in spite of a probable lessened swimming
ability? Three females collected in February 1995 yielded
important information. One of them was ovigerous with
pigmented eggs. The others had breeding setae on the
On Musashi Bank off
northwestern Hokkaido, hatching occurs in the period

protopodites of the pleopods.
between February and March™. Yorita'® demonstrated
ovigerous females moved from deep grounds (from the
Otaru Bank to the west of Musashi Bank, 0 300 m) to
shallow grounds (the margin of continental shelf, 200-250
m) where the larvae hatch out. If ovigerous females
vertically migrate to shallow waters and hatch larvae out
there, such a behavior may promote dispersal of the
planktonic larvae. The fact that ovigerous females were
sampled in shallower water in February (200 m) than in
August (280-300 m) support the possibility that hatching
of eggs occurs in mid-water.

O Then, the next problem that should be discussed is the
relationship between vertical position of P. eousin the
water column and its sexual stages. Kurata” found larvae
of P. eousat the surface in Ishikari Bay and at a water
depth of 10 m off the Kushiro Pacific Coast. Abe® also
caught larvae of P. eousat water depths from 50 to 0 m on
the Pacific coast of Kushiro. A juvenile shrimp (8.0 mm
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Table[B.[Comparison of distribtion depths of the four matur

ity stage groups.

Sexual group
Male Transitional Non-ovigerous female Ovigerous female
Number of individuals (N) 213 37 6 0
August Depth range (m) 120 - 280 120 - 340 160 - 340 —
1994 Mode depth (m) 160 1807200 340 -
Mean depth = SD* 165.35+£34.03a  197.84+60.51a 270.00 =76.68a —

* Same suprescript indicates significant difference between the two mean depths (one factor ANOVA p<0.01).

CL) was captured with a MTD net at a water depth of 175
m off the coast of Ishikawa Prefecture in the Sea of
Japan®. In this study, it was found that all the sexual
groups of P. eousi.e., males, transitionals, non-ovigerous
females and ovigerous females, were found in the water
column in Ishikari Bay. Table 3 indicates the comparison
of the average depths among the four sexual groups of P.
eousin the third survey conducted at the same depth.

The mean depths of pink shrimps were 165.35+ 34.03 for

60.51 for transitionals, and 270.00 *
Significant difference

males, 197.84 +
76.68 for non-ovigerous females.
were observed in mean depth distribution between all
groups (i.e., male, transitional and non-ovigerous female
groups) collected in the third survey by ANOVA with
Turkey HSD test. This indicates that the average depth
of distribution of P. eousincreases with the advance of

sexual stages.



0 Relationship between the body size and depth
O The relationship between the body weight of P. eous
and the depth has been examined in some studies. Barr ¥
compared the average weights of shrimps captured at
different depths and showed that the proportion of small
shrimp was usually much higher in catches from mid-
water than in those from the bottom. He concluded that
"small Pandalus borealis have a greater tendency to
On the
contrary, Carlsson * reported that "larger shrimps were

migrate vertically than the larger individuals".

participating in the migration to a greater extent than
smaller shrimps" in Disko Bay (Greenland), on the basis
that "while there was a decline in catches at night, the
number of shrimps per kg rose".

0 The
carapace lengths in males, (the main sexual group in mid-

relationship between sampling depths and

water), is represented (Fig. 10). Smaller carapace length
specimens have a tendency to be found in shallower
depths.
migrate to a greater extent to shallower waters than

This suggested that smaller shrimps vertically
larger ones. Our results are consistent with Barr's
results obtained in Kachemak Bay. In addition, an
interesting result on the activity of P. eousin a laboratory
experiment is reported. Nakanishi and Nishiyama *
studied the differences of the activity of P. eousbetween
daytime and nighttime, and between small and large
shrimps. They showed that activity was higher in
smaller pink shrimps than in larger shrimps, and also
higher at nighttime than at daytime.

OIn the present study, males were found in shallow
waters than transitional and females as already shown
above. Furthermore, it is found that smaller males are
more abundant in shallow waters than larger ones.
Younger shrimps, in other words, migrate further than
older ones. Activity vertical migration into mid-water
probably reduces with development. It is known that
some species of copepods and euphausids perform an
"ontogenic vertical the vertical

migration™; namely,

position of distribution changes with ontogenic

21, 22)

development The features of the vertical

distribution observed in P. eous are similar to the
ontogenic vertical migration as shown in copepods that
moves from shallower to deeper water with ontogenic
development.

O Relationship between vertical distribution and

hydrography = One of the most important factors

Vertical distribution of the Pacific pink shrimp in Ishikari Bay [TT]
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determining the distribution of P. eous is water

12 For example, Apollonio and Dunton ™

temperature
showed that vertical migration did not occur through the
thermocline in the Gulf of Maine. It is important to note
the upper limits of distribution of pink shrimps in this
study were at depths ranging within 60 m where the
But,
temperature at the upper limit varied from 180
(February to March 1995) to about 60 (August 1995).

