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Relationship between Hydrographic Conditions in Funka Bay, Hokkaido, during Winter and
Year Class Strength of the Japanese Pacific Population of Walleye Pollock
Gadus chalcogrammus from 1991 to 2013

Toshikuni Nakarant”

Abstract

Funka Bay is the main nursery ground of the Japanese Pacific population of walleye pollock Gadus chalcogrammus.  To better under-
stand how hydrographic and biological conditions are related to the survival of this population during the early life stages, hydrographic obser-
vations and field samplings have been conducted in Funka Bay since 1991 aboard the T/S Ushio-Maru, Faculty of Fisheries, Hokkaido
University. Data have been collected on hydrographic conditions and the distributions of larval pollock and copepod nauplii (larval prey).
The year class strength estimated by tuning VPA calculation has fluctuated annually and strong year classes occurred in 1991, 1994, 1995,
2005, and 2007. In these years, the Tsugaru Warm Water (TWW, > 6°C, salinity > 33.6) distributed in late January in Funka Bay and the
Oyashio Cold Water (OCW, < 3.0°C, salinity 33.0-33.3) entered the bay after mid February. In contrast, the recruitment failure was found in
2010, when cold water prevailed in early February in the bay due to early intrusion of OCW. From 1991 to 2013, walleye pollock larvae
were mostly collected in late January. A positive relationship was found between the temperatures at 15 m depth in late January and the year
class strength of the population (» = 0.56, p = 0.017). While no significant relationship was found between the density of copepod nauplii in
late January and the year class strength (= 0.32, p = 0.259). Previous studies have shown the feeding success of larval pollock is higher in
TWW than in OCW. These results suggest that higher feeding success during the warmer years in late January in Funka Bay might have
resulted in the strong year classes.
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Fig. 1. Distribution of the Japanese Pacific population of walleye
pollock in the coastal areas in Hokkaido, Japan.
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Annual fluctuation of the year class strength of the Japa-
nese Pacific population of walleye pollock estimated by
individual numbers of O-year pollock, which are calculated
by tuning VPA (virtual population analysis). (from Funa-
moto et al., 2017)
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Fig. 3. Location of sampling stations in Funka Bay and vicinity.

WL OREZIT- 70 Fig 3 IIORTHAMIIB VT, K
1 L2 5 fEE £ TOK - 355 % CTD IS & ) Bl L 72,
WAL A N ¥ F4741% Norpac &~ v I (4%
45cm, HA 033 mm) 720311480 cm, HA 033 mm 7
T Ay N OWKE LA S MR E TOHERIC &
DEREE L7z BERGENOFAOEEZMEY TH L H A
7 HE/ — 7)) 7 A (Kamba, 1997 ; Nakatani, 1995b) (311
AT 57K 15 m (Kamba, 1977 ; Nakatani, 1988) |Z5\>
T, N FUERKREEQOLH, F/23 6 LA 12X K
L, METHE4OmDONY F3y b THHELT
REL 72,

(=] %

1991 £ Fig.4 (21 AH5 3 A £ TOKIE 15 m DKl -
Wk mR L7z 1 H2930 HOBBEIKRZ R o L, FHiop
Station 55 (6.4°C, 3E4333.52) % b& % 7.0-8.0°C, 3% 33.6
Db BRI R K (TWW 5 KA - ARJT (1980) AE < VB
ZHEO T2, 2 H 21 HIZIZKIEAT4°C /A E TIT L

mixing water
ocw

TWW

21 February 1991
temperature only

Fig. 4. Distributions of water temperature ( °C) and salinity
(-==-- ) at 15 m depth in winter 1991. (from Nakatani,
1995a)
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Fig. 5. Distributions of walleye pollock larvae (larvae * m?) in
winter 1991.  Samples were collected by vertical hauls
from the bottom to the surface with a Norpac net. (from
Nakatani,1995a)
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Fig. 6. Location of sampling stations of copepod nauplii in winter
1991.

Table 1. Density of copepod nauplii (nauplii * L") at 15m depth in winter 1991 (Nakatani, 1995a)

29-30, January

21, February 14, March

Station A Station B Station C

Station A Station B Station C

Station A Station B Station C

Acartia 0 0.14 0.10 0.39 0.32 0 0.31 0.69 0.05
Calanus 0.30 0.38 0.26 0.27 1.49 0 1.31 0.41 0.11
Paracalanus 2.17 1.68 1.97 0.69 0.96 0 0.19 0.28 0.11
Pseudocalanus and Metridia 0.88 0.66 0.97 3.83 1.87 0.86 2.86 0.45 2.13
Oithona 4.18 8.61 8.59 12.80 13.52 11.28 7.77 2.14 5.78
Oncaea 0.11 021 0.35 0.07 0.48 0.26 0 0.06 0

others 0.16 0.05 045 0 0 0 0 0.10 0.06
total 7.80 11.73 12.69 18.05 18.64 12.40 12.44 4.13 8.24
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21-23 January 1992 6 - 7 February 1992

Fig.7. Distributions of water temperature ( °C) and salinity
(----- ) at 15 m depth in winter 1992. (from Watanabe,

1993)

mixing water

25— 27 February 1992 17 - 19 March 1992

Fig. 8. Distributions of water temperature ( °C) and salinity
(----- ) at 15 m depth in winter 1992. (from Watanabe,
1993)

0-25.15-169.77
min. - median — max.

21 - 23 January 1992

Fig. 9. Distributions of walleye pollock larvae (larvae + m?) in
winter 1992. Samples were collected by vertical hauls
from the bottom to the surface with a Norpac net. (from
Watanabe, 1993)

17 - 19 March 1992

25 - 27 February 1992

Fig. 10. Distributions of walleye pollock larvae (larvae - m?) in
winter 1992.  Samples were collected by vertical hauls
from the bottom to the surface with a Norpac net. (from
Watanabe, 1993)
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Fig. 11. Distributions of water temperature ( °C) and salin-
ity (==--- ) at 15 m depth in winter 1993. (from Sugi-

moto, 1997)

0-6.29 - 207.49
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27 - 28 January 1993 19 March 1993
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Fig. 12. Distributions of walleye pollock larvae (larvae * m?) in
winter 1993.  Samples were collected by vertical hauls
from the bottom to the surface with a Norpac net. (from
Sugimoto, 1997)
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HIRC 2075 JEAK - m? HME S L7z (Fig. 14) 2 H FEIOE
A2 HEIZB VT D 44.0-69.2 flfk-m? OGHHEL R L
3 2B WT D Station 30 125\ T 1132 K - m? D
fli& 72> Tz,

HATVHE —T) T ADGAREIL1 A TRICBW
TH 10fEfE - L' 22 CRWEE 2->TEBD, 2 APS
3 BZHF THEfN L T W72 (Table 3).

