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Food Relationships in the Demersal Fish Community
in the Bering Sea

II. Length compositions of fish species*

Kei-ichi MiTo**

Abstract

Length compositions of fish species influence the food relationships among
fish in the community. In this study length compositions of the demersal fish in
the Bering Sea were analysed in terms of food relationships.

Walleye pollock were mainly two and three years old from 200 to 350 mm long
in this community, flathead sole, Pacific ocean perch and rock sole were mainly
from 200 to 350 mm in length, yellowfin sole and Greenland halibut from 200
to 400 mm, arrowtooth flounder from 250 to 400 mm, and Pacific cod and Pacific
halibut from 300 to 600 mm. Individuals of over 20-23 cm flatfishes, sculpins
and rockfishes and over 27 cm of walleye pollock and Pacific herring were mainly
caught by gear selection. Range of length of the demersal fishes in this community
were from 9-11 cm of walleye pollock, flathead sole and arrowtooth flounder to
the largest individual of all species. Length of walleye pollock, flathead sole,
Pacific cod, rock sole and arrowtooth flounder were larger in the deep area than in
the shallow area. Length of flathead sole and bigmouth sculpin were the largest
in the southeastern area, following the central and the northwestern areas.
Pacific cod and rock sole in length order were the southeastern, the northwestern
and the central areas. Mean length of 27 demersal fishes were larger in the deep
area than in the shallow area and the largest in summer, following spring and
winter. The fish species groups by similarity of length variation patterns were
the following; @: Malacocottus zonurus and spinyhead sculpin, @: walleye pollock,
flathead sole, Pacific ocean perch, Pacific cod, rock sole, Greenland halibut, ete.
and @: arrowtooth flounder and Pacific halibut.

Walleye pollock became larger with the decrease of its population number,
but the predator will not decrease. Fish species of this community became
large with the increase of water depth and the progress of the prey-predator
relationships. This phenomenon is advantageous for the predator, and suggests
the effect of the predation is important for walleye pollock population dynamics.

* JENBEA KRR KR IR 5B 104 5
(Contribution No. 104, from the Research Institute of North Pacific Fisheries, Facully of
Fisheries, Hokkaido University)

BRI B ALK B DT R R
(Besearch Institute of North Pacific Fisheries, Faculty of Fisheries, Hokkaido University)
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HHERTId, <—Y v S BEABEOEMER HFEROKEICIS O THS il 12D, AR £
EHVAERERT BT 24N T OATERR LRI (B3, hEOZRIAMBIRIC BlLE
1269, 3, HRE-FHETHERIFEOEECI s TREINTV S, LT, BEHENK
BORRMREHS »iCT 2 L 212, RWEROBITICE - TOFREHS L 25, ZBTIE, KEM
R2ES, WRIICHS bicL, B, ERCL IEEOB & - 2ARBETHBL T, &R
L 2ARBOERLERAT, 2L T, EEK:GELOBBR2MITL, BEROECE b5 kE
OB x — 2 RRRHL 12,

EWBUED BICHIZY, KEBEIREG 7200 AR KK E R AR S E L, R
BREEBEETELCRE BB 27, ERRERFEE 23 - T A28 S bk ElRR &, B
LB, HAKERRNSHLZ S CRESREIMEEATIR, BB L HYAMEFBREER, BANL -
REHRFEBRKRU DEMOBHEDA L IS ELHILBEL KiFe 1,

HHEFE

MMOFRESNT, REWE b EESTHBL 72 20~30 itk (BWER) & 50 50~100 {#
& (& b, BANL) OKE (ROMMEL b BEEOTFRRERS COES) 2HEL 2, BEEEK
O AER2BEEEER -1, ZU T, 10mm MR (ks vik 20mm BR) <HEHL T, &R
MRRE UTze 37, HABOENEYEL THRL LAY Mo ¥ 5 0FARE LFRABIT Va8~
vAEaty mehONNEEEOEE SRIEL, 5mm HFRICHERL I, REBE&K: 51 5 45,669
BETH - (F1),

EMRE A~U ROEREC Lt D, AEDEREMOKEDOK/ N eHEET 512D, 5
BkCl ERIEL 1mEEE TOWEERE L; (R, ERE ) 2HEU. 6EHEULETHAIN
1ROV, FHSEEOHEBEMOEERE 2R 12, REMOKED 12D i HMHEE m;j=
(Lij =1 x100/0; 2EEL, CheABOERECHTIRROBL 2~ LU, 35T, £
BOEEROFY mj=Sm;;/S; #FEL, FHEORBEDOEEOEIERETRL 12, S; i3
BTH 5,

