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Production ecology of demersal fishes in Ishikari Bay,
Hokkaido. I. Community structure and grouping of
distributional pattern of demersal fishes in spring

Osamu TOMINAGA, Mikio KOIKE, Masaki TAMURA,
Hiroya MIYAKE and Yukio MIHARA®
Hokkaido Central Fisheries Experimental Station,
Yoichi, Hokkaido 046, Japan

In order to elucidate the community structure of demersal fishes in Ishikari Bay,
Hokkaido in spring, demersal fishes were collected with small otter trawl net at a depth
of 20 meters through 90 meters in April and May from 1984 to 1987 and unbiased estimator
Shanon-Weaver function (E (H")) value and evenness component diversity (J') value were
calculated. In addition, distributional pattern of fish species was grouped by the methods
of cluster analysis, principal component analyvsis, and factor analysis.

Four species of flounders, i.e. Limanda punctatissima, L. herzensteini, Cleisthenes
pinetorum herzensteini and Glyptocephalus stelleri were the main components of the
demersal fish community. As the water depth became deeper, the density of abundance
of demersal fishes became lower. This is caused by decrease in abundance of the four
flounder species with depth.

E (H") value was higher in deep regions (41~90m) than in shallow regions (21~40m).
The relationship between E (H') value and J' value showed high correlation. The high
E (H") value in the deep regions is mainly due to the reduction in the proportion of the
four species of flounders in this community.

Principal component analysis and factor analysis are thought to be more available than
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* Present address : Hokkaido Kushiro Fisheries Experimental Station, Kushiro, Hokkaido
085, Japan
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cluster analysis, because the former analysis can give us the explanation of each cluster.
From principal component analysis, it 1s estimated that the distributions of the four
flounder species overlap with each other, whereas distributional pattern of them is to
some extent different.

Judging from the result of principal component analysis, the distributional pattern of
demersal fishes in Ishikari Bay is roughly devided into the following four groups : fishes
whose proportions are high in the shallow regions, those with high proportions in the
deep regions, those with almost uniform proportions in any region, and those with very
low proportions in all region.
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Fig. 1. Map of Ishikari Bay in Hokkaido showing capture localities and contours
(broken line) of depth. The area surrounded by thick line is each set region.

Table 1. Depth range and number of trawls in respective set regions from 1984 to 1987.

Depth gy Number of trawls
Region Range 1984 1985 1986 1987
(m) Apr. 23~May 12 Apr. 22~May 20 Apr. 24~May 16 Apr. 27~May 22
Al 21-30 11 8 5 6
A2 31-40 2 2
A3 41-50 2
A4 51-60 4 3
Ab 61-70 1 2 3
A6 71-80 2 4
AT 81-90 2 1 4 7
Y1 71-80
Sl 41-50 1
S2 71-80 5 2

A RO TOSOMEHIIT S50, 20T, WFHERSWES Ok 1976, MILLER 1980 )%t
BLiz, H', E(H), 550 BRICGRERTHRELL,
8
H'= -ilpi Inpi
E(H") = (=3 pi Inpi) - (S-1/2N)

J'= E(H')/In S
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. MAGAREI Limanda herzensteini

L HIREGURO Glyptocephalus steileri

L AIKAJIKA Gymnocanthus intermedius

. EZOMEBARU Sebastes taczanowskii

" YAGISHIRIKAJIKA Ewrymen gvrinus

I TSUMAGUROKAJIKA Gymuocanthus herzensteini
. ASABAGAREI Lepidopsetta mochigarei

- YASETOKUBIRE Podothecus thampsoni
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 SUNAGARE! Limanda punctatissima

: SOUHACHI Cleisthenes pinetorm herzenstetin
TOKUBIRE Podothecus sachi

- NAGAZUKA Stichaens grigorjewi

: KUMAGAIUO Agonomains jordant

. HOKKE Plewrogrammus azonus

- KARAFUTOKAJIKA Triglops jordani
AKAGAYA Sebastes minor

Fig. 2. Fish species compositions in each region from 1984 to 1987. FFish species
whose percentage composition are less than 5 percent are combined into
other fishes. Shaded rectangles indicate Limanda punctatissima, L. her-
zensteini, Cleisthenes pinetorum herzensteini and Glyptocephalus stellert,

respectively.
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Fig. 3. Relationships between water depth and number of individuals collected
per 30-minutes tow with 3 knot (CPUE) in 1984 and 1985.
—o—: Total CPUE of all fishes.
0 Total CPUE of Limanda punctatissima, L. herzensteini, Cleis-
thenes pinetorum herzensteini and Glyptocephalus stelleri.
~— &~ Total CPUE of all fishes except for the four species of flounder
above mentioned.
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evenness component diversity (J°) and number of species
(8) plotted against water depth from 1984 to 1987.
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Fig. 5. Relationship between unbiased estimator of Shannon-Weaver
function (E (H')) and evenness component diversity (J') from
1984 to 1987.
® : 1084, A : 1985 x : 1986, m: 1987
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Table 2. Fish species code number which is given according to rank in average
CPUE in 1984 expressed at fourth column.