The vertical distribution pattern of P. eous in Ishikari Bay

thermocline was found (Fig. 9). the water

is not strictly determined by water temperature.

However, it may be related to hydrographic features of
the water mass. Because the upper limits of the
distribution of P. eousin Ishikari Bay were observed
below the "Tsushima Warm Current Intermediate
Waters" * characterized as warm (7-14 0 ) and high-
salinity (34.0<PSU) waters, and the depths at which the
maximum concentration of P. eouswas observed were 20-
60 m below this limit. The upper limit and maximum
concentration stratum were observed at shallower depths
in 1994 than in 1995.

explained by the difference in hydrographical features

These results are probably

between the two years: the Tsushima Warm Current was
weaker in 1994 than in 1995.
O Diel vertical migration Barr® collected a large
number of P. eoususing surface-to-bottom pot fishing

with a three-hour interval and demonstrated that the
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shrimp apparently left the vicinity of the bottom about
dusk and returned to the bottom about dawn. However,
evidence of a diel periodicity in vertical migration was not
confirmed for P. eousin this study. Four-hour interval
experiments in the second survey were attempted to
examine the periodicity of diel vertical migration, but no
catch of P. eousoccurred. If P. eousshow a diel
migration pattern as found in Kachemak Bay ®, the
species will be distributed in the daytime in the vicinity of
the bottom. But there was no catch on the bottom in the
daytime in the third survey (August 1994). In addition,
the number of individuals collected in the vicinity of the
bottom did not increase with experimental periods,
though the total number of shrimps increased with
experimental periods (Fig. 11).

0 The reason for failing to obtain evidence of a diel
vertical migration pattern in our experiments would be
related intimately with the next question as follows: Why
did the pots above the bottom catch more shrimps than
on the bottom? The results of our surface-to-bottom pot
fishing (Figs. 5, 7), except for that of the experiment in
August 1993 (Fig. 3), indicate that the P. eousis more
abundant in water above the bottom rather than on the
bottom. Two alternative interpretations are available for
this result.

0 The first is the case that the shrimps caught in the
upper layer are transported from adjacent waters by a
current. In this case, the catch in the upper layer is
independent of that on the bottom, and of composition of
sexual groups and abundance. Shrimps were probably
less abundant in the areas surveyed in August 1994 and
1995 on the bottom. The interpretation can explain no
catch on the bottom in the daytime in spite of diel vertical
migration, because the bottom pot will not catch shrimp
if the specimens do not exist on the bottom.

O The second is related with the composition of the
If the

depth distribution of shrimps is correlated with the

sexual groups of shrimps in the area surveyed.

sexual stages, the composition of sexual groups in the
area surveyed will influence the vertical distribution
pattern. Our results suggest that younger shrimps are
distributed in shallower waters than older ones, as
mentioned above. The most abundant layer would be in
shallow waters in the area where males are dominant,
while it would be on the bottom in the area where

females are dominant. Although, in this interpretation,
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of individuals in the third survey.

males are always distributed in water above the bottom, a
lot of males are caught on the bottom during commercial
pot fishing. However, this inconsistency will be solved in
the following consideration. The bottom depths ranged
from 240 to 440 m in the 6th survey, though the shrimps
were found at almost the same depth in the three
grounds. This result suggests that P. eousselects a
specific depth in the water column. The distance from
the bottom, in other words, is probably not important for
the shrimps. If the depth of the upper limit of
distribution are located at the bottom depth, shrimps
would abundant on the bottom.

0 The second interpretation does not demonstrate the
diel periodicity of vertical migration. If P. eousshows diel
vertical migration, it is necessary to explain the reason for
no capture during the daytime on the bottom. As Barr?
pointed out, "the lack of any catch of shrimp does not
unquestionably prove the absence of shrimps in the
vicinity". This is one of the most likely reasons that P.
eouswere not attracted to the baits in the daytime owing
to their lower feeding activity.

0 So far we have discussed the possibility of diel vertical
migration in P. eous but evidence for diel periodicity in
vertical migration could not be shown in this study due to
the problems with the sampling methods. Many factors
affect the catchability of pot fishing, e.g., water motion >
(underwater current), water temperature, predators (for

shrimps or bait), and so on. For example underwater



currents can influence the stability of the pot, and water
temperature * is related with the activity and appetite of
crustaceans and with the rate of molecular diffusion from
the bait. Most of them are, however, inevitable problems
On the other hand, ORI net
sampling is a direct sampling method, but its collecting

for pot fishing using bait.

efficiency is too low to examine the abundance of adult P.
eous in mid-water. Further examinations on sampling
methods are necessary to demonstrate any diel
periodicity of vertical migration in Japanese waters.
Additionally,

distribution of larvae and juveniles is required to be able

a broader investigation examining a
to discuss the role and implications of the ontogenic
vertical migration on the life history and fishery of
P. eous

Summary

1) A total of 290 specimens of Pandalus eous in Japanese
waters were caught in mid-water using surface-to-
bottom pot fishing and ORI net sampling in Ishikari
Bay, Sea of Japan, Hokkaido.

