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Distribution of grain-size composition and organic carbon
content of bottom deposits in Lake Saroma, Hokkaido

Yuji NISHIHAMA and Hiroshi HOSHIKAWA

The distribution of grain-size composition and organic carbon content of bottom
deposits collected from 147 locations in Lake Saroma, Hokkaidc, was examined in
1988, and compared with the data of 1965. The area of sandy and lower orgainccar-
bon deposits increased, but the area of silty and higher organic deposits decreased
since 1965. Scallop culture in Lake Saroma developed extensively during the same
period. That silt and organic carbon components were brought from shallower
areas and sedimented in deeper areas by increased current owing to change of the

location of the lake mouth in 1929 is considered the reason for these changes.
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Oceanographic condition and diatoms distribution in
the Okhotsk Sea coast of Hokkaido in March, 1989

Takashi HORII, Masaki TAMURA and Tomohiro OHTSUKI

The winter from 1988 to 1989 had the smallest drift ice season in scale in the
history of its observation on the Okhotsk Sea coast of Hokkaido where we had carr-
ied out the oceanographic observation. We obtained the informations about the
oceanographic condition and diatoms ; floristic composition and distribution. It
was observed that the Soya warm current was changed in quality dueto the cooling
effect of the Okhotsk Sea water and that the Okhotsk Sea water had already begun
to have an inter-cool structure. We found 32 species in 12 genus of diatoms including
unreferent ones. Among them, Thalassiosira nordenskoeldii was the dominantspe-
cies. Next came Chaetoceros decipiens and Ch. atlanticus. In this study, it was fou-
nd that the mixed layer of the Okhotsk Sea water and the Soya warm current water
was rich in diatoms. They were numerous in number of individuals and species,
and the diversity was high. It suggested that each independent water mass was

poor in diatoms.

FES BAETHINTROKICE LN A D ICEHROfETH 2198943 icA w— v 7
fAaltiEn RO HFENEERT 2 BEZ25, AHBRIANA =y 28E VT
T, AR TORE S BRE - R Feofifils LTdbEHE T,

FRBFXKRES L UBRHEH LSRG L, 19881 51989 F i h it ToX, Ikl
HRE~OFKOERIIFEL D IR 0EL, A F—v 7 HflloLTOIRER T, Mk
#1H, WKERVIHE bIThETOBVEEREEH L, @ETRIKEREEZTE LI,
foo HidE, HEE, BBITREELD 25 HRZEEV 3 A TaICHKERAENA, 3Bk
HOHS4AEHIEHIT, 45— v 2 HBAOKSEEBETHKERAEE -1,

iﬁ)‘(ﬁ% A192 (19924£10H 13H Z88)
AL E T B K EE BRI E M 2 (Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station, Funami-cho, Muroran, Hokka1do 051, Japan)

x 2 dfadir s kEESER (Hokkaido Central Fisheries prenmental Station, Yoichi,
Hokkaido 046, Japan)

* 3 itﬁfﬁiﬂﬁilfﬂﬁmiﬁ (Hokkaido Abashiri Fisheries Experimental Station, Masuura,
Abashiri, Hokkaido 099—31, Japan)
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#* & —v 7 fltiEREORK OBV T}, ZABKIcMT 3 —#omR -,
WMKFICT V75 —Mda2&E L TOoHE ", F-BXl LELEARI X 2 BlAH
HORENS BN, EHESOMBMD 3 AOILBHLBRIHERIBEALHE VL, &b,
KRBET > FER [V ERBNERWNICHOKMRIE - 125E | THo7ohs, TORBE
OFKRFUPIT 28EY B Sh TV AY, LHOBREFOFMETEH>LWTOHER
EhTVWIE,

AERIZ3 AI6BER#HS1THZ Tirbhich, ZOROESTFOREOHER, ki3
A21H ik, HERc, 26BIC@BBicBEVWEREL, T05~10HBKRBRELTVWDY
BUMHHG " E Mo, TITR, WOKEREAIO 3O+ & — v 7 BitEEREOBR &
Y757 by, RICHEROEHK SMcMLTOETORR2G0THET 3,

MREELURE

BRI IR P IUKER RS BEARFEAERB P LBAL (237t) &k -T, 1989
F£3A16~1THIK A+ —v 7 fltdBERRETEEE hi (Fig. 1), SBRASATRCTDIcX
2K, EHOERETYL, B0 3 A (St. 7,9,10) TRUFROIEFEFERES S5 ~
7 bF¥%y b (NORPACESHER o b, OF45cm, HIE180cm, HE0.33mB L U0.10m) O
BERZICXZT5 7 b vEBEETo 1 (Table 1), %7z, DSt T~12Ti2F ~
€ VIRKBIC & > TREESTHBEKEER L7, Boniz75 v 2 b yEBIRRERED
w3 %htEdvw ) YK TEE, BESh, €055, 0.10mB4S (NXX138) T
BN EALHMEEHE L, BoECK To&4ic-oVWTHREMENIL .

142°E : 144°E

2 3 Okhotsk Sea

124 ol3

{44°N

HOKKAIDO

Fig. 1. Location of the station in the Sea of Okhotsk off Hokkaido in March, 1989,
Triangles indicate plankton sampling station by NORPAC net. Numerals indicate
station number.
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ki, BHOKERHEFIg. 2, 3IERT, XAKBRFBREETIRICTETH 724,
SRILETROEETS 0°CUTF, elETir— 1 CLUTT, &ZaKil»osHs 3 &AMmRIT
ZFOREFOLDERL TV, 5S0mETIR 3 CHEOBKIEHIFHEZTEFLTVWA
B, BBl S E~EERIC AT TR — | CLUFERRL T, S B~ & REER
TI32.4~32.6HI%ERTEEAKMFRICAMLTEY, BEMRREPSHECHATT
32.6~32.TT® » 12, 50mEHEIRTIZ32.6~32.7& LBWHER D TH - 72, EOMBHEN
B SRR EHR O Rfi~50m Bic R KB A IHIE L 1:34.008 97K MH 0, Bici->T
BTFLTV, 100mETIZ32.6Ll FTOEESKOFEIZED ST, BEIHTIEGEVSE

HWRERLTO,
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Fig. 2. Temperature (°C) distribution
in March, 1989,
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Fig. 3. Salinity distribution
in March, 1989,
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Fig. 4. Temperature distribution by satellite“NOAA "in March, 1989,

AR AR A SO ILHE T AR O KR 2D SKET O Mgk 2R T Ao, AFEAL
GRS S BESRBENOAADHEE % Fig. 4 1</Rd, MMBEREIEIC XSt 1 ©Fifizk
mEHWiDT, St 1 oM #h@mRoKRET IENEEEZRTHEL LTOEY
SHITIRRIT B, BENLKESHRARICRBEhTVEEEI OIS, Jhick3 s,
HEBRMEEZL SN I2E/KATDIE &AL ILHEEBREHERD, S+ ) YAEflNEIEEL
T Y, 20—Hi3abis L TEBERERG TR —y 78ICAD, 1~3CE2RTK
BRE-THREBVICEERETHETILTED, FEMRRE L (HIEL TV, 1Y
YHPICH BH~OOHAPRKE TS S LRI O, b, S RTIEEL EbERTY
2o Fig. 2 OME—1.5CLITOKBHIZZOILMTE SIERE X » THRKBEANEHL &
HEEINOD,

737 b YREETT - BGINERRROILE S 1 Yok, HEaolHEE%EFig. 5 KR
7. IREEOKE0m LRI 33E533.6L0E, thlEfTI333.8~33.9% R EE S KM FE
LTV, Kilid 1 ~2 CERBPEhTRVWASEIMIic L~<HEMc 3 EREL- TS
D, EEINFERRBERKTHEEEL 5N, TDXHICIWBIEIIREBAHRKIZEL
FEETREBCHEATVSY, BELUETREBRE T - THEME THRRECB->THTFL
Tz, SHIHIEER 5 1 v R A BKEHEIZ1.66x10°dTH b, 1968, 19694F @ 3 A
OWTREY & T 2 L EABROB NI L BEEEFETH - LEL D, ME20~4104
Hos50mIEORBIC X2 58DEEMKBFEL TW Y, Thidts—v 7BEFHOXR
[BKT, TOTEIZ, XHERTPLEESNTRKEBEST TREREATVW, X,
208 E O R AR R KO RBNEEIC 11KE 0 CHi, H532.6~32. 9B K O RB WK
FkE A &= 7 @BEEKE ORAKENED Shic,
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Fig. 5. Temperature and salinity section across the north-east line off Monbetsu(St. 7 —12).
Thich line indicates bottom, thin lines do temperature (°C) and broken lines do salinity.

ULoBiE T &hs, AFBEROHRIZBTIREIHLFORMBES S, HEKEHEHE
SV DE D “Hid i H~tH T OREE R LTV,

2. HEHOEMAR SN

TableliZ75 ¥ 2 b v % v FEEREXOF— 4%, Table2 tHENOHEME LD
W OTHRKERER T, HBEEHIEE CRETE LD -1 b0 bEHTIBRET,
i Thalassiosira nordenskioeldii DHIFDBREh - 72,
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Table 1. Data on plankton diatoms collected by vertical hauls
with a NORPAC net (NXX13) in Okhotsk Sea in March, 1989.

