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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 Nakatant”

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 Januvary 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.

Key words : Decadal observation, Walleye pollock, Early life history, Funka Bay, Food availability, Year class strength
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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 0-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.
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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)

Table 1. Density of copepod nauplii (nauplii -
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FTiE 1 A Station A #FkE, 10 ik - L' DL EOGAH
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Fig. 6. Location of sampling stations of copepod nauplii in winter
1991.

L") at 15m depth in winter 1991 (Nakatani, 1995a)

29-30, January

21, February 14, March

Station A Station B Station C

StationA  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 T4 2.14 5.78
Oncaea 0.11 0.21 0.35 0.07 048 0.26 0 0.06 0

others 0.16 0.05 045 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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Fig. 7. Distributions of water temperature ( °C) and salinity

(z==== ) at 15 m depth in winter 1992. (from Watanabe,
1993)

mixing water

ocw

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 6 —7 February 1992

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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AERESNL 2572 (Fig. 9, 10)o
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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
min. — median - max.
27 - 28 January 1993

19 March 1993

15 - 17 February 1993

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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5 334 AR ERESBH S, ZORT TICEN
S TIRERESEOTW b DEEZ bND,

A b FIFEIE 1 ATRTESC, BOESHROE
BT 207.5 B4R - m? HME S L7z (Fig. 14). 2 A TAIDE
N2 HRIZ BT D 44.0-692 fEE-m? OFAEE R L,
3 BBV T D Station 30 I2B VT 132 A& - m? DEw
fE& 72 5Tz,

NATVE) —T) I AOGHAEEILL A TFAHICBW
TH 10fEfk - L' 2 BA TEWEE Z2oTEY, 2 APH
3 BT THEIN L TV 72 (Table 3)o

1994 4EFRBEL 0 FBET 3226 X 10° fEfA L HEE S T w
Zs

1995 F 1 A 2527 H TIZE NI 6.0-7.0°C, 455338
D EREFHAZE DN T Wiz, EIOERE R Station 9
121d 4.2°C, 1845 33.07 DR B O A DR S Lz (Fig.
15)0 D%, 2 A 15-17 BI2id 2.5-4.5°C, 154> 33.4 Hiii
DIRFHEPENEEZ (5D, 1995 F4F BREHEHIT
2AFRICKRRPRET L DEEZ NS, 3 A 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)
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0-15.72-207.49
min. — median - max.
25 - 28 January 1994

0-25.15-113.18
min. — median — max.
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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

. . " 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) G e il bt
Centropages 0.1 0 0.6
27, January 17, February 19, March Burytemorea 0 0.1 0
Acartia 0 0.05 0.85 Paracalanus 0.2 0 0.45
Calanus 0.05 0 0 Pseudocalanus and Metridia 395 6.78 15.81
Paracalanus 0 0 0.10 Tortanus 0 0.1 0
Pseudocalanus and Metridia 0.15 0.90 320 Oithona 8.1 11.01 1431
Oithona 335 420 2.95 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 (7==== ) at 15 m depth in winter 1995. (from Sugi-
moto, 1997)
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k2o 72 (Fig. 17)0 BIIERD BT IZBWT 4.0-
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wo%
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0-19.89-141.25
min. — median — max.
25 - 27 January 1995

1.99-15.92-43.77
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23 - 24 March 1995

75.6
® s .33.8
72:@ g ®
106 ® .109.4'21‘
A 105.4 °
19.4 . .. 1247?37 17.9
55993‘5 .57;7.5

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)
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BMBLEAHIZE VAT ERTo 720 B/ TlEE
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L, B 1.520°C FTHET LT,

A4 b ¥ AL, 1 BIZBW T AEE DD
5 TH DL SNz (Fig. 18)e 2 HIZIEE LM
TE LA L, RO AEEZ 1393 i - m? TH-o72
3ACBIBEEHRAETII2 B L L THRBEOKT
DR b N7z,

HAT V) —T )T ADSMAEEL A T2 2
A4 TlE 13.8-172 I - L T 2 ME% 7R L7245,
3 AHEICIZE TN L 72 (Table 5,22.4 fE{K - L),

1996 fEALFENL 0 FHF T 0.930 x 10° fEIA T, K\ EASHE
EEINTz,

1997 &£ 1 A 2021 H O, #EMIZ6.0-7.0°C, HE5

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 2/15 221 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 0.47 091 0.74 0.90 0.45 0.20 0
Centropages 0 0 0.15 0.07 0.11 0 0 0
Eucalanus 0 0.05 0 0.15 0.11 0.15 0 0.55
Paracalanus 127 1.00 0.23 0.22 0.34 0.07 0.61 0.14
Pseudocalanus and Metridia 0.32 2.74 3.71 522 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 1545 21.70 17.02 35.98 35.11

