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Distribution and Movement of Walleye Pollock in Early Life Stages
in Mutsu Bay, Aomori

Tetsuya Takatsu,* Toyomi Takahashi,* Toshikuni Nakatani,*
Tatsuaki Maeda* and Kinzo Ohkoshi*

Distribution and movement of walleye pollock Theragra chalcogramma eggs, larvae, and
juveniles were investigated in Mutsu Bay from February to July in 1989 and 1990. During
February and March, eggs and larvae were mostly found in the mouth part of the bay. In
April, larvae and juveniles were widely distributed in the bay, where the water temperature
ranged from 7.5 to 10.1°C and their main food organisms, particularly Pseudocalanus spp.,
were abundant in the same area. In this period, large-sized juveniles were mainly collected
near the bottom in the eastern part of the bay, whereas larvae and small-sized juveniles were
concentrated in the shallow waters near the mouth part of the bay. In May, the water tem-

perature at the surface rose to 10.9-12.7°C and most of the juveniles moved to the bottom of

the western and mouth part of the bay. After June, it seems probable that juveniles began
to migrate outside of the bay, because of high water temperature and a lack of food organisms

in the bay.

BEBLIEIY < £ 5 Gadus macrocephalus DX EEEEINE
THD,D 2 Anb 3 BRI T~ & FFMERIOMAT
B EABMBRTHAENR,Y Ay by &350k XU

Table 1.

number of samples in Mutsu bay

Number of net sampling stations and

No. of No.Jjof
Date Gear . &

BT LA MBbRT Wi, AF bY XS stations _samples
I3 L OFEROARICE T AR, W b i Mar. 1-4,  NORPAC 19 19
\ - . 1989 BT 18 18

v , RO I % THERNE W,
Zkfﬁ Q]@%?}’L 5.—1:%?% X5 ﬁﬁfﬁ JE%LW UZ?ZWJI*J May 18-23, NORPAC 46 46
KEI R IO B KIRTOMEITSR biviav, RIF 1989 OT (Mid water) 5 6
FECIIBERET R T A Y P 7 A IR XOFHERORE OT (Bottom) 13 13
MDA R X OWESHBE DR PIE(LEREN, g Jul. 18-22, NORPAC 38 38
) B 1989 OT (Mid water) 4 4
A RS OFERAEERCRE e o\ CTHEEL

) RI TR F OT (Bottom) 11 11
o Feb. 6-8, NORPAC 19 19
1990 LV 8 17
= B H & Apr. 24-27, NORPAC 23 23
1990 MTD 3 9
APz CHZ#ENT 198948 3 B, 5 A, 7T Ak X BT 11 17
TN1990 42 2 B, 4 B, 6 Ao&E 6 E, EHREER Jun. 13-14, NORPAC 16 16
BT (Fig. 1), LB RFRESTHFTHEMR 5> LER 1990 OT (Bottom) 5 5

(107.85 + v) #FEHALTE LI,

DEEFEETH DAY + v & TPk T OVEEL OF &
'L, 1990 48 2 Hicfems » b (HE: 1.0m, B4+ 033
mm) OWFEE k2 bYEE S COMER FEARMCFE—

NORPAC, NORPAC net vertical hauling; LV, larva net
vertical hauling; MTD: MTD nets; BT, beam trawl; and OT,

otter trawl.

* AL ¥ETE KBk EESeEy (Faculty of Fisheries, Hokkaido University, Minato, Hakodate, Hokkaido 041, Japan).
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Fig. 1. Location of Mutsu Bay (A), contours of
depth (m) (B), and the location of hydro-
graphic observation and net sampling stations
(C). M, mouth part of the bay; NW,
northwestern part of the bay; SW, south-
western part of the bay; and E, eastern part
of the bay.