1994 FEARHENT 0 F BEC 3.226 % 10° A & HfEE S T
5o

1995 &£ 1 2527 H TIXE ML 6.0-7.0°C, 3E45 33.8
DOFERBZFHKIZE DI T WA, B ISR H I Station 9
121X 4.2°C, #5575 33.07 DR OTADHERRL S 4172 (Fig.
15 F D, 2 B 1517 HIZ1X 2.5-45°C, 45 33.4 K
DIRFEBEAEN T 5, 1995 F47 BRI
2HWHICERPZT L2bDEEZ 5N 5, 3 H 23-24

16 - 17 March 1994

mixing water

Salinity 33.3

24 - 25 February 1994

Fig. 13. Distributions of water temperature ( °C) and salin-
ity (-=--- ) at 15 m depth in winter 1994. (from Urabe,
1997)

0-15.72-207.49
min. — median — max.

25 - 28 January 1994

0-25.15-113.18
min. — median — max.

16 - 17 March 1994

24 February 1994

Fig. 14. Distributions of walleye pollock larvae (larvae * m?) in
winter 1994.  Samples were collected by vertical hauls
from the bottom to the surface with a Norpac net. (from
Urabe, 1995)

Table 3. Densities of copepod nauplii (nauplii * L") collected at
15 m depth at station 30 in winter 1994

24, February 10, March 22, March

.. .. g Acartia 1.35 1.18 3.16
Table 2. Densities of copepod nauplii (nauplii - L) collected at 15
m depth at Station 30 in winter 1993 (from Sugimoto, 1997) Calanus 08 01 1.2
Centropages 0.1 0 0.6
27, January 17, February 19, March Eurytemora 0 01 0
Acartia 0 0.05 0.85 Paracalanus 0.2 0 0.45
Calanus 0.05 0 0 Pseudocalanus and Metridia 3.75 6.78 15.81
Paracalanus 0 0 0.10 Tortanus 0 0.1 0
Pseudocalanus and Metridia 0.15 0.90 3.20 Oithona 8.1 11.01 14.31
Oithona 3.35 4.20 295 HarpACTICOIDA 0.1 0 0
Oncaea 0 0.30 0 Oncaea 0.1 0 0
others 0.20 0.40 0.55 others 0.65 1.87 1.65
total 3.85 5.85 7.65 total 15.15 21.14 372
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Fig. 15.

Distributions of water temperature (- °C) and salin-
ity (----- ) at 15 m depth in winter 1995. (from Sugi-
moto, 1997)
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A B E 7o Tz (Table 4)o 2 AU REE S
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Wk h o 72 (Fig. 17)0 EOERD SEIE G I2B VT 4.0-
5.0°C, 3543 33.0 GO EBE O3 A DHERR Sz 2 A
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0-19.89-141.25

min. — median — max. 1.99-15.92-43.77

min. - median - max.
23 - 24 March 1995

17.90 - 77.59 - 149.21 ’ 97.5
min. - median-max.  149.2 -

15 - 17 February 1995

Fig. 16. Distributions of walleye pollock larvae (larvae + m?) in
winter 1995.  Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Sugimoto, 1997)

BEIOTADTET LT\ 7ze 3 H 6-11 FIZIEE /N
WA HBNICE L ILNCHEIPAT, dbifEE KK 5
BIRBL X AMICK VAEERITo 720 /N Tl
TRBEASEUN & 720 BN S IEIR T TR REBLE S AR
L, BN 1.5-20°C FTET LT,

A4 b YA, 1 BB TEREE LMD
5T THTITERE ST (Fig. 18)0 2 HIZIZEANALM
TEL G L, ARG AHEIL 1393 fiF - m? TH -7z,
3HIZBULIEEEIAE Tl 2 H L L CTO/mEENKT
WSRO BTz,

WA TV =TI ADSAEEITT A TaA»S 2
H A ClE 13.8-172 iR - L T 2 ME% 7R L7245,
3 AHAIZIEZEN TN L 72 (Table 5,224 84K - L)

1996 fEARHEN 0 F BT 0.930 X 10° AT, RV ilAsHE
EINT,

1997 F 1 A 2021 H O, #EWIiL6.0-7.0°C, M5

Table 4. Densities of copepod nauplii (nauplii * L™) collected at 15 m depth at Station 30 in winter 1995 (from Sugimoto,

1997)

1725 2/8 2/15 2/21 3/7 3/15 3/23 3/27
Acartia 0 0.37 0.61 1.69 0.79 0.37 3.67 7.38
Calanus 0.38 047 091 0.74 0.90 0.45 0.20 0
Centropages 0 0 0.15 0.07 0.11 0 0 0
FEucalanus 0 0.05 0 0.15 0.11 0.15 0 0.55
Paracalanus 1.27 1.00 0.23 0.22 0.34 0.07 0.61 0.14
Pseudocalanus and Metridia 0.32 2.74 3.71 5.22 12.32 8.77 23.32 17.21
Tortanus 0 0 0 0.07 0 0.22 0 0
Oithona 9.13 6.97 8.49 7.14 6.89 6.82 8.97 9.70
Corycaeus 1.14 0.47 0.08 0.15 0.23 0 0 0
Oncaea 0 0.16 0.15 0 0 0 0 0
others 0.06 0.11 0 0 0 0.15 0.20 0.14
total 12.30 12.35 14.33 15.45 21.70 17.02 35.98 35.11

— 24 —
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Fig. 17. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 1996. (from Nagaya,
1997)

DU E A N7 87 AR EAEH)

*9.9 2.0
-8.0

. " X
. a0

‘20x 179760 X
2239 ‘139
8.0

‘6.0

0-3.98-23.87
min. — median — max.