—
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°C) and salin-
ity (===~ ) at 15 m depth in winter 1996. (from Nagaya,
1997)

Fig. 17. Distributions of water temperature (:
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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 0.22 0.22 1.00 0.11 0.60 0.47 0.05 0.22
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 2.46
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 0.21 0.00 0.00
total 13.75 14.50 17.20 13.55 22.35 18.15 18.15 17.30
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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 DEBREF/K TE DI T W7 (Fig. 19 2 H 18-19 H
EFRRD 728, EOER Station 13 B L V17 L BRI
Station 30 @ 3 Hi T D ADEBIM T > 720 Z O, K
40 m LI 1E 3.5°C LLF, 3540 334 DI EBLEIAS A L,
40 m DIGRIEIE S 33.6 7 2 B ERIR TR A AR L Tz,

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

5-12 March 1997

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)
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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 0.41 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 BT 0.92 2.05 443
Oncaea 0.15 0.21 0.60 0 0 0 0 0 0 0.21 0

others 1.13 0.62 0.27 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 5.08 234 3.15 7.16

7o A OHIET LT, 3 AHEIZEN D S EBIE T REW
AIBUZ AT TRERBICLECEDNL TV b DEEZ S
N5,

AT by IfFAaITI ABL U2 BICRES DS,
AMEIE 1 AO 617 fF - m? T, 94 & i L TERw
& %o T\/z (Fig. 20)0 3 A5 &, [RVEHIFITIZ L
AEFREINLZ L o7,

WA TV =T )T ADOSMEREIR 1 ATIE3 A
EBLIZBELZFI10EE - L THorzds, FHWRELLL
BMLT2A”L3 AT TR LTEBY, BOWGHAE
FEAMEI S 72 (Table 6)o

1997 4E AR BE 13 0 F B T 0.940 % 10° Ml 1K & & S 1,
1996 FEREHE & FREEDETH - 720

1998 &£ 1 A 19-21 HOMIMH, RO 7zOEIIH Station
15 71 5 {EPIH IR Station 30 (278 A BHAKE Lo 4 H 50 &
OB TH - 72 (Fig. 21)o MEEM LA HEHE TB L £
5°C, 3543333 CLETICHE RMEHEE L 2o Tz, R
GBI LT, REREBST TICHA L TW 0TI
BwnhtBbd, IBEREOFIEN %K 3C &
L CEWEDEBI S N7z 2 A 16-18 BB H 37X T
BWT3.0°CH, 5332 B0BEHREIIEb LT\,
3 A 5-13 HOIRISETM OFG R, E/VERTREMIKIZIC 1.0°C

Depth (m)

16 - 18 February 1998

Fig. 21.

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

DT OBEBOSAHFEE SN2 BEROIBEREOKIR
F2 AFEPL SHIET L, 2°CRIRE 22> Tz,

1998 ELFTD AT by ¥ IFMAId 1 BIc% <, WE
BB EIRECRAM 9.5k - m? & %->THBH, 24
(27 5 LA L7z (Fig 22) 3 AIIRIAE & AR, [\ EEFH
TlEEAERESIN LD o72,

NATVHE ) —T ) ADOSHAEEIR 1 B TlE 6-8 1
LT EeReEWEERL, 2 A, S5 L
D5, 3 BIZ7% 5 &N Station 22, 30 B £ OB B Sta-
tion 17 CE % FEIZ A5 L 72 (Table 7)o

1998 £EARFEIL 0 FIFC 1.199 % 10° A & HEE S 17z

1999 F 1 A 2529 HIZmRIZE Y, EYERMD S
&M Station 30 |2 F % Bl #E - THFAE % 4T - 72 (Fig. 23)o
BHNIIKIEB &£ 4.5°C, 155 334 ROEREBEIIK & B
B L OREKRDSEOTBY, ETICHE L RS L
oo TV 2o 2 B 15-16 BIZIZETIT & A L2500
ST, REKDEDTWA, KiiEE L F 3.0°C 12K
T L720 3 A 815 HOIRIEFHAETIE, 199 FI2BNTEH
EHVEJTFEMNEC 3°C LT @G KIEAE S iz, B