HiEC3E) IC k- CTHEL (Table 1), =72, 1989 45
IBBIOCI990 F£4 Fiiy, €—2atbtr—a1Y (@O
2.0x2.5m, B&: 20mm, £EAA: 0.33mm) OKF
B, (3.0kt, 10 /3~15 Hf#) TIB IOMFHRLEEL
oo 1989 ED 5 & 7 AR XOF 1990 45 6 Aiciz,
HERRER/NIS » 2 — e —0 (@0 44mx59m,
H4: 90mm, &5{EE&: 12mm) o&ES (3.0kt, 15
) BiTotte E— AL r—lRBIWEy X~ | & —
AOFEA BT F » b ' = 2 — (KAIJO) % F v ft
i, RBKERRE LI, BERTNTERIIT,, &
AU ETIEBEpiE7 2 b= ) VIR (5~10%) T
BEEL, FER 24 FEME 36 BEHAK 70% =%
J = VBB L, TR, Ay ZA— b e — L THER
NIRRT D\ TR A BRI S 43 W 4 140 300 Bk
(FERED Al BT 28 #EE L THRsE
Fblgoich, ToMsiE L CELR Y, EEL s
L7

B~ 5 v 7 » ik NORPAC %o b (H£E: 045

m, B4+ 0.33 mm) OEE LA HIEE ¥ COMERIC
Yo THE LT, T2, 1990 4F 4 Byt MTD %, +
(AEE: 0.56m, BA: 0.33mm) /AT 15m, 30m &
IO 45m BoKFER (10 5F) 2170k, #EIhE
BT 57 bR, B 5% OFRET =) v
B CEE L. 875 v 2 + VITERIEHL, &
MR DOEESHEY LE 2 S s EHE RO\ TIETRE
MR b BB AR L L,

ZBR A OKE - 4% VARIOSENS HI  (IM-
PULSPHYSIC GMBH) #7-1% CTD (Neil Brown
CTD SYSTEM) WX THEL, EERKCOWTIZE
BICEAR LOREIBEEITV, )/ 2 =2 =10k Tl
ERRD I,

A& b7 #5P0% Nakatani and Maeda® OF:Ey
FRhE- TR L, FHEROHPNIL Haryu® Zit- T
BiEts »s BIERAE 22mm (£ETH 25mm) K
DfEfFZ R (larva), BE#EGERE 22mm [ EofE4kr
ffefa (juvenile) & Lz, FfEAOLREIR 10mm HFT
BEABERSETC 0.05mm BT, 10mm %i#Ex%
BERIZETF  FA%HAWT 0.0l mm ¥ CLELHE
Lo %72, 4 AU A OEF R Z Bt Stn. 13 T
BEINCAF by &S FfER 20 BEeonT, BN
By BEBEHSE T CREL, @EEEEH 2

& e

BEBEOFHEL BHARPCHIS 1989 F 3
12, XHFREAT X D IAERRAER L OESDEIVNE
WA, KR e 34 & S R R R TANER N
A% XTSI OB MMER Lk bh, TSR
TEL T\ (Fig. 24, 2B), —JF, EETEH Ik
B TIREERCOBE RTIER - Tk Y, = OO
ERAKRIIEMEZBELCTC RS BUEEX/RTY 5 A0E
TBAKEIL 10.9~12.7°C I BH Lichs, Ry
Eicix 8°C B oEEBE LA E » Tuic (Fig. 2C), 7
Rcie s EMERNTRBRES S, BEROKE LS
23E L L, EXKRBEEE L ORIERCh T s b
hic#2irch -7 (Fig. 2D), =D X 5 el OFERZS
fei 1990 SE LB ST v (Fig. 2E-H), BEL D
PERE T4 b s SR O S O —BIVREEEZ R L
T\Fo, FTAF Py AR I OFHERA, B~ >
V7 bV OREEE T O W CEFER AL TH S

I—o

A b5 S L CFHERONTE 2 ALE, 27
FYASIIBIOMFAITLE S CERECTOAEERR,
R TIIA RE I h - 7o (Fig. 3A, 3B). 43R
BB 5 5, MEIIFE 3/4 Bl EOLERT®I) (Stage
V) 2E®5EEE,  Bedt@lo St 2 T 43.8%,
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- Fig. 2. Seasonal changes in distribution of tem-
perature (°C, solid lines) and salinity (broken
lines) from March to July 1989 and from
February to June 1990.