REHOEEEL/ % — o OEEIE % HAARBEREIC X - THEL 12, MAAMHEBIMASEI Spearman
PRV, BEEZEOHBZEUICL T, Fager D recurrent group I L h ABONFEUL 2 L7
o120 MEBAMREIC X 2RI, TEERE & FIRICEEOTEE & TN EIT X 5 12,

BREER
HRREEOBRMNE(C BT 5 ERER

AR 2 BREORE L 8, ¥ KROMFKRERL B’1),

0l. A& v9¥ 5, Theragra chalcogramma: FHRYOGEER TR (M2), FEBET2~3
BOE—~F¥ALN, E40 —FT 3, T4bbL, AHEFEHD 200~240mm iZ 2 FA, 300mm
123 FATHYH, EHEFKHIOD 270~290mm i3 2 7, 340~350mm 2 3FATHH, EF»LE
BT TEREBAL NI, LOL 5 ICARED RS 94 52 200~350mm O 2 FAE 3 FAH
KEESY 2 ED TR b, 17 BHILEERO QB 430mm iK€ — KA LN, Tiid 4~5FAE
HEIN G, BEHWICEIAELERHONEANPS {, HRNTIRBEIE ERBRAVECHEE A5
Nize Tz, KHBIRMEED SEIZHINT, £~ F 220mm © 1 FRAVHBL T H, BEIREE~
OWMPBTHBLELLNS, BPOELDEEMBRRA S (M3), FHETOR/MAKLL T,
E#fice—F 35~55mm @0 FALHEREL, BKHiziz 90~120mm, AHiit 100~120mm, FH
iTiX 110~140mm AR L 17, BEHIOILEREE TIZE~ 1 120mm O 1 FAMBA L NI, R
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Table 1. Number of individuals of measured body length use and range of length of each
fish species. The code number of fish species is given according to the rank of the
number of individuals per ome mautical mile tow. The number in parentheses
indicates fishes occurring in stomachs of predatory fishes.

Fish species . i Number of individuals Range of
code number Species measured length length
01 Theragra chalcogramma 15, 563 11 - Tlem
(472) (2.5-15.5)
02 Hippoglossoides elassodon 4, 857 11 - 50
03 Sebastes alutus 1,114 15 - 46
04 Gadus macrocephalus 5, 534 23 - 101
05 Limanda aspera 831 18 - 42
06 Lepidopsetta bilineata 3, 947 17 - 48
07 Reinhardtius hippoglossoides 2,629 18 - 93
08 Atheresthes stomias 2, 869 9 -
09 Hemilepidotus jordani 1, 520 17T - 49
10 Sebastes polyspinis 392 16 - 46
11 Myoxocephalus jaok 4923 26 - 60
12 Clupea pallasis 367 18 - 33
13 Hemitripterus bolini 518 19 - 65
14 Sebastes melanostomus 101 18 - 49
15 Bathyraja parmifera 538 23 - 110
16 Pleuronectes pallasii 135 26. - 49
17 Hippoglossus stenolepis 440 30 - 204
18 Anoplopoma fimbria 413 37T - 70
19 Malacocottus zonurus 316 10 - 32
20 Bathymaster signatus 48 19 - 40
(23) 4.5 -9.5)
21 Podothecus acipenserinus 97 21 - 31
22 Careproctus rastrinus . 329 11 -4
23 Lycodes palearis 204 28 - B3
24 Pleurogrammus monopterygius 159 21 - 50
25 Dasycottus setiger 215 13 - 39
26 Myoxocephalus polyacanthocephalus 205 2 - 76
27 Melletes papilio 154 21 - 40
28 Zaprora silenus 65 26 ~ 83
29 Bathyraja interrupta 180 18 - 93
30 Lycodes brevipes 90 11 - 34
31 GQlyptocephalus zachirus 162 20 - b4
32 Sarritor frenatus frenatus 104 20 - 29
33 Sebastes ciliatus 46 27T - 49
34 Liparis cyclostigma 101 24 - 65
35 Icelus spiniger 69 11 - 24
(70) (8.0-13.5)
36 Triglops scepticus 68 9 - 23
37 Careproctus melanurus 28 36 - 61
38 Myoxocephalus verrucosus 2% 28 - 51
39 Sarritor frenatus occidentalis 21
40 Platichthys stellatus 4
41 Sebastes aleutianus 1
42 Aptocyclus ventricosus —
43 Thaleichthys pacificus 3
44 Sebastes mystinus 9
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Table 1. Continued.
Fish species Soeci Number of individuals Range of
code number pecles measured length length
45 Hexagrammos decagrammus 2
46 Microstomus pacificus 2
47 Oncorhynchus tschawytscha 3
48 Hemilepidotus hemileptdotus 1
49 Gymmnocanthus galeatus 2
50 Hexagrammos lagocephalus 1
51 Sebastes proriger 4
59 Lycodes turners 3
Total 45,669
A rea
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';;“I’I i " Fig. 1. Arrangement of sub-communities
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Fig. 2. Length-frequency distributions of walleye pollock caught by trawls in each sub-
community.