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
Mertridia 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 0.37 022
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 6.56 328 3.08 3.33 155 2.18 820 1210 1531 6.57 19.32
Microsetella 0 0 0.05 0 0.12 0.06 0.05 0 0 0 0 0 0
Corycaeus 022 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 T T
>334 %
@“ A\ <334
g5 ¥

ko)

O S

Depth (m)

100 25 - 29 January 1999

8- 15 March 1999

mixing water

.
- .
>334 .
L

_ ,
354 % 33.4
7

\
202 <334

15 - 16 February 1999

Fig. 23.

Distributions of water temperature ( °C) and salin-
Iy (= ) at 15 m depth in winter 1999. (from Ohnishi,
2000)

13 3.0-4.0°C, 1553 33.4 DI EHREIDA L, TR
& DIBEIFEDE T LTz,

1999 SED A b7 7 T (T 1 B IZEPIH YL Station 30
TEAME 179.0 fH1E - m? 2R L7 (Fig 24)e £DF%2 A
(272209 T 100 fEfE - m? 28 2 A 5 HESF S, 3
HIZBWTHBERNTHAIRE SN,

1999 4 1-2 H ®{&EW Station 30 TI&, #A 7/ —7
) ADS AR L 7.1-7.5 B - L S{RWET, 3 A
B b XKL o7z 2.5 8K - L, Table 8)o

1999 £EAREEIL 0 SFBFC 1.356 % 10° A & HEE S 17z

2000 5 1 A 17-19 H, BWPE I 63°C, 345 33.65-
33.68 DERIEFHKD GO TW25, B EER b
Station 8 T1& 4.7°C, $43-33.11 DIRFHIHAYELM & 17 (Fig.
25)e VEEBH L2 S EANILVE IS 20T TIETAKBE DR
BRPGAT L T2 2 B 1618 HIZ72 5 &, BN 2.0-
2.5°C, 14 328 DifFEHEAEOTEY, ORI T
KBRS T LT D EZ 5N 5, 3 A 11-15

e 99¢ &
21920 209y X X

1790 @a7.7

2 2.0
5.9 4.0
® 293

6.00 -38.75-179.00
min. — median — max.
25 - 29 January 1999

°
6.0

°
0-3.98-16.67 \ 77960 @ ¢

min. — median — max.

8 - 15 March 1999 o

9.9

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 0.2 0 0 0
Oncaea 0.4 0 0 0
others 0.1 0.1 0.1 0
total 7.5 7.1 2.5 37.0




FE A

mixing water
ocw

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)

.
59e 17.9.-2.0 80

4.0 040 50
2.0 x
- 4.0
o4,
0-1001.40 - 36011.80 % " * 5

min. - median — max.
17 - 19 January 2000

0-4.00-25.9.0
min. — median — max.

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-
ityi(===== ) at 15 m depth in winter 2001. (from Ohshima,
2002, Sasaki, 2002)

L 59(1/2),2017

H O IRIFERAIT, 2000 4F 3BT BEMIS O @ 7k B2 8
SR o Toe BT O T TOH S T 2.0
3.0°C, 1&E43 32.8-33.0 DI ERLEIA AT L Tz,

2000 DAY b ¥ IFMOGAEEIZ 1 BIZBWT
INFTICRON Do 2EEICHEE %R L7 (Fig
26)o T AMEIEFRALH I Station 27 12 B\ T 36,012 1K -
m? &R o Tz, TIUTEBEMREEL 2o 72 1995 Fik
HEPEINBEICMA L EIZEoTh b & Nzdb e
EZbNbE, FORTHOGMEEILZ2 AHS 3 FiHh
JTEBIZEA L,

2000 SELAFEDH A TV — T ) T ADSAEELE
PHIGR Station 30 (2 BWTOMRE S, 1 AL 11.9 {8k
L' 2 BiZid 254 @k - L icsmL, 5123 A2k
358 fEfA - LT IEL 72

2000 4FALHEIL 0 FBEET 2,798 x 10° B & HEE 7z

2001 & Fig. 27 12 2001 43, KEE 15 m DRI & 7R

7043 9.9

) ° °
[ ] 22.8'8 99.5 6.0

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

® 3143
0159.2

338 ,

3338 ,
L4
@875 o
3143 ® 1631
165.1 ©

89.5

0-59.20 - 314.30
min. — median - max.