2) All sexual groups (male, transitional, non-ovigerous
female, and ovigerous female) of P. eousmigrate into
the water column leaving the bottom. Most shrimps
swimming in the mid-water strata were composed of
males.

3) Ovigerous females are able to migrate into the water
column.

4) Small
shallower waters than large and old ones. The results

and young shrimps were distributed in

show that the vertical distribution moves to deeper
waters with ontogenic development.

5) Upper limit of distribution was observed below the
"Tsushima Warm Current Intermediate Waters".
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Annual changes in distribution and abundance of the larvae of
grass shrimp, Pandalus latirostrigDecapoda, Pandalidae)

Toshihiro MIZUSHIMA"™* and Yoshiyuki TAKAYA™?

O Annual changes in the distribution and abundance of larvae of the grass shrimp, Pandalus latirostris(Decapoda,
Pandalidae)

O Annual fluctuations in the distribution and abundance of larvae of the grass shrimp, Pandalus latirostrisCzerniavskii,
were investigated using a Marutoku B net in Notsuke Bey, a cove on the eastern coast of Hokkaido, from 1978 to 1987.
O Larvae were most abundant in the inner part of the bay in the years of low density, whereas their distribution
extended in the whole area in the years of high density.

0 The abundance of larvae varied about eight folds over the reseach period, with a maximum of 180.4 individuals per
haul in 1987 and a minimum of 22.2 individuals per haul in 1984.

O There was a significant correlation between larval abundance and female distribution and abundance. The density of
the sea grass was so high that the water current is slow in the innner part of the day, which acts as an immportant
nursery area for juvenile shrimps. Hatched juvenile shrimps immediately creep on the leaves of the ell grass,
Zostera marinashowing adaptation to the benthic life.

0 Most of the larvae were not dispersed out of the bay and remained within the bay. This operates as an adaptive
strategy to enchance the larval recruitment.
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Fig.[L.General topography of Notsuke Bay and the sampling station((@).
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Fig.[R.CAbundance and distribution of female of Pandalus latirostrisduring the
hatching period in Notsuke Bay from 1978 to 1987.
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Fig.[B.CAbundance and distribution of larvae of Pandalus latirostrigan Notsuke Bay
from 1978 to 1987 (except for 1985).
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Table[.[Frequency of ovigerous and non-ovigerous female of Pandalus latirostrisduring the hatching period

from 1978 to 1987.

Ovigerous femalel]

Non-ovigerous female Total number

Year DateJ 0 O

Number % Number % of females
1978 23-25 May 42 14.1 257 85.9 299
1979 28—-30 May 128 44.1 162 55.9 290
1980 2 — 4 June 21 3.1 684 96.9 669
1981 28 May — 3 June 239 51.2 228 48.8 467
1982 27-30 May 43 14.6 251 85.4 294
1983 30 May — 1 June 6 3.0 191 97.0 197
1984 6 — 8 June 76 37.4 127 62.6 203
1985 28-30 May 36 11.0 289 89.0 325
1986 2 — 4 June 368 25.7 1,065 74.3 1,433
1987 2 — 4 June 23 1.4 1,757 98.6 1,782

Table[2.[Number and composition of each larval stage of Pandalus latirostrisn Notsuke Bay.

Larval stagel1 (%) Total Mean
vear Datel) L 1 O O 0 O ad number instar
1978 23 — 25 May 37.7 60.8 15 0 0 1,448 1.64
1979 28 — 30 May 47.4 494 3.2 0 0 755 1.56
1980 2 — 4 June 16.3 39.0 36.2 6.7 1.7 2,106 2.38
1981 28 May-3 June 45.8 47.3 6.9 0 0 1,908 1.61
1982 27 — 30 May 23.7 47.6 25.5 2.4 0.7 945 2.09
1983 30 - 31 May 3.2 15.5 38.1 28.4 14.7 795 3.35
1984 6 — 8 June 24.2 42.1 25.5 6.5 1.7 925 2.19
1986 2 — 4 June 37.6 38.5 21.7 2.2 0 3,410 1.89
1987 2 — 4 June 3.7 16.1 37.1 17.9 17.3 6,854 3.35
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Fig.[4.[Distribution of larvae of each stage of Pandalus latirostrign 1979 and 1983.

Numerals show the number of larvae per haul by a Marutoku B net.