50‘32 ?L)len?be:r Japanese name Scientific name Asg;a;ﬁ;:
1 MAGAREI Limanda herzensteini 360.6
2 SUNAGAREI Limanda punctatissima 263.7
2 HIREGURO Glyptocephalus stellert 210.0
4 SOUHACHI Cleisthenes pinetorum herzensteint 205.9
5 AIKAJIKA Gymnocanthus intermedius 55.4
6 TOKUBIRE Podothecus sachi 23.4
7 EZOMEBARU Sebastes taczanowskii 14.5
8 NAGAZUKA Stichaeus grigorjewt 13.1
9 AINAME Hexagrammos otakii 11.7
10 KUMAGAIUO Agonomalus jordani 8.3
11 TSUMAGUROKAJIKA Gymnocanthus herzensteini 6.9
12 HOKKE Pleurogrammus azonus 6.9
13 HIRAME Paralichthys olivaceus 6.6
14 ASABAGAREI Lepidopsetta mochigarei 6.3
15 YAGISHIRIKAJIKA Eurymen gyrinus 57
16 AKAGAREI Hippoglossoides dubius 4.3
17 KEMUSHIKAJIKA Hemitripterus americanus villosus 4.1
18 BIKUNIN Liparis tessellatus 3.4
19 KIANKOU Lophius litulon 2.8
20 UMITANAGO Ditrema temmincki 2.5
21 KANAGASHIRA Lepidotrigra microptera 2.4
22 TOBINUMERI Callionymus beniteguri 1.9
23 EZOAINAME Hexagrammos stelleri 1.3
24 WAKASAGI Hypomesus transpacificus nipponensis 0.6
25 ONIKAJIKA Enophrys diceraus 0.4
26 SUKETOUDARA Theragra chalcogramma 0.4
27 TAUEGAJI Stichaeus nozawae 0.4
28 KITSUNEMEBARU Sebastes vulpes 0.4
29 KASUBE sp Rajicae sp 0.3
30 KUSAGINFO Tripterygion minutum 0.3
31 OKUKAJIKA Myoxocephalus jaok 0.3
32 UNAGIGAJI Lumpenus saggita 0.3
33 HIGENAGAYAGIUO  Pallasina eryngia 0.2
34 ABACHAN Crystallias matsushimae 0.2
35 KUROGASHIRA Limanda schrenki 0.1
36 OKIHIMEKAJIKA Cottiusculus gonez gonez 0.1
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Fig. 7. Dendrogram showing similarity of distributional patern among
fish species in 1984. Fish name is expressed as fish code number
given in Table 2.
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Table 3. Values of eigen vector, factor loading, eigenvalue, contribution and cumulative contribution in 1984,
Figures in parentheses are factor loading. Values were calculated on correlation matrix.

Eigen vector

Variable ZA z2 Z3 Z4 Z5 Z6 z7
X"l Al 0.319 (0. 691) 0.537 ( 0.556) —0.237 (-0.156) -0.655 (-0.408) -0.337 (-0.145) -0.004 (-0. 002) 0.101 € 0.032)
X'2 A2 0.391(0.846)  0.284 ( 0.293) -0.064 (-0.042)  0.611 ( 0.381) -0.202 (-0.087) —0.454 (-0.174)  0.377 ( 0.118)
X'3 A3 0.423 (0.914) 0.046 ( 0.047) 0.265 ( 0.175) 0.281 ( 0.175) -0.316 (-0.135) 0.736 ( 0.283) -0.165 (-0.052)
X'4 A4 0. 400 (0. 866) 0.348 ( 0.360)  -0.045 (-0. 030) 0.050 € 0.031) 0.757 ( 0.325) -0.013 (-0.005) -0.374 (-0.117)
X'5 A5 0.368 (0. 795) -0.273 (-0. 282) 0.726 ( 0.479) -0.285 (-0.178) -0.072 (-0.031) -0.404 (-0.155) -0. 117 (-0.037)
X'6 A6 0.350 (0.757)  -0.486 (-0.503) -0.558 (-0.368)  0.023 ( 0.014) -0.239 (-0.103) -0.189 (-0.076) -0.485 (-0. I51)
X'7T AT 0.385(0.833) -0.444 (-0.459) -0.170(-0.112) -0.185 (-0.115)  0.330 ( 0. 142) 0.227 ( 0.08T) 0.656 ( 0.205)
""" Eigenvalue 4677 1070 0.43% 038 018  0M7 008
Contribution 0. 688 0. 153 0. 062 0. 055 0. 026 0.021 0.015
Cum. contribution 0. 688 0.821 0. 883 0.938 0. 964 0.985 1. 000
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Table 4. Values of standardized principal component score
(SS) and point of each fish species. Point is based
on SS. SS=-1.8 Point1:-1.8<{SS=-0.6 Point2 —0.6
< SS=0.6Point3: 0.6<SS=1.8Point4SS>1.8Point5

Fish code Standardized score Point
number Z1 zZ2 Z1 Z2
4 2.29 1.16 5 4
1 3.06 -0. 05 5 3
3 2.45 -1.33 5 2
2 1.18 3.84 4 5
5 1.37 0.09 4 3
6 1.16 -0.33 4 3
9 0. 62 -0. 13 4 3
13 -0.11 1.22 3 4
21 -0.29 0.99 3 4
11 -0.22 0. 55 3 3
12 -0.13 -0. 40 3 3
16 0.09 -0. 55 3 3
19 -0.13 0.07 3 3
23 -0.55 0.50 3 3
7 0. 36 -0. 92 3 2
8 0.59 -1.65 3 2
10 0.10 -1.71 3 2
14 -0.20 -1. 62 3 2
15 -0.44 -1.04 3 2
17 0.10 -0.93 3 2
20 -0.32 -0. 64 3 2
18 -0.61 0.93 2 4
22 -0. 65 0.78 2 4
24 -0.73 0.52 2 3
25 -0.72 0.11 2 3
26 -0. 67 -0.18 2 3
27 -0.71 -0.18 2 3
28 -0. 68 -0.10 7 3
29 +0.'75 0.27 2 3
30 -0.76 0.22 2 3
31 -0.84 0.13 2 3
32 -0.69 0.09 2 3
33 -0.76 0.10 2 3
34 -0.77 -0.12 2 3
35 -0.81 0.16 2 3
36 -0.81 0.16 2 3
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Table 5. Values of eigenvalue of correlation matrix and correlation
matrix in 1984 whose diagonal elements are replaced square
multiple correlation (SMC)

Diagonal Eigenvalue
value a1 22 A3 A4 15 16 A7
1.0 4.677 1.070 0. 436 0. 388 0. 184 0.147 0. 098
SMC 4. 420 0.788 0.128 0.073 -0. 075 -0. 099 -0.124

