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A DM@ IZ LTS 5 Gadus macrocephalus, R 7 k2 & 5 Theragra
chalcogra}nmaa*scl:zﬁ:?'r&gi_ryﬁ gracilis) 37D 2 S5%GADIDAE)REM AT 5, |
“hBD53BTH I, ARFETEEORENSTA)AEREHIIAN=_THIZE
BILKRTFEREN L EEMFEIZE<A ML (Ketchen, 1961), R TIXSRRLLIL
DEFESFIVRBRUILDOAEENSILEEREICBLVTHRALRLICKYR
BEh TS, EFEEREEITISOERZEDIDTHYUIF - INALR, 1950
Hattori et al, 1992), EE12AMNS2R 1IN CTENBENRETIERRBSLUE
RIBARSITHON TN, BREBICETHREBDH LT3N D2%E HHHHEFR
FITIE, 19854ERE(19854 12 A ~19864E2 A )M 51990 FEITMIFTT20M HV 51,305
b EBWNVABKEEZRELEATDORBAL, 1996 FEERMIZIT16MICETES
RAAE(EHRRKERE 52—, 1995, HHE, RRBK; Fig 1), COTH1991EF &
Y, BERRKEREt 4 —LBFRFBRARRRICI->TEREICEVTIYSH#
ADBERRATON TS,

TH SRFEINILER0.98-1.08mm (Inaba, 1931)THY, EIREREETFHEDH

BB TH B, 1936; Thomson, 1963; Forrester, 1977), BRI%6.3-7.0°CA KR
TI0OETHHMEL, BIEEROFAEB LTI4mmTHB(naba, 1931), LSO HNHALE
ERICEET SR, AFRRICLIRAUBREERICHNT 2005 E OBEGE
{£, 1954 ; E{k, 1961; Forrester, 1964 ; Forrester and Alderdice, 1966 AIcierdice and
Forrester, 1971; Forrester, 1977), 25FFHA DR AEL 53 F(Inaba, 1931; NMA-H
?E‘, 1958; 154 -[EB, 1962; Matarese et al, 1981; Dunn and Vinter, 1984 ; Matarese et
al, 1989), RFASIUHAHOEMMEM(EREE, 1929, AME, 1936; 7THA, 1961;
¥&A - BT ER, 1962; Barraclough et al, 1968; &4, 1974; Bt A S, 1992), {FHADH
fi(Walters, 1984; Boehlert et al., 1985; Rugen and Matarese, 1988; BdfFH 5, 1992),

BIUVEFLEOBE(RME, 1936 ; Yusa et al, 1977; Dunn and Matarese, 1987)%5&
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Catch(metric ton)

75 718 81 84 87 90 93 96

Fishing period

Fig.1. Commercial catches (metric ton) of Pacific cod at Wakinosawa Village from the 1975
fishing period (November 1975-March 1976) to the 1996 fishing period (from Aomori
Prefectural Aquaculture Research Center, 1995; Aomori Prefecture, unpublished).



D|ENH S, LOALERABICETHFEONYETRICEHETHIMRE,

Inaba(1931) HMFADMELEREL, NH - NAROBOMNFHRADIREFEZHREL,
Yusa_et al.(1977)H4&EERICET AEEDHMREELHT-LISMFAK, ELFERED
SRS, MHERBRICETIMREREOTEL LTS,

Hiort(1914) (X MELIBAR AN AR R ICE> TIFAD K EFIENEL, TDETD
BEICEST E%&ﬁ%fﬁﬁ“\‘iﬂiﬂ’&&L\—Brcritical periodfR 5% 1&, THREEZITIKE
LD LENKBICZBDOFANBESNSEREDFENELSH1EWSTEE
RS IERIBLE, LALZOHRI9T0ERETE, HHFEEITE < Hontdh 50
REEDREEIXIFEAEFTHON TGN T2, 1970FERIZASDEERBRAHKICESH
EREEMIGEORLIZE-T, BEABOERELHOEIERERALSMTTEHL
#BHELT, COHortM2 DD RER, ﬁ(:rckitical period{R & 1A B AEIZE DL
TREESN B L30Tz, U, MAETICMBOREERE (Lasker, 1975)1,/ Ty
F 3R TYFIREH(Cushing and Dickson, 1976; Cushing, 1978)],I B {% i (Hunter,
1981; Van der Veer, 1985; Van der Veer and Bergman, 1987; Houde, 1987)), TB1E
{5 (Kiesbu et al, 1996; Solemdal, 1997)1%5&, HRALREI?RIBEN TES-. Th
SIFZENRENHIMIL D TEEL, Ehndlahnl FRAOHREHEEEMH
BLEHBELOEBIIVY 1EEET BTy F TR Ty FREL(Cushing and
Dickson, 1976; Cushing, 1978) IDEREMY AN TS, Et=, RiE TITELEREL
HEDEHBIZBTAIRERT LYY, — BRI IETAEABORRBHRDIF
SHERBHEREZREILIEELERATHY, HRERESBRTNIERERCTEEZE
MR AT EMNTEETH B ELVS R (Watanabe et al, 1995; Campana, 1996; Meekan
and Fortier, 1996)AYRFREN TL D, |

ARETIIERECHET A SFHAOBEML M, Bt HEYRELH
RBETIRYF IRV FREIDRIZTL, THSDERELERBOMAZ
A=



1. Y8 SHHADOHRICHSBEMAREET A XOEIL

8 #

THSRADBILENBE, MBLEDH, /—TUHRHE, IRKE (D
5 (Barraclough et al, 1968; BHEHES, 1902), R BAS AN LE LIS
18 OBA LR RERHSNLBESNTNAETE 1929, WE, 1936 114,
1961; HA-FIER, 1962), LML, IEAIZSHBTH STERADBMERILASh
TR, FAOHMAERRCELERBEEHICEELEALERLTERDID
LERLNTEY, BACHHAERREOREETSL0ITIE, TTFRAOEN
AR A XEELMZT EIBEN DS, CCTRERBICHTT ST SFHA
D EOEMI S EMEROEILERO M= ST L BMELE,

BB EUSE

IESFHADIIRE
THS{FHEAIT1989F381-48, 5819-23H, 7TA22H £19904E4 A 268, 6 H13H

[CEHRERECREL(Fig -1), SALARICIIFRARE—LO—/L 1y NR
M: 2.0m x 2.5m, HA: 20mm, Hﬁﬁﬁé: 0.33mm, BIEL, 1979; F&, 1987)D &
BECLHO>THEL, 5AMSTRAICE#EAEA vA—FOo—ILry (O
44m x 59m, H&: 90mm, RRBA: 12mm, BIED, 1979; P&, 1987NDEFEERE
[CE>THREL ChEDREREORBAKREIRVNEZ LD P3—)TE
BL, #9715 m-seo” DEETIO-ISHMRMLL=, FEXRM, Ll AEKES
BHEMAMEMRILEA(107.85)TIToT=, ML THHAIKXELICS-10%h £ K
THILTIBERTEEL, 24-368FMRICIXEAB OB IRER1=HI1270%T 5/ —
IVBRIZBLU &8, AMRICBVLVTHADEE RERICLSIERDIFE K
BOEREBELTOVELS, 6AICLBETAMRLAKOAEZTRE-BE &
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Mutsu Ba.-;f'_y

Fig. I-1. Location of Mutsu Bay (A), contours of depfh and three locations of spawning
grounds of Pacific cod (checkers) reported by Kawamura and Kokubo (1950) (B),

and the locations of net sampling stations for gut and stomach contents analysis of
Pacific cod (C). :



BLETHSHRAN, 2060 EBE%I-2 EMTEBEENGH:, KEACMHT
BoEMDHIN>TNAEH, 1998),

2SR FHADRE
BEBLEICE A SFHALLBIZRA T FIFSHFHANHRT H(FIES, 1992), 17

#{Kk K (standard length, SL)20mmEL F D Zh 52f8 [LMatarese et al.(1981), Dunn

and Vinter (1984), Matarese et al(1989)IZH¢Ly, (ARD BB RO S/ 44—
LYUH AL =, %${$EéOmmEiEiévﬁ°5d)ﬂEﬂ§§E(:(d:, 25|/ B BB R
A S H(Matarese et al, 1989), ZD25|D RE R LERE CTIREShIEERK
£28.10mmZEB A AE R TIX15IZE LT S(Fig. 1-2B~0C), ch (XL, BEHRKE
20mmERBZ BRY MY SOBBREICILRERMARET 515, RUTILT R
T (Fig 1-2F ~1), IAE{KRI2 60mmERZ HEK T BERE < RERMLHD
Nzt B(Fig. -2),

IESOMED RS IXELEEKR21.40mm T032mm, EHE KK 2354mm Tl
0.35mmTH>T=(Fig I-2A); —HARTFIFTOMBEDORSIE, BEARRILTIOMMT
0.15mm THo=h(Fig [-2J), Ch&UDBD R o SITiEZfENALhiTh -
T=(Fig. I-2F~1), |

EFETHOMBERICOVTE, HEARRITIMMEZBASIFASTELENSE
FTFHRIYLAAICRHTEN, R4 S0 LFBIEEAICHESIETRLTTRSE
YHRTAICEEH S LT Mot

BLE&Y, BEER0-2mmDIFTERT ML SEBERED REEBRO S
#/E— IS EYHIBIL, BEEE2mm EUR AR O BHEMED ESEALTH
ELT = EHITIREARROmMmEB A AERKE, ERETHOMBERSLUMED
REICLH>TRIEZEIT 1=

RESDFHELHELADRE S |
AR - P ER(1962) (L 2 FK(Total length, TL2TmmEBZZTHSIET TITILEHSE
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Fig. I-2. Diagnostic sketches showing ventral views of Pacific cod (Gadus macrocephalus): A- E
and walleye pollock (Theragra chalcogramma); F- J. Samples were collected in Mutsu Bay.
A, 23.54mm SL (26.97mm TL); B, 28.10mm SL (32.18mm TL); C, 31.13mm SL (34.73mm TL):
D, 32.26mm SL (35.53mm TL); E, 35.68mm SL (39.71mm TL); F, 23.34mm SL (25.69mm TL);
G, 27.78mm SL (30.50mm TL); H, 31.50mm SL (34.32mm TL); |, 32.60mm SL (36.36mm TL):
J, 34.70mm SL (39.07mm TL).




TLTWAERELTLVS, AE-BE(1958)[E 2 R175mmD T SIEFABICEL,
2R260mmDBEFRIHAKICET HEMEL TN D, KRR TEITSDIFREH
AORDE, I RTOEDS>SLTHRVEEABOVREOEERTT . 8H#
(1983)I L IFIZEEAR R 286~ 412mmD T H 5D HIEERE SR B L 18- 19D FERIZH B,
LAL, BEBRET19894E 7 A ICEEETh -2 R60mmEB A S TS SO afigkE iU
20-22D BRI &H>1=(N=10, F 1 + IFEERZE=204 = 0.70), 198943 A H LUV 1990
FARICERETRESN 2R 140-242mm(IBEER R 125-21.4mm)D I E S DR
FERESEMIX17-19THY, £/250-32.2mm{IB# KR 22.4-28 5mm) D IFERE S B 1
20-21TH otz LI o TAHE TIEL R25mmUTEE AR 22mm) LT D BEEEF
L, %h’éiﬁié@fﬂft&*&@\tbr#&ﬁf:o

£ R & B AR R D AR |
£R1ImmEBISTYSHATHELBERRCHITES, TOLHLE

HmmEBZ 574 SFRARBRENOARITL, 2B ImmAHOFAILHEEL
BELAEDRBEMEMRITLI=, 19893 A (ZIF, EIFUUHR-/DAR, 1950)IT5ELVE
QEBStn. 10, TEStn. 198 LU HEStn. 31 TIRELEIFSFAD B HHLILHEIL
ERNRMEMRITLI=(Fig. 1-1), 19904E4 8, 19004E6 B H LUN19894ET A (ZIL, FHEA
MNEEREENT=Stn. 33, Stn. 43, Stn. "DEFIETIE A1 A CTEHRABTHEMRITL
1=, 198945 A 1T IZ B WA D ERAYZE L ZBASMTT B7-8IZ, Stn. 13£Stn.38D
Rt R TERBMERITLE,
TESHHAREF/FRAEAVTRRESJVBEERRZ00ImmEI THIEL,
BT RRERUCREE mgB I THAIL T, 2 10mmbl L OBHITONTIZES
[CAEZ0.0ImmE R TRIEL =, HILES LU BABRYMILRAFBEME T TREL,
BEKEHBL = pOHLE/ —TIVIREEMAB LURBRIFEORERTD
FHELEICEYEMET TRIEZ{To7=(Oberg, 1906; Lebour, 1916; Gibbons and

Ogilvie, 1933; TERf, 1952; Ogilvie, 1953; &, 1960; Faber, 1966; Lawson and Grice,



1970; Lawson and Grice, 1973; &8, 1984; Pinchuk ,1997; Siefert, 1998), H{LE &
BEHSHBLLEEMERABEMES JUEDBAMBEOERT/I/O04A—2I2LY
1.25um&H HLNE125um B TRAKIBZREL 1=, FREOINIKINEE, BRI
BEEAILIZ. 4ADBTAETOBRNEMIT, TELLEHCLICImgB I TREE
CBEHAILL HEBESIUBREME A BRI LCHIRBABEFY, BAKMER
(N%), EEHBRWRZ RO Tz, IR (F%) & R ERHE BU(N%) O 3 f el D 2 (X G#%
EEFLVTHRETILT=, Sokal and Rohif (1983)IXGREBZEZRAL\DIGE, T1UT LAD
BELEICTL, HFHEENSETRSHSERIIMOSERE—BICLTRERTT
SCEFHRLTEY, CCThThIfEoT-,

S

SAICETATESFADEYMIER
198943 A £ 4], ZOEStn. 100D h B ESMBIZELTIEED TH SHIHAF

BHEESH, TOL2EEHEHAIL320mmM55.30mmTHHT-(FH HIZERFE=4.4
0.650mm), TNSE5EEKIERERALTEST, BYDEKILBANL TLIAYH
EERICEEMEAONGM T, HEARPEESH-AIHFRIIO11ERE
DHT, AR LR IZRES I, o1,
FICHSICRESh B FADEEN L, FRED M (Table 1-1; FY=45,
N%=49.0), ML &L H T X X B Pseudocalanus D aARRF A MEFEEE T,
F%=63, N%=20.5), SANHLER/—T) I REE(FR=28, N%=13.1)THY, EHENL2HD
BEAEHEARND I RITE>THEBICRLE>TIVEGERRE, G,~1635, d=12,
P=1.0-10""), RREMO HBRIEEFD Lt S TEEICRL>TULVELGRKRE,
G,;~8.44, df=2, P=0.015), Pseudocalanusf@ IR/RS A +D HISFEICEBEEEL A