Station Position Date Hour Depth Length Angle Estimated Estimated

No. of water of of depth of  volume of
(m) wire(m) wire(° ) haul(m) water filtered(nf)
7 44°33' N 3.16 21:56 32 30 30 26 7.5
143°20" &
9 44°40'N 3.16 23:55 106 100 32 85 25.7
143°20' E
10 44°50' N 3.17 01:57 148 140 32 119 32.7
143°30" E

Table 2. List of plankton diatoms species with number of
each sampling point.

(number/ ni)

No. species St. 1 St.9 St.10

1 Stephanopyxis nipponica 12

2 St. spp 1949

3 Thalassiosira nordenskioeldii 98577 5242

4 Th. decipiens 1023

5 Th. gravida 1023

6 Coscinodiscus asteromphalus 463 189

7 Cas. radiatus 926 341

8 Cos. gigas 146 8

9 Cos. stellaris 48

10 Cos. centralis 4

1 Cos. oculus iridis 4

12 Cos. megalomma 8

13 Rhizosolenia setigera 73

14 Rh.hebetata f.hiemalis 146 28

15 Rh.hebetata f.semispina 1413 373

16 Bacteriastrum varians 4

17 Chaetoceros atlanticus 3070 1501 54

18 Ch. borealis 195 92

19 Ch. concavicornis 1096 349

20 Ch. convolutus 2363 369 272

21 Ch. decipiens 16178 1810

22 Ch. compressus 268

23 Ch. subsecundus 20

24 Ch. debile 292

25 Biddulphia longicruris 268

26 Thalassiothrix longissima 317 52

21 Fragilaria oceanica 1145

28 F. spp 3387 470

29 Navicula cancellata 24

30 N. sp 19 22

31 Denticula seminae 1998 104

32 Pleurosigma sp 73

Table 2 205, 2MENCESERHEEY, Ml e bcBRETE(METORVEL
BRSO, HiSBlicA S &, St. 7 XHEE25, (AHIKaE0.36 X 10° TEHEKH 3 &
AT THROGBETH -2, £ DOHT b Th.nordenskioeldii & Chaetoceros decipiens
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D 2 HAHEMI0ETHE L TED, Th.nordenskioeldii B OB L OB EF & L THIE
SiFohfz, St. 9 TSt TiIcl~HERH2IH, RMla¥11Xx10' & —HE» >, Th
nordenskioeldii (Z¥FEE 5 X 10°TSt. Ticl~R3 & 1 /220BETH 30, CoHEOHS
e LToHf % 5%, RWT Ch.decipiens, Ch.atlanticus gL TWiz, St.10TIESt.

THLUSL 9 IcH~THY, BaiRis bR i, 3EHoANHEExN, Tod
T & Ch.convolutus BSHBB ORI - Tz,

Bk OFFEMGEE LT 2 1o i BRIk & M, 3 MiBioZHKEHER (Shannon-
Weaver Bi%( H' Pielou X5t J* 2M#MBNH ) %Table 3ic/RL7, St.7, 9
ICHESt 10T ML, sl D, BERELIERICHMTS » o St. 7
ESt. 9 & TR, BN, HEORKEEERZTINH RSt.7ToRIBVFhb—HEL,
St. TREEENL-LLBETHILELS, Cho3BlliTHONEZREAEATO
HEEREYC rTHET 5 &, S5t.7 &5t.9 &DRT0.9032, St. 9 &£10& OREH50.1000 & 78
D, St.7&St. 9 THOhAEARR—HELOREENLLOTEHY, St.100EEEITH] 2
HLRRUIBEMIORESOEEZ SN,

Table 3. The number of species(S), Total number of individual(N), Shannon-Weaver
function(H’ ), measurement of evenness(J’ ), and total diversity(NH" ) of diatoms
community of each sampling point.

St. 7 St.9 St.10

S 25 21 3
N 136462 11028 348
H"  (bit) 1.7290 2.5344 0.9168
J’ 0.3723 0.5770 0.5974
NH’ 235944 27949 329

Table 1 DHREYZEE & Fig. 5 KRGS OMEMERIC X 5 &, #EAIISt. 7 TIRFEABHK
FokeE A w—y 7 BEEKEDREKE, S, St. 9 TREAKEFRBBRREKL S, St.10
TiAF—v 7 HBEEKPSENFNRESNALEIONS, St.TESL. 9D SOBEAR
FEl—#BELOREENALBDLEEISNZOT, |1 >ORENLL AU -RIBEICE -
THELIEREA#S, St.TLESLIEIRHBLTH-BAKICZOBEMNAHLTL
rEEBL OO, BA? 3, dtElA+— v 278BAITIZZ v 7 4 va i 4 HOFERERUK
REK, *&—v 7 BREKOMOBEKTRLB LI LHELTED, SHoFERER
RERBONHTH 1o, TOMME—BL, St.7ES8t. 9 o@onEARTOH
BIEY, MR OH®EI, St.9 TOREM 2 KBHIcEM-TiTbhidic@hd L
IR s feC &Ik B EMEEN, ZREEN,OS. TE0St. 9O L b WML B
RWEER L DI, St. 7 T Th.nordenskioeldii BBdTARICHE L i-t-bTHh, T
OFEPRBIGFHRICH - 2% L TOThEE 2R L TV 3,

3. UVERIEDOSH

Table 4 icBBIFHIEH 5 1 ~ EOBHIA (St.7~12) £33 ) YBEODERE R
T FHEMFEK (St. 9 D30~100m @) hiciz#1.0 ug at/ L LIF, BEKEE (St. 7,
St.8, St.9®0~20mM@) dicidl.d~16ugat/ £, *+—v 7 HEEK (St.10~12)
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ici3#1.5~2.0ug at/ L DY YEEMNEENT VR, F1, -y 7 H@EEKTIRY
VERGRE KENEL BRI Lt - TE BaERSED o hl, #HALY I 4~12H
R TRERBESR OO EBRTVAY, ) vEBEEESA & — v 7 BEEKD
30m LI TR & hic b7k BN TH OB 2R L ABERRE B Lo

Table 4. Phosphate concentration at each station (St. 7~12)
across north-earst line off Monbetsu.

ug at” £
Depth (m) Bt. T St. 8 St. 9 St.10 St.11 St.12
0 1.45 1.57 1.59 1.67 1.78 1.44
10 1.48 1.56 1.67 1.79
20 1.48 1.58 1.74 1.64
30 0.95 1.78 1.67
50 1.09 1.69 1.70
75 0.95 1.81 1.76
100 0.91 1.93 1.86
125 1.98
- #9

1 : FOKBEEEEAEIRE g b B - 12 18UED HUKER BRI A + — v 7 L #EIRE
THFENZTTY, 3HoBREEEROEHNK, SHmcBT 3MRER .,

2 FmAEEIC A A -y 2 EEEKE L IBHICE W EHLAFARERKMNED S0
too A &= 7 @HEHKIT TIc IR KEEE > THY, A4—v 7 BREOEER
BERL TV,

3 B 3 Bl S 12RO HSIFEAHB L 72, £ OH T & Thalassiosira nordenski-
oeldii LT E L THEL, IRWT, Chaetoceros decipiens, Ch. atlantics DSEL#E L T W
Fr

4 : A k= 7 HEEKEFABRRRKE ORAGKTIZ, HERRIIEEY, MHialEbiclE
TEHESHEMEEL L TOd, & —v 2 fEEKEFABRRFKCIEERIZ LW
EHMTRBEE N,

50 vEEIE, FABRFKRKPTIRIZELOug at/ LUTEERL > 288, AF—v 2§
Bk 1l ET2.0ug at/ LIE BFhTHY, 45— 7 BEEHKTIRKES
B BIT Lot - THBEICK 2 EREMPED Shi,

x ik
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Maturity and spawning of Tanner crab, Chionoecetes
bairdi RATHBUN, in the Pacific coast of
southern Hokkaido

Yasuhiro WATANABE

Maturity and spawning of Tanner crab, Chionoecetes bairdi, were examined
in Funka Bay and the Pacific coast of southern Hokkaido. The samples were coll-
ected with gill nets or traps during February-November 1984 (except June and Sep-
tember) and February 1986-June 1987. The carapace width (CW) at which 309% of
females exhibited orange ovaries was estimated to be 69az. The CW at which 50%
of females and males were mature was estimated to be 84 and 113=a, whereas the
onset of maturity was estimated to be 70 and 75aa CW, respectively. Primiparous
females extruded their eggs between July and September or January and May,
while multiparous females extruded the eggs between January and May. Egg-hatc-
hing occured in both females between January and May. The number of eggs per
brood decreased from an average of 234,000 eggs to 151,000 eggs between the stages
just after the egg extrusion and the appearance of embryonic eyes. Mean length of
uneyed eggs was 0.50=m, while that of eyed eggs was 0.65ax, the latter being signifi-
cantly larger than the former.