2 L LT ALY S, HESNAATFARROBRS LYT VL9, AFHoERESTTH. TOER
R oh AHETHH#%Table6 10T, Fhick s s, $1HETRIAFAGHRYSERELDTIXTE
WZ EpS, ERBICEGEVHEREIETHH L TOERE 3 hEVIETTHE S, 72, F2HTTIRKIC
SVHETFAGRRYS SNLWEHREAOTH LV, A1KEATKOBEFAGRSEVIGEDFST
HEHEWETHS Lho, BVEIK (530 EEVEX) THEIISHEVWHEHIHERTHERFTS
AEBRaNS,

o2&, AFARRS CRFES (A7 —) ZHEEL, FRMBETIT - e L BHOTHRET -
tro TOERBONLERE(LENIz A2 7 - LFEATable T KEL, B1EAFLBE2EFOZ2a7-D

Z21

Fig. 8. Plots of second principal component (Z2) score with first principal
component (Z1) score among fish species in 1984. Contours by thick
line indicate respective clusters. Fish name is expressed as fish code
number given in Table 2.
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Table 6. The values of factor loading and communalities
of factor analysis in 1984.

Region Factor loading Communalities
K1 K2
Al 0. 632 0. 402 0. 561
A2 0.814 0. 300 0. 752
A3 0. 897 0.093 0.813
A4 0. 857 0. 396 0.890
Ab5 0. 749 -0.170 0.590
A8 0.735 -0. 388 0. 691
AT 0. 866 -0. 492 0.992

HHE (Fig.9) O THOEOTALAIT- 1. Thick b &, SREIII07 727 —icaishs, £
WA OER LG, 4BOH LA /T IEO2 525 —A2FRLTEh, FholifomE
bERENSHICLE 7 725 - LB L TW3, 31, CPUEOEBEVREDERLEALRT | B+ OF
B2 -TED, ElGairiRROBAEERL TV S,

Fig. 9. Plots of second factor (K2) score with first factor (K1) score among
fish species in 1984. Contours by thick line indicate respective clusters.
Fish name 1s expressed as fish code number given in Table 2.
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Table 7. Values of standardized factor score (FS) and point of
each fish species in 1984. Point is based on FS.
FS=-1.8 Point 1: —1.8<FS=-0.6 Point 2 -0.6<FS5=0.6
Point 3:0.6<FS=1.8 Point 4 FS_>1.8 Point §

Fish code Standardized score Point

number K1 K2 K1 K2
4 2.19 0. 81 5 4
1 2.89 -0.25 b 3
3 2. 60 -0. 87 5 2
2 1.04 3.49 - 5
5 1.45 -0.12 4 3
6 1.04 -0. 02 4 3
9 0. 90 0. 07 4 3
13 -0.03 1.74 3 4
19 -0.40 0. 65 3 4
21 -0.35 0. 67 3 4
23 -0. 46 LI 3 4
7 0.38 -0.39 3 3
1 -0.19 0. 36 3 3
12 -0. 34 0.11 3 3
17 0.13 -0.29 3 3
32 =0.57 =032 3 3
8 0.38 =1..54 3 2
16 0.31 -0.75 3 2
20 -0.31 -0.78 3 2
27 -0. 50 -0.87 3 2
10 0.33 -1.93 3 1
14 0.11 -2.42 3 1
15 -0.93 0.52 2 3
22 -0. 81 0.23 2 3
24 -0.83 0.18 2 3
25 -0.70 0.18 2 3
26 -0. 68 -0.31 2 3
28 -0. 46 -0. 54 2 3
29 =0. 73 0.57 2 3
30 -0.79 0.11 2 3
31 -0. 86 0.11 2 3
33 -0.76 0.15 2 3
34 -0. 64 =0..53 2 3
35 -0.81 0.29 2 3
36 -0. 81 0.29 2 3
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M OZ BREE (LR TR £, O KEEE TEVBIEAA SNtz ElcbilifzkHig, TTTHWL
o v 2 29 4 =N REEOAREEE E(H ) 32 HEO2 8% ThH 2HMEB L EHAXT LT3
T XSz, HEHERZBEJOHE L. TOEE, EH) & J' EEVHEMME Sh, T H%
BREEIC RSN BWERIT L TO AT EmEnt, BSHs, KECLLIZEEOL(LICHEBLRIFLT
VAN, il (M- JEE  1980) 4@ GRII - @il 1985) THMEINTED, HEAT
OREBOHBPEIMICB S 2 EEEH A EShAT LT LD ERESERT B LBXTV B, 72,
AFE (1977) E~<—) ¥ FioRERERECSVT, 5 TH5 R4 + 945 3 (Theragra chalco-
gramma)DE|E&E H' OicGVAOHEMSH ), BEEOXEOB L ERENEGEsT LA
WELTVWAE, Y@K TER L4, =H LA, YVINFELPEL 7 oD4TDH LA EHaEEL T
B0, Iho4foh LA %G L CPUE B&METE <, KEBEL B I THL LTV,

LL, Zh oA TEKENDS CPUE IKhk 0 (LML LNIENT o, HIC 4§
D7 LA HOMBEEHIET L, AS~ATENETIEE BLLEOMOBMEAINT AL HIC5, T
NoMOEZT, YBETRKENELBBICONTAHEO N L {1 HiEDT A Lickh EhEhof
HOBERROENDLE LGN, BRENE{HLILOLEDNS,

SHEBRIOF|BE

7 7 29 —pirditRsSEES a1, BERXS OKFE 1977, 7R 1982, &iL- %S 1982,
@A 1982, @)1l - il 1985, WiEfth 198675 &), B4 SO OERIL kP 1977, K
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SERETHEET I 0, &7 727 -OBIRSEHETSH 5, 0w, BHERXKS (R - 5 1959,
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L, EXSAHPERTAITOR 27 -2HWEEICE, FBETOHKRYSOSEOEEEZT 57/
¥, CPUESERIEVRBIAHHAOmAIZ &Y, 81 F8S GB1RT) TS 2icgshTlL
FOIHBERIA T E LV E WS RLDA ST,