NN ST=(GRRTE, G,,=2.64, df=2, P=0.27), EOERStn.10TIE, AL \HLE/—T
OZA BN EECIHBE SN TUV=(F%=60, N%=34.9), £E5.00mmEL TOITH S5+

10



Table |I-1 . Percent frequency of occurrence (F%) and percent by number (N%) of food items

in guts and stomachs of Pacific cod post—larvae in March 1989

Stn.10 Stn.19 Stn.31 Total
Food organism F% N% F% N% F% N% F% NY%
Evadne nordmanni 0 0 0 0 5 04 2 0.2
Calanus pacificus 0 0 5 05 0 0 2 0.2
Paracalanus parvus 35 8.1 55 93 20 1.8 37 6.3
Pseudocalanus spp. 50 17.2 65 223 75 215 63 205
Centropages abdominalis 0 0 45 10 5 04 17 2.6
Acartia omorii 15 1.6 30 28 15 13 20 1.9
Unidentified calanoid copepods 30 59 45 6.5 30 2.7 35 50
Oithona spp:. "5 05 35 33 0 0 13 1.3
Copepod nauplii 60 349 10 28 15 49 28 13.1
Crustacean eggs 25 31.7 40 45.6 70 66.8 45 490
M::;‘ s"”mber of food organisms g4 143 10.8-10.4 12111 10412.1
Number of fish examined 20 20 20 60
N:g?ne;cc}); empty guts and 3 1 1 5
Mean TL(mm) of fish examined 6.94 11.97 15.46 11.46
Range of TL{mm) 4.35-20.07 440-21.34 454-2257 435-22.57
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RO BERBEBNDE7.1%BMNHLE/ —T)IXIZL>TEOHLN TNV
(Fig. I-8), £1=, £&5.01-7.00mmTIL/—FY D XDN%IF698%(ZFH AL, £ &K
‘7.01—9.00mm'6|i35(:21.1%(:;7&’}‘1,, 2R8.02mmEEASBERKICEHESHTL
thot-, — A B3R E DI EPseudocalanus BIARKRA A FDNs X F N Fh, £ &
5.01-7.00mmM2.3%H L U9.3% M DL FK7.01-9.00mm D 21.1%FH LU 21. 1% 8L 1=,
BEDLSIIZ2ETO0MmEBASBERKIE, £2R7.0mmUTOEREEMTHLHH
WHLE/ =) A5 BREOIIE LU Pseudocalanus B IRRE A MIE{b S
TLVfz, Table R2IZ XA SREAFAICHBIN TW=ALHLE/ —TIIADE
HHERL ARICBELGEERLRON TRETEEN > TARERVT, 24
&L TPseudocalanus/& /—7 ) A A Bt S HBES I TLV2(NK=27), £485.00mm
LI OB {4 Tl&Pseudocalanus B A%21%, Paracalanus/B AN 5% E RSN TLV=AS, £
F5.00mm% #2 % Bk Tl E1ZPseudocalanus /& &OithonaB 0 / —F y A HSH B
SN TV, 19894E3 A L AICE 1T B A SR MFADEEEYM D KIE N M EFig 1-4
2R T, 2&5.00mmU T DFA(X{KIE67.5um (Qithona N I LU Paracalanus N

I)Ai5129um (Pseudocalanus N V)D& D /—T) I REHELT -, TOFER I

BEINTWETRTD/—T D AD5H, Pseudocalanus & (83.8-195um)lLfth D/ —
TV R(67.5-129um) kU LB AR T oz, —BRICEE R DEEMDH A X
MRS FEHETHB0, BBEELEENO YA XOBERERHNT L, BEEM
HORRITETHERAKBEDEEZMBTHLIICARD, COLHBHRELHEOR
R AXDBERISERRITES, TH SHRAFADHEETH £K530mm, 7.07mm,
17.53mm([ZRA KRB OEEANHBIL, ThEN245um (Centropages abdominalisaAR7R

A 41), 313um (Pseudocalanus newmani adult), 503um (Calanus pacificusIR7R4 A

REVNSI KB DEREHBL TL V=, LA, RBRBDIPDY A XX LLEEINETHY,

73.8-135umDEERIZEH > 1=,
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Fig. 1-3. Diet compositions (percent by number) of Pacific cod post- larvae by size
groups in Mutsu Bay on 1-4 March 1989.
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Table 1-2 . Composition of copepod nauplii in guts of Pacific cod post—larvae in March 1989

4.35-5.00mm(TL) 5.01-7.00mm(TL) 7.01-8.02mm(TL) Total
Taxa composition of nauplii - I(\)l?:\]l;:r | N9 E?Tr:zzr N% g:mzzr N% E}E:}Zir N%
Paracalanus 5 15 4 13 1 5 10 12
Pseudocalanus 7 21 12 40 3 16 22 27
Centropages 3 9 3 10 0 0 6 7
Acartia 2 6 0 0 0 0 2 2
Qithona 2 6 7 23 4 21 13 16
Unidentified 14 42 4 13 11 58 29 35
Total " 33 100 30 100 19 100 82 100
Number of fish examined 10 9 7 26
Number of empty guts 2 1 0 3
Number of guts containing 7 6 ' 4 17

copepod nauplii
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Fig. I-4. Relation between total length of Pacific cod post-larvae (mm) and their prey

Total length (mm)

+ Calanus pacificus copepodite
® Pseudocalanus spp.

X Acartia omorii

O Paracalanus nauplii

A Centropages nauplii

- Crustacean eggs

B Paracalanus parvus
A Centropages abdominalis

¢ Qithona spp.
O Pseudocalanus nauplii
& Qithona nauplii

" width (um). Samples were collected in Mutsu Bay on 1-4 March 1989,
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AAMNS6AETOIESHELAD BN
4P AETIAFEHAZTITIAVHLENSXRABERHBLTULVN, £E

BHFEITIEE AIZE>TEIEL TLV=(Table I-3), 4B =& Pseudocalanus & H &5 L YN%

EHH-H(N%=423), 5AL6AICEHEVNEESTH- . 58 I1EStn. 13 TIX

Centropages abdominalis D& AL B ES ((N%=45.5), Stn. 38 CAcartia omoriiAifE]

ETELHIIXAB DR THRBELINGE G HT-(N%=31.2), 6 A IZIZTHSHAILE L

L TCentropages abdominalisZ &L 1=(F%=100, N%=72.5), Z & B W%)TlZ, 58

D Stn. 13 THIENRSTE B R EAH O/ %1 4 (Reptantia Brachyura megalopa, 71
M LEBMEOEISERLI=AWY=365), 4AM DA ETEIZHSIABLARL
mLEI &% S HT-(W%=61.4-97.4),

Figure 1-5(24-6 A 125511324 SRHRAD 2 ELEEMDKIBOEEERLTL
%, AR ICHBEIN TLV/Calanus pacificus DARRA A k& FRAK(IRIE344-888um) (5
L DHSXZ B(196-450um)IZ b R TR B TH ot SAICIEHTX A B OBKIKIF
(X441um T, R % H(GASTROPODA, 294-699um)>+HIERTE BEEKAA O
I\%14(885-1,580um) TN TX R BICHL R TKE CH o=, 6 H1Z(E1,000pum LYK E
DEEEMIIHRL AN o=, +HIFEKE B (Natantia, TEFRDY T 7%
(441-919um)&Calanus pacificus(441-61 3um>li11ﬁ05ﬁﬂi#%l THRTKRETHT

T1RICE A5 SHADOEMIERK
TRIZIEZAS# AT ITEE M OREIEITTE # B (Amphipoda Gammaridea,

F%=80, N%=33.2, W%=23.3)&- £ $&(PISCES adult and juvenile, F%=25, N%=5.8, W%=64.7)
ZHBL TS (Table 1-3), 6AETERELTWEDTRZAE OWSIE0.2%EELL
B’ o>k, 3aze H B M 5 b Synchelidium J& 0 1 & (N%=13.9) & Anonyx
ampulloides(N%=11.7)AVE L \N%%E (58 T=. RETIXRT MOE SHADWEH B, o1
(W%=64.3), 2R 13526mmRFDIASHAFABERHBLTLVAEN o=, 2K
135.26mmLL E DA (SEK) [ZRT b4 SHALSEK, HLABEIBIK RAEF

RBThHh-o-AEEZEAEABAEL TV, 33T & H (Anonyx ampulloides ,
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" Table |-3. Percent frequency of occurrence (F%), percent by number (N%), and percent by weight (W%) of food items in stomachs
of Pacific cod post-larvae and juveniles

Apr., 1990 May, 1989 June, 1990 July, 1989
Food organism Stn. 33 Stn. 13 Stn. 38 Stn. 43 Stn. 9”
F%  N% W% F% N% W% F% N% Wk  F% N% W% F% N% W%
GASTROPODA 0 0 0 65 15 15 10 01 <0t 0 0 0 0 0 0
BIVALVIA 0 0 0 25 01 <041 i5 01 <01 0 0 0 15 31 <04
POLYCHAETA 0 0 0 15 <01 <0.1 25 02 03 25 01 <041 5 04 24
CRUSTACEA
Cladocera (Total) 60 141 22 35 0.2 <01 25 0.2 <01 50 0.2 <041 0 0 0
Podon leuckarti 45 24 <01 35 02 <01 25 02 <01 50 0.2 <01 0 0 0
Evadne nordmanni 55 11.7 22 10 01 <041 0 0 0 0 0 0 0 0 0
Copepoda
Calanoida (Total) 100 730 970 100 953 614 100 985 91.1 100 976 974 45 404 0.2
Calanus pacificus 85 8.4 45 0.2 0 0 75 05 25 7.6
Paracalanus parvus 50 0.8 95 4.1 55 1.1 100 44 15 2.2
Pseudocalanus spp. 100 423 95 239 80 36 100 9.2 0 0
Scolecithricella minor 0 0 0 0 0 0 5 <01 0 0
Centropages abdominalis 85 130 95 455 100 165 100 725 25 6.7
Pseudodiaptomus marinus 0 0 15 <01 0 0 0 0 0 0
Acartia omorii 0 0 70 19 100 31.2 30 0.2 35 135
Unidentified Calanoida 95 84 100 1938 100 4641 100 108 40 103
Cyclopoida
Oithona spp. 0 0 0 0 0 0 0 0 0 10 <01 <01 5 1.3 <01
Poecilostomatoida (Total) 0 0 0 35 01 <01 10 01 <01 95 1.2 <01 10 1.3 <01
Onceaea spp. 0 0 0 15 01 <04 5 <0.1 <01 0 0 0 0 0 0
Corvcaeus spp. 0 0 0 25 0.1 <01 5 <01 <01 95 1.2 <01 10 1.3 <01
Harpacticoida 0 0 0 0 0 0 0 0 0 0 0 0 5 04 <0.1
Cumacea 0 0 0 0 0 0 5 01 07 0 0 0 30 63 02
Amphipoda
Gammaridea (Total) 0 0 0 25 01 03 10 02 43 0 0 0 80 332 233
Anonyx ampulloides 0 0 0 0 0 0 0 0 55 11.7
Synchelidium sp. 0 0 0 0 0 0 0 0 20 139
Other Gammaridea 0 0 25 0.1 10 0.2 0 0 45 16
Hyperiidea 0 0 0 5 <01 <01 0 0 0 0 0 0 0 0
Caprellidea 0 0 0 0 0 0 10 01 13 5 <01 <01 0 0 0
Euphausiacea calyptopis 15 01 07 50 03 <0.1 0 0 0 0 0 0 0 0 0
- Decapoda
Natantia adult and juvenile 0 0 0 5 <01 041 0 0 0 0 0 0 10 13 38
Natantia zoea 5 01 <041 5 00 01 40 05 20 7% 08 26 45 63 0.1
Reptantia brachyura megalopa 0 0 0 60 1.6 36.5 10 01 03 0 0 0 0 0 0
Reptantia brachyura zoea 0 0 0 10 <0.1 <01 0 0 ] 5 <01 <0.1 0 0 0
Crustacean egg 35 127 <041 15 0.6 <0.1 5 <01 <01 0 0 0 0 0 0
Sagittoidea 0 0 0 0 0 0 5 <01 <01 5 <01 <041 0 0 0
PISCES adult and juvenile (Total) 0 0 0 0 0 0 0 0 0 0 0 0 25 58 64.7
Theragra chalcogramma juvenile 0 0 0 0 0 0 0 0 0 0 0 0 15 22 643
Pleuronectiformes 0 0 0 0 0 0 0 0 0 0 0 0 5 1.3 04
Unidentified PISCES 0 0 0 0 0 0 0 0 0 0 0 0 10 22 <041
PISCES egg 0 0 0 0 0 0 0 0 0 5 <01 <041 0 0 0
Unidentfied food 0 0 0 : 0 5.2
Mean number of food 101.0:£70.9 383.6:£227.2 161.6+78.7 38361178 112115
organisms and § )
Mi‘:’;xs‘ih: ("nf];;";: i 6.9+283 39.7+160 15.4+62.7 30897 119.6::282.3
Number of fish examined 20 20 20 20 20
Number of empty stomachs 0 0 0 0 0
Mean TL(mm) of fish examined 33.79 59.98 63.58 69.30 111.9
Range of TL{(mm) 20.94-42.72 43.40-81.11 51.73~73.62 45.81-81.28 78.43-174.0
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[ Apr. 1990 [ June 1990
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Fig.'|—5. Relation between total length of Pacific cod post-larvae and juveniles
(mm) and their prey width (um). Samples were collected in Mutsu Bay on
19-23 May 1989, 26 April 1990, and 13 June 1990.
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Synchelidium sp., Byblis japonica, Ampelisca sp.)iZ7H l:#;&%éﬁf:(g&@gd—&f
NDERBHOTSASHAICHBIATEYFizI1-6), HMADEBMSHELE
SynchelidiumJ& 0 158 & Anonyx ampulloides O {4 I8 5 Bfl (X % h £ $.0.39-1.17Tmm &
1.32-3.68mm THotze MWHLEASXABHBPASHBELLTFTTORKY A
XIF£E9753mmTH oo £ &K 13526mmD FH A (L KIF452mm D TE D+

