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The growth of the Hanasakigani, Paralithodes brevipes.
(Decapoda, Anomura)

Koji ABE and Mikio KOIKE**

(Hokkaido Central Fisheries Experimental Station)
**(Hokkaido Kushiro Fisheries Experimental Station)

The growth of Paralithodes brevipes (H. MILNE-EDWARDS & LUCAS) in the coastal sea area
of eastern Hokkaido and southern Kuril Islands was determined from a long range study conducted
fron 1970 to 1977.

From the frequency distribution of carapace length of 1415 female individuals, ranging from
23 to 130 mm, 14 groups are recognized. The mean carapace length for each group heing 26. 4,
31.3, 36.6, 42.6, 49.0, 56.5, 64.5, 73.2, 82.2, 94.5, 103.0, 110.9, 118.8 and 124.5mm. From
2151 male individuals, range 21-152mm, 17 groups are recognized. The mean carapace length for
each group being 22.5, 27.1, 31.0, 36.6, 43.0, 48.3, 55.9, 65.0, 74.6, 83.1, 96.4, 106.7, 115.8,
124.9, 132.8, 138.5 and 145.8 mm.

Applying these mean sizes to Hiatt's graphic method in which the post-exuvial lengths (Lns.)
were plotted against the initial lengths (L), the following formulas were obtained : male and female
under 100 millimeters in post-exuvial length, Ly ;=1.123 Ly+1. 340 ; mature female, Ln:,=0.897 Ly
+18. 548 ; mature male, Ln;,=0. 910 L+ 18. 986,

Growth of the carapace length in instars fits the logistic equation as follows: female, l;=
154. 6/1+ ¢ 98 -0.24¢; male, |,=174,7/1+ ¢t vs9-o.227,

From the progression of instars and observation on molting, an attempt is made to identify
age groups and to determine age-size relationships. It is estimated that a year after hatching
crabs reach instar 11 (mean carapace length of 31 mm) ; after 2 years instar 14 or 15 (48.6 or 56.2
mm) is attained ; thereafter crabs molt annually. Both female and male crabs become sexually
mature at six years when the mean carapace length is 94.5 mm in females and 96.4mm in males.
The growth curve derived is similar for the sexes through the first five years of life. There-

after, female crabs grow more slowly than males.
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NFHF N = OPEBOIE TSP OEikhRificd 2Pk s, HEBRRAEOFHETHS (Fig
2), ¥z, BT Bano'k O & L, ¥ v A iz X W EMMLciT AT - (Fig 2),

Fig. 1. Map showing sampling stations.
At stations shown with triangles samples were nol collected in
quantity ; at stations shown with circles quantities of immature
crabs were collected ; at stations shown with squares quantities
of mature crabs were collected.
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Fig. 2. Outline of Paralithodes brevipes showing dimensions measured
and tags in positions.
A ; dorsal view. B; side view. C; posterio view D: tag.
(white or yellow). 1; length. 2; width. 3; isthmus-the fleshy
connecting tissue between the posterior portion of the carapace

and the abdomen. 4 ; second abdominal segment. 5 ; linea
anomurica. Crabs are marked with permanent tags capable of
being retained throughout successive molts. Tagging procedures
are simplified by using two tagging guns “Bano’k 101 and 102-
X", Japan Bano’k Co., Ltd.

FREMMOMITL, 3 ABEPFSIC X - TS M4 FH L LT s, HARDING'® O % AV THIE
BRSO E» 7~ 1-,

] R

Hidk 21mm 25 5 150mm Jij{& & TO -~ % 77 = O HEREDIP B H N A 4 RSB /rEE Lo iR %
Fig. 3% X0 Table 11075 Uiz, EEXRIZ 79+ A =D Licg T, PEionblEk 4 8L
ATz, FORE, #EE 23~130mm O T, 14 BB SEEXh, Fhb O Pt L 26.4, 31,3,
36.6, 42.6, 49.0, 56.5, 64.5, 73.2, 82.2, 94.5, 103.0, 110.9, 118.8, 124.5 (Fmm) T Hh -1, HE
% 21~152mm DR T, 17iBINETC S h, ThooPEHi22.5, 27.1, 31.0, 36.6, 43.0, 48.3,
55.9, 65.0, 74.6, 83.1, 96.4, 106.7, 115.8, 124.9, 132.8, 138.5, 145.8 (% mm) Tih -1, FER
FEZEAM TS LTy 5 L R40~90mm (2 3613 2 B RO BRI EKITIC 2 b BT LT B,
T, PEIPEA 04 5mm () ~96. 4mm (HE) SR> & ik, MM O TR PR ik BEs bhlous
2, ChUbieied EHEDMEL D A RE L D, BhhiEROMEE LR (Table 2),

HIATT® %31 7 %' = Pachygrapsus crassipes Tii LiziE2=EEdL ~+++# =220 T HH2R %4
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Size frequency distribution of Paralithodes brevipes.
Fitted curves represent the theoretical normal distribution. Sample 1; crabs which were collected by hand
in the subtidal zones along the shore of Buima in July-August, 1971-1972. Sample 2: collected by pots in
Akkeshi Bay and off Buima at depths from 6 to 20m in July, 1970. Sample 3; collected by pots in Hama-
naka Bay at depths from 3 to 20m in May, 1972 and June, 1973. Sample 4; collected by pots in sampling
stations shown in Fig. 1 at depths from 20 to 190m
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Table |. Means and standard deviations in mm of 17 instar determined
from the size frequency distribution shown in Fig. 3.

No. of size level

Instars Sex 1 2 3 4

nO Mae©  mseon

nt1 00 REREle B

e fme He

nt4 09 NEle©  0%26

nt5 a9 e BOEN  Besson

n+6 (15  Female 205300 astaon

nt7 (6 NEREe 61533  655:325

n+g p  Female eI Teesres

wi9 (s  Female 8054281  820+437 80345

Male 824+131  839£339  83.1£3.99

nt10 19y ~ Female 6.4+ 480

ntll (o) Female 1067+ 308

nt1z @)  hemale 11581 360

n+13 ()  Female 12495 587

nile @y ~ Female 15285551

n+15 24  Male 1385+ 2.48

n+16 25)  Male 1458+321

= Number of instars calculated from the equation shown in Fig. 4-A and carapace length (2.2 mm)'"" of first

post-larva is indicated in parenthesis.

Table 2. Test of goodness of fitting between observed frequency

distribution and the fitted normal curve.

Sample Sex N x* df
1 Female 204 15.0 11 0.20—0.10
Male 279 14.8 9 0.10—0.05
9 Female 231 112 20 0.95—0.90
Male 282 19.5 14 0.20—0.10
3 Female 318 19.2 22 0.80—0.50
Male 331 11.6 25 0.99—0.98
4 Female 662 51 6 0.80—0.50
Male 1259 9.0 11 0.80—0.50

5
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Fig. 4. Growth in carapace length of Paralithodes brevipes showing relationship
between post exuvial length and initial length.
A : based on the size frequency distribution shown in Fig. 3. Sexes com-
bined (less than 100 mm in post exuvial length) ; Lny1=1.123 Ln+1. 340,
Female : Ln+1=0.897 L;+18.548. Male; Lp+1=0.910 Ln+18. 986.
B; based on the data of molting experiments in laboratory. Sexes com-
bined ; Ln+1=1.1186 Ln+1. 3221,
C; derived from Kuratas). Sexes combined ; Lnsi=1.2035 L,+0.0143,
Covariance analysis shows that there is no significant difference between
A and B (Slope difference; F,=0.108, d f=1,49. Positional difference;
Fo=0.358, df=1,50.).

-

o Sexo.s combined
1 _—\151_1_‘_
- ‘_—L‘—l——___:_

L
Male
E ‘f::;'\

50 100 1
Post exuvial length in mm ( Lno+1)

Fig. 5. Relaticnship between growth rate (R) and post exuvial
length of Paralithedes brevipes.
Sexes combined ; R=—0, 00058 Ly 1+0. 1870(r=—0.74, H,:
p=0, T,=2.83, df=8, 0.01<P<0.05)., Female; R——
0.00178 Ln:140.2752 (r=0.95, Ha: p=0, T,=4.303, df=
2, P=0.05). Male; R=—0,00152 Lns,40. 2655 (r=—0.95,
H,: p=0, T,=6.08, df=4, 0.001< P<0.01).

DA Fig 4 TH D, Mo T, ARFTRARORITE IS BB ESHRE~ER & Az
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A, MEEE bic, —oORITA LT -» T3, il X REOZIEFAN TRES R T, HilEED
EEMER TRENG, Bifafiz, E0REF H b, TNt Tl 5, BITdioA &
BOEERER LIS BOTE THE L&, FEER@» LR, o, BT, BifG#E, HE
104, 2mm D fEHs 112.2mm 2l LTV 5 —FiabhdicT Ficv, AOREND, FE 104 2mm Off
O EHROPREZRDHS L, 112.0mm i h, KEFLBL —FHT 5, COEBIZFES 10mm LIFL 40
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Size and instar curves for Para-
lithodes brevipes.

Points in the figure show observ-
ed data.

Female ; /;=154. 6,/1+ ¢ 988=0.234t,
Male ; [, =174. 7/1+ et oso—o.221t,

« MALE
o FEMALE

= -

Carapace é\rldth in mm

N H = OREIE LT 7

mm pAEicied &, RITREASE & TR efilEnR L
Thb, ADKREZHVWT, AR THEMTE 1
& 20mm LUF o et o £ iR © FHPER %,
BN AR D 2. 2mmi) 3 { F TRO TR, £O KR
PAREVEIMBIFICRET L, 18.8, 15.5, 12.6, 10.0,
7.7, 5.7, 3.9, 2.3 (Fmm) k7%, 2.3mm D % ®
wEARRCET AR EGR, bbb, 140
T &, AHRTH LA B 22.5mm D § O 119
H, HEOFA D 124, 5mm @ §, D% 2381, EEORAD
145. 8mm D 3, D (22584 & s B,

sic, n+1imom s i () 2 o
FhBHE, RERIPROMCIALTHL T 5 —K
ATmEhsd (Fig 5), A 1L R 100mm fHE 1o
Abhd, HHEc X 5REROELBH AN TIRREDDL
e, Birs#gicl-ThL, HoRERDETFAE
Ly, Bbhte—kk 6 sHEi: CRERPRE (le) ¥
Raviz, Bl TR E O RE e 2 AF , 28
ly=lw/1+ebo=b1t 2 HEEEAY I < WA Lo (Fig. 6),

R (L) -9 (B) oMRR—&RTEEIhBH

(Fig. 7), MEZFR 90mm §iteo L = A — 2D B

L x SEX IS UNKNOWN

Tor

50 =gyt
Carapace length inmm

a5

Fig. 7. Relationship between carapace width (B) and carapace
length (L) of Paralithodes brevipes.
Sexes combined (less than 90 mm in carapace length) ;
B=1.190L—1.7 (r=0.99). Female (from 90 mm to
130 mm in length) ; B=1.057 L.+8.6 (r=0.98). Male
(from 5mm to 160 mm in length) ; B=1.176 L—1.073
(r=0.99), Male (from 90 mm to 160 mm in length) ;
B=1.167 L+0.7 (r=0.99).
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Fig. 10. Size frequency distribution by shell condition All data obtained
in 8 years from 1970 to 1977 were combined.
A ; samples taken from subtidal zone along the shore of Buima.
B : samples taken from 2 to 20m depths. C; samples taken from

20 to 190 m depths.

Broken lines; the combined crabs of soft

shelled crabs and pre-molt crabs of one instar their junior. Solid

lines ; hard shelled crabs.

Pre-molt; new epicuticle is soft but

may be seen if a dactylus is broken off.



10 FSRE - ke

Table 3. Numbers recovered according to instar and the number of
molting through 1 year after release of tagged crabs.

A. Recaptures from 635 crabs released in Hamanaka Bay

on June 3, 1971 (38 tag recoveries are omitted).

Release Recapture
Sex Instar | Number | Number Month and year
of of 1971 1972 Total
crabs molting | jun,  Jul. Aug. | May Jun.
Female 15 4 None 1 1
16 43 None 1 1
One 1 1
two 1 1
17 83 None 4 2 [
One 2 2 4
18 110 None 3 5 8
One 1 1
19 56 None 1 8 9
20 3 None 1 1
Male 15 9 None 1 1
16 62 None 3 2 5
Two 1 1
17 117 None 6 3 9
One 1 1
18 91 None 2 5 i
19 56 None 3 3
One 1 1
20 8 0
B. Recaptures from 147 crabs released in Hamanaka Bay
on October 6, 1973 (7 tag recoveries are omitted).
Release Recapture
Number Number Month and year
Sex Instar of of 1974 Total
crabs molting Apr. May. Jun.
Female 15 2 0
16 14 One 2
17 28 One 2 4
18 7 None 1 1
Male 15 2 0
16 36 One 1 1 5
17 38 One 2 5
18 14 None 1




A = ORI T 11

C. Recaptures from 624 crabs off the coast of Hanasaki and Ochiishi
on December 3-4, 1975. (3 tag recoveries are omitted).

Release Recapture
Number | Number Meonth and year
Sex Instar of of 1976 Total
crabs molting Jun. Jul. Kug. Oct.
Female 13 2 0
14 21 One 1 1
15 87 One 1 3 4
16 86 One 4 4
17 59 One 3 1 4
18 18 One 1 il
Male 13 1 0
14 25 One 1 1
15 102 One 2 1 1 4
16 135 One 4 4
17 62 One 3 3
18 26 0

BHighic, chbo s s, QERTETH - 7= 48 2 ER < 10560 Pk 8%, Bafilis TR E T
ORiE R & 3kic Table 31k Lz, F26, 1E LB Lo THE S o, Loibliolrag
Mg dht, F<oeBElshicbod, il REOREMMcHl Sl b0 THD, 1
B O B T S M, oI o BN it Sh Tua#a, it T Cefish T
WAy, FRREBEOREMMCER S h TV, BRENMAAF-10, 128t hTua8aE, B
HEOR M A ST i S h T 5, 2 BEOBREECTH @2, 2 ORINRE OB BRI
Hidh, BEOHEMM-THsh TV, HE

DR 55, 1B S Licd - f- BB P 5
TSI BRI S hutchs, o fo LB BRI P 13 o
Thih LT, Heifihn S AR E COMICBH 2 [ : FemaLe
THMEE L Thr o b0, 2ELRKLEE g [ ]
PRV LR 6 & THARIALANO 2 Voo o TR L St B 5 i
rbOrErbhb, f-T, 4Rz, 11, 2§ [E
12 BEORIIN ¥ TokEEmc 1E, Gl
IS~ 1R 140 | BB R AT e 5 = 2t § [T
5 hdibhs, e A
Fig. 11 12 AP CE S h o m i 410 1o # iR/
B LR i, fEkoqiiletigymg b0t "E;Mmmm |
BBc £T, YEOSRNE 3 A Fmnb 4 A oot 3 3 4 5 6 7 8 8 A 2N
HHTHBOTED, 4H 1A% 0T ELTED b
Lico GABIRIERD 4 A, 2 9 AR & bk Fig. 11. 2;‘0wth curves of Parafit)_‘zodes brevipes.
osed circles and open circles represent
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Growth and sexual phases of the shrimp, Pandalus kessleri
CzERNIAVSKY, in Notsuke Bay, Hokkaido, with special
reference to the two types of growth.

Toshihiro MIZUSHIMA and Harumi OMI#*

(Hokkaido Kushire Fisheries Experimental Station)
*(Hokkaido Institute of Mariculture)

The shrimp, Pandalus kessleri, is very important species of the coast fishery in Notsuke Bay
of the eastern Hokkaido, and is known as a protandric consecutive hermaphroditism species.

The authers have studied the growth and sexual phases in this species using a large number of
specimens captured monthly from May to November during the years mainly from 1975-1978, in
Notsuke Bay. The result may be summerised as follows.