Stn. 5 € 91.3% THh- 12, Bl Stn. 8 35 L O Stn.
10 T i 100% Thotz, FRFICEEShIFR
ITIBEEE L 2 E 4.10mm LT oEECH - oo
3AERATE, Ik 2 BEMEEE ZeBniBesmL
Tiedy, BRI EF4 bhi: (Fig. 3C). IBLERTO
OP (Stage V) 2359 5 €&, Bodbilo Stn. 2, Stn.
4 X Stn. 6 TN Th 13.6%, 41.3%, 34.3% T
»Y, FEflo Stn. 8 & Stn. 10 TITFhFh 45.3%,
66.7% Tholeo THEX L, B Stn. 14/, Stn. 16,
Stn. 30, Stn. 31 TR C 100% CTHo7o, T BT
2 A EmEB, JIDES DERAEE ST 588
ZRL T, L LREUKERE FRE T CE
TREShD Z &b (Fig. 3D), EHFCRLLFRA
DENDILDBAL—HHD L5 ThHb,

4 AFH, €—abwe—1%k, b CEE 1,749 FEiED
AT MU X FERRPEE SRS, KIE 13~21m &k
B DA E T E I Stn. 15 TR E L, KR\WTH
BAkFE Al Stn. 33 TEA o7 (Fig. 3E). ¥ 3

Larvae and Juveniles
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Fig. 3. Distribution of walleye poilock eggs,
larvae, and juveniles over February 6-8, 1990
(A, B), March 1-4, 1989 (C, D), and April
24-26, 1990 (E). Samples were collected by
larva net vertical hauling in February (A, B)
and beam trawl for 10 min at 3.0kt in
March and April (C-E). Contours show
water temperature (°C) at the surface (A, B)
and at a depth of 16 m (C-E).
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Fig. 4. Vertical distribution of walleye poliock
larvae and juveniles collected by beam trawl
over April 24-26, 1990.

BT, E—AFH—W*yrm%Eam o%%éhk
4), mEEsdrEdao Stn. 13 “C‘bi7kﬁ7b=€z\néi&/\fﬁ! ;
EMNEL, M :fﬁi%@ Stn. 31 TIIARIENE WGBS
EritoTnl, oD LIk, FEEOEERL HHEE
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Fig. 5. Size frequency distribution of walleye pollock larvae and juveniles collected by beam

trawl at Stn. 13 and Stn. 31 over April 24-26, 1990.

DOUFENL L T TA S BRESM L TwicZ E %R L
T 5, WHOFREBOGR LMENTO BHR % 4 %
&, ERIHE Stn. 13 EEEO Sto. 31 T, KR
DEIE E KBRS E T 2 EA 2 5 - 1o (Fig. 5).
72721, Stn. 13 OKE 51m Cik 4 EHELMFESR
fednoto, iz, Stn. 13 OFXEHMEBETH HAKE 13m
DL ET 28.55mm T, Stn. 31 OXKE 2m O
34.79 mm I~ T/PETH - fo (# RE: P<0.001), K
WA EEeEY g5 & (Fig. 6), A, wEEdt
. FEEEE, BBk E Lo T (1 BIE:
P<0.01),

5 AP, AY by R 5HADSE T TIRIBE
Pt LT (Table 2), KA REE 8 O &
BT TE L, 6 ADBLEEICE oM L T i
(Fig. 7)o

BENREROAMNEL 4 Anb T AT T, fF
e O LiclaisdbEl Stn. 13 Wk A A7 + v
£ RO T ARYHER %L Table 3 1K L7ic, FER
BT s EEITe L 2 b T, FICERE Calanoi-

v: Mean total length. N: Sample size.