2% LALEEII E =~ AN R L, HE L FROER 25RU 12,

02.

v vV 4, Hippoglossoides elassodon ([ 4):

RIC X hRBRENALN, EHIE

IR T 300~350mm, HRWEHET 250~300mm, ILFEYEE T 200~250mm T, JLERIZ ENETH
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Fig. 3. Length-frequency distributions of walleye pollock occurred in stomachs of
predatory fishes in each sub-community.

loI A n=31 I r\j D n=s9
[
10 BNn-wl M C n=62
© o

10 r H n=249
[+

10 G n'9|1

individuals

E neiel

F ne289

J n=397, " K n=785
1 n-lsoi j\‘LL n=260

[} t v y T
10 M n=431 H O n=250
[+

200 400 200

mi R n=145
0
,o‘ M S nut21
0
ID' T a=291
O
.oj UTT ns237
[+
200 400

Length (mm)

Percentage or Number of

Fig. 4. Length-frequency distributions of
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Fig. 5. Length-frequency distributions of

200~250mm 13 3~5 Ff,

Pacific ocean perch in each sub.
community.

250~300mm X 5~7 Ff, 300~350mm ik

BEERER T3 300~350mm O KBS ¢,

RRHFR T 200~300mm HSEFER 22U 17, Moiseev and Paraketsov®?, Gritsenko® 3 X IFFE? iz
X5 &, 200~300mm i3 4~9 FA, 300~350mm X 8~13 FRATH %,

04. <43, Gadus macrocephalus ([ 6):

&Mt 300~500mm, {OZFEEICiE 400~600 mm
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Fig. 6. Length-frequency distributions of Pacific cod in each sub-community.

Fig. 8. Length-frequency distributions of
rock sole in each sub-community.
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DOEEBERE LU, ¥4~ 7 (Moiseev® 2 53|H) L5, 300~500mm it 2~4 F£A,
400~600mm X 3~5 FRTH 5,

05. 2# AHV 4, Limanda aspera (B 7): EBEHEFKMTIITE 572 CEBEIN L 5 70,200~
400mm ORFET, T— Fid 255mm A5 N7, 255mm 12 Fadeev®? itk % & 7FA, HAFIO &
MEW Tk 3L 8~9 FATH 3,

06. Y oY aH VA, Lepidopsetta bilineata (X 8): =FiT 200~350mm OFEAT, £ OE
BHETIE 270mm 2 — KA 5 0, FHIMbOFEE L b ABABEL, BRIICABRERTA
HOMEFH A 5 N12e Shubnikov and Lisovenko'® i€ % &, 270mm i 7~8 FfTh 5,

07. # 3 AH Vv A, Reinhardtius hippoglossoides (B49): FKEITiZ 600~900mm, MODBHHIT
}2 200~400mm OHEOEEL LR 2L, FHIIHEFCKWTH - r. EYHEEIERME Iz =~
¥ 200mm O/NEHOHBEBEETH - 720 S K L35 &, 200~400mm i 2~6 F £, 600~900
mm 1% 11~19 FA/TD 3,

08. 73 AWT7TIHV 4, Atheresthes stomias (] 10): FEEMER T3, XFLFEHc e-~F
270mm, E#IiIZ T — K 400mm, KT 300~400mm OEGAISEER L TR Y, AHIE: Fi3
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Fig. 9. Length-frequency distributions of Greenland halibut in each sub-community.
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Fig. 10. Length-frequency distributions of arrowtooth flounder in each sub-community.

INBEGSED o 120 EHRINCIZ, ERERT/NETD 512
0. Fxaaxvhoh, Hemilepidotus jordani:

@ 280~330mm & b KFETH -1
10. & &7 2%, Sebastes polyspinis:
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241, BB L OB mRE TR 200~
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DB 72,

11, # 2 %S %, Myoxocephalus jack: ARAOFRHMEE €~ Fid 250~550mm ¢ 380mm T
» b, EHD 350~550mm & 430mm & b/IMETH -1,

12. =v v, Clupea pallasii: FFH, ¥WIET, FREHEIL 200~300mm, €~ FiX 245mm i
55117, Dudnik and Usoltsev!® it k 2 &, 200~300mm i3 4~10 F£, 245mm i3 5~6 ¥4
Shaboneev® £ & % &, 200~300mm i 3~9 FRTH 5,