F C & I

F* X7 4 5= Chionoecetes bairdi RATHBUN 13, B¥~R—=Y v b ST a—vy
YIIB, TIRABOOIKA LT U, HLAF o #EERER, LR, JtEEACEERD
Ricamd s,

AER, Ny, TIANBTEREEML L -TVWE, HAGMETIR, FEOX
74 #=C. opilio (O. FABRICIUS) &~=X74 C. Japonicus RATHBUN |3 & %
WHRETH B, # A X794 H=RBHEEOMRL L >TOW M1, UL, 1983FEnS
WEATFNER, WABATH LAEIL#I/ ) Moh = (Hid0~50m) HES S s,
FTO®RH —ORERICHEVEBRASZML, 19865, 1987FiciENEN2,300t, 1,400t ic
L Fohs, 19885, 19B9FEITIZ100t LIF ML 7z COL i, HEHEAYERHRO 4 +
X974 H=3— WA ERL, HALTLE-bhicRALHM, 1990FICiZHU855t

HES A193 (1992F10H 130 ZE)
*  JbigE TSk EERERE (Hokkaido Central Fisheries Experimental Station, Yoichi,
Hokkaido 046, Japan)
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Fig. 1. Map showing study area, Funka Bay and the Pacific coast of southern Hokkaido.
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1. BREAHIAT B RES

FA X 74 H=ti3, BEFIET ARPCBKERE (BRIRED) 21TV, ARMPIHEE S #1%
TRENTHEE 5 3%, T O IRHEIRREERSTTOh A0, PROKBEI I O
BELIRIORBANI TIAE 57 REAIETRENREALZA L v VEROIPREEF- @G,
Fig. 2 AITiRd & 9 1 FiE60mA 5> tHE L, 2 TOMEEOIIESRAT % Fifi386mbl £ T
H 5B, DXIT, Somerton® ITHEV IR (5 omfERE) HicBEOHEA 2R & F5o &
DEE (%) % Logistic®, (Y=100/ (1+exP (a+bx))) iK#lEEH T50%HE
(AEHD50% 7 DIRIEL 12 A HIR) %2Kp A&, meHEEn S (Fig.2 B,

2. AiEDkRkESZ

AT ET A B/NERIZT0mTH 0, AL - FETHEED50% FiR%ERD 5 &84
mEHEEND (Fig.3). 48, HOBARREIHIRIOMTS D, Br/NEUE & BARK
& & ORIz (2 26mD IR S 3,
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Fig. 2. Relation between carapace width and ovary maturity(A), and relationship between
crapace width and percent orange ovary for immature female Tanner crabs in January-
March 1984, 1986, and 1987( B ). Dotted liens indicate the carapace width corresponding
the 50% level of orange ovary appearance on the fitting logistic function (solid line).
The logistic function is fitted to the percent orange ovary wihtin 5mm carapace width
intervals.
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Fig. 3. Carapace width composition of female Tanner crabs from February to November
1984 and February 1986 to June 1987(A), and relationship between carapace width and
percent mature for females( B). Dotted lines indicate the carapace width corresponding
the 50% maturity level on the fitting logistic function (solid line). The logistic function
is fitted to the percent mature wihtin 5mm carapace width intervals.
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Fig. 4. Relative growth in chela merus length against carapace width(A), and relationship
between carapace width and percent mature for male Tanner crabs from February to
November 1984 and February 1986 to June 1987( B ). Dotted lines indicate the carapace
width corresponding the 50% maturity level on the fitting logistic function (solid line).
The logistic function is fitted to the percent mature wihtin 5 mm carapace width intervals.



26 WAL

HED i/ kAR, Fig. 4 AIRTHIBL BESROMEY S FEmTH 0, ki E
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5.0 100

Gonad index

[0 “Futakawa Gani"

Fig.5. Monthly change of gonad index of immature female Tanner crabs from February
to Movember 1984 and February 1986 to June 1987. “Futakawa Gani" is female just
before the final molt into the adult stage. Dotted lines indicate the mean of gonad index.
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OhiHBOBUREEEhTED, JEABITLEVWEELS S, ChoofikoiR R
WALBWEEZAOND, LT, HEROBREIFHOMBIHSIEIMIHRE LA
WOTHE, BESIOKETTILELAONSA L Yy VEBROBROANHERER (G1=
BRELE#E < 100/ (f&E-APER)) 0 ARMKEFig. 51cRLi, 3A»S8HETRIE
GI# (GI1<5.0) ¢HEGIE (G1=25.0) D2 HEHOND, 198652 HicG 1 D
BEM220EG IS5 AZTREOEMBAEIHALLE V. 6 HO®MG I Bz, Fial

1984 1986 1987
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Feb.
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—
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;01 D: 101 lh

May
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Jun.
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© '
) & t 50 100
Jul. 2 104 g 10
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E
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z a :
Aug. m} ] 101 ; Soft shell
. ' [] Uneyed eggs
Sep. ' 10:| i [] Residual eggs
» B Eved egegs
Oct. 101 -_: 10} 3 [C] Hatched eggs
- Nov. 10:| ' 104 ;B
50 100 ;
Dec. 104

50 100
Gonad index
Fig.6. Monthly change of gonad index of mature female Tanner crabs of the following sta-
ges from February to November 1984 and February 1986 to June 1987 : soft shell,
females just after final molt and just before spawning ; uneyed eggs, females which
carry eggs without conspicuous dark eyes ; eyed eggs, females which carry eggs with
dark eyes ; residual eggs, females which have residual eggs in the spent ovaries;hatched

eggs, females which have empty egg cases attached to the pleopods. Dotted lines indicate
the mean of gonad index.
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MEOLFIHLDAEETL, EAKLMMTEIILLD, EGIHOG I {liraML -
boLEZ SN, TH, BHIRRPEEIIEZTE LS, FF6 AOEG I # (FEHGI
f=18) RIOHZ TR /ALY, LB LI2H cREM (PEG I fE=9.0)
L, S5HETENNESTS, CoBc, RR&HOG I #EoZkicizTH, 8 HIE
{BBEEERAMS S AhTRWVMECET 280 28 MEH S5, Lhd, &
O BRRHEANE ZACh2 70 =" Ok HBELTWVW3,

AT IR IIEEICEET AL, | A»S 5 HOERIRER (G 1) offiiciz 2 BH2
Hohad (Fig.6). SBRMSHBMLA-EG I BRI IcRIBIREWML -BETHD, FHhE
G I#HOZ BEREHROHS WA L v VEOKRIRIIZMIEL, HEOFEH L IRHRNIC
BEREET2EETH 2, 2 HOFHI0pEROEG IBRS5H, 6 ACAEFTIREAL
G 1EAMUIE VA, ZFhLIEEALIOAC AN S5.0LLEOEG I BIcEITL, 1 Hic
P 0OBMEIZEL S AZTEOMEHSL, 6 ALBHEBELE L3, F/-, KR
REZOERHEHAGIEEL SN KFREER, 2A»S55H&7H, 8HicRoh3, b,
COEEDG 1 Df#iz6.0~9.0T5 3 (Fig.6 ).

4, BRESAIAEOR (948F) R4

FHOHER <P 5> ABBO R4 B RIHBIABL % Table 1 IT/R L7, RRIRIFIZ12H 2L
ZATROh A, EFEREYENS0 (HEROFER L -HEARICEEESS2) 3
1A»S5HFETLE8H, 9HKED SN, CO1HLS5 HOENE®REEL SN 51
O—#E8 A, IADETNRRHMEGETSH S, HREOHAZRERINIOALSHEAL S A
FgTRON, 1 AUBEMEMEVW O TH 3, SHMtkoFoilE R cRoMEi&ki 2 A
o5 HicidEvoh3,

5. BUEAIAESE (7458) OELE

ABBDTaBREIZ, 4 AOXRRIBIBT 8 ~BHRioFTH b, F23.450 (FiE86~121
m) TH 3, 10H OFRIRINIE 9 ~23 5K OFERHT, V15158 (FiE84~115m) TH 5,
ABBOIIRE RO AL & b 2EAMsED 55 (Fig. 7). Licd-T, &
O & EHEOBAEE Haynes et al.™ Icff » THHEA TR T ERO LS I B,

AFEREE logey=—7.1483+2.2108 log.x
(r=0.653, n=33, P<0.001)
R Op log.y=—11.1135+3.0159 log.x

(r=0.946, n=20, P<0.001)
TCT, YR, x3HFWETH 3, Kic, RFRBIRL RRIFORIPKOE >TSS
BATEZRVTRAT 3 &, MRRAORIFBEMICIAELENS I LREALV (F=
4.882, P>0.05) &%, EURVIF REEEHMH 0 (F=20.395, P<0.001), RIRIFFDOREIPE
FARRBINOETh LY 072, EIFHIIRI0A ORIRERE TIcH25% DT 5,
BREEIE, ARFEIBERTYH0.50mn (S D=0.042), HEEREIITY290.65mm (S D=0.017) b,
FRBIIOAMBEEICAKZ WV (1 =1548, d f=49, P<0.001),
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Table 1, Percent of each developmental stage (uneyed, eyed, and hatched)
of external eggs attached to pleopods of female crabs in January-December,
1984, 1986, and 1987. Numbers in parentheses denote percent of females
which have residual eggs in their spent ovaries : H, hard shelled females ;
S, soft shelled females.