da 2EMLTHE L, 4 B, A7 b &I FHaN
Pseudocalanus Bo iR L CWicElE (F%) 1k 100%
T, Pseudocalanus B4 BEAEMCH LTl 5 EEE
Elf (N%) & 61.0% EEWEAR LI, 5 HididEr
Pseudocalanus [& (F%: 100%, N%: 48.4%), Centro-
pages abdominalis (F%: 100%, N%: 34.9%) % &L
T\ To, 6 B2y Pseudocalanus J& (F%: 75%, N%:
0.8%) O 5D B EHIIEL, B T Paracalanus par-
vus (F%: 100%, N9%: 57.1%) B ilc-tce Fic,
Centropages abdominalis (F%: 100%, N%: 22.2%) %
KM% FRSh v, 7 BIRZERETREAE
R IhTwich - Tc Acartia clausi (F%: 100%, N%:
34.7%) DL HZbhl, Ay by A HERPEALT
WieEEYOFBEERE, 5 A L BHTcD T64.8 @
RCH -1, ThDgERA L (UBRE: S AL 6 A
KIV6 BE 7 BowThd P<0.002),

Calanoida O%7F TEEILH KT % Calanoida ©
SEYgAFE EE A Table 4 R4, Calanoida 4:{&£Clk
4 FekbEy 37,566 fEfk/m? ARL, 5 Fic 29,011
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Table 2. Number of walleye pollock juveniles collected by otter trawl for 10 min haul at 3.0 kt

over May 18-23 and July 18-22, 1989

Distance from the bottom (m)

Month Stn. No.
0 (bottom) 5 10 20 30
 May, 1989 2 452.7 — 0 — —
5 5651.3 — 0 —
13 14694.0 669.0 — — 40.8
19 2821.3 1.0 — — —
47 21.3 — 69.0 — —
July, 1989 5 6.0 — 0 —_ —_
13 3589.3 — 0 — —
19 3396.7 —_ 0 — —
30 461.0 — 0 — -
20r | — Mouth part of Bay|
Vsl 1 l 2 stations|
; | 2 haulings {
op | v { N=64
|
(e |
L {1,
20y
Northwestern part of Bay|
15} = i | 3 stations|
. | | | 7 haulings|
2 10r | IN=789I
s | [ @ :300-3999
. | . © :100-299
- L | ® :30-989
[8) o :1~-29
= - ! X:0
® Number / haul 10min. 3.0kt
320 .
o South w[e ster ”v p '32” tO ft Bayj Fig. 7. Distribution of walleye pollock juveniles
¥ s | 2 ; ail ':?igz collected by otter trawl on the sea-bottom
L | IN = 225 | over May 18-23, 1989 (A), June 13-14, 1990
or } } : l (B), and July 18-22, 1989 (C). Contours show
5 } | l { water temperature (°C) on the bottom.
L ]
20r %o" FEEEETIL 3 AREOET, 4 ACEAE0TH
% Eastern pa@rt tof Bayi NIATFELE T oA L (Fig. 8A, 8B), A» F v &35
150 stati
| | 6 haulings | FRADHT L X~ Lico 5 AICITBEEILSEs b
o x v [N =611 I 2 T B AR AR L (Fig. 8C), o
5t } i | FEDMR E OB H B ied - 7= (Fig. 7A), 6 Ao
| [—L_'-_J Pseudocalanus BIIIEER B\ T EEREER A L
KT 20 30 20 5o (Fig. 8D), 7 Az b &\ Stn. 12 T4 1,182 {Efk/m?
Total length (mm) LEL, EETEBE Lo T,
Fig. 6. Size frequency distribution of walleye S AR 7 v 7 & 5 MERICHERIE < BRI h T

pollock larvae and juveniles collected by
beam trawl in Mutsu Bay over April 24-26,
1990. v: Mean total length. N: Sample
size.

fEfR/m?, 6 Fds X087 Avcidfy 10,000 {E4/m? iR
Lice A7 Lo XS FHERBOTERAEYTHS Pseudo-
calanus J&1Y, ALEEROEH 2 DEWEBICA < 4/ T

1~ Centropages abdominalis 1%, INEMEKREL IR
T 5P BERETIE, 4 AR X0 5 ARBRTEWY
MEELR R LA (Fig. 9A,9B), 2 B, 3 A, 6 Ak X
O 7T B gD - 1o (Table 4),