(Crangon affinis)ZHEL, £&169.50mmD A SHAILIKIET.26mmDRT LIS
HARAZWEBLTL,

5 B

ZLOBEREN, MERRPORRFENEEZFAKRT SN T
%, Last (1978)IX{AK&3.0-3.9mmD KPE ¥ 74 5(Gadus morhua)fF A (E ICHIHAFA)
D28%H Y TITEEFL TLNDEERLE, LALAETIE, AL TUL V-6 &D
THSHHF AT RTHAEHL TS o, B AS(1992)IXEER BIEVE R
BRE T SREFAGHERK: 3.79-47Tmm TLUADWHLE/—TUDREHEL
TWCEEREL TS, KRR TELERTImUT OIS SREAFES, hrdHL
B/ —TIIREETEBEL TSI ENRENT=(Fig. I-3), Pseudocalanus/g/—71) 7
R D /— T R RTRETFig H4), BB HBEEN T =(Table 1-2),
ERImMmEYL KRB D FAIE HHLE/—T ) IR M 5Pseudocalanus/@ DN
REAERER, BRBOREZSGHRT 5L512E>1=(Fig 1-3) LED &S24
31?@‘IZ&DTP$eudocalanus]§(i, I=TIVIRAEMORIRIZEDETTRTOH
R CEELE AN TH BN WB M T, — A PREONETLLCLE
1Imm#ZRBZ {FAICHASh, Pseudocalanus® > 0ithonalE D AR L EHIHIL &
HANEEMSHBELTEY(Fig 1-3), PEE@AEIVHLEDHELLLIZHES
NI-AIEEHEAE . ShoD RN MO EED LTI THY(Fig 1-4,
Fig. I-7), HILEARFEZETHAFRICITHIESNITKUWEEESE X 5N TL S(Hunter,
1977; Biorke, 1978; HH,1980), LI=A > THRBADIMIETESFAICE-THIBI
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Fig. I-6. Relation between total length of Pacific cod juveniles (mm) and their prey
width (um). Samples were collected in Mutsu Bay on 22 July 1989.
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10mm [ Natantia juveniles and adult
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Fig. I-7. Schematic model of relation between total length of Pacific cod larvae

and juveniles and their prey width in Mutsu Bay in 1989 and 1990.
Regression line between total length of Pacific cod and their mouth width
is shown as Log,((MW)= 1.13-Log,(TL)-1.25 (N=110, r>=0.987, TL range:

10.1-174mm).
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A (subsidiary food [T EFRLELDEEZ BN B,

ME01936) (%, B RBICAVTIASHFHARECHLHLEEZHEL,
2RIOmMmEBASHA L HHNBELAEFALZ £R10-90mmOHEAIK/NE DS
—IEAHAECSERERBTHEMEL TS, TRNNIZLSE, dLigE
BECBVTEEZRERE29-TAMmOBEADEIEHEEYEI M LHLE, FIC
Paracalanus/@ & U'Pseudocalanus B C#HY, BIRMITEEELTHHIE DS 4E, HH
FAQTIEHER, F4IRVETHD, B5-FEB(1962)1E, £R27-81mmDFERAD
FEHEDEHVHLEHST IR B (E([PseudocalanusfE & Calanus B) THY, Fibk
O IHHEA R RLETHIEL TN, ERBTIITH SFHADEELMHE
MIT4A M6 AETHNHBLENTXRXE TH>71=(Table 1-3), BIRHIZEEEMIZI
BEETERDHZLON, RRIOmMmEKBHO T IHAD TEEEMEMLHLE
HIXABTHDHEZEALND,

TASHALHET SEHOKIF LA D OIRDH L Z3-30%TH>T=A(Fig. I-7),
2RIOmmEIEDTHSHADIEMEMHSIXRABEIOTIEHR) EHADOD
IBISHLTIRTHY, BLE-10%6BETHol=. -, YA FHADBHILHEL
FEEMDOFHEEEZROLE, (AFROREEER, THEEKERYI7H4E,
+HIERTE B EREAS O E L TAER, HSXRB D135, 3.9, 205
HE T S(Table I-4), Ch oD KB EEMITEEFEMTIE A, oA, £K70mm
HIRDOHEALN+ DB TEHRIBERITH HHI8-30%, Fig. I-7), TRIZIXT A T
AREICEEMOENEITICEHESIUVARABEEHRTHLSITLASHHY, BHH
R, THEBRXERVI7H4E, THERTHEBRRBEANT AN ELZEDERIR
MITEEEMIL, T EEEMHASXZAENSIATIEFTE CABITEHERTIETO
D, alternative prey((REDEHEMEL TEBRLRBERLTBLDEEZLN
%o El-ChbDalternative prey NN EBEFEMICLSHEMN>T=DIL, 1989FEE LU
19904E 12§14 Balternative prey DIRIEH D EE A5 ThmoT-TREMAH B, L
Fe o T D B MO SIS DR (DU TEED IR WA AR
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Table 1-4. Mean weight of major food organisms in stomachs of post-larval

and juvenile Pacific cod in Mutsu Bay. These va!ues were calculated
from the data obtained in May and July, 1989 and April and June, 1990

Food organism

Total weight Total number of Mean weight

(mg) individuals (ng)

Evadne nordmanni 3 236 12.7
Calanoida 1,439 19,714 73.0
GASTROPODA 11 118 93.2
Decapoda Natantia zoea 26 92 283
Decapoda Reptantia 062 192 0148
Brachyura megalopa

Gammaridea 568 87 6,529
PISCES adult and juvenile 1,535 13 118,077
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I. Y54 SFAOHENELTOMIGLE/—TIIAD
SERHERESTER

B &

METELEImMmUTORY FRFALDREHELTHOVHLE/ —TY™
2, ¥(=Pseudosalanus 45 £ UKOithona B (D /— 7 9 REMET BT EEBDMN=
Ltco £, MNBLE/—TUIRESDBELAEONHEHELLTEETHY
(AR, 1980), DO EBRBELMATHHIZE, HHFBEDORKEMELE
BALMZTINENRH D, T TI9914EL1902FDLRFE(Z, EREICENTIFIF
DB ET BIEIE675-195um DML BLIE — T D ER A Ttk L5 EE
EHSHIZL, EEEBIOTYSFRAOERICEISEBERMLE,

B LUHE

o A
NEBETHAERELZEORN, LI BEEBS RED4DIZRSL, Ch

5055 % 0 MERM KIS B R ELT(Fig 11-1), 1991452 F26-27 E (1331 ),

19924E1 A9R(7# /1), 19924F1 A 29 (53 /R), 19924F2 A 25-26 (1331 R)D4[E](Z
HizY, LEEKEKELBARNAERSLE (107850 ) LT HFRKEEE Y
S—FBDIEDOELEY(2496V)T, SEETRD/ —TUYIRREXREEELL
(Table [1-1), FEZ T o RDKREEIL36-64mTHY, TATHOEFREKIIE
BliThhiz. /—FTIVIRESLERTIEND R EKB 200D KEREL, 2D
EFYTIHKPRUTTRAS LITFONT-30DREKEZIRLT, FhEFN40umD /Y
FRobTHBLTRLNz, /—T I RDRESHERASMIT S0I, 199142

A26BIZIXEZStn. 30, 199241 B9 IZ(XEE A I EBStn. 13, 199241 H298 (%
PEEEEBStn. 20, 199242 4258 (Z(XZE O ERStn. 10I2BLVTENREF NS5~ 6B TIE
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Fig. 1I-1. Location of Mutsu Bay (A), contours of depth (B), and locations of sampling
stations (C). Locations of a station at 41°00’'N, 140°00°E in the Japan Sea and a
station off Tairadate are shown in A and C, respectively, with stars.
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Table lI-1. Zooplankton sampling data in Mutsu Bay

Samolin Number of  Number Number of samples used for
Vessel Date PINE " Mesh size sampling of developmental staging and
gear ; .
: stations samples body size measurement
Ushio-maru 26-27 Feb. 1991 Van—Dorn 40um 13 19 19
NORPAC 0.33mm 13 13 3 (only for Qithona spp.)
25-26 Feb. 1992 Van-Dorn  40um 13 18 18
NORPAC 0.33mm 16 16 3 (only for Qithona spp.)
Natsudomari 9 Jan. 1992 Pump 40um 7 1 11
29 Jan. 1992 Pump 40pm 5 9 9




FEFRELT, Ez, /—TUIRDKERTERSMNIT SH-OIZME A MFEH
RISMAT, 199142 26-278 IS [ZBRTADKRI5mE, 1992F1HRITIK
ER6Hh D KF10mE, 199241 A298 [TIXERSH A D KF10mE, 199242 A
25-26 B (ZIZBAH LB OO 12RO KFEI5SmMBT/—TYHOREEELT-, 1=
2L, 199142 26 H M Stn. 25&Stn. 30, 199242 A25H M Stn. 10TIXKR15mE T
BEETHEIN DT, KFIOME2mMBDT—2DFHEZ15SMBOT—42LL
THAWLV:,

MNBLE/ —TYHREARKE (DA REEOBERE, KHXBLAKT 1
FOSBHARDOBEZRER RS0, 19915F2H26-278 D134 R &199242 A
25-26 B M 1631 | TIX, NORPACHRYMAE: 0.45m, ff&: 1.8m, B&: 0.33mm)DiE
BEELNMKEETOREREICI>TARKRT A MEIREL=(Table II-1), FEES
M ETRTOEMTIIU I BREESL (IR EEK T+ ILT) VBB TEEL
T=o

FIE MR TIX19914F2 AIXDBTIZLYKIEZE, 1992428 ITIXCTDEALYTK
m-EAERAEL, RELISMBTEAKLEAKEIERECELIRY, Y1)/ A—42T
WO EERIEL Tz, E5I219024F1 A M2EDRAETIZ/—TIVIREERELIKET
EREHERAVVTKEERIEL.

MWHLE/ —T )Y REQARRE LD EHRILARAT
ALHLE/ T RIRARIZ60EFRE LD LSICHEENEIL, AEERHBH

BEDH R EAT o =0 /=TI RS EMBEMIRD IR T 10 A—4% FHUTHIAES
#E(Prosome width, PWD &% 1T o7, NORPACHK v TR E &N f-Oithonal®E X {K
[EFBETRELED, HERMEIHNSIRBS A AD 3 S5H1(C3-CE)ETD
Qithonal&[d, Oithona similis&% DD OithonaRIZH BfL T=. TR TDOithonaBD
BifA S LUPARRE A/ —F ) RERBRICHIEERIEPW)ZEFHRIL =,
REARRPAO TS SFAOFHTREEO N HREL, Bk ERIE67.5-195umd)
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APLNHBLE/ TV APy H =Y ICEENHBER(nds. £ HELTROT=. O
RIRE A+ DER D FEETIFEA AL HTY OB FH(inds.- m)THBHLT =
=TI AOHERARIIGREZAVTERHOEEZDERERMLE. B
EMAFOR—EOEEKIZE, 28XBDIZEE T KAV —DUREZ, 3D
UEDERMDBEICKITRAAIL- VAYAREEANE TRTOREDEE
KHEEIF0.05& LT,

R T —2D R
199142 A FAIZIEFEEDT=HIZ, FTELTCW=ZOHBORENRARETHoT-.

COBHOEREICHATHERETKOBKBEELHTET S0, 1991434
11 }El £1992452 A29 B (CHFHFRKERBRIZEN B XRFD 131 R (41°00N, 140°00°E)T
Fo=REH 5100mKRETOFEHKR - EHEZSIAL(Fig -1-A, FHREK
PESERIS, 1995a; 1995b), =72, CODRSHAC) B A1 4 A D KR & R IR K A HE T
o A—MREFE B (Fig I-1-C)THRBIL TS TLA—2T 145mBDKEDEIZIL,

197948 519944 D8 (= B A BIA A D (N=16, P=3.0-10, Fig. II-2; EHEK
PESTE L 24—, 1976, 1979-1007; B H B KRR, 1972-1995), EHTEEH
AN ICEVWKERICES TV, ECTHAB RN KRENS11CETEE
FRERBICHEATHEBRERKOKREHERE LT, £, EHRMITETH9AMS12
BOAEBKEX [ETAEMNSSIALEGEERT, 1973-1997),

H R

1991 L1922 FE DK EICEHAERZEDER
REBEIVEZFORERSCIEEBEEFRKMWOINEICZOBEAORBE LU

hENSTHAT HRE-FR, 1974), BELFFICHERANFTALIKER LIS
n, EOBRAOBELADENANTRET 5. ZABOPEIC(TREERKED
MOKEEDRE ISR EREA TSNS,
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Fig. II-2 Annual fluctuations of water temperatures at a station of 41°00’'N, 140°00'E in
the Japan Sea (mean temperature from surface to 100m depth), a station off
Tairadate (45m depth), a station off Ohshima (50m depth), and a station in East Bay
(46m depth) in March 1964-1994 (Aomori Prefectural Fisheries Experimental Station,
1972-1997; Aomori Prefectural Aquaculture Research Center, 1976, 1979-1997).
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199142 A26-27 B (CIXEAKFE15SmED KR - B A EDFEH X, 42-5.9°C,
33.18-33.42 PSUTH o T=(Fig. II-3-A), KR15mEIZH 1T 5B KEE o D FHEIT
26.32 kgm?THY, T DFIFHIL26.29 kg:m™(Stn. 35)H1526.35 kg:m(Stn. 31) TH >
= (Fig I-3-0), /—F 9 RDME S E T F=Stn. 0TI, REMSHWEE LS
TIREY—DXKRTHEOLATEY, KR&EHE(E5.16-5.18°C, E 4 E [
33.34-33.35 PSUTH 1=,

1992F 1 HOBDKFEIMBEDKERIE, 74CTH 101 COEEAIZH > 1=
(Fig. II-4-A), 19924F1 A29B DK FE10m/&E (&, 6.9-10.0°CITIEFL 1=, (Fig. II-4-B)
19924F2 A 25-26 HIZI&, KR 15mED KR #EBHIX4.5-8.6°CTHY(Fig 1I-3-B), &
KR a5 I OSBRI A DN, EKR EEMEEEEOLMBFY =B
Nz CORFADKFISMBIZE T HBKEE o J&, 19914F2 AT R TKEREL
QEMNKEL, BEEEDKREAEOHERIZHS5NT=(Fig I-3-D), ZN15mED T
19 o 1£26.62 kg m* TH>T=,