17 - 24 January 1996 ‘20
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1.99 -27.85-139.26
min. - median - max.
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Fig. 18. Distributions of walleye pollock larvae (larvae * m?) in
winter 1996. Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Nagaya, 1997)

Table 5. Densities of copepod nauplii (nauplii -+ L") collected at 15 m depth in winter 1996 (from Nagaya, 1997)

23-24, January 13-14, February 6-11, March

Stn. 17 Stn. 4 Stn. 30 Stn. 4 Stn.30  Stn. 17 Stn. 133 Stn. 111
Calanus 022 022 1.00 0.11 0.60 0.47 0.05 022
Paracalanus 0.11 0.17 0.37 0.05 0.60 0.26 0.05 0.05
Pseudocalanus and Metridia 1.47 2.55 5.66 3.11 6.78 5.07 3.59 246
Oithona 10.22 10.68 7.55 9.75 11.87 9.36 13.80 14.12
Oncaea 0.71 0.33 0.10 0.11 0.10 0.05 0.00 0.00
others 0.43 0.39 0.31 0.11 0.10 021 0.00 0.00
total 13.75 14.50 17.20 13.55 22.35 18.15 18.15 17.30

Depth (m)
50N
o o

-}
=}

0
=

100

18 - 19 February 1997

Fig. 19. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 1997. (from Umezaki,
1998)

33.8 OFEEIET K TE DL T /2 (Fig. 19). 2 H 18-19 H
WEFRKD 726, LR Station 13 B X OV 17 L BN IO
Station 30 D 3 W EDADEM TH - 720 Z OWE, KiE
40 m LI 3.5°C LUF, 1645 334 R EHE A A L,
40 m LU\ 53 33.6 %8 2 2 EERBETTK A4 L T\ 7z

0-18.90-61.67
min. — median — max.
20 - 21 January 1997

5 -12 March 1997

S~

0-10.94-19.89
min. — median — max.

18 - 19 February 1997

Fig.20. Distributions of walleye pollock larvae (larvae * m?) in
winter 1997.  Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Umezaki, 1998)

1997 447 2 A ANIXIR BB OMADRE T LT
TbDEEZ LN, 3 H 512 HiE, BYEEDO HH
T 1.5-2.0°C DKL E N T Wiz, BEROKIRIE
30°CUTTC, 2 BRAILLITE A EZILDRA LN Do
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Table 6. Densities of copepod nauplii (nauplii - L) collected at 15 m depth from January to March 1997 (from Umezaki, 1998)

20-21, January 18-19, February 6-12, March
Stn.30 Stn. 17  Stn. 13 Stn.30 Stn.27 Stn.17 Stn. 16  Stn. 13 Stn.30  Stn. 17  Stn. 124

Acartia 0.31 0.83 0.05 0 0 0 0.34 0.06 0.05 0.11 0.15
Calanus 041 0.31 0.11 0.06 0.05 0 0.06 0.29 0 0 0.05
Paracalanus 1.03 0.93 0.54 0.11 0.21 0 0.40 0.06 0 0 0.21
Pseudocalanus 0.31 0.67 0.65 1.94 0.67 0.33 0.86 091 1.36 0.79 232
Oithona 6.26 6.71 7.71 3.04 248 0.33 291 3.77 0.92 2.05 443
Oncaea 0.15 021 0.60 0 0 0 0 0 0 021 0

others 1.13 0.62 027 0.50 0 0 0.06 0 0 0 0

total 9.71 10.26 10.32 5.64 3.40 0.66 4.62 5.08 2.34 3.15 7.16

7o MRS OHIMIL T, 3 HHAIZEN D S EIE T R
I AT TR EbTwbotEZ S
N5bo

AT N IFAIE 1T AB L2 BICRE SN2,
WA 1 Ao 617 8K - m? T, SFHE L gL T
flE & 7% 5 T 7z (Fig. 200 3 AIZ 5 &, ILWEIFITIZ L
AERESNL L o T2,

NAT V) —T )7 AOGAAEEIL 1 H TlE3 #s
ERIZBLIZI0MIR - L THholzs, FHWRELLL
BLT2A2L3 B2 THRALTBY, Kuiafhig
FEASERI & 172 (Table 6)o

1997 4F A B 1 0 =5 5 "C 0.940 X 10° il 1K & HfE 2 S 1,
1996 fEARAE & FFEEDOETH - 72,

1998 &£ 1 H 19-21 HOMIM, KD 7201EIIH Station
15 72 5 EPIH 5 Station 30 (222 A BHIKE E 4 S0 A
DOEMTH o 72 (Fig. 21)o MK LD MR E TB X%
5°C, #5333 TLT WE RS L o T, 1
S SHERI L C, inEEES T CITIHA L TW DT

&wﬁxt%uohéo I EEBLE O Y1 70 KR 3°C & HER
L CREWEDSBIII S Nz 2 B 16-18 HIZBII XTI
W55 332 BORFEHEICEDbIL TV,
BV e K82

BWT3.0°CH,

3 H 5-13 H OIREISEI 045 5E, 1.0°C

Station30 27 17

Depth (m)

16 - 18 February 1998

Fig. 21.

Distributions of water temperature (- °C) and salin-
ity (----- ) at 15 m depth in winter 1996. (from Ide,
1999)

PUF O O 53 A HHERE S T 20 BINOIR B O 7K
F2 A6 SHIZKT L, 2°CHItRE 7> T\ iz,

1998 EAZFED A7 b7 ¥ FFIE 1 HIZZ L, WED
EELEIRFECTRAME 9.5 -m? & %>TBY, 2
(272 % LA L7z (Fig. 22)o 3 AIERIAE & A, TR\ #iFH

Tl AERESN o 72,

ATV — ) ADSAEEIZ 1 HTIE 681
K- ERREWEERL, 2 AR, S5 L
DB, 3 2% 5 LN Station 22, 30 B £ UE L1 Sta-
tion 17 CTEIFEEEIZ[EIFE L 72 (Table 7)o

1998 fEFRLTEIL 0 F I T 1.199 % 10° A & HEE S iz

1999 &£ 1 A 2529 HIFmRIZE D, B HRM2 5
&M Station 30 |27 % BLM#_E TR % 4T - 72 (Fig. 23)o
BNIIKIRB X7 45°C, #5334 F o)iﬂi‘ﬂ?’éﬁﬂ(&‘iﬁﬁ
B & OWREKRIEDTH V) LRSI 7 A
o Tz, 2 A 15-16 HIZIXIE 31213 & A EZALDE
LT, REKD ﬁ&bﬂxti» KiLlEB £ Z 3.0°C | _1&
T L7 3 H 815 HOREFHATIE, 1999 FFI2HBNTH
BAYVET BRI 3°C LU T % KA & i ize (BN

1.99 - 24.87 - 99.47
min. — median — max.
19 - 21 January 1998

5-13 March 1998

0-1.99-13.93
min. — median — max.