Date Individuals Uneyed s Eyed eggs Hatched eggs
EH gj

observed
1984 Feb. 15 13 87
Mar. 51 78 22
Apr. 66 86 14
May 22 86 4 10
Jul. 30 100
Aug. 22 100
Oct. 11 . 100
Nov. 13 100
1986 Feb. 29 86(17 28) 14
Mar. 46 100037 )
Apr. 21 100019 )
May 31 100( 3)
Jun. 4 100
Jul. 20 100
Aug. 27 100( 1)
Sep. 21 100( 14)
Oct. 31 68 32
Nov. 140 31 63
Dec. 88 100
1987 Jan. 46 89(7 2) 11
Feb. 110 42(14 5) 57 1
Mar, 313 90(28 6) 12 8
Apr. 43 100(51 5)
May 77 94(10 ) 3 3
Jun. 52 100
x10*
30—

3

1=

L

b

&

w

5

@

s

5

B Uneyed egg : logey=—"7.1483+2.21081 log.x ( r =0.653)
5 Eyed egg : logey=—11.1135+3.0159 logex ( r =0.946)

QOUneyed egg
' @Eyed egg

T T T T T T T T T

80 90 100 110 120

Carapace width (mm)

Fig.7. Regression of brood size against carapace width of Tanner crabs in Funka Bay
and the Pacific coast of southern Hokkaido in April (uneyed egg) and October
(eyed egg) 1984,
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% =

1. HEICiET HREX

7 €4 =% (Majidae) ©Hh =3, —Miclfll & b S HIXTEREMZ LE PE S BBIREE A3
B0, THhiIBEKRRETLH Y, i3 O TREMMoME LR « EEIRYRAEIRET
55, A+ X744 H=0if bR URBIRKEEITV, < ORESEMEEOMIAE BT 3,
LiL, #FX9A HA=TREL D7 EH=HOH=LRIL D Z OIREHIICINE A LIS
BB, T LT, TOMKERICKE - ERNITDNO S, LEd-T, PHEMKBLIED 3
IS EHOIfEE 122 (BR{AITET 3) MillicRERMED, FOAZEbEUTB, 1,
C ORISR TH 5 120, MidmikicEs 2 ElEHIEE 5,

WRTATFHE T I IRE A LG4 2 IR I260md & T, % D50%FiRii60mT, #H¥ /500
HER>BARIRISmTH 5, 75 2 HBTRIVHOKIIIFIESmA S5EH S5h, 50%
FFiRiZ68mmTH 0™, WifEEE A ZWERILV, EEAEFOMSREICET 2 B/ FIE
Z70mmT, €D50% FiEiz8dmT, BAXBEZFIREGmICE >TED, T52HBLEIRE
[FlLAZE (&% HEE3m, FiES3mm, FiE8m) TH 29,

7, HEDSEEICET 350%HiZ113mT, ~—1 ¥ 7O FIEI09~11Tm"Y, 735 R
HBEOHEE0m® & iZIERILTH %, #TI}, S/ (Hif75m) &8ARSE (Figl
33mm) O FIEZEN8und v, HifkicEd 2 EIEEPHIZIA V. Donaldson et al™ D#i45 L 72
R EEORRIC LB E, COFIEEIZ I - 3IROEICHEYT 5,

2. EI& SR

FIHTOER (LITHERE W5 ) o, HpklodHmiRiER (G1) »7H, 8
HELRAMS5 AicE 4, BBRKERORE S ERcHET S (Fig.5) T&, &
SICEERRE b0 A L v VRO RFEIRITEFRIE L85 L - RN Ic RN Z B P Ek i
8H, 9HL1AMS5AHIKEGNS (Table 1) T&H5, 8H, IARIPITELIAM
S5HD2HHBLHESNS, 2EIHLIBOER (LIFEENEES:) &, fRiisi&ito
GIftinsl B»S 5 HiclEic#Eds 2 (Fig.6) C&, EFEgEELNEA L Yy IBOK
RIRINAE {04 2 @HEEA | A» S5 AicHBT 32 &hs, 1Hmo5Hicftbha s
EZbhd,

TSANBDAF X7 A H=OREIREEOEIFNIZ S A, 6 AT, VIEREEDOENIZ
HEMEEL D SBEVWIZAEXEMS S HUIHDTH A EHEEHTWA Y, HEBBO X714 #
= OHREIROIEIZ, FEINORY (2A»S4H) R4V 9H, WHELHEShTY
3% Fif, A REEAKEED F A= bVIEIRMI0H, 11H, EWEHEIAMSEAH
KiTbh 3 EBRTW 3, W OF] b FIEEIRE & o BN T EEINEE O £ h & Rifirnc
ZRMHDB, LirL, HEKEFEOF + X 74 # =OVEIREEOEINNI, SEREED
ENERUB8AH, 9ABLUENEEL I AnS5Ho2mE K, FlBL fF]EH&H
b5, Bl Z, =) v IBOAF X4 H=OREERN ETOUENOKLNS 2 b S
4ABLU6H, TACBBShILLABRTED, HEXEEDA F X7 4 # =[GIREIEDR
EkOEREM2EH 2 AR L TWS, fofd, ErEmE oI 2R &R
woh (Fig.3A), 8H, IAKENRT 2HEE/NETHREICELOHEL, ABT
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BEE R -fcboRDBVI ELS, COVENROKHIcEoh2HRIIBEICETZAE
S EOMEHERE L TVWA D EHEENS,

SelR, SERBEVWRBIY | A2 5 5 Hic@Bo oh, Hbiad oim%E R <t
HEH4TVLAEGEAE2 ALS S HIHERELTWEZEAS, 1A»S5HEEXONS, L
12T, BENMEOHIFERIL | Ficbicd b0 EHEEs 3, PIEREKEOZHII,
I1ADS5 HAKERT2b0TR 1 ERHEELSNDA, 8H, IAKERTILOTIIA
~9PHFLR 1 FA~IDAOHAEZ SN b, A 2 BIHLIBOERIZ M LEEICT
bhaH”, EIBERRFROKBIREE BT 5TLicihd, Fig.6%2R5&, 10A»
SIZARMITG 1HESLOKBOABRIINEL bofESED ST, 8H, 9 HICEPR
L&z 1A, 2Ach THRESESICHEL 1 HhS 5 ACBUERT AL bEA
5h30T, 4~9hFofuiRilonEATBEh3, LhL, 1 AMS5 HIicERL
e EEDOIFHEOEMIC 1 FEETEIE, TIRABOAZF X7 H="PEEHDOX7 1
H =" T RYEREE ORI | ¥ TH B &, s H = (Erimacrus isenbeckii
¥, % 544 = (Paralithodes camtschatica)®, 775 #=(P. platypus)®, ~+4+#
= (P. brevipes)® OIS 1 FE B ENLLTHEELBESNTVWEI Eh S,
AFED 4~ 9 H H ORI 3B S, & 5iz, X7 4 H = TRREAMED BB
D“FTAHADIFHREENTED®, 10,5 12H IR TARIBINE I 2 @HiE%
RIETE UL - SBETEL L, LAK-T, E550HEMBHMEELZ LTS
LA E R E, SEEHOAKTIVNENS S, BB, 8H, 9 HICERT 2 YRERMEE
ORI REREE D T h L EZRMH 5, O LR, HEEOITAH =TS ZA
BOAAZX7AH=THRONZHBAIALENE L, 4P BBNTVWS & S IKAIPDORA: &
B MucESsRMEKRBLULERERBOKBRES SICH LI BHT 2 LENS 3,

3. BMEEFIAESR (5M9R) DOEEME

EEAEETOA + X7 4 7 =0AROIREIL, KRIBRIVTFE23.4/5% (8~33/74D)
, FEIRIRTEIGI5.158 (9~235k0) Thotzo T3 RAHBTIR, FRBIFTEE16.97
KL (3~327k1) , REBIITYI3.350 (2~31h4) THh", <—Y) vy F#TIRER
MREROIRIPEASEI5. 100 (7T~4008) ¢HEZhTVWAEY, LT, WIFholET
bHBESRE LB VIEBEOSMAT 5, RILAZ 2 0fGEHET 3 L BHATEED
TSR R TS AABOETNEID BV, LL, "= v 7HBOFThEIRBEEEELI OH
%o TUOPEUIMIREDREA & REEDREA L TRAL B LHHSNTEDY, T52HBLO
g OEIChSOEKOFEOERICERNT AL 6EZLONEY, BEDLIARHET
B3, FIMDO X714 A =D GRRERIF) BEL OEETI~8 AR (FE70~7%m)
T®, FhR=X740Fhii2~8Fh (FHE50~%0m) THH™, ++ X714 #=15
B o bhizpbiiv, ERE (Brachyura) T, WHAOKEARL Y1 X (brood
size) ZHlMRT 2™ 1o, HWEPAEL, BT 3L I/BERER >+ X714 H=2K
X NENENERbDEEZI NG,

IRHMOIRREOH#ITE L bicDT B T &3, XU4ﬁ—”P97Nﬁ—”?bﬂ¢$
HhTHY, Hilsinger" 275 AHBOA* X714 H=0HEPHOoBVPOERI-VWTREE
HORT LBEHAOHFEROFHBRICLI B LD EBRTWVWE, TIRAABO I S H=TIZC
OFERIC LD EFEHBETL, S3BETRMAROBLO—EHE LI ->TWVWED 129,
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SERFAERICIZPRLCICOEFEEH L TV BEHEE 5,

A X7 4K =0RRZ, FAERIPTEE0.50m, FEBIFTEL.66mTH, £ 0+
B#E (Decapoda) THIEZh TV AY L) KRORFIcHSHWAEREZRTEEZI N3,
ChoDIERIRT 5 2 A (KRFRINTEE0.53mm, REIIEE0.66m)” PREE~<—Y v 7
8 CGREEERIFFEIH0.56mm)"” THEEN TV bDOLRILARETH 2, OXv14H=R
EHBT 3L, BEAFEDXT7 A A =i13F40.67Tmm (S D=0.034)", BEH#HO~=X17
4 130.58~0.88mm, FH0.68m™ EHEEENTED, WTFThaKRIBIFTH B, #x1X7
A=k b RKBTH3,

E -3 #

19844/ & 1B8TEE I i THBEAEFESRIC ARHBE Lt A4 4+ X7 4 7= OB & ERic

SWTKRE LUTORRESB..