15 - 16 February 2001

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)

Fig. 28.

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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L7726 1 A 17-19 HiZBOEH A 5 BAT H T 4.5°C A, WTHIRERBOGAPED LN, BN 1.520°C T,
5 33.6 L L OERBRGH KIS EDTwiz, —F, BOL 2001 FERFEE LB RETH o7 DEEZ NS,

2 HEMNALEE S L WA IEIE S 332 RmOIG AR Ar b FIAIE1 A, 2 AEBIIAREREREL,
W OKIR3SCUT) ASmA L TEY, BNICHEE AR 1 BIE3 8500 A - m?2 2R AHEE o Tz (v —
D SN T Wiz, 2 B 15-16 HidibEHEIBN Iz 7 DA ARG 5Tn5 ; Fig.28), #DH%, 3 AlzBw
oL, BEBRHAKE ORENKT L, EAEHFICIX THHBENS WA AEEIR LN,

1.0°C LT @A A Sz 3 8 13-15 HOBEICE HAT VI — 7)) T AOSHFEER 1B Tl 10814

Table9. Densities of copepod nauplii (nauplii - L") collected at 15 m depth in winter 2001

17-19, Janvary
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
XP&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 4.60 840 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 4.50 540 7.20
15-16, February

Stn. 13 Smn. 17 Stn.22 Stn.23 Stn.24 Stn.30 Sm.33 St 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 0.00 020 0.00
XP&C 0.20 0.00 0.00 0.00 0.00 0.10 0.00 0.10
Pseudocalanus 030 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

Sn. 13 St 17 Stn. 18 Stn.24 Stn.27 Sm.29 Smn.30 Stn.33 St 36

Acartia 1.80 0.50 040 0.40 0.93 1.80 1.87 2.60 0.86
Calanus 0.20 0.00 0.00 0.00 021 0.20 0.00 0.00 0.00
Merridia 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 9.80 220 2.80 5.00 3.30 3.60 3.75 1.80 5.15
Oithona 9.40 520 9.40 6.20 5717 6.20 3.98 6.20 829

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
ityr Coes=s ) 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 10.16 533
13-15, February

Sn.7  Stn.12  Stn. 13 Stn. 17 Stn.18 Stn.22 Sm.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 4.61 8.94 6.71 3.76 5.69 7.32 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

Sm.7  St. 13 Sn.17 Stn. 18 Stn.30 Stn.31 Stn.33 Stm. 55

Acartia 2.85 0.00 0.00 8.13 1.63 0.00 1.63 122
Calanus 0.41 0.54 0.00 0.81 1.63 0.00 2.44 0.00
Metridia 0.41 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 0.00 041
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 8.13 434 4.88 528
Microsetella 0.00 1.08 0.54 0.00 0.81 027 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' 282 28l SIZITZEAELRL, 21207 CZon
A ARBEASHERSE L 72 (Fig. 29)0 3 HIZ72 % &£ O#E Tl
10 - L LY, EINERFE DR CldRAME 22.0
Bk - L' &7 o Tz, Z OB S T Oithona & &
Pseudocalanus JE7DYE 12 9fEfE - L' 23% 2 A CHEL
L T\ 72 (Table 9)o

2001 £EARTEEIL 0 FHFC 1.660 % 10° {44 & HEE S 720
2002 FF 1 H 2325 HOBMEIFER LD, REOIGEH
WOERNNDFAGEA DRI S 4172 (Fig. 30)0 372D b5,
BEPIE 24-4.1°C, ¥4 32.8-333 DIRFEHEPRALTH
D, BOEREED S ENALTE A IS RTFREDSTER S L Tw
720 2001 fEICHR &, 2002 FEI2BWT D 1 B DOFEIC
HARTREOEIZ A EREIC & 2 KA & v
2 A5 3 BIChT TEMTRERIIICL ) FO6NTs
D, JKiRIE 2.0-25°C THo 720

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

‘ ‘ 287 366

285
14.9

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

4.8-8.6-12.6
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

ocw

17 - 19 February 2003

Fig.33. Distributions of water temperature ( °C) and salin-
ity (=5=== ) at 15 m depth in winter 2003. (from Shi-
rakawa, 2004, Yamamoto, 2004)