Jooboooboooooboobobobooobooogoog
gbobooooooboboboboobooooobo
00000000000 0DO0OO0O0Ob00Ob0On TableO
gooobooobooOmombooobooobo
gomoomobooobooomoomoobobon
o ooMoooooooboobooooomuobogon
gbobooooooboboboboobooooDoog
o oomooooobooboobmo oo oomo

goommoOonoooooooooooogon

gbobobobooooboobooboobobobooboo
gogoboboboooooooooboooboobooo
0000000000000 00000TabledOD OO0
goboboooOooobooobooboboooooo
JomoooOooobobobo™o oooanoo
gbobobooobooobooboooboboooo o odarm
goobobmomooooooomoomommnoooon



o ooobommoboanooooobobob
gobooooboobooboobobboboo
gboboboooo RN RN gbooboood

0000000000000000000 013

0000 rghOOO0O0@OoOoOoOoooooooooo
gooboboboooooboooboobobobobo

Table[B.[Annual change in average number of larvae and females of Pandalus latirostris
caught by Marutoku B net and Utase trawl from 1978 to 1987.

Yoar Average No. Average No. Hatching Corrected average®
of females/haul of larvae/haul rate % No. of larvae/haul
1978 7.9 38.1 85.9 44,4
1979 7.7 20,9 55.9 a7 4
1980 17.9 61.2 96.9 63. 2
1981 12.0 8l.6 50,1 103.0
1982 7.9 25.5 85,4 29.9
1983 5.3 21.5 97.0 22.2
1984 5.4 24.3 62. 6 38.8
1985 8.3 - 89.0 =
1986 35.8 H29.0 T4, 3 119.8
1987 44. 6 177.9 98.6 180, 4
* Average number of larvae / haul * 1, hatching rate.
Haching rate after Table 1.
- No data
2001
87

Average number of larvae / haul by Marutoku B net

100+ ® 81
Y=3.413X+16.104
® 30 R’=0.859 (P O 0.01)
84¢ 579
*32
83
0 10 20 30 40

50

Average number of females / haul by Utase trawl

Fig.[b.[Relationship between the average number of females and that of larvae of Pandalus latirostrisn Notsuke Bay

during the hatching season from 1978 to 1987.
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Distribution of burrows of the Japanese mantis shrimp Oratosquilla oratoria(De Haan)
and sand types in Ishikari Bay, Hokkaido, Japan

Masaru TORISAWA"™, Shuichi NISHIUCHI"?, Masaki MITSUHASHI"? and Yukou NAGAI"*

O In studies of Japanese mantis shrimp Oratosquilla oratoria(De Haan) in Ishikari Bay, Hokkaido, Japan, relationships
between densities of burrows and sand types on sea bottoms, and between the sizes of burrows and the sizes of
occupants were examined. There were burrows of mantis shrimp on all sea bottoms studied with each sand type
observed. Significant correlation was not observed between the densities of burrows and the sand types of sea bottoms.
Diameters of the larger openings of each burrow's two openings were correlated with diameters of the smaller openings.
However, the frequency distribution of larger opening diameters overlapped that of smaller opening diameters.
Furthermore, there was no significant correlation between the diameters of openings of burrows and the carapace

lengths of occupants, nor between the lengths of burrows and the carapace lengths.
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Fig.[lL.CMap showing study sites in Ishikari Bay.
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0 O O AO Diameter of larger opening (major axis and minor axis)
0 0 O BO Diameter of smaller opening (major axis and minor axis)
0 0 O CO Length of burrow

0 0 O DO Direction of burrow

Carapace
length

Fig.[B.[Bize measurements of the Japanese mantis shrimp
Oratosquilla oratoria.
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o0 2500 2500 3.25 0 3.25
Type O Diametel] O [7 0 0.177 0.105 0 0.176 0.1050
0 O 30 700 100 (00O 30  very well sorted fine sand
0. b0 45 500 70 (b0 45  well sorted fine sand
0. 200 40 400 50 200 40  commonly sorted sand
0. O 20 (0O 50 300 80  commonly sorted very fine to fine sand
0. O 20 0O 20 (B0 O 100 well sorted very fine sand
0. 300 80 (0O 50 (0O 20 commonly sorted mediate to fine sand
O (80 O 100 0O 20 O 20  coarse sand
0. 200 80 (0O 40 200 80 ill sorted sand
0. 400 60 (0O 20 400 60  very ill sorted sand
O 005 400 70 250 60  very well sorted fine to very fine sand
O 250 60 400 70 005 well sorted fine to mediate sand
O 100 0 0 coarse sand to gravel
O 0 0 100 silt to mud

* calculated from 2°

o 7
AR

Fig.[.[Distribution of sand types in Ishikari Bay.
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Table[R2.[Band types on sea bottoms in Ishikari Bay.