—77, YEEOTEMKETHLAMON L AHICOWTIE, 7725 -3 TR H LA, Vo
BLUeLrZ ol 200 329 —CELhohioictl, TSNS STIRAFMITIZ4EDA
VABRRIE 127 725 =2 LTz =H LA, vond, LU 7on® 1 ERa (&1
HF) oFRRs5THD, ZLOBKICHRAL, LHbBBX THRIISGHEVWIEERLTHS, L
L, B2EMSOFLEB2HLAMNI, vonFhdFieryoh2 tEzhFhRIE-TW5, 2% 0,
7H LA RSB TOHNKEISGH -BTHA0IEHL, ¥ IFREVBXTOHEBREIEHSE{, Hice
L7 o REVEBX TOHKEEHEVT bk b, LEDT &ML, 3MOA VI 3nHDEE,AZ
WEDD, BHOKERHETRL T AT EHBERIAITORRH CHETE 5,

LD EHICENTNOFRICBEAPETES o, WEROBFEEHOCTRIFZITHOTLENEE LI,
Lirl, ZCTHEABEKT 20 OS> EREKBOARENLOFFEELHEHEAH-TVWEEELILNS
15513, CPUE DEWETAI 2D 7 727 —iCHidha L0 ARENH -1 ELTh, B2 FRY —
i ARERAUTA, 2 7 29 —[BOBFRA MR T & 2 T Pl ot h SO mMGE A EE T
ACRENTHELEBPNAE, 20T, HOOZ 325 -850 ThAERSHHTIOR T —hoEE L
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Ecology of Japanese flying squid, Todarodes pacificus
(STEENSTRUP), in northern Hokkaido waters. I.
Juveniles found in the stomach of masu salmon,

Oncorhynchus masou (BREVOORT), 1n winter.

Yuji TANAKA
Hokkaido Wakkanai Fisheries Experimental Station,
Wakkanai, Hokkaido 097, Japan

Juvenile Japanese flying squid, Todarodes pacificus (STEENSTRUP), were found in the
stomach of masu salmon, Oncorhynchus masou (BREVOORT), caught in the coastal areas
of Rishiri Island and Shakotan Peninsula, western Hokkaido, in February 1987. This
finding is the northernmost record of the juvenile from the Sea of Japan in winter. The
water temperatures at the former region were 2.6 -3.9°C and those at the latter, 5.4 5.8
C. Juveniles, possibly identified as T. pacificus, were also recorded as the stomach
contents of the same fish species caught in the latter region during January and March
(especially February), 1976—1987. These juveniles ranged in mantle length 26—60mm and
were estimated to be 20-day to two-month old. It is likely that Japanese flying squid
spawn in the waters off western Hokkaido in winter seasons.

= B
An 2t A1 Todarodes pacificus (STEENSTRUP) OMffICHoL T, £EMNHEBOL i) v b
TFAPEEMRE LT T 27 bV F oy ML ARENSITON TV SO TORARENEZ W (B4
KBS 1973~198T), $1-, AEBRMELT15ma itz 5 BETET O/ A#hi@ETREXNS
2, Z{OEFEEYFIRRSEHS (CEATBHKEERSRTFRE 1972, 8XBRKERKEH

HWHES A145 (198B4F 1 H21H =)
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1972)c LinL, Thoodfnd 4 XTH 206" T 3R EbH TS LLOSEKTH 5, BE
2, TNETHEH D - odtimBEIESOBEBICE VT, WER VA 4 HDRHEEH 7 T ROENE
MBI L D D THES 2 & L biT, TORE - Wi « SHkEERH LzOTRET 3,
HEICE S5, BEALEE L TRV EHFKEREHERETAIN-LICERT 5. 370, EALRM
SN FIR MK AKE AT RSB RSB A 3 LR RoSIcHELET 3,

HHELHE

19872 H 2 ~ 3 Hiz, FIRBORIOMH | km, KZEN~45mO#HEE (Fig.1) T, —&#hH (@ER
BEMNEETETFIND) Kk-THEBaINI-47 57 20WhL hB-dikf #E2T~I, Thdid,
AEREEELARIER-Vv=) YEIEL, B (1973) i Lizhi- THEERE L. 27, BHE2 Hickl
FREBOBRIB~FAMORE (Fig. 1) TREIN/H 7 7<= 208hh 5 biEA A 2L LEOE

SHAKOTAN-

MISAKI OSHIDOMARI
(HIGASHIRISHIRI)

KUTSUGATA

KAMOENAI  |lOmiles ;  SENPOSHI

. /@
hﬁ?o
\94. ~

138° 140° 142° 144° 146°E

Fig. 1. Sampling localities of masu salmon, Oncorhynchus masou,
in the stomach of which Todarodes pacificus juveniles were
found (shaded areas).

*LLTR) va b FA AL (WERLSablt) Ob, OAHHTERICAKSNS
3T (NEEMNSaLF) OKEZEDANVAAS
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EERT-1. &5, dtlErhivkERBRIGO MfERRESEA | 40 EGRERFOEAL
A7 LORICHAT ARENE (=) ¥y v F 75t~ 47 5=R) | BETEBX SN ElREDY
7 5= AOHBIRIERE (12~ 3 H, 1976~19874F) #&af L T, TOHAEMbOY KA /O HBIKR
Lk hoABERICRA BRI,

= F

19874E 2 AicRIF it L ORFFEBORRE Tl s o7 7 = 20l L DIRESh kS H i,
Vwihb A A 4 A Todarodes pacificus (STEENSTRUP) L [EIE &417z0

FIRBRETIAZ A2 8iIcY 7 5= 216RP1EAS23[E, 2 H3Bicdy 7 7 <28 GE#EA#E
AR Ho 6 BED AN A 4 AHE LN, ThODIBREALHLESR TV, 12236k
ABRLEFEOHMIZZ N FN26~58mE 0.8~ 3.6 ¢ TH-7- (Tablel).

