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Studies on influence of oceanographic conditions in the spawning season on
interannual fluctuations in recruitment of the Japanese Pacific walleye pollock
(Theragra chalcogramma) stock

Osamu SHIDA *2

The Japanese Pacific walleye pollock (T heragra chalcogramma) stock (JPS) which is widely distributed off the
Pacific coast of northern Japan is one of the most important target species for local fisheries. Resources of this
species have been managed under the TAC rules that require estimation of stock abundance. Therefore, it is
necessary to have a clear grasp of the relationship between the ocean environment and the variation in the stock
abundance of walleye pollock, and to device a suitable method of fisheries management based on pertinent biological
information. I have proposed a conceptual model of the mechanisms that determine JPS year-class strength, which
appear to be the major factor that drives changes in stock biomass. In this model, successive controls are believed
to be important for determining year-class strength. These controls or “switches” are factors related to survival in
each stage from spawning adults to recruits. This study focused upon these switches in the spawning adult stage,
as adult fish are the most important target for commercial fisheries. The objectives of this study were to investigate
the interannual variability of the timing and location of spawning, and the influence of oceanographic conditions
on them. Furthermore, I addressed the relationship between this variability and landings of commercial fisheries.
The distribution and abundance of spawning adults in Hidaka Bay, the main spawning ground, were observed from
1998 to 2008 using a quantitative echo sounding system, and the data were analyzed together with oceanographic
observation data using the Geographic Information System (GIS) method. The results showed that adult pollock
migrate from the Doto area, the major feeding ground, to Hidaka Bay along the Cold Lower-layer water. They then
moved to the shallower continental shelf region covered with Oyashio water (OW) in the spawning period. After
spawning, they migrated to the Doto area along the OW. The timing of spawning migration to Hidaka Bay showed
interannual vatiation that was affected by water temperature and abundance of prey zooplankton during the
feeding period. The spawning location in Hidaka Bay was affected by distribution of the cold Coastal Oyashio water.
Furthermore, these interannual variations in the timing of spawning migration and spawning location affected
the landings of commercial Danish seine and gillnet fisheries. These findings are of value for understanding the
mechanism of stock variation, and provide important guidance for walleye pollock stock management.
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Fig.1.2 Life history of the Japanese Pacific walleye pollock stock.
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Fig.1.4 Conceptual model of the mechanism
determining the year class strength of
the Japanese Pacific walleye pollock stock
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related to pollock survival are expressed as
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Table 3.1 Summary of acoustic surveys in chapter 3.

Survey Year Date Vessel name Transect lines
2004 season
1st 2004 September 3-7 Kinsei-maru A-L
2nd 2004 November 29 - December Kinsei-maru A-K
3rd 2005 January 15-21 Hokuyo-maru B, E-L
4th 2005 February 28-March 1 Kinsei-maru B,D,F,G,H,J, L

2005 season

1st 2005 August 31-September 5
2nd 2005 November 24-28

3rd 2006 January 14-22

4th 2006 February 28-March 1

Kinsei-maru A-L
Kinsei-maru A-L
Hokuyo-maru  B-L
Kinsei-maru B,D,F,G H,J L

Table 3.2 Ranges of the difference of mean volume backscattering strength (A MVBS)
of pollock and planktons used in this study.

Species AMVBS (dB) Reference
Walleye pollock 1 - 4 Kangetal. *?
Large zoo plankton (ex. Euphausia pacifica ) 8 - 16 Miyashitaetal. *®

Small zoo plamkton (ex. Neocalanus copepods) 19 - 21

Miyashita et al. %)
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Fig.3.2 Classification of six water masses used in
this studyb6): The Tsugaru warm Current
water (TWC), the Oyashio water (OW), the
Coastal Oyashio water (CO), and the Cold
Lower-layer water (CL). The S-OW and S-CO
indicate the solar heated surface waters of
the Oyashio water and the Coastal Oyashio
water, respectively. Symbols correspond to
those used in Fig. 3. 9 and Fig. 3. 10.
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Fig.3.3 Typical echosigns of adult walleye pollock observed along the transect line (black arrows): (a) September
(first) survey, (b) November (second) survey. (c) January (third) survey, (d) March (fourth) survey. Pollock
formed continuous layers along the sea bottom and sometimes formed dense patches (c2) in January.
White arrows show the sea bottom.
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Table 3.3 Percentage and weight by species in catches
from three bottom trawl hauls during the
September (first) surveys in 2004 and 2005.

Year 2004 2005
Haul No 1 2 1
Towing Depth(m) 270 310 310
Total Catch (kg) 723 78 65
Species Composition (W %)

Walleye pollock 84.8 38.9 76.5
Threadfin hakeling 0.1 19.2 0.0
Pacific cod 22 9.0 4.6
Flatfish 2.3 3.8 10.6
Sculpins 4.2 2.8 1.2
Eel pouts 0.0 21.8 1.4
Others 6.4 4.5 5.8

Table 3.4 Percentage of adult fish in walleye pollock
samples collected in trawl surveys and
commercial Danish seine.

Trawl surveys Danish seine Fisheries
Fishing Year 2004 2005 2004 2005

Survey 1st  1st 1st 2nd 3rd 2nd 3rd
No of measured 160 101 100 100 101 100 90
% of Adults 100 42 100 100 86 100 100
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Fig.3.4 Frequency distributions of walleye pollock
fork length, collected in trawl surveys: (a)
Haul No. 1 in 2004, (b) Haul No. 2 in 2004, and
(c) Haul No. 1 in 2005.

Table 3.5 Percentage and weight by species in catches
from commercial Danish seine fisheries
operating in the same period and area as
the November (second), the January (third)
and the March (fourth) acoustic surveys in
2004 and 2005.

Survey Year 2004 2005
Survey No 2nd 3rd 4th  2nd 3rd 4th
Month Nov. Jan. Mar. Nov. Jan. Mar.
Species Composition (W %)

Walleye pollock 93.4 96.1 755 959 99.0 38.9

Pacific cod 41 0.3 146 27 0.2 14.2
Saffron cod 0.0 0.0 0. 00 0.1 041
Arabesque greenling 01 01 09 00 0.0 0.5
Pacific herring 00 00 14 00 0.0 041
Flatfish 16 26 35 10 03 415
Channel rockfish 01 0.0 00 00 0.0 0.0
Motted/Long shanny 00 00 02 00 0.0 041
Japanese common squid 0.0 0.0 0.0 01 0.0 0.0
Octpus 04 0.1 09 02 01 16
Sculpins 0.1 02 18 00 0.1 15
Skates 0.1 0.0 01 01 0.0 01

Others 02 04 12 01 01 1.1
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Fig.3.5 Frequency distributions of walleye pollock fork
length, collected in commercial Danish seine
fisheries: (a) December in 2004, (b) January in
2005, (c) December in 2005, and (d) January in
2006.
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Fig.3.6 Walleye pollock abundance in Hidaka Bay
during the 2004 and 2005 surveys. Relative
abundance was shown as the sum of the
nautical area scattering coefficient (NASC).
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Fig.3.7 Vertical distribution of walleye pollock
observed during each acoustic survey.
Relative abundance was shown as the sum of
the nautical area scattering coefficient (NASC):
(a) the 2004 surveys and (b) the 2005 surveys.
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Fig.3.8 Horizontal distribution of walleye pollock observed during the 2004 surveys :

(a) September (the first

survey), (b) November (the second survey), (¢) January (the third survey) and (d) March (the fourth
survey). Size of circles are proportional to pollodk density (nautical area scattering coefficient, NASC)

calculated in 500 m intervals.
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Fig.3.9 Horizontal distribution of walleye pollock observed during the 2005 surveys :
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(a) September (the first

survey), (b) November (the second survey), (¢) January (the third survey) and (d) March (the fourth
survey). Size of circles are proportional to pollodk density (nautical area scattering coefficient, NASC)

calculated in 500 m intervals.
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Fig.3.10 Vertical profiles of temperature, salinity, and water mass along transect F located in the center of the
survey area. Left panels show profiles in 2004 surveys, and right panels show them in 2005 surveys: (a)
and (e) September (the first surveys), (b) and (f) November (the second surveys, (c) and (g) January (the
third surveys), (d) and (h) March (the fourth surveys). The capital alphabet indicates the water mass
classified based on Rosa et al. 56): the Tsugaru Warm Current water (TWC), the Oyashio water (OW), the
Cold Lower-layer water (CL), the surface water of the Oyashio water (S-OW), and the surface water of

the Coastal Oyashio water (S-CO).
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Table 3.6 Standard deviation of errors between observed and
geostatistically estimated temperature and salinity in cross

validation.
Year 2004 2005
Survey Month Temperature  Salinity Temperature  Salinity
1st  Sep. 0.1-1.3 0.00-0.13 0.0-1.3 0.01-0.20
2nd  Nov. 0.1-1.1 0.02-0.10 0.2-1.1 0.05-0.11
3rd Jan. 0.1-1.6 0.02-0.27 0.0-0.9 0.02-0.20
4th Mar. 0.1-1.2 0.03-0.16 0.1-1.5 0.04-0.23
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Fig.3.11 Three-dimentional plots of walleye pollock distribution as percent acoustic abundance (% of NASC),
against temperature and salinity observed during the 2004 surveys: (a) September (the first survey), (b)
November (the second survey), (c) January (the third survey), and (d) March (the fourth survey).
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Fig.3.12 Three-dimentional plots of walleye pollock distribution as percent acoustic abundance (% of NASC),
against temperature and salinity during the 2005 surveys: (a) September (the first survey), (b) November
(the second survey), (c) January (the third survey), and d) March (the fourth survey).
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Fig.3.13 Percent acoustic abundance (% of NASC) in each water mass:
(a) the 2004 surveys and (b) the 2005 surveys. The capital
alphabets indicates the water mass classified based on Rosa
et al. (2007): the Tsugaru Warm Current water (TWC), the
Oyashio water (OW), the Cold Lower-layer water (CL), the
surface water of the Oyashio water (S-OW), and the surface
water of the Coastal Oyashio water (S-CO).
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Fig.3.12 Vertical profiles of temperature, salinity, and water mass along transect F located in the center of the
survey area. Left panels show profiles in 2004 surveys, and right panels show them in 2005 surveys: (a)
and (e) September (the first surveys), (b) and (f) November (the second surveys, (¢) and (g) January (the
third surveys), (d) and (h) March (the fourth surveys). The capital alphabet indicates the water mass
classified based on Rosa et al. 56): the Tsugaru Warm Current water (TWC), the Oyashio water (OW), the
Cold Lower-layer water (CL), the surface water of the Oyashio water (S-OW), and the surface water of

the Coastal Oyashio water (S-CO)
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Table 4.1 Summary of acoustic surveys in chapter 4.