13. ¥ AL HUHERF, Hemitripterus bolini: FAEWHRTH, £FMie £ { DEHKIL 300~
500mm OHEREICBL, T~ Fid 360~380mm A5 Nize A& FMOFRIBR L LEHRTI,
200~400mm OGS ¢, €— Fi2 255mm & 310~340mm A5, MOBEHEL H/ EERK
ﬁgéﬂ L1

14, 2 B 2w xR, Sebastes melanostomus: T & EHOPIWEIK T, 300~400mm DOHFH
it E A OBEENBL, T~ FIZET 310mm, FEHK 350mm iZA 507,

15. 7 %2, Bathyraja parmifera: % { OEEHET, 300~1,000mm OEVFERICEL 72
B, HBEHOILEER T I AEHE 300~450mm, € — I 330~350mm O /NEEEY EHETL 1

16. 7%V 4, Pleuronectes pallasii: 3 & A ¥ Offfkix 250~450mm OHEHICRL, LHF
RO D BT 280mm I E ~ K535 5 N1z, Moiseev!® X BTN & F v v NIRFED b DT
X¢ % &, 250~450mm i3 4~13 FA, 280mm it 5~6 FRAUL/L 5,

17. e 2%, Hippoglossus stenolepis (F11): ZHiicid 300~500mm, o FEhicix 350~
700mm OEES RS U, LHIC/NBEEBSRBL 12, &K 2,040mm O @EEL & 5 h iz d,
1,000mm PA_ i3 o 72, Novikovl? DR 5, Walford DEERIC L - THRFAT TO R
PHEL THIHAR 5 &, 300~500mm i 3~5 F£&, 350~700mm it 3~8 F£, 2,040mm i1 34
35 Ff, 1,000mm PLEiZ 12 FALLERT S,

18, ¥ &35, Anoplopoma fimbria: FEHIT it BT 380~460mm & 550~650mm D 2 BEHs
Ao Nh, FEETIREELHHEL 2 - 7. BHicid 500~600mm OFEH, €~ F 510~540mm
OEEDERL 7o Shubnikovl® i & 3 &, 380~460mm it 3~4 ¥, 500~600mm i3 5~6 FR,
550~650mm & 5~7 FRATD 5,
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Fig. 11. Length-frequency distributions of Pacific halibut in each sub-community.
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19. 237w H, Malacocottus zonurus: 3% A ¥ DEHMHETIZ, 200~300mm DOfE KL
S% ED 12, BIEEROEH & ALEER T, 200mm T OEEDZ &I M2 b DS % Ed 2.

20. vV axF~vv#*, Bathymaster signatus: 2% { OfE#IE 250~400mm O G BL, €~—
FIZB AT 300mm, FREHRT 280mm & 320mm KA B NT, $12, BHOEEATIR 50~60
mm e — FPBLNT,

2l. ¥ %/ b2 ¥V, Podothecus acipenserinus: Z-FAhILyHR i3 260~280mm L€~ KA
5 niz,

22. Y ¥ ¥ o=, Careproctus rastrinus: 1~2 @D ¥ — ¥z oh, EHO EEER T,
150~190mm & 310~330mm, & & FHD LEWER T3 200~250mm, BKHICid 180~230mm T
@ 2 f:c

23. N2 H, Lycodes palearis: KE5rDEEGIZ 400~500mm T, %€~ Fi3 430~450mm
Thol,

24, * %7K 9%, Pleurogrammus monopterygius: % < i3 250~450mm OEHEHTH 555, B
TR T 250~350 mm, SH¥EE Tid 300~450mm OEENS , BB EERBHO M
&~ F 265mm O/MNUEEMBEREL 12, PIBRGEHO P FH T 420~500mm O KFFEEBE» -
12

25. K, Dasycottus setiger: FEEUFR TI2150~300mm, FUeygil ¢i 200~350mm, L7
HHR T3 250~350mm it { DEEBBL, LEHIIEKRETH 510,

26. +¥HH, Myoxocephalus polyacanthocephalus: %< 12 350~650mm DHEETH - 170
PR R Tid 350~500mm, FH & EHIOILFEHIRTIX 400~650mm DREEHERZ 2L 12,

27, ov s 2 A2 H, Melletes papilio: &~ Fi2 b3yl T 260~280mm, JLFEY¥ER T 345mm
Tholie

28. RUXXL®, Zaprora silenus: 250~800mm LKL 3L, —EBDE~—FiZ A5 H
el f:o

29. ~N~—Y ¥ H RN, Bathyraja interrupta: BEHDOEIMEREIRO MBETid 250~500mm D
BEEBEBL, FHOBEREETO 300~750mm & H/NETH - 12,