Table 1. Mantle length (ML) and body weight (BW) of Todarodes pacificus
found in the stomach of masu salmon, Oncorhynchus masou, caught
in the coastal area of Rishiri Island on February 2-3, 1987.

No. ML (mm) BW (g) No. ML (mm) BW (g) No. ML (mm) BW (g)
1 26.3 0.9 9 37.1 1.6 17 4.1 2.1
2 27.1 0.8 10 38.1 — 18 47.0 e
3 30.8 1.0 11 38.2 — 19 48.0 2.7
4 32.0 1.0 12 38.5 1.6 20 49.0 27
5 32.1 1.1 13 39.2 1.4 21 53.6 3.1
6 33.0 1.1 14 40.0 2.1 22 55.4 3.5
T 34.1 1.3 15 41.1 1.8 23 58.1 3.6
8 35.4 1.4 16 41.4 L5

£1o, 19766ELIRE, BFPEBRIREOH 2 5 <= 208hh o b8k asRBEh T, @&siToh
12RO S B, 1 BERTLSEAS A05E» ONER S EH D, 1984FELIBREEA OGN, ThoOD
HEEEER 1 A S 3 BT, & (ICI198THE2 H FalICR, 47 3 =R | BH1-D Ok, # 1B
EAEH R b E M - 12 (Table 2) . ABROGHIL, REFDEDETLHELE2T~600mTH 72 T
SOHBIVHEICRMENAbDEAL A 4 A LERIEENT. ZhLAD LD, FRLGEERNEENT
WISWLAE, 198TH 2 HIIREES N b DM AN A4 H | HBTH 12T &, TOHBEENE LA EHER
CTAERRBE LB T A - T &hb, AVAAHEEZ ONT,

% 3

1. SFEIEO21T

#2772 A0BBIO RN GERL A4 A REBEALHILENTE ST, 427 57720D 1 HO
BEEEREL10~14= 1 V2 (FukaTakr 1967) THAT o, kR A #iE4 7 7= 2H5IES
NIFIREL LORFPERERDIC A L TOiz e EA oM s, BABICET 251K R L £ £ ORISR
1245 L, BEETRILO boitgEERORb#ER (Lo 1932) THH, KJFETHERL 24
HiEZSNIBFRER (¥43° N) KO 6@ETH S, 11, MAKTHM N Lo (KE 1983)
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Table 2. Occurrence of juvenile squid in the stomach of masu salmon,
Oncorhynchus masou, caught in the coastal area of Shakotan
Peninsula during December and March, 1976-1987.

January February March December

E M L E M L E M L ML

9 - = - 0748 0/28 — - - - -
1977 —  —  0/50  0/50 1/45 5/29 = - — /23
1978 —  0/29 0/30 — 030 0/33 = = um -
1979 0/41 — 0/63  1/30 0/31 0/33 = - -
1980 0/44 — 0/3  3/55 — 0/35 = = o= - =
1981 — 020 — Wl = = = = = - =
1982 — 0/41 0/41  1/33 0/31 — = lam = - " =
1983 0/35 071 — 0/35 0/38 0/41  0/42 0/31 — — -
1984 0/50 1/43 0/99 —  0/43 0/43  1/42 0/44 0/48  0/66 —
985 — - @ — —  0/89 3/51  1/52 2/96 0/54 B
1986 — 0/110 0/21  0/62 0/43 0/50  1/55 0/37 0/47 — o5
1987 — 045 — 170 0/43 14/42  2/58 1/63 0/63 = =

* No. of juvenile squid found / No. of fish examined.
** These juveniles were identified as Todarodes pacificus.

ThbHe LIzhi-T, ShloiREERE, BERBIRET 20Kk £ 1 H Oldboidik s 135,

2. ERKRIEDOVLT

19874F 2 H o EDREKiEIZ 2.6 ~ 3.9°C, [64E 2 H Mo PEROREKIERIZ5.4~5.8
‘CTH5 (Table 3, JbiifiSHERENAT 1987, T OMIHIC T OMHE T3S MIENNTIETH
AT & (binfinr HEPk BRI 198T) o, 42 v RiciifishicdiiEz v 2 4 A OERKRIZT
DO TH -2 EBZ SN 5. BEOREIGREN TV AR LA 4 HOBIEERKEIZ4~5C
(MEE 1986) T#H 5, Lich- T2 HORRBEAAOKiEE, Thihbd 1 ~2CEL, kR 24
ADERKEE L TRBEDOIEENS,

3. EBRAmEHICONT

ikZ 2 4 hOAERY, | pHH-030~0mkizd 5 @ -k 1956) LdhiE, SEES

Table 3. Water temperatures (°C) at six localities on the coasts of Rishiri
Island and Shakotan Peninsula during January and March 1987
(after Hokkaido Saibaigyogyoshinko Kosha, 1987).

Liscality January February March
E M L E M L E M L
Higashirishiri 3.8 3.4 3.0 2.6 1.7 1.9 1.9 3.2 4.5
Kutsugata 4.4 38 3.6 3.0 3.1 2.7 2.8 3.4 3.5
Senposhi 4.8 44 3.8 3.9 3.3 2.9 2.8 3.1 3.6
Furubira 4.9 53 5.0 4.9 5.1 5.4 5.3 5.4 57
Bikuni 5.1 5.2 5.1 4.9 4.7 5.4 5.6 5.5 5.6

Kamoenai 5.3 5:5 55 5.1 58 = =




Lo TH 7 7 =2 cflitchaikan A 4 AgH>0T 23
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Biological characters of a remarkably large-sized saury,
Cololabis saiva, caught in the southeastern waters
of Hokkaido

Yoshihiro IMAl
Hokkaido Kushiro Fisheries Experimental Station
Kushiro, Hokkaido 085, Japan