1ABLO 2 BOAT b ¥ TG EEILFIYE
EHELTELIERNELZ>TEBY, ZOHTIE2A
DB Station 31 THAME 35.8 A - m? A5 5 17z (Fig.
31 ZDH, 3 BIZBVWTHITEALRESN D572,

1RBLO2BOH ATV — 7)) 7 AOGAEREIL
FHRETHY, BLEFSI0E LT THo/2ds, 3
BICIiFFE L <mL, B0yt clasmk 69 ik -
L' 125 L7 (Table 10, Fig. 32)s

2002 FEALEEL 0 FBET 1.070 X 10° AR & HEE S 7z
2003 & 1 H 17-20 HOBRAITIE, ENIZEB &£ 4.0°C,
1453 33.4-33.6 DK A L TR Y, BEERAKB LD
EBRIEAKEIRREREE ORAKTH D LHETE N
(Fig. 33)0 —77, BLHE» HEIE T2 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

23-59-72
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)
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OIREBEFPRN S N2, 2 A 17-19 HTIX 3.0°C, EBS EIRWNMEIZ R 5 Tz,
BIFBEORFEBRFHORAIEZ SN, ZORKHT I HA TV —T ) ADOKFESHIE, 1ABLU2H
BRICBIBINERHBORAIKT LT bDEEZ TiEB L E Sk - L LIRNETH Y, BIFE3RICRS
bhb, F0tk, 3 A 13-15 Bilh 2 L ipRERE#OKERIE N5 FEE R EEINILERS & 1Lz o 72 (Table 11, Fig. 35).
BIF20°CEFTET LT, 2003 EFRERIT 0 FBF T 1,919 X 10° fEE & HEE Sz,
AT N IHEIELADS 2 BIZhTTELAA/L, 2004 £ AREAFEZ2H 13-15BDA, CIDIZLBHE

2 BIZBWTHRAME 57.3 A - m? 2B & v 7 (Fig. 39). Bl %47 - 72 (Fig. 36)o EOED 5 BRI, T 4.0-
3AICRELSHA L Tz Sl BT 55845 - m? 50°C, 4 33.4-33.6 DKBATE D Tz, EA D HHIWF

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

17-20, January

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

Acartia 0.06 0.21 0.09 0.58 0.21 0.40 1.07 0.14 0.30 0.44 0.92 031 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 0.06 031 0 0
Paracalanus 0 0.11 0 0 0 0 0.15 0 0.20 0.11 0.06 0.10 0 0
Pseudocalanus 051 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 311 4.02 3.41 5.92 3.09 4.81 5.36 3.00 426 5.67 3.00 3.67 271 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 375 5.50 4.05 7.15 3.60 5.85 7.65 425 5.35 7.45 4.65 5.60 3.70 3.05
17-19, February

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

Acartia 1.24 0.05 0.13 028 041
Calanus 041 0 0.26 0.14 0.27
Mesocalanus 041 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 1.27 0.68
Oithona 3.30 1.80 3.77 5.36 423
Corycaeus 0 0 0 0.14 0
total 7.15 2.25 5.85 7.20 5.60
13-15, March

Stn. 10 Sm. 13 Stm. 18 Stn.24

Acartia 3.77 0.55 0.42 221
Calanus 0.81 0.28 021 047
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 13.75 1220 18,60 11.70
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R S .

2004 FEALFEL 0 FEET 1.260 x 10° B & HeE Sz,

2005 £ mi4E[REEE, 2 H 16-17 B2 CTD Bl o A%
L7z (Fig. 37) FAZH A M TAIR - 35 & b ITBEAV &
Moz, EEEMEEEA L. K 3.5-42°C, 5
BORIAT, EEERAKEEbNLD, —EB TR
EDRAEDBEEEI N2 L2 X BRI T AN 2 7.

2005 SEALEENL 0 T 5.383 % 10° {85 C HBUAE R DS
FELEZLDEEZ LD,

2006 F ALEIEZ 1 H 25 HISESMERM Station 1 & 1 H
27 HIZiEM Station 30 123\ T CTD Bl O A AT o 720 K
% 15 m OELHMEIL Station 30 T 3.8°C, 145 33.29, Station
1 TIX 3.8°C, R4 3329 DI B A4 L T 7ze i
AFREEHEFIE LB L TR o720 D LHEESI NS, 2
A 15-16 HOBHITIE, EMNIZBWT3.0°C, 155334 0
IO RBLET MBI S 172 (Fig. 38).