Year Survey date Vessel name  Echo sounder
1st 2nd
1998 Oct. 3-6 Dec.12-14 Oyashio-maru FQ-70
1999 Sep.29- Oct. 1 Dec.15- 16 Oyashio-maru FQ-70
2000 Sep. 20 - 22 Dec.14-15 Oyashio-maru FQ-70
2001 Sep.8-9 Nov. 26 - 29 Kinsei-maru EK-60
2002 Sep.4-10 Nov. 20 - 25 Kinsei-maru EK-60
2003 Sep.2-9 Nov. 10 - 20 Kinsei-maru EK-60
2004 Sep.3-7 Nov. 29 - Dec. 1 Kinsei-maru EK-60
2005 Aug. 31-Sep. 5 Nov. 24 - 28 Kinsei-maru EK-60
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Fig.4.1 Survey area and transect lines for the acoustic surveys and the CTD stations
Table 4.1 Summary of time series data sets used in this study
Data N Periods References

Percent of walleye pollock catch by commercial gill net from October to November 26 1980-2005 Hokkaido local government
Mean fork lengths of walleye pollock caught by commercial gill nets (mm) 25 1980-2005 *1 HHFES, HMFES
Biomass of JPS estimated by VPA (t) 25 1981-2005 Mori and Funamoto®®
Biomass of age 4 and older fish as adults estimated by VPA (t) 25 1981-2005 Mori and Funamoto®
Spawning stock biomass estimated by VPA (t) 26 1980-2005 Mori and Funamoto®®
Density of Neocalanus cristatus in the Oyashio waters (Apr-Aug mean wet weight g/m?) 23 1980-2002 Tadokoro et af.®
Temperature at a depth of 300m measured at P63 or 64 in late August or early September 18 1984-2005 *2 HHFES
Temperature at a depth of 200m measured at P63 or 64 in late August or early September 19  1984-2005 *3 HHFES
Temperature at a depth of 200m measured at P32 in April 16 1989-2005 *4 HKFES
Temperature at a depth of 200m measured at P32 in June 16 1989-2005 *5 HKFES
Temperature at a depth of 200m measured at P32 in August 17 1989-2005 HKFES
Temperature at a depth of 200m measured at P32 in October 16 1988-2005 HKFES

*1: lack of data in 1992, *2: lack of data in 1985, 1987, 1991 and 1998, *3: lack of data in 1985, 1991 and 1998, *4: lack of in 1991. HHFES:
Hokkaido Hakodate Fisheries Experiment Station, HMFES: Hokkaido Mariculture Fisheries Experiment Station, data in 1992, *5: lack of

data. HKFES: Hokkaido Kushiro Fisheries Experimental Station.
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Table 4.3 Number of specimen and measured fish
used for estimation of the mean fork length
in each year, caught by commercial gill net.

Fishing Number of
Year specimen measured
1980 17 1,237
1981 22 1,531
1982 22 1,388
1983 28 2,238
1984 43 4,154
1985 27 2,518
1986 34 3,351
1987 25 2,383
1988 19 1,772
1989 22 1,925
1990 10 1,102
1991 5 502
1992 3 300
1993 8 796
1994 8 791
1995 9 1,004
1996 8 804
1997 9 894
1998 8 826
1999 8 875
2000 8 817
2001 8 797
2002 6 594
2003 7 697
2004 7 698
2005 7 697
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Fig.4.2 Interannual and seasonal changes in walleye
pollock abundance in Hidaka Bay from
the 1998 to 2005 surveys. Relative pollock
abundance is shown as the standardized sum
of the nautical area scattering coefficient

(NASC).
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Fig.4.3 Interannual changes in monthly walleye
pollock catch in Hidaka Bay by commercial
gill net from 1998 to 2005.
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December to January aginst ratios of pollock
abundance in the first and second surveys.
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Fig.4.5 Interannual changes in percent of walleye pollock catch from October to November by commercial gill
net in Oshima and Iburi sub-prefectures, representing timing of pollock migration to the spawning ground,
Hidaka Bay, from 1980 to 2005. Solid lines and dotted lines show mean and standard deviation values,

respectively.
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Fig.4.6 Vertical profiles of temperature (solid lines and filled contours in left panels), salinity (dotted lines in left
panels), and water mass (right panels) along E 141° 20" in late August. The capital alphabet indicates the
water mass classified based on Rosa et al. (2007): the Tsugaru Warm Current water (TWC), the Oyashio
water (OW), the Cold Lower-layer water (CL), the surface water of the Oyashio water (S-OW), and the
surface water of the Coastal Oyashio water (S-CO). Symbols correspond to those used in Fig.3.3.
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Fig.4.6 Continued. TWC: the Tsugaru Warm Current water, OW: the Oyashio water, CL: the Cold Lower-layer
water, SSOW: the surface waters of the Oyashio water. Symbols correspond to those used in Fig.3.3.
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Fig.4.6 Continued. TWC: the Tsugaru Warm Current water, OW: the Oyashio water, CL: the Cold Lower-layer
water, SSOW: the surface waters of the Oyashio water. Symbols correspond to those used in Fig.3.3.
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Fig.4.7 Interannual changes in water temperature at a depth of 200m and 300m observed at the station P63 or
P64 located in Hidaka Bay in late August, and statistical relationship between these temperature and the
percent of catch from October to November by commercial gill net, interpretable as timing of pollock
migration: (a) and (c) temperature at a depth of 200m and (b) and (d) temperature at a depth of 300m. Solid
lines and dotted lines show mean and stadndard diviation values, resprectively. Black arrows show years
that remakable changes in timing of pollock migration were observed in.
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Fig.4.8 Interannual changes in ecological variables influencing to timing of walleye pollock migration: (a) mean
fork lengths of pollock caught by commercial gill net and (b) April - August mean biomass of Neocalanus
cristatus in the Oyashio waters (Tadokoro et al.69)). Solid lines and dotted lines show mean and standard
deviation values, respectively. Black arrows show years that remakable changes in timing of pollock

migration were observed in.
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Fig.4.8 Continued. Interannual changes in temperature at a depth of 200m observed at the station P32 located
in Doto Area by Hokkaido Kushiro Fisheries Experiment Station: (¢) April, (d) June, (e) Augist and (f)
October. Solid lines and dotted lines show mean and stadndard deviation, resprectively. Black arrows
show years that remakable changes in timing of pollock migration were observed in.
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Fig.4.8 Continued. Interannual changes in stock variables, estimated by virtual population analysis (VPA, Mori
and Funamoto26)), influencing to timing of walleye pollock migration. (g) Total biomass of pollock (age-0 to
age-8 and older), (h) Biomass of age 4 and older pollock, and (i) Spawning stock biomass of pollock. Solid
lines and dotted lines show mean and standard deviation, respectively. Black arrows show years that
remakable changes in timing of pollock migration were observed in.
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Fig.4.9 Statistical relationship between the percent of catch from October to November by commercial gill
net and ecological variables: (a) mean fork lengths of pollock caught by commercial gill net, (b) April -
August mean biomass of Neocalanus cristatus in the Oyashio waters (Tadokoro et al.69)), (c-f) temperature
at a depth of 200m observed at the station P32 located in Doto Area by Hokkaido Kushiro Fisheries
Experiment Station: (¢) April, (d) June, (e) August and (f) October.
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Fig.4.9 Continued. (g) Total biomass of walleye pollock
(age-0 to age-8 and older), (h) Biomass of age
4 and older pollock, and (i) Spawning stock
biomass of pollock. These were estimated by
VPA of Japanese Pacific walleye pollock stock
(Mori and Funamoto™).
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Table 4.4 Correlation coefficients (r) between timing
of walleye pollock migration based on
percent of catch in Oct-Nov by gill net
and ecological variables. Ecological
variables used in analyses are mean fork
lengths of pollock caught by commercial
gill net (Gill net mean FL), April - August
mean biomass of Neocalanus cristatus
in the Oyashio waters (Tadokoro et
al® N.cristatus Biomass), total biomass
of walleye pollock (age-0 to age-8 and
older, ALL), biomass of age 4 and older
pollock (Aged +), spawning stock biomass
(SSB) of pollock, temperature at a depth
of 200m at the station P32 located
in Doto Area observed by Hokkaido
Kushiro Fisheries Experiment Station
(Oceanographic observations). Values of
Biomass (VPA) were estimated by virtual
population analysis (VPA) of the Japanese
Pacific walleye pollock stock (Mori and
Funamoto®).