1992451 A9H O Stn. 13&£19924F1 A29H D Stn. 20'(2H 1T BKIBDSREEE (T /1
&<{(Fig 1I-5), KBEBHIEFhEh8.7-90°C, 82-88 °CTHof=, 19925F2F25H
M Stn. 10TIL, KiFE20mELE TlE8.2-85 °C, KiR21-5ImTIEIRRIZIETL, KR
58m LU Tl 4.97-499 °CTH o 1= (Fig I-5)s cOBE N EL o HEREB D
33.90 PSU&26.33 kg-m™H 57K R 64m () 33.68 PSUL26.63 ke mPIZFNFNZELL

f_
Zo

PWHLE/—TIIRDRE ST
19914226 H DR EStn. 30TIE, M\HLE/—T ) XK IE67.5-195pum) L 7K

EImMBTRIEBVSOHABRELZRLEO50inds. "), REBEERLI-KFEIOnB
(122 inds.- 0D E L £2.0fE THo=(Fig. I1-6), IFREKRICL BN EHERIZLHE
Z[XHDNEAOT(GIRIE, G214, df=20, P=037), RIAHEELE M 015

L Centropages B THY(7.4-160inds. £, 57-67%), XL\ TOithona/B@HE LV4H
Centropages Oithona
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26-27 Feb. 1991
15m depth

emp.(°C) & Sal.(PSU} Sigma~t (kg*m™®) _

B 25-26 Feb. 1992 25-26 Feb. 1992

15m depth

Sigma-t (kgem™3)

Temp.(°C) & Sal.(PSU)

Fig. 11-3. Distributions of water temperature (°C, solid lines in A and B), salinity (PSU,
dashed lines in A and B), and sigma-t (kg-m™, solid lines in C and D) at 15m depth
during 26-27 February 1991 and 25-26 February 1992.
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9 Jan. 1992
10m depth

B 29 Jan. 1992

10m depth

T'emp.'(°C)l_ Temp.(°C) 4

Fig. II-4. Distributions of water temperature (°C, solid lines) at 10m depth on 9 January
1992 and 29 January 1992.
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—>*— Stn.20° 29 Jan. 1992
____Stn.10 25 Feb. 1992

— Stn.10 25 Feb. 1992 Sigma-t

‘ Fig. I1-5. Vertical distributions of water temperature (°C) at three sampling stations from
9 January to 25 February 1992, and salinity (PSU), and sigma—t (kgem™) at Stn. 10
on 25 February 1992.
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‘Nauplii (inds.-¢°1)
0 10 2 0 25

lillllllllIIIITIIIIIIIIIIII

o X
20
30 = [
2 s -

50 |

[1Paracalanus PAPseudocalanus
" BCentropages HMAcartia
]Oithona BOthers

epth (m)

j12.2 Stn. 30
71,426 Feb. 1991

Fig. ll-6. Vertical distribution of copepod naUpIii measuring 67.5-195um in prosome
width obtained by filtering 20/ water collected with a pair of Van—Dorn bottles at
Stn. 30 on 26 February 1991.
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B EERLI=(25-60inds. £, 16-27%), I SIZH L TPseudocalanus/& D 7

BT M 7=(0-0.4 inds. £, 0-1.6%),

199241 A 9H O FEE L ERStn. 13121+ 567.5-195um PWOD 73 4 8 BE1X K ZR20m
B(10.4 inds. ' A S5mBD19.2 inds. ¢ DEEEIZHY, TDHRRIEIL15.5 inds. £
THo=(Fig -1, BEKRICEDLEHERICETHERERIASNT (GRE,
G,=125, d=8, P=0.13), ?&rw#ﬁﬁmi%f%ggiﬁﬁﬁ e O
(6.9-13.9 inds.-£™', 57-72%), Pseudocalanus/& & LN T* M D KB THIRESh i, -
T=o

19924E1 A 290 O T AR EBStn. 20'(2 11 5H67.5-195um PWG)ﬁﬁE‘fEG)EPBHE
(£11.6 inds.- £ CHoT=(Fig. I-7), REKRICEPHERMARDOE X H SN T (G

E, G,4~23.1, df=24, -P=O.51), Oithona [& H & 5 L #=(6.3-10.1 inds.-£™", 60-78%)

Pseudocalanus/@ DR H E X {EM>7-(0.1-0.7 inds.- £, 1.1-6.7%),

19924E2 A 258 D& O EStn. 10[2§H1H567.5-195um PWD /=T O XD ERE S
ik, BEBBMN(Fig II-5)DKFE30mE(13.8 inds.-£)&40mE(12.9 inds.- £ ) THH
ZELEL 3mBXImBORAMED I HEELRL KRICLHDEBHERIC
[FEBEEMHON(GERTE, G435, di=10, P=40-10), £{k&L TOithonaBH &
5 L(2.2-9.9 inds.-£7', 48-74%), :ﬁu\ﬁparacalanusﬁ BEVSRBEETH LN

(0.4-2.6inds. ¢, 11-39%), Pseudocalanus B IZ IE LV D T HE TH » -

(0.1-0.6 inds.- ", 2.2-6.8%), Figure -7 TIXZF D fh"Others"IZ& T=H%, Oncaea
B &Corycaeus B (X /KR 1-10mB THMEIICTH L EIE % 5 6 7-(Oncaea: 5.7-7.8%,
Corycaeus: 3.1-5.7%),

MrOHBLIE/ —T I ZADKELT
199142 H 26-27H M) Stn. 258 £UStn. 30TIXKEISmBTHLSHLE/ —TU™

ADREZETHEI =D T, KFE10m&20mEIZFH 1} 567.5-195um PWD/—T1)
DADEHZHEEEZRAN = TNL2HADKFIOME20mBED B DM
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Nauplii (inds.-£-1)
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40 Bi itl13.9 Stn. 13
9 Jan. 1992
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| 1 LI T 1
~ 5 B 14.4
E 10 B33
- 20
+ 30 Stn. 20’
o 40 29 Jan. 1992
()
10 15 20
™ T T 71 T T 1 — T T T T 1 ]
TH 7.8
83 13.8
H12.9
Stn. 10
25 Feb. 1992
[ lParacalanus P Pseudocalanus
ECentropages M Acartia
ElQithona BlOthers

Fig. 1I-7. Vertical distributions of copepod nauplii measuring 67.5-195um in
prosome width obtained by filtering 30/ pumped water at Stn. 13 on 9
January and at Stn. 20' on 29 January 1992, and by filtering 20/ water
collected with a pair of Van—Dorn bottles at Stn. 10 on 25 February 1992.
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CIEFhFNEEERAONLEN-T-(GRE, Stn. 25: G,;=74, d=4, P=0.12;
Stn. 30 : G50, df=4, P=029) , K & 15m Blos 8w HEER
17.8 inds.-£7'(Stn. 30)526.8 inds.£(Stn. 31D FEEZH Y, hR{HE(X22.4 inds. L™
Tiho1=(Fig. I1-8), 13 RIZH T H15BXMICHBHARDENDT MIHLNTZ
(GIRE, G,~81.8, df=56, P=0.014), ¥, TR TOEELE M A TCentropages @M E
ELE/ME-th R {E-R K {l:9.2-12.8-18.4 inds.- £ ', 46-55-72%), RV TOithonald

MNEND A FEERLT-(4.0-5.6-8.8 inds.-£", 19-25-40%), Pseudocalanus @D E&

[£{E<(0-0.1-1.2 inds.-£"", 0-05-5.4%), EOERITELIStn. 16 THRIBLATHEEE
R~LT=.

19924E1 AOE DK 1OmBIZH T 2HMBEEIX11.5 inds. £ 5229 inds. £ D
FEI<HY, PRIEX147 inds ¢ THoT=(Fig. II-9-A, C), H 1 E(LStn. 308 &
UStn. 42 TEh 27=, 199241 A29H D IKFR1 0ml§l:3’5ﬁéﬁﬁ%‘l§li&8 inds. £
M518.7 inds.- ' DEFEIHY, hR{EX13.3 inds. £ THoT=(Fig. II-9-B, C), 1992
2 A25-26 8 DKEI5mBITHHEHHEHEIL, & OB TEL(Stn. 8, 9, 10, 11:
6.2-74-152 inds.-¢", Fig.1-10), ZE TH A > 71=(Stn. 30, 35, 42, 45, 50:
21.2-36.8-440 inds.- £, DWHLIE/—FII XD H BB OEEMRUIZLSE
LM, 19924E1 HOR(GIRRE, G,=23.1, df=12, P=0.027)é:1992¢2ﬁ 25-26 B (GIRE,
G,,~311.3, df=65, P=1.7-10°*)ICIXHEENR AN =AY, 199241298 (GIRE,
G,=3.7, df=8, P=0.88)IZIx#BhirMoT=, 199241 B 9H M Stn. 20°EStn. 30ZFRLY
T19924EM1 A H 52 A £ TIEOithonaBHME 5L (30-85%), RLIT1 A9H (30-58%)&
1 A 29 B (20-26%) [Z [& Paracalanus & A%, 2 A 25-26 B [Z 1% [N T Centropages |&
(5.4-16%)DENEHE M -1, 199242 A 25-26 H [ZQithona/B D EI & [LZE O TELS
(2.2-3.4-8.6 inds.-¢", 30-49-57%), & TIld & H >7=(16.0-30.8-352 inds..L™,

76-80-85%) . Pseudocalanus/@ L ZERNIZHARATEZ O EStn. 8£Stn. 9 TEHWLEIEE

HHE=NEFENEFN22inds £ '&18 inds.- £, 30%&24%), Centropages/&&Acartial®
(L DIREERLT, 199242 A DB CTHRESN=0ithonaB/—T I RIT(& 5
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B Nauplii (inds.-¢°1)
0 10 2 0 3 0

| 1 i 1

T

stn.16 | el 1] 224
Stn. |
Stn.20’
Stn.

Stn.
Stn. .
Stn. I 26.8
x:o,o:3,o:1o,O:30,0:1oo Stn.

Nauplii (inds.-¢°1) Stn.

Stn.

Stn.

Stn.
Stn.50 |

[[]Paracalanus Pseudocalanus

ElCentropages [l Acartia
[} Oithona B Others

Fig. 11-8. Horizontal distribution of copepod nauplii measuring 67.5-195um in prosome width
obtained by filtering 20/ water collected with a pair of Van-Dorn bottles at 15m depth

during 26—-27 February 1991. Numerals show station numbers, and the area of each circle
is proportional to the concentration (inds.-£™', A). Values at Stn.25 and Stn.30 with

asterisks are mean densities of 10m depth and 20m depth samples.
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X :0,0:3,0:10,(0:30, :100
Nauplii (inds.-£"1)

T — 3
C oNalsjp“%o(mPss' 2€o )

25

LI llll'lllll

Stn.13

Stn.19

Stn.20’

Stn.30

22,9

Stn.35

Stn.42

B 203

Stn.47

115

Stn.13

9 Jan. 1992

Stn.19

Stn.20’

Stn.30

Stn.42

iH18.7

29 Jan. 1992

OParacalanus

APseudocalanus:

B Centropages MAcartia

'@ Oithona

ROthers

Fig. 1I-9. Horizontal distributions of copepod nauplii measuring 67.5-195um in prosome width
obtained by filtering 30¢ pumped water at 10m depth on 9 January and 29 January 1992.

Numerals show. station numbers, and the area of each circle is proportional to the

concentration (inds-#', A-B).
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Nauplii (inds.-£"1)

10 20 30 40 50
1 I 1 L |

5 14 -

L]

25-26 Feb. 1992

x:0,0:3,0:10,(0:30, :100
Nauplii (inds.- /1)

[ JParacalanus Pseudocalanus

E Centropages [l Acartia
[f]10ithona B Others

Fig. 1I-10. Horizontal distribution of copepod nauplii measuring 67.5-195um in prosome width
obtained by filtering 20¢ water collected with a pair of Van—Dorn bottles at 15m depth
during 25-26 February 1992. Numerals show station numbers, and the area of each circle
is proportional to the concentration (inds.-£7!, A). The value at Stn.10 with asterisk is
mean density of 10m depth and 20m depth samples.
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FL - EREE DEERMALELEA A, ThoDBEEDEEIEIToOTLVEL,

10914E£19924E2 BI= B A0 WHLEIARRE LD R H E LA HEHRK
199142 B OFEE L BE, 199242 A MEOER, BBiE, REDSDDKEIZENT,

NORPACH v DINE R EIZLVIEESh =M WHLEHAFXRABARRE (D5
2O R (KR TR A>T =(Fig I-11), V5ADIL-DF VAREICL DL
BT D5 DKEMICHEENAHDONI=(KW=181, df=4, P=1.2-107), 19914 &
1902 NHELDICHEEREDMT, ANBEICEREZERAHONENI(VIRE,
19914F : Us=29, r=9,4, P>0.10; 19924F : Us=20, r=8,4, P>0.20), B4 LBITIREN T
i S EROSEATHY, ChoDMATARBEELET HE, 19914

1992F (CHARTHEICEMN > -(URTE, UsT6, 79,9, P<0.002), 19914F[d19924F &

U 4, Paracalanus parvus & Centropages abdominalis D B E A &L, #H T
Pseudocalanus @D S M EELMED 2T,

19914E2 A 31 S Tld, Oithonaf@£4KIZxtL TOithona similish® & & HEKEE]
& X {EH > T=(Fig -12), 19924E2 A 4 E O EStn. 8F L UFEZ L FStn. 19THO.

similis DB & (X {EA 1=, FEStn. 50CIEFVEIEZE S HT=(51%), O. plumiferak
O. longispina® RiAAIL &HITREIHIERE TH YT, 1997), BEBLE TIX19924E 2D &
IZESh -, NORPACKR Y (0.33mm B &) TR EE N 1= X T D Oithonal& D K&
PWIE, 127Tum M 5344um DEEETHY, 2 51 RIE K 0 99.6% A3 K IE330um K i T
Hol=o COT=8, MEDME TOithonaBD A MEBD LB LT o T=,

E K

BHAEBIE(PW)E7.5-195umD LB LE/—T U R I, EOEStn. 10CIEEERE
BICEPL, SNEMNLGSAEEDEERR4MEEXRENoI(Fig II-5, Fig. II-7), —
FERTE/ ~T)IZADHHBERIECRBETEI oD, RENEAHEE
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6.0
9
| |

—~ H5.0F
B
£
o 4.0F
o
£ :
S 3.0 N
o S
S 8
g 4
2 2.0}
2 4
a

1.0 | Kl

)
7/
West East B ay West East
Bay B ay Mouth Bay B ay
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FdOther

calanoida

Fig. II-11. Median densities of calanoid copepods collected by vertical
hauls with a NORPAC net (0.33mm mesh) in Mutsu Bay during 26—
27 February 1991 and 25-26 February 1992. Each numeral and
vertical bar shows sample size and median +1 standard deviation,

respectively.
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1991

1992

Fig.