6 BB WEE TR T\ Paracalanus parvus
DFEEILIC T 2 MEEE, 2 Birb 5 BiendT
SRR DR A Uic s (Table 4), 6 Fiik 2,938 {E{E/
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Table 3. Percent frequency of occurrence (F%) and percent by number (N%) of food items
in stomachs of larval and juvenile walleye pollock in May and July, 1989 and April and

June, 1990

April, 1990 May, 1989 June, 1990 July, 1989
Food organism
F% N% F% N% F% N% F% N%
Gastropoda 0 0 95 1.9 15 <0.1 15 0.1
Bivalvia 0 0 35 0.1 5 <01 70 2.2
Polychaeta 0 0 15 <0.1 30 0.1 70 2.1
Crustacea
Cladocera 65 5.5 55 0.1 25 0.1 35 0.5
Podon leuckarti 20 1.4 55 0.1 5 <0.1 25 0.2
Evadne nordmanni 55 4.1 15 <0.1 20 0.1 20 0.2
Copepoda
Calanoida 100 93.5 100 97.4 100 89.2 100 86.0
Calanus pacificus adult 25 3.0 5 <0.1 10 <0.1 0 0
Neocalanus tenuicornis adult 0 0 0 0 5 <0.1 0 0
Calanus and Neocalanus copepodites 85 10.4 80 0.2 95 1.2 40 0.4
Paracalanus parvus 15 0.6 100 4.8 100 57.1 100 10.9
Pseudocalanus spp. 100 61.0 100 48.4 75 0.8 70 1.6
Scolecithricella sp. 0 0 10 <0.1 15 <0.1 15 0.1
Eurytemora pacifica 0 0 0 0 0 0 5 <0.1
Centropages abdominalis 25 1.6 100 34.9 100 22.2 100 10.4
Centropages bradyi 0 0 0 0 0 0 5 <0.1
Labidocera japonica 0 0 0 0 0 0 5 <0.1
Acartia clausi 0 0 30 0.1 50 0.3 100 34.7
Unidentified Calanoida 95 16.9 100 9.0 100 7.6 100 27.8
Cyclopoida 5 0.6 35 0.1 100 5.4 100 8.2
Oithona spp. 5 0.6 0 0 0 0 25 0.2
Oncaea Spp. 0 0 5 <0.1 30 0.1 10 0.1
Corycaeus Spp. 0 0 30 0.1 95 5.3 100 7.9
Harpacticoida 0 0 5 <0.1 0 0 20 0.2
Lepadidae (cypris) 0 0 5 <0.1 0 0 0 0
Cumacea 0 0 10 <0.1 0 0 0 0
Amphipoda
Hyperiidea 0 0 0 0 5 <0.1 0 0
Caprellidea 0 0 0 0 10 <0.1 0 0
Euphausiacea larva 5 0.4 95 0.3 100 5.1 50 0.5
Decapoda
Natantia (mysis) 0 0 10 <0.1 0 0 15 0.1
Reptantia (zoea) 0 0 5 <0.1 10 <0.1 15 0.1
Average number of food organisms 24.6£12. 4 764.8+248.7 483.7+184.9 141.5+£71.0
Number of fish examined 20 20 20 20
Number of empty stomachs 0 0 0 0
Fish size range (Total length mm) 20.68-40.70 46.87-65.36 67.34-76.76 70.57-87.

Samples were collected at Stn. 13,

Table 4. Mean density of Calanoid copepods collected by vertical hauls with a NORPAC net
in the northwestern part of the bay in March, May, and July, 1989 and February, April,

and June, 1990

51

Mean density (No. of inds./m?)

Species -
Feb. 1990 Mar. 1989 Apr. 1990 May 1989 Jun. 1990 Jul. 1989
Calanoida 13,983.7 24,312.2 37,566.4 29,011.1 106,110.5 10,446.8
Calanus and Neocalanus 1,086.5 1,089.9 1,836.0 121.6 2,389.3 389.8
copepodites
Paracalanus parvus 5,663.9 3,219.3 528.2 427.6 2,937.6 903.8
Pseudocalanus spp. 2,907.4 9,942.8 21,470. 1 8,647.6 1,690.1 430.7
Centropages abdominalis 120.7 4,426.5 11,020.1 13,174.6 2,394.3 1,238.7
Acartia clausi 4,004.0 5,348.7 1,454.5 6,333.7 638.8 7,309.3
Other Calanoida 201.2 285.0 1,257.5 306.0 60. 4 174.5
6 5 8