1. The correlation formulas among body weight(g), body length(mm), total length(mm) and
carapace length(mm), respectively were as follows :

Body weight (W) and body length(L),

W=0.581x10"5L31 (10mm<_ L<_120mm)
Total length(T) and body length(L),
T=1.89L —5.64 (L<"20mm)
T=1.318L 45,77 (20mm< L<"110mm)
Carapace length(Ca,) and body length(L),
Ca=0.300L +40.10 (L</40mm)
Ca=0 323L —1.41 (40mm<_L<_110mm)
Length of sixth somite(S) and body length,
5=0,143L —0. 34 (45mm<_L<"110mm)
Length of telson(t) and body length(L),
t=0.250 L. —0.54 (L<"20mm)
t=0,195L +0.81 (20mm-<_L<110mm)
Length of interramus on second pleopod(I) and body length(L),
[=0.155L —2.67 (45mm-<_L<_110mm)

This equation was not changed through out a season of year.

HAFES T A107 (19814F11 16 FH)
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2. Two different types in the relationship between growth and sexual phase were observed
in the Bay. In the one type (regular type), the shrimp was immature at 1st year (age 0), male
at 2nd vear (age 1) female at 3 rd year (age 2). In the other type (premature type), the shrimp
became active as male at 1st vear (age 0) and as female at 2nd year (age 1).

The frequency of occurrence of former type (regular type) was about 7~9 times as great as
that of the latter type (premature type), according to the examination of 1225 individuals (shrimps
of age 0, September 1977) and 3702 individuals (ones of age 1, May 1978) collected from 36 differ-
ent sampling points of Notsuke Bay.

3. The percentage of shrimps belonging to the two types differ with areas of the bay. Shrimps
of premature type were more abundant in the entrance and northern part of the bay than in the
remaining areas.

4. The investigation of the some environmental factors has suggested that the difference of
the relative abundance of the two types between areas of the bay was due to local variation in
the amount of available food and in the density of the shrimps.

5. The seasonal changes in the gonad index and the length of appendix masculina on second
pleopod were shown.

6. A schema was proposed on the life history of this shrimp in Notsuke Bay.

L & [

Hy HA =t (Pandalus kessleri CZERNIAVSKY) |37 = ERAH b RO 428 L, H#E
PSSO B EROMERE R (R BL R AR o R AN o Uit & A i O MR &3 A0 RT, dbiiEE TRRER
BWerrvWTHFHEIA TV 2, 3k AMOLBC LR L TRHIHTARY , BRED, B
£ KED , FERET Aotod , JUEHITILIEETHIAS 9, SANEECIUHE - 79 SOWEL S5, EE
BUL19704E X D AFEO M % [ % 1o DU E & sh LicilEL D TE o, TORE, FHETofdtc->
LT BT oD T Sl 5,

feds, ASTICABICER S, KIRFOMEN & BETA o R R ETIR T Sl R, A
M AT B, ¥ 7o, MEROBRICER IR 7o £ BRI LS, SRR

R PR 8 B AR AT e v BT By R EERR D E e st A LR B

Hokkaido

Notsuke Bay

S

Fig. 1. The location and 5 sampling stations(Stn. 1-5) of Notsuke Bay.
Eel grass distribute whole area of the bay.
The part shown in dotted line shows water route,
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Fig. 4. Relation between length of inter-
ramus on 2nd pleopod (I) and body
length (L) of Pandalus kesslert.

Fig. 3. Relative growth of total length and
carapace length plotted against body
length.
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Fig. 5. Frequency of body length of Pandalus kessleri trawled at St. 1, in 1975-1976.
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Fig. 6. Estimated growth curve of Pandalus kessleri at St. 1 in Notsuke Bay.
Vertical bars indicated the range of standard deviations from the mean
values.
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1977429 A L19784E 5 Az, Fig. 1 1@ LiciBA 5%
HTOMMEOFEMERESY Table 2 ok L1, ¥h
rhe, BHETO St.1 & St.2 TigHfo=
EE bl 3EEL VRESNS >Tkh, 2L St 1
DEFITE v 7855 § TO/NEMIGIRE (R #
17) OXEXL, St.2 L St.5 T 70mm, St.4 A%
RRKEL T6mm LigoTwb, fnds, KB EHR
FETH St d b oRE <, WitE 9 A LA LK
Lok E Zimhi DETF v T 5,

6T, BR L5 EMCKTH19774£ 9 A £'78
i 5 HOAMEHE O MBS A Table 3 ik L #2o
TTHEI O St.1 kSt 3 Tk Ml Rz 1 F)
BHBLLT it —7H, St 4 & St.5 Tk Mk
O BRI SRR O#I35~40% L E ER R LT
D, A X Y Bl i hERDOB B Llbho
foo Efo, DBIEERE (4%, FH x4 7)) L ATIHERE
Clig, MHx17) LOHBLER D I T, El
HERED FER A & B @D 13 St 4 D37.2%, &\ T
St.5 ?25.4%, St.2 D 11.4%DIEIZ/c - T B,
Z OMFELRE S Hic k) 2 o ERIfCRE L
ETBHE, St1 b St 3 Tri/NIMEERERE 2B L

Table |, Occurrence of the shrimps of the different sexual phase at the 36 sampling

points in Notsuke Bay.
Sept. 1977

Sexual phase  Immature* Male** Male*

Age in years 0 0* 14
No. of indv. 1,080 145 1,285
% 430 58 51.2
Ratio 4 1 : 88

« ! Regular type. =+ Premature type.

May 1978
Sexual phase  Immature*  Transitional**  Transitional®
Age in years It 1* Al
No. of indv. 3,338 364 1,480
% 64.4 7.0 28.6
Ratio 92 & 1 : 41
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Fig. 8. Estimated growth curves of Pandalus kessleri at St. 4, in 1976.
Vertical bars indicate the same as in Fig. 6.

Table 2. Comparison of the body length (meantstandard deviation, mm) among five
stations in Notsuke Bay.
Number of shrimps are indicated in parenthesis.

Sept. 1977

Phase Age St. 1 St. 2 St. 3 St. 4 St. 5
Immature 0+ 38.5+4.5(25) 44.1+6.3(45) 48.8+4.2(26) 46.4+7.2(55) 49.7+3.6(22)
Male** 0+ —( D) 51.84+3.0(9) (0) 55.7+24(2) 553+4.1(15)
Male 1 70.34+6.0(90) 74.7+4.4(70) 80.2+6.4(29) 80.0+3.9(54) 81.2+4.2(44)
Female 1t~3* 90.2+4+6.4(58) 96.7+6.3(20) 110.7+8.4(17) 106.9+8.3(16) 109.8+8.1(24)
May 1978

Immature 1* 51.1+8.5(117) 612+ 7.7(160) 59.1+9.3(76) 61.7+9.1(83) 57.9+7.7(191)
Transitional** 1t ——( ) 702+ 3.0(28) ———(0) T64+37(9) T02+7.7( 16)
Transitional 2t 845+5.4( 87) 894+ 56( 80)  90.3+4.9(70) 99.0+4.0(16)  96.7+5.3(118)
Female 2t~4* 929+78(49) 1018+1L1( 6) 107.2+34(12) 105.6+6.6( 9) 108.0+5.9( 10)

+= . Premature type,

TEST, B0 3 EETIRPMBEOEISS St 4, St. 3, St.2 OJEIC54.3%, 47.1%, 25.9% L 7t » T W
Bo TRIDHIFEI AL, Rz 7ORBOHAAKBCL DD R TWBZ LR IUREHR
A 7OHH 2 A T B HBERAE 9 ARRCETHE DEVRE R 2R Lic, B A1 TOHERNE
F ol FE, "TT4E9 HTO FEH Rodiskic L 5/ EEOH B B OB %W 0N 9 B IO A RIE#E
OPMEC X HMABRM LI D EFEL BN D,

Lk, A7 TYmiio BlEcE R L 3R B bhioo LAkic, To4REHchkTS &
Hx bhn/ N BloERRE (PR x4 7) oBEC LW B REBZE G bhis

4. RERORRZ2HEOHBTIERRBOLE

FA—EHTORREO RS 2 HAHRTAEREZ W LT A0, M4 1 78OL8 BT % St 1
LRBR A THOBBRENFELEG St 4ok T, REMET5 LBhhb\ - oh0REERE,
o TR, HE0SHEE, EEEDOR, = coEBEIECOWTHRG L
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Table 3. Occurence of the shrimps of the three different sexual phases at Stn. 1-5.
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Sept., 1977 May, 1978
Sexual Tran Tran Tran
phase Immature— Male Male - Male Immature— .o Aitienal sitiail
Age 0f 0t 0t 1t I 1* 1+ 2F
St 100% 0% 0% 100% 100% 0% 0% 100%
St.2 83.3 16.7 114 886 85.1 249 25.9 74.1
St.3 100 0 0 100 100 0 0 100
St. 4 63.2 36.8 32 628 81.4 186 54.3 45.7
St.5 99.5 40.5 254 746 92.2 78 47.1 52.9
301 o st 1 (x100) o St 1
e e st.4 5 ® :Std P
£ 20 o z 4
2% . T w 10 Lo
g /3/= ENS x “eay .‘/,
E S
g 104 & 2 5 Ap— O______._-—-—"'_'O
jant
0 T T T
0 T T T . . Jul.5 Jul.25 Sept. 1
May Jun. Jul. Aug.  Sept.
Month Fig. 10. Comparison of the abundance of

Fig. 9. Monthly changes of water
temperature in Notsuke Bay.

food organisms between St. 1 and

St. 4.

Food organisms : Mysidacea,
Isopoda and Gastropoda.

7, KR OWTEAEO KR OB ZE{LEY Fig. 9 Wi L, BniiiiEkoBErgd 23
WK Tk A%, St 4 11iEsbaie bR OB W KEOR WL Z A TH B, St.1 LOKE
DEIZREAELBRIE

D 5 N O e, 1976 4, 77 FFiCiT- SO S HHE L b, FTSOHEDRE L4

HIREE TAS &, WEESEU LR R L TR D, AS i bhiou,
BERHESS, METHCRWTIRT O, FWE, BV RSE B oR SR ERfEN EE L Hhn,

MR TOEh b OMEE AR BT % &, Fig. 10 iR X 5Bl L ) ¥ nific &gl L oir - T

Do i, EBAEEN LB TH G ERRLTV32),

Fyh A = EOEBBE Fig. 1112 6R5 X 51, "THE9 AR syl cids - e b2~
3%< Y‘LO-CL‘ao

HEDz bink, &y 4 = CORFHRELHBE S0 TEERW S b &0, ipHE DS bk

v A A = C D4 BEEOREA MR Y BUE LT BT 5 hdtbhis,
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Fig. 11. Comparison of numbers and weight of
the shrimps, Pandalus kessleri caught
by a seine at St. 1 and St. 4.
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g. 12. Seasonal change of gonad index of Pandalus kessleri in Notsuke Bay.
Vertical bars indicate the same as in Fig. 6.
Gonad index : (gonad weight/body weight) x 100
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Fig. 13. Changes of length of appendix masculina of Pandalus kessleri in Notsuke
Bay with its growth.
Age in months is indicated in a parenthesis.
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Fig. 14. The schematic illustration of the two types of life cycle of Pandalus
kessleri in Notsuke Bay.
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Gammaridean amphipods in Hamanaka Bay
and Biwase Bay, Hokkaido.

Noriyoshi TAKAMARU and Toshikuni OCHIAT*

(Hokkaido Kushiro Fisheries Experimental station)
*(Faculty of Fisheries, Hokkaido University)

The present paper gives the external morphological features of gammaridean amphipods in sandy
bottom in Hamanaka Bay and Biwase Bay at the east part of Hokkaido, and describes their spatial
distributions.

In total, 13 species in 8 families were recorded. These species were classified into three groups
from the type of their spatial distributions ; (1) in the inner part, Hippomedon sp. - Synchelidium
sp. - Atylus sp. group ; (2) in the central part, Ampelisca brevicornis - Protomedeia sp. - Anonyx
sp. - Urothoe grimaldii - Siphonoecetes tanabensis -~ Corophium spp. (C. crassicorne, C. sp.) group ;
(3) in the broad area in the bays, Eohaustorius eous - Monoculodes limnophilus japonicus group.

Four major gammaridean amphipoda communities classified by using MOUNTFORD’s cluster
analysis were recognized; (1) Hippomedon sp. community; (2) FEchaustorius eous community ;
(3) Ampelisca brevicornis community ; (4) Protomedeia sp. community. Their distributional aspect

were discussed.

= 2= U (Gammaridea) (XEREHM, FEE, WHHCRLTEY, PRETI~27e~v 20
FCHM, SEEE L GICHBERE <, EAEBMREO LB AHIRA L 0k L bic, B0 MR
WELTHMBRTVA29, BHiE, #6701, 3 3008l E23MbhT &0, BARNARDSD iz XL D
B BOBEZCHED ) A L 4SS h, JLKEREED L 015U Tiz GURJANOVA iz X b #i5 ThT L
%o HAKERIZ, NAGATA®~ 2T I WP NHED 2 = = CBic L THEZTh TV 55, Jtiffio= ==
EFICOLTOEEINZ LA Ficly

TR, e EERORGE S SRS R T A r 2 CHBEO BB I ABEB L EF BT A
MOBRHZBE L RicovC@{E TS,

AT ADITEL L, THBAE - oAbl KR EE RS- BEES LR REhERE, LU
MORBICOWCTIHE RV o iy P Rtrah i o MEr £ 15,

] &

BZcH Lic = o = N I2IARF5E 8 Hiz, Fig 1 iopHiRhE s EEEBO 0N TAI A =, F v
#AHES  A108 (1981411 H16HZH)
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Fig. 1. Map showing the situations of the sampling stations in Hamanaka Bay and
Biwase Bay. The broken lines indicate approximate water depth in meter.
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Fig. 2. Diagramatic external morphology of gammaridean amphipoda,
Hippomedon sp., female, lateral aspect.