Location Class of sand diametell mm[
Frequenci/ %[ Sand
Date St. . . Depth 0.105
Off Latitude Longitud ' *H D07 | 01050 Total type
0.176
May 25,1990 1 Takashima 43129'N 14121 E 18 57.7 37.2 51 1000 O,
2 Takashima 4313.1'N 14129 E 22 65.7 32.0 23 1000 O
3 Hiraiso 4311.7'N 14138 E 20 56.5 38.0 55 1000 O
4 Hiraiso 4312.4'N 14141 E 22 56.7 29.1 142 1000 O.
5 Hariusu 4311.3'N 14184 E 18 11.9 70.7 17.4  100.0 ad
6 Hariusu 43125 N 14185 E 20 12.3 80.3 7.4  100.0 ad
May 28, 1990 7 Zenibako 4311.0' N 141105 E 18 14.5 76.3 9.2 100.0 0
8 Zenibako 43124 N 141106’ E 22 9.3 85.1 56  100.0 ad
9 Shinkawa River 4311.7 N 141125 E 18 4.8 84.9 10.3  100.0 ad
10  Shinkawa River 4312.77N 141116’ E 22 34 79.3 17.3  100.0 ad
July 24,1990 11 Shinkoh 43129'N 141183 E 11 47.2 45,9 69 1000 O
12 Ishikari River 43156'N 141215'E 15 49 58.1 37.0 100.0 ad
13 Ishikari River 43158 N 14121.1'E 18 26.7 56.5 16.8  100.0 ad
14 Ishikari River 43165 N  14119.6'E 21 16.0 44.6 39.4  100.0 ad
15 Nishihama 4314.7 N 141 20.2' E 15 4.3 59.3 36.4 100.0 0
July 24,1990 16 Nishihama 43149'N  141199'E 18 5.6 61.8 326 100.0 ad
17 Nishihama 43155 N  141189'E 22 14.1 49.7 36.2 1000 O.
18 Nishihama 43142'N 141186’ E 20 7.1 61.0 319 1000 O
19 Nishihama 43148 N 14117.0'E 22 3.6 46.7 49.7 1000 O,
20 Funbegoshi 43118 N 141156 E 15 23.0 69.1 79 1000 O.
21 Funbegoshi 4312.1'N 141157 E 18 11.7 71.2 17.1  100.0 ad
22 Funbegoshi 43126'N 141151 E 22 17.2 67.2 156 1000 0O
23 Tarukawa 4310.8'N 141144 E 15 1.8 73.6 246  100.0 ad
24 Tarukawa 4311.7'N 141135 E 20 8.5 68.4 23.1 1000 O
25 Tarukawa 43136'N 141129'E 22 15 67.1 31.4  100.0 ad
26  Shinkawa River 4311.3'N 141121 E 20 5.6 78.0 16.4  100.0 ad
27  Shinkawa River 4310.0'N 141125 E 15 3.6 775 189  100.0 O
28  Shinkawa River 4310.5°N 141114 E 20 4.1 77.4 18,5  100.0 ad
29 Hariusu 43115'N 141104 E 22 3.2 74.6 22,2  100.0 ad
30 Hariusu 43119N  141101'E 22 3.6 73.1 23.3  100.0 ad
July 31,1990 31 Shiratsukari 43178 N 141223 E 15 10.9 38.2 509 1000 O
32 Shiratsukari 4318.9'N 14121.0'E 18 15.1 433 416 1000 0O
33 Shiratsukari 43189'N  14120.0'E 22 155 48.9 35,6 1000 O,
34 Mourai 4319.6' N 141245 E 15 9.2 39.4 514 1000 O
35 Mourai 4320.0' N 141235 E 18 6.8 61.9 31.3 1000 O,
36 Mourai 43202’N  14121.9'E 21 53 35.1 59.6 100.0 O.
37 Kotan 4320.4'N 141248 E 15 9.7 65.9 244 1000 0O
38 Kotan 43205 N 141245 E 18 8.8 47.7 435 1000 0O,
39 Kotan 4321.1'N 141223 E 21 5.8 55.3 38.9 100.0 ad
40 Kotani 43225'N  141251'E 19 8.1 41.0 509 1000 O
41 Kotani 43228 N 141233'E 22 6.0 14.6 79.4 1000 O,
42 Atsuta 43238 N 141254 E 18 8.0 41.0 51.0 1000 O
43 Atsuta 4323.6'N 141240 E 22 6.2 324 61.4 1000 O,
44 Yasosuke 4324.3' N 141241 E 22 1.9 37.1 61.0 100.0 0,
45 Yasosuke 43249'N 141248 E 22 11.3 31.0 57.7 1000 0O,




Table[B.[Band types and distribution of burrows on sea bottoms in Ishikari Bay.

000000000000000000 O3

Location Class of sand diametel] mm(J Distance(m)
Frequencil %0 Number of burrows each 5m

Date st off Latitude Longitude PPt 0.105 ij‘;,‘;’ 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 densit

om0 00477 01050 total I T O I O ey
0.176 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

August 6, 1990 46  Takashima 43127'N 14112°E 10 490 311 199 1000 O: 1 1 1 11 1 1 7 0035