Factor Gill net Temperature at the station P32

mean FL __ April June August _ October

n 25 16 16 17 16

r -0.4371  0.1494 0.5920 -0.0937 -0.4760

p 0.029 0.581 0.016 0.720 0.062
Factor N. cristatatus Biomass (VPA)

Density ALL Age4 + SSB
n 23 25 25 25
r 0.7846 -0.1310 -0.0843 0.1711
p 0.0000093 0.533 0.689 0.403

SRR T 2 REEBESG VOECHKIEESY 7 O
PN 2 L 5L CBY, A7 b T I12BVT
BTN B % B 72 2 DR E V. — T,
N. cristatus\E A v 71 55 OEY O—>TH LHH, 1k
40 EOATIICOEEMEIH T ) m a3
TwaY, A7 N Y SRAOE DML D L) %
KMOE TS > 7 b ¥ o5timo RIMEIC b7z 57—
Z137% <, RFFE TR O N cristatus DWW 5] 7 — &
w7z €5 T, N. cristatus A7 B E O BALSEE A 7
N 7T OEIREEICEEEEE G52 TWwhh ) 2k
B O MDD 5o N. cristatusD 55 Ai 1% DAV D 7 — %
T, EEWEO 6 B IZB1) 5 KIRFERY] T — & 2SN
e & A 77 IE ORI B %2 7% L 720 Hutchings and Myers®
1%, 71 F ¥ DONewfoundland® K PG ¥ 5 TreYIEERT &
KIROMNZHBE R BIRAH B L ERRL TV 5, EHIT,
Kjesbu™ 13 KPHEE S T OFE EEROF RS, IIEIH
PNZARIEDS 1 CIRTF 3 % & EINAT 8 — 100 2R 22 %
CEERBELTCVE, 2O END, KFEREO RS
k7 & T2 BT O REH O PEINEN R 5. 2
TWALIREMEATRIE S NS, F72, INHLOKRT—%
13 19894E LIRS L A7 72, 19804E A 0 Bljla) % Mis T4 5

A b F T REREOGIRAT) & R oRE 37

CEIETERVA, ZNLIETIZI0ER DT EL =
<, 2000 FARIAE L o TB Y, WFEHHEOENIKE
WZEDPHETH o720 512, N eristatusDBAF R
19804FARIZAE <, 1990412 <, 2000412 FF OV <
o Tz, TOXHIZ, ERUEHIIIB T 2BEHMOERE
PR E AT b 7T IR, RO Decadal % 2 B
8% — %R L7 Tadokoro et al.™ 1%, BLEAKIIZH
\F % Neocalanus/® D= ZE A, LRKTFETH LN TWY
%1978/798 £ 1'1988/89D L ¥ — 4T 7 MIxfIs L T\
5L RIRE L T b BRI TIR1976/7TTI2 81T %
LY=L 7 FORIZA~BHEFORKmAHE T L7z,
FD10, BEBEAREITELFEOMBPIEL %), F0
WRELTAVEWMT T v 7 N HA L7z RetEAvR
ENTwa™, F72, Tadokoro et al™ 1%, HEHRIZH
WTEBO) CIBIERENP0FERNESH 2+ HL, 0%
B OREE R\ CHBEEIZLT L2 LT, 2 VEW
Ty N OEEHTLURERERKEL TV,
D& DI, N cristatusii i &2 L0 B FES O KRR 1
FOEIIRFEEND, BEEEBLIOAT MY IO
BB TS 27 b OB EEIICBIT B A
b7 5T OREERFIR: S8 5.2 T, FEIE
DFEHZPE L TV LI REED D 5o 16T, AW T
BigE sz A T b ¥ T IR ODeadal 2 281, L
V=Av 7 M- TBIABEETHEEEL WD S
EATRIEEN D,

INLDERETEDDLE, AT MY T ITHAICADS
N5 HEENO R = IR 02 iE, HEED
FERHIC BT 2T % <, ZNLATOREICE
2R KIRERBE OB AR T TEFH LTV L%
2 bbb, EINREIH DO Z{bIEChusingDIGHIZR L b
Loz, FIEH I, FAROME ) BEEEIET L 8T
HELEREZ LD, mE5Y1E, BEDED - 7219954
W EUPAEREIX19944E ) 1, MEAE DI B W T
BEOMAI T CTARE L 7-EEOBLH A4 1 HI24E
HFLTEBY, FWEINIIL L 72 ER 04 5D 5 &%
PEICEETH-o722 L 2RI L T\ 5, Nishimura et
al® b, BEOWE D5 72200040 (REIIAEE 1X19994F
FE) OWALHARE, 1 A~ 3 A F ToRENLFHEIE
2B o 7278, EEOEA - 7220018 & U20024E#% (R
AFEEIF20008 & U20014F ) Cld, Kibsras 3 HICiL
LA TH o7 L 2HE LTS, E-TC, #EINB
LU D ¥ — 7 DRI ORI H 5 2 &, BB
B O B R OE G DR \AEDS, ZDHOIN - 1A D
HERRICHEFITH D 2 EDTRESNDL REIFEDORERN S,
CO&MEEMTT, MBERENOA A v FH54+ 2 12%
LB, FIHY A AHVNE L, RGBT 5



EYHEE CTHRKIEDOEVIETH D, FERSINITH T
3% %, —7, Shida et al.*1%, 19804EAICIZHEE T
FEIR S, IPB L OMF A ORI LI ik S A #E
B (A3 - dkis) PEEREE £z LTz
REME % RIE L T\ 5, F7-, Hattorl ef al 1%, BALII
WA S 5 HEmBENGHREE2 0N A7 Ny 75
FHEOFATEENE D - 724E 121, BEHoEW 3 A
~4 7)) HEOEEEP oz EEREL TS, #
N, BACHEEA D% & AR, BEIGE P ANE% &
NBMER L S, BB EIN S 2R F) &
Bbh b, 1Eo7T, HEE - FLILEED» S OMAIZDOW

ThbE, EINRHOZA v FHF 2% HEBERM,

FEDRIAASE S, RIS R IC BT AW EE Tld s
CCKIBDBENETH ), 8OFERAINIZHTIET S L
LD X HIZ, KWFZERERD SRS E R H722 5
BHREAAL v FICHT AEELHAPREONIZ, KRET
1, ) —=D2DAA v FTH B EIHITIZOVTHRE S
%o

EBE5E ENHICHETIBZRXTIIESHATDE
EEERBEEROEE

5.1 #&

FEINGITIE, SHUSHSCIIB X OFRDOAT —TI2B

W, EEEINERY & B BB AR 0 m A,

O NCHEEY L OEBEN L TERICKE L PE
B2 LRl H 5. Tz, EINGINIINE L OHAD
WS & Ak, AL, BUKERAANRRE S, hoEl
IR LoD 6N B E) PP e n) firsd,
ANENGBE G2 DBEERAA v FEEZOND, T 7
AHNBIZBNTYH, EINGETIIEFE G~ O & BE L
TIMFHDOERICEETH L L EZ LN TWEY, Lif
BZBU B A7 by 5T OEINEGETIE, KEM _EDKE
100m AT ORI T S ™, 72, EINGATI3E
AL, FREINGIEEAE R F 72 3B LR O
JEHNALTE § 2 5N 7 EONREM Y IR A s & F
AHITWS, —JF, 19704 LLRT Tl IS ET 2SS
WIZdh 5 EHE SN TWAS Y, JiH S I3, B EE
5 Z ORI A T S G IR S o EEEK (Bl
H5Y 05z Tid 3TLUT, #5330 F AR5 51
LEFRIIE ITEE M) LA TRAT 5
BB (FTH 5P o TidkiE 6 CLLL, #4733.8LL
1) OMESERIZL > THEEL L OTEKEOKRRSE
MWPGE S, A7 b ¥ TSI E L 72K O s x
HIRT AR E LT, EINGITORFELBSHRE 5 L

HWLTwa, LaL, HEBTEBICAT MY ¥ T LK
WL A % ERIIR L, ZORRERE L7226
B\, T TARETIE, FIEATEICE > TR O
A N F T R B L, IS E oK
R ENLZPH LT EI EEE—DBME LTz, N
2T, BEINGITOTE L ki & UKL & DBIFRIZ
DWTLMEF L7z SNET, KPEERBEOGEIHERIC
M5 2W7Ec1E, KRPEERFELMED VPA o HfEES L
7PEIEREE L OEED S MR Sz s
BERHVONTWR2P . —J, EINEH O 1 Blcs
DA EE, WEMICBT A AL v FTh S ERH
FEOIREII LD EEZOND, 22T, HEEHRE
DIERPO AT b ¥ O MBfFExEE L, VPAT
g SN AT R L OB ATV, EINH AR
SEAERDZ LDV THRE L 72,