A remarkably large-sized specimen of the saury, Cololabis saira (BREVOORT), was
caught with a stick-held dip net in the southeastern waters of Hokkaido and its biological
characters were examined. The specimen was 38.2cm in body length and this finding
constitutes a record of the largest saury caught with stick-held dip nets from Japanese
waters although such large-sized individuals were rarely caught with drift gillnets before
1948. The coefficient of body condition was low and testes were maturing. The ratio of
body height to body length and the numbers of dorsal and anal fins were almost identical
with those of large-sized saury, 29.0-31.0 cm in body length, which are abundantly caught
in the western North Pacific in autumn seasons. The number of vertebrae and otolith
characters were also similar with those of large-sized saury. Based on scale analysis, the
specimen was considered to have grown sharply after its size of 26.0—28.0 cm.
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Fig. 1. Map of the southeastern waters of Hokkaido showing a capture
location (solid circle) of a remarkably large-sized saury.
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Table 1. Measurements and counts of a remarkably large-sized saury, Cololabis
saira, taken at 42°30'N, 146°20'E on September 24, 1985.

Body Body Sex Gonad Head Body Dorsal Anal
length  weight weight length height Vertebrae
fin o fin finle
(cm) (q) (g) (cm) (em) rays HEE paye MO
38.2 242 male 2.40 T3 4.5 11 6 14 6 66

EfEElt (FEMRR) EENE 0198012 Th »12. FHINEEE (K g)x 108/ 143 m) ) 134, 34
Th-to AT, HIMPEHHATIABREZ L, ML THsS
2. HEHRLUBHEH

BAOTEL LB OBRRLNISEL 2D TRETEhEN 1T 5 L0 20 Th - 1. BHEEITH,
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HODYEL LB OFE LML, AHOFETENE40.820 0, 0.555 m 35578 0.04]l m TH
-7z (Table2),
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m) %R L7z
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Table 2. Measurements of otoliths from a remarkably large-sized saury.

Otolith Transparent band
radius radius width
(mm) (mm ) (mm)
right 0. 804 0. 650 0. 058
left 0. 835 0. 559 0. 024
mean 0. 820 0. 555 0. 041
0.041 $=3.007
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Fig. 2. Fluctuation of mean interval between circular rings of the scales from
a remarkably large-sized saury. Mean interval was calculated from

the intervals at 0.1 mm in the distance from forcus.

S: Scale radius.
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Table 3. Measurements of scales from a remarkably large-sized saury.

No. Scale radius
(mm)

3.007
2.882
2. 759
2.755

=W DN e

mean 2.851
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Fig. 3. Fluctuation of mean interval between circular rings of the scales from
the saury of three different size types. Mean interval of a remarkably
large-sized saury was calculated from mean intervals shown in Fig. 2.
Data on middle and large-sized saury are taken from KOSAKA (1979).
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Plate 1. A remarkably large-sized saury, 38.2cm BL, caught in the southeastern
waters of Hokkaido.

Plate 2. Otolith (A) and scale (B) obtained from a remarkably large-sized
saury. Solid line indicates a line for measurements.

Scale 0.5 mm.
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Reproductive cycle and food ingestion of the sea urchin,
Strongylocentrotus nudus (A. AGASSIZ), in southern Hokkaido.
I. Seasonal changes of the gonad.

Yukio AGATSUMA, Satoshi MoTOYA and Yoshio SUGAWARA™
Hokkaido Hakodate Fisheries Experimental Station, Hakodate, Hokkaido 042, Japan
*
Faculty of Agriculture, Tohoku University, Sendat 980, Japan

The reproductive cycle of a population of the sea urchin, Strongylocentrotus nudus,
collected at two stations of different depths (2m and 10m) in the coastal waters of
Fukushima, southern Hokkaido, was investigated from Juns 1982 to November 1983. The
gonad index and histological observations on gonads showed a clearly defined annual
reproductive cycle. The results were summarized as follows.

1. The gonad index (gonad weight*x100/total weight, g wet weight) reached to a
maximum in July at 2-m depth and in late August at 10-m depth. The gonad index at
2-m depth was consistently higher than that at 10-m depth except for August.

2. Gonad development reached a peak in July-September and spawning finished by
late September. Most individuals at 10-m depth changed to recovering gonads in mid-
November although some individuals at 2-m depth possessed spent gonads from late
September to December 1982,

3. After spawning, relict ova were degenerated and absorbed into nutritive phagocytes,
and some residual spermatozoa were phagocytized by numerous nutritive phagocytes.

4. The spawning of the sea urchins at both stations occurred from September to
October. Four-armed echinopluteus larvae were the most abundantly collected in mid-

September, when the reproductive activity in S. nudus peaked.

WXES AT (198851 H21 021
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Table 1. Characteristics of Strongylocentrotus nudus at each station (A and B)

St.A (2m depth) St.B (10m depth)

Number of 4ol ior (m) weight (s) _in sach age proun VUMD Of Gt () woht(8) e aen s
Date  individuals  M.£S8* MAS* 345678091010< individuals  M*+S.*T MAS* 345678 091010<
1982. June 18 49 47.2+3.8 42.0%1L5 23 55.3+58 6.6 %260
July 30 34 48.7+54 53.1+16.6 28923 3 28 60.9+28 79.8+13.4 17533 4
Aug.30 30 47.7+£50 46.8%11.9 123421 4 29 65.5+46 1082+209 2123575 4
Sep. 30 30 50.1+4.4 59.3+13.8 27103 2
Nov. 18 30 47.2+3.3  46.8+10.7 35155 9 30 58.7+35 79.7+15.4 235155 9
Dec. 16 30 5.6 +5.1 60.3+14.3 2 51010 3 30 71.8+4.5 148.8+26.8 12158 13
1983. Jan. 26 30 48.0+4.5 50.7+155 6 8122 27 69.0+7.1 139.0+34.4 1| 2356 10
Feb. 17 30 50.1+39 585+126 11161182 30 7.6 £58 152.2 +40.6 11796 6
Apr. 8 29 48.0+4.4 50.9%14.2 2136 5 2 30 76.7+17.6 176.2 + 48.4 t111268 10
May 26 30 50.8+3.7 58.9%11.8 13486 8 30 67.4 56 120.7+32.9 12 247 14
June27 24 48.4+38 54.2+129 15764 1 28** 85.7+5.3 293.7+49.0 192 1 #
July 26 30 534+60 76.0+254 11 211067 2 30 69.5+6.8 134.9+39 1 1 2343215
Aug.31 30 54.4+4.7 68.3%+16.1 35910 3 29 78.7+4.9 185.1+34.3 1 16416
Nov. 21 30 49.2+32 56.5+11.9 231065 3 30 73.1£7.0  153.1 +40,2 1113420

*] M. and S. indicate mean value and standard deviation.