F4 THRBLYHVCTHREL, ImmBEDL5V VTR ESELE-ABICL 50T, HB LMEIC
DWLT, HEEABELBAE 2 F v A —THvh L CHBBE YT -1

BRLEER

. HORRESHR

a z = CFIRHTE RS IR, B (78, W (38, BE (38 o 6hd (Fig 2), &
BixBeiBichciy (23D LM (5 5, WMl (35D 2, BEicizElE (3x) 2FEET S, M
i T S MR S L OBl S MY AT 5. i, BWEH 2L 5H £ TO EERO A0
2, 4M4OEBELYHE TS, 2 2= FEHOREDLHICIL, ZhbORED I CIHEEMNE EH LT
WEht-§fg, 08, BEERCHFETIRNKR Y ORE FAV-Bhb, = 2Tk, #EEE»-HB6H



Hhls LURERBo s UM 2

foa 2= CHAMOBEYS#EL RT LT 5,
a. Lysianassidae 7 FE4'/ 2T EFE
ZOPHIH 2O I WA MBOR L HEE L TR, B 1BARBOSE 1 KL, BlExHET 5,
Hippomedon sp. (Plate | -1)

fAfi213mm, F2MAREREXE L, #ETXF1MALVEVSY, ETRRESETHS, BB S
OGHEIERRCX VAR b TUV A B 7+ 4+ ) YETEEATCIIABH CTHS, A5 (Plate | -
2)OE#ILH <, FERYET S, § 190 (Plate | -3) 0% 6 A b, 5 10 (Plate | -
4) EMIRER L, BomMmNMeE L iy, F 20l (Plate | -5) O 6 ik AIEL #4 L, R
T, H 3 MR SRS A L TS, FIRM 2 A AL, Azt B
@it (Plate | -6) IZ#E< YlhiAd4, EMic5 ~6 fixHT5,

Anonyzx sp. (Plate | -7)

BRIz 8mm, RiIZKE L, HABOATI L LD, AL VEN{F1, F2BATRIFRT
Hbo F1MATAFORELYHT5, ATAOHEIHE . 1/ HAEDERIZIL, SROBFEA T
Do B 1HRMMTH S, B2 ON 6 BICIZMEL L L, W0 IEdac E i iEmS HFET
Do 3R 2 A AL, AL 2L 2B, RRMBIETE WA, Biic 1 AR AT 5.

b. Ampeliscidae ZH A/ aTEF

cofhz, 2, IEBEHI AL, By v X8 Ri 3,

Ampelisca brevicornis (COSTA) 7 & +# A% 4 (Plate | -8)

fEEiz13mm, FAEA AU R E R LTV 5, ROBBckGQEOEES ADNRD, &
BEGCRTECHS, F MM, F2mMrn @, By by, 1, 20 il (Plate
1-9, %3 BEMAMROERc il (Plate [-10) 24745, ABH 5 B 2 M%EO fi & = 25
3HfEIT ¥ THA e {, EHA KLy (Plate | -11) = Eiz L b Byblis & (Plate || -12, @i Byblis
Japonicus) XY Xhb, H3RE (Plate [ -13) 122 v HE+ 5, BEH (Plate || -14) 2% < W
haris,

c. Haustoriidae '/ /E 4/ OXIEFH
ZORHIfRIC S OBIE, BEZH L, BPHcE L-BEX LT-5,
Eohaustorius eous (GURJANOVA) (Plate | -15)

iz amm, (HBECHAICICHESEE LTV, F1AAEIEES L, 5 2 Al < Hii
TEM% LT\ %, Eohaustorius BI1HE | ~ 5 B2 873, 89 11 Lo 2 Mo TBIEY 72D &
LI L WO LRSS EhB (Plate [-16, 17), BEREOAMATHAL TV S, 3 B 2 2%
bbb, BB 2ITH S, BERIZERT2o0E LTV 5,

Urothoe grimaldii CHEVREUX <= v 2=t (Plate [|-18)

BRIz 3mm, RIZETLEL, ETDEv, F1EMAmCEIEYE TS, T2 M, ETIIRL i
25b0LH5HH, ETIRENI T 1BALBEFERTHS, FIBEBEVHENABE L2 EY §
H, ML 2HITHS (Plate I -19), REHRIZE L Wit (Plate []-20),

d. Phoxocephalidae 4<%/ 2T EF}
Hifgn X < Rl LTRIFChet, 885 B 4 B X b & avcis <, WFORBILR S,
Paraphoxus sp. (Plate [|-21)

fFRix10mm, FAHLH 1 AOEICHIE < Y, 911 BAOHEN 1 TR ES, $1MA0 8l I
WRELZESRTHII B 2MARECRR BRI TETHHTRF 1AL 2TSRETHS . H1,
2R CRAMNTH S, MIREIZ 2 ML LS, MR 2HTHEL Y £ BV, BEL @5
<, ¥8E CHLThAL,

e. Oedicerotidae 7 F/< ) AT EF

WASMHCREMT, WS T Hicth b, 5 WA 4B E 0 LRy, BRIz mcret
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Beo
Monoculodes limnophilus japonicus NAGATA (Plate || -22)

AT 1Imm, FFCEBOEOMSEET 5, B 1 AR R oV, 52 A 1M L by,
1RSI, B 2 sl L BRI T B0, 55 MOBEL S 6 O MRIBICi - T B, 853 R
MRS, 2 2 EETAAMEIRR SR, BEIRZEFFT, RIAEIREOWHEO 2 40 1fincE L, Whid
ZAETeN

Synchelidium sp. (Plate || -23)

BRIz 5mm, B 1MRANIE 2 AL D, B 1 ARSI TR S, 2] (Plate [1-24) (28t
WCHSELF 6 MILME LTV 5, 83 BIETMEL, 208X ET 5, REHIINAR CORALL
b
f. Atylidae 741+ 3I3TEF

EnE L EACRL, FESoFEIMEE LT 5, 2, 3REIEAT 5,

Atylus sp. (Plate |V-25)

S 7Tmm, KEORAERL, 72 ~r a3z A japonicus HHIHIT WA, AR 1
M= E b2k, F1, 2HOE6MARSEL hEVC L, #5HE MiBEORR L
TR %o 8 1AERE 28 L IEFRT, BEER BIRPesAE <, HEANER LTS, KHL
AR TH D, F1EME, ME L2, 3REOWHCthEhEACRER 1MOoREEH TS, @
HiTH L WA s,

g. Photidae 7 & 42T EFE
R AE L, Ha<, WRAZILL, 85 KB Fdaiicu, MAOHTILEY,
Protomedeia sp. (Plate |V-26)

fhfeik 8 mm, ARICHABEAOHMEHET 5, H 1MMAEE 2 MM L D ook, BEY AT5. Hoy
2 MR SRK TR T b B HMIDIREIEHR TR . 573 BB 2 HEiE #io (Plate V-27), R A
BUIHIBE L, FHiAZudiny,

h. Corophiidae kO 4 4 4§}

FERFHCRET, EIR2VNE{, FhFhnER D Ablcu, BE#IIE S, WhiAZiticw, o
F1HAIEATHS,

Siphonoecetes tanabensis HARADA A+ 7 £ F 4w (Plate |V -28)

i 5mm, PRI X DR S h BB T 5 AR AHOMS) 15 TH A £ (Plate |V-29)
XD ERSShD, ¥z, ARMEILE 2 MACE 2 REOBIENHEC X b A Ric 5, 816
A AR e, 2 M A L VAT, AFOERETAA L, Mo 2 BidEEic ) X,
AT~ REM D, MMEEA s o, BECERY RS, M2, 3R ErC 1Y E T
5o BREIBUIADEL, FIBT, Yhaiticy .

Corophium crassicorne BRUZELIUS F # ¥ wr # # 2 (Plate [V-30)

{AFelX 5 mm, JErhis L IEERIE TR Ve 2 F A cFop CIHBBEOR S BT H S, B 1MA,
1RO Lfic 4 ~ 5, Thic 5 BOBERT 5, MEOH 2 Mgk, $3EO TFRIC 3 M, F4mn
WRINS, WRARIEL7E D, FOTEHIC 8 ~108, 45 Hiicik | ~ 22 FEET 5, HEOH 2MiAIL, FL
SEAT, WEIMIMRET IS 20, B4 4PRE BB 2 M, 5P LRI 1R T A,
1RSI, AT 2 MER IR & Fe SR C, 555, 6ICRVMIEYBCAET 2. REILTCHE
aL, BIRMI1EEYE T2, BERIZUNAE RV,

Corophium sp.

ZOffiit C. crassicorne S TEHEECBLL LTV 5, Rz 2 A% 4, SEOBO RFIC
R Ehas, ZOMTC crassicorne LRIC %, MO H 1 O WEE 1O A 4 8, T
CApE L, F2MADE 4T IXNOM, H5EHIC 1 HOMEET 5,
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2. ATIEHEOLSH

s IR BT A 2 2 = YOS A Fig. 3i1cm Ui, Hippomedon sp. L bl Tl i FHK
RSB, S T RENERACAER LTS, —J L7 e ¥y a=ERTYL Anonyr
sp. ik, MWL b Hippomedon sp. L b Lih&ic B A A L CHBE S fidsn LTuw5, Ampelisca
brevicornis (LRI THBERE00m X DB R A S R, G ORER S TEEE ST 5,
PR O L A B Y, IERBEO SR LTV B, Eohaustorius eous (LTS 2 vk
iz, BEEcARLTWA, FRICHLT, fiEEEL ¥ /7 e ¥y 2= B Urothoe grimaldii (L
FOMAER B L, SAEELEY, Paraphoxus sp. L hEic § B2 b b 0%, @EE il
VR G O JER L SR 2B, Monoculodes limnophilus japonicus (LSS TiLH 55 {BEIK
b E ¥ TH A finAbhb, Protomedeia sp. (LRI & & LT Wb, & O fliL
Eohaustorius eous, Ampelisca brevicornis \ o\ CTHBEM@EEHEEA %\ Corophinum & LW L Lic 4
B ST 525 BPEENOMEROMNE TRLEE LG . i EMEEED D fo W Fo b IR Ligds »
to#s, Synchelidium sp. (XEPIEORIRIR, Aeylus sp (LTEERE © K, Siphonoecetes tanabensis
TEEEBEOME TTh EhEMGERE SR -0ZTHS,

Ll Eimah~<tz X 5, Hippomedon sp., Synchelidium sp. 35 LU Atylus sp. VLS TH A
B E <, Ampelisca brevicornis, Protomedeia sp., Paraphoxus sp., Anonyx sp., Urothoe gri-
maldii, Siphonoecetes sp. ¥ L Of Corophiwm JBTIP G CHEE &\, F 72 Eohaustorius eous * Mono-
culodes limnophilus japonicus \IEO KL THE R E A 00T, L EE LRI H- > TV 5,

By L HEEEE O 2 o = CHO L, TTICRN L ST, ThEh oM g milifH LT
VWhy SO AL, 2axEORUL S MM S MY, O CEELEL s LT, g

.ol 1-19 @,0150-249 @:250-499 (@) 12500 ind/m?

Fig. 3. Map showing the distribution of gammaridean amphipods.

A. O : Hippomedon sp. D. O : Monoculodes limnophilus japonicus
® : Anonvx sp. ® : Paraphozus sp.

B. Ampelisca brevicornis E. Protomedeia sp.

C. O : Urothoe grimaldii F. Corophium crassicorne and Corophium sp.

® : Eohaustorius eous
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Himmidun sp. Eohaustorius eous Ampelisca brevicornis Protomedeia sp.
eonnmmi‘ty community community community
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Fig. 4. Dendrogram showig the result of MOUNTFORD's cluster analysis using MORISITA's
similarity index. Numbers across the top of the dendrogram correspond to each
sampling station in Fig. 1.
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ThHbH, 0.6LL EOBLERHY F55 M
MEX 120K LETHEEL LTRD 42D
2ax= R BPITAICEATES,
1) Hippomedon sp. BE#

2) Eohaustorius eous B

B= . Hippomedon sp. community
T Eolianstorins eolts community

3) Ampelisca brevicornis Bf#

R Ampelisca brevicornis community 1) Prot ot s, TE
: Protomedeia sp. community ) Protomedeia sp. 3% .
Zhe O M B i1z Fig. 512 7%
Fig. 5. Geographic distribution of each gammaridean hb ﬁ.% HeBpE 534 12 Fig. 542 7R
amphipoda community. + I 51z, Hippomedon sp. BT - 4

MR L, Shicroriicinig s

SEfTic Eohaustorius eous BEED TEET 5. Ampelisca brevicornis BE L mhido 1Bz & L,
Protomedeia sp. B fEEEBObh LR HEET 5,

SENE, Fohs s EESSOPERCER TS 2 o= CHIBMONRBEL AoV THE L. L
L, fhoEc4dBho o4 L oA PEREEN L OREMFIC OV Tith i h » 1o, FHOIEESHHS
EREOBSE AL L KT 500, ERREOHREL LTRETHHLLTVS, ¥, hRYZ &,
44 OERKE LB TEESYRERSCRETORVCOH5 - LA LEESHHORERSEC LS+
o F N A WBEOTTHEEATE LTV 5, ZOZ Lk, 4%, =2 2= CHEOBRIIBECEERRE L OX
EBIE, 5V IzEREEBYOLERE L OBMi XM BT 5 LATESRLIE, RBERBDORE
- H S MR REZh DI LD EEL LR D,

2 ¥

1. dbfEENERORSE L EERBOPEEICELT S 2 2= CH 8 FH3MIc oW T, AABEBE i
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B Bz Lz,

2, Z OO = 2= SO AN, Ampelisca brevicornis, Protomedeia sp., paraphoxus sp.,
Anonyx sp. fe X1 & LT icE BT 288, Hippomedon sp. s &' O R BT 588, Eohaus-
torius eous, Monoculodes limnophilus japonicus fr &L/ A T oM@ T 2 2 &0 T
&7¢,

3. =maox Pl LT, Hippomedon sp. BEEE, FEohaustorius eous BE#E, Ampelisca brevicornis B
35 L O Protomedeia sp. BEHED 4 FEEIFEHA 2 i,
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Plate | 1~6. Hippomedon sp.

1. Whole animal, female x 7

2. Mandible x 20
3. Maxilla 1 % 60
4. Gnathopod 1 x20
5. Gnathopod 2 x 15
6. Telson % 50
7. Anonyx sp., male x 7

ar3 : article 3 of gnathopod 2, co : coxa, d: dactyl,
in : incisor, ip : inner plate of maxilla 1, mo : molar,

op : outer plate of maxilla 1, pa : palp, sc: subchelate
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Plate Il 8~14. Ampelisca brevicornis

8. Whole animal, male x 6
9. Gnathopod 1 %20
10. Epimeral plate 3 x 20
11. Pereopod 5 x 18
12. Pereopod 5 of Byblis japonicus %20
13. Uropad 3 % 40
14. Telson %50
15~17. Eohaustorius eous

15, Whole animal, male %15
16. Pereopod 1 % 45
17. Pereopod 2 x 45

an2 : antenna 2, co : coxa, d : dactyl, g : gill, ir : inner ramus, or : outer ramus, pd:
peduncle, pl : posterior lobe of article 2 on pereopad 5, t : tooth of epimeral plate 3.
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Plate Il 18~20 Urothoe grimaldii

18. Whole animal, male % 11
19. I'I‘nl:utl 3 % 70
20. Telson « Of)

21. Paraphoxus sp., female

22. Monoculodes limnophilus japonicus, male
23. Swynchelidium sp., male x 10

24. Gnathopod 2 of Synchelium sp. < 90

an2 : antenna 2, ch : chelate, co : coxa, ir : inner ramus, or : outer ramus, pd: peduncle,

yed : pereopod 4, ped : pereopod 5.
I I I F p I
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Plate IV

bl L OHERME O = 2 = ¢

25. Atylus sp., male x
26. Protomedeia sp., male X
27. Uropod 3 and telson of Protomedeia sp. x 30
28. Siphonoecetes tanabensis, male x 7
29. Mandible of Siphonoecetes tanabensis. x 110
30. Corophium crassicorne, male x 7

39

anl : antenna 1, an2 : antenna 2, ca : carinae, g2 : gnathopod 2, in : incisor, ir : inner

ramus, ot : outer ramus, mo : molar, pa : palp, ped : pereopod 4, pe5 : pereopod 5, t :

telson.
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On the recolonization of Laminaria religiosa MIYABE,
in Oshoro Bay, Hokkaido.

Eiji ABE, Keiji MATSUYAMA and Yasuaki TSUJI*

(Hokkaido Central Fisheries Experimental Station)
*(Hokkaido Kushire Fisheries Experimental Station)

Subtidal rock surfaces at 0.3-0.4m below were cleared manually once a month in Oshoro
Bay, west coast of Hokkaido from September 1973 to August 1974. Clearing was carried out
with a quadrat with a side of 1 m, clearing an area of 1 m?% The caverage, density and growth of
Laminaria religiosa MIYABE followed from 1973 to 1976. The results obtained are summarized
as follows :

1. During the investigation, 46 species of algae including a large quantity of Ulva pertusa,
Enteromorpha intestinalis, Laminaria religiosa and Palmaria palmata developed on the quadrats
cleared.

2. The quadrats were classified into four groups based on the development of algal recolo-
nization, viz., Group A : September ~ October-cleared, Group B : November ~ December-cleared,
Group C: January ~ April-cleared, Group D : May ~ August-cleared.

3. Sorus appeared on the frond of sporophytes of L. religiosa from September to December
with a peak in October.

4. Sporophytes arised from November to April. The most active period of their sprouting

was during the two months, November and December.

5. On the quadrats cleared from May to July and November to December, the high caverage
and high density of L. religiosa-populations were observed at the next year after the clearance.
And also, the longest sporophytes of mean blade-length appeared on the quadrats cleared from
May to July.

