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Summary of the thesis
Objectives

Walleye pollock, Theragra chalcogramma is an important
fishery resource and was specified as a target species by the total
allowable catch (TAC) system when the system was implemented
in 1996. Since the system conducts quantitative management,
acoustic resource assessment:a resource estimation method
independent of fishery, gained significant importance.

The walleye pollock around Japan is divided into four stocks.
The northern Japan Sea stock, the subject of this research, is
caught mainly by the offshore trawl fishery, the gill net and
longline fishing in the Japan Sea, Hokkaido. In the gill net and
longline fishing, adult walleye pollock approaching shore for
spawning are caught between November and March. The catch
in this sea area declined from 120,000 t in 1991 to 25,000 t in
2005, with the resource status and recruitment per spawning
biomass (RPS) at the lowest level ever.

In recent years, influence of environmental change on fisheries
resources has caught attention. There have also been reports that
describe negative correlation between surface water temperature
in winter and recruitment of the northern Japan Sea walleye
pollock stock. However, except for information on spawning
season, there is little ecological information available on how
walleye pollock is responding to the environmental change.

An environmental change observed in the Japan Sea is an
increase in the number of years in which there have been strong
Tsushima Warm Currents, whose surface layer flow to the north,

since 1988. It is now clear that the coastal water of Hokkaido

has a warming trend according to the data over 100 years.

On the other hand, the distribution of walleye pollock with
water temperature shows that walleye pollock are sometimes
caught in the water at 12T when they are feeding, while they
are distributed in water with temperature as low as 0.5T in
their spawning season. The optimum water temperature for
the eggs to hatch is 2 - 7C. The hatchability decreases at water
temperature higher than 10T.

In order to properly manage the stock of walleye pollock,
which is declining significantly, it is necessary to accurately
evaluate the resource volume and to immediately clarify the
influence of environmental change on the resource. Therefore,
this research aimed to compare the virtual population analysis
(VPA) estimates of walleye pollock with its biomass obtained
in the acoustic resource survey, and to clarify the influence of
water temperature on the spawning ground formation, which is
the first step in the reproduction process of walleye pollock, by
analyzing the distribution and the water temperature information

obtained from the acoustic resource survey.

Materials and Methods

Acoustic resource surveys were conducted in the Japan Sea,
Hokkaido during September - October period between 1996
and 2007. The survey used the research vessel Hokuyo Maru
(237t) throughout the survey period, with Kinsei Maru (151t)
accompanying as well from 2001 onward. An echosounder
EK500 or EK60 (Simrad) was used for recording acoustic data.

The frequency and pulse duration used in the echosounders
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were 38 kHz and 1 ms, respectively. Before starting the survey,
the echosounders were calibrated as much as possible using a
calibration sphere (60 mm diameter, copper sphere).

To examine the reliability of the recorded acoustic data,
calibration records of the echosounders were analyzed and
inter-vessel calibration was performed between Hokuyo
Maru and Kinsei Maru. Also, the effects of three types of
removal processing for background noise using EchoView
were evaluated. Afterward, biomass of spawning adult walleye
pollock calculated by applying the correction factor from this
study was compared with resources estimate calculated by VPA.

Also the vertical distribution of water temperature at the two
fixed points (Iwanai Bay and off Hiyama) was compared with the
depth distribution of walleye pollock obtained from the acoustic
resource survey. To verify the obtained relationships, correlation
between the catch of coastal fisheries since 1935 and the
normalized water temperature calculated from the coastal water
temperature data of the Japan Sea, Hokkaido was analyzed.
Furthermore, the correlation between the new recruitment since
1981 obtained by VPA and to RPS was analyzed similarly.

Lastly, to confirm the location where the current spawning
ground is formed, egg distribution survey was conducted using
three research vessels in the coastal Japan Sea in February 2006
and 2007. Eggs were collected by vertical haul with NORPAC
or 80R net from 150 m in depth. The Assessment Reports of the
Tomari Nuclear Power Plant (Hokkaido, 2006 and 2007) were

used to obtain the data of the coastal water in Iwanai Bay.

Results and Discussion
1. Evaluation of acoustic resource survey using echosounder
(Chapter 2, 3)

The calibrated values of echosounders in Hokuyo Maru
showed an annually declining trend. Of these, the value 25.34
dB in 1998 was found to be abnormally low compared with the
values in the years of order. Although the data collected by the
echosounders in Kinsei Maru was 0.66 - 1.10 higher than that of
Hokuyo Maru, in recent years a high concordance of 0.95-fold or
higher has been seen. Background noise removal using the three
processing methods gave good concordance (0.8 - 1.2-fold) with
the results obtained by manual processing.