5 2 #MEEHE

FHEAEE O FERAE, HEEIcBW»12001
~20024FE 3B & 1N2004~20074E D K4E 1 [l 56 11, HAHE
PEERPT IR AR ES 3 BAVEILE & OV 7 BEEAL & AL ifE T
T P97 B A B T I e B R A AR AL AL 2 W CEME L 72,
BAEOFAL, BIHS (1981) I2fEvy, FEINEIAIC S 72
A1 Ada~2 A FaIc T o 720 ZHEOME L Table
5. 1123 T. HEF— ¥ 13, 20014 ~20024F %% Simrad
EK-50051 & AR, 200448 DLEIEFEK -6012 & 1 IUE
L7zo 72, 2001~20024F 5 & U°20044F 13, EK TN L
727 =4 %BI-500CHiITI L7z 7 — %, 20054F DUF#IZEK -
60D 7 — ¥ Z A L CLAMR OB %47 - 720 2001~
20024F 35 & UN20044E 24T b 72 FR A LA & X K BERF 22
AR L72b O TH Y, FETERO B 5E 0520054F LU
VAL N KR SRR TG L 7oA L 3R 5 T D,
2001, 20028 & U20044F DAL, SR % Bl 12HY)
5 X912, HWIZFATIC14.8km (8~ A V) RMFE, 2005
A DI I3 SR T 129.26km (5~ A V) IFECTRE
L7zidtEm b, 107 v b OFENTHAT L 7255 sk
L7z (Fig. 5. 1) i L7289 %01338%8 & 1F120kHz TdH
bo T/, FTEMOA A by TR HESNERE) %
1TV, ZOTE SR = MR O S = e i1 B % 5
ZHTENHENTVD (ZH65,1999)s TDZ ENnD,
2001 ~20024F- 3 X U20044F 13 3R T ORI BV T
BT o007 =5 WELITV, A7 M7 5T ONASC
AR S LB TR L 72 B, H SRR A 5
& LT, 06308 ~16008: 2 B, 160085 ~06308F % 74 [
E L7z F7, ZOERED LKFEGAB L U4
DHEFENNIEMOT— & 2 L7z 20054 LB O FR AL
(ZEFESETITV, BRIEIIATD %o 72,



A b E T RERBEOGRAT) & RS ORE 39

Table 5.1 Summary of acoustic surveys in chapter 5.

Year Date Vessel name Echo Sounder Transect lines
2001 Jan. 19 -24 Kaiyo-maru No. 3 EK-500 WI-WK, FA-FE
2002 Jan. 26 - Feb. 1 Kaiyo-maru No. 3 EK-500 WI-WK, FA-FE

2004 Jan. 22 - 29 Kaiyo-maru No. 7 EK-60 WI-WK, FA-FE
2005 Jan. 15 - 21 Hokuyo-maru EK-60 B,E-L, O-Q
2006 Jan. 14 - 22 Hokuyo-maru EK-60 B-Q
2007 Jan. 14 - 17 Hokuyo-maru EK-60 B-Q

Inside of ™™ Off ibun
Funka Bay rﬂnnunltnn-un‘imxmﬁ‘nn
-

Mouth of

ammmm

42°N Funka Bay
Hakodate Cane &
Jo o omEn g)
141E 142
, L— : Acoustic Transect lines lj
WC«}‘D g?servaﬁans ‘

LG

42°N-|

) “"“"* b)

142°E

- 300m 200m

" 141°E

e . Arouslic Transect lines
. : CTD chservations

42N

c)
142°E

*100m 200m

141°E

Fig.5.1 Three areas of spawning location (a). Off Iburi, the mouth of Funka Bay and the inside of Funka Bay.
Designs of acoustic transect and the CTD stations for 2001, 2002 and 2004 surveys (b), and for 2005-2007

surveys (c).
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Table 5.2 List of parameters used for estimation of
adult walleye pollock biomass.

Year  No of measured g BW(g)
2001 129 5.24x10° 489.8
2002 71 6.56x10 664.9
2004 96 5.35x10 485.3
2006 101 5.88x10° 514.3
2007 91 5.85x10 520.2
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Fig.5.4 Percent of walleye pollock acoustic abundance
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Table 6.1 Summary of acoustic surveys in chapter 6.

Year Date

1st survey 2nd survey
2002 Sep.4-10 Nov. 20 - 25
2003 Sep.2-9 Nov. 10 - 20
2004 Sep.3-7 Nov. 29 - Dec. 1
2005 Aug. 31 - Sep. 5 Nov. 24 - 28
2006 Aug. 29 - Sep. 4 Nov. 27 - 30
2007 Aug. 29 - Sep. 5 Nov. 28 - 30
2008 Aug. 27 - Sep. 1 Nov. 17 - 26

Table 6.2 List of parameters used for estimation of
adult walleye pollock density.

Year No of measured o BW(g)
2002 155 6.79x10° 713.4
2003 196 5.09x10° 442 4
2004 201 5.63x10° 489.0
2005 191 5.77x10° 523.0
2006 183 5.61x107 506.5
2007 145 5.92x10° 523.3
2008 196 5.30x10° 489.0

0 and body weight (BW) of walleye pollock are mean values.

: Gill net
[777] - Setnets

D___} : Danish seine |

140E 141E 142E

Fig.6.1 Fishing grounds for three main fisheries, gill
net, set nets and Danish seine, targeting to
adult walleye pollock in Hidaka Bay. The
area surrounded by the bold solid line shows
fishing ground for Danish seine fisheries (Area
24 - 27: dotted lines) used in this study. Bold
dotted lines show borders of sub-prefectures.
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Fig.6.2 Time series of acoustically estimated density
of walleye pollock in Hidaka Bay in the
first (early September) and the second (late
November) surveys from 2002 to 2008.
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Fig.6.3 Comparison between acoustically estimated
densities of walleye pollock in the first and
the second survey.
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Fig.6.4 Time series of walleye pollock catch by
commercial fisheries, gillnet, Danish seine
and set nets in Hidaka Bay from 2002 to 2008
fishing year (from October to January). In
fishing year 2007, gill net fisheries stopped
fishing in early January because they had
consumed their TAC.
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Fig.6.5 Time series of monthly walleye pollock catch
by commercial fisheries, gill net (the upper
panel), Danish seine (the middle panel) and
set nets (the lower panel) in Hidaka Bay from
2002 to 2008 fishing year (from October to
January). In fishing year 2007, gill net fisheries
stopped fishing in early January because they
had consumed their TAC.
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Fig.6.6 Comparison between acoustically estimated density of walleye pollock (t/nmi® and monthly catch by
commercial fisheries in Hidaka Bay from 2002 to 2008 fishing years (from October to January). Pollock
densities were estimated based on the first surveys conducted in early September (a—j) and the second
surveys conducted in late November (k—t). Pollock catches were sum of all fisheries (gill net, Danish
seine and set nets). (a) and (k): in October, (b) and (I): in November, (c) and (m): in December, (d) and (n): in
January, (e) and (0): from October to November, (f) and (p): from October to December, (g) and (q): from
October to January, (h) and (r): from November to December, (i) and (s): from November to January, (j) and
(t): from December to January.
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Fig.6.6 Continued. Pollock densities were estimated based on the first surveys conducted in early September (a—
j) and the second surveys conducted in late November (k —t). Pollock catches were from gill net fisheries.
(a) and (k): in October, (b) and (1): in November, (¢) and (m): in December, (d) and (n): in January, (e) and (0):
from October to November, (f) and (p): from October to December, (g) and (q): from October to January, (h)
and (r): from November to December, (i) and (s): from November to January, (j) and (t): from December to
January.



Fig.6.6 Continued. Pollock densities were estimated based on the first surveys conducted in early September (a
—j) and the second surveys conducted in late November (k —t). Pollock catches were from Danish seine
fisheries. (a) and (k): in October, (b) and (I): in November, (c) and (m); in December, (d) and (n): in January,
(e) and (o0): from October to November, (f) and (p): from October to December, (g) and (q): from October to
January, (h) and (r): from November to December, (i) and (s): from November to January, (j) and (t): from
December to January.
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Fig.6.6 Continued. Pollock densities were estimated based on the first surveys conducted in early September (a
—j) and the second surveys conducted in late November (k —t). Pollock catch were from set net fisheries.
(a) and (k): in October, (b) and (1): in November, (¢) and (m): in December, (d) and (n): in January, (e) and (0):
from October to November, (f) and (p): from October to December, (g) and (q): from October to January, (h)
and (r): from November to December, (i) and (s): from November to January, (j) and (t): from December to

January.



Table 6.3 Correlation coefficients (r) between pollock density (t/nmi? estimated by acoustic surveys and
monthly commercial walleye pollock catch (t) by gill net (GN), Danish seine (DS), set nets (SN)
and total catch (Total) from 2002 to 2008. Figures in parentheses are number of years. Asterisks
show statistically significant r at 0.05: *, 0.01: ** and 0.001: ***.

Acoustic Survey 1st survey (early September)

2nd survey (late November)

Month / Fisheries Total GN DS SN Total GN DS SN

Oct 0.6841 (7) 0.6465 (7) 0.1750 (7) -0.1989 (7) 0.6465 (7) 0.4531 (7) 0.7286 (7) -0.4829 (7)
Nov 0.7257 (7) 0.6644 (7) 0.0381 (7) 0.2951 (7) 0.6644 (7) '0.8174 (7) '0.7698 (7) -0.1003 (7)
Dec 0.5295 (6) 0.5530 (6) 0.1518 (7) 0.2128 (7) 0.5530 (6) 0.5782 (6) ”0.9050 (7) -0.3249 (7)
Jan 0.2444 (6) -0.2553 (6) 0.1026 (7) -0.3075 (7) -0.2553 (6) 0.6898 (6) -0.1922 (7) 0.3175 (7)
Oct-Nov '0.7951 (7) '0.7662 (7) 0.0706 (7) 0.2947 (7) 0.7662 (7) 0.7280 (7) '0.8311 (7) -0.1017 (7)
Oct-Dec 0.6677 (6) 0.7183 (6) 0.1228 (7) 0.2172 (7) 0.7183 (6) 0.6948 (6) “0.9043 (7) -0.3191 (7)
Oct-Jan 0.6288 (6) 0.4859 (6) 0.1741 (7) 0.1580 (7) 0.4859 (6) '0.8503 (6) 70.9405 (7) -0.2532 (7)
Nov-Dec 0.5924 (6) 0.6062 (6) 0.1135 (7) 0.2173 (7) 0.6062 (6) 0.6434 (6) '0.8887 (7) -0.3191 (7)
Nov-Jan 0.5765 (6) 0.3531 (6) 0.1699 (7) 0.1581 (7) 0.3531 (6) '0.8425 (6) 70.9412 (7) -0.2532 (7)
Dec-Jan 0.5211 (6) 0.2222 (6) 0.2450 (7) 0.1520 (7) 0.2222 (6) '0.8272 (6) ""0.9576 (7) -0.2564 (7)
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Table 6.4 Fishing efforts as number of hauls that
percent of walleye pollock catch are
more than 50% of total catch on pollock
of commercial Danish seine fisheries by
month and year in the survey area (Fishing
area No. 24 - 27).