HAT V) —T) I ADSMAEEI1IBEBLU2H
ICBWCERNEN 7 A CRMAE LT o 7R3, B AR
TEENINES L, BLZ10KE - L TH o7

mixing water
ocw

Fig.36. Distributions of water temperature ( °C) and salin-
ity (-=--- ) at 15 m depth during 13-17 February 2004.
(from Koyama, 2006)

mixing water

16 - 17 February 2005

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

2006 FEARHEELL 0 T 1.770 X 10° A TH - 726

2007 F 1 A 17-18 H, BAB I OELOHICEBWTIX
6.1-6.9°C, 14> 33.6 DEEEIEGRK 2354 L T\ 72 (Fig.
39 2 A TED5 3 A Bk 4.0-45°C, 51334

ocw

15 — 16 February 2006

Fig. 38. Distributions of water temperature ( °C) and salin-
i s ) 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.

7.1-21.9-31.
min. — median — max.

17-18 January 2007

4.4-11.8-24.1
min. — median — max.

19-4.6-12.4
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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DOEEREF K S IR RERE & DRAKPEE S N 3 A
16-17 HIZ7 % LWL 4.0°C LT, 145 334 LT iR
BEIARA L T zo 2007 0 B0 AR X1
BT, 3 ARETH L LHBT SNz,

HAT V) —7) 7 AOGHAEEL, 1 ATiE20
fk - L' o m AL, FIEEL KL TEWEDE
S A7z (Fig. 40) 2 A TIXEWT 10-14 8K - L' OHieL
WHRONTZH, ZDIE PO EIL S EE-L LT Th o7z,
3AICRD L4 DA TI0EE - L' DLEICEEL, 20
EAE L LEOH S D A 57z,

2007 fEARHFEL 0 FEIFC 3215 % 10° A CTH o 720

2008 £ 1 H 23 HIZEW 4 # 5 CEUN 2 1T - 72 (Fig.
41)o EMIIKIR 5.5-5.9°C, ¥E4) 33.8-34.0 DEERIEFI/K A
HHTWz, 2 H 4-5 HTIE5°C, 1545 33.8 DEDERM &
n, EBEBERKD 1 AP L ToALTwbsbnL
EZObNA, 2HRHIZRALEBLZ35°C, His33.5-
BIWETLAZ LS, RERPEOREIFHBEIN
72bDEEZ NS, 3 A 5-6 HIZIXENIL3.0°C mif2ic
KTL, 2oL T, EEEGKERERSED

temperature

5.5-59°C
salinity 33.8 - 34.0

salinity 33.5-33.7
L]

22 February 2008

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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REKRDAHALTWIZbDEEZ LNA (Fig. 42) —H, E
BAPE 51213 3.0°C, 1450 33.4 LLF iR it A ASHERE
SNt 3B 19HICARSE, EHIZ3eC, H433.1-333
DIBFEBEMEO TV,

AT by IFEIE I ATEICZIBEALRES N,
rofzAs, 2 A RAICIEEL ML, BOHHR TR
fif 261.8 1814 - m? ZFé%k L7z (Fig. 43)0 2D, 2 A TH,
3 EABLOHRAIIBNTE L Z 10-30 B - m? D5
T %R L7z (Fig. 44)o

HATVHE/ — 7V Ak1 ATAE 2 AEAICBW
TH L Z 10-15 8k - L' o5 HE %2R L7z (Fig. 45). 2
ATHEIIEBEZ 2084 - L' FTHiL, 3 RIS
WD BEE LR ELITEED SN Hh o 7 (Fig. 46)0

2008 fEARHBELL 0 FRHF T 1.828 X 10° A TH o 725

2009 F 1 A 17 H, EHIE55-6.0°C, 15 338 FifAD
IR K AT 8 T 7z (Fig 47)e 1 H 2627 HiIZBWT
O IKIRIZ 5.0°C 1K L7278, &Ik & L CERBR TR ANH

1.10-7.21-17.21
min. — median — max.