Number of stations 5

6
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Pseudocalanus spp.
iMar, 1-4, 1989

(:):SQQOO, 0: 10000, 0:5000, :1000, -:100,X=0

No.Inds./me

Fig,. 8. Monthly change in distribution of Pseudo-
calanus spp. collected by NORPAC net
vertical hauling over March 1-4, 1989 (A),
April 24-27, 1990 (B), May 18-23, 1989 (C),
and June 13-14, 1990 (D).

~~“Acartia clausi

O:so,ooo
O

: 10,000
O 5,000
e :1,000
- 1100
x =0

No.Inds./mz

Fig. 9. Distribution of Centropages abdominalis
(A, B) and Acartia clausi (C) collected by
NORPAC net vertical hauling over April 24-
27, 1990 (A), May 18-23, 1989 (B), and July
18-22, 1989 (QO).

m? %L, i Calanoida WHCE\DHBE & /e
2 TUTe,

EEUTRBRERBEOS\ dcartia Bt TR
HHEKIR 2 85 15 Acartia clausi vk, 7 B 6k S,
14 CIFFeEm e ImEE LR L (Fig. 90),

1990 4 4 H 25~26 Hi Stn. 10, Sto. 19, Stn. 31
T MTD &, P X Y4 X 7- Calanoida O3S E 4
fiz Fig. 10 WRL7, Eoi Stn. 10 T EBEE
Calanoida OMREEENE <, FHEILE o Stn. 19 ¢k

Density (Number of inds. / cubic meter)

0 200 400 600 800
T ¥ T T T T 7 1
0 =
5 St.10
30
4571

ST T

T T T T

(=]
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w

Depth {m)
o~ W
o O

AN
Vi i

Pseudocalanus spp. [] Acartia clausi
Ceniropages abdominalis Oth@i’ Calancida

Fig. 10. Vertical distribution of Calanoid cope-
pods collected by MTD nets in Mutsu Bay
over April 25-26, 1990.

EEIZEE L o TUinie, 72, HED Stn. 31 T
BLECTEWEY R LI, EOH St 10 3FEEILE
Stn. 13 w37 < (Fig. 1), £ Z Tk A7 b7 X S{FHEAN
KBEOBWBIERLCic (Fig. 4), KA b v &

Calanoida IEBCEEE Lo Tk, T2 THHHE
DIESFIE—F LT\ Foe Lo L7 ds LU IR
W Stn. 19 Tl Z 0 X 5 IefRBE S T O—T TR B inhs
5712,
£ =

2HLEER IO 3 A EFCERTCHEE LIl L
I LERTOIR (Stage V) Thotc, & OFH, BRI
EBIKOKIEIL 8~9°C BT, = ORECIIZERIN
b3 5%FC 10 B E&RIEF 2 100 Fie, Eled
CCEBACIgm LAy by 235 Bl@an,1» 12 A
TEH»L3 A EACrT TERRRE Y R THEIR
T 5.5 o iR adb B35 5 BB o —iE, B
EE e s BAE 3 2 BRI K & 7 0 BRILIBIWC IR AT 5 &
EDD, Y BEEECIREINICAY P AT OB L O
e, FHREAGTHABACER Sh, BEREPNCE
EENTbDEEZDRS,

4 AT, FRAZBMCE AHL TR, 2ok
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TREEENIT 7.5°C (Stn. 31 DK 33 m)~10.1°C (Stn. 8
DKE 16 m) THoTo, Fio, BOHCEFEEILET
N OFRERPB UGB TS o fond, HEOWEE T
K OB DEE I ED - Tl Ehv b, HEHF