30. FYRYF LY, Lycodes brevipes: £ iC 200~300mm D & T, €~ Nid 250~270mm
Td -1,

31. eV FHF 22, Glyptocephalus zachirus: FKEITIZ 200~300mm DO#F, €~ F 255mm,
HOEEH T2 250~400mm OFE, €~ K 300~350mm Td - 7o

32. ¥%FoUU NIV, Sarritor frenatus frenatus: 13 & A ¥ OEBE T, I 200~300
mm, €~ Fit 230~250mm Td - 170

33. 7 F x5, Sebastes ciliatus: FiC 300~500mm O T, FHRUEE T2 400~460mm 53
gb’ 2 1: °

34. ¥ %7 29y 9%, Liparis cyclostigma: 250~650mm DJAVFEATDH 345, FHC L - TR
Hh, A4 250~430mm, Fid 350~470mm, i3 480~650mm Th - 17,

35, Y wH, Icelus spiniger: WHEHE L T2 BHE B HBRL, =~— Fid 180~210
mm A5 hize BHOERTIE, B 20~30mm & 60~90mm ® 2 BHA BN, E4THRT
3LBbh3,

36. =35 8w, Triglops scepticus:  FEHITIZ, 145mm & 170~200mm T € ~ F B S5 N1z,

87.  Careproctus melanurus: 2t A & DL 400~600mm OB 12,

38, AXRX AW A, Myoxocephalus verrucosus: ZHi3 300~400mm, FHi3 410~500mmT
b ol

— 152 —



RF © R~y v 7 BOEABOFEMR

BRREDUROLE(NY -2

FREOEEMRRE  DEAICBBROSH 2RI ZVY, FERECOTERGELYL-T, &
HEMOKREOLEBIRE Bl 2~ 2 a0, K2 ICEEL 27T EOEHEKED R L TEIRKE =
Utz EEHEROFHIEIR, A2y, "=V FARR, VI ARR, L8 70MFHICKEL, ¥
AT hoH, $rEr2y, Y707 b2 VOIEIRMNI D 577, RBEOBBREODIHT,
AT bOES, 9RHV A, TIRBARY, AFIHVABIOY o v o HU 4HT/NEIE, H 5
RAHVALTSAATISH L ARTEME, ~F5: A 2 DR KREBEVAS, $72, aFAFL
ALV bV HV ADFHEREEREMTLEIE—Tdh, BHISZAF LV 44 2 Vi3
FERALEMRLUI AT bOFS, 9L 4, PIRBARY, <XSBIETSRHTTSH
v ARTEDRETH 5 17,

BHETORHEEOE & — L 2ABC L XRTRLE (JM12)e X7 ko453 X EEHD
ALTEHR & AOBERIREI T/INE T b, EHOILTERER E K OEEERER T AB T - 72,
L1, TEOPEHEDOEL 4 — 2 Tid, LA FHMRIEHE~NETH b, e, A
FHRRE, ERSCEm S NETH - 1t KETREHZREERIYAHKTHD, F
BT KBS R L 12,

Table 2. Range of mean body length by sub-community, mean and standard deviation
(8D) of mean length and coefficient of variation (C) of main 27 species.

cfcllseh ns ?::if:r n range mean SD C
01 21 266 - 413 mm 311, 7mm 38,73 mm 12.4
02 21 244 - 376 287.2 33.94 11.8
03 15 236 - 336 285. 4 34,49 12,1
04 21 390 - 582 487.7 58.08 11,9
05 7 282 - 303 291.3 6.80 2.3
06 20 265 - 327 288.1 14.61 b.1
07 16 290 - 759 404.1 143.76 36.6
08 20 299 - 467 370.3 53. 02 14,3
09 18 293 - 384 324.8 26.04 8.0
10 13 232 - 343 283.1 32.05 1.3
11 7 383 - 456 4271 26.69 6.2
12 9 253 - 283 266. 3 10,47 3.9
13 20 286 - 581 376.7 70, 08 18.6
15 19 367 - 982 585. 8 166.62 28.4
17 13 403-1,118 614.5 204. 39 33.3
18 6 478 - 601 536.3 39.12 7.3
19 17 204 - 252 226.4 13.10 5.8
20 10 283 - 316 301.5 9.70 3.2
22 14 183 - 312 244.5 40.01 16.4
23 9 416 - 470 405, 3 20. 13 4.6
24 8 280 - 390 338.1 33.93 10.0
25 13 223 - 305 267.1 26.71 10.0
26 12 420 - 531 465.1 40,58 8.7
29 8 397 - 41 588.0 122.86 20.9
31 6 255 - 338 289.4 T 8481 1.9
32 9 237 - 263 246.1 8.62 3.5
34 7 315 - 605 393.0 98.65 25.1

— 153 —



6 &k K B & #® 30(2). 1979.