50 1000 %)

S ////////////// ==
Stn.18 ////////////// e

Stn.50

Stn. 8 N=94

Stn.19 ey Ly ey N=103

Stn.50 N=208
P0. atlantica C6 % B0. similis C6 &
WO. plumifera C6 % RO. similis C5 &
MO. longispina C6 % 0. similis C6
[E0ithona spp. C3 & C4-C5% (not include O. similis)

lI-12. Species and developmental stage composition of QOithona spp. collected
by vertical hauls with a NORPAC net (0.33mm mesh) in Mutsu Bay during 26-27
February 1991 and 25-26 February 1992. Qithona spp. copepodites

(copepodite stage il to V) were distinguished between O. similis and other
Oithona spp. N: number of individuals examined.
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D 12.0fE LI T THo1=(Fig 1-6, Fig. II-7), 19924E2 A25H DStn.10TIX/—TY™
ADHEBREARICINELEMNH S, OithonalE (7K ZR30-40m & T(Fig. 1-7),
Paracalanus/& 7k 20-40m/B T, Oncaeal® (& /KR1-10mB THMBEE DB A 0T,
:newﬁ%#e. J—TUSDRIIPAEREIEAELEDERNTI, ZOSICLH
RBLDFBEDHRENLEEFNDINEDEEZIDND, EBAMTEKR/—TUY
REHERBICEDL, RELESRBEIKICE/ —TUIREDLENLOES R
5B, COESHBBOHEICLD/—TIIADRESTEEDELL, Incze et
al. (1996)IC &> THEESh THY, HHBE-RHLLDEBEZILND,

199142 A [ (& Centropages/&/— I ADEIE HIE(46-72%, Fig. 11-8), 57 %%
MR DKEMERENNIEETEHo1=H(P=0014), 199242 (P=7.7-10°)[THE~
BLEDEIFINEMoT=, 19924 (1X1 B, 28 &bITE EL TOithonaB/—TYIAM
B 5L 1=(30-85%, Fig. 1-9, Fig. I-10), F1=, KR15mBI=H TN HLE/—T)
HADHTEEDOEBFEBCVEIE, 1991 FE (T RATIFR>RKREN 2
(Table 11-2), SO S BNEBEFLGRBEFRKTWODERE~ADTKAEDEE
RMLT-4EREEZ 5N B, C. abdominalis&Pseudocalanus @D IRRA A ME, BZFE
DR (ZIXHIBLALGKIED, 1981), LHEE P& DKFFITE TP, newmani

EP. minutus(X10A (ZZ N EN50mELRE200mELRIC AT B0 -EE, 1997)
BE B 12 R F(ZH I T BPseudocalanusBARRA A MT B M SEIESh, 19925
2 A (%1991 42 A £ Y45 7 % E AVE A o f=(Fig. II-11), Pseudocalanus /& (Corkett
and McLaren, 1978)%Qithonal& [& AR R AAIIERA TES =8, /—TUIRIK
LERABLLBITHETSH, C. abdominalis FRAMHTELGCTHLERBE LIS
ST BREIHI D/ —T ) XH WL T H(Kasahara et al, 1975), C. abdominalis
DARRE AT 191 F2AIZIEATAEENBEN oA, 1992F [LEM- T
(Fig. I-11, Table I-2), DEY1991 FEITEBENEERDKARBEMNDUH o112
(2% RELT BCentropagesB/—TUI AN EHL, 1992 EXRBEN S H >
F=1=8<Pseudocalanus B ELHETHENERBLET INEROATRENS
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Table 11-2. Hydrographic conditions, abundance and taxa of nauplii measuring 67.5-195um in prosome width as prey for Pacific cod post—larvae, and Calanoid
copepodites in Mutsu Bay in February 1991 and in January and February 1992. Numerals show minimum—median~maximum values, respectively

26-27 Feb. 1991 9 Jan. 1992 29 Jan. 1992 25-26 Feb. 1992
Inner part of the bay inner part of Inner part of inner part of the bay Bay mouth
(West & East Bay) the bay the bay (West & East Bay)
Hydrographic Salinity (PSU) 33.18-33.34-33.42 ‘ 33.64-33.78-33.89 33.87-33.91-33.93
conditions at 10m Temperature (°C) 42-5.0-59 7.4-9.0-10.1 6.9-8.6-10.0 45-5.6-7.1 7.1-8.5-8.6
and 15m depth Sigma—t (kg'm™>) 26.29-26.32-26.35 26.44-26.62-26.68 26.34-26.35-26.51
Nauplii at 10m Concentration of suitable
and 15m depth size (67.5-195um PW) as
prey for Pacific cod larvae 17.8-22.4-26.8 11.5-14.7-22.9 8.8-13.3-18.7 21.2-32.8-44.0 6.2-7.4-15.2
(inds.-£")
CV% 13% 27% 28% 27% 46%
Order of dominance 1 Centropages Oithona Qithona QOithona Qithona
(high to low) 2 Oithona Paracalanus Paracalanus Centropages Paracalanus
3 Paracalanus Acartia Oncaea Paracalanus Pseudocalanus
4 Acartia Oncaea Centropages Acartia Oncaea
Calanoid Copepodites Density (10,000 inds.-m %) 1.0-3.1-74 1.0-1.6-35 0.23-0.74-14
CV% 48% 41% 67%
Order of dominance Centropages Paracalanus Pseudocalanus
(high to low) Paracalanus Acartia Paracalanus

W N =

Acartia

Pseudocalanus

Centrog_ ages

Pseudocalanus

Acartia

Metridia



Mot=-HDEEZBND, EZHTOithonaBDARRE A M EAH SEHFE T(C1-CH)IL
BLAILTRETELLS, X BRIZHIRT S0ithonaBD/—TUI AR
MBI ERIHT BEED, BHMHTHTIETHIONFEHATHS., 1L,
19924E2 B O B & Stn. 50TIE 0. similis®) 5 2EEFHBI &M D M REYBFS
(Fig. 1-12), CDEEADEE TIE L(SELT=hBREF DOithonaB D/ — T 0 AN
O. similis® ARFEEEBITHBL TV, CThoDFREY, 190252 ICHETH
5ht-Oithonal®/— S RD BRI HEEL, IO @(:;otiiamt
L=bDEEESND,

1001428 I2IE, BOBTOERT—AHBENTUALA, BROKBERK
FEDKEDERIT1992F LY THoT=(Fig I1-3), 199143 A11H &£19925F2 A
208 ) AAFD 1315 (41°00'N, 140°00°E)IE 1 BHEE M 5 100mKRE TDHF K
5&154:6%%‘1@@%%%& 9.3 °C&33.81 PSU, 9.2 °C&33.87 PSUTH>T-(FHR
JKERERIS, 1995a;1995b), KBZ1.1CETSE TSRO0 DIE, 19915
26.31 kg'm™, 19924E£526.37 kg m*THY, MEDMTo DEIZKELEEHON
1UMFig. 1-13), ERIZE T HKR15mBED T EKEE L1991 F4326.32 ke'm™,
19924E H326.62 kg-m*TdH Y(Table II-2), SREMICIXIFHED K THof=. Chbd
DIl HH1992 4 (2K TR A o170 MASREE K EERADRIZEL,
BERICE>TRKEBOKELKZRENLDEZEZ LN D, LMLIGIEE, Shib2
KB DEAFEDEILMNEL, 192F (LR THEVKRORZBENEE LI
CLEERFTOAEDEEZDND, 1991428 DERICHSNIIEREKIE, #
F190EMBDZBOBAKEICER T IRKOMALH->-HELCLDES
ZoNB(Fig I-14, EHEMICHTH9AMD12A DLBKE, 19904 : 669mm; 1991
£ 300mm, RET, 1973-1997), Bl ED ESCEEBICHFEEFZOMNBLE
J—FUH DS BRI, MBS SRREHICERY SBEMEDF LRI
FHOTELRTHLD LEEMmIT T oD,

Paul (1983)1F, {EEERAEHIDR T I SHFANDEET I NHLE/—TUD
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0 :
. ~ % Mutsu Bay ‘\ Tsugaru Strait
_ v
E ot=26.32kg m™3
B 33.34PSU, 5.0°C -
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Fig. 1I-13. Diagram of oceahographic structure in Mutsu Bay and offshore waters in
Tsugaru Strait during 26—-27 February 1991 and 2526 February 1992.
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Fig. lI-14. Annual fluctuations of total precipitation at Aomori City from September to
December in 1973-1996 (The Japan Meteorological Agency, 1973—1997).
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Fig. Hl=1. Location of Mutsu Bay (A), contours of depth and three locations of spawning
ground of Pacific cod (chetkers) reported by Kawamura and Kokubo (1950) (B), and

locatlons of sampling stations (C).
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Table llI-1. Number of sampling stations and samples in Mutsu Bay. Samplings were carried out
by T/S Oshoro—maru (asterisks) and R/V Ushio—maru

Number of Number

Date Sampling gear Target sampling of
stations samples
7-8 Feb. 1990 Ring net vertical haul Pacific cod larvae 8 17
Larva net horizontal haul Pacific cod larvae 5 6
Beam Trawl net Pacific cod larvae 5 6
25-26 Feb. 1992 Beam Trawl net Pacific cod larvae 9 12
26-27 Feb. 1991 Beam Trawl net Pacific cod larvae 6 8
1-6 Mar. 1989 Beam Trawl net Pacific cod larvae 18 23
2 Mar. 1989 Larva net horizontal haul Pacific cod larvae 2 4
7-9 Apr. 1991 Beam Trawl net Pacific cod larvae and juveniles 6 15
9 Apr. 1991 MTD nets Calanoids 2 9
9-11 Apr. 1991 Beam Trawl net Pacific cod larvae and juveniles 14 14
12-15 Apr. 1993 Beam Trawl net Pacific cod larvae and juveniles 8 12
14-16 Apr. 1992 Beam Trawl net Pacific cod larvae and juveniles 12 16
15-16 Apr. 1992 MTD nets Calanoids 2 6
24~27 Apr. 1990 Beam Trawl net Pacific cod larvae and juveniles 1 17
25-26 Apr. 1990 MTD nets Calanoids 3 9
18-23 May 1989  Otter Trawi net (mid—water) Pacific cod juveniles 5 ]
Otter Trawl net (bottom) Pacific cod juveniles 13 13
3-6 June 1997 Otter Trawl net (bottom) Pacific cod juveniles 7 7
4-6 June 1996 Otter Trawl net (bottom) Pacific cod juveniles 6 6
5 June 1998 MTD nets Calanoids 1 3
7-8 June 1995 Otter Trawl net (bottom) Pacific cod juveniles 6 6
11-14 June 1991 Otter Trawl net (bottom) Pacific cod juveniles 5 5
13-14 June 1990  Otter Trawl net (bottom) Pacific cod juveniles 5 5
22-24 June 1993 Otter Trawl net (bottom) Pacific cod juveniles 6 6 .
MTD nets Calanoids 3 9
28-30 June 1994  Otter Trawl net (bottom) Pacific cod juveniles 7 7
12-18 July 1988 Smith—Mclntyre grab Gammarids 22 66
18-22 July 1989  Otter Trawl net (mid—water) Pacific cod juveniles 4 4
Otter Trawl net (bottom) Pacific cod juveniles 11 11
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Table 1lI-2. Total number of individuals, weighted mean total length (TL), and TL
range of Pacific cod in Mutsu Bay from 1989 to 1997. Weighted mean lengths
were calculated by cod densities at each sampling station

Number of individuals sampled Total length (mm)
Sampling date Yolk=sac ~ Post Juveniles Weighted Minimum Maximum
larvae larvae mean

7-8 Feb. 1990 1 12 - 5.22 3.50 10. 20
25-26 Feb. 1992 - 46 - 13. 32 4,55 19. 95
26-27 Feb. 1991 - 42 - 9.54 3. 60 15. 50
1-6 Mar. 1989 11 1,348 1 7.00 3.20 26. 8
9-11 Apr. 1991 - 116 195 25.8 5.05 36. 1
12-15 Apr. 1993 - 2 - 19. 45 17.50 21. 40
14-16 Apr. 1992 - 15 50 31.3 13. 00 46. 3
24-27 Apr. 1990 - 3 167 37.9 20.94 56.7
18-23 May 1989 - - 1,099 59.3 37.0 107.6
3-6 June 1997 - - 1,135 62. 8 37.0 90. 2
4-6 June 1996 - - 902 54. 1 36. 4 86. 1
7-8 June 1995 - - 420 ' 67.8 41. 4 94. 8
11-14 June 1991 - - 525 69. 4 51.7 87.4
13-14 June 1990 - - 161 69. 1 43.0 84. 4
22-24 June 1993 - - 250 64. 9 52.3 86. 1
28-30 June 1994 - - 227 70.9 49.9 106. 6
18-22 July 1989 - - 139 103. 2 73. 8 174.0
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Fig. lll-2. Spatial distributions of Pacific cod larvae (yolk—sac larvae and post-larvae)
collected by vertical hauls with a ring net in A, horizontal hauls with a larva net in B
with an asterisk, and a beam trawl net in B-D with contours of water temperatures
(solid lines) at 15m depth in February 1990-1992. The densities of each towing
depth in B-D were grouped into three strata. Each numeral shows station number.
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Fig. 1lI-3. Spatial distribution of Pacific cod larvae and juveniles with contours of water
temperatures (solid lines) at 15m depth (A) and length frequency distributions (B) of cod
collected by horizontal hauls with a beam trawl net in 1-6 March 1989. The densities of
each towing depth were grouped into three strata. Each numeral in A shows station number.
Yolk—sac larvae and post larvae are separately shown in B. N: number of fish measuring.
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Fig. 11I-4. Vertical distribution of Pacific cod post—larvae by horizontal hauls with a larva
net at Stn. 28 and Stn. 29 off Wakinosawa on 2 March 1989,
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Fig. llI-5. Spatial distributions of Pacific cod post—larvae and pelagic juveniles collected
by horizontal hauls with a beam trawl net with contours of water temperatures (solid
lines) at 30m depth in April 1990-1993. The densities of each towing depth were
grouped into three strata. Each numeral shows station number.
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Fig. llI-6. Vertical distributions of calanoid copepods collected by horizontal hauls with
three MTD nets in April 1990 (A, Takatsu et al, 1992), 1991 (B), and 1992 (C).
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1990F D Stn. BTRHIFSHFHANBLNLHFEEIKRIMETHLN
(5.6 inds.~ 1,000 m™®), A5 XX B [&Stn. 13[Z5ELVStn. 102NV TKFRISMETELD
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THAMBEENED o= 191F4RICETHTHALHSIABIL, BHEStn. 16'TClE
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Fig. I-6-B)CHMBEMNE L, HEStn. 22 TIEXTHL SHAINKRISMBIZZHT
L7=(39.5 inds.* 1,000 m™), 19924E4 BIZ (<X SHAD BB ELFEEStn. 19123
LYTKIE3Im/E T8.0 inds.- 1,000 m™, 46m[B T5.6 inds.- 1,000 m %&RL, hSXAH
(& 7K & 29m J§ T 620 inds. - m™®, 43m J& T 600 inds. - m™ % 5% L 1= (Fig. llI-5-C,
Fig. l-6-C), 19924 A& Stn. 43TlE, YH FENSXRABIXFNFhKFE2mE
LAOMBTE LA E EZERLT=(12.0 inds. 1,000 m™§ £ 18930 inds.-m™),