1. 4 X794 #=0REHRET 28/ Fifi260mT, £D050%HEIZ69mTH 3,

2, ifEASERAICET A/ DR T0m, £050%FEiIE8dmTH b, HoEhiz &~ HIETS
mn 1 13m & HEE S e,

3. EEDNR, SR OMBEENSEASHENTIRIAMSSAH, WENTIRSA, 9AE
1A S5 Ho 2 e HEEE Nz,

4. SMEBRERAERORERELELS | A S5 HEHEEEsh,

5. HIRHIRNIZ 1 Ad S 5 AERT 3ificoWTiR 1 FLHEEShAY, 8H, 9RKE
BT 2YERTRA~IDALE | FE4~IDHOMAOTRERENEZ Sht,

6. FUORELIZ, KRBT 8~330K (EH23.440) , RRBIFYT 9~2354K (15158
Thh, PREOHETE L SICEDT 3, FRRFIETFH0.50mm, %% TF¥150.65m
THb,
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Parasitological study of the migration route of the Pacific saury,
Cololabis saira, to the Okhotsk Sea

Motohito YAMAGUCHI and Takayuki HONMA

Prevalence, mean intensity and relative density of Pennella sp.,Caligus maca-
rovi, Irona melanosticta, Bomolochus sp. and Rhadinorhynchus sp. on and in the
medium-sized Pacific saury, Cololabis saira (24.0cm=knob length<{29.0em) were
studied in the western North Pacific Ocean and Okhotsk Sea in 1990 and 1991.

The values of each index in the Okhotsk Sea from September to November were
similar to those between 150°E and 155°E from May to July in 1990 and between
145°E and 150°E in 1991 in the western North Pacific Ocean, suggesting that
medium-sized sauries migrated to the Okhotsk Sea from these areas in the western

North Pacific Ocean.
& E

B, A&—voigibialEinEsic i3y vl L, WS (i) cRBshT
Wo, TOREBOFEEIAE, MEELREE63,383t (19774) » 5 RIK0.04 t
(19914F) FTEBLTWVE Y, TOHEEL RERZIFHICIEEL, HEORVRYE
FillETH> kb ohTVS,

KETFRD I bIiE, KERNOBHRBEEEST I EBLETHD, TORMRRLEEL
TREFFOWEBHNEETH 5, REEI-VL TR, ThETicHH oHiohid TRER
kLU boo—8H 7 A TFH~8 AP C 3 ic T BV SrRES AL *icEEky
EH->TAT—YIBITA-T:bDEHEESNTVWE Y, L L, TEYEREMEEICE
T3 TOI EEBIc O TOFERHETS - 72,

—H, ¥ YRIE2VWT, TOFEHOFERRSREPLOHM/KRIC &L > TRILD, FhR
RORBESFEHBICEEOHTICE S TH 2 uREMARBE LTV S,

£IT, 19904 &19914ED 5~ 7 HiclbAFHETRES hicy Y= ERED 9~11H1c
AR—V 7 BTRRS WY Y OFEROFERIER BT E Lick-T, Ah—V7

WGBS A194 (199246104 130 ZH)

* 1 AEHET P RKERRY (Hokkaido Central Fisheries Experimental Station, yoichi,
Hokkaido 046, Japan)

* 2 AbHRETSIRE KSR (Hokkaido Kushiro Fisheries Experimental Station, Kushiro,
Hokkaido 085, Japan)
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Fig.1. Sampling locations of Cololabis saira in 1990 and 1991.

O : From May to July. @ : From August to November,

Numerals represent the numbers of sampling locations given in Tables 1 — 2.
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BAORBERO—ITH 2 RFFHICBY 21t HERoBHE RS 7, /7, HBHEHREL
T8 AL R A E RO Bl cREshi Y vy =iio LW T HEIROAEL T -7,

HHELURE

1990, 1991%E®D 5~7 AOFEREFEB LUV 8~1IHO A+ = 7 # L R AFEHEDTOH
(Tables 1,2 Fig. 1) THIfB LUHZBEIcL-THESW Y Yy =iio0 T, FH4Ho
HEBIUBEGKERAE L. ABLAFEAREREY AN LcAKKHIcHET 4 ~
T e V¥ LY (Pennellasp.) &4 v=vAt Y353 (Caligus macarovi) , SBEENICEHLES
543 Y ¥ FY sy (Irona melanosticta) & x5 Y5 I8 (Bomolochus sp.) @ 4 ®ic,
HAEBENICHET 28R 8 (Rhadinorhynchus sp.) 2MA - 5TH 5,

Tabel 1. Sampling date, locations, number of medium-sized sauries examined, and prevalence,
mean intensity and relative density of Pennella sp.(P), Caligus macarovi(C), Irona
melanosticta(l), Bomolochus sp.(B) and Rhadinorhynchus sp.(R) in 1990.

Number Prevalence( %) Mean intensity Relative density
Region Ka Date Location of

examined (P} (C) (I) (BY (R} (P) (€} () (B) (R) (P) (C) (1 (B) (R)
1 18 Jun. 43°33' N 179°2T'E 86 00 00 12 23 919 - = 100 100 763 000 000 001 002 701
2 26 Jun. 44°29' N 167°28'E 26 00 00 00 00 885 - = = = 652 000 000 000 000 577
Western 3 18Jul 46°30' N 159°30'E 15 00 67 00 200 867 - 100 - 100 508 000 007 000 020 440
North 4 19Jul 45°30' N 158°30'E 20 00 00 00 360 700 - = = LM 436 000 000 000 040 305
Pacific 5 20Jul 44°30°' N 167°30'E 12 00 00 00 4.7 B33 ~ = = 140 430 000 000 000 058 358
6 21 Jul 43°30° N 155°30°E 2 00 00 48 429 333 - — 100 167 371 000 000 005 071 124
7T 22Jul 42°30' N 153°30'E 2 00 00 00 100 50.0 - — = 200 100 000 000 000 200 050
8 23 Jul 41°30'N 151°30'E 19 00 211 56 412 3186 - 150 1.00 171 150 000 032 005 071 047
9 2UJul 40°30"N 149°30'E 19 00 526 368 684 474 ~ 100 143 162 211 000 053 053 111 100
10 27 Aug. 43° TN 146°10°E 29 00 34 103 586 276 - 100 100 241 188 000 003 010 141 052
11 1 Sep. 42°50' N 145°40'E 29 00 69 34 690 241 - 100 100 170 128 000 007 003 117 031
12 1 Sep. 42°48'N 145°3T'E 10 00 100 100 500 10.0 - 100 100 120 100 000 010 010 080 010
South- 13 4 Sep. 43°24'N 14T° 3'E 30 00 133 67 800 467 — 125 100 217 3.00 000 017 007 173 140
eastern 14 11 Sep. 43°10'N 146°25'E 30 00 33 67 433 00 - 100 100 133 — 000 003 007 060 000
waters 15 27 Sep. 43° 2'N 146°30'E 30 00 100 67 267 500 - 100 100 15 213 000 010 007 040 107
of 16 11 Oct. 42°58’' N 145°35'E 27 00 00 37 B89 407 - — 100 200 23 000 000 004 178 096
Hokkaido 17 16 Oct. 42°55'N 146° 9'E 23 00 36 00 T4 750 - 100 - 230 195 000 004 000 164 146
18 23 Oct. 42°38' N 146°50'E 30 32 33 00 733 633 100 100 - 208 153 003 003 000 153 087
19 29 Oct. 40°25' N 147" T'E 30 00 67 67 667 500 - 100 100 212 220 000 007 007 120 110
20 7 Nov 41° ¥ N 14T°12°E 28 00 36 00 643 60.7 = 100 - 256 200 000 004 000 164 121
Total of region 301 03 56 47 625 425 100 106 100 205 205 000 006 005 128 087
21 58Sep 44°50'N 143°30'E 9 00 222 333 222 00 - 100 100 200 ~ 000 022 033 044 000
22 25 Sep. 45°10° N 142°30°'E 2 00 500 500 100 500 = 100 100 150 400 000 050 050 150 200
23 25 Sep. 45713' N 142°33'E 60 00 21.7 100 600 433 - 108 100 167 173 000 023 010 100 075
24 26 Sep. 44°50°' N 144°20'E 39 00 103 26 385 385 - 100 100 167 227 000 010 003 064 0B7
25 26 Sep. 45° O'N 143° 0'E 21 00 143 48 524 381 ~ 200 100 127 288 000 029 005 067 110
26 27 Sep. 44°30° N 144°20'E 39 00 26 51 615 308 — 200 150 L75 217 000 005 008 108 067
27 28 Sep. 44°55' N 142°40'E 49 © 00 143 20 306 347 — 157 100 153 288 000 022 002 04T 100
Okhotsk 28 50ct 44°55' N 142°40'E 40 00 225 150 525 30.0 - 133 100 152 217 000 030 015 080 065
Sea 20 50t 44°22'N 143°25'E 16 00 133 267 533 333 - 100 125 138 240 000 013 033 073 080
30 10 Oct. 44°24'N 43" 22°E 22 00 273 136 727 273 — 100 100 194 167 000 027 014 141 045
31 10 Oct 44°19'N 143°39'E 41 00 195 122 756 341 —- 125 100 239 157 000 024 012 180 054
32 11 0ct 44°14'N 143°4'E 22 00 182 45 773 318 - 200 300 259 171 000 036 014 200 055
33 17 Oct. 44°55' N 142°40'E 35 00 114 86 200 429 - 1256 100 129 173 000 014 009 026 074
34 24 Oct. 44°22'N 143°25'E 44 00 273 45 864 182 - 125 100 258 213 000 034 005 223 039
356 24 Oct. 44°22° N 143°25'E 32 00 250 31 844 250 - 125 100 211 176 000 031 003 178 044
36 31 Oct. 44°55'N 142°W'E 41 00 146 220 537 244 - 150 100 141 140 000 022 022 076 034
37 15 Now. 44°30'N 143°15°E 21 00 556 74 852 1B5 — 167 250 261 160 000 093 018 222 030