47 Hiraiso 4311.9'N 14135E 20 135 422 443 1000 O: 11 1 1 4 0020

48 Hiraiso 4312.7'N 14144E 21 299 469 232 1000 Oo 1 1 1 4 0020

49 Hiraiso 4334 N 14150E 22 60 202 738 1000 O: 1 2 1 1 1 121 3 1 11 1 17 008

50 Asari 43125'N 14156 E 21 202 235 563 1000 O: 1 1 21 2 1 8  0.040

51 Asari 43135'N 14165 E 22 49 306 645 1000 O: 1 1 1 1 21 1 1 9 0045

52 Hariusu 43112'N 14168 E 18 90 603 307 1000 O 12 2 2 7 0035

53 Hariusu 43120'N 1417.0E 20 133 690 177 1000 (O 1 2 0010

54 Hariusu 43132'N 14172°E 22 50 802 148 1000 O 1 1 2 0.010

August 7, 1990 55 Hariusu 43115'N 14172°E 19 57 674 278 1009 O 1 1 0005

56 Shinkawa River 4313.2'N 14192'E 18 51 670 279 1000 O: 1 11 3 0015

57 Shinkawa River 43'12.1'N 14112.2'E 20 53 628 319 1000 O 1 1 1 11 5 0025

58 Shinkawa River 43'140'N 14110.8' E 22 22 589 389 1000 O 1 1 11 1 1 6 0030

59  Tarukawa ~ 43'12.7'N 141133 E 19 63 562 375 1000 O 121 11 1 8  0.040

60  Tarukawa  43'12.8'N 141136'E 20 64 559 377 1000 O: 1 111 1 1 1 1 11 2 13 0065

61 Shinkoh 43143 N 141135 E 21 73 534 393 1000 O 1 1 2 1 1 7 0035

62 Shinkoh 43148 N 141147 E 23 22 350 628 1000 01 1 1 2 0010

63 Shinkoh 43155'N 141155 E 22 28 456 516 1000 O 1 1 1 1 1 5 0025

Table[.[Distribution of burrows in Ishikari Bay.
Location Distance(m)
Number of burrows each 5m
Date St. . .

Off Latitude Longitude DD?ﬁch |0 5 10 TS TO 2|5 :ls‘O TS TO 4|15 TO TS TO (|55 {0 TS E|30 E|35 £|30 £|)5 ota density
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 N/DD

October 3.1991 64  Takashima 4325 N 14115 E 10 1 2 1 11 1 1 1 9 0045

65 Asari 4311.9N 14138 E 23 21211111 1 1 12 0.060

October 9. 1991 66 Asari 43115 N 14134 E 20 1 1 1 4 0.020

67 Hariusu 43'10.8'N 1416.1'E 20 1 1 2 0.010

68 Hariusu 43115 N 14168 E 23 1 1 11 4 0.020

69 Zenibako 43'10.7 N 141'109°'E 20 1 1 2 0.010

70 Shinkawa River 4310.7 N 14113.2°E 18 1 1 1 1 2 1 2 9 0.045

71 Shinkawa River 4312.1'N 14111.9°E 23 1 1 1 1 4 0.020

October 11. 1991 72 Shinkoh 4313.2'N 141152°E 23 1 1 1 11 6 0.030

73 Ishikari River 43'15.9'N 14119.0'E 20 1 1 1 3 0015

74 Ishikari River 4316.8' N 141185 E 22 1 1 1 1 4 0.020

75 Mourai 4320.1'N 14123.00E 19 1 1 1 1 11 2 8 0.040

76 Mourai 43204'N 14121.0E 23 1 1 1 1 2 1 8 0.040

7 Atsuta 4323.1'N 14123.00E 23 2 2 2 11 1 10 0.050

78 Yasosuke 4326.8' N 141235 E 23 1 11 2 311 12 2 12 2 1 21 0.105
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Table[5.[TChi square testing on the relationship between sand types and densities of burrows.

Total number Expectation

Sand type Iillj:i]tbeesr of observed  number of Chi square df P
burrows burrows

O 1 2 6.0
oo 7 45 42.0
oo 1 4 6.0
oo 5 35 30.0 7.298 6 0.2942
oo 1 6.0
oo 1 6.0
O 2 12.0

Total 18 108 108.0

Table[®6.[Measurements of burrows and the occupants of the Japanese mantis shrimp in Ishikari Bay.