23 January 2008

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

22 February 2008

138.9

58 855 @ g3
® 2700 5

903 © 316 .

e 116

33.4
2

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)

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)

B
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HLTWie 2 B 10-11 HiZZe B & 40°C, ¥845-334 O
BRI L IR OIREKIZEE L7z 2 H23-25HT
WEERITE J701C 3°C, HE47 332 DIRFHEID A 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)

176 @
® @uwn: .15?
18.2 o 200

6.5 @ 17.1 Qw1
@

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)

T 7z (Fig. 48)o 3 A 12 HIZEN 4 B OA DB TH 1,
BERBOZEENIBNTE 2 h o778, REKERTIHE
DM S A7z, 2009 SEAZEOIR B O ASE T FE
IFGE LB L CGEL, 3 AL TH 720 LR
Hib,

A b ¥ I AFHIE 2000 4 &R U & 9 I EBAEREED
2005 ERRIEER 4 FTIMALTE2D, 1 AREAMS2
ATHETO4EOFAFEICBVTHMABEEIEL 5L

mixing water

mixing water

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)
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an1 @ @
‘3.2 1527 @ 127.8
56.0

L
7@ _ @397.8

188.91 - 593.16 - 858.06
min. - median — max.

3.19-256.02 - 1196.06
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)

®138.6 *go1
®138.6

.207.4

®426.0
32116

279.66 — 555.06 — 822.16
min. — median — max.

80.12-445.64 — 3211.58
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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3 HHAIZB VT S 280-822 fEfA - m? OE\WEDEIH
17z (Fig. 49, 50)o

HAT V) =TI ADGAEEIL 1 AREIZBW
TIEEA OB T TI0fEME - L 2B TBY, 1H
TE2S 3 BRI TOMEREIEE 2RO
SNk d o7z (Fig 51, 52)0

2009 {EFETEIL 0 FEIFC 2325 % 10° A CTH - 720

9.3- 13.5-21.8
min. — median — max.

17 January 2009

6.0- 12.7-16.8
min. — median — max.

10 - 11 February 2009

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)

132 @
129 .12 @ g
132@ 1.
“? [ ] 1.1 @7 ©
13.0 A 9.3

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
. 333
2 4 : ocw

mixing water

8 January 2010 4 February 2010

Fig. 53. Distributions of water temperature ( °C) and salin-
Ity (Bess ) at 15 m depth in winter 2010. (from Kano,
2012)
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2010 F 1 H8H, BOE2LHMESLEMIZRE
SN7FHATH - 72 (Fig. 53)0 6.1-6.5°C TIRETH > 7275,
WAL B3 RETRWVETH Y, BEHRE L OREDH
BLTWhbobifgRaN/z, 2 A4 HIZBAICBWT
3.5-4.0°C, 347 332 Wit DB EBENI B LN Tz, 2 A
P63 BT T, BERBORADHEREIN, ZOM,
2 A 2728 HTId 1.5-3.0°C, 3 H 2324 HTIZ20°CLTF
(KT L 72 (Fig. 54)o 2010 SE4ZRIIN R O A E-
FEHETHo2bDEEZOSND,

AT b FIFAIE1 A EAICBWTBRICEREEZ R
L, EFRIT Station 29 Tl AMHE 600 EE - m? 235 5

ocw

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)

1353 1434
1205 @

92018 @ 137.1
534.7 ® L] °

50.85 - 136.21 - 534.66
min. — median — max.

0-210.94-600.33
min. - median — max.

8 January 2010 4 February 2010

Fig. 55. 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)

19.19 - 167.78 - 450.19
min. - median — max.

0-74.16-279.08
min. — median — max.

27 - 28 February 2010 23 - 24 March 2010

Fig. 56. 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)
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N7z (Fig. 55) 2 A EAIZBWTL 100 E1E - m? L ED
HEAE {, B Station 31 128V THROAME 535 f8F - m?
WEONT, BHEEOREZ2 ATH T CHERL, 3AT
2BV THEANTEH T 100 A - m? L EOGAEENS
HEFF STV (Fig. 56)0 DX 912, 2010 43 A7
MY Y IFBOGHEEIFEELLEBR L CEEEL
e o TWiz,

HAT V) =T )T ADOGHAEE L1 B LATTT
W10 EfE - L' LRl R L, 2 A RAEIICBWTIEAE

5.1-8.1-11.5
min.— median — maxi.

11.3-13.5-13.7
min.— median — max.