Month
Year Oct Nov Dec Jan
2002 78 52 543 503
2003 40 88 489 502
2004 73 266 691 593
2005 170 241 537 555
2006 203 390 536 481
2007 198 387 694 548
2008 112 354 556 471
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Table 6.5 Species in monthly catch of by commercial Danish seine fisheries in
the survey area (Fishing area No. 24 - 27) as percents of catch.

Fishing year Month WP TH JCS FF SQ Others
2002 Oct 49.3 0.0 33.1 6.3 23 9.0
Nov 38.0 0.0 16.4 16.9 58 228
Dec 95.1 0.0 0.0 2.7 0.5 1.7
Jan 96.1 0.0 0.0 2.7 0.1 1.1
2003 Oct 18.5 0.0 79.7 0.7 0.3 0.8
Nov 86.7 0.0 7.6 1.9 0.7 3.1
Dec 97.8 0.0 0.4 0.8 0.2 0.8
Jan 95.1 0.0 0.0 3.4 0.2 1.4
2004 Oct 30.2 0.0 60.0 4.8 1.2 3.7
Nov 94.4 0.0 1.3 1.5 0.3 2.5
Dec 97.0 0.0 0.2 1.9 0.2 0.8
Jan 97.0 0.0 0.0 1.4 0.1 1.4
2005 Oct 421 2.4 48.8 2.1 1.2 3.5
Nov 86.0 0.0 6.7 25 0.3 4.5
Dec 95.7 0.0 0.1 29 0.4 0.9
Jan 98.2 0.0 0.0 0.9 0.1 0.8
2006 Oct 54.3 0.4 30.8 4.6 1.3 8.7
Nov 79.1 0.0 1.1 8.1 1.7 9.9
Dec 95.8 0.0 2.7 0.5 0.4 0.6
Jan 97.3 0.0 0.0 2.0 0.2 0.4
2007 Oct 41.5 0.0 34.6 2.1 23 195
Nov 86.4 0.0 9.0 0.7 0.8 3.1
Dec 97.9 0.0 0.7 0.5 0.2 0.7
Jan 96.0 0.0 0.0 1.3 0.3 2.4
2008 Oct 54.9 0.0 37.9 0.9 0.7 5.6
Nov 76.3 0.0 18.6 1.5 0.4 3.1
Dec 96.6 0.0 1.1 0.7 0.2 1.4
Jan 93.2 0.0 0.0 3.8 0.2 2.9

WP: walleye pollock, TH: Threadfin hakeling, JCS: Japanese common squid, FF: flat fish, SQ: squids

except for JCS and octopuses.
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Appendix2.1-Capter 3 Comparison between standard deviation of errors in geostatistically estimated temperature
in cross validation and acoustically estimated walleye pollock abundance shown as the sum
of the nautical area scattering coefficient (NASC) in the 2004 surveys.

Season year 2004

Survey(Month) 1st (Sep.) 2nd (Nov.) 3rd (Jan.) 4th(Mar.)

Depth Layer(m) SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC
10 - 20 0.57 0 0.34 0 1.30 21,905 0.68 0
20 - 30 0.87 0 0.31 0 1.31 40,814 0.74 253
30 - 40 0.65 0 0.46 0 1.37 34,919 0.82 518
40 - 50 0.39 0 1.21 0 1.40 51,272 0.85 835
50 - 60 0.73 0 2.12 0 1.43 80,318 0.86 1,422
60 - 70 0.77 0 2.54 0 1.45 75,194 0.83 2,264
70 - 80 0.97 0 2.87 0 1.43 82,446 0.86 4,205
80 - 90 1.04 0 2.84 0 1.34 73,340 0.97 11,865
90 - 100 0.94 0 2.68 0 1.34 86,401 1.03 26,018
100 - 110 0.78 0 2.49 0 1.37 63,991 1.05 23,969
110 - 120 0.45 1 1.33 0 1.64 43,875 0.92 14,345
120 - 130 0.47 23 1.21 0 1.60 32,359 0.96 11,204
130 - 140 0.55 155 1.08 0 1.44 34,738 0.96 10,968
140 - 150 0.78 665 1.1 43 1.16 37,693 0.88 8,793
150 - 160 0.91 1,655 0.96 160 1.09 35,5692 0.93 7,501
160 - 170 1.03 3,786 0.80 378 1.14 26,791 0.88 6,126
170 - 180 1.20 6,591 0.75 563 1.28 21,144 1.13 4,244
180 - 190 1.28 9,689 0.16 645 1.28 14,452 1.23 3,846
190 - 200 1.29 13,370 0.16 1,496 1.32 12,486 0.99 3,296
200 - 210 1.1 18,340 0.17 3,567 1.23 10,385 0.71 2,337
210 - 220 1.16 21,249 0.1 6,300 1.12 10,201 0.67 2,473
220 - 230 0.94 16,375 0.09 11,130 1.05 10,474 0.64 2,587
230 - 240 0.56 13,402 0.09 17,751 1.13 13,288 0.54 2,134
240 - 250 0.71 13,405 0.10 21,573 1.24 26,337 0.50 2,442
250 - 260 0.58 9,621 0.12 26,292 1.27 25,144 0.44 1,624
260 - 270 0.33 7,284 0.09 29,820 1.14 18,331 0.33 1,146
270 - 280 0.23 6,015 0.1 39,517 0.92 18,495 0.31 1,073
280 - 290 0.17 4,934 0.09 52,341 0.91 16,921 0.33 1,024
290 - 300 0.16 4,260 0.09 50,110 0.91 14,708 0.28 744
300 - 310 0.11 4,512 0.11 44,804 0.66 8,781 0.25 658
310 - 320 0.09 4,062 0.13 52,121 0.42 7,586 0.23 722
320 - 330 0.15 4,969 0.13 74,149 0.38 6,935 0.22 956
330 - 340 0.12 5,149 0.10 75,962 0.38 5,767 0.21 495
340 - 350 0.10 3,976 0.11 71,467 0.36 3,826 0.18 372
350 - 360 0.09 3,923 0.15 51,055 0.32 3,654 0.11 346
360 - 370 0.13 3,406 0.11 33,309 0.29 2,384 0.12 316
370 - 380 0.17 3,106 0.14 28,670 0.22 2,557 0.12 291
380 - 390 0.17 2,198 0.14 15,772 0.15 2,671 0.10 332
390 - 400 0.13 2,469 0.11 11,312 0.10 1,994 0.10 225
400 - 410 0.15 2,229 0.1 7,341 0.08 861 0.10 331
410 - 420 0.18 2,155 0.14 4,622 0.08 836 0.11 357
420 - 430 0.22 1,763 0.11 3,754 0.13 605 0.13 420
430 - 440 0.21 1,240 0.09 2,574 0.10 454 0.13 422
440 - 450 0.23 1,103 0.08 2,361 0.11 333 0.14 321
450 - 460 0.22 865 0.07 1,839 0.08 410 0.14 438
460 - 470 0.19 595 0.06 1,308 0.05 545 0.13 458
470 - 480 0.19 369 0.06 763 0.11 339
480 - 490 0.18 273 0.06 689 0.09 262

490 - 500 0.16 659 0.07 1,293 0.06 304




Appendix2.2-Capter 3 Comparison between standard deviation of errors in geostatistically estimated salinity in
cross validation and acoustically estimated walleye pollock abundance shown as the sum of
the nautical area scattering coefficient (NASC) in the 2004 surveys.

Season year 2004

Survey(Month) 1st (Sep.) 2nd (Nov.) 3rd (Jan.) 4th(Mar.)