KRBT 547 £ 2 v 7O/ERBES L USHEOHEE 140, 2FEH04Bc >0 TItEE S
hTwa =1, Lhl, KRATO®Y 2 2 v 7OREERBRC OV TILERROMELSR IR TV 5,
FEEOIL, DB ERIETIO3~19T6/EE Th Y £ 2 v 7OLBREELIT, HY 23 vFLEOMORH
HORERN L BEVRBRCoV-T2, 30mMBYXBL-0THETS,
FICBEL, dtibi AR RS A ERERTTORRMCER LI bl b, B~ g
fetie e AERFR OE KHBKICE  Ra 5,

WLES A109 (1981FE11A16HZH)
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FEB T AR EEREO MRV 4 = v 7RSI TR S H 5 KE 30~40cm O b @5 L7 (Fig
1) 1973420 A6 1974458 A £ T 140, A Lfic B L - T 1m? Of&ERm L & Lic
(Fig. 2)o LAFHMAE O % Frvk £ Il L A oAii 2 THlaid 1 Hili & Lis

FAEIT 19734210 A4 6 1976 4E 8 H # T L AfEmic B L @ oME I oWErL&E L, +
Y A3y FConTIREE L RIECEEE, BER I OEEYRE Ui, RS I UERORNEL204AY L
FRE L, BRI TR L, i, SAEERoKEBIE S TT->71.

= £

. EEOHBRKR

PRAE A b A I B A RERR Lo, AR 5B, MBAK1LEE, RLE0MEOEEH6METHD, 205
R B - B, T 7AW Ulva pertusa, +%9 74/ ) Enteromorpha intestinalis, 7 4
a v 7 Laminaria religiosa, %/ * Palmaria palmata T#H -1,

B O BB B E &S T, iR T - ERE R RO 420 7~ T L,

Group A (9, 10A%) : 1) AEREREE»SXCT>FT4H, £y 742V, 7278/ 9, &2
Woanat U AR 62% OWMETHE Lt chbD 567 + 7 4L oEE BEO3I A TiIo M L
T, 7HTAFIETHE| EREE 11H £ TRES 100% O E CHERLLE LI, LnL, T0Esy 42y
FRHEOBR EHcHY L, £FckEdEv-sigolErBoht, 2) &7 2 va v FRaFER, #WER
IS LIS BT, BED 3~ 5 BBl Lo, BEEVEL R Lz 197540 bilgF12~

Ed
%

Oshoro Bay

Oshoro Bay

FIEEEEE]

Fig. 1. A map showing the location and topography of the Oshoro Bay
with 12 clearing quadrats.
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Group B (11, 12 Afi) :
ML T+ ThHENHMBE LA, w2 av 7BED
R E o L, 19744E0 HIZ K E~ LTIl
B0% DWEE TMAT AW L 5icie-tz, 2) hv
A2 TRV, TR A R L AR B
T, OBENLIMEEL~2 HiIcB L, BE~HE
ICHEEIX100% e b, Hv 2 av THEERIBRL

s

Group C (1~4 A : 1) MEMmAREEC
THTAFLEEY T2 V) HBLTEE L L5
THTAVOHEEN100% e VEERELYE - 7=,

1) A AR

7RTFH,

December quadm

I ' Group B I I Group A I

Januzry quadrat

100 E
]

FEQREFRC T+ 744+ OBEN100% LD,
XA ADHENRGE LT 19BEOHFCMIES 100% L7e D, FhENBERYE -7
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Fig. 2. The 1m x 1m cleared quadrats.
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Fig. 3. A diagram showing the distribution pattern and coverage of Laminaria religiosa

Mivase () and other algal (]

[} communities on the each quadrat cleared

once a month from O:tober 1973 to August 1976. Arrow shows clearing month.
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WIEEIC B Lo SRl % Lo, BESLEEIMM LA, 1 HilT19765EIC B 100%
o tcbih, B sEEy -t R LA,

Group D (5~8 Afi) : 1) FAERAKERC #0747 V0 HBL, $c7 AL 8 A TIZ8 ~
9 ADfE, WEEA 100% &7c VAT E - 720 RE~LFizEic 7+ 74+ AhEb h IHBL LA,
RV A TRHEORE LD L, 70, 194EDRFC—B 7 v Ao x 2 L7 H e 2 A HIE
60% THBL LTz, 2) v 2 2w FlaFHiE, BERLSEKLECBed, BEroEE1~24
ICHBL, BE~EFRCHEL100% e, v 2 a2y 7HRERHBE LI,

2. SAEMICRE LAY Aa-TRFE

) %&£ &7 B ™M

Fig. 3 iwmit L, H@AEMCSCIE LoMEio £FlE, 6, 7AEA1~11HDO 1A
I8, 11, 12H@iA 2 ~11H 0104 ABER L&D - 1o ZhbEhOiclEm O SR figcThae
EHBL-EEOEFTHMIE b, 4ARELIAMTS~THO 3 AMERLER -7

(2) # : 4

Fig. 3 o+ E560, 1974 F ik 5 #@&Emo FoAcwrEix, Group A ®9AmM2%, 10 HIE 6%,
Group B ® 11, 12 A 100%, Group C ® 1 Hiiii 20%, 2 Ami15%, 3HM2%, 4 AmM1%LIFT,
Group D @5, 6, 7, 8 AECiZHER Lich -1

coX 5, Group B % bz S o i ii#ic T s & Bl L MO SEENEAED L
120 1975%ELARIZ Group C 35X 0¢ Group D @ 8 ALl OB &M THE100% Zm Lice #WEEL, 5
OER LI U TEE~HEFCRALEL D, Kih LG L DT L.

(3 &= : 4

1974 i B A MET OWEE L, Group B CiapEEDHEA 22 7 H T4 11 Aifi 101 ffk/m2, 12 Hifi 155
fifk/m? CHRLEV AT L, Group A, C Tl EEDORLE-725~8 A T4 9 Hif 4 M/ m?, 10
H i 14 EfE/m?, 1 Aifi 45 ffk/m2, 2 A 55 #fk/m?, 3 A 13 #fk m?, 4 A 3 #iE/m? T i
Wilixs Lz, Group D Tizel{ B Lich -1,

Ok 5z, 12ZHE AP O E AR OMRRA R IC Th A S B L oA ORI L,

4 = ®

FEOESCHE LR F 048 Em (1974 F) sL0% Group (1975~1976 %) HOER O F@E
{t% Fig. 4, Fig. 5 i, AEENOEES Table 1 io7x Lz, 1974 FFiciz AB O @ ffi2 Group B i
Beh, BAERIZ1 A TS5 Aic 121cm, 12 AT 4 Bi2 114em TH - 12, Group A 2t 5 BAE
iz, 9 AW TS5 Hi233cm, 10 AGT5 HiZ 49cm TH -7, Group C izt 5 BAHELE L, 1@ T
5Hic97cm, 2 AliiC5 Hiz 34cm, 3 A T6 Hiz17cm, 4 ARIT6 HIZ5em TH 12,

ok 5i, Group B #rhulic A OERBA G Th 2@ LB LA @EORAERL KM
4 Lz,

# Group ORI B Lk OB EROFEERL, Group A TiE 1974 fF 48cm, 1975 4F 188cm,
1976 4 170cm T - 72, Group B 7T 1974 4F 113cm, 1975 4 164em, 1976 4F 126em T#H - fz, Group
C -T2 1974 £ 57cm, 1975 4F 114cm, 1976 4E 128¢m T - =, Group D (¥ 1975 4 165cm, 1976 % 183
cm THoTz,

Z0k 5iz, Group B, D TiiggH» 6 HEXMOMEL LR 5HEI B S, Group A, C Tiz
BEVNUOREED S - 12, BEHLRBOCERS 100cm Ll EicET 50 Bicd BE BRI
(Fig. 4 & Fig. 5, Table 1),

#HEOFERCHE L-HEORAERNOERICoV-T, 1974 FMER Z £z, 1975 4 & 1976 i
T h—7 Z PO EOBTELXRRES 4T, FO&FE% Table 2 TR Lz, *1:, FHflioz
DEEOHEXEOHEC X VE»NZEROKMELY Fig 6 TR L1,
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Table |. Variation of the morphometrical measurements in maximum blade-length
period of Laminalia religiosa MIYABE from 1974 to 1976. Confidence
limits are given at the P=0. 05 level.

Blade-length (cm) Blade-width (cm) Blade-length/Blade-width
Quadrats name Confidence Confidence Confidence
Range  Mean fimits Range Mean Henits Range Mean Timits

1974

September quadrat  20- 5§  32.50 2745 20- 40 275 1.52 83145 1158 4.62
October quadrat 17- 83 49.27 15.87 10-70 382 1.50 5.7-250 1475 4.40
November quadrat ~ 83-175  120.70 10.59 6.0-130 955 0.95 83217 13.08 1.52
December quadrat ~ 90-160 11410 9.59 50-130 913 097 8.6-18.0 12.88 1.16
January quadrat 72118 9744 B.14 50-11.0 850 093 72192 1187 1.51
February quadrat 20- 80  34.09 13.25 30-80 400 1.00 63125 812 1.4
March quadrat 12-21 1650 57.18 20- 30 250 6.35 60-70 650 6.35
April quadrat 4 8 53 574 15 150 0.00 27-53 356 3.82
1975

Group A quadrats  107-309 188.08 13.74 38207 1118 1.07 92330 1847 2.8
Group B quadrats  102-337  163.88 16.91 6.3-156 1048 0.79 80248 158 1.19
Group C quadrats ~ 21-199 11353 9.69 22182 1040 081 38364 114 1.10
Group D quadrats ~ 50-265 164.96 12.87 65212 1182 0.78 43262 1422 1.01
1976

Group A quadrats ~ 100-280  169.59 15.27 6.0-21.6  12.71 1.07 9.1-19.6 1360 0.92
Group B quadrats 85231 126.21 10.84 6.0-168 1091 0.83 69193 1184 0.84
Group C quadrats 45265 127.88 10.45 30174 953 0.85 71274 1426 101
Group D quadrats ~ 76-345 18338 11.96 36184 1135 0.77 7.2-318 1690 0.96
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Table 2. Test of significance of differences in blade-

length of Laminaria religiosa MIYABE from
1974 to 1976. Test for equality of means are
given at the P=0.05 level.
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Fig. 6. The relative merits of blade-length based on test of significance of differences
in blade-length of Laminaria religiosa MIYABE from 1974 to 1976.
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Fig. 7. The large and small relation of blade-length/blade-width value on test significance
of differences in blade-length/blade-width of Laminaria religiosa MIYABE from

1974 to 1976.
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Benthic communities of Japanese surf clam (Pseudocardium
sybillae) beds in Hamanaka Bay and Biwase Bay, Hokkaido.

Noriyoshi TAKAMARU and Shigeru NAKAO*
(Hokkaido Kushire Fisheries Experimental Station)
*(Faculty of Fisheries, Hokkaido University)

48 stations in Hamanaka Bay and 30 stations in Biwase Bay, eastern Hokkaido, were sampled
three times between spring and winter in 1980. In this paper, the relationships between macrobenthos
communities and bottom sediment conditions were studied, and the correspondence between the area
of communities and the habitats of Japanese surf clam, Pseudocardium sybillae, was discussed.

The results obtained are as follows :

(1) Sand types of particle composition of sediments classified by SATO s method were shown
the areal changes in the distribution from the inner to the central parts, such as O—=V— [, types
in Hamanaka Bay, O—V— [ | types in Biwase Bay.

(2) Carbon and nitrogen contents in sediments were lower than 0.39% and 0.3%, respectively
in the inner part of these bays, except small area round the outfall of the Poroto River. In the
central part of these bays, carbon and nitrogen contents were higher than these values.

(3) Macrobenthos communities were classified into A~G,; cluster groups by means of
MOUNTFORD’s cluster analysis using MORISITA’s similarity index. In Hamanaka Bay, four communities
were recognized as follows : (A) Tecticeps japonicus community and (B) Eohaustorius eous
community, inhabiting in the inner parts along the coast line of the bay, (C) Protomedeia sp. -
Ampelisca brevicornis - Nothria holobranchiata community and (D) Chone teres community
inhabiting in the central part of the bay. In Biwase Bay, six communities were recognized as
follows : (E) E. cous - Nephtys caeca community, (G,) Hippomedon sp. community, (Gz) E. eous
- N. caeca - T. japonicus community, (G3) Protomedeia sp. community and (Gy) Diastylopsis
dawsoni community inhabiting in the inner to the middle parts of the bay, (F) Protomedeia sp.
- N. holobranchiata community inhabiting in the central part of the bay.

(4) Habitat of the Japanese surf clam were corresponded to the inner areas with A, B and E

communities, and were not to the central areas with C and F communities.
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Fig. 1. Map showing the sampling stations in Hamanaka Bay and
Biwase Bay. The broken lines indicate approximate
water depth in meter.
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Fig. 2. Geographic distribution of each sand type classified
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Fig. 3. Sediment characteristics in Hamanaka Bay and
Biwase Bay. The upper figure shows the total
carbon content (%) and the lower figure shows
the total nitrogen content (%,) in sediment.
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Fig. 4. Plot of results of cluster analysis as dendrograms. Numbers across the
top of the dendrograms correspond to each sampling station in Fig. 1.
Table 1. Common species of members of benthic communities in
Hamanaka Bay and Biwase Bay.
Cluster group Spring Summer Winter
Tecticeps japonicus Tecticeps japonicus Tecticeps japonicus
A Eohawstorius eous
Drastvlopsis dawsont
Eohawstorius eous Echatstorus eous
B Paraphoxus sp. Hippomedon sp.
Tecticeps japonicus
Protomedea sp. Nothna holobrancliata Protomedesa sp.
c Ampelisca brevicornis Ampelisca brevicornis Tecticeps japonicus
Nothna holobranchiata Paraphoxus sp. Faraphoxus sp.
Corophium spp. Protomedeia sp. Eohaustorius eous
Nothria holobranchiata
D Chone leres
Eohaustorius eous Nephbys caeca Eohaustorius eous
E Tecticeps japonicus Eohaustorius eous Nephtys caeca
Nephtys cacca Hippomedon sp.
Protomedeia sp. Nothria holobranchiata Protomedea sp.
F Corophium spp. Protomedeia sp. Nothria holobranchiata
Siliqua alta
Gi: Hippomedon sp. Ga : Eohaustorins eous Gy : Drastviopsis dawsont
Eohaustorius eous Nephtss caeca Nephtys caeca
G Nephtys caeca Tecliceps japonicus Notitria holobranchiata
G : Protomedeia sp.
Ampelisca brevicomis
Nephtys caeca

Winter
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AT Th b, BRFEL L RBEHPETE S LichvEWC e 7D, HEEEE TT, BREEkRELALOH
FH A 0.3% L FTH D,
3. EEE R

b & FEREHUS I BT 5 IS, R B3R, WAL 2THR, BUKE 218, BHEE 3,
MY 2 fi, FERTNY 1 SO EF8THTHh D, Zh b0 EAHORMELR A LET6.9%, B
20.5%, WkEBi2.4% Thh, Zhb 3 o0BMEAEABYHRO T2 LGB T3,

£ A D AR T o REHE L 0 B 2 B3t 5 foebiz, MORISITA (1959) @ Similarity index (Cx)
#MA L, Bodro7e MOUNTFORD (1962) OFHEREHNCL D, HUEA 0.6 ETOF v Fr s A
i L7z (Fig. 4), ¥7z, Table 1 /i S HELENT 2 EAEBHDO 56, MMLE1 10% Db
%, SALERYE ISR Lz,

ERECll, BB SHE O v+ A Tecticeps japonicus 7 &5 L, 7 =¥ D Diastylopsis
dawsont, Vil D Eohaustorius eous OFAHZRA K&V AR, E eous PVES L, v HE
Paraphoxus sp. OfE{EE L £\ -BiE, wiHE Protomedeia sp. VG L, WO 22 v 2=y
Ampelisca brevicornis, ¥ v 2 & L& Corophivm spp. °LEFED A > 7> 1 v 2 Nothria holobra-
nchiata DERHZONE CHE, LEHD 277+ ) Chone teres OFFILHEYE L BREYLHDS
DREECE o Ehs, EFir T. japonicus, E. eous 3 X0 N. holobranchiata 75T % 3 2D

AR LTEEFL 1. japonicus T 5 AR L Protomedeia sp. 7T 5 CRHED 2 DOFEE
MED RS,

HEEESOEAYEERIZESTCIE E ecous BB L, T. japonicus 2 HEF O~V FrayrahAo
Nephtys caeca DEREEIE L EWE
B4, Protomedeia sp. 73\EHRT,
Corophium spp. #+ 4+ 3 vV A
Siliqua alta HZhizinib5 F B4,
Hippomedon sp. H\@ZE T, E. eous
% N. caeca DEENALRAHG B
Ry Ehb, BELLFCI, E
BIUFMESFEFELILE L GEEDDL
hs, chboofliic, EFEwit E
eous 7\l L, N. caeca, T. japo-
nicus #EBAIE L REEREY Lo 5
Gy i 2 Protomedeia sp. 7B 5
L, A. brevicornis, N. caeca 3 F2
PR & 70 B G P IMVETE L, 4T
Wt D. dawsoni D\ L, N. caeca
N. holobranchiata ¥R &
5 Gy ELRA IR D,

lED L 5, b TA~DD 48
4, FEREMIS CE ~Gy @ 6 BHEIC X
Bl EABMEE O KV & F :
ZERLI-DOM Fig. 5 ThHh5H, K Biwase Bay Hamanaka Bay

FETIE, AT L TRERICAR Fig. 5. Geographic distribution of each cluster group
KX, HECRERATFET 5, # in Hamanaka Bay and Biwase Bay. See Fig. 4
FCITABEX L CREX 0TI B for A~G.