16-18 February 1998

Fig.22. Distributions of walleye pollock larvae (larvae + m?) in
winter 1998.  Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Ide, 1999)
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Table 7. Densities of copepod nauplii (nauplii - L) collected at 15 m depth in winter 1998 (from Ide, 1999)

19-21, January 16-18, February 5-13, March
Stn.30 Stn.17 Stn.14  Stn.30 Stn. 17 Stn. 14 Stn. 22 Stn.8 Stn.30 Stn.17 Stn.22 Stn. 132 Stn. E-16
Acartia 0.06 0 0.11 0.06 0.06 0.17 0 0.11 0.76 1.24 5.64 1.98 0.66
Calanus 0 0 0.11 0 0 0.11 0 0.06 0.25 0 0 0 0.44
Metridia 0 0 0 0.06 0 0.11 0.16 0 0 0 0 0.12 0.44
Paracalanus 0.28 0.36 0.48 0.06 0 0 0.06 0 0 0 242 0.37 0.22
Pseudocalanus ~ 0.34 0.42 0.59 0.69 0.70 0.89 0.11 0.38 5.17 3.62 1.88 5.21 8.12
Tortanus 0 0 0.05 0 0 0 0 0 0 0 0 0 0
Oithona 5.09 5.05 6.56 3.28 3.08 3.33 1.55 2.18 820 12.10 1531 6.57 1932
Microsetella 0 0 0.05 0 0.12 0.06 0.05 0 0 0 0 0 0
Corycaeus 0.22 0.36 0 0.12 0 0 0 0 0.00 0.10 0.00 0.00 0.22
Oncaea 0.00 0.16 0.32 0 0.12 0.11 0.05 0 0 0.10 0 0 0
others 0.06 0.05 0 0.06 0 0 0 0 0 0.10 0 0.12 0
total 6.05 6.40 8.28 432 4.07 478 1.98 295 1438 1726 2525 1438 2942
Station 30 17 15 14

60 .
mixing water
T

YR
o \\ <334
<a5 ¥

! T2

<
50 / 7 —

100

Depth (m)

8- 15 March 1999

Fig. 23. Distributions of water temperature ( °C) and salin-

ity (===-- ) at 15 m depth in winter 1999. (from Ohnishi,
2000)

1 3.0-4.0°C, %5 33.4 OB L, HEEREGTK
EDKMAFENGE T LTz,

1999 DA b7 & F41fid 1 HIZIENH 9L Station 30
THRAAE 179.0 K - m? 255172 (Fig. 24)e ZDH%2 A
22T T 100 MK - m? 2B 20 AHESBIH S, 3
BIZBWTHENTHAPRE S L,

1999 4E 1-2 H OB Station 30 Tl, H A 73/ —7
) ZADGAREEE 7.1-7.5 B - LT SRWET, 3 IS
Bl EHIKL o7 Q51K - L, Table 8)o

1999 FEALHEL 0 FFET 1.356 % 10° AR & HEE Sz,

2000 F 1 7 17-19 H, BN H I 63°C, 3isr 33.65-
33.68 DEIRIEFH KA O TV 7225, BIERIL I = [ o
Station 8 T3 4.7°C, Y543 33.11 DR FEBIAYERH X 4172 (Fig.
25)o BIIERH LA S BNALTE T T A TR BE DR
BIRDIGA LTz 2 A 16-18 HiC b &, EWIE 2.0-
2.5°C, ¥4y 328 OB TE Y, ORI T
VKBRS T LTz e EZ 55, 3 A 11-15

1790 @a7.7
® 2938

6.00-38.75-179.00
min. — median — max.

25 - 29 January 1999

min. — median — max.
8- 15 March 1999

11.90 - 65.65 — 105.40
min. - median — max.

15 - 16 February 1999

Fig.24. Distributions of walleye pollock larvae (larvae * m?) in
winter 1999.  Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Ohnishi, 2000)

Table 8. Densities of copepod nauplii (nauplii * L") collected at
15 m depth of Station 30 from January to April 1999
(from Ohnishi, 2000)

23, January 15, February 11, March 21, April
Acartia 0 0 0 9.8
Paracalanus 0.6 0.1 0.1 0
Pseudocalanus 0.7 0.9 2.0 6.9
Oithona 5.6 6.0 0.3 20.3
Microsetella 02 0 0 0
Oncaea 0.4 0 0 0
others 0.1 0.1 0.1 0
total 75 7.1 2.5 37.0
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mixing water

ocw

11 - 15 March 2000

16 - 18 February 2000

Fig. 25. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2000. (from

Naganuma, 2001, Obara, 2001)

36011.8 6.0

1001.4
.

1
259 80, 80

o 13.9
3329.3
5438 1595e 1:9.,2 080 °
: 040 4,
2.0 x
a0
22722.9
0-1001.40 - 36011.80 %0
min. — median — max. 0-4.00-25.9.0 X e
: - 60 %0

min. — median - max.

17 - 19 January 2000
11 - 15 March 2000

0.50-4.00-19.40
min. — median — max.

16 — 18 February 2000

Fig. 26. Distributions of walleye pollock larvae (larvae * m?) in
winter 2000. Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.

(from Obara, 2001)

15 - 16 February 2001

Fig. 27. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2001. (from Ohshima,

2002, Sasaki, 2002)

H OJRISBERC, 2000 413 B4R T WIS O 15 7K B2 81
WS N0 7z BT N2 T X TOH T 2.0-
3.0°C, Hi43 32.8-33.0 DI FERIEIAGAT LTz,

2000 SED AT b FIATFROGAEEIL 1 HIZBWT
INFTICRON - 2IEFITEEE %R L 72 (Fig.
26)0 T ARAEIEARAL T Station 27 12 B > T 36,012 1K -
m> & 7% o Tz, TAUZFEBAERIE & 72 o 72 1995 4E#k
HEDFEIREEICIMA L2 & o Th 7z &Nz k&
ZEZoNb, TORTMOGAHEZT2 Ao 3 Bz
AR L7z,

2000 SELATEDH A T VI — T ) I ADSATEEEELE
N FR YL Station 30 (2B W TOAMREE S AL, 1 A 11.9 k-
LY 2 Blcid2safifk - L icsiml, 5123 B2k
358 fEfR - LT IE L 72

2000 fEARFEIL 0 FIFC 2.798 % 10° flfR & HEE S 7z

2001 £ Fig. 27 12 2001 4F4ZF, JKiE 15 m DI % 7R~

407.8 ® 2109
4357 @ 7043 9.9

549.1 °
@ 2% %5, 60

0-230.80-718.20
min. - median - max.
17 - 19 January 2001

8.00 - 43.80 - 107.40
min. — median — max.