The biomass estimated by the acoustic resource survey
decreased from 254,000 t in 1999 to 88,000 t in 2007. The
biomass had a declining trend throughout the survey period
and gave a significant correlation coefficient of r = 0.886 when
compared with the VPA (except 1996, 1997 and 2002).

When the absolute values were compared with the VPA values,

it was in the range of 0.9 - 1.5-fold concordance with a mean
value of 1.3-fold, and variation coefficient of the difference
was approximately 80%. This research indicated that there is a
possibility that the VPA underestimated the fluctuation range
of resources due to the error of age determination. However,
the highly correlated estimates obtained from two completely
different estimation methods indicate the reliability of each
method. Reliable resource evaluation was considered possible
by complementing the disadvantage of one method with the

advantage of the other.

2. Distribution of walleye pollock in spawning migration
season and water temperature (Chapter 4)

The center of depth distribution of walleye pollock between
1996 and 2006 was in the range of 385 - 485 m in Iwanai Bay
and 375 - 445 m off Hiyama in 1996 - 2006. Diurnal vertical
migration of a shoal of walleye pollock was also observed. The
water temperature at the center of the distribution was between
0.53 and 0.98C, with 2005 being the only year in which the
temperature exceeded 0.8T. Furthermore, depth distribution of
walleye pollock showed a high correlation of r* = 0.656, with
the water temperature in the layer of 100 m in depth (except
2005). The reason as to why the fish swam in such a low water

temperature layer is to reduce the energy loss before spawning.

3. Catches of spawning walleye pollock and coastal water
temperature (Chapter 5)

The catches in Shiribeshi Sub-prefecture showed a significantly
negative correlation with the normalized water temperature
between January - March period and October - December
period. Conversely, in Hiyama Sub-prefecture, the catches
showed a significantly positive correlation with the water
temperature in January and December. The reason as to why the
catches declined in Shiribeshi Sub-prefecture, which has high
water temperature and located in northern part, is assumed to
be because the depth distribution of walleye pollock becomes
deeper during the high water temperature years, which causes
the spawning shoal going to the spawning ground in Shikotan
Peninsula and northward that have relatively shallower sea
floor depth to decrease; instead, the spawning shoal went to the
ground off Hiyama.

The recruitment per spawning (RPS) of walleye pollock
showed significantly negative correlation with water temperature
in winter (December to March). Furthermore, the relationship
between RPS and water temperature appeared to be divided into

two phases: low water temperature-high RPS years and high



water temperature-low RPS years.

4. Change in location of the spawning ground for the
northern Japan Sea stock (Chapter 6)

There is indication that the spawning ground of walleye
pollock off western Hokkaido in the northern part of the Sea of
Japan has disappeared. This is inferred from recent reduction in
the fish catch by the coastal fisheries, which capture spawning
adults. In the present research, the distribution of the walleye
pollock eggs was investigated over the western Hokkaido, Sea of
Japan in February 2006 and 2007. In Ishikari Bay, Stagel eggs’
maximum density was actually small: 4 individuals/m’, and the
eggs were not collected in Soya and Rumoi region. However, in
the southward from Shakotan Peninsula, Stagel eggs’ maximum
density was 19,350 individuals/m’ in Iwanai Bay, and 1,574
individuals/m’ in Hiyama region. These suggest that Iwanai
Bay and Hiyama region (off Otobe) was the major spawning
ground, and Ishikari Bay was a minor one. However, there was
no spawning ground in Soya and Rumoi region recently. Ishikari
Bay has many eggs transported but has few eggs produced. We
assume that some eggs spawned off Otobe, Hiyama region,
would be transported northward, and only a small amount
southward, and that the location of the main spawning ground

changed after 1980s by comparison with this result and past
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knowledge. As a result, the distance between main spawning
grounds and nursery area became larger in recent years.
Consequently, the eggs could encounter more often high water
temperature, which is fatal to the development. It was thought
that these didn’t allow successful transport of the eggs to the

nursery area.