19914 [TIERESIn. 22BWNT, THSFHALRM, KR15SmBTHRLS
MEENBEI-H, BEERLEBIEELITKBEUNB CHABENS M-
(Fig. I-7-A), LML, REBEHNERM- BER-REOZThTh TIRBLMah o2
bHY, BEHMICILERAREBHEEETEEL >(CTRBO SRS, BE
FrRIC LD MBEDE: P=033, IERBICL50HMBEEDE:P=0.35, Table III-3),
TESHFHANERAEZEC-LREMIZ128-36.1mmTHY, FiyfELIZEEFE
[£27.1+4.19mmTH>T=(N=176, Fig. ll-7-B), §EHOEIDIEEIFZAM T, EFHLE
[CABRENAON(—TERBOHFES T, P=1.7-10°, BRELYLEM KRB
SERLH LTz, LHL, ThThOBMERNICE T REKFROENLEIC
FREEE>HSNGEIoT(—TERB DA BT, B :P=043, H&H:P=084, &
fEl: P=0.057), CD 199154 H M Stn. 3212H1HBHSXRABREH L, BEIZARH
THAHANE BB EREIZIELT hEKRIOmBE THE LD EERL(Fig I-6-B,
B %45 inds.-m™; 7] : 63 inds.-m™), Y¥ SEHADRELHEIET—HLE,-

65



A 'Density (inds.-1,000m"3)
: 0 20 40 60
1 1 1 4 1 1 1
~ or
£ _ Stn.32
~ e mm
= 20F
- 7 e B
S 2222722222272
n 401 1
- §
B | | 15m Depth
_l_'—'—-{— —-1
101 v
o 5T - 23mi Depth
= 10f =
S 97 Omi Depth
2 10f = e I
>
Z 5r 15 D th
'010: =] &] m °P
c 24m: Depth
- — 5-
Y ok Hm“
© 5t : Depth
$1o= =
Q 5 Depth
E15= -
S
= 10} Depth
5-.
10 f ‘
5F i 34mi Depth
10 20 30 40
Total length (mm)
[ 1:Daytime (16:01-17:10)
vz D usk (18:18-19:33)
mm  Nighttime (20:43-21:51)

Fig. lll-7. Diel vertical distribution (A) and length frequency distributions (B) of Pacific
cod post-larvae and pelagic juveniles collected by horizontal hauls with a beam trawl
net at Stn. 32 in East Bay on 9 April 1991. Upside~down triangles in B show the
locations of mean TLs.
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Table 1lI-3. Result of two—way ANOVA of log densities” of Pacific cod
larvae and juveniles collected with a baem trawl net at Stn. 32 in

Mutsu Bay on 9 April 1991

Sum of

Source squares df. F ‘ P
Sampling layer * 0.179 2 1. 364 0.-354
Samplig period ° 0.192 2 1. 467 0. 333
Error 0. 262 4 - -

*: log;o (density + 1) convert.

a: Upper (14-15m depth), middle (23—-24m depth),
and lower (33-40m depth) layers.

b: Daytime (16:01-17:10), dusk (18:18-19:33), and nighttime
(20:43-21:51).
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f=(Fig. -7-A),

1990-19924F4 A ITHE VT A SFHAILERZ B NI AN L =(Fig. I-5-A~
C)o IKRIOMBDKBAMITONTHDE, FEELLEORBEHBIZEKEELAHS
Moo KiB12-20mBITENT, FEELLEOBStn. SOTFSFHAD I THEL
Stn. 10&YHAEM o F=, 1991548 DE O ERStn. 28 LUStn. SO KR15mBETIX, £
NENLES505mmE6.10mmD 2@ KL IMEESh I o T=,

BEIZERETIIE T4 SFHADTEIORENMREDSL6E ILFERAD
FHERICEEZEREAHSNGEN>(—TREDZE D HT, 1990F D Stn. 13:
- P=0.21, Stn. 19:P=0.20, Stn. 31:P=0.20, 19914 0 Stn. 16’: P=0.28, Stn. 32(&i:R):
P=0.43, 199240 Stn. 43: P=0.17), (19924 M Stn. 19: P=0.015), ZD =R EBEE
BETICTHLEEAMATHET BE, 1900102 EDEMTOThOETE
BEELHON(—TEBED SRS, TTP0.001), EIT/HEDOFHAILED
Bz, KEDOHAEECHERLE,

SAMNSTIRICETSYASHADEMAMEOAICETEIVHLEHTXRB DM
v i
19895 A ITIEXT A SHAIXEITBEEELIZAML, 1989F7AICIEBE L LIS
(25 W9 DAL HDNIEMN>T=(Table lll-4), 5 I BETBRARELSIC, 2RK70mm&
VINIDHEADEBREEDEIOVHLEHTXRABIRRS A TH B, COHATRXRX
BaRRE A MEE RS R IZHLVT199346 A ) B A, ﬁJEIEJ:l:%‘?@E(:ﬁ#ﬁL
TULV=(Fig 1-8), —AE A TIX1998F6 A DRM, BEELLYLDEBETER
ETHo1-0OKiE69ME: 9.5 inds.-m™),

SAMTA l:BL\T?GI’%%ﬁﬂad)ﬁ:‘*ﬁ@lﬁb“%b\cf:iﬁ}ﬁ(i, FITKO>THRART
HoT=(Fig. 11-9), 1989 M5 A LTAICIE, REBLZNLUSNDKBDOHHREICIEE

BERHLNITHT=(UIRTE, 1989458 : Us=30, =76, P>0.20; 19894E7H : Us=18,

It

8,3, P>0.20), 1990-19914F £1993-1997F D6 B IZIXEHE L F DD KB D FiE
BHEERIE, +HL0RAEHEAEONLENT-T-0H(Z0.05 KETUREIXITI LI -
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Table llI-4. Densities of Pacific cod juveniles collected with an otter trawl
net in Mutsu Bay on 18-23 May and 18-22 July 1989. Densities are

shown as number of individuals per 1,000 cubic meters filtered

Distance from the bottom (m)

Month Station 0 (bottom) 5 10 20 30
May 1989 2 11.4 - 0 - -
5 5.8 - - 0 -

13 3.9 0.25 - = 0.19
19 1.1 0.042 - - -
47 1.7 - 0.083 - -
July 1989 5 0 - 0] - -
13 1. - 0 - -
19 0.2 - 0 - -
30 0. - 0 - -
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Fig. lI-8. Vertical distributions of calanoid copepods collected by horizontal
hauls with three MTD nets on 22-24 June 1993 and 5 June 1998.
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Fig. llI-9. Horizontal distributions of Pacific cod juveniles collected by horizontal hauls with an
otter trawl net on the bottom from May to July 1989-1997. The area of each circle
(1.0 inds.- 1,000m™3) is proportional to cod density.
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TRIZIE, #BAKIFIZKBI12°CRABDKEICHBL TV,

19895 A NERICIIMRICE > THERBENAONT(IFRBIL-VFYRKE,
KW=166.4, df=12, P=25-10"%, Fig. lll-10), FEZ&E OB TIL B HAT M Stn. 25% R0
T55.1-60.0mm TLORERIZRIFMEAH S, Stn. 25TIH50.1-55.0mm TLIZHDH
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Stn. 38£Stn. 42TI£65.1-700mm TLIZBSEMEA A D, RERKRA DM T
Stn. 30 LU Stn. SZERVTEMISILICAM > THAITKEMEL TV, F-HE
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42%% 87z,

Figure—lI-11 3 REARIR SO RABE R SR EBHBA LB B 121997468 O
£ BMRERL TS, 2RICIX198045 A LRI AR CHBEMH DN
FRANIL- DA RIRTE, KW=76.6, df=6, P=1.8:10""), LR D hREAFL/INE Mo
=D EBEILEBStn. 19TH Y(55.0mm TL), FICHRIKEN =D L HTEStn. 37T
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Fig. II-10. Length frequency distributions of Pacific cod juveniles on the bottom in Mutsu
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Bay collected during 1823 May 1989. N: Number of fish measuring.
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EOBMTRESNT LA T, IFSOERZPUESRATEIEICEORT
ThhTWbH0 LRI N B (Fig I11-13, Fig. I1-14), Bt H5(1992)(d B A iERES
S THBELICATTHTAIMEREL, ERITEITKREONTITHhhTINSE
BARTND, BERIDEOREE &L Z60mETERDKRTHHHN, vF MO AMIC
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BRIZEVWTZFEREFNFAOLTRELITORENHIEDEEALNS,

ENETHRARLLII, BARBEEIANHLE/ —TIVOANEEEICHAT
%(Fig. II-6, Fig I-7, Fig. ll-13), LML19894E3 A LAIS(E, R SRAEREM S
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Fig. II-12. Horizontal distribution of gammarid amphipods on the bottom

. collected with a Smith—-Mclintyre grab (covering 0.10m2) three times at

each station during 12-18 July 1988. The area of each circle is
proportional to the gammarid density.
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Fig. IlI-13. Schematic model of vertical distribution of Pacific cod larvae and juveniles

and their food organisms in Mutsu Bay and its bay mouth from February to July.
Naupliar patch was shown as 210 inds. 4! consumed by Pacific cod larvae (67.5—-

195um in prosome width) from the result of January—February 1992. Calanoid
copepod patches in April and June were shown as 2300 inds.-m™ and 230 inds.-m™
from the result of MTD nets hauls, respectively. TWC in each figure indicates that
Tsugaru Warm Current water entered the bay.
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Fig. lli-14. Schematic diagram of the current pattern in Tsugaru Strait and Mutsu Bay

(from Hakodate Marine Observatory, 1964; Ohtani and Terao, 1974; Ohtani and
Nakamura, 1985; A), and schematic model of horizontal distribution of Pacific cod
larvae and juveniles in Mutsu Bay and its bay mouth from February to July (B-E).
Arrows in boxes B—E mean cod migrations estimated from cod size and current

patterns. In box D, abundant areas of Pseudocalanus spp. and Centropages
abdominalis in mid-late May are superimposed.(Takatsu et al., 1992)
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ZFRIVEFOERZICZK XCEOPEAORBEIBEIGER - BES
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TELGD EE XS B(Fig 1-13), £, RBCENETE/ —TUHREBOEH
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%, BT AUEEEEEAT AL TR, BERELYL LEE SH5E
BESKEFALTEZEEOSVNVER~ABETHLDELEELILSND,

Paul (1983)&, R+ 98 SFRAN MR AAAIRR BI04 uxTHY, TOMEE
[ER—Y 27 @ TIHKRIOMIZIEEET 52 EEB SN LT, Hillgruber et al. (1995)
(&, R=UDTBIZHTT DR T IE SHFRICESTKROMBIXEKEL, DEE
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£#£3 8 ) Stn. 19&Stn. 30, 199142 DStn. 30) TIEIA SHFADRENLERDE
D#H SN oT=(Fig 1-3-B), SO EIE, BRD LSS/ —TIIRADRMHEEM
BATLHEREOEZLAILGMES(CE, FAOREMGHAXDERFELLKELD
PELNAEL, SRETTSFALIrNHBLE/ TV IADREBRELFROBE
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BEHRBOHONEHAHENICEBEETEHUS TOREEXEELTIMURTH>-
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5ATAUBTY SHAIKEISEREE LICSMHL(Table I-4), 6 IZIEHSXXH
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X :0, -:300, 0:1,000, ©:3,000, O:10,000, OZS0,000
Density (inds.-m~3)

Fig. llI-15. Monthly change in distributions of Pseudocalanus spp. collected by vertical
hauls with a NORPAC net (0.33mm mesh) during 1-4 March 1989 (A), 24-27 April
1990 (B), 18-23 May 1989 (C), and 13-14 June 1990 (D) (Takatsu et al., 1992).
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X :0, <:300, ©:1,000, 0:3,000, ():10,000, Q:so,ooo
Density (inds. m~3)

Fig. lI-16. Monthly change in distributions of Centropages abdominalis collected by

vertical hauls with a NORPAC net (0.33mm mesh) during 1-4 March 1989 (A), 24-27
April 1990 (B), 18-23 May 1989 (C), and 13-14 June 1990 (D) (Takatsu et al., 1992).
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'jj“‘l'i‘» - e
Fig. IV-1. Locations of net sampling stations for stomach contents analysis of Pacific

cod juveniles and contours of bottom depth. Samplings were conducted on the sea
bottom with an otter trawl net.
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Table IV-1. Truncated names and body width (Minimum—Mean-Maximum in mm) of food
organisms in stomachs of Pagcific cod juveniles in Mutsu Bay in June. N: Sample size of
food items measured. Class: Size class of five categories used in Fig. IV-3 (C: Calanoida,
S: Small-sized prey, M: Middle—sized prey, L: Large—sized prey, LL: Very—large—sized prey)

Body width of food

Truncated Mean & Range
Food organism name (mm) N Class
Limacina sp. Limacina 0. 29-0. 54-0. 89 23 S
Calanoida (Total) Calanoida 0. 20-0. 34-0. 66 220 C
Calanus pacificus 0. 29-0. 51-0. 66 24 C
Paracalanus parvus 0. 20-0. 26-0. 31 30 C
Pseudocalanus spp. 0. 22-0. 28-0. 33 29 C
Centropages abdominalis 0. 23-0. 36-0. 49 106 C
Acartia omorii 0.21-0. 27-0. 34 31 C
Other Calanoida - - C
Unidentified Calanoida - - C
Corvcaeus spp. Corycaeus 0. 20-0. 25-0. 28 21 S
Cumacea Cumacea 1.46-1.48-1.50 3 L
Gammaridea Gammarid 0. 40-0. 74-1.58 49 M
Hyperiidea Hyperiid 0. 33-0.89-1.70 21 M
Caprellidea Caprellid 0.11-0. 68-1. 67 45 M
Euphausiacea furcilia Euph-fur 0. 43-0. 51-0. 58 20 S
Natantia juvenile Nat—juv 1.04-2.41-3.70 8 LL
Natantia zoea Nat-zoea 0. 34-0. 69-1. 26 38 M
Reptantia Anomura zoea RA-zoea 0. 58-0. 61-0. 64 3 M
Reptantia Anomura megalopa RA-megal 0.74-1.10-1.80 42 L
Reptantia Brachyura zoea RB-zoea 0.41-0.76-1. 36 8 M
Reptantia Brachyura megalopa RB-megal 0. 88-1. 66-3. 40 48 L
Sagittoidea Sagittoid 0. 32-0. 36-0. 40 16 S
PISCES larva and juvenile PISCES 1.28-2. 36-3. 32 8 LL
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SCI=SCW-100-(Body weight — SCW)"!
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Fig. IV-2. Changes with time in stomach contents indices (SCI) of Pacific cod juveniles

in Mutsu Bay in June. Numerals show station numbers.
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Fig. IV-3. Relation between body weight and stomach contents index (SCI) in Pacific cod
Juveniles in Mutsu Bay. Cod juveniles were categorized into five groups by the size

of the main prey items.
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Table IV-2. Occurrence of food items based on number of Pacific cod juveniles and percent frequency of occurrence of food items (F%, in parentheses) in Mutsu Bay in June.
Correspondence analysis (CA) was performed using this table based on juveniles' number of individuals with asterisks at the left of “Food organism” column