Larger opening Smaller opening Occupant
Length of Direction d
No. Date Area  Major axis Minor axis Major axis Minor axis ~ burrow o\ . C{aer:g?ﬁe Igr?gt)é
(mm) (mm) (mm) (mm) (mm) Ommd O menD
1 August 6, 1992 Ishikari 30 30 15 15 480 180 1 25.8 113.3
2 August 6, 1992 Ishikari 40 38 25 25 730 270 1 31.0 1439
3 August 6, 1992 Ishikari 45 40 25 20 890 80 1 29.9 1345
4 August 6, 1992 Ishikari 48 47 47 46 840 180 2 34.1 155.1
5 August 6, 1992 Ishikari 50 40 43 38 900 180 1 30.1 136.5
6  August 6, 1992 Ishikari 50 50 50 50 660 270 1 331 148.6
7 August 6, 1992 Ishikari 55 50 40 35 1000 180 1 31.8 140.6
8 August 6, 1992 Ishikari 60 50 60 50 730 220 2 304 141.1
9 August 6, 1992 Ishikari 65 55 30 25 905 180 1 31.4 143.8
10  August 6, 1992 Ishikari 85 65 65 60 690 70 2 27.9 1254
11 August 11, 1992  Otaru 40 35 10 10 850 270 2 38.0 168.0
12 August 11, 1992  Otaru 50 40 30 30 270 270 1 324 146.2
13 August 11,1992 Otaru 50 50 15 10 800 180 1 30.6 137.7
14 August 11, 1992  Otaru 60 50 25 25 1020 270 2 36.0 1735
15 August 11,1992 Otaru 70 60 14 10 750 270 1 36.2 161.8
16 August 11, 1992  Otaru 70 60 30 25 830 2 36.2 163.1
17 August 11,1992 Otaru 75 60 60 50 720 1 324 141.8
18 August 11,1992 Otaru 75 70 25 25 810 2 37.2 171.4
19 August 11, 1992  Otaru 80 75 40 40 610 90 2 215 92.2
20 August 11,1992 Otaru 80 75 40 35 560 90 1 34.2 153.8
21 August 11,1992 Otaru 80 75 50 45 670 90 1 355 160.6
22 August 11,1992 Otaru 100 85 80 70 470 90 1 314 1424
23 August 11,1992 Otaru 60 55 685 270 1 35.8 154.1
24 August 11,1992 Otaru 60 40 810 0 1 33.6 142.1
25 August 11,1992 Otaru 70 40 680 210 2 35.8 162.2
26 August 11,1992 Otaru 90 40 450 180 1 42.4 191.8
27 August 11,1992 Otaru 90 20 930 230 2 34.1 153.8
28 August 11,1992 Otaru 110 25 770 270 2 35.3 162.1
29 August 11,1992 Otaru 110 60 740 10 1 33.3 151.1
30 August 11,1992 Otaru 120 70 410 240 1 33.0 146.2
31 August 11,1992 Otaru 150 60 670 210 1 36.7 161.3
32 August 11,1992 Otaru 150 60 670 210 1 34.0 148.6

00 00 male, OO female
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Fig.[b.[Relationship between the major axis and the minor axis of opening in the burrow of the Japanese mantis shrimp.
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Fig.[B.[Relationship between the major axis of larger opening and the
major axis of smaller opening in the burrow of the Japanese

mantis shrimp.
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Fig.[B.[Relationship between the length of burrow and the major axis of
larger opening.

The correlation between two variables was not significant] n = 32,

r=0 0.2389, P = 0.1880(11

160

140 1

120 A .

100 A .

80 4 o o

60 A . . -

40 4 . .

Major axis of larger opening (mm)
L ]
*

20 T Ll L) Ll
20 2b 30 35 40 45

Carapace length (mm)

Fig.[D.[Relationship between the carapace length of inhabitant in the
burrow and the major axis of larger opening.

The correlation between two variables was not significant] n = 32,

r=0.2389, P = 0.1878[11

Table[7.CChi square testing on the directions of burrows.

Direction of burrow Frequency Expectation Chisquare df p

(degree)
o 0m 5 080
omoano 6 080
3.250 3 0.3547
oo™ 11 080
oooosd 10 08.0
Total 32 [B2.0
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Fig.[1L0.[Relationship between the carapace length of inhabitant in the
burrow and the length of burrow.
The correlation between two variables was not significantd n
=32, r=0.0736, P = 0.68910J
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Migration of the mantis shrimp[J Oratosquilla oratoriall
on the east coast of Otaru, Sea of Japan

Takashi YORITA"

0 Tagging experiments were carried out on the east coast of Otaru, Sea of Japan, in early November between 1975 and

1977, to study the migration of adult mantis shrimps. Examination of the distance between release and recapture points

found that O. oratoria does not migrate over a great distance except for during the post-spawning season. Results show

that O. oratoria is a resident species. In addition, adult mantis shrimp do not molt at least within ten months, since a

tagged mantis shrimp was recaptured almost one year after release.
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Table[ll.[Release and recovery data for tagged mantis shrimps in east coast of Otaru.