*2

Individuals collected under the cultivation apparatus of Laminaria japonica

LdhC765%
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SETE - TH B BREE

Hokkaido

Yoshioka \

0 1 2km Fukushima

Fig. 1. Map of Fukushima area showing two stations (A, B) where sea urchins,
S. nudus, were collected and three stations (1, 2, 3) where their planktonic

larvae were collected.

WA T A+ 7 4 7% % 9 = OHREROFEMAELE Fig. 21TR LT
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SR~ bR Lice BElICES 28I St. ATTHTH, St. B T8 HTH& 1 s HoThhEH -7

30r
® Station A
O Station B . T l‘
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I T of Laminaria japonica {’
20} 1 I /1 %
x .
fl 1A 4y 1
LBIZENNEE 4
| =N PN !
Ny L
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L
4 J.JlA‘SlolNlDLJ‘F.M.A.M.J‘J‘A S O N
1982 1983

Fig. 2. Seasonal changes of the gonad index at each station (A and B).
Each vertical bar indicates standard deviation.
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FOWIEHIEIZSt. AT8 A5 9 Hic, St. B T HA L1 TaMIT FiE L. miltdo
HESEHRENE B A 2 BRI JE4E St A 75 St. BICHATE D - 72 £219836F 6 Hiz= 3 v 7 #hlhi%o
FTRBLIA 7 4545 7 =R HIT 25.1 EFEL { @D 7
3. HEMEORFAE

HESICE T 2% 5 539+ 9 —OHEFEAE, FunV A5EW 12 K00t - THESSIN O L8
R, EfEH (Plate 1-1A, 1B), BEM (2A, 2B), sk@Wil (3 A, 3B), h#iii (4A,4B)
HLUMHE (5 A, 5B, 6A, 6B) i AZEMTE, THSONPUBIEA BB KEICFEEHK
M L CTFig. 3itR L7,

AR Lid
E g : .
:

Gonad stage

11

CHRRNY N PRI

J J A S O
1982

Fig. 3. Annual cycles of the gonad stage at each station (e:A, 0:B).
I : Recovering Stage, II: Growing stage, Il: Pre-mature stage,
IV: Mature stage, V:Spent stage.
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BLIcHY L 759+ —OEMERINAHSETT L, WAGTHTS - F2. REINE 6 Hh o1l HIicuw - AR
DIPRPT]E S N/ £ LT, MHINIIE NN O EREAIEICA O, £ KB BEoEm
TIPS -THWBHL LD 9 LML L. Bifb, TOKE I HichkilShiz, 2ok
4, St. A TIZ1982(F 9 H TLIR12A 2 THOIREAHE 720 T4k LT St. BTI211 il
— IR KA S f- s, [OIHE~BBITd A EESE A 220 Ln L, 198311 A Ok TLq
TSR & bic, KPR ObOMEEM~EBITL TO/ Wbk, BTREENOME, R s
KEMROEBEATERICITOHI TV (Plate 1-6 A, THUTH L THTIE, WELB EARERICE
DREMRICH DA TN T, AL L TIE S (Plate 1-6B),

4. MMMFEESHEOLRKR

5 L7HF T =0 4 BB OFE LSO HBUEKEE Fig. 4 1ITR L1,

4 WSRO MBAREE, SdEttRE bicy H EBE FE), A 60NCI0H FaEo 3alicihr »TE —
2hE St FRHTCOH FEISE L Zh- 1.
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148

100 F

0 St.1 (15m depth)
80 F 0 St.2 (26m depth)
§ St.3 (43m depth)

G

J0F

201 I

Number of individuals per one vertical haul of a plankton net

=l T =7 [ T
N D J F M
1983

Fig. 4. Occurence and number of four-armed stage larvae
(echinopluteus) of S. nudus al three stations.
Arrows indicate date of sampling.
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Y = Mo A ERICH T 2B oL, = /<7 ¥ = Strongylocentrotus intermedius
CoO TSR E AT 2Y CepmonTVd, L, SMEUEHERR Tablbicid &, #
L LT B2 L pidtimarnE TRESN TV 3, o L3, EREORENS S FEHICET
HBLEFTAHTLETEL TS,

ECANPSNOBEERTIE, 1983586 Hic=o » 7HEBEO FTTRELLF L7 4F9=(4, 10
Bl LoSimBEdRsZuic b b od, SUERRERA R L. BEBESDO TR, SHICHY T
Fholilslhizn, FELizeary7HBENET S, $7 L7939 =3HHREMSEREH
ud, 10V THOHEMBEONELSEIFTEALETE LT A St. A OF 7 L7457 =04 MYt
EHIEB HARRCBHT, St. B ObDITH~<TEM 1. THOT LR, KFEOnITELET 2 KN THR
NE 5 L7439 —OEBRORKICHESHEDSHHNCARL TV A O LRSI NS,