Total of region 538 00 195 95 586 314 - 135 114 19 202 000 026 011 115 064




38 LhOEA - Kikez

Tabel 2. Sampling date, locations, number of medium-sized sauries examined, and prevalence,
mean intensity and relative density of Pennella sp.(P), Caligus macarovi(C), Irona
melanosticta(l), Bomolochus sp.(B) and Rhadinorhynchus sp.(R) in 1991,

Number Prevalence %) Mean intensity Relative density
Region No. Date Location of
examined (P) (C) (1) (B) (R) (P) (C) (1) (B) (R} (P} (C) (D (B} (R)
38 15 May 40" O'N 144° O'E 12 00 583 667 667 00 - 200 126 138 - 000 117 0B3 092 0.00
39 16.Jun 42°15'N 162°1T'E 18 00 00 56 278 M4 - = 100 180 500 000 000 006 050 472
40 16 Jun, 43° 9'N 162°32'E 47 21 43 43 319 766 100 100 100 140 422 002 004 004 045 323
41 23Jun W2 NINWE 1n 00 00 00 727 100 - = - 138 351 000 000 000 100 301
Westarn. 42 29Jun UMY N ITTYIE 20 00 00 00 580 100 - - = 127 825 000 000 000 07 925
North 43 30 Jun 45°43'N 172°3%'E 32 00 00 31 563 %9 = = 100 111 635 000 000 003 063 616
Racific 4 5Jul 5MI'N1TTIE 30 00 00 00 333 %67 = - — 180 707 000 000 000 050 683
46 23 Jul 46°30'N 158°30'E 21 95 00 48 619 100 100 - 100 162 371 010 000 005 100 371
46 2 Jul 44°30°N I5T°30'E 36 00 111 111 556 278 = 150 100 150 200 000 017 011 0B3 056
47 25Jul 43"30°'N 155°0°B u 00 91 00 636 636 =~ 100 000 157 229 000 009 000 100 145
48 26 Jul 42°30°N 153°0'E 3 00 667 667 667 333 ~ 100 200 300 100 000 067 133 200 033
48 2TJu 41°30'N I51°0'E 2 00 100 00 59 00 = 100 - 100 - 000 100 000 OT1 —
50 18 Aug 43°30°'N UT'H'E 3 00 00 00 100 00 = - 200 — 000 000 000 200 000
51 27 Aug 42°22'N 148°39'E 6 00 20 333 100 333 = - 150 200 100 000 000 050 220 033
82 25 AN0°N 46" E 1 00 100 100 100 00 - 100 100 200 - 000 100 100 200 000
53 9Sep A N MEN'E 1 00 20 00 00 00 - - = = - 000 000 000 020 000
54 18 Sep 42'4° N M5MTE 3 00 00 00 667 10 - = 150 100 000 000 000 120 100
55 26 Sep. 42°30°N 145" O'E 1 00 00 100 00 00 - = 100 - — 000 000 100 0D0 000
South- 56 26 Sep 41°14'N 43°53'E 1 00 00 00 - - = - = = Q00 000 Q00 - =
sastern 57 0 Sep A1"S50'N M3°S0'E 3 00 00 00 - -~ - = = = — G000 - -
waters 58 20ct 41" N 146" 0'E 16 00 &3 63 563 533 - 100 100 133 150 000 006 006 075 080
of 59 40t 4122 N M4°SS'E 3 00 00 00 - - - = = = = 000 GO0 W0 - -
Hokkaido 60 B Oct 42°15' N 144°55'E 17 00 59 176 100 294 - 100 100 1656 200 000 006 018 165 059
61 150 42°15'N 144" O'E 20 00 50 50 800 750 ~ 100 100 263 233 000 005 005 210 175
62 23 Oct 42" 5'N 1M4MI5'E 17 00 00 118 765 765 = - 250 208 277 000 000 029 159 212
63 23 0et 42" N AI6'E 17 00 00 118 765 412 = - 150 231 200 000 000 018 176 082
64 1 Nov 42°50°N 145°50'E 2 00 00 83 750 417 - - 100 189 160 000 000 008 142 067
65 4 Now, 42" O'N 43°30'E 3 00 00 00 100 500 - = = 133 400 000 000 000 133 200
66 15 Nov, 42°20'N 144° O'E 20 00 50 200 900 350 = 100 100 200 271 000 005 020 180 095
Total of region 144 00 35 125 803 482 - 100 128 199 217 000 003 016 160 104
67 1B Sep. 45"10°'N 5" 20°E 1 00 00 00 00 Q0 -~ = = = - 000 000 000 000 000
Okhotsk 68 18 Sep. 44°40°'N 45°20'E 1 00 00 100 100 00 - - 100 100 - 000 000 100 100 000
Sea 69 60ct 45°30°'N 142° 5'E 40 00 375 400 775 00 - 107 119 223 - 000 040 048 173 000
70 60c 45°30°'N 142° 2'E 2 00 348 435 783 43 - 100 130 189 100 000 035 057 148 004
Total of region 6 00 354 415 768 15 - 104 122 208 100 000 037 051 160 002

Fr—v I @icKET By =idth, By v RhLTHED, BRENCRPERY V<
(24.0ecm<sHERE<29.0ca) BEEHEINTVLE, T4 vy VF VR ERKRENKE
VWIEREFERB EABIEBRSNTVES ), #-THEIRY ¥ vORRIC L 2FERR
DOEEL LTHET 2 dicthily v=icoWTHE, BitET-70

H#, B3ofEEE LT, Margoliset al. YV DEDLLTO I >0HEEEH VL, 1,
HEOHRARLREAT LTS LRI ALMOA +— v 7B LU 8 ALIBOEMIK
FERB i LT RERSEIC S VLT HHEL .

FH R (prevalence : %) = (WEHERH HMERH) x10°
SEEgET A3 (mean intensity) =#ZF A4 Ml WA ERE
N HFLEE (relative density) =#FERE BARK
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FAE L foh By v = (19905 : 1,009, 19914F : 452/2) OFHREEREAR (HBEH))
izTable 1 & 2 /R L 72,

Fhe, Ah—vrlLHERAVFICBY 3FERIOMKOKEL T 5120, 5~THD
PR EFE B ABRESOSH L FFERROMBRERELIZFig 2 ~4iR Lz, B,
RERMODIED 125t 7, 48, 490 3 AW TIRIERD SB 2,

1. ¥k IF4LY
HYIEVFAVICOWTIE, 19905108 OEHRAFEHE, 199146, 7 AoltAFET
bEDLIHERSONIDATEH -1,

2. veHuFTs5s

EAEREFEITBWT, 19904, 19915 & LB EHER (Fig. 2) LMxiEEHM (Fig.
4) PEWERDA S tchl, EEFEE (Fig.3) KoL TREELSZRZZEDohlih-
foo F 2, 19904 & 19914E DHHH KD TR A & — v 7 BBV TIH19.5% £ 35.4% T,
EHRAEADS.6% E35RICHRTEVEES > TV,

3. ¥3UFKULY

Hreutvs I EEkkc, JEEAEECBOTHES bALRBEFER (Fig.2) &4
SEAER (Fig. 4) BEVWERIBA SN, $12, 10IFEOF+c—v 7BV THERAK
DEEFHA1.5%, FHFLEEH051E, 1990FE0EHEHRPHEDEBAFEEL » bEWH
ER TV,

4, ISTSIH

JEFEAREEIC BT, 1990FITi3fA B EREEE bEVERIDEED Shichs, 199141
ABHHLSURTEVEE LD, BHIcL3ERBDONEL - (Fig.2~4 ),

Fh—v 7l EERAEETIE, 1990FE0HBREEOTERH8.6%L62.5% TH-> 70D
X LT, 19914EIRENENTE.9%, 80.3% &E<, FABEMFEKIc> VT H190EL D
19IFEDOHBFHNMELE>TED, EEEFICET ATECHROBEE ESH L TV,
BB, WD 3FMEEILE~NT, Fh—v2lEERATFEBOVTORESNOEEEZ
5D EHEZWHEIAS S,

5. SEARIR

PEANHE Y v e oA VS Y, 430X FUAY, 253V5 Ko IMEHE e, dEE
ANEFILBVWTHRAREREROESBVVHAEAMSHEE LS b o h, HichoFEhTRE
BT & BEDPNE D L FEFEH, EEFEHCBVWTOHEENEMNA SN (Fig. 2 ~
4)o ¥z, 191D A & —Y 7 B TOMRLEOFTER, FHFLY, HNFLEENEH
F01.5%, 1.00, 0.02&, 1990FEDEHHES £ UTEOHEATHEL D ORIV EVETH -
foo BB, 5V IFERBIC, A+ — Y 7HEERATEFECE VT ORESR ORISR
iE 52 EMBEZVAEINA Sht,
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Fig. 2. Relationship between longitude of sampling locations and prevalence of five
parasites in the western North Pacific Ocean from May to July in 1990 and 1991,
@ : Pennella sp. O : Caligus macarouvi
A : Irona melanosticta A\ : Bomolochus sp.
X : Rhadinorhynchus sp.
( ) : Number of fish (24cm<knob length<29cm) examined at each location.
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Fig.3. Relationship between longitude of sampling locations and mean intensity of five
parasites in the western North Pacific Ocean from May to July in 1990 and 1991.