Recovery

Date Location Number of release Date Location Distance Number of Days after

Nylon fastener tag Anchortag Total from coast {m) recoveries _release
Nov., 11,1975 off Takasima, Otaru 248 0 248 Jun,, 6, 1976 off Asari river 200 1 210
NE 2.0 mile Aug., 9, 1976 off Hariusu river 800 1 272
Depth 31m Aug., 17,1976 off Isikari river 800 1 280
150 140 290 Nov., 10, 1976 off Hariusu 500 1 2
Nov., 14,1976 off Ebisujima 500 1 6
Nov, 17, 1976 off Hariusu 800 1 9
Nov., 17, 1976 off Hariusu 800 1 9
Nov., 18, 1976 off Hariusu 500 1 10
Nov., 18, 1976 off Otaru port 800 1 10
. Nov, .20, 1976 off Asari 1.000 1 12
Nov.,8,1876  off Hariusu, Otaru Nov., 21, 1976 off Hariusu 500 1 13
NE 3.4 mile May 23, 1977 off Asari 1500 1 196
Depth 25m Jun., 17,1977 off Hariusu 600 1 221
Jun., 17,1977 off Ebisujima 500 1 221
Jun,, 18, 1977 off Ebisujima 1.000 1 222
Jun., 18,1977 off Asari 2.000 1 222
Jun,, 20, 1977 off Asari 500 1 224
Jun., 22,1977 off Funahama 1.500 1 226
Jun., 22,1977 off Funahama 1.500 1 226
100 105 205 Nov., 12, 1976 off Syukuzu 5.000 1 2
Nov., 16, 1976 off Bentenjima 1.000 1 6
Nov., 18, 1976 off Otaru port 800 1 8
Nov., 18, 1976 off Otaru port 800 1 8
Nov., 25,1976 off Otaru port 100 2 15
Nov., 10,1976 off Takasima, Otaru Apr., 27,1977 off Otaru port 300 1 168
NE 3.4 miie May, 10, 1977 off Otaru port 900 1 181
Depth 25m Jun., 19,1977 off Asari 1.000 1 221
dJun., 20, 1977 off Asari 1.500 1 222
Jun,, 22,1977 off Funahama 1.500 1 224
Jun,, 22,1977 off Funahama 1.500 1 224

late Jun., 1977 off Funahama no data 1 no data
200 200 400 Nov., 11, 1977 off Kayasiba 200 1 2
Nov., 15,1977 off Otaru port 600 1 5
Nov., 15,1977 off Otaru port 600 2 5
Nov., 15,1977 off Takasima 1.000 2 5
Nov., 15, 1977 off Takasima 300 1 6
Nov., 18,1977 off Takasima 500 1 8
May, 9, 1978 off Siraiso 500 1 180
May, 30, 1978 off Funahama 500 1 201
Nov-, 10,1977 off Syukuzu, Otaru Jun., 8,1978 off Asari 400 1 210
Depth 27m Jun,, 11,1978 off Asari 500 1 213
Jun., 13,1978 off Asari 500 1 215
Jun., 26,1978 off Asari 200 1 228
Jul,, 1,1978 off Hariusu 300 1 233
Jul., 16,1978 off Asari 200 1 248
Jul., 18,1978 off Asari 500 1 250
Aug., 29,1978 off Hariusu 300 1 292
Oct., 31,1978 off Asari 500 1 355

gboboobooooobobobobobooobooog
gbobobooooobooboboboboomoog
ooooboodckmOODOOMOOCOCOODOOODOOOO
gboboboooooboobobobobooooog
goooobooboooboooonoano oo b b obog
OOkmOODOOOODOOOOOODOOOODODOOOO
gbobobooomobooboboboboooooobog
Omwoobo

OoooooooooooooODoODODOd Fig.o M
gbobobooooobobobobobooooog
gbobobooooboobobobobobooomog
gboboboooooboobobobobooooog
gobooboboobobuoobbooboobooang
nooobomoooboboboobooooobaon
gobobobooonoooobobobooooog
gbobobomhoommoombmbooooooog
gbobobooooboobooboboboboooooog

gboomoooonoooooooboboobomon
bbb oooodmwooogoo
gbooboboooobooboooboobobobooboo
oo ooomoooboooooboooooo
gbooboboboooboooboooboobobobooboo
goobooboooooooooobooobobooboo
gbobobobooooboobooboobobobooboo
gooboboboobooomhomuooobooobooo
gboboboboooboobooboobobobooboo
gobobobobooooboooooobooboboboo
gbobobooooboobooobooboboboobooo
gboboboboooobooobooooboobobooboo
goobobobooooobogooobooobobobooo
gbobobobooooobooobooboboboboo
goobobobooooooooooboooobooboo
00ooooooo™o
goobobobooboooooobooobooboo



A(Nov. 19750 )

C (late Jun. 19770 ) /

000000000000000000 O3

A (Nov. 1976 0 )

C (lateJun. 19770 ) ;
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. \
Otaru . Otaru
.
S )A\SLW Otarunai o oo b Otarunai
Hariusu ~
Zenibako
L T i 1
I 07 O oo o oo o I 07 O oI o oo o

Fig.[L.CMap showing the recapture sites of O. oratoria released in
November 1975.
A: feeding season, B: spawning season, C: post-spawning season.
Open circles and closed circles indicate release points and

recapture points, respectively.
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Fig.[2. Map showing the recapture sites of O. oratoria released in
November 1976.
A: feeding season, B: spawning season, C: post-spawning season.
Open circles and closed circles indicate release points and

recapture points, respectively.
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A(Nov.1976 0 )

B (late May O middle Jun. 1977 ) ;

Ishikari
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Fig.[B.CLMap showing the recapture sites of O. oratoria released in
November 1977.
A: feeding season, B: spawning season, C: post-spawning season.
Open circles and closed circles indicate release points and

recapture points, respectively.
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