B SICERT 247 £ 79 4 9 —OEWMBOHBIAIRE ) o, GFEESLLEBHIZIHH,S10
HoR—@ilickh 5L 22 oh5b, £1:, TOMEOFEIPEDIE 4B EDHBARA S I Hipf) & &
AoN B, dbfpnmseE, Rl ks, STOEEHOEIRRSL R4 TH,
Kl FFEER (200C~16°C) ITFEd A L T L TV 1z (Fig. 5)
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Fig. 5. Seasonal variation of the sea-water temperature in Yoshioka
near Urawa.
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Plate 1. Histological identifications of the gonad stages in Strongylocentrotus
nudus from southern Hokkaido. Left side (A) of each microphotograph
shows ovary and right side (B) shows testis

1a and 1B ; Recovering stage (la, X 88 i 1B, x 35 )
2a and 2B i Growing stage  (2a, % 18 ; 2g, x 352)
3a and 3B i Pre-mature stage (3a, X 88 ;3p, x 35 )
4p and 4p ; Mature stage (4a,x 88 i 4B, x 35)
5a and 5B ; Spawning stage (5a,% 18 5B, 35)
6A and 6B ; Spent stage (6A, x 352; 6B, x 352)
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Reproductive cycle and food ingestion of the sea urchin,
Strongylocentrotus nudus (A. AGassiz), in southern Hokkaido.
Il . Seasonal changes of the gut content and test weight.

Yukio AGATSUMA and Yoshio SUGAWARA"
Hokkaido Hakodate Fisheries Experimental Station, Hakodate, Hokkaido 042, Japan
*Faculty of Agriculture, Tohoku University, Sendai 980, Japan

The seasonal changes of the gut content index (volume of gut contentx10/test diameter?
/test height, em, g wet weight) and test weight index (test weightx10/test diameter? /test
height, cm, g wet weight) of the sea urchin, Strongylocentrotus nudus, collected at two
stations of different depth (2m and 10m) in the coastal waters of Fukushima, southern
Hokkaido was examined from June 1982 to November 1983. Polysaccharide in the gonad
were observed histochemically by the method of Periodic Acid Schiff (PAS) reaction.
The results were summarized as follows.

1. The gut content index reached to a maximum in April at 2-m depth and in May at
10-m depth. From July to November, the gut content index and gonad index at both
stations showed reciprocal tendency.

2. The test weight index reached to a maximum in January at 2-m depth. At 10-m
depth, it showed little change and was lower than that at 2-m depth in all seasons.

3. The PAS reaction of the gonad at recovering-mature stage was intensely positive at
both stations but 1t was weak soon after spawning.

4. In both sexes, nutritive cells usually grew in size and stored nutrients for use during
gametogenesis in PAS-positive, eosinophilic globules as cytoplasmic glycogen. As gametes
became numerous in testes and ovaries, the globules within the cytoplasm of nutritive
cells decreased in number and the PAS reaction became weak. After spawning, the
nutritive cells shrank and lost their nutrient reserves.

BXHS Al148 (19886F | A21HZR)
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Fig. 1. Seasonal changes of gonad index, gut content index and test weight
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2. HERMOETWEORE
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Fig. 2. Relationship between test diameter and test weight index at Urawa area.
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Plate 1. Micrographs showing PAS reaction at each gonad stage in Strongylocentrotus
nudus from southern Hokkaido. Explanation of figures.

1A :

1B :

2A:

2B :

3A

3B:

4A ¢

4B :

Ovarian tubules (OT) at recovering stage to early growing stage of the
sexual cycle. Nutritive cells (N) and the cytoplasm of primary oocytes (PO)
are PAS-positive. x48

Seminiferous tubules (ST) at same stage as 1A. Nutritive cells (N) are
PAS-positive. x48

Ovarian tubule at growing stage of the sexual cycle. Nutritive cells (N) and
the cytoplasm of primary oocytes (PO) are PAS-positive strongly. %120
Seminiferous tubule at the same stage as 2A. The seminiferous tubule
contains comparatively large numbers of primary, secondary spermatocytes
and spermatids (arrows), and even spermatozoa (S) at the inter-nutritive
cells are formed. Nutritive cells (N) are PAS-positive. x120

Ovarian tubule at late growing stage to mature stage of the sexual cycle.
The PAS reaction of the perinuclear portion (arrows) in the primary oocytes
is intense, while in larger ova (Q) it is not intense. Nutritive cells (N) are
also PAS-positive. x48

Seminiferous tubules at the same stage as 3A. The central part of the
seminiferous tubules is filled with a large number of matured spermatozoa
(8). Nutritive cells (N) are PAS-positive strongly. x48

Ovarian tubules at spent stage of the sexual cycle. Spawning is characterized
by the shrinkage and looseness of the ovary from which large number of
the ova have already been discharged. Only ova (O) and primary oocytes
(PO) can be seen in the ovarian tubules. Nutritive cells (N) are PAS-positive
very weakly. x48

Seminiferous tubule at the same stage as 4A. The seminiferous tubule is
shrunk and loosened as a result of discharging large quantities of sperma-
tozoa in the same way as ovaries. Spermatozoa (S) left are seen in the
center of tubule. Nutritive cells (N) are PAS-positive weakly. x120
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b o# i bRk E R RS

(Hokkaido Central Fisheries Experimental Station)

b #s & 3 v fE Kk PE A B M
(Hokkaido Hakodate Fisheries Experimental Station)

At #3187 e B K EE S BR B E W K
(Murcran Branch, Hokkaido Hakodate Fisheries
Experimental Station)

it daE T BB KkE SRR

(Hokkaido Kushiro Fisheries Experimental Station)

ikl v @EKESARE

(Hokkaido Abashiri Fisheries Experimental Station)

b 7 38 S 88 A K E BB 55 EL R 5
(Monbetsu Branch, Hokkaido Abashiri
Fisheries Experimental Station)

b # aE . M oK BE R BB

(Hokkaido Wakkanai Fisheries Experimental Station)

t#@wE T REREREG €Yy —

(Hokkaido Institute of Mariculture)
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(Yoichi, Hokkaido 046, Japan)
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(Yunokawa, Hakodate,
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051
< W7 A FLET 1-133-31
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Japan)

Japan)
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(Shikabe, Hokkaido 041-14, Japan)
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