Depth Layer(m)  SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC
10 - 20 0.21 0 0.01 0 0.23 21,905 0.10 0
20 - 30 0.16 0 0.01 0 0.23 40,814 0.12 253
30 - 40 0.10 0 0.03 0 0.24 34,919 0.12 518
40 - 50 0.09 0 0.07 0 0.26 51,272 0.13 835
50 - 60 0.09 0 0.12 0 0.25 80,318 0.13 1,422
60 - 70 0.10 0 0.15 0 0.25 75,194 0.12 2,264
70 - 80 0.16 0 0.17 0 0.25 82,446 0.13 4,205
80 - 90 0.16 0 0.26 73,340 0.15 11,865
90 - 100 0.17 0 0.16 0 0.27 86,401 0.16 26,018
100 - 110 0.14 0 0.15 0 0.25 63,991 0.16 23,969
110 - 120 0.07 1 0.13 0 0.25 43,875 0.13 14,345
120 - 130 0.07 23 0.11 0 0.24 32,359 0.13 11,204
130 - 140 0.07 155 0.12 0 0.22 34,738 0.13 10,968
140 - 150 0.10 665 0.10 43 0.22 37,693 0.12 8,793
150 - 160 0.10 1,655 0.07 160 0.20 35,592 0.13 7,501
160 - 170 0.11 3,786 0.05 378 0.19 26,791 0.09 6,126
170 - 180 0.12 6,591 0.04 563 0.20 21,144 0.11 4,244
180 - 190 0.13 9,689 0.02 645 0.20 14,452 0.13 3,846
190 - 200 0.13 13,370 0.03 1,496 0.21 12,486 0.11 3,296
200 - 210 0.10 18,340 0.03 3,567 0.20 10,385 0.09 2,337
210 - 220 0.11 21,249 0.03 6,300 0.18 10,201 0.09 2,473
220 - 230 0.08 16,375 0.03 11,130 0.18 10,474 0.09 2,587
230 - 240 0.07 13,402 0.02 17,751 0.17 13,288 0.08 2,134
240 - 250 0.05 13,405 0.03 21,573 0.18 26,337 0.08 2,442
250 - 260 0.04 9,621 0.04 26,292 0.18 25,144 0.08 1,624
260 - 270 0.03 7,284 0.03 29,820 0.14 18,331 0.05 1,146
270 - 280 0.02 6,015 0.03 39,517 0.12 18,495 0.05 1,073
280 - 290 0.02 4,934 0.04 52,341 0.12 16,921 0.06 1,024
290 - 300 0.02 4,260 0.04 50,110 0.11 14,708 0.05 744
300 - 310 0.02 4,512 0.04 44,804 0.10 8,781 0.06 658
310 - 320 0.04 4,062 0.05 52,121 0.09 7,586 0.07 722
320 - 330 0.05 4,969 0.04 74,149 0.09 6,935 0.08 956
330 - 340 0.05 5,149 0.04 75,962 0.03 5,767 0.09 495
340 - 350 0.05 3,976 0.05 71,467 0.04 3,826 0.09 372
350 - 360 0.05 3,923 0.06 51,055 0.02 3,654 0.08 346
360 - 370 0.06 3,406 0.03 33,309 0.02 2,384 0.05 316
370 - 380 0.08 3,106 0.04 28,670 0.02 2,557 0.06 291
380 - 390 0.08 2,198 0.04 15,772 0.02 2,671 0.06 332
390 - 400 0.06 2,469 0.03 11,312 0.02 1,994 0.06 225
400 - 410 0.07 2,229 0.03 7,341 0.02 861 0.06 331
410 - 420 0.08 2,155 0.05 4,622 0.02 836 0.06 357
420 - 430 0.11 1,763 0.04 3,754 0.03 605 0.07 420
430 - 440 0.11 1,240 0.03 2,574 0.04 454 0.07 422
440 - 450 0.12 1,103 0.03 2,361 0.05 333 0.07 321
450 - 460 0.12 865 0.03 1,839 0.04 410 0.07 438
460 - 470 0.10 595 0.04 1,308 0.04 545 0.07 458
470 - 480 0.11 369 0.03 763 0.06 339
480 - 490 0.10 273 0.03 689 0.04 262

490 - 500 0.10 659 0.04 1,293 0.03 304
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Appendix2.3-Capter 3 Comparison between standard deviation of errors in geostatistically estimated temperature
in cross validation and acoustically estimated walleye pollock abundance shown as the sum

of the nautical area scattering coefficient (NASC) in the 2005 surveys.

Season year 2005

Survey(Month) 1st (Sep.) 2nd (Nov.) 3rd (Jan.) 4th(Mar.)

Depth Layer(m) SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC
10 - 20 1.45 0 0.38 0 0.55 48 0.45 0
20 - 30 1.30 0 0.42 0 0.60 5,057 0.48 0
30 - 40 0.98 0 0.43 0 0.61 28,778 0.45 8
40 - 50 0.88 0 0.49 0 0.60 73,415 0.45 51
50 - 60 0.99 0 0.55 0 0.61 90,974 0.72 787
60 - 70 0.92 0 0.50 0 0.58 87,797 0.85 3,102
70 - 80 0.88 0 0.72 0 0.69 60,294 0.90 14,002
80 - 90 0.88 0 0.86 0 0.78 50,890 1.05 15,239
90 - 100 0.92 0 0.92 0 0.81 42,537 1.13 26,178
100 - 110 0.91 0 0.97 0 0.86 55,154 1.18 30,461
110 - 120 0.99 0 0.73 0 0.83 39,563 1.16 17,055
120 - 130 0.98 0 0.65 0 0.85 28,063 0.65 10,054
130 - 140 1.26 110 0.87 0 0.84 30,548 0.69 6,467
140 - 150 1.17 536 0.97 0 0.86 21,972 0.84 6,949
150 - 160 1.14 801 0.97 4 0.80 18,118 1.00 6,477
160 - 170 0.87 1,080 0.94 35 0.74 14,131 1.06 6,065
170 - 180 0.57 2,197 0.94 62 0.71 11,684 1.22 7,642
180 - 190 0.51 4,564 1.04 59 0.68 11,801 1.24 9,440
190 - 200 0.39 6,304 1.06 253 0.67 15,540 1.33 5,723
200 - 210 0.29 6,881 1.02 2,603 0.63 22,539 1.33 5,670
210 - 220 0.31 7,030 0.80 3,703 0.67 24,488 1.27 5,417
220 - 230 0.30 5,376 0.61 4,125 0.69 20,719 1.17 4,938
230 - 240 0.23 5,140 0.54 8,727 0.54 16,153 1.07 3,118
240 - 250 0.11 4,232 0.51 14,363 0.48 15,009 1.09 2,226
250 - 260 0.08 3,043 0.41 19,073 0.43 12,734 0.88 1,204
260 - 270 0.07 2,450 0.32 23,625 0.39 9,763 1.04 874
270 - 280 0.12 2,687 0.25 28,719 0.46 8,436 1.16 627
280 - 290 0.15 2,704 0.27 44,567 0.50 6,838 1.27 655
290 - 300 0.14 3,056 0.24 65,423 0.43 5,898 1.20 859
300 - 310 0.13 3,647 0.17 81,968 0.44 6,390 1.31 1,132
310 - 320 0.14 3,914 0.20 97,338 0.35 6,734 1.49 1,010
320 - 330 0.1 4,881 0.22 95,945 0.29 7,880 1.35 717
330 - 340 0.11 5,083 0.30 80,478 0.23 7,607 1.08 473
340 - 350 0.14 5,535 0.34 74,530 0.14 6,219 0.74 431
350 - 360 0.19 5,695 0.31 52,185 0.08 4,409 0.61 352
360 - 370 0.20 5,287 0.29 29,626 0.02 2,995 0.53 513
370 - 380 0.19 3,022 0.29 22,404 0.03 2,313 0.43 451
380 - 390 0.24 2,096 0.17 15,750 0.07 1,735 0.46 496
390 - 400 0.18 1,700 0.17 11,274 0.09 601 0.37 422
400 - 410 0.14 1,684 0.18 7,590 0.08 1,390 0.26 448
410 - 420 0.13 1,923 0.19 5,223 0.06 1,212 0.22 835
420 - 430 0.14 2,118 0.19 2,678 0.10 1,058 0.12 1,072
430 - 440 0.09 2,039 0.18 1,593 0.08 847 0.13 1,022
440 - 450 0.09 1,996 0.15 1,102 0.07 807 0.18 935
450 - 460 0.07 1,709 0.16 809 0.10 855 0.19 775
460 - 470 0.03 1,732 0.18 558 0.12 726 0.16 944
470 - 480 0.02 1,208 0.19 424 0.13 703 0.16 764
480 - 490 0.03 901 0.19 267 0.13 660 0.14 879
490 - 500 0.03 615 0.16 169 0.14 652 0.10 849




Appendix2.4-Capter 3 Comparison between standard deviation of errors in geostatistically estimated salinity in
cross validation and acoustically estimated walleye pollock abundance shown as the sum of
the nautical area scattering coefficient (NASC) in the 2005 surveys.

Season year 2005

Survey(Month) 1st (Sep.) 2nd (Nov.) 3rd (Jan.) 4th(Mar.)