13 - 15 March 2001

338 , @ 3143
0159.2

338 ,

°
@875 o
3143 ® 1631

165.1

89.5
X

0-59.20 - 314.30
min. — median — max.

15 - 16 February 2001

Fig. 28. Distributions of walleye pollock larvae (larvae * m?) in
winter 2001.  Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Sasaki, 2002)

5.00-6.50-10.60
min. — median — max.

17 - 19 January 2001

7.90 - 11.80 -22.00
min. — median — max.

13 - 15 March 2001

1.65-7.35-8.90
min. — median — max.

15 - 16 February 2001

Fig.29. Distributions of copepod nauplii (nauplii - L") in winter
2001. Samples were collected at 15 m depth. (from
Ohshima, 2002)
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L7z0 1 H 17-19 HIZBE &R 5 EANTE /1T 4.5°C A, WTHIRREBRB O MRS b, EHNIL 1.52.0°C T,
1645 33.6 LLEOERIRRKS HO Tz, —F, BEH 2001 fEIBHE LR GKETH - 72b D EEZ BN D,

A HENALEIRE L OR35S 33.2 K OiR =8 A vy I H, 2 B B IomEEIERE L,
W OKIR35°C M) BSMALTEY, EMIZEHE 2 1 FE 3 HE T 500 iR -m2 2B 2 Ml L 72 > Tz (v —
PR E T 7ze 2 A 15-16 HIZIBRERIMATE 4z 7 DA AHETE 5T A Fig.28)s D%, 3 HlzBw»
A L, EEEREK E OB T L, BT HICIE T HIEE SRR EAE H 2,

1.0°C LUF D& KA A S 7ze 3 H 13-15 H OB B HATVH — 7)) 7 AD5 AR 1 A T 10 k-

Table 9. Densities of copepod nauplii (nauplii + L") collected at 15 m depth in winter 2001

17-19, January

Stn. 13 Stn. 17  Stn. 18  Stn.23  Stn.25 Stn.30 Stn.31  Stn. 36

Acartia 0.20 0.40 0.10 0.60 0.00 0.00 0.20 0.10
Calanus 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10
Mesocalanus 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00
Microcalanus 0.00 0.10 0.00 0.20 0.10 0.00 0.00 0.00
KP&C 0.20 0.10 0.00 1.00 0.30 0.50 1.10 0.70
Pseudocalanus 0.60 0.00 0.70 0.00 0.40 0.00 0.00 0.30
Oithona 4.10 5.60 4.60 8.40 7.60 4.50 5.20 6.30
Microsetella 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00
Corycaeus 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.40
Oncaea 0.00 0.00 0.00 0.20 0.00 0.00 0.10 0.20

unidentified nauplii 0.00 0.00 0.10 0.00 0.00 0.00 0.10 0.00

total 4.70 5.60 5.50 8.80 8.00 4.50 5.40 7.20

15-16, February

Stn. 13 Stn. 17  Stn.22  Stn.23  Stn.24  Stn.30 Stn.33  Stn. 36

Acartia 0.00 0.00 0.00 0.30 0.10 0.10 0.10 0.20
Calanus 0.00 0.00 0.10 0.00 0.10 0.00 0.10 0.00
Mesocalanus 0.15 0.00 0.20 0.10 0.00 0.30 0.10 0.00
Metridia 0.00 0.00 0.00 0.20 0.00 0.00 0.20 0.20
Microcalanus 0.00 0.00 0.00 0.10 0.00 0.00 0.20 0.00
KP&C 0.20 0.00 0.00 0.00 0.00 0.10 0.00 0.10
Pseudocalanus 0.30 0.50 2.00 1.40 2.40 1.70 1.70 0.85
Tortanus 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00
Oithona 2.55 1.10 6.50 4.30 6.30 6.00 6.40 4.30
Oncaea 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00

unidentified nauplii 0.05 0.00 0.00 0.00 0.00 0.10 0.00 0.10

total 2.90 1.65 8.50 5.70 8.70 7.80 8.20 5.25

13-15, March

Stn. 13 Stn. 17  Stn.18  Stn.24  Stn.27 Stn.29 Stn.30 Stn.33  Stn. 36

Acartia 1.80 0.50 0.40 0.40 0.93 1.80 1.87 2.60 0.86
Calanus 0.20 0.00 0.00 0.00 0.21 0.20 0.00 0.00 0.00
Metridia 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Mesocalanus 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pseudocalanus 9.80 2.20 2.80 5.00 3.30 3.60 3.75 1.80 5.15
Oithona 9.40 5.20 9.40 6.20 5.77 6.20 3.98 6.20 8.29

unidentified nauplii 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00

total 22.00 7.90 12.60 12.00 10.21 11.80 9.60 10.60 14.30

% P& C: Paracalanus and Clausocalanus
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0-2.00-11.90
min. — median — max.

23 - 25 January 2002

0.00 - 4.00 - 10.00
min. — median — max.

12 - 14 March 2002

0-2.00-35.80
13 - 15 February 2002 min. - median - max.
13 - 15 February 2002

Fig. 30. Distributions of water temperature ( °C) and salin- Fig. 31. Distributions of walleye pollock larvae (larvae * m?) in
ity (----- ) at 15 m depth in winter 2002. (fromYoshida, winter 2002.  Samples were collected by vertical hauls
2003) from the bottom to the surface with 80 cm plankton net.