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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7.9-14.3-20.9
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9.7-18.2-229
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27 - 28 February 2010 23 - 24 March 2010

Fig. 58. Distribution of copepod nauplii (nauplii *+ L™) in winter
2010. Samples were collected at 15 m depth. (from
Kano, 2012)

6.57 - 6.69°C
salinity 33.55-33.58

mixing water

mixing water

22 - 23 January 2011

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

B A B LREic 472 5 EPHLE T 10 Bk - LY
K DOE & 7 o TV 72 (Fig. 57)0 2 A T TIEHERAYIF#
s L, RWRETlI0MEE - L P EofEE R, 85
123 AT 20 @4k - L' DLE# S 25880 L 72 (Fig.
58)o

2010 FEARHBENE 1981 FFAREE LUK R O BIFEREIK
0 T 0359 X 10° fEE TH o 720

200 E 1ASHIRRRDZD, EHRN3IHEDADE
HITa o7z (Fig. 59). 6.5°C Hiif%, 343 33.55-33.58 DEHE
RETLARSEI S A7z 1 H 22-23 Hi 4.6-4.9°C, 1§45 33.5
FIfAT, EEBERAK LGB & OREKDOGAHHERR
ENTze 2 A 23 HIZBWTOIKIRE L TRAKD DA L
TWrize 2 A21-23 HiC% % &, BNIL3.03.5°C, M5
33.3-334 DR EHENSTHA L, BWIZBUT 5 KN

22 - 23 March 2011

9 March 2011

Fig. 60. Distributions of water temperature ( °C) and salin-
ity (5==== ) at 15 m depth in winter 2011. (from Kano,
2012)
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399.9
0-3.36-38.5
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5 January 2011

72.20 - 334.62 - 720.35
min. — median — max.

2 - 3 February 2011

354.2 . 372_5'
Y 424.6

161.2@ 1822 @

204.3

155.36 — 344.44 — 475.04
min. — median — max.

22 - 23 January 2011

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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FTLTWDZ & D HERR S 72 (Fig 60)o 3 A 9 HIZIZK
- EDITETL, 382223 HIZR > THOEELRE
LIZEED Nz,

Ay v IFEIE1I RS ED S 2223 HICHE L L 1
L7z (Fig 61)o HFEDOGMEEDOMEMI 2 B FARLT
AT TR L, EOEE S EID R TR ME 14329
Bk - m? & 7% 5 T 7 (Fig. 62)o 2011 FEICBWTIX 3 A
THE THADGHBEIBNIREEL 2> Tz,

HATVHE) =TI AOSHEREIE1 A LT
TIZ 108K - L' LEfEE 2> THY, 3 HTH T THE
FRBACITERDO BNk o 72 (Fig. 63, 64)o

2011 4EARFE L 0 A IS C 0.513 X 10° 4K T, 2010 4E12D
WTRWKHEE L 725 Tz,

2012 F 1A 12 HOBEITIE, EHNIE55-60°C, 5
33.6-33.7 DEEEBE KA HE L T 72 (Fig. 65) 1 A 25
HiZ% Ak, 3549°CIIETL, MOdETETL, B

147.8

® 2582
g @ 3
g @ 19
77
‘2.9
; .571'9. 1316.0

1 1.79':0?

531.0
77.73-391.21-1432.87
min. — median — max.
21 - 23 February 2011

14329
71.55 - 281.44 - 888.02
min. — median — max.

22 -23 March 2011

969.7 3656

3714
[ )
°

234.88 - 568.09 — 969.74
min. - median — max.

9 March 2011

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)

7.5-9.9-12.5
min. = median — max.

2 -3 February 2011

17.4-20.6-23.8
min. — median - max.

5 January 2011

4.7-11.7-16.8
min. — median — max.

22 - 23 January 2011

Fig. 63. Distributions of copepod nauplii (nauplii - L) in winter
2011. Samples were collected at 15 m depth. (from
Kano, 2012)
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13.2-16.2-26.2
min. — median — max.

22 - 23 March 2011

7.1-9.7-14.4
min. — median — max.
21 - 23 February 2011

129 128

( N ] .11.0

29@ 16.8
...

16.2

11.0-12.9-16.8
min. - median — max.

9 March 2011

Fig. 64. Distributions of copepod nauplii (nauplii - L) in winter
2011. Samples were collected at 15 m depth. (from
Kano, 2012)

4 -5 March 2012

mixing water

25 January 2012

Fig. 65. Distributions of water temperature ( °C) and salin-

ity (=== ) at 15 m depth in winter 2012. (Kano, unpub-
lished data)

4684  155.0
L]
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217.7-593.3-1494.8 4914
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4 -5 March 2012

12 January 2012

121.5-538.4-1293.1
min. — median -max.

25 January 2012

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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25 Janumary 2012

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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72 (Fig. 67)o
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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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