1991 1993 1995 1997 1998

Food organism . Stn.12 Stn.13 Stn.20 Stn.30 Stn.43 Stn.13 Stn.30 Stn.37 Stn.43 Stn.13 Stn.30 Stn.37 Stn.43 Stn.50 Stn.12 Stn.13 Stn.19 Stn.30 Stn.37 Stn.43 Stn.50 Stn.5

* Limacina sp. 0 2 1 3 2 1 0 0 0 1 1 2 6 19 0 0 0 6 3 9 14 5
@ @o B s 0o G O O 6y (8 (10) (30) (95) @ (@ (© @9 (@ (28 @ (16

* Calanoida (Total) 13 20 20 20 20 22 7 13 19 17 19 16 16 20 9 13 4 30 5 18 3 30
(65) (100) (100) (100) (100) (100) (100) (100) (95) (85) (95) (80) (80) (100) (28) (43) (13) (97) (16) (56) 9 (94

Calanus pacificus 6 20 20 20 20 22 6 13 18 3 4 8 0 3 4 5 2 20 1 5 2 12
(30) (100) (100) (100) (100) (100) (86) (100) (90) (15) (200 (400 (0) (15) (13 (47 (1 (85) (3 (16) (6) (38)

Paracalanus parvus 1 3 20 9 0 21 3 0 17 0 2 1 0 0 0 2 2 25 0 3 2 0
(5) (15) (100) (45) (0) (95) (43) (0) (8B) @ (o @ O O @ @ @ @©Bn» © (© (@6 (0)

Pseudocalanus spp. 2 18 20 20 20 14 1 2 18 14 19 16 13 17 0 4 2 17 0 5 0 9
(10) (90) (100) (100) (100) (64) (14) - (15) (90) (70) (95) (8O) (65) (85) © (3 @ G5 © @ (O (28

Centropages abdominalis 1 20 20 20 20 3 1 10 8 16 18 15 8 16 2 5 3 27 2 13 2 0
(5) (100) (100) (100) (100) 4 (48 an o) (80) (90) (715) (40) (80) ® un a0 (@60 6 (41) (6) V)]

Acartia omorii 0 8 3 4 0 1 0 0 3 2 2 1 0 2 1 0 0 1 3 2 0 0
' 0 (40 (5 (20 (0) ® (0) ® (18 (10)  (10) (5) o Qo @ ()] (V)] 3) (9) (6) (V] (V)]

Other Calanoida 1 1 18 14 13 8 0 1 4 0 1 0 0 1] 4 2 1 1 0 3 1 29
G G (90 (0) (65) (38 (@ (8 (20 @ 6 O o O @ @O @ @ O ©® @ (N

Unidentified Calanoida 5 20 20 20 20 19 6 11 19 9 8 13 3 2 0 0 0 7 0 4] 0 1
(25) (100) (100) (100) (100) (86) (86) (85) (95) (45) (400 (65) (15) (10) @ (0 (0 (@) © (© (0 (3)

* Corycaeus spp. 5 17 20 11 16 16 6 6 16 12 8 2 3 6 0 3 3 4 0 2 0 8
(25) (85) (100) (55) (80) (73) (86) (46) (80) (60) (40) (10} (15) (30) ® (0 o - (13 (© (B (O (28

* Cumacea 2 2 2 5 2 1 1 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1]
(10) (o) (10) (25 (10) G (8 O O @ © @0 o @ 0 O @@ @© (© @ ()}

* Gammaridea 2 0 3 0 0 4] 0 1 3 3 3 1 1 2 13 15 22 5 3 1 3 10
oy (@ @8 © (O © (@ (@ @5 ({5 @58 (B G (10) @1 ((B0) (73 (6 (9 @) (9 @

* Hyperiidea 1 0 1 0 1 6 0 0 0 5 1 0 1 0 8 8 17 4 3 1 1 11
(5) (0) (8) 0) (5) @7n ) 0) ()] (25) ) ()] 5) (0) (25) (27) (57) (13) (9 (3) @ @

* Caprellidea 0 1 0 2 2 3 -1 3 10 2 4 7 3 0 0 19 13 16 9 17 18 0
© .G © (0 a0 (4 @49 (23) GO (@) (20 @5 (A5 (O (0) (83) (43) (52) (28) (53) (56) (0)

* Euphausiacea furcilia 1 20 20 16 4 20 0 0 0 4 5 1 0 1 1 2 3 6 0 0 0 25
(5) (100) (100) (80) (200 (91) (O (@ (O (200 () G (0O ©® @ O e g9 © @O (@© (@8

* Natantia juvenile 1 0 0 0 0" 2 4] [ 0 5 3 3 1 0 4 2 7 0 2 0 2 0
6y © © @ (© @ @O © O @) @5 @5 G © (1) M (2 ©® (& (© (6 ©

* Natantia zoea 1 7 5 2 0 4 3 13 17 1 15 7 0 0 0 12 3 4 2 2 2 2
(5) (35) (25) (10) (0) (18) (43) (100) (85) 6 @ @5 O (O (0 40 (o) (13) (6 (8 (8 )

* Reptantia Anomura zoea 0 0 1 0 3 0 0 0 0 0 0 2 2 0 1 0 0 0 0 0 3 0
o @© @& O (as @ o O (© @ @ o 0 (© @®» @ o O O O @ (©

* Reptantia Anomura megalopa 0 0 0 0 0 0 0 0 0 2 1 0 0 0 5 10 13 0 6 9 26 0
@ @© © 0 © © @O @© (@©@ (0 @ (@ (@© (© (@& (33) ) (0 (19 (28 (81) )}

* Reptantia Brachyura zoea 2 4 3 1 6 16 0 2 1 4 4 4 1 10 4 4 7 1 0 0 7 1
(10) (20) (15) (8) (30) (78 (O) (15) (5) (200 (200 (200 (B (50) (13) (13) (23) (3 (O (O (22 (3)

* Reptantia Brachyura megalopa 0 0 1 0 1 0 0 1 0 4 3 11 3 0 0 16 9 2 0 9 19 0
© @@ @ (0 6 @ (@@ 3 (@ (20 @5 (B3 0% (O 0 3) @0 (6 (0 (28) (59) ()]

* Sagittoidea 5 0 1 0 3 13 1 0 0 0 0 1 0 2 0 8 2 27 30 1 0 22
(25 (©@ & (@O (% G 9 O (O @ O @ O a0 @ @n @ 6D (¢4 @ () (89

* PISCES larva and juvenile 0 1] 0 0 0 0 3 1 3 2 0 2 0 0 2 3 4 0 4 1 6 0
@ @O @© (@0 (O ° 43 @ s g O @ © (© @ o a3 O (13 @ (U9 (0)

Others 1 16 20 20 20 9 7 7 20 12 10 1 11 20 2 14 10 8 .15 5 10 1
(5) (80) (100) (100) (100) (41) (100) (54) (100) (60) (50) (55) (55) (100) (6) (47) (33) (26) (471 (16) (31 3)

Digested food 16 17 19 20 18 12 2 12 12 16 6 9 14 7 20 6 19 14 6 18 12 8
(80) (85) (95) (100) (90) (65) (29) (92) (60) (80) (30) (45) (70) (35) (63) (20) (63) (45) (19) (56) (38) (25)

Number of fish examined 20 20 20 20 20 22 7 13 20 20 20 20 20 20 32 30 30 31 32 32 32 32

Number of empty stomachs 4 0 0 0 0 0 0 0 0 1 0 0 1 0 4 0 1 0 1 0 1 0
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Table IV-3. Percent by number (N%) of food items in stomachs of Pacific cod juveniles in Mutsu Bay in June

1991 1993 1995 1997 1998
Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn.  Stn.
Food organism 12 13 20 30 43 13 30 37 43 13 30 37 43 50 12 13 19 30 37 43 50 5
Limacina sp. 0 02 <01 <01 <01 01 O 0 0 03 03 03 27 1738 0 0 0 0.7 08 74 142 1.2
Calanoida (Total) 263 626 655 975 839 723 791 849 851 761 899 870 656 153 113 122 131 864 05 137 138 335
Calanus pacificus 158 246 165 42 83 513 553 589 52 06 05 37 0 0.1 57 17 06 07 0.1 11 11 04
Paracalanus parvus 11 04 31 02 O 152 112 0 176 0 01 04 0 0 0 1.7 09 110 O 0.7 07 112
Pseudocalanus spp. 21 87 228 649 59 20 06 05 451 254 508 358 500 86 0 1.7 11 23 0 20 20 0.7
Centropages abdominalis 11 153 94 181 508 02 03 175 27 418 336 311 141 64 14 66 102 719 02 65 65 0
Acartia omorii 0 06 01 <01 0 0.1 0 0 0.1 03 03 01 0 <01 07 0 0 <01 03 27 217 0
Other Calanoida 11 07 40 03 06 06 0 0.1 02 0 01 O 0 0 35 07 03 <01 0 07 07 210
Unidentified Calanoida 53 122 96 99 182 28 118 79 142 81 45 160 15 01 0 0 0 04 0 0 0 0.2
Corycaeus spp. 147 56 269 02 07 74 97 08 97 100 09 06 07 02 0 1.7 20 02 O 04 O 0.9
Cumacea 32 02 <01 01 <01 01 03 0 0 0 0 0 0 0 14 0 0 0 0 0 0.2 0
Gammaridea 21 0 01 O 0 0 0 01 01 06 21 01 02 <01 113 92 35 02 03 02 08 1.2
Hyperiidea } 1.1 0 <01 0 <O0i1 05 O 0 0 08 01 O 02 O 525 56 105 02 06 02 02 1.1
Caprellidea 0 01 0 <01 <041 06 09 04 07 03 02 27 07 O 0 149 60 14 19 56 110 0
Euphausiacea furcilia 42 270 26 04 041 47 0 0 0 06 08 01 0 <01 35 07 09 02 O 0 0 50.6
Natantia juvenile i1 0 0 0 0 0.1 0 0 0 08 03 04 02 O 28 07 23 O 02 0 04 0
Natantia zoea 32 08 01 <01 0 . 05 26 124 32 03 41 16 O 0 0 76 17 01 02 07 04 0.1
Reptantia Anomura zoea 0 0 <01 0 0.1 0 0 0 0 0 0 06 05 O 07 0 0 0 0 0 0.6 0
Reptantia Anomura megalopa 0 0 0 0 0 0 0 0 0 03 01 O 0 0 78 109 111 0 1.1 29 297 0
Reptantia Brachyura zoea 21 02 01 <01 03 20 O 0.3 <01 07 02 11 02 04 50 13 28 <01 0 0 2.5 0.1
Reptantia Brachyura megalopa 0 0 <01 0 <01 0 0 01 0 10 02 19 07 O 0 86 40 01 O 8.7 16.9 0
Sagjttoidea : 411 0 <041 0 0.1 112 03 O 0 0 0 0.1 0 0.1 0 135 06 103 859 02 O 11.2
PISCES larva and juvenile -0 0 0 0 0 0 71 03 038 03 0 06 O 0 14 10 14 O 04 02 15 0
QOthers 1.1 34 46 17 147 06 <0.1 08 09 81 11 29 280 102 21 122 82 03 78 596 176 0.1
Number of fish examined 20 20 20 20 20 22 7 13 20 20 20 20 200 20 32 30 30 3t 32 32 32 32
Number of empty stomachs 4 0 0 0 0 0 0 0 0 1 0 0 1 0 4 0 1 0 0 1 1 0
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Table IV-4. Percent by wet weight (W¥%) of food items in stomachs of Pacific cod juveniles in Mutsu Bay in June