Depth Layer(m) SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC
10 - 20 0.52 0 0.03 0 0.13 48 0.10 0
20 - 30 0.33 0 0.03 0 0.15 5,057 0.10 0
30 - 40 0.25 0 0.04 0 0.15 28,778 0.10 8
40 - 50 0.23 0 0.06 0 0.14 73,415 0.11 51
50 - 60 0.15 0 0.07 0 0.14 90,974 0.14 787
60 - 70 0.14 0 0.06 0 0.14 87,797 0.16 3,102
70 - 80 0.15 0 0.07 0 0.14 60,294 0.18 14,002
80 - 90 0.15 0 0.06 0 0.15 50,890 0.21 15,239
90 - 100 0.16 0 0.06 0 0.19 42,537 0.22 26,178
100 - 110 0.12 0 0.06 0 0.20 55,154 0.22 30,461
110 - 120 0.16 0 0.06 0 0.13 39,563 0.23 17,055
120 - 130 0.18 0 0.06 0 0.13 28,063 0.14 10,054
130 - 140 0.20 110 0.09 0 0.12 30,548 0.14 6,467
140 - 150 0.20 536 0.09 0 0.13 21,972 0.16 6,949
150 - 160 0.16 801 0.08 4 0.12 18,118 0.17 6,477
160 - 170 0.12 1,080 0.09 35 0.11 14,131 0.18 6,065
170 - 180 0.09 2,197 0.08 62 0.10 11,684 0.20 7,642
180 - 190 0.07 4,564 0.10 59 0.10 11,801 0.18 9,440
190 - 200 0.05 6,304 0.10 253 0.11 15,540 0.18 5,723
200 - 210 0.05 6,881 0.09 2,603 0.09 22,539 0.16 5,670
210 - 220 0.05 7,030 0.07 3,703 0.09 24,488 0.15 5,417
220 - 230 0.05 5,376 0.06 4,125 0.09 20,719 0.13 4,938
230 - 240 0.05 5,140 0.05 8,727 0.07 16,153 0.11 3,118
240 - 250 0.05 4,232 0.06 14,363 0.06 15,009 0.11 2,226
250 - 260 0.04 3,043 0.07 19,073 0.07 12,734 0.10 1,204
260 - 270 0.04 2,450 0.06 23,625 0.06 9,763 0.10 874
270 - 280 0.04 2,687 0.07 28,719 0.06 8,436 0.10 627
280 - 290 0.04 2,704 0.07 44,567 0.05 6,838 0.11 655
290 - 300 0.04 3,056 0.07 65,423 0.05 5,898 0.13 859
300 - 310 0.04 3,647 0.07 81,968 0.02 6,390 0.15 1,132
310 - 320 0.04 3,914 0.09 97,338 0.03 6,734 0.17 1,010
320 - 330 0.04 4,881 0.09 95,945 0.04 7,880 0.14 717
330 - 340 0.04 5,083 0.10 80,478 0.04 7,607 0.08 473
340 - 350 0.04 5,535 0.10 74,530 0.04 6,219 0.04 431
350 - 360 0.04 5,695 0.10 52,185 0.04 4,409 0.04 352
360 - 370 0.04 5,287 0.10 29,626 0.04 2,995 0.05 513
370 - 380 0.04 3,022 0.11 22,404 0.05 2,313 0.07 451
380 - 390 0.04 2,096 0.11 15,750 0.05 1,735 0.06 496
390 - 400 0.04 1,700 0.10 11,274 0.05 601 0.06 422
400 - 410 0.03 1,684 0.10 7,590 0.05 1,390 0.08 448
410 - 420 0.03 1,923 0.10 5,223 0.05 1,212 0.08 835
420 - 430 0.03 2,118 0.10 2,678 0.05 1,058 0.08 1,072
430 - 440 0.03 2,039 0.09 1,593 0.05 847 0.09 1,022
440 - 450 0.03 1,996 0.09 1,102 0.05 807 0.09 935
450 - 460 0.03 1,709 0.09 809 0.06 855 0.09 775
460 - 470 0.01 1,732 0.09 558 0.06 726 0.08 944
470 - 480 0.02 1,208 0.09 424 0.06 703 0.07 764
480 - 490 0.01 901 0.09 267 0.06 660 0.05 879

490 - 500 0.02 615 0.08 169 0.06 652 0.04 849




Appendix3.-Capter 5
Comparison between
standard deviation of errors
in geostatistically estimated
temperature and Salinity in
cross validation and acoustically
estimated walleye pollock
abundance shown as the sum
of the nautical area scattering
coefficient (NASC) in January of
2001, 2002, 2004, 2005, 2006 and
2007
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Year 2001 (Temperature) 2002 (Temperature) 2004 (Temperature)
Depth Layer(m) ~ SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC
10 - 20 044 0 0.94 0 1.08 495
20 - 30 052 3,002 1.07 30 1.04 1,891
30 - 40 0.81 4,465 1.07 2,308 1.04 12,328
40 - 50 0.92 6,707 1.19 49,779 1.04 22,023
50 - 60 0.81 41,417 1.25 19,814 1.07 63,452
60 - 70 0.90 30,147 1.21 99,617 1.09 72,477
70 - 80 098 9,893 0.96 56,556 1.01 29,339
80 - 90 0.82 7,502 0.88 12,389 0.91 17,733
90 - 100 0.99 20,039 0.94 6,525 0.90 19,336
100 - 110 1.20 38,045 0.97 9,090 0.93 10,618
110 - 120 1.32 24,622 0.27 6,474 0.95 5,741
120 - 130 1.28 15,509 0.23 7,985 0.96 2,577
130 - 140 1.25 673 0.36 6,710 0.94 1,659
140 - 150 1.23 7,964 0.35 5,258 0.93 2,072
150 - 160 1.37 903 0.39 3,880 0.91 1,323
Year 2005 (Temperature) 2006 (Temperature) 2007 (Temperature)
Depth Layer(m)  SD  Pollock NASC SD__ Pollock NASC SD __ Pollock NASC
10 - 20 1.30 21,905 0.55 48 0.30 1,151
20 - 30 1.31 40,814 0.60 5,057 0.29 1,968
30 - 40 1.37 34,919 0.61 28,778 0.29 18,277
40 - 50 1.40 51,272 0.60 73,415 0.29 48,729
50 - 60 1.43 80,318 0.61 90,974 0.28 55,283
60 - 70 1.45 75,194 0.58 87,797 0.30 35,417
70 - 80 1.43 82,446 0.69 60,294 0.30 48,289
80 - 90 1.34 73,340 0.78 50,890 0.31 56,449
90 - 100 1.34 86,401 0.81 42,537 0.28 55,736
100 - 110 1.37 63,991 0.86 55,154 0.31 32,495
110 - 120 1.64 43,875 0.83 39,563 0.34 28,516
120 - 130 1.60 32,359 0.85 28,063 0.36 20,623
130 - 140 1.44 34,738 0.84 30,548 0.42 38,814
140 - 150 1.16 37,693 0.86 21,972 0.52 8,999
150 - 160 1.09 35,592 0.80 18,118 0.51 4,745
Year 2001 (Salinity) 2002 (Salinity) 2004 (Salinity)
Depth Layer(m)  SD _ Pollock NASC SD __ Pollock NASC SD _ Pollock NASC
10 - 20 0.1 0 0.29 0 0.16 495
20 - 30 0.13 3,002 0.32 30 0.15 1,891
30 - 40 0.19 4,465 0.32 2,308 0.15 12,328
40 - 50 0.18 6,707 0.36 49,779 0.15 22,023
50 - 60 0.20 41,417 0.37 19,814 0.15 63,452
60 - 70 0.25 30,147 0.35 99,617 0.15 72,477
70 - 80 024 9,893 0.30 56,556 0.13 29,339
80 - 90 021 7,502 0.29 12,389 0.12 17,733
90 - 100 0.30 20,039 0.33 6,525 0.14 19,336
100 - 110 0.27 38,045 0.35 9,090 0.13 10,618
110 - 120 0.27 24,622 0.25 6,474 0.13 5,741
120 - 130 0.28 15,509 0.24 7,985 0.13 2,577
130 - 140 0.29 673 0.24 6,710 0.13 1,659
140 - 150 0.28 7,964 0.26 5,258 0.13 2,072
150 - 160  0.31 903 0.25 3,880 0.13 1,323
Year 2005 (Salinity) 2006 (Salinity) 2007 (Salinity)
Depth Layer(m) SD  Pollock NASC SD  Pollock NASC SD  Pollock NASC
10 - 20 0.23 21,905 0.23 48 0.07 1,151
20 - 30 0.23 40,814 0.23 5,057 0.07 1,968
30 - 40 024 34,919 0.24 28,778 0.07 18,277
40 - 50 0.26 51,272 0.26 73,415 0.07 48,729
50 - 60 0.25 80,318 0.25 90,974 0.06 55,283
60 - 70 025 75,194 0.25 87,797 0.07 35,417
70 - 80 0.25 82,446 0.25 60,294 0.07 48,289
80 - 90 0.26 73,340 0.26 50,890 0.08 56,449
90 - 100 0.27 86,401 0.27 42,537 0.06 55,736
100 - 110 0.25 63,991 0.25 55,154 0.07 32,495
110 - 120 0.25 43,875 0.25 39,563 0.07 28,516
120 - 130 0.24 32,359 0.24 28,063 0.08 20,623
130 - 140 0.22 34,738 0.22 30,548 0.08 38,814
140 - 150 0.22 37,693 0.22 21,972 0.09 8,999
150 - 160  0.20 35,5692 0.20 18,118 0.10 4,745
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Prediction of the Ishikari Bay herring, Clupea pallasii, fishery based on virtual
population analysis and a trawl survey by research vessels.

Motohito YAMAGUCHI, Hiroya MIYAKE and Shiro TAKAYANAGI

Abstract

A technique to predict the stock and fishing condition of the Ishikari Bay herring Clupea pallasii, was developed
based on virtual population analysis (VPA) and a trawl survey by research vessels. The stock size of fish aged 3
years or over, in terms of the number of individuals, was derived using VPA. And then that of 2-year-old fish was
estimated from the product of the stock, derived as above, and the ratio of 2-year-old fish relative to the older fish
obtained from the trawl survey. The predicted catch tended to be underestimated while the resource was on the

increase. Therefore, the catch forecast in the present study is considered to be a target value for sustainable use of

the Ishikari Bay herring resource.
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Table 1 Body weight at each age.
Age Weight (g)
a W,
1 124.4
2 2129
3 276.3
4 349.3
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Fig.1 Survey area of trawl sampling for herring.
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Table 2 Results of the trawl survey conducted off the coast of Rumoi between 2003 and 20009.