(from Yoshida, 2003)

Table 10. Densities of copepod nauplii (nauplii * L") collected at 15 m depth in winter 2002 (from Yoshida)

23-25, January

Stn.7  Stn. 10 Stn. 13 Stn. 17 Stn. 22 Stn. 31

Acartia 0.20 0.20 0.20 0.18 0.14 0.18
Calanus 0.00 0.61 0.61 0.09 0.00 0.00
Centropages 0.00 0.20 0.00 0.00 0.00 0.00
Metridia 0.00 0.00 0.00 0.00 0.00 0.09
Pseudocalanus 3.46 224 3.86 0.72 1.36 1.26
Oithona 6.50 7.93 7.72 3.61 8.40 3.79
Oncaea 0.00 0.00 0.00 0.00 0.27 0.00
total 10.16 11.18 12.40 4.61 10.16 5.33

13-15, February

Stn.7  Stn. 12 Stn.13  Stn.17  Stn. 18 Stn.22  Stn.23  Stn.25 Stn.27  Stn.31  Stn. 33

Acartia 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00
Calanus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
Metridia 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.16 0.16 0.00
Pseudocalanus 2.03 0.54 0.20 0.18 3.66 1.52 1.32 6.71 1.95 3.74 325
Oithona 8.54 434 4.88 461 8.94 6.71 3.76 5.69 732 4.72 7.52
Oncaea 0.20 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
total 10.77 4.88 5.18 4.79 12.60 8.43 5.08 12.40 9.43 8.62 10.98
12-14, March

Stn.7  Stn. 13 Stn.17  Stn. 18 Stn.30  Stn.31  Stn.33  Stn. 55

Acartia 2.85 0.00 0.00 8.13 1.63 0.00 1.63 1.22
Calanus 041 0.54 0.00 0.81 1.63 0.00 2.44 0.00
Metridia 041 0.00 0.54 0.00 0.00 0.00 4.07 0.00
Paracalanus 2.03 0.00 0.54 244 0.00 0.54 0.00 0.41
Pseudocalanus 24.39 6.50 19.51 30.08 28.46 8.40 35.77 20.33
Oithona 6.50 6.78 7.59 27.64 8.13 4.34 4.88 5.28
Microsetella 0.00 1.08 0.54 0.00 0.81 0.27 0.81 1.22
total 36.59 14.91 28.73 69.11 40.65 13.55 49.59 28.46
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L' 22 2B SIZIEEAERL, 2T TI0N
AiIRFEASHRGE L 72 (Fig. 29)e 3 HIC72 % & %< DML T
10 Mg - L &0, BINERFBIRER TR ANE 22.0
fER - LT &7 o TWize T OELH S Tl Oithona Jg &
Pseudocalanus JE7)S & H 12 9K - L 3% 2 5 i T ALk
L CTV>7z (Table 9)o

2001 LEARTEIL 0 FHFC 1.660 % 10° IR & HEE S 720
2002 % 1 H 2325 HOBMGER LD, KEDIHTER
W OBEBNNOF NG ADE S 7z (Fig 30)e T4b 5
BNIE 24-4.1°C, 155 32.8-333 DIBFEHMEIAIHAL TH
D, BOEEE A S EWNALTE AT S i Twn
720 2001 FEICHEE, 2002 2B WT D 1 HHHOIFLEIC
TR IR AN X A KA DB S 7z
2 A5 3 B2 CBMILRFERIIICE ) EHohTs
D, JKilklE 2.0-2.5°C TH -7z

4.6-10.2-12.4
min. — median — max.
23 - 25 January 2002

. 28.7 36.6

14.9

3.6-32.65-69.1
min. — median — max.
12 - 14 March 2002

48-8.6-12.6
min. — median — max.

13 - 15 February 2002

Fig. 32. Distributions of copepod nauplii (nauplii + L) in winter
2002. Samples were collected at 15 m depth. (from
Yoshida, 2003)

ocw
mixing water

17 - 19 February 2003

Fig. 33. Distributions of water temperature ( °C) and salin-
ity (-=--- ) at 15 m depth in winter 2003. (from Shi-
rakawa, 2004, Yamamoto, 2004)

1 AB LU 2 AD R b7 5 SO GA T 4
ERLTELIERWEE 2> TBY, ZOFTIE2A
DN Station 31 THAMH 35.8 Mk - m? 255 & 1172 (Fig.
3o D%, 3RICBVTHIILAERESN LT,

1ABLO2HOHNA TV — 7)) 7 ADSAERE
PR THY, BLEFS10ME - L THo72208, 3
AIZIEE L <L, B Tldaeok 69 sk -
L' 123% L 7= (Table 10, Fig. 32)o

2002 LEFRAEL 0 FBFC 1.070 % 10° MR & HEE S 7z

2003 F 1 F 17-20 HOBITIX, EWNIZE L% 4.0°C,
Y45 33.4-33.6 ORI GAT LCTB Y, FEREERAKB L0
AR E IR & ORAGKTH D EHI SN
(Fig. 33)0 —77, B> HEIHTTIZIE 3.5°C, 155 33.0

2.0-15.1-40.2
min. — median — max.

0-1.25-5.5
min. — median — max.

17 - 20 January 2003 13 - 15 March 2003

3.0-25.1-57.3
min. — median — max.

17 - 19 February 2003

Fig. 34. Distributions of walleye pollock larvae (larvae * m?) in
winter 2003.  Samples were collected by vertical hauls
from the bottom to the surface with 80 cm plankton net.
(from Yamamoto, 2004)

4.6-10.15-18.6
min. — median — max.

13 - 15 March 2003

23-59-7.2
min. — median — max.

17 - 19 February 2003

Fig. 35. Distributions of copepod nauplii (nauplii - L") in winter
2003. Samples were collected at 15 m depth. (from
Yamamoto, 2004)

— 31 —
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OIRFEHE AR S 2. 2 A 17-19 HTlid 3.0°C, 5 LARVELZ 22 5 T 7z,
B3 FIEDOREBHMOTADER SN, O TIC HATVH ) —T) 7 AOKEGAE, 1 ARBXU2 A
BRIZBIT BIBEBRHOBAIKT LTz LE TIBELZ5ME - L LERNETHY, FIFE3HICRS
bNb, 2Dk, 3 H 13-15 HIZ7% 5 & iniil okiix N5 P 2 BN ER® S L7 A - 72 (Table 11, Fig. 35).
BLF20C FTET LT 2003 FEALHEL 0 FEET 1.919 % 10° A & HEE Sz,
A7 v IFAIE L ANS 2 AIZhTTE LR L, 2004 £ AREAFIL2 A 13-15 HOA, CTDIC L B8
2 HIZBWTiRAME 57.3 fifk - m? 238 S 47z (Fig. 34) %47 - 72 (Fig. 36)o B HBENHILEIZ AT T 4.0-
3RS A LT Wiz i BT d 55 K - m? 50°C, 353 33.4-33.6 DIKMASHO T/ M52 5 HIIT