® : Pennella sp.
A : Irona melanosticta
X : Rhadinorhynchus sp.

O : Caligus macarouvt
A : Bomolochus sp.
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Fig.4. Relationship between longitude of sampling locations and relative density of five
parasites in the western North Pacific Ocean from May to July in 1990 and 1991.
@ : Pennella sp. QO : Caligus macarovi
A : Irona melanosticta A\ : Bomolochus sp.
X : Rhadinorhynchus sp.
() : Number of fish (2dem=knob length<29cm) examined at each location.
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Breeding season of the Japanese surf clam
Pseudocardium sybillae in Tomakomai and Shizunai,
southwest Hokkaido

[zumi SAKURAI, Tateki MIYAMOTO
and Mamoru KURATA

The annual reproductive cycle and breeding season of the Japanese surf clam
Pseudocardium sybillae in Tomakomai (42°37 N, 141°36" E) and Shizunai (42°20°
N, 142°22" E) were studied histologically. On the basis of cytological characteristics
and relative amount of germ cells, maturation of the gonad was classified into
recovery stage (female; August-September, male;September-October),early growing
stage (female ; October-January, male;November-January ), late growing stage
(February-March), maturing stage (April-the middle of May), spawning stage
(the latter part of May-the beginning of July), and spent stage (Female;the middle
of July-the latter part of July, male;the middle of July-August). From histological
observations and seasonal changes in the gonad index (gonad and mid-gut gland
weight X 100 /soft-body weight), the breeding season of the clam in Tomakomai

occurs from the latter part of May to thebeginningofJuly, and based on the seasonal

changes in the gonad index only, that in Shizunai, occurs from the beginning of
June to the latter part of July. As a simple and easy method for surmise of the
! breeding season of the clam, it is helpful for estimate the breeding season by the
method of the gonad indices are calculated using the weight of gonad and mid-gut
1 gland put together. Water temperatures during the breeding season was varied from
about 10 to 15°C.

W®RS  A195 (19924E10H 130 =)

* 1 dbAsE i kERER (Hokkaido Central Fisheries Experimental Station, Yoichi,
Hokkaido 046, Japan)

* 2 JLiEE T B+ ~ ¥ — (Hokkaido Nuclear Energy Environmental Research Center,
Kyowa, Hokkaido 045—01, Japan)

* 3 JEMRET BKEEIBRIE E WS (Muroran Branch, Hakodate Fisheries Experimental
Station, Funami-cho, Muroran, Hokkaido 051, Japan)
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Fig.1. Pseudocardium sybillae. Diagram showing relative proportion (%) of germ cells
in different stages : recovery (A), early growing (B), late growing (C), maturing (D),
spawning (E) and spent (F) stages.
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Fig. 2. Pseudocardium. sybillae. A : Mean monthly gonad index in Tomakomai. Vertical
bars represent standard deviations, B : Monthly changes in seawater temperature at
10m depth layer in Tomakomai (Based on data from Hokkaido Development Agency).
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Fig.3. Pseudocardium sybillae. A : Mean monthly gonad index in Shizunai. Vertical bars
represent standard deviations, B : Monthly changes in sea surface temperature in Mitsu-
ishi (Based on data from Hokkaido Aquaculture Development Authority).
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Seasonal changes in the distribution and population
structure of Pandalus kessleri

Toshihiro MIZUSHIMA

The distribution and population structure of Pandalus kessleri in Notsuke Bay
of eastern Hokkaido were studied from June to November 1981. The results obtain-
ed were summerized as follows.

1. The population of P.kessleri consist of four age groups, viz. 07, 17, 27, 3~
in June.

2. The density of 0*and 1* P. kessleri was the highest on the shoreside in spring.
After summer, these shrimp dispersed to offshore.

3. The density of P.kessleri decreased from 26.0 ind./nf in June to 3.4 ind./ nf in
November. On the other hand, the biomass of the shrimp was constant (4 to 6 g
wt,/ ) in the course of investigation except October.

4. Correlation between young P.kessleri and Zostera marina density showed
positive.

5. The spatial distribution of the 0 * group was highly concentrated, whereas the

2 * group showed uniform distribution.
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Fig.1. A : Maps of Hokkaido showing the location of Notsuke Bay. Arrow shows the
survyed area.
B : Blocking of the serveyed area for density distribution of Pandalus kessleri
and Zostera marina.
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Fig.2. Frequency distribution of body length of Pandalus kessleri
from June to November in 1981.
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Table 1. Monthly changes of estimated number and servival rate of
Pandalus kessleri each year class in serveyed area in 1981.

0 vear old 1 year old 2 year old 3 year old

ervival rvival Servival ervival Total

Number ?ate % Number ?;te ?6 Number rate % Number ?ate 9% Number

Jun. 7 543,600 100 70,300 100 5,400 100 1,800 100 621,100
Jun.24 185,700 34.2 52,608 748 4,400 81.5 300 16.7 243,008
Jun.22 192,600 35.4 35,800 50.9 2400 444 230,800
Aug.19 125,100 23.0 27,700 39.4 2,100 38.9 154,900
Oct. 17 48,720 9.0 9,840 14.0 2,112 39.1 60,672
Nov.13 61,800 11,4 16,800 23.9 2,000 37.0 80,600

(3) SFEMBOEBRBEEREOHETE

XSO AR, FEHOLBHEREFNELEICLTEH L £ EEETable ! i
Rl7e 6 LD 3kE () oEBHIRIBNRBEHEES N, COERFIBO LS IT,
P L b SHAEN, SHBLEFLEE, -7, Ry A4 2 EDID S HEIZIFIF100% 10T
VOT, SHHPEBISVTE, T TRIEOKR I OBIRY 5 1 XD O
OR¥L (302f) 2BEHL, LIcHELHEERLACLICE>TRDL, Th&bHHY
HEEKBATREHES N, TOHK, URFRAOEBRE iz LL, 1A IRIZ62HE
Efiotz, 6 ADSIIAF TOARRIZIL AR EHES N,

1B 6 A LEICIZTORTH - - OMBL IO L, HAKRLTARKE >z, UL
< HEERIZ23.9%F R LT,

23 6 RIS ATRE - eob8 A2 4ATRIBD LchghlIBREEL, 1IAT
b2TRESFOE(LTORY, EEBRIIITOBTH B, 727°L, THoOERRRSN
OB TIEHERAN OER, BAOKKSEREEATVWEVOTEA T LOHIEL L2,

3EEBE 6 A LANT 1800 » 1= @A FHJIZIZ300RR & 1/ 6 ik Lz,

HAXAD® v 74 2 cOLWEELEEHMO ARloZ iz, 6 A LGTo62 1 HEM8 Hic
BAELBLLTIEOER, 11AKIBRSARLEE -1,

(4) [BEFEEHEROEL

tow B4 T EDORA OFERBITA®EHE X » EEEHIE (EEHs X UBER) © ARNZEL
2Fig 4 18R Lice 1 nf2b oNEEEH IR, HobBicimliz&dic, 6 H LHH26.02
ERBEL, FNLBIEECEDL, HAKREI4AR/nfici -, BEBMEKEHS 3
&, URHBO LD IEENEL, T5~80%%5HTED, 1REREHLEH10~20%% 55,
2REBLLEIR 1 B~4 BLIF LB,

—4, EEBORGFROFHEIE, BRAMIADE7g. /o, B/BI0HD32g /T
HEWEZOMMOHIRI YRS v bicd~5 g/ ndBEMBELTV S, BHERO LA TOMK
iz, 6 A58 AETIR | REO LD 2EAHERINICE60%LLEE LD, 2VWT2EK
B315~30% % 59 3, BHREMKRTRESL TOAYMERIE, 6 ATRIBLUTTSE- L
DOHBEEDORE EHcRBIcEL 20, 11HIKIRIT%ERL I,

AR OFELE Lico\\WT, 1981, 1982, 19834F 0 8 Hic## L /- R MO & M
AREMIE ETable 2 it/R L7z FhicE AL, BFEO2BBLIV IBHRFCL-TED D
HEEIZH 3 bOOWERRVZITV, FHTI9814E & 1983F & 12, 19834ED 4RI O FE
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Fig. 4. Seasonal changes of population composition in density (upper) and standing
biomass (lower) of P.kessleri on average.
0%, 17, 27, 3" indicate age group, respectively.

PPEVEERVTRHEEOED TELLT VWS, LL, 19824513 245 O A AR
EL, 2010 HEEHLEOEEL18IF0HN250 1IEF L, -7, HktkTid 1
REMOFELD b 2L EL A BERERLE, Chid, YRHOEHOEL(LIck-T
FRBELAE{ENTELERLTVS,

Table 2. Annual variation in the density and population composition of Pandalus
kessleri in August from 1981 to 1983 at Hadakajima area.