Spring
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Fig. 6. Distribution of the Japanese surf clam in
Hamanaka Bay and Biwase Bay.

4 KyFHAOH%H
B L MO+ » 7 1 OBES % Fig. 6 iwiLic, WRPBEOHMTIR, & F 71 H@ERD
DA EEE T2 5 505, HERME £ TR - T b, K4 mfEE0#gRiz, 0.4~0. 6
/m? O R L P TR EET 5, BB oEN T, B 1 Efk/m? 2 EE S G
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HATO.5 fiff/m2 2 k> Tk D, SHRALEL, @EBOLKCERRALh S,
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@ T. japonicus GEAMEVHEKT, [LHEH e o AEEATT 5 EHBIO E. eous HHEMHICRRHLILSRL G
{leBt=d (B - %4 1982), ZoOMfA 5 o2 BRHEK A B ENS, 2Tz T. japonicus #
HRFROBMAET L GF - LM 1956), EBMER N+ 5708, BRERKZNET S, 1,
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KB L VEA SRS KHEONE#HRIZ, TOAHEHSICHIE LBl L YIEShDH
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o FH A OEHE S X UEEBHIE L OMERMERY Table 2 (/3 Lz, fRHRICASh 3 ORofE Tz

Taole 2. Carbon and nitrogen contents, density of the surf clam
and benthic communities in each sand type area.

; Density of Benthic community
Sand  Carbon  Nitrogen cat g

type (%) (%0) find./im?) Spring Summer Winter
0 0.18 0.14 1.50 A E G B, E A E

' 0.34 0.19 0.22 A E A, F, G A, F, G
161 0.43 0.24 0.02 B, C K. C

Xa 0.44 0.19 0.12 E, F E, F, G E, F
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Experimental studies on the release of the cultured
seeds of abalone, Haliotis discus hannai INO
in Oshoro Bay, Hokkaido.

Tateki MIYAMOTO, Katsuo SAITO, Satoshi MOTOYA#,
Nobuyoshi NISHIKAWA#*#*, Haruhiro MONMA##*
and Kazuhiro KAWAMURA##*

(Hokkatido Central Fisheries Experimental Station)
*(Hokkaido Hakodate Fisheries Experimental Station)
®k(Hokkaido Wakkanai Fisheries Experimental Station)
0k Hokkaido Institute of Mariculture)

The behavior, growth and survival ratio of the abalone's seed, Haliotis discus hannai, pro-
duced by the artificial mass culture were observed in Oshoro Bay, west of Hokkaido from 1976
to 1979. About twenty thousand individuals of the seed, 24.8 mm in average shell length, were
released on the 26 th of May, 1976. The results obtained were summerized below :

1. Most of the seeds get out of the rearing cage to the ground within three days after the
settlement of the cage in the sea, although 2.9% of individuals remained in the cage. The higher
densities were observed within 10 m around the releasing point after 491 days. The distribution
of the seeds corresponded with the growing area of algae.

2. The larger seeds at the releasing time distributed the broader area. Furthermore, seeds
showing an inferior growth stayed near the releasing point for a long time.

3. The asymptotic length in each group of different shell length at the releasing time showed
the lower value than the aboriginal abalone. Their values were estimated ranging from 77 mm to
109 mm.

4. On the basis of the growth curve, the highest growth was observed between 30 mm and
40 mm in shell length. As the growth ratio was higher in the smaller seeds than the larger ones,
the shell length of released abalones became the same each other after 3 years.

5. In 154 days after the survival ratio was 15% to 20%, after that, the ratio was almost
constant until 491 days after. The ratio was less than 10% under 22 mm in shell length at the re-

leasing time and was 23% to 31% above 22 mm.

WMAFES A1l (19814F11 H16 A M)
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Fig. 1. Location of the experimental ground in Oshoro Bay.
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Fig. 2. Frequency distribution of the
released seeds.
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Fig. 5. Depth contours and distribution of algae in the experimental ground, May 24, 1976.
Right numbers of each station are wet weight of algae per a square meter, and pa-
renthesized numbers are same of Laminaria religiosa. Left numbers are numbers of
species of algae. Some algae like on a tidal flat of rock were surveyed on an upper
surface of sunken rock (3%) which was 0.3~0.5m depth, but not measured. Do-
tted line shows the border with a sandy ground.

Table |, Frequency and abandance of the algae on the tidal flat of rock in the experimental
ground, May 24, 1976.

F SiE F S
CHLOROPHYTA Gelidium amansii 28 7.2
Monostroma angicava 11 0.1 G. vagum 17 0.1
Ulva pertusa 89 15.0 Dumontia simplex 17 6.1
Enteromorpha compressa 6 0.1 Neodilsea yendoana 22 133
PHAEOPHYTA Schizymenia dubyi 6 0.3
Sphacelaria variabilis 6 0.4 Gigartina ochotensis 17 0.1
Desmarestia viridis 6 9.3 G. pacifica 11 0.3
Punctaria latifolia 17 1.1 G. japonica 6 0.8
Scytosiphon lomentaria 50 4.3 Chondrus ocellatus 17 0.1
Colpomenia sinuosa 6 1.7 C. vendoi 17 8.1
Laminaria religiosa 78 6209 C. pinnulatus f. armatus 6 0.1
Costaria costata 39 66.4 Palmaria palmata 5 187
Undaria pinnatifida f. distans 11 19.9 Campylaephora crassa 6 +
Sargassum confusum 28 3.6 Acrosorium yendoi 11 0.1
S. thunbergii 6 0.5 Polysiphonia morrowii 67 14.1
RHODOPHYTA P. japonica 22 0.2
FPorphyra yezoensis 28 3.0

F : Frequency (%)
S.C : Standing crop (g/m?)
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8\ 233

P

Fig. 6. Distribution of aboriginal abalones before the experiment, May 24, 1976.
Numbers are individuals per a square meter. Dot-dash-lines show each five meter zone
centered at the edge of the tidal flat of rock. Numher of quadrat(n)and mean(m),
standerd deviation(s.d)of individuals per a square meter of each zone are calculated.

fifk,/ m &z 3 LA, FELATHFY= N
ED=V 37 vy = OF RSN =
= 5 - v
L bFEIL, A h=FE T, B LS, BAR BT, %5‘
=Yk b7, TOMOMIFRE I hizh, LERIE g n
DA b=F e b FThots, DAL, HdH10m O %
BT, Thl HifTi, bt celichbl: & 2] :
STHMLTEY, 2EDFETLIMEGE M2, FiL% ﬂﬂﬂhiL‘ ﬁM%
P . 2 -y T 3 10 20 30 40 50 60 70 80 90
W 2EHTWRE/ W, BREm GO TIRe. 6l SHELL LENGTH (mm)
2 -+ -
b/ T%jt" Fig. 7. Frequency distribution of the abor-
+HEOMREIL, eI v H=, V=, 2y~ iginal abalones which were collected
EF = REERAEN =, 44F=, =2T25= in the experimental ground before the
F=y ROV VH ) SRS, RFEIRRKS experiment.
Fic G AL T ey, FHOFEOIRRIC T v 7 =E1% Total n 2;§U,
CHERL T, ¥ K2 ) Sk < RIBE R Y
LTEH, oA X+ ¥ H = RERHEDIZ AL DR
EOTF RIS, Buuldc;r %ound
" 54
2 3 S A
2. mﬁt&@ﬁ#ﬁogﬂ: Tidal flat of rook
177
MRS OB CHORAY S ¢ Rohr-fEiiz, 1HE m 547
sd 127

TREH A S 2mBA, 2BERUP4HA TR 5mEl
A, 9HHTXI0mLATH -7, Hifie 3 B B O#df
B TR, H THD > = 4 F —iTfh Tk 609 T, KD 2.9% Thotzo 2 IhbHE
W Ui, MECERSMAICEFS LTI, BEIOH ML TFEORER, FERENOERHOHILH
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June. 17, 1976 — e

Fig.8-1. Distribution of the released
seeds at 22 days after releasing.
+ . sampling station(quadrate)
B : released point
. high density division in
distribution

. . middle density division

. low density division

These distribution are estimated by
numbers recaptured in every quadrate.

Fig.8-2. Distribution of the released seeds at
75 days after releasing.

Fig.8-3. Distribution of the released seeds at
154 days after releasing. A dot-dash
~line shows the border of which algae
grow in shore side.

Fig.8-4. Distribution of the released seeds at
266 days after

Fig.8-5. Distribution of the released seeds at
364 days after releasing.
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Table 2. The distribution estimated of the released seeds and their density in the
experimental ground.

Distribution area estimated (m?)
Days after High density division  Middle density division ~ Low density division

Date ) - - - Total
releasing density density density
area ———— area —————— area area
m s.d m s.d m sd
June 17,1976 22 39.3 929 60.17 2285 27.6 36.90 2453 16 1.71 5131
Aug. 9,1976 75 252.0 176 1861 2220 3.0 283 4215 03 051 8955
Oct. 27,1976 154 5615 55 645 80.0 16 145 1680.0 0.3 066 23215
Feb. 15,1977 265 836.0 3.3 379 6438 03 045 1,479.5

May 25,1977 364 3265 6.0 479 5280 19 141 779.0 01 036 1,6335
Density is numbers of the seed per a square meter. m : mean s.d : standard deviation

ot FEBTLEESEVNOPRESTD L 5 1cfEofE LTy itvw ko aTRBEE I o -1,

BB 1 EORMICAT - 12 5 BIOSHEES H#HE S M AABEAO S HRY, £JBEFEOEEICL -
TRENZ3IXS LT, Fig. 8-1~8-5 iciR Lz, ¥, TOHEENOMME 1 m? 47- b0 FHEELHE
H L Table 2 iZiR Uiz, 4 fliBE, Hifi#22 A TREESE PO THRES Yo LcROHT
ko, FOMOBE TR, BHEURFEHBEEO ALY 3 AL B RDOBEES XS HRACHE
L L, MBEOHEHREL R L THEE L,

Weift#h22 H 219764 6 H17HIZIE, Hifi b0 H10~13m LI OEeiE 6 ClHl 2 hoest, BaH T
WREAYE < 1~ 2fifk/m? Th -t HHAD S 5 mELHO PO NA Pl Tk, A < 100{f LA
L/ mE DA AEED D, FHEETHBMEE TS -1

Mt 75 B0 1976 4E 8 H 9 Aicit, SFEOBEMlcoMAEALD, HEH D L VBRTLHEM I, %
fz, HESRKOFMICLBEI L Th D, ZhIZHES» 6 OESGER TH43m ThH 5, BRI T Shi:
Wtksidice (o) 728, EGHFOSHRMIVNELi->Tv 54, FRTOBEORECHEOMAR
BAs, EECZL 5P LELSEARFCIAM LTV L Bbh 3, BEDH) - -HEH YV & IHOHED
F@TIE, 17.6/m EETH -7,

etk 1543 © 1976%F10A27THITE, Eam TL AR B S h, oW 2, 320m? & BRI 24060
G bimEpio o b HEE X NIz, LaL, BEARED - 20202 VR T, +OREIEEOF ik &
BIE—F LI, 2, BESNORELTL EBLAREDEEOH M A bR,

Hepit# 2650 D 1977 4 2 A15AiL, FRRUCFBERRAUOEAGHHCHM LT fodd, BRI SR
MELSD DR AP TH 120

Heifits 3640 @ 197742 5 A25 i, FAEHD, MRV EOMETH ~ 1 MAEHH S, HH# 1540
LD ELEAMBEARY - LR Eh D, L L, BEREEOTMEGEL D <, REESAREIHL i
154 H& S SRS, BN 25 VIR E TOVRFil R O MAERL, VIBko & m i TE
HED Eh 1o,

B O MOk HeE S HREENOFMIZ BT 5 it R o ErEO Bks LT, Fig. 9 wm L,
¥, ChiCIRBgEE 491 B (2EREHALT) omErng 24, ChaEERERR (B »oRBE
BETH D, Btk 75 HTix, MERV & VRO THI8HEE ™ THEH, MLSr HEENDICH-T
ARCEENTH, AEENBOVIEL VS T, 1MEERN /M2 Lo, B BENEVEZ AL,
Wk 154 H TIXEESRV, 2650 TRV, 364 TN L FE 2 cBRICB 722, FOEEIZ6~8M
fh/m? TEXLh T, #4911 H (LEHRERE) T2, AEKNV»6ME T3 1~3. 24/ m?, |
EroNgE coMTa sk /m? LB, 1821 0BRET. 8fME m? LEEAEL kot
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ABEAOTAE, FAES ] L ) ERBERET
RO X @00 CoOMELBRE CH- 1
(Table 3),

AER 1 L Y EREoE#ickt s CPUE
iL, HHiHe154 0 28 2. 07 Wlk S CRLE, -
font, BEROBEE TIL, FifiEo B
TR THRBEA~O S L LA BB E
bht,

HMEEE ARSI CEE 2 h - EgRR O
Heiiihsdie 0% Rt (Fig 10), ZWE
Ed, BiEOESliORECIREEENED
212 FRIC K 5 BGRASRE DI, Mok
#WI5A L 265 HYBVT, HKADH5HER
VI ohsicit-TAkE{ -7 LAL,
WAV O Py BEL 23.8~25.6mm T (i
WiHE75H £265 H Tz 28mm), #% W &L L7
Lokt LT, £ LN BT OEHiE
BRI NS fenh, BT X 5 KRR R
DOEIHMTEDO BB EELCH > TIEL{ L
feo BEAHFC 3817 B EHREGBT N —ED
I R bhieh o 2oh, FEES Y Ol X It
BTol, BEALOPFITAEN -1, Fiz,

Fig.

- IR G -

209

NSITY (N/m?)

DE

104

=R

days after releasing

\

*—u 0
a—a 14

Variation in density of the released seeds on
the tidal tlat of rock.