Table 11.  Densities of copepod nauplii (nauplii + L") collected at 15 m depth in winter 2003 (from Yamamoto)

17-20, January

Stn.7  Stn.10 Stn.17 Stn. 18 Stn.22 Stn.23 Stn.24 Stn.25 Stn.26 Stn.27 Stn.29 Stn.30 Stn.33  Stn. 36

Acartia 0.06 0.21 0.09 0.58 0.21 0.40 1.07 0.14 0.30 0.44 0.92 0.31 0.18 0.06
Calanus 0 0 0.09 0 0 0.08 0.31 0.21 0.20 0.11 0.18 0.10 0.18 0.06
Mesocalanus 0 0.11 0 0 0.10 0.08 0 0.14 0 0.11 0 0 0.09 0
Metridia 0 0 0 0 0 0 0.15 0 0 0 0.06 0.31 0 0
Paracalanus 0 0.11 0 0 0 0 0.15 0 0.20 0.11 0.06 0.10 0 0
Pseudocalanus ~ 0.51 0.95 0.37 0.58 0.21 0.40 0.61 0.63 0.30 0.78 043 0.81 0.54 0.24
Tortanus 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0
Oithona 3.11 4.02 341 5.92 3.09 481 5.36 3.00 426 5.67 3.00 3.67 2.71 2.56
Microsetella 0 0 0 0 0 0 0 0 0 0 0 0.10 0 0
Corycaeus 0 0 0 0 0 0.08 0 0 0.10 0.11 0 0 0 0
Oncaea 0.06 0.11 0.09 0 0 0 0 0.14 0 0.11 0 0.20 0 0.12
total 3.75 5.50 4.05 7.15 3.60 5.85 7.65 425 5.35 745 4.65 5.60 3.70 3.05
17-19, February

Stn. 10 Stn. 13 Stn.25 Stn.29 Stn. 33

Acartia 1.24 0.05 0.13 028 041
Calanus 0.41 0 0.26 0.14 0.27
Mesocalanus 0.41 0 0 0 0
Metridia 0.14 0 0.13 0 0
Paracalanus 0 0 0.13 0 0
Pseudocalanus ~ 1.65 0.40 1.43 127 0.68
Oithona 3.30 1.80 3.77 5.36 423
Corycaeus 0 0 0 0.14 0
total 7.15 225 5.85 720 5.60
13-15, March

Stn. 10 Stn. 13 Stn. 18  Stn. 24

Acartia 3.77 0.55 0.42 221
Calanus 0.81 0.28 0.21 0.47
Mesocalanus 0.54 0 0.42 0

Metridia 0.27 0 0 032
Paracalanus 0 0.28 0 0.63
Pseudocalanus ~ 3.77 2.50 9.51 3.64
Oithona 4.58 8.60 8.03 427
Oncaea 0 0 0 0.16
total 1375 1220 1860  11.70
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ocw

Fig. 36. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth during 13-17 February 2004.
(from Koyama, 2006)
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o
42°C o N 3.7°C
33.54
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16 - 17 February 2005

Fig.37. Distributions of water temperature and salinity at 15 m
depth during16-17 February 2005.

2006 FALHEL 0 mEEET 1770 X 10° A CTH > 720

2007 F 1 H 17-18 H, BB LI UBEOHBIZH W TIX
6.1-6.9°C, 147 33.6 D FEERE LK 23504 L T\ 72 (Fig.
39) 2 H VA2 5 3 H EAIdKi 4.0-4.5°C, 41t 334

ocw

15— 16 February 2006

Fig. 38. Distributions of water temperature ( °C) and salin-
ity (==--- ) at 15 m depth during 15-16 February 2006.

mixing water

27 February — 1 March 2007

Fig. 39. Distributions of water temperature ( °C) and salin-

ity (----- ) at 15 m depth in winter 2007.

min. — median — max.
17-18 January 2007

44-11.8-24.1
min. — median — max.

19-4.6-124
min. — median — max.
27 February - 1 March 2007

Fig. 40. Distributions of copepod nauplii (nauplii * L") in winter
2007. Samples were collected at 15 m depth.
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2008 1 H 23 HIZ{EWN 4 #b CEIN % 17 - 72 (Fig.
41)o BRI 5.5-5.9°C, 155 33.8-34.0 DEHRIEF KA
.Ebfw:o 2 H 4-5 Tl 5°C, 45 33.8 DEASERM &

N, EERRRAKS L A2 S L T/ L Twnbbonk
EZbNb, 2 H2 B b EBLZ35°C, #5335
BIWETLAZ L2, INEHREE ORGP HBIN
72bDEEZBNDL. 3 H 56 HIZIZEMNIZ 3.0°C Azl
BT L, o2 SR L <, BBk & IR L o

temperature

5.5-5.9°C
salinity 33.8 - 34.0

salinity 33.5-33.7
L]

22 February 2008

TWW

4 - 5 February 2008

Fig. 41. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2008. (from Kano,
2012)

ocw
mixing water

5 - 6 March 2008 19 March 2008

Fig. 42. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2008. (from Kano,
2012)
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2008 fEFRLTEIL 0 BRI C 1.828 X 10° I TH - 726

2009 1 H 17 H, #EMNIE55-60°C, #5338 BifcD
HERRBEA K DS O T 72 (Fig. 47) 1 H 2627 HIZBWT
DAL 5.0°C 1T L7228, KBk & L CHEMERRGTK A

1.10-7.21-17.21
min. — median - max.

23 January 2008

6.42 - 29.86 - 40.77
min. — median — max.

22 February 2008

1160 @ _q339

58 855 @ g5
© @ 2700

5.80-42.78 - 261.81
min. — median — max.

4-5 February 2008

Fig.43. Distributions of walleye pollock larvae (larvae * m?) in
winter 2008.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)

® ® s
334 7 @334
246 ¢ 210

5.48 -20.96 - 35.74
min. — median — max.

5 - 6 March 2008

5.81-11.86-23.10
min. — median — max.

19 March 2008

Fig. 44. Distributions of walleye pollock larvae (larvae * m?) in
winter 2008. Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)

— 34 —



FAY 1 1991 4E720 5 2013 4EIZ BT ZEKEOHI & A b7 5 5 A D)

BLTWZ, 231011 HIZZR 5 & 40°C, Hir 334 D
HXRETT K &I FEBE ORAKICEE L7z, 2 2325 HT
VT I 3°C, M 332 OIRIFEEATHA LIED

11.03 -15.66 - 19.71
min. — median — max.