Age 0* i 2" Total
ind./of ind./nf ind./nd ind./nof
(%) (%) (%) %)

1981.8.18 5.21 1.15 0.09 6.45
(80.0) (17.8) (1.4) (100)
1982.8.18 1.56 1.43 0.13 3.12
(50.0) (45.8) (4.2) (100)
1983.8.6 3.53 0.80 0.12 4.45

(79.3) (18.0) 2.7 (100)
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Fig. 5. Changes of the density of Zostera marina in 1981.
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(5) Z7TTEEEOFNFE(LERy Ha T EEBEREE DMK

BFHOHBEXIcBY 37 <=0 EFEHE % Fig. 51t Lcs 6 HoMH L50miiss<i3820
~1080¥ /' nf, 100m T760~1060¥k / of & HEBE TH - 720 150m Ti3320~5208k / of & &
BRIAE{ETL, 200m Ti380~2608k/ fE &S icfE{ it COLHITEDOHEE
BRiITERMoKEORVWETEL, MR EEL Z3RMSH, EHEONRHIEHEFENT
Wa, BB, ARL3THOELRSEFOLAE Tt

wiz, 6H, 8H, WHOEMBORXMH (it12K[l) TOTvEOEEE Ay
DEFEMBETN 04 BFEE & OHMBIFEEFig. 6 IiRLTz, 6 HBLUSHO T EYigHE 7
v EHE & OHBGREIZILIC0.81Hi & EOIEOHEBAMA S h, 108 T HEBEHEH0.72,
1 B0 6 AT0.65& F v A4 2 EOBRICH > TIRPBICEMB/NELBI2b00FLIED
Aoz, LaL, | &0 8 Hicl#icAoMHBEEE-TV3, T0% 1 ED10H
BIU2EBTREEOHEBMEShE -1,

() HTO IsEMICLEARyhA T EDIHEFREDHE

tyh 4 T COREMRBONNETEENET B2 —2OHEELT, TITRHETDIS
B Itk BET 5, BAOERMIOIEHEZTable3 oA L, MRHBRIBA L O,N
DEWERMAHEEER Lz, | EBLNRBICIVIRETE -2, LL, 2ERBHEFEIC
Lo THHHEEDRL Y, KPEREL L7,

Table 3. The distributional pattern of each age shrimp by index of
dispersion, MORISITA s 1&.

Date Jun. 7 Jun.24  Jul.22 Aug.19 Oct.7 Non.13

0 year old 1.28 1.18 1.26 1.22 1.08 1.10

1 year old 1.17 1.08 1.4 1.11 1.15 1.03

2 year old 1.21 1.13 0.83 0.91 0.97 1.01

3 year old 1.02
n
2 (xi—1) 18<1 : Regular distribution
i=0 18 =1 : Random distribution

I§ = @ —————— 15>1 : Contagious distribution

N (N—-1)

n =number of quadrats taken at random
N =total number of individuals from all quardrats
xi=number of individuals in each size group
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Shicliz, LAL, iR FEicHEORZWITEEIcL2d 7)) v FORERIcE -1t
¥, UEBEROE LEREIcHT 2RNEFRIZ AL RVA LS 12 SEIIEEHD
INS W TERE L o T HiligohEs S KB ot TERNICHiETE b0 L Eb
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SEOPBRERP S, T o A ZCOFEHER, FMINC T LFHMMNCOEILORELE
{fELto THbb, Y6 HO225R /b ollHD26E /d~@PL, RHkic 1K
B30/ 50T /of~, 2&EEFI120.3B /b 5008/ dd~&s@D U1, £/, @
FHMNTRBALLOURB LU | BB TR EE LD, BB TORER (6 ARS7T
B) offidRy 4 XEL 5013 2EHLENOT, 2BEEHOOTLSRUTOLOER
WHRILTWBTI LTS,

Ty A4 T EORHORBHE LT, YEHTOTHREVWT, BEOBVITHN & EW
il TRABEVWESSE SNz EH I, HEFLSHFIMTERBETOMHLIIHSEED
HEBAEVW EBBITFONE, 127ZL, BAXGRMPEICOEEHICZD, UHATH IR
HTHETH -2 UFLIBREEOUENE LD, FEENLELHOLELDEZLET,
HEoNEEH/hE HAFEIE>wWTIR, EEOHVWTHRHITOBESAZVW DS, 53
Wi BBMLTE T LACE L5300 R EEBIOFBETRFASHhICTE MM T, £D
%, 19845E 7 Hic, AN O EBHOTHIIC Y A/ 2 CORHAEEZT-LEC
A, YRBTRTHRCHEERL D bHica®mE v 7 F LTV AEEMASRTVWS (Fig.
7)o L=, | MWORBITHHEIOS 2 T LARBEN, BRFMICHRT 5 lfEED
KEWT EMEEFEENS,

BERBOLERRBIERBE I ST, - 124, ShloBATRIEDOL S, &M, BAD
ERESATHEBE N TOWRVLOT, B4 OFKRENEOREREERML TV I00I3HS
PTG, 2L, SHEH» S IFolticE2E ToHRROLEERE (R) 2HEET S L,
R=1x0.11X0.24X0.37=0.0098& 75 5 (B BFMEFOLEER), ic | #HZ0 3002
OENEHE NS L2.9BD IROMAKS Z L3, BRI 1 BEhiEE&ERO
FHsEinBd Lo b, ARAEXIRBX T THEE I L A2EERTV, —BFEETIR
2Ll b 3 L HERES AKX (AT A4, £EROFMmc-VWTRSHE, S8, B
EREEROBIAAZSD I ABSLETSH S,

BTl SHEBICLINHOENEEAZ L, MK, | ROEBMISEIELEL, 2
WECNBZLE6 ARRVWTREDAHERENLNE, TR TEEEL LMENS £
ITHD, TREFELF v WA T COPEFH L ICRIEOHEMDH 3 EpHIShTWS
22, SEOERLS, T EOK
'C\".")o %oﬁﬂ& Lk, £+ 10- o=—0 time of high water
hAzEORBEREIC L 2HFEZE
nizEOTTEBNTONE £ | / \\
WARETHET &, wHErT £ | L
BLTWwaY, HokicAEME
Eicwa s, 7EOREPER
SLLTVIREHE LD, [ P.kessleri at the time of high and low water
HPickhif, v/ =z ED in 14—15, July. 1984.
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EroezesfIcHiBEN50R}, T MBS THITvEE A SBNTHRE
EIEBCRLEVEHERAILTVWS, fo M 0BS5S HEEHSTHAIAETTwE
OFEEOBWITHRAIC12E /of2HA 2EFETHEET 203BAEBLE L TOBREICHIEL
rtbDEEIONB, LHL, TTEOHEEICHT KGR R+ » WA T EOEICH-T
MhaEEsEs L5 icEBbhs,

Table 4, Water temperature (*C) of Hadakajima area in August and October in 1984,

Distance(m) 50 100 150 200 250 300
1984. 8. 5 24.0 23.6 234 23.8 22.0 21.3
1984.10.20 7.8 7.6 7.6 74 1.2 7.2

i, BHEBRLMHITH Y H 4 T COBESRL L3013, Kl OBIESEL LN S,
AHEBEROKBENO 7 — 5 W1 1983F D 8 HB LU I0HDKEOD F— # % Table 4
2R Lo AFEE 3abH LEEREMSRL 2, Milichrd TKkBoBEEEL 0B, T 7
4 EiR8 HItRKENEKL, 7TEOoFEMNFOAHEKRICKSTTEMERT T, #Hx
Ak SEVRAIcEE L L Bbhs, BEFicis L, kBT itttz
ORFIERT AT EBEEE NS,

Fo W4 T EOLEEEEIIYER, | REOBDICE > TEHMNICAZ{ELT 2400,
HERICOVTRIOHRETFETFTLARERS S, 4~6 g/ ofTEHRNCH T O RENE
LV, BIRKADOBATREENOHVHIRE W TVLAY, Ty M ZEIRHLT
HNBOT<EBNLEOBRBONE 26T 500N b NS,

g #

HBoBRREO 7= HicB VT, 18IF6 AR SIHIEIIT, Fvh4 ik
HoMEL zoE{bEFH~T,

1.ED6 BicizSHHadE (C45%) , KB (18R) , ik (2, # (3&) 04
B, O HICIIRECHEE (4iR) , B (1), Hf (2ERELL) O 3TNFET 3,

2 . FEEEMNO® v A4 T DR, URBTRIE~EFTElToRmsEmD T
L THANOBEOLENHEL, RBIIEPHICL -1, HEMET 52 EFHEENIS
HERLE, 2L, BROEKERRKICIZEREE bROLMAITOFEN ER L1,

3. % v h 4z EOBEEREROFMELR, BEEETIRURBENEH L 675~80%% &
HTELL, 1EBHI11~21%, 2B 1~3%, 3mBH303% (6 HDA) TRENLE
Bhiztsv, —4, HERTIZ6 AN 5 8 HE TR 1 REO60%LLEE K%, 2 EEfi210~20
UETHBE L. 6 HIciZ 1 %TH - 1 UEBHI 11 HICIZ36% ML 7

4. FABXBROF v h 4 = v0L4BHEEREEIZ 6 A L3z TR, 511K
S HRANERL LTz, FRBI0 R 04 HRBIILERH11.4%, 1 F8239%, 24F8HE
3T.0% EHEEE N,

5.5 ToORMBHEER 6L 3+ #4 T EOERY], ABNOSMEDE IR, Mk,
| BB RESE VY, 2EBETRED -7,
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