Densities are within an estimated distribution
except 491 days after releasing. Density of 491
days after releasing are within a researched
areas estimted. (See table 14)

A Ui O FR L A O EREL T 5 L, BEOHAT VEBSED SR,

. MABRDOKE

Pl S hciit R (DU, MR & 5) ORGiREEE & FliRFaie o M 2 ## B o Fig. 11 2R L
720 19799F10H OFE T2, PEABERE L 19775103 1o Bedl L1-BE & DK QA HEE & /s - 72D T, Fililssg
FeH70mmpl EOfE A SRR & (U8 Lz, 2hbofilih b4 4 P45 L Table 4 1057 L1,

B R D RAERRINC P E o,

Table 3. Number recaptured at the outside of the experimental ground

Between line II and inner

Between line X and harbor

Days after most part of the bay
Date releasing Tidal flat Boulder Division of bi-type Boulder
T N CPUET NCUE T NCUE T N CPUE
Oct. 27,1976 154 30 62 207 — - - 40 10 025 -— -— =
Feb. 151977 265 = = - = = — - - - 7 0 =
May 25,1977 364 15 7 047 45 5 011 P g = 2 - =
Sept.29,1977 491 280 408 146 60 30 050 160 69 043 120 92 077

Area of tidal flat between the line 11 and the inner most part of the bay are about 720m?”.
Division of by-type {compare with fig. 2) between the line X and the harbor are about 300m?®.

T . Total sampling time (minutes)
CPUE: N/T 7 : Not measured

N : Recatched individuals of the released seeds
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kR O I, Bt 265 HE T, Aug, 9, 1976 ¥ Line V on the tidal flat
29~30mm i Dixf L, FO#HiL 721 B&RERVT, 404 75 days after releasing, . E;f,‘il,:ﬁ“;,‘g{“’,‘;‘k
26~28mm Tk E <, ML EEEND - 30 +%T2£ﬁ£&ﬁ:”
- ch 204 P }‘
THERFBUR O R 2 £ Btk 721 B &R Tl TR
e h, Eigfii, Bakik 265 A & BR T EHHSAY - 154 days after releasing
i Lz | l } H I' l }
ORI & R D A R T 5 &, 3 * P& m
WA 1 4 C17mm, @24 C3mm, @3gEE 20
TH0mm T -7, Fio, MR BiRER T Feb. 15, 1977

0 265 days after releasing

SR %Hha

May 25, 1977
364 days after releasing

Lz E:T2E, ThbolliEcrhth
0.6, 1.1 RV*'1.9ThH-1

BRI ki oA Table 5 =/R L
foo BURE (HRMtEORMEEL 1, Kit#ksa
TIRHERFEREOKZVHTAEV, LL, Bk i0
BORFEI DI - T, HiREEY &R 4 l 4 . R I )
BRAAE  fote 21, HOAMAAORERD | i ﬂ+ £
W, HORH T2 HE TRWARAES D, B ]
WY S b Sy taltd NS £ SO (i Sept. 29, 1977 .

491 days after releasing

Shick U, BEIIRH%TSH & T & Hoifig i
BETAERENE 2, TRUETIRRINRE 304 H |+ |+ H* I{ #
DB OCERERESAAE S, TOEITERMICLE 20-

e _ Oct. 13, 1977

Zh b DRFEMER Y, BiiR#EE 17. 5mm (15~ 404 505 days after releasing
20mm 7 — 7 f{EfE, LIFRIL), 27.5mm F ¢ |
37.5mm® 3 7 — T2 T HEBE L T4 5 & (Fig. %

12), &7 —7 &b ZMBORRED BHL HeN o
% BRI AR L, BRI R % 500 R EEEREEEEE

H ORF R 28~30mm &35 LT, Zh LUl Tidlk ,

HIHIE DA 2D, LB TIANE T ORER Fig.10. S‘he]l leng‘th at 'releasing‘ time of the re-
captured seeds in each line.
BAkEMhoT, Solid marks show significant difference at

Fig. 12 oRMEEMGCE T, SMifoEs 2 % level compared with the line V.
(I MR SR HHINMRE, b, Mok 154 |,

491 H, 869 HRZU'1, 239 HOMEE L Kifitko A% L OBIFHE%Y Fig 13 i L,

BRAREIE 7 v — 7 L b, Bttt 1,230 HOfER, ZREMO 3 SR IRE D& KT 2ot
1,239 HOMEXNGE Ll D, SEENALOMETH D, FEREO/NSVEEI RN TS T
BB, £ZT, 1,239 QLMD 3 A% 7V —on v F TR, 100 HEOKRERAYTHA T, FRLOESS
WALFORD DJE# % fil\ T BERTALANFFY DR ER TR *, BohiRa ML T, 2398 O
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—i23 A L@,

1o, TREAECY =ﬁ%;5,xﬁ“”+“&$maa EMERHETIE 2 59 LS, 2o, W

UBHIER 7 4 — 7 CTHHM D L SREF Luvied, YEXRIEOMMEE 52, &WERLSIT5
EADHBLI DT, HBIREANEL KD, ROCERNELRED 51,
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204 Aug 9.197%
75 days after releasing
10 o
P ey
20 * Oct. 27, 1976 :
10 154 days after releasing
o Feb. 15,1977
104 265 days after releasing
= May 25, 1977 _
10+ 2 364 days after releasing
$ », Sept. 29, 1977 .
; 491 days after releasing
7 10
Z ] T e i e
B May 17, 1978
=] ay 17,
S 20 721 days after releasing
X 10
=
30, Oct. 12,1978
20+ 869 days after releasing
104
0 nl
w4 00 EPERESS
20 Oct. 186, 1979
1,239 days after releasing
20
104

10 20 30 40 50 60 70 90
SHELL LENGTH (mm)

Fig. 11. Frequency distribution of the shell length at the releasing and the
recapturing time in the recaptured seeds. Frequency distribution at
Oct. 16, 1979 includes the seeds releasing in 1976 and in 1977.
It is assumed that the shell length at the recapturing time of the
seeds releasing in 1976 is more than 70 mm. (See the text)

Seeds releasing in 1976

D Shell length at the releasing time

D Shell length at the recapturing time
Seeds releasing in 1977

% Shell length at the releasing time

Shell length at the recapturing time

FHH L, £Offi L Lo LiES 1,239 HOMELORIEME Lz, #ilE Shic KER RO REREY
Table 5 DI FBUC R L7z, F1z, RO-BILLMMEOKXAY Fig. 13 125 Loyt (B3RO X 121000 8
f), %2 DEEMOHBEEIILV-THE 0.9 ETH 12,

fHIE % H T ERFERSR 7 v — 7iEOR g Y Fig. 14 ioRL1,
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Table 4. Mean of the shell length at the releasing and the recapturing time, the cumulated
growth and the growth ratio in the recaptured seeds of each research.

Shell length (mm)

Date e a-fter Releasing Recapturing et Gm‘?’th

releasing 5 - = e = <d growth ratio
Aug. 9,1976 75 197 290 +7.18 198 334 +841 4.4 0.15
Oct. 27,1976 154 478 299 +6.22 479 42.0 +8.00 12.1 0.40
Feb. 15,1977 265 176 289 =+6.40 197 397 £7.72 10.8 0.37
May 25,1977 364 213 272 +£6.02 213 437 +£7.90 16.5 0.61
Sept.29,1977 491 1978 277 +£563 1,980 56.3 +6.98 28.6 1.03
Oct. 13,1977 505 266 274 +568 262 574 +£6.99 30.0 1.09
May 17,1978 721 100 294 +5.39 100 60.5 +7.53 311 1.06
Oct. 12,1978 869 132 264 +4.23 132 651 +6.76 38.7 1.47
Oct. 16,1979 1,239 70 272 1446 70 715 471 50.3 1.85

As some shells were damaged at the recapturing time, both measured number are occasionally unequal. The
growth ratio is the value of the growth divided the shell length at the releasing time. The values of Oct.16,
1979 are calculated from the seeds above 70 mm in shell length at the recapturing time.

Table 5. The growth and the growth ratio in the different sizes at the releasing time.

Shell length (releasing) (mm)

Total
Daysafter "1~ 15~ w- %~ %~ B~ M~ f5~ S~ )
WS Ly &g b Ly by gk daid s g
gr gr gr gr gr gr gr qr gr
- 29 5 . 43 46 5.2 6.1 8.0 11.0
30 7 N2 . 122 128 13.3 124 115 130
. = 99 115 108 11.6 115 5.8 6.3
170 149 16.0 16.6 180 17.1 16.0
5.0 20 292 20 286 210 %8 20
9 1 40 148 6 b62 B 620 16 440 8 167 R 32 W b 8 1976 28744595
87 ., 303 30.2 23 27 07 =
903 2l Wl 73 1E 88 11 48 9 2 07 3 vl 22 298+312
430 310 M1 329 . 02 274 28 =
21 H 2 B 19 18 36 190 2 AT 11 0 4 il 100 3L1+7.33
@87 . BT . B8 383 318
a2 56 . 497 469 410
1,239 10 17 4 3% 2 18 18 Ta 1 10 70 50.3£585
- B TR B TR VR

/| T 1m C Im

g:Cumulated growth g.r:Growth ratio |+ :See the Fig. 15 and text.
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Bofi# 1, 239 A Tix, HeifiReaR 17. 5mm T &
[f] 88 i= 22. 5mm T 72. 2mm, ‘27.5
mm T74. 5mm, 32.5mm C76. lmm, 37.5mmT75.0
mm 2z D, WHBFO BRO EFTIFEAL £t

73.3mm kg b,

P

Fig. 14 ol OIS & Ao HTETRERY
k&, EREFEOHSEYHHFREOTHM (N
fili) &£ X4z Table 6 ios L7z, EBEREIHHF

BROPIVEKRE (et

ZhbORE O ERELRED 1 B4 ) Ol

#ZJH Ltz (Table 7),

HARE - WEBS - T - @GR - PIREY - IH—R

60 Shell length
(releasing) o
E a—e 1520 :
£ a—= 25~ 30
E » o—e 35~ 40 ;/.
=
2 &
o
=
E20
<
= 2
b=
=]
29
500 1000 DAYS
May Oct. May Oct. May Oct. May Oct.
1976 1977 978 1979

B 34E B F TOFENBECHTTORM T, %

< OEE, HERFERE DK 2hvb b3 50pm/ day

Fig.12. Change of the cumulated growth in the
different sizes at the releasing time.

DEo REY 7L, F1o, BiibegE 17.5~27.5

mm Tk, HEBEOHE,S iz, 32.5~37. 5mm
TR Lt O E A 6 $KiT 100pm/day LLEORK
BThot

HfEECEE (BN SEROMEL 7 » £

b U =3T3k Table 8 ok L,

HMEEEGThofETL 0.9 ET, BEL
A HB RS BT,

Heifet 154 B 2 &GO CRER 175 L,
265 H, 364 HRUA491 H 2k 4, B E L f
BEErESHbh, BELEROMEIEMNCY -
TEHTE 680, SO #@AEZ» TR B
L, Wepii#: 491 BicHEE B bh iz,

¥, Thok 3FERAC T2 BT 5 1
%, W25 2 — 2 — D 98Y% {EER & IRHEF (W/
L) oFffix @iz kot- (Table 8), Fo
Ffifii: £FA T 50~80 k% M L O
1,239HX 9 fk), B4DFORHMEE L, O
RN 5, 19765, 19784 R U 1979 O KIFAA D
LEBOF #kadad L, F=0.0001405 & 751z,

ZOF kL, Table 6 » LHHBFRED 7 11— 75
CEROBRERZRHIN, —oXrb6EB6R-A
FHEO Bl iz, FHERE O FEE»S 7R 4 b
) —RiIzk > TRD-ERE X {—F L7 (Table
9)o

o, MR L Agic kS - RREORE -l

Shell length Y = 5.195 (1-e?016-0280X)
(releasing) 3
3.004 3o
*35~40
21
@
S 2.00
=1
jasi
2
o
3
1.004
%. Y = 1.061 (1-e~0047-0222X)
-
-

500 "1,000
DAYS AFTER RELEASING (X)
Fig.]3. Change of the growth ratio in the differ-
ent sizes at the releasing time.

w: A corrected value shown the average of the
estimated and the measured value of 1,239
days after releasing.

< : An estimated value of 1,239 days after re-
leasing on the extension of the curve obta-
ined by the values of 154 days, 491 days and
869 days after releasing.

OBk, Mtk 364 AxBRCTHAAD Th L fiEE d o1,

HHRBF IR REE B L TA45 L (Fig. 15),

et 20~30mm Tix, Ktk 491 B ¥ TR

DB N ~ VB, B SRR BT, REOD S CEENS O LT, Hfih
B 30~40mm T4, HiiEk 364 H ¥ CRAROEAASR SRS, 491 B CREECBHROEVLZELR

f.ﬁﬁ") f\:n
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Shell length (mm)
at the releasing time.

15— 20 mm
20— 25mm
25— 30 mm
30 —35mm
35— 40 mm
40 — 45mm
45— 50 mm

SHELL LENGTH (mm)

(]
=
i

e WO *O @

500 1,000  DAYS

May Oct. May Oct. May Oct. M;ly Oct.
1976 1977 1978 1979

Fig. 14. The growth curves in the different sizes at the releasing time.

Tablz §, A Bertalanffy growth models of the seeds after released.

Shell length Days after releasing
(releasing) Growth model (100 days unit)

(mm) 0 154 491 869 1239
16.5 27.0 46.1 62.2 74.0

15~20 L=109.0(1 — e 0-0783(X+2-1009))
17.5 26.2 46.5 61.2 739
27.5 39.1 56.6 67.9 74.1

2530 L= 82.1(1 e 0-1550(X+2.6252))
27.5 39.7 56.5 66.3 74.5
37.6 49.7 64.8 722 75.2

35~ 40 L= 77.4(1— e 0:2348(X+2.8309))

37.5 50.8 64.5 69.3 7.0

The upper values are calculated from the formula. The lower values are the means of shell length at the
recapturing time in each day after releasing.
L:Shell length X :Days after releasing expressed in the 100 days unit.

4 BABOER

(1) BECKTIEMR

EREOTHEROBHE L o REEREDEM Y Table 10, Fig. 11 i, Hii¥% Table 11 =R L
s

HB OB B 5 BREO = — Fi2 20mm T, FO#41323.5%TH5 (Table 10), zhizHL,
R AOHEESBREO = — Fiz, wTFht20mml h L KEh -1,

FEG ORI R I P R 2 BT 5 40, RIENGRE 32mmOEHRY 1 & LA-SREOHHELE
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Table 7. Change of the growth (pzm) per day in the different sizes at the releasing time.

Shell length (releasing) (mm)

Term 15 ~20 20 ~25 25 ~30 30 ~ 35 35 ~ 40
75%§ o 1976 39 60 58 61 70
i C ‘ 57 73 79 83 86
ays
Oct. 27,1976 '3 85 99 104 101
111 days § - B
Feb. 15, 1977 11 3 —13 11 16
¥ gﬁ; 25, loz7 51 46 59 65 57
127 d ; &0 54 51 47 41
ays
Sept. 29, 1977 11 104 107 84 78
14 days f
Oct. 13, 1977 &4 79 86 50 50
- %gf 171978 5 18 13 ~0.1 01
148 d ' ( 38 23 24 25 11
ays
Oct. 12, 1978 96 31 40 62 30
370 days § 24 30 a 7 -

Oct. 16, 1979

The growths between Oct.12,1978 and Oct.16,1979 are calculated from the values corrected of Oct.16,1979.
(See table 5)

Tablz 8. Relation between the shell length and the weight in the recaptured
seeds and their fatness.