23 January 2008

17.35-20.29 - 26.47
min. — median — max.

22 February 2008

11.76 -14.12 - 26.47
min. — median — max.
4 - 5 February 2008

Fig.45. Distributions of copepod nauplii (nauplii + L) in winter
2008. Samples were collected at 15 m depth. (from
Kano, 2012)

17.65 - 23.82 -32.35
min. — median — max.

19 March 2008

15.59-19.12 - 28.24
min. — median — max.

5- 6 March 2008
Fig. 46. Distributions of copepod nauplii (nauplii -+ L) in winter
2008. Samples were collected at 15 m depth. (from

Kano, 2012)

mixing water

10 - 11 February 2009

26 - 27 January 2009

Fig.47. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2009. (from Fukui,

2010, Kano, 2012)

TV272 (Fig. 48)0 3 A 12 HIZBN 4 HIEOADBIIITH 1,
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A b F AR 2000 4F & F L &9 12 EBRAEAREED
2005 SERRHEDT4F TMA L CTE /2720, 1 AR5 2
HTHETO4HOFAEIZB N THAFEEIEL L@ L,

mixing water
ocw

3.3-3.4°C
33.4-335

.
i mixing water

23 - 25 February 2009 12 March 2009

Fig. 48. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2009. (from Fukui,

2010, Kano, 2012)

188.91 - 593.16 — 858.06

3.19-256.02 - 1196.06
min. — median — max.

min. — median — max.

17 January 2009 10-11, February 2009

157.06 - 580.68 — 1174.13
min. — median — max.
26-27 January 2009

Fig.49. Distributions of walleye pollock larvae (larvae * m?) in

winter 2008.  Samples were collected by vertical hauls

from the sea bottom to the surface with 80 cm plankton

net. (from Kano, 2012)
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@420 2074
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279.66 — 555.06 — 822.16

80.12 -445.64 — 3211.58 min. — median — max.

min. — median — max.

23 - 25 February 2009 12 March 2009

Fig. 50. Distributions of walleye pollock larvae (larvae + m?) in
winter 2008. Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)
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5N 7% 7ro 72 (Fig. 51, 52)0
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6.0- 12.7-16.8
min. — median — max.
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6.5-12.1-17.9
min. — median — max.

26 - 27 January 2009

Fig. 51. Distributions of copepod nauplii (nauplii -+ L) in winter
2009. Samples were collected at 15 m depth. (from
Fukui, 2010, Kano, 2012)

8.4-13.7-30.9
min. - median - max.

23 - 25 February 2009

13.0-15.1-20.3
min. — median — max.

12 March 2009

Fig. 52. Distributions of copepod nauplii (nauplii -+ L) in winter
2009. Samples were collected at 15 m depth. (from
Fukui, 2010, Kano, 2012)

6.1-6.5°C

. 33
. . : ocw

mixing water

8 January 2010 4 February 2010

Fig. 53. Distributions of water temperature ( °C) and salin-
ity (-=--- ) at 15 m depth in winter 2010. (from Kano,

2012)
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27 - 28 February 2010 23 - 24 March 2010

Fig. 54. Distributions of water temperature ( °C) and salin-
ity (----- ) at 15 m depth in winter 2010. (from Kano,
2012)
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Distributions of walleye pollock larvae (larvae * m?) in
winter 2010.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)

Fig. 55.
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Distributions of walleye pollock larvae (larvae * m?) in
winter 2010.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)

Fig. 56.
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8 January 2010 4 February2010

Fig. 57. Distributions of copepod nauplii (nauplii -+ L") in winter
2010. Samples were collected at 15 m depth. (from
Kano, 2012)
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Fig. 58. Distribution of copepod nauplii (nauplii + L) in winter
2010. Samples were collected at 15 m depth. (from
Kano, 2012)
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salinity 33.55-33.58

mixing water
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22 - 23 January 2011

Fig. 59. Distributions of water temperature ( °C) and salin-
ity (-=--- ) at 15 m depth in winter 2011. (from Kano,
2012)
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Fig. 60. Distributions of water temperature ( °C) and salin-
ity (-=--- ) at 15 m depth in winter 2011. (from Kano,

2012)
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Fig. 61. Distributions of walleye pollock larvae (larvae + m?) in
winter 2011.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)
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Fig. 62. Distributions of walleye pollock larvae (larvae * m?) in
winter 2011.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (from Kano, 2012)
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Fig. 63. Distributions of copepod nauplii (nauplii + L") in winter

2011.
Kano, 2012)
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Fig. 64. Distributions of copepod nauplii (nauplii - L") in winter
2011. Samples were collected at 15 m depth. (from
Kano, 2012)
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Fig. 65. Distributions of water temperature ( °C) and salin-

ity (-=--- ) at 15 m depth in winter 2012. (Kano, unpub-
lished data)
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Fig. 66. Distributions of walleye pollock larvae (larvae * m?) in
winter 2012.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton

net. (Kano, unpublished data)
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Fig. 67. Distributions of copepod nauplii (nauplii -+ L) in winter
2012. Samples were collected at 15 m depth. (Kano,

unpublished data)
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Fig. 68. Distribution of temperature at 15 m depth on 12 January
2013. (Suzuki, unpublished data)
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Fig. 69. Distribution of salinity at 15 m depth on 12 January 2013.
(Suzuki, unpublished data)
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Fig. 70. Distribution of temperature at 15 m depth during 27-28
January 2013. (Suzuki, unpublished data)
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Fig. 71.  Distribution of salinity at 15 m depth during 27-28 Janu-
ary 2013. (Suzuki, unpublished data)
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Fig. 72. Distribution of temperature at 15 m depth during 9-10
February 2013. (Suzuki, unpublished data)
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Fig. 73. Distribution of temperature at 15 m depth during 9-10
February 2013. (Suzuki, unpublished data)
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Fig. 74. Distributions of walleye pollock larvae (larvae - m?) in
winter 2013.  Samples were collected by vertical hauls
from the sea bottom to the surface with 80 cm plankton
net. (Suzuki, unpublished data)
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Fig. 75. Relationship between copepod density (median and
range) at 15 m depth in late January and year class
strength of the Japanese Pacific population of walleye
pollock from 1991 to 2003.
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strength of the Japanese Pacific population of walleye
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