: s o ol
20 €01 0]4—\/\4;5 g: g
O}H—A%‘Nw- 20 04 |10
20 20+ 207 o5 [n]
10 o4 15 o 29 ; gs a oo P
.;3}'*"_._‘—05.20 20 o og |- (.Jc.) P
10 -40- 40- € 09 |-
AT b s
1 2
so- a0 ‘83_£_v,‘._sz v 13 |pOo-o0--0-00
w© 204 0 o 5 co0-0- - [
=1 o i S welliiiiIeRieen
© ”° © II: : L4 e -(@e
-20- " L 20 |- ¢ s e e s e e e e e e e
WZ}———LVWC LS SRR OSSO
o L za [ X o
25 |- U DR P
%‘hL,o.. sl o T T Tee e N
- %’r—-*vv— ol P S SR F
- 2 - @@
2]/_/4 2"]\\/ heon -7 [P .OOOD
I - 01020304050607080910 111213 15 17 18 1920222324 2526 2931 3234
l:;;;é;ﬁuuoponz AsDcEr NGJ|':.MraovonsTu ‘a"cﬂﬁ oz;s:oasru Fish Code Number
Fig. 12. Length variation pattern of each Fig. 13. Similarities of length variation
fish species. Fi'sh species are shown patterns among fish species. Sim-
code number in Table 1. Mean ilarities were calculated by correla-
variation pattern was calculated tion coefficients.
from mean length of 27 species. The O: significant positive correlation at
axis of abscissa indicates sub-com- P<0.01
munities, the ordinate is shown o: significant positive correlation at
relative mean length [(mean length 0.01<P<0.05
by sub-community—mean of mean e : significant negative correlation at
length)x 100/mean of mean length]. 0.01<P<0.05
m: significant negative correlation at
P<0.01

=8, W, KO 3ER L EABOTHEECEREHS b itd 51w, e —EicL T 1 BHEIK
HTEEEORPRHEL 12, 122 21, 27 b SOEEE KEOERIZOWTR, MO 28R
B—ETH S BEOME LI, A-B, D-C, E-F, H-G, J-], K-L, M-N, O-P, R-S, R-T, R-U, $-T,
SSUBIPT-UDM4BEDITH 3, D55, EEMPEBL HARETH AL 11@Eb, HiTh
B3RO TH B, bL, KEC LB HFEOENZTIE, EAMCUL NS I2n, LEOmRIT
P=0.029 T, 5% UTORBRRBTHEROIE > BAETH 2 EVA5, RBELFAEOKE Bl F
i X 3 REDF/NOEA % 5% DEREBETREL 7. KIECDNWTIE, 27BDI LAY MUK T,
YTHVUAL, Yo bV AU ABLIIE LV FHF A 20 ABIEROE S BRETH b, HOAKID
Ao o1z Tz, BHRPBRE, “XSETFS52A7TIHL 4 VIERTCARIETH - 120 HHR
KDOWTiE, URF VAL e ho AT FFREESFTR>NUE, v4F5&v 0y 2V 1I3H
B> FRDIETH »17e BEICDVTI, T3 27 2 3EHS>KESAH>EY, vas
Yo HV ARKESEHSHHSFEY, 9o = 3EFERSAH>ER>HOIETH -2 BHE
IR NIBHIZER &) v 5 &y v h U B E FXREH>EH>AHOMETD 512, 278
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DW-HHE T, FH% B KB THER> BHR LORHCEYPS>FH>LHOIRAMSA 5 i,

BRBOHROENY —c L 5 EBIL

REBOEKEDOE 2~ DL X b, RED Y V- FLeRAT

JEACFIBIGR ST & Al 27 BREIOFBELESI I ADHBEE T AMARKESE HL TH
SRUTE (K13)o BEZIEDMHERZENEE U T, recurrent group 4MT#kic X b AN OFREZRL 12
(M14) . INTit, 12@EM4 7NV —FCHBEINIIZTThH b, CDATNV~FI/2UEDEET
BEELEDHE2HET S AEEMA S L, 18
HH5 T~ SN, Tabb, @ = B e

AT HCH, FE2 ke, ¥EFLIb '
JEV, @: R buLs, velv 4, =
X35, ASAFVL, YAL AT HERF,
VIHAAR, @ FSRAAARY, o bi
Hr 4, @: ¥ %35, + re¥r=>, ¥
WA, eV IFHIRAE, ® FIRAATTS

HUA, v, Ata9Thb, HOIH o

D5, aviHFvA, FEI22ARY, F2 &

AR A HIBIN X2 7 oFD 4K Fig. 14. Grouped fish species by Fager’s
2@ N~ FDOFRHO HEFELED 48 recurrent group analysis method.