Captured numbers by trawl (Ct) Towing

Date Location Age distance Ship
Latitude Longitude __Depthm)__0_1_ 2 34 5= '°2 (um)
2003 28-Sep 44° 073 'N 141° 1382 'E 196 0O 0 66 5 7 3 80 1.52 Oyashio
Total 0O 0 65 5 7 3 80 1.52
28-Sep 44° 396 'N 141° 13.86 'E 191 0 34 1 142 20 0 197 1.00 Oyashio
2004 28-Sep 44° 659 'N 141° 1301 'E 207 0 3 3128 12 0 178 1.01 Oyashio
Total 0 69 4270 32 0 375 2.00
25-Sep 44 ° 404 'N 141° 1320 'E 225 0 23 20 0 16 O 59 1.00 Oyashio
25-Sep 44° 403 'N 141° 1350 'E 211 o o0 o0 o0 1 0 1 139 Oyashio
26-Sep 43 ° 4793 'N 141° 827 E 249 0 1 0 0 0 0 1 1.51 Oyashio
2005 21-Oct 44: 733 'N 141° 1245 E 226 0 3 27 1 11 0 72 147 Oyashio
15-Nov 43 ° 5983 'N 141° 1298 'E 211 0O 6 2 0 4 o0 12 149 Oyashio
15-Nov 44 ° 371 'N 141° 1307 'E 233 0 25 28 0 25 O 78 111 Oyashio
16-Nov 44 ° 947 'N 141° 1201 'E 195 0O 4 0 0 1 0 5 1.00 Oyashio
Total 0 92 77 1 58 0 228 897
23-Oct 43° 4812 'N 141° 10.96 'E 202 0O 0 6 0 O0 O 6 198 Oyashio
24-Oct 44° 294 'N 141° 1314 'E 230 0 18 35 11 0o 2 66 1.60 Oyashio
24-Oct 44° 624 'N 141° 13.17 'E 207 0 27 64 U 0o 1 103 1.63 Oyashio
2006 24-Oct 43 ° 5741 'N 141° 1143 E 225 o o 7 3 1 2 13 158 Oyashio
25-Oct 43 ° 5649 'N 141° 1359 'E 192 0 1 8 1 1 4 15 177 Oyashio
25-Oct 43 ° 4930 'N 141° 1250 E 173 o 0 3 0 O0 o0 3 150 Oyashio
Total 0 46 123 26 2 9 206 10.06
18-Jul 43 ° 51.02 'N 141° 1218 'E 194 o o0 1 0O 0 O 1 198 Oyashio
18-Jul 43 ° 5954 'N 141° 1220 E 229 o o o0 3 o0 1 4 161 Oyashio
24-Aug 43 ° 5811 'N 141° 1068 'E 253 0 14 111 95 3 0 223 148 Oyashio
10-Sep 43 ° 4763 'N 141° 797 'E 250 o o0 1 0o 0 O 1.53 Oyashio
10-Sep 43 ° 4700 'N 141° 863 E 237 0 0 0 1 0 0 1 1.49 Oyashio
12-Sep 44° 136 'N 141° 1206 'E 251 0 2 41 43 0 O 86 1.54 Oyashio
12-Sep 44° 508 'N 141° 1253 'E 250 o 2 1 4 0 O 7 184 Oyashio
26-Sep 43 ° 4355 'N 141° 571 'E 255 o o0 1 1 0 0 2 151 Oyashio
30-Sep 44° 557 'N 141° 1256 'E 246 o o0 1 0o 0 O 1 149 Oyashio
1-Oct 43 ° 5322 'N 141° 952 'E 259 0o 1 1 2 0 0 4 150 Oyashio
1-Oct 44° 239 'N 141° 1240 E 251 0o o0 1 0O 0 O 1 144 Oyashio
2-Oct 43 ° 4877 'N 141° 850 'E 247 0O 6 6 5 0 O 17 199 Oyashio
2007 2-Oct 43° 4904 N 141° 953 'E 233 0O 6 2 0 0 O 8 197 Oyashio
15-Oct 43 ° 5035 'N 141° 841 'E 260 0O 5 4 4 0 O 13 161 Hokuyo
15-Oct 43 ° 4343 'N 141° 634 'E 245 0O 18 26 15 0 O 59 161 Hokuyo
27-Oct 44° 858 'N 141° 1199 'E 229 0 1 9 5 0 O 15 152 Oyashio
27-Oct 44° 302 'N 141° 1300 E 235 0O 0 22 9 0 O 31 166 Oyashio
27-Oct 44° 049 N 141° 17.73 E 221 0o 0 6 14 1 0 21 1.79 Oyashio
28-Oct 43 ° 4934 'N 141° 888 E 243 o o0 1 3 0 O 4 186 Oyashio
28-Oct 43 ° 4961 'N 141° 1107 'E 204 o 0 0 2 0 O 2 134 Oyashio
30-Oct 44° 10.13 'N 141° 1187 'E 202 o 3 5 3 0 o0 11 152 Oyashio
30-Oct 44° 624 N 141° 1231 E 252 0 0 3 2 0 1 6 1.51 Oyashio
30-Oct 44° 113 'N 141° 1219 'E 243 0 4 12 2 0 0 37 154 Oyashio
7-Nov_ 44 ° 029 'N 141° 1235 E 230 0 24 637 617 20 O 1,298 150 Oyashio
Total 0 86 892 849 24 2 1853 38.85
22-Aug 44° 1140 'N 141° 1070 'E 254 o o0 1 0o 0 O 1 116 Oyashio
22-Aug 44 ° 1932 'N 141° 876 E 251 0o 0 1 0O 0 O 1 148 Oyashio
23-Aug 44° 060 'N 141° 1175 'E 252 o 0 o0 1 0 0 1 164 Oyashio
30-Sep 43° 58.11 'N 141° 1046 'E 258 o 0 0 o0 2 o0 2 154 Oyashio
30-Sep 44° 555 'N 141° 1251 'E 246 o 0 o0 1 0 0 1 147 Oyashio
2008 1-Oct 43 ° 5008 'N 141° 999 E 235 o 0 o0 1 0 0 1 152 Oyashio
23-Oct 43° 5874 'N 141° 1150 'E 236 o 0 O o0 2 O 2 154 Oyashio
13-Nov 43 ° 57.60 N 141° 1505 'E 157 0 1 4 1 1 0 7 148 Oyashio
13-Nov 43 ° 5949 'N 141° 1204 E 229 0o 0 29 18 17 1 65 1.77 Oyashio
13-Nov 44 ° 351 'N 141° 1336 'E 221 0 5 106 11 9 0 131 193 Oyashio
Total 0 6 141 33 31 1 212 15.53
2-Sep 44° 2174 'N 141° 844 E 247 o 0 o0 1 0 0 1 11 Oyashio
1-Oct 44° 391 'N 141° 1281 'E 246 o 0 o0 1 1 0 2 148 Oyashio
1-Oct 44° 329 'N 141° 1253 'E 255 0o 0 o0 1 0 o0 1 153 Oyashio
23-Oct 43° 4830 N 141° 922 'E 234 0O 0 0O 4 0 O 4 078 Oyashio
23-Oct 44° 729 'N 141° 1210 'E 249 o o0 1 0o 0 o0 1 155 Oyashio
24-Oct 44° 299 'N 141° 1276 'E 245 0 1 2 45 2 0 50 150 Oyashio
2009 24-Oct 44: 1.05 'N 141: 11.84 'E 255 0 1 1 47 5 1 55 144 Oyashio
24-Oct 43 ° 54.02 'N 141 1060 'E 237 o 0 0O 3 0 O 3 160 Oyashio
25-Oct 43 ° 4893 'N 141° 949 E 232 o 0 0 7 4 0 1 197 Oyashio
28-Oct 44° 037 'N 141° 13,62 'E 200 0O 2 6151 29 9 197 121 Oyashio
28-Oct 43 ° 5331 'N 141° 10.39 'E 240 o 0 0O 5 0 O 5 150 Oyashio
11-Nov 44 ° 153 'N 141° 1254 'E 240 o 0 o0 1 0 0 1 053 Oyashio
12-Nov 43 ° 5358 'N 141° 1046 'E 238 0 0 3 65 11 2 81  1.27 Oyashio
Total 0 4 13 331 52 12 412 18.09
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Fig.2 Stock number calculated by VPA from the catch
number in all years (upper) and that before the
predicted year (lower).

Fisheries Year

Age 995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
1 098 068 068 073 027 074 032 0.1 014 003 002 001 002 007 003
(0.64) (0.60) (0.54) (0.55) (0.39) (0.23) (0.09) (0.06) (0.02) (0.02) (0.03)
2 000 054 102 131 135 072 195 040 1.07 047 069 052 028 034 038
(0.87) (1.28) (1.12) (1.45) (1.01) (1.15) (0.65) (0.72) (0.62) (0.52) (0.38)
3 009 188 201 342 130 224 092 101 154 085 148 079 074 1.00
(1.23) (2.40) (2.21) (2.29) (1.43) (1.46) (1.06) (1.13) (1.40) (1.07) (1.00)
4 009 188 201 342 130 224 092 101 083 136 105 069 089 088
(1.23) (2.40) (2.21) (2.29) (1.43) (1.46) (0.85) (1.07) (1.19) (1.06) (0.88)
5< 083 136 105 069 089 088

(1.46) (0.85) (1.07) (1.19) (1.06) (0.88)

Upper: F calculated from the overall data. Lower (in parentheses):F calculated from data up to the predicted year.
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Fig.3 Relationships between predicted yield (Ypv) and

yield (v) for each age class.

Number: Fisheries

year, Dotted line: Y=X.
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Table 4 Coefficient of correlation (r) between
maximum and mean numerical catch per 1
nautical mile (n.m.) towing and number of
stock in each age class.

Age  Maxumum catch and stock Mean catch and stock

1 0.365 -0.107
2 0.210 0.644
3 0.447 0.193
4 0.421 -0.257
5= 0.962 * 0.111
* : p<0.001
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Fig.4 Frequency of each age class in the trawl survey
(upper) and in stock derived by VPA (lower).
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