1991 1993 1995 1997 1998
Stn. Stn. Stn. Stn. Stn.  Stn. Stn. Stn. Stn.  Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn. Stn.  Stn.
Food organism 12 13 200 30 43 13 30 37 43 13 30 37 43 50 12 13 19 30 37 43 50 5
Limacina sp. 0 <01 <01 <01 <01 <0.1 0 0 0 <01 8.8 <01 6.2 749 0 0 0 05 01 15 34 0.8
Calanoida 16 505 54.8 70.1 680 690 714 515 496 347 441 151 198 146 25 03 02 340 <o1 10 03 197
Corycaeus spp. <0.1 09 115 <01 <01 08 <01 <041 53 <01 <01 <01 <01 <0.1 0 <01 <01 <01 0 <01 0 0.1
Cumacea 32 07 05 07 06 <01 <01 0 0 0 0 0 0 0 50 0 0 0 0 0 0.2 0
Gammaridea 95 0 07 0 0 0 0 <ot 1.2 63 40 08 12 14 224 54 193 15 04 01 06 9.9
Hyperiidea <0.1 0 <01 0 <01 05 © 0 0 2.1 <041 0 <01 0 166 32 98 09 14 01 14 0.7
Caprellidea 0 05 0 <01 <oi1 33 <01 <01 49 <01 09 167 111 0 0 236 44 190 45 99 159 0
Euphausiacea furcilia 1.6 281 58 13 0.2 29 0 0 0 <01 0.9 <0.1 0 0.3 0.8 <01 <0.1 <0.1 0 0 0 52.2
Natantia juvenile 333 0 0 0 0 96 0 0 0 63 53 53 111 0 336 124 359 O 04 O 0.2 0
Natantia zoea 48 18 14 01 0 05 33 386 11719 11 264 08 0 0 0 25 05 03 01 09 01 0.2
Reptantia Anomura zoea 0 0 <01 0 04 0 0 0 0 0 0 16 12 0 04 O 0 0 0 0 0.3 0
Reptantia Anomura megalopa 0 0 0 0 0 0. 0 0 0 1.1 22 0 0 0 50 123 65 0 22 72 290 0
Reptantia Brachyura zoea <0.1 <0.1 <041 01 04 1.8 0 03 .04 <01 <0.1 <01 <0.1 0.3 1.7 02 07 01 0 0 04 <01
Reptantia Brachyura megalopa 0 0 02 0 02 0 0 0.6 0 95 04 90 178 O 0 191 50 09 0 220 134 0]
Sagittoidea 79 0 <01 0 <01 70 <01 0 0 0 0 <01 0 1.4 0 23 <01 361 614 <01 0 15.6
PISCES larva and juvenile 0 0 0 0 0 0 231 03 16 2.1 0 403 0 0 37 25 80 0 246 472 225 0
Others <0.1 <01 44 <01 3.2 0.3 <0.1 06 04 <01 <01 27 62 41 08 122 80 33 43 55 98 <041
Digested food 381 176 207 276 271 44 22 81 187 368 70 77 259 31 75 40 17 33 07 43 23 1.0
Number of fish examined 20 20 20 20 20 22 7 13 20 20 20 20 20 20 32 30 30 31 32 32 32 32
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19974 [ Stn. 30THI XX B DB LLEAE(F%=97%, N%=86.4%, W%=34.0%), &
DD R TEENT hBEI > F=(F%=9-56%, N%=6.5—13.8%, W%=0.0-2.5%), 19974
DFEHAWSTERMSIEIZ, FHEMA(PISCES larvae & juveniles, 15.5%), ¥ L 48
(14.3%), +HIFEEXE B D2 F1)L(11.8%), TLHS(Caprellidea, EIZA/35TL
$5Caprella acanthogaster, 11.0%), B €1THE B ERIEAH O/ %) 4 (Reptantia
Anomura megalopa, WA 4H, 8.9%), +IHIZEIE{TH B ERIEAN O/ \$14(8.6%), I
ATE#H B(Gammaridea, 7.0%), V5% /3% B (Hyperiidea, 4.8%, [F5%E B BerifE ikl
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N (F%=78, N%=50.6, W%=52.2), RL\THIXRXB D HHEHEIEHE M >1=(F%=94,
N%=33.5, W%=19.7),
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O SHEAFETOEEEW R R T (Table IV-5)CIE & H# fR BI X7 (Table IV-6)$E £
Rz, =, SERE O M B ER DT DO FERIIFig IV-8DA-CHE LUG-IIZ, £
EMRNERE DT DEERZEFig IV-8DD-FH LWI-LIZRLT=,
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Fig. IV-7. Eigenvalues of correspondence analysis (CA) ordination of the 22 stations and
16 prey categories based on the prey occurrence from the stomachs in Pacific cod

juveniles collected in Mutsu Bay in June.
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Table IV-5. Prey scores derived from correspondence analysis (CA)
of stomach contents in Pacific cod juveniles in Mutsu Bay in June

Axis
Food organism 1 2 3 4
Limacina sp. 0.51 -0.61 3.09 -1.63
Calanoida -0.73 -0.22 0.34 0.11
Corycaeus spp. -1.46 -0.74 -025 0.15
Cumacea -1.61 -0.61 -0.63 -1.60
Gammaridea 113 0.71 -2.05 -0.66
Hyperiidea 0.80 1.25 -198 -1.09
Caprellidea 133 -0.15 0.53 1.08
Euphausiacea furcilia -1.82 039 -052 -113
Natantia juvenile 1.13 002 -1.91 -0.72
Natantia zoea -040 -113 -0.73 2.73
Reptantia Anomura zoea 062 -1.68 1.1 -1.44
Reptantia Anomura megalopa 277 -043 003 -0.86
Reptantia Brachyura zoea -0.19 -0.51 003 -1.18
Reptantia Brachyura megalopa 2.01 -1.25 0.27 0.07
Sagittoidea 0.00 3.37 1.12 0.96
PISCES larva and juvenile 1.54 -0.22 -0.46 0.96
Eigenvalue 0364 0212 0.163 0.140
Percent of variance 31.7% 184% 142% 12.2%
Cumalative percent of variance 31.7% . 50.1% 64.3% 76.5%
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Table IV-6. Station scores derived from correspondence
analysis (CA) of stomach contents in Pacific cod juveniles
in Mutsu Bay in June

Axis
Station number
and sampling year 1 2 3 4
Stn.12, 1991 . =-0.56 030 -0.04 0.00
Stn.13, 1991 -110 =030 -010 -0.12
Stn.20, 1991 -1.01 -0.21 -020 -0.19
Stn.30, 1991 -1.08 -0.24 0.02 -0.34
Stn.43, 1991 -0.68 -0.26 019  -022
Stn.13, 1993 - -0.68 026 -006 -020
Stn.30, 1993 -0.48 -034  -0.07 0.60
Stn.37, 1993 -0.37 -0.61 -0.17 0.97
Stn.43, 1993 -0.33 -0.52 -0.17 0.89
Stn.13, 1995 -0.08 -0.21 -034  -0.20
Stn.30, 1995 -0.28 -0.43 -0.25 0.45
Stn.37, 1995 0.03 -0.42 0.59 -0.28
Stn.43, 1995 036  -051 0.12 0.30
Stn.50, 1995 -0.25 -0.28 1.03 -0.67
Stn.12, 1997 0.63 020 -098 -0.65
Stn.13, 1997 0.80 000 -029 0.27
Stn.19, 1997 1.01 014  -0.79 -0.29
Stn.30, 1997 -0.03 0.74 0.41 0.31
Stn.37, 1997 0.59 1.44 0.45 0.47
Stn.43, 1997 0.81 -0.37 0.58 0.06
Stn.50, 1997 146  -0.53 044  -029
Stn.5, 1998 -0.50 0.75 -0.07 -0.21
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Fig. IV-8. Correspondence analysis (CA) ordination of the 22 stations (A—-C, G-I) and 16
prey categories (D-F, J-L) based on the prey occurrence from the stomachs in

Pacific cod juveniles collected in Mutsu Bay in June.

score shows 'sampling year—station’,
the taxonomic name in Table IV-1.
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FThEEF-THML, FICLHHBEEOHELN RIS HERLVEREVER
Eliot= BBEY DR TIEERMINETHEINIXXBEERBELTIVZ1991ED
4RI, B1EDENNSVDERRDOERORNERIHEEL-DITXLT, 1997
FEEHFCHRIAEL, E1991FELYLE2MARICIEA>TEREBES N, CATIE
EREMAIEEAR DT DR TR R EE S T OB R B HISHGBERALLEN S
FSICREENAOT, LA BN ERROEMICH L1991 FOMBAT
MEHEENSEVHIXRBLERICEZE S HEh(Fig. IV-8-A, Fig. IV-8-D), &1=,
ERRCREMICHESHoh -t NERAEREREATO Y LGS
RA-megal)l, 19974EMStn. 30LLAA D63 A THEITHBS N1 (F%: 16-81%),
R B EEAR D CHORYARICERBSh -, SEEMRIERZE ST TYAIENE2
B A7 A< (Fig IV-8-D), MR EERE 51 Tl ARSI
BLTLM=19974E D Stn. 37 (F%=94)X019974E O Stn. 30 (F%=87), 19984E D Stn. 5
(F%=69), 19934 MStn. 13 (FA=5)ME28IZBI T B RIAT L E M >7=(Fig IV-8-A),

EHMEEMDEROTORREHLL, HEMAEZESHTETHEERD
Limacina[& D11 EAVE 3R (CAL TRELEE LY (Fig IV-8-E), COEELHARITHE
LTLZ19958 DStn. 50 (FE=95)DRF Lt RAIER S Thidm LU LA
JaybEht(Fig. IV-8-B), | |

F1EEF IO ERE DT T, HEMANER O TR+HHEEAERE DY TY
# 4 (Natantia zoea) HVEE4EHICBIL TKREFAEE LY (Fig IV-8-F), COEEZSER (4
BLTLV=19934E0)Stn. 37 (F%=100), 1993£EStn. 43 (F%=85), 19954EStn. 30 (F%=75)
DFEXLM [ B ER D clhoi R &Y EAICTOyhShi=(Fig IV-8-C), $28H
CER3E, 284, FEI3MLEABMOEF ST DRI, Fig IV-8DG-LITTRL
=

RICH1HNSEIMETOEBFNOUBHRERRT 512012, KD RI7 LB
ENBERENDT—HEAET7 IV DIRMABERKC)ICL->THEOEEELTR
(Table IV=7-1, Table IV-7-2), ZD#ERETOvLI=(Fig IV-9, Fig IV-10), £3' B
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Table IV-7-1. Spearman’s rank correlation coefficients between mean body
widths of preys and prey scores derived from correspondence analysis (CA)

of stomach contents in Pacific cod juveniles in Mutsu Bay in June

Axis

Character 1 2 3 4

Mean prey width 0.597* -0.029 -0.447 -0.096

* : Significant at 0.05
*%k: Significant at 0.01.

Table IV-7-2. Spearman's rank correlation coefficients between biotic/abiotic
characters and station scores derived from correspondence analysis (CA) of

stomach contents in Pacific cod juveniles in Mutsu Bay in June

Axis
Character 1 2 -3 4
Occurrence of Sagittoidea ® 0.028 0.726™ 0.262 0.094
Occurrence of Limacina sp. * 0.126 -0.046 0.801™ -0.357
Occurrence of Natantia zoea * -0.116 -0.316 -0.402 * 0.705™
Distance from Stn.5 0.241 -0.569" 0.590™ 0.188
Water temperature at station -0.082 0.183 -0418* 0.541™

* : Significant at 0.05
**: Significant at 0.01
a : based on number of fish.
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Fig. IV-9. Relationships between mean prey width and score of prey category in the axis 1 (A, E), occurrence of
Sagittoidea from stomachs and score of station in the axis 2 (B, F), occurrence of Limacina sp. from stomachs
and score of station in the axis 3 (G, G), and occurrence of Natantia zoea from stomachs and score of station
in the axis 4 (D, H). Each r, shows Spearman’s rank correlation coefficient.
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Fig. IV-10. Relationships between geographical distance from Stn.5 and score of station
in the axis 2 (A, D), geographical distance from Stn.5 and score of station in the axis
3 (B, E), and water temperature on the sea bottom and score of station in the axis 4
(C, F). Each r, shows Spearman'’s rank correlation coefficient.
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Body weight (g, exclude SCW)
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—1991: Bwt-SCW (g)=8.31-1076-TL29 N=99, r=0.968
"""""" 1993: Bwt—SCW ()=2.49-1075-TL320, N=76, r=0.969
""""" 1995: Bwt—SCW (g)=1.78-107%-TL326, N=100, r=0.990
1997: Bwt—SCW (g)=1.32-1076-TL33, N=218, r=0.991

Fig. IV-11. Allometric growth of Pacific cod juveniles between total length (mm) and
body weight (g, exclude stomach contents weight) in Mutsu Bay in June.
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Prey shift size (TL, mm)
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Fig. IV-12. Relation between density of calanoid copepods (individuals per square meter)
collected by vertical hauls with a NORPAC net (0.33mm mesh) and prey shift size in
total length of Pacific cod juveniles (mm) in Mutsu Bay in June. Each prey shift size
was calculated from the maximum total length of calanoid feeder and the minimum
total length of other large—sized food feeder in each sampling station.
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Fig. V-1. Relation among commercial catch (metric ton) of Pacific cod at Wakinosawa Village

(from Aomori Prefectural Aquaculture Research Center, 1995; Aomori Prefecture,
unpublished), mean density of Pacific cod larvae with a beam trawl net in February (inds.-
1,000m™), mean density of Pacific cod larvae and juveniles in April with a beam trawl net
(inds.-1,000m™3), mean density of Pacific cod juveniles in June with a otter trawl net (inds.-

1,000m™3).

Hatched characters show the samples collected by oblique tows with a beam

trawl net and solid characters show the samples collected by horizontal tows with a beam

trawl net or an otter trawl net.
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24-27 Apr. 1990 18-20 Apr. 1994

Surface

26-28 Apr. 1995

Surface Surface

14-16 Apr. 1992 22-24 Apr. 1996

Surface

Surface

12-13 Apr. 1993 21-22 Apr. 1997

Surface

Surface

Fig. V-2. Horizontal distributions of water temperature and salinity at the
surface in April 1990~1997. Each numeral in italic shows the salinity at
Stn. 8 (off Tairadate). Hatched area shows the area 0.5-1.0PSU lower
than the salinity at Stn. 8 and dotted area shows the area >1.0PSU
lower than the salinity at Stn. 8.
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22-24 June 1993

Surface Bottom

28-30 June_1994 - ) 28-30 June 1994

Surface Bottom

Fig. V-3. Horizontal distributions of water temperature and salinity at the
surface (left) and on the bottom (right) in June 1990-1991 and 1993—
1997. Each numeral in italic shows the salinity at Stn. 8 (off Tairadate).
Hatched area shows the area 0.5-1.0PSU lower than the salinity at Stn. 8
and dotted area shows the area >1.0PSU lower than the salinity at Stn. 8.
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Fig. V-3. (cont.)
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Fig. V=4. Annual fluctuations of the differences in sigma—t (kg-m™) between surface and

15m depth in April and between surface and bottom in June. Each square shows
the mean and each vertical bar shows the range.
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June 1995
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Fig. V-5. Horizontal distribution of Pseudocalanus spp. collected by vertical hauls with a NORPAC net (0.33mm mesh) in

April and June. Mean densities are shown at bottom right corners in panels.

et al,, 1992,

Data in 1990 was quoted from Takatsu
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Feb. Mar. Apr. May June July
6/1123456{123456(123456/123456{123456

1977 0 0=
1978 |66 666666 6 6 6 ARDRNRR0 0 0 0
1979 666666666§§§§§§§§0004::_———*———
1980 666666666}6§§§§§§§000
1981 .66666
1982 |6 6666666 0000
1983 |6 66666 0000000000
1984 66666666 00
1985 666666666 0000000 0
1986 666666666 000000
1987 [6 6666666666 0000
1988 (6666666666 000000
1989 {6 66666 0000
1990 0000000
1991 |6 666 6 6 6 000000
1992 (66666666 0000000
1993 0000000
1994 (66666666 000000
1995 666666666666 00000

<=s0c. 6 :6.1-8.0°C, (8 8.1-10.0°C,

0 :10.1-12.0°C, =>121°C

Fig. V-6. Water temperatures at 45m depth of a station off Tairadate by five days from

February to July in 1977-1995 (Aomori Prefectural Aquaculture Research Center,

1979-1997).
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