: t-test
Dag aer 53?“ Confidence Confidence
. No s e"g.ﬂ'] b interval  Loga interval r LogF Sloped  Positional
releasing m“’(m“‘ﬂl (98%) of b (987%) of Log a df d]ff?{fnce defsg)ence

14 122 213~578 3054 31M0~2937 3956 -4143~-3769 0985 —3862

265 99 232~570 2812 3024~2600 3528 -3872~-3184 0973 -384 177 2541° 2.781°
364 60 278~625 2732 2912~2552 3362 -3657~-3067 0979 -3721 178 3312 34
01 34 365~T55  LT87 L86B~2T06 3460 -3602~-3318 0974 -384 472 4820 5,354
21 97 391~758 2906 3121~2691 3644 —4022~-3266 0957 3796 215 1393 1679
869 131 47.2~802 3174 3488~2860 4152 —4793~-3511 0903 383 249 0912 0.840
1,239 9 TI0~835 2957 4432~1482 3751 —6533~—0967 0906 -3830 127 013 0147

Log W (g) = Log a+b Log L (mm) F:Mean of the coefficient of fatness (W/L*) for each research.
« Significant difference at 2% level

MRIEHE LTkt (Table 11, Fig. 16), FHlREEIT, BEFRRE 322mmE T &#HAL LBROM
Kicff - THEMACIEIN Lzhd, Thil EoBETRER AAkEN -7, UL, B 1 ELB T, i
WiRFERE32mmEl E O FHERIEHRIZEREN K E D> TE T L

2 EROFEE

197749 A (Heiicte167 ) % TICHRE S hioBa A OFEB0E, BfiBiD 25.6% TH -7 (Table 12),
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Table 9. A Bertalanffy growth models for the weight of the seeds after releasing.

Shell length Days after releasing
(releasing) Growth model (100 days unit)
(mm) 0 1.54 4.91 8.69 12.39
0.6 2.8 13.7 338 56.8
15~20 W=182.0(1 — e0-0783(X+2.1009))3
0.7 24 15.4 33.0 59.5
29 8.4 25.4 44.0 57.2
2530 W= 77.8(1—e 01550(X+2.6252))3

3.1 8.4 26.5 42.6 60.9
7.4 17.2 38.2 52.9 99.7
8.3 17.9 38.3 49.0 62.2

35~40 W= 65.1(1 — e 0:2348(X+2.8309%)3

The upper values are calculated from the formula. The lower values are obtained each allometric formula by
substituting mean of shell length at the recapturing time for each research into.

Tabla {0. Number of the recaptured seeds in the different sizes at the releasing time.

el -l L L =
engt rebased  Aug 9 Oct.27 Feb. 15 May 25 Sept. 29 May 17 Oct. 12

(releasi;lg)m] (75)* (154) (265) (364) (491) (721) (869)
n % Rn % BRn % Rn % Rn % Rn % Rn % Rn %

10 201 0 0 0 0 b0 00 00 0 0 0 0

12 M4 45 0 0 102 0 0 0 0 1o 1 w0 0
16 2684 128 7 3 6 12 4 23 10 47 B LT 0 0 2 15

20 4903 285 8 M2 51 107 % W3 B 178 80 M1 6 60 16 121
P 4061 194 36 182 76 160 26 148 47 220 52 263 19 190 47 %6
28 338 162 42 203 108 226 51 289 48 26 49 252 3B B0 B 288
2 290 110 40 04 108 26 36 204 41 193 367 186 2 20 2 159
3 138 66 23 17 & 174 2 124 A 49 18 93 W 10 & 6l

40 B3 39 13 66 % 75 5 29 6 28 M 38 5 50 0 0

) oM 14 5 25 6 12 6 34 2 0% 10 06 1 W0 0 0

Eh] 6 03 2 10 2 04 1 06 0 0 5 03 0 0 00

52 0 1 05 1 02 0 0 00 0 0 00 00
Sub total 0890 1000 197 1000 478 1000 176 1000 203 1000 1978 1000 100 1000 132 1000
No. not measured 0 - 6% - 4 - % = | = 19 -0 = i =
Total 080 - 83 - 59 - 202 - W - 1999 - W00 - 1327 -

» Numbers parenthesized are days after releasing.
R.n : Number of the recaptured seeds.

PRI LT B RANETE R LD b - 10h, 205 LIEERIGHRTE ST, NET
FRFBOAMIC L - TLOWEGEHEEAS Lis, BEEIHETE VW SEI0E, RERELHIL, MET
1o OO R FR OB OFHT R (Table 12 A) TEEERC Lo, Fhick hiERv S
LEFEEE RS, ThOOMEELIEROMAEIL, 197656 HaB11H ¥ TikiRE LR D10~20
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Shell length (releasing) Shell length (releasing)
20 ~ 30 mm . 30 ~ 40 mm

) Oct. 27, 1976

40 : (154 days after releasing)

201 " .

ML_Hikl__ b b

201 e | e

zoi ‘ { d

—r —
May 25, 1977
2 (364 days after releasing)
101 a a
s B8 Bl e |
guf T s | :
3 o] e 1 c
=
a
z "’i d { d
— l'—!'
Sept. 29, 1977
0 (491 days after releasing)
20

10 20 30 40 530 10 20 30 0 . 0
CUMULATED GROWTH (mm)

Fig.15. Frequency distribution of the cumulated growth of the
seeds collected from the different places. a: Tidal flat
(line | ~inner most), b:Tidal flat (line[V ~lineV]),
¢: Tidal flat (line [ ~the Harbor), d:Boulder.

%, 197745 ALRETIL 6 A#BE 1 ~10% T, RTINS TH-1

Wik g O RO BEHRESRIL, B E16mm, 20mmf% 1024mm T 1, 000 Ll E &7 - fopt, &
BB O MR B AT A S A DR R R O/ P EWH NS oot

AR RN 1D L, Bk 3 » A D1976% 8 A ¥ Tic 2B O80% v R E Shis, o, Bl
ERE 18mmaki T, - ORI 8% L EAREIh TV 5, L L, HifikegiEs 3dmmpl ED DT
1T, HHE#130 019774 6 BLIRIC L £ B 0O26~US 1 FEZ I,

RO 5 LRHEORENEH LR OO0 AL (Table 12), itk 3 » H ¥ TiX40% K, 4~6
H A TRTI~T5%, 6 # ALEE TR LA F10% Tho- 1o, ERTHTEShREORRER (Fig. 17) 2,
19774 2 A6 6 A ¥ COMIZ AREOMER (Table 4) *@ERUCLHEE SN DL, ThUATIRER
HORELD/PE

(3) SwBEE,OHESNDERY

B o AN 55T, BBEERK I A EEA K Table 13 iR L1z,

Table 13 iz ki 5 WIEMEIE, FHBREOWELOZEN—HTRVS, HEO BESREBELTK
DY 5iRDI,
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Fig.17. Growth obtained by measuring the growth

INDEX OF RECAPTURE RATIO

:Oct

amn »rO®O

May

: 4

17,
:0ct. 12, 1978

ms® wo »

:Aug. 9, 1976
. 27,
:Feb. 15, 1977
:May 25, 1977
:Sept. 29,

1976

, 1977
1978

ae

[ 1]

ARGt s=v7 v ALEERKERSR 77

10

Fig.16.

* Mean and range of growth

© Cumulated growth of the seeds (See table 4)

-

0

saetl

14 18

22

26

30 34 38 42 46

SHELL LENGTH (releasing)

Index of recapture ratio in the differ-
ent sizes at the releasing time.

of each research.

L

/

JIJASONDJIJFMAMIJASO

1976 1977

ring ot empty shells.

: Index of recapture ratio in 32mm shell

INDIVIDUALS
o
=

/'.—-\ .
100 200 300

DAYS AFTER RELEASING

Fig.18. Change of the numbers estimated
of the releasing seeds in the boulder
ground.

19768 A 9 HOWERR CREGHOHERGEIFISMEAETH S A, HBOBEHE LToiv,
%Z T, Fige 18 © X 54z, 1976%E 6 A L 10F OBELE R LEATOHEHOT(EX HEL, 0O HL)
fitihs 80 TR THEIEM & L7z,
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Table 1]. Recapture ratio and index of recapture ratio.

1976 1977 1978
%mﬁmgﬁ Aug9  Oct27  Febl5 May25  Sept29  May 17  Oct.12
nn) roeed (15 (65 (364 (491) @) #9
Rr Ir Rr Ir Rr Ir Rr Ir Rr Ir Rr Ir Rr Ir
10 20 0 0 0 0 ¢ 0 0 0 0 0 0 0 0
12 94 0 0 01 02 0 ¢ 0 0 01 001 01 012 0 0
16 2684 026 015 022 005 015 010 037 021 125 008 0 0 007 004
2 4903 057 033 104 022 051 032 078 044 571 036 012 013 033 0.7
U 4061 091 052 187 040 064 041 116 065 1283 080 047 051 116 060
% 3389 124 071 319 068 150 096 L4z 079 1472 082 097 105 112 038
) 2290 175 100 472 100 157 100 179 100 1603 100 092 100 182 100
% 1385 166 095 589 127 159 101 152 085 1336 083 101 110 038 030
0 83 158 090 437 093 061 (39 073 041 936 038 061 066 0 0
4 01 166 095 199 042 199 127 066 037 332 021 033 036 0 0
# 69 290 166 290 061 145 092 0 0 725 045 0 0 0 O
5 20 50 28 50 106 0 0 0 0 0 0 0 0 0 0
Total  208%0 39 - 248 - 097 - 102 - 95% - 048 ~— 06 -

Totals of recapture ratio are calculated from the total individuals recaptured which include the individuals

of being unable to measure the shell length.

R.r : Recapture ratio.

Lr : Index of recapture ratio express in values relative to the recapture ratio of 32mm in shell length at the
releasing time.

1976410327 H OFFE TIX, ABRKHOF RS20 (k% il L7z (Table 3), FAEmMETR OHRAROHE
Ehb, COMBEY0 3L LTAREADSHHOMIEME L,

19776 2 A10H O#FER R TS AFO S MIEEAE X 0 b Sl Ehiost, 10 LR UM
EL, BHERCEANOWEL R U THIEME L, ¥4, BESVOBEIAFHETHVEE 25 L
2, 2 ARETIRESCE Ehich- 20T, 10F#EEARLHIEECmZ . Ehic, HBREAOME
0L, 10H JEE O HEE M0 Mfth H Buc e pl 24 7,

197745 25 0 DMERRICHOWT L, EETROABEAD SO T 2 AFE L ARORIEX{T-
e

D EOFIEN» bR OHEEMASIL Fig 18 © L 5 ek EE S hiz,

ThbOfiERng 2oEmRRL, Hii#2Ra ©50%, 750 T27%, 1640 T19% L8 F Lis L, %
hLEE, 2658 R U364H TiX18% T, 154HE R EAFRA UL TH -T2

Fio, BOMBEC ST 2BREAOTFHER LRS, kO 3K0 NtiofQA LT t D4ERRY R
7= (Table 14),

6) SHN(H-M/NmA)

@ In N(t)=InNo—z.t9

S=me=2

© S‘—'x/u+x—;°)

X = ¥ tNt, n==Nt
t=o
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Table 12. Result of collecting the empty shells.
Sl 1976 1977 Toal W
fom) May Juw Ju A Sept Ot Nov. Dec Jan Febh Mar Apr May Jn Ju Ag St N r @
10 n { 1 1 2 B3 -
2 ® 4 o £ ¢ 62 89 010
6 3% % m o n 2 7 115 43 0%
N W W @ oW e 2 1 1 & 3 I 1 § 1 14 2308
U B U 6 W R 6 2 2 3 5 31 nr 32 9 LB u80N
B4 0 12 B ow o4 3 1 23 2 W o8 8 B ML
r 2 5 B WM oR T 1 1 3 5 3 I 6 B 2 M Ll 1N
¥ B 2 ¥ 2B 3 1 1 2 TS n 8 1 12l 1%
4 1 B % 1B 2 1 1 i 6 2 9% 9 T W%
4 2 @ & T 1 1 4 19 63 M
@& 1 1 1 1 4
b 00
Total 923 1200 1582 1085 16 2 5 2 2 5 W0 % 1 6 ¥ T 165 5 56
A # B W ¥» 4 1 0 0 0 0 0 7 6 3 2 1 M -
B - - 6 ® 71T/ 75 100 100 0 100 00 100 .00 00 9% w - -
Il;ﬁ.?ﬂ?:l $ 4 § v § 0% 2 I L 2 1 % 1 2 113 & & -

S.1:Class of shell length at the releasing time,

A: Number of shells being unable to measure the shell length

(releasing),

B: Ratio of shells with a growth ring to the empty shells collected,

r: Ratio of the empty shells

collected to the released seeds (%),

W :Mean of the weight of the empty shells.

Table 13. Survival of the seeds calculated from their distribution.

N ke Total mabers ofsvior

rlasing Sw. Con Sw. Con Sw oo T g m;:f %
Jwell, 1996 22 3651 +19% 6307 +10466 M £ 0 030 495 <nml -
Aug 9,197 75 445 146 66 + X5 1% £33 S0 5T 4 180 %19
0L, 197 154 308 < B+ 6 SM I U0 30 190 £ L2 -l
Feb I, 197 265 2759 + 8% 19 + B - - Mm@ M 19 & 94 2~
May%, 1977 364 1959 £ 66l LB + M T £ 67 360 17 £ 1Ml B-13

Sur : Number of survivors Con. ; Confidence interval of individuals
+ The values are added to correct the following distribution.
Aug9,1976 : The boulder ground. Oct.27,1976 - Off the experimental ground. Feb.15,1977 : The boulder

ground, the sunken rock of line VI and off the experimental ground. May 25,1977 : The boulder ground
and off the experimental ground.

Chbnbfbhi- AR, Table12 Offf X b VEL Aotz
SR B3RS B Dl Eo4: Bl s Fig 19 o5 L,
@) 2EREWNELZOBZFAEORE



80 CEAH - AEEMGY - TH M - TR - PURRAE - IR IR

Table 14. Survival ratio calculate from mean of the density of the
releasing seeds in the experimental ground.

Survival ratio

Days after Research  Mean

: area density a b e
releasiog ) (B/mt) Sas Sis Sso Sso Sis
22 25 35.88 0.359 0.548 0.340
50 — - 0.129 0.116
75 180 4.63 0.046 0.255 0.039 0.197
154 380 1.18 0.068 0.165 0.002 0.039
265 111 1.82 0.049
364 190 1.05 0.015
a‘S:Nth? b:ln N (t) = InNo— Zt c:S:%)H
@ SEIFYTE WS
LHUREORE R A Table 15 1073 Lz, \\ (0B
ALK M HE R 5 OBR Y i . m%E
FORDIMEMTH Y, WEMMGHEA 3 | B UL 4
BEO AR A B L 2R T Hea
=9 Table 12 E

Zhenb 1YY oREmRELRns L,
TRETITRES] X D EREABRGT0. 7T~
1.1m? TH-to, AR I L O @B,

"\ 8 =0 ¢ in Table 14 (5:2)
® =@ Ratio of the empty shells
collected to the released seeds
ERIOERGHSe L Twith & A \
HDT2 6m?2 ERKEWHIZT -T2 IGEHT

(2, FREX DAE L, MEOTH -2 WA °§§§;\\\\\

a in Table 14 (S13)
—4 b in Table 14 (Ssa)

SURVIVAL RATIO (%)
o
=

1225 D6 T 2. 4m2, FEDEA: - 7 IR t— SO

Vil2> & X §2C6. 9m? ©, Z b OhiETi 100 200 300Dgglseaasf£

4.7Tm* TH ot JJASONDJFMAM
FRRE % o AR AR B 3, 770 ik 1078 by

THotos Fig.]19. Survival curves of the released seeds.