Lines connecting the groups indicate

BMERL I, RHOSEILVTRDTN— intergroup affinities; where fractions
FL AERLHEER Ho T Iholl, @ are the ratios of the number of
N~ FORBEOE 2 — 2 D BEET B observed species-pair connections
LT AHE B REOK L 31 B between groups 1}0 the maximum
N A number of possible connections.
> R > AR D IRAL DS 5 B 7o Solid lines indicate over 1/2, broken
MBS X A% 1200 B O BEE lines under 1/2 and dot lines high
CEEEENIE I N 16 BEOMERKR S positive correlations but unsignifi-
UL (#3)0 AOHEHMITD T, 2/T cant.

»o1re HBEESITHID b BMIEICE 37 K u s 5 a2BRL . (H15), 0.5 LETHKEIN
AR IV —FLTBE, @ AT MYES, WIRNV AL, TIRNARY, @ FTIAATT
SKELA, Aeaw, @ UvHUAL, YahvadLdA, @ VIARN, ®: 2FF, ¥rEs
=y, FEHIUH, @ FARARCHATH, FEIARY, FAUAVHEEFR, @ ATvH
2 H,@: HraD8Fv—Fioli, 21, HEMECE b, FABOEIHFLTOANRE
SAEEE R s b, [ERRUIC (D16), AREEOENE2=~2Y » FERT AL, OB
FHIL D, MR LIS Frkur5as 2 BT, BROSUTTHATS ABE ILDHLE, O
FRAARCAHAYH, VIHAR, YrEI=

v, RFERUH, @ AT bUET, UIHV o on o e Tlha op | Cap o
Ay TIRHARY, Yabvadv4, #7 @{g;

ZHVv 4, @ 2EI, TAVAVAERFE, @{35%—— g
@: aFeavHn, Fra, ®: &/ 27T, T S— /
®: FSAHTISHUA, At aID6ITN oro

~ Pt BAMTHRE BT KT ©{§§

3, HEO® G,O® FVv—FORMER, BE e

DD O Fv—FONTNHKBLTEDY, Fig. 15. Cluster diagram for fish species.
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Table 3. Correlation coefficients among fish species of

[ o | o2 } 03 \ 04 06 07 08
01 — 0 00 00
02 .307 — 00
03 .612 .251 — 0
04 .610 .291 495 —
06 .281 .670 .570 .260 —
07 .693 .435 .565 .403 47T —
08 165 | —.373 .399 .276 .061 .305 —
09 .363 | —.013 .068 .283 .033 .164 .138
10 —.373 | —.205 | —.304 .070 | —.230 | —.568 .443
13 .393 .500 L117 .521 .159 -606 .039
15 11 554 .062 .492 -368 .196 | —.973
17 .076 .014 .387 .280 | —.055 .279 .547
19 —.246 199 | —.38¢ | —.55¢ | —.006 | —.085 | —.420
22 .530 .238 | —.083 .643 356 | —.217 | —.103
25 —~.314 | —.368 | —.415 | —.081 | —.050 | —.T16 L157
26 .3%4 .025 .039 o 45 | —.084 .086

OO: significant positive correlation at P<<0.01  (O: significant positive correlation at

Kz

i
o1& L
Fig.16. Relations of length variation patterns among fish species by factor analysis method.

Coefficients of common factors in every fish species expressed as a point in the
rectangular coordinates.

—EEEIZN IV, DSV~ FI—FL 1,
LD LIRAHBREIC X ARV~ P L T B L,

ML AR BRERN : @ @ ® o ®
vk 0 D ® ® _® @ ® ® O
THBEERER : : :
BTk : @ ® @ @ © ®
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mean body length in sub-communities.