CRE RIS S T RE RIS OB, BV
CHE I BRI O SR TSR OB B IR S
ST HEDEEZ RS, = ORIESAE, FEH
BT Hh D Pseudocalanus BHVEBEWZOM L TE D
(Fig. 8B), fF#isfBAEMBREL L ico T B d D LHEE S
nab, RENEEYREY 2B &, BRETRERVEBIR
Calanoida OO HBENE < (Fig. 10), BEIZ 2 5 1
o TR OFLIE > T D & L IFHERO
BRERAE I DO R 5 I~ OB B, SAEYR
BAREIELHDOBEWTEE LTRZSDZ LA T
X5,

5 BATawy, FEKER 10.9~12.7°C w kT 5
7o, BEHABTHIIAY Y X IIERBROKEL
Rt o TEBBRA~BEH T30 LHEIND, BAIS
F L O F O RIYEHR C1r 7 B T AKE 4~6°C OEE
Lz ek 7T0mm FiECHEE LD, 85mm 225 &
FEAEOHBIEETSH, 1P BRECIZ 5 A TR
KiE 8.1~9.9°C D¥E LIt 4 E#H 55 mm THMH LT
Do T RUITFEEVEE KT RTKEREL, Lo E
W KRR BB A D THA D, T DR OFE
MY TchD Pseudocalanus JBX> Centropages abdo-
minalis ¥, EEKEMEVCKIE CTEBEERSH L O
z Lo (Fig. 2C, 8C, 9B), 1 bITR ICEIEMFITs
HLTWBLDEEbRD, 5T, ZOROHED
EBBEAOBENIHAYRE L b EBECEbs 05
ODEEZBNS, LL, 4 ARXIUV 5 AOFHERDL
FEFEEHEY L 3BT L —FHRD bhiadio T,
CHIEEYORE IR L > TEOEEENRLD, K
PHY e SNEREAYRELHEBEC LTS H 0 LHES
N5, SEIEEHOEBTREICOWTERRAE LT\ <
DEBBS 5,

6 Aicissd LIERBKRIL 9.7~14.7°C it EHR L, #A
REABELIBDE L0 LHEIRS, ZhET8H
L fibhicr e —ABET, A& b v £ SHEAEN
Pl CHE XN D LITIE & A Yo, BT
HERPBANTEREL, BEXTOZ VPRI LT W5
(CRFEFERD . B KE OB NIRRT OFE S ERE
KED 6~T°C BETHDHDIK L, 1517 FEREDFEE

BEEARE 17°C DETh Y, 0 HA0EEEARY

EAPCHBLZTLESDHTHSH, Kamba,'® g,
BIEY L2 B AECHET 542k T0mm L EoA
roby XS HEROEAYT, 4T EREERE,
WHEOY 7 I EThHD, BEED6 AR %

HifH, K

Ay by XS HROFEELEET 7T4.07mm ¢hh, oh
SOMENEHATLC LIXTERTHE LB AN,
BB L 2 DRI A O ST E D TR L,
6 Hwiy Paracalanus parvus %, 7 HIL Acartia
clausi % OBRERC IS oA+ 5 /NIRRT
Ty~ 7z (Table 3, 4). #7-, Calanoida OHHEE S X
CHAE LT Ao FEEGERLES L TR, B
S 6 ALEIL A 7 b v & T fERIR T 5 SRR AN
BllnoTETWBLDLEbh%,

AT HAE B X ORI A & fo R\ S iy
B, W IOTFHRYEEL, EIELLOERE X

WEE, FROSFRCHEETS LE 2 b b EMEE
T D REAE A BREE, HCHIER L L TRV EE LB 2
DRAEHE, — 7Y v A0S EE W b T 50
BH%o

ARECDHIc ), BELERL LOWWERYRE LT
BEWICHREKEEE Yy 2 —0R)l BE, BE &
K, FHRBERERRE O+ HIFEKCE#T5, Fi,
P b C OREARIREIC S KT 1 70 % TAN ~ o biiE R AR
PESEEIZEREMN 5 LEAOMBEREEILCDREER
G, MEpMEEmestpE g ORILE 1L (BAEAKE
REL), B SR (F), REAEK GAumERT
DB 2 -), EAZAE EEREKERGSE), &
FHIRE K DO FTRAEZIL LD & T 5 ESER
R L, D2 bR 5,
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