SERIC B0 A E R, R AR W
ENB TR -7 1m* ORI D 8 SOPHEHES. S1{AfAAS, $REECIZ1. 00/l k & FRRRT D 26.2% i L
ToDTO.70& Lz, =72 L, PR VIOBE T, fib ki L THEALRBEEL AV oL, 1447
h OFAEMBV NSO T, HEiERIT0.90E Lz, AT T 145% %0 ) ORERBKILAE VA, BAREE
THHZ ECHEDOFH AP EETAMACBRERTHE T En b, FOHMEL0. 90E Lz,

e Ao i@ E L 20T, 997@(E Th - 7o BT, HliER AR S WY HiE
Lizo BB 2 BEL S fOE Th~7 (Fig 9, &EH4 T 0.04~0. 88flfk /m? T - 1223, 4=
RO TI0. 280k, m2 TH - 72,

FEH SRR v & X D [ A 3 U TR @A A kD T Table 15 OFllicai Lic, =T, AN
DTN A5 VAL, VS ROV, SV OB, TomfiloEsiEs, N b X o,
VIgg2 6 N4 & CoOM & A EHEEM#E Ui £/, SRMORBEML, THElM A2 F 5 Ll
& Lics

T ORE, HETEBRBEEROREIIY, 482EE T, EHREIN2.5%, LEIMEO MBI 6% TH -1,
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Table 15. Result of sampling the abalones without a quadrate (free-sampling method),
and number of survivors estimated from their result.

i " i o N Sy g R Naar
) ) STkl perma e oy Doy eSS
1~ Inner most ™o w0 15 TV T T (| N 6 08 &
n~nW m W 180 083 W4l i 4B » L% %56
T v~ W 1 180 076 W4 VI .o 1061
P L | B W b L4 a1 5l 0 49 w3 8
m-1I B I 18 14 S 1 O ¥ 4 B 14 o
X~Theharbor 30 150 160 0% m M ([ A ] 8086 19
Smkenrock of W =~ 2 32 8 L] #14L 0% 0 ¥ 04 ]
11~ Inner most = - L] - LU ¥ | I 1 - k] = k)
n~1m I T ! L 240 B M8 0% 16 3 0y (Selemew
Bouder ¥ ~ ¥ »BoOM 60 47 2 W 0% 08 BNy @rimey-m
n~u oW 60 473 7 30 0% 06 a5 NecEeN-m
n-w F1C I ] 60 650 R 0% 009 T
X ~The harbor e - 10 = o 0% = ) N 102
Toa W - - am - - - 18 - i

Man-min.: Man-minute of sampling time, Res. area per min.: Research area (m?) per a minute, No. sampled: Individuals
of the seeds and the aboriginal abalones sampled, No. per min.: Individuals sempled per a minute.

Table 16. Result of the research to examine the free-sampling method.

Released seeds aboriginal abalones
No. In Off In Off
Date ted Res. area exp. ground exp. ground exp. ground exp. ground
samp
No. . 0. No. - No.
recaptured DSV recantured sampled R DemS®Y oo
Oct 13,1977 436 132 108 0.82 143 70 039 053 115

R :Ratio of aboriginal abalones to the total individuals collected.

@ MiEMEORR

LHRYEMNED 2 BRI LOMTHEL T - 1288, FTORE% Table 16 105 Lz,

LHREPMAETERE Lofd, REA, B L Lce£BWcE Loy, fisdfcstaigiio
ABRKHOEIHEIE0. 82k 'm? T, LEEEFREDO. 7H{E.m? (Table15 X VEH) L3 AFES
Tetrotz, ¥z, RBHAOSRECHTHHE0.39, B, 5304 m? L &EIREHE - T(hiXieh -7,

SHBELFARC LT, HHAEEELEI L (Table17, 18), Table15 756 HEE Sh 5 &Kl D £503%
KA EIC BT MK LEAEE (Table17, 18 OfM) LW L1, dBREATR, FEBOFELI~N &
THE LGB OHEEMA, WEASVI~ X8 ToMhBEFEROHEEA, % «#I300HES) -7, D [Kifi
TREZILIZEE Lo, RBEA TR, TR LEGOHEHED #9130 kS0 - 12,



82 EARS - FEEMY - Lf 0 - WIER - MIREREE - IR

Table 17. The individuals in the experimental ground estimated from the result of
the same research as table 16.

Distribution

Research __—— — No.
Flage ?;5_;; Area 4~Den51ty individuals  not sampled
m sd
nmn -~ N 30 256 15 179 383 688
N ~ v 27 250 26 224 650 764
l;ilg‘:l Vi o~ Wi 17 100 20 187 200 130
i ~ X 12 150 2.7 3.4 405 82
Sunken rock of VI 32 32 05 - 16 0
n ~ N 15 295 0.8 0.84 236 176
Boulder ¥ -~ W 14 150 0.8  0.84 120 162
Vi ~ W 7 175 0.8 041 140 139
i ~ X 6 0 0 0 0 24
Total 160 1,407 1.7 2.02 2,150 2,165

No. not sampled: The individuals were not sampled on the free-sampling method in each area.

Table 18. The individuals off the experimental ground estimated from the
result of the same research as table 16.

i Sampling Sampling  No.of N
(min) recaptured rate individuals ~ not sampled
H~fwer  Tidal flt 61 01 § 175
Boulder 3 % 09 3 3
X ~ The Harbor % 54 08 68 129
Total % 143 = 186 3

No. not sampled : See table 17.

(5) HRRREAOERY

FRA BT B B O RHEERE O (Table10) & Table 13, 15 10k Lz HEEERMEHEE, S,
TROHE IR B D A e i (A B % R o T Table 19 1278 Lz,

TR 18mm. SR i G BR875 H A B AR A0S % 2 2 B = Fidlod o 7o BOREFRR20mm Tk
B #T5H T17% Th »teh’, 154H R TIRISH LT Th -t ABREHI0G E 27D, Ktk
26mm Ll ETdh ot 1z, Wi E A 22mm CRY)» T4a% L (Table19 Fifil), Hi#154R LI T,
22mm FiOEREIT10% LN F, 22mm L Lo ERRIE23~31% ThH - 12

£ =

. BWREDOBE
B S hre7 7 CEOANTHEEIE, B O @ 52 BERCBT T 220 079, ZToRILK
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Table 19. Survival of the seeds in each size at the releasing time.

Sellagth i e i e
(releasing) i 1 134 26 364 491
vy f £ & & 4 gr K £ s f s s f & 8r
10 2 0.0 0 0 00 0 0 00 0 0 00 0 0 00 00
12 944 0.0 00 02 8 1 00 0 0 00 0 0 0l i+
16 2684 36 06 & 12 4 2 23 8 3 4T 1M 6 17T T
20 4,903 142 813 17 107 424 9 143 8% 11 178 68 13 11 62 13
/] 4,061 182 1043 26 160 634 16 148 54 M 20 813 20 263 11 N
2 339 23 120 3% 26 8% % 289 1082 X 26 8% B B2 11 3B
2 2200 204 1168 51 226 85 39 204 764 33 193 74 3 186 BH I
% 1385 17 670 48 174 689 50 124 464 M 99 %6 26 93 47 I
0 823 66 38 46 75 207 ¥ 29 109 13 28 W4 B 3B 1M A
u 301 25 M3 # 12 &8 16 34 127 £ 09 B 06 u 9
8 69 0 5% 8 0 16 28 06 22 0 00 03 1B
52 20 05 29 15 02 0 00 0 0 0 o0 0 o0 00
Total 2080 1000 5727 27 1000 39%2 19 1000 3743 18 1000 3698 18 1000 4481 21
~<2 8,552 178 1019 12 121 480 6 166 61 7 225 82 W0 159 72 8§

2~ 12338 822 4708 38 819 3482 28 834 3122 25 775 2866 23 84l 3769 31

The number of the survivors are in table 13 and table 15.
f.: Frequency distribution of shell length (releasing) in the recaptured seeds s.: Number of the survivors
s.r.: Survival ratio

Misids b4 D Blp-Friou~20) o Gt 50~ Ly S G S, ARETLEBRCEE SR, =
ORRCBEN T v CHATEROREBEOBHO—RN TR THA 5.

EREEOTEICSVT, FIFDRAFOLMTEH L RcHHALIcL 5Bl L L, hEBMLI7rT7EA
THEHORBTRRCTHLYEE L, BUECHUCT % £ ToliM, mcm 5 e gLl 54 L
Tuvb, Bk 9 HE COBEL2ABOMMHETIE, FhLEOSHiFAEORRCHE LTELRH-S
OREBARLR, BAlic L5 L HEShLTHAEESRS, L L, SHOBEESMIzES = &ixfed,
U LAy /cB i tikEThh, FoRC{ OB EZRIRT 5 L 5cBbh 3,

AFEIc 1T B MRS O S L, WA RR 210 - THGES & 0 BRI oLk b i R T BT
RS s e, WO T v OB TRREA X DEERORTICBEI TS & S @&, BFEAOKED
By (2mPg) @hfic doonasz) JRudfic s, RASS M ARC X - T2 OHOBE)
PRI D E LT, Rl TR, Eiz, FEiO%E ORGP & 8ONGRS L  —FT5EH0 R
Liteps, 2oLk 5By, St KERT TR BEOH IR WG B o L sk 5 deifE
HHAERELEOBRICE Rohs X 5 it kilicEgEoftrmohTtuwa L 5oLtz sT
ik, B Ehicfifie, FhooRENcBE, T sC LTI,

=779 CEERNTE, EHMcoM6r B e Ta s LA LR TV, BRI ETh, KRAOH
MXFEHYCESD, WThOFEHTL Fig 6 CELIS L 5B L EGHOBERA TR LEBIELS -,
#€ T, WEEH5008, WHiFEES6~5Tmmiz/ic s ¥ TOSHME CALRE:, K0 5mijHEoFt
RECBELEVCEE SN ORKEON L, ATEHORLE2 0%, L, HiH#E3IFLUE
TREBCHMTHHEEL S b Lvbha®, WGBS L Y E AhEERBOSH LRI
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HIELMEIND, BMAFDICITRED/ NIV EESE S FTE LM LTS, B s E®
BETLBER, =/ 77 emEr a7y %S TRESATV S, 77 COBHENIBREOHAC LY
Lo TREL DA, Fig. 10 HbBEEIh 3 L 9ic, Wi PREOK I M HEA» 6@
BEL, TOHRGE ICBEDNEGEESFH LTV LDTHA S, —F, BEIAAKE L TLREDHE @
i< 2 TR R LTw»WAERSR SR (Fig 15), BEO i o iR 0B E oK)
TR, BEGOEHEEDLSBE LT DTEESSHES, Ok 5B, BHEFITI-TE
WEShT3,

2 MABROBE

Bt S AR, MOty 3 £ CHRIRFFRE O 3 1% (REREHRFOM 2 ) wllE Licht, =
O IRE, KEROBEDEIERLTHL L EL LR (Table 20, %7, BELEFOBEFELIZLA
ERBHALFALTH A,

L L, BKHTHAORSE 2 6 HEE S h ol E, ERIZKARODZ iz E~ThE L, GO EY
KRR~ TR Mk T 52 MAEM 2% Lice SHURBIE S/, He@Ef Shiv B YBEROS
SEANEERLHERbRS, o1l BEROE TR~ L 5 clED BUWEAGKSE S ST 5 cdicik
BOBECBEEOTHIR G E D, KIS OBRBRE ASBVCHEIATWSZ L 4FELLRD, T, B
B DK & EEOHHE 1 ELROFHEA R (k) C2oBBLELbRD, Fi, HRRNE
BOXEVCHAGEOREMEL, REOLVIFHOEOEERDIGF—2hbERDLIAEDT, LHBANCH
MR s NEL B D EEbRS,

MO ET 1 B2 b 100pm B EORER 7 L0, SR - LR Sh ThH b oM s
BT, 5 HICEBENS2~44mmTH - 120 TH S (Table 5), F 7=, FifilsE17. 5mm k& 22, sSmmo ik
%, B2, 4mm, 38.5mmic 4 0E L 14EHD 5 A2 b 9 A ¥ Tizld~15mmiE Lz, Ehic,
Wi 432, 5mm & 37, Smm O f kL, Bl L7zED 5 BabEDEDNI0A ¥ Cic13mmiiE LT %, &
hooiRz, MFERREO I EDBROBRECHEEY 525 - bbbk bR RLTV 5, [,
Hefits 500 H &85 LT, M EHRO X/ L ERO oM FH G Li-sd, hiki@f 30~40mm T
MLECHEEL, TOHRBEN M LV IREDHRCLH40 LR S5, EHEDOMM T, Kk
% 3 TR RED AN EBEROME HE LTV A2, chitEEMBEOBR T LEDTHA
173

LinL, #iio=y7 7 e A THEEOREEORERICoVT, ok 1 Fai E TliiiREo X
WA E ) Ly S L, Bl 1 A A BRI O 2L HRREREAKEL L
5 HAE R OB RS Z SR E W S HiEA B B, LHEDOEETYL, BoHMzzAbREWL S
Thb, 7T 7EEBEWT LA, RERREOENFOF FiFEEOE AN ELHSRE L,
HHEREOREGHBRERP NSV LE W AHESR BN D, 20 X 5 iRk LR EOBMGRO

Table 20. Growth of the aboriginal abalones and the released seeds.

Shell length (mm)

Age 1 2 3 4

Aboriginal abalones
in Oshoro (Kawamura et al.*") 227 384 544 675

Days after : .
releasing At releasing 364 721 1,095

Released seeds 22.5 38.5 56.6  66.0

« The value of 1,095 days after releasing is read from the Fig. 14.
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Water temperature in Oshoro Bay.
Water temperature is the average
of ten years from 1970 to 1979 and
is measured in the surface at 8—9
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Station.
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Table 21. Result of sampling the aboriginal abalone.

Days after Research Aboriginal abalone
releasing a"i?nz) No. % Density
Before 396 232 100 0.59
releasing
75 180 237 22 1.32
154 380 221 33 0.58
265 111 76 27 0.68
364 190 147 42 0.77
91 1,769 1,069 43 0. 60

7 Ratio of the aboriginal abalones to the number sampled.
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Reproductive cycle of the sea urchin, Strongylocentrotus
nudus, on the northern coast of Hokkaido.

Takashi SUGIMOTO, Ken-ichiro TAJIMA and Kyoji TOMITA
(Hokkaido Wakkanai Fisheries Experimental Station)

The reproductive cycle of the sea urchin, Strongylocentrotus nudus, collected from Rebun Is-
land, Teuri Island and Wakkanai on the northern coast of Hokkaido was observed histologically.
The results obtained are as follows.

1. The gonad index (gonad weight x 100/body weight) reached to a maximum in August and
to a minimum in November.

2. The seasonal changes of gonad stage in females were as follows. Recovering stage, January-
June ; Growing stage, June-August ; Pre-mature stage, September ; Mature stage, September-early
October ; Spent stage, October-November. And those in males were as follows. Recovering stage,
April-May ; Growing stage, June ; Pre-mature stage, July-early September ; Mature stage, August-
early October ; Spent stage, October-March.

3. The spawning season of the sea urchin on the northern coast of Hokkaido was assumed to
be from September to October, regardless of their geographical distribution.

4. The gonad index of the sea urchin collected from winter to spring at Wakkanai, was hi-
gher than those of both the population at Rebun Island and Teuri Island. And most females at
Wakkanai had a numerous relict ova. .
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Plate 1.

Strongylocentrotus nudus. Histological sections of the ovaries. (A) Recovering, collected in
Rebun Is. on May. x 60 (B) Growing, collected in Rebun Is. on July. x 60 (C) Pre-mature,
collected in Rebun Is. on August. x 60 (D) Mature, collected in Wakkanai on October. x 60
(E) Spent, collected in Rebun Is. on November. x 60 (F) Spent, collected in Wakkanai on
January, many relict ova degenerate at the center of the ovarian lumen. x 60 (G) Mature ova.
x 300 (H) Degenerating ova. x 300

Plate 2.

Strongylocentrotus nudus. Histological sections of the testes. (A) Recovering, collected in
Rebun Is. on June. x 60 (B) Growing, collected in Rebun Is. on July. x '60 (C) Pre-mature, co-
llected in Rebun Is. on July. = 60 (D) Mature, collected in Wakkanai bn October. x 60 (E)
Spent, collected in Rebun Is. on November. x 60 (F) Spent, collected in Wakkanai on January,
many relict spermatozoa are observed in testicular lumen. x 60 (G) Spérma(ozca and clumps.
x 300 (H) Many granules like spermatozoon embed in clumps. x 1500,
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