09 10 13 ] 15 | W 19 22 25 26
O o}
o o x o 00
@) X

.512 — O

.519 .668 — o

.061 .081 .515 —

—.215 .290 .385 | —.330 —

—.058 | —.089 | —.115 | —.040 | —.501 —

584 | —.113 .284 231 | —.613 | —.9280 — 00

.19 AT8 | —.538 | —.066 | —.643 165 | .416 —

480 .365 .340 461 | —.om4 | —.584 | .m0 .201 —

0.01<P<0.05  x: significant negative correlation at P<0.06

Thbh, 75RA7TS5HVAERE 2 9DTNV—FLSO—BEEIZ/N I o 12, NEAABEIRSE L 10
BRED T v — FH—FL 2D, LHEEDOHHRVERB TN EREBE BRAOND, i,
BEILTRIBY, 3HERRAETRE, @ aFvavHh, Foa, @ Xy bvsds, v<i
VA, P5RAXARY, R¥35, b Hv4, BFAFVARY, @ 75RA7T5Hv 4,
FeavDITV—FIRBTIENB,

BEHEORINE FROE(LNY — > L OB

RO —EDELHFICHEL L FABOEROEEM ZRH T 5120, ERLORIICH
> NBRABOEHERREDOE 2~ 2RU 1z (17, FREE mi; RBERENS 112255
KEBRINI, BRE-HAFBROETHFREBALLNID QRFTIR, HRABFOATF LU ES L
BBED~ES, B5AFV L, TI5RATITIHVABIO M honide bRAEBELI, &O
KL RFOETE —BL Tk b, QRIIVEMOFRTH S L5 HELAEL I

HEREIC L 2 QB — FOFEHREOE 2~ 2RI (18), WHHE DAL T
FHATINEL, PRAEQRIITIRAFLT 2R/ES Vv — T WEb o112, BTHNEOOTV—F
(aFvnvh, Foa) AWEHFRTS 2 DRIE PRIATERZLERBAL I, 1, TN
—F (X &I ARY) E@IN~F (FIRATTIH VA, Tk sv) BEENERTD 5 QRS
THIED 50 iz —EDELE L 2 512,

BEREOEHEC ST 3 EGH &FikR L ORK

QREFITRAF bOES, <&3, #5RAFV A, TIAHTT5HL 42 EOEBEEN KL
U, BEZEORY b I X IOEEBHI LI, T2, £4  BEOBINC X » THERBMET 28z
NI EEEROBY B TR, B hE: O —EOBROEENELOING, 2T, BH
#o L ORAERE EHEEOBGEERLY (M19), X5 MIFSEXIDONIRA, F27 2ARY
REOEBEEEMSALNI, LbL, 3&AEOARTIIEEAEL GEOBICIIHRS BffZA 0
Trolte 2% D R4 b & T RAGREROBIIE L KALT 205, 2OMAE IR BFEERD
BHLZURKBALU I, 27 b5 DESOEIMNCE 25 5 B RLOABITHNTEL, Z20%K
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Fig. 17. Length variation patterns of each Fig. 18. Length variation patterns of
fish species by a row of sub-communi- grouped fish species by the cluster
ties. The ordinate is shown relative analysis method and factor analysis.
mean length [(mean length by sub- The ordinate is the same as that
community—mean of mean length)/ used in Fig. 17.

standard deviation of mean length].

TEROREN B TFHRIN S,

REOBRECLIFRERRBEOFRONM LY

REABER <~ o SRR E L dH 725 200m SIER 123 AT DS HIEOROEER
CRBL Tz, ZLT, 27 b9 &5 2~3 FAOARICHT 3 BIR L b v —VREIT X 5 T HEY
BLobh, YEREHATIABOESPREME T35 061, ARMEL BT 5 AEO BE¥Ke
KRR —ED»IZ L OBTFERING,

BEDHADK S L 3BRMEICE b, NEARED 5 VI RBEO/NMNEEFD BREHRIZETL,
Z DEEEIED, AEOEHEERIBRIMEING, FABOEEMARD S £ BEINII EBOD
BMERS B L, EEIT Y H 2L ABHi2 20~25em, » X~EE 27~33em, U IR 14~25cm,
b2 EUEIT 23~26cm, XX 7¥EIE 22~28em, AT MUX T, =LYt 25~33em, A OB
26~42cm Tdh b, FERCHAEED 5 O EESK VAR ENEDERB AL, TAbD,
Hu A8, HoNHE AXTETIZ20~28m Pk, R PUFS, v L2 E Tk 27cm PLEOR
BYERCEEIND LVA B, UL, BAELLHEWT 2L, COKRETH X Y KEEKIT R
WHRIIENEELLNS, ThIE, EKEIm DT IFXAT7TIH LA, W0emDIATLHD A,
llem OR¥ b &T, vvHFL 4, PLRVFLYZERECIHBES CREIND, FEER
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Fig. 19. Relationships between mean length of fish species and number of individuals
per one nautical mile tow by sub-community.
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DEEZLOND, CHLEDREZRNIL, AT bvE T, U9V A, FTIRWARY, FTSAAT
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Fig. 20. Relationships between mean length of predatory fishes and walleye pollock by
sub-community. Lines indicate the maximum ratio of predator length to prey
length in the stomach of predator.
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