5. Influence of water temperature on the spawning ground
formation and the survival in the egg stage (Chapter 7)

The results above indicate that the spawning ground in the
area in Ishikari Bay and northward is currently decaying
due to the high water temperature in the season of spawning
migration (October) . The current climate regime is causing the
low RPS, and the high and low RPS within this condition could
be explained by the water temperature in the spawning season
(February) in the area from Iwanai Bay to the coast off Hiyama
and by the transport of eggs and larvae. The hatchability is
reduced when the surface water temperature increases to 7 to
8°C and higher. The survivability is reduced when the eggs
and larvae are not transported to the northern coastal area.
In conclusion, in order for eggs to survive successfully, eggs
and larvae have to be transported to the wide nursery ground
located in Ishikari Bay and northward, while maintaining high

hatchability at the same time.
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Fig. 1 Walleye pollock stocks around Japan and spawning
grounds around Hokkaido (Tanaka,1970;Tsuji,1989;
1990).Shaded area indicates each stock, and black
filled patches show the main spawning grounds
around Hokkaido.
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Fig. 2 Bathymetry and ocean currents in the Sea of Japan.
Gray shaded area shows the bathymetry, defined with
200, 500, 1000, 2000, 3000, 4000, 5000m isobath;
darker color indicates deeper sea bottom depth.
Black arrows are the major ocean currents. Dotted
line indicates approximate location of front where
these currents meet.
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TR MR 2 el L7 i ik &, BUBEIC L5 ik
mENRBY (JE, 2000), HEEFEREZFIHLRWHEELR
DI TD D, ZA 6 DEPAED F T FEERH L
ZORHNE L T EEOR I D Lﬁﬁﬁ_aﬁb
T 72, FRICRIEMRERIT VY = —D = Clupea
pallasii, o=V U TWEDAR Ny X T2 8D K HITH
—fafE L U CHREICE) ST A AR LT A
Thb (EEE, 2000),

BREICRIT D FHRARIEZ AW - EERE O JeBEr
2B & LT, 198042 Y 2~ Cololabis saira 7% £ % ¥
DIA YT TREAAY FEREREMINTND, YREE
Bl R &I, EIEFHMEHE S EF I o~ Dl e D
I N OMEBEBOK T E#RELTWD (REF,
1981),

Fo, FAREEHEOBENEFRA L8 T T 7 R
ORIFEHET (BRHIEDH, 1999 ; Miyashita et al., 2004)
R, NS TRV T 2y ) = VHFREHEL,
LY=Ly 7 hOFE=FZ VISR LS H D (1
$f, 2006),

2L, FHEAPEEOREE L QRECHEICL D~
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AF U THBRMN BT 5D TS IR E AT (G
W ANV ARDI2UN) 1ZH D b OIT UK & /B
TERWERTHY, ZOfMEEENRT v KV —
LIES (Johannesson and Mitoson, 1983), HifETILZ ®
M Z RS 2720 EAX Y =0 7 Y F— DTN
HEHHENTWD (BRE, 2007), A7 N7 ¥ T OEFRE
A BN TS ARSI ICHET 25810138 F R
DOE/IEE L e HATREMEN H D (LZEIED, 1999),

2.2 JRIELEE

FaRE RSB 51 2 KPS OV AR (B2 0E 1 ms
T43D 11, 7V ARTH15m) & LTI L, Ml
DRDE DM S ZERE5ITEH L Tt b3 5 5EE T
D, HOMIIIARP TR EILE (PEREE) SLWINE
X (BIEER) LV BRT 50T, FoMmI % ERlk
T HTDITIFRERF LT LIRS E TORMIZIG U TZE
LEEOBRISEZMETLINERD D, ZOMIEEZTVG
(Time Varied Gain) & S\, FHEf I IIMLEAR A K
RLDOTHD, ZOMIEEIZ % OZ TR 3L
X TMBEEEICHHIT D 2 s, Ta—2EET5
Z L TABOTEMILRENE ON D, AR L FEY
GLERE OO BIEE Z KD D Z L2 LY, HEBELE
JENSAMRLZHE T LN TE D, ZORBIERE
KO DITIE, R 1 RS 720 ORISR 72 HONCE
EAEEMO T B EORAEN R ENLETH
5. ZOBIEEE LT, %ER, ZERERAICKE
TEHIENnD, HEk e & OEHEERE FH O T2 EER —
iy & 72> T\ % (Foote, 1983), ZILanDIRER L%
FERNHERIET 2 2 & C, FHRAFRBOREZRET S
ZEMRAEETH D,

BE ST FHE AR B D S D E RS DT LR
Bosalk, WALEFIYS 720 OFRBEEE o, \ZHBFIT 5,

sa= Ebs AOA
Z I T, o, M EIRO LRI L RS A KT,

ETATo IET VSN KRADODZ =Ty FA RV T A
(TS) LLLTFDOBMEN S 5,

TS=1()10g Gp e e e e e e (22)
Lo,
T8
6 ,=10 T (2.3)

& T BGELWT I o XKL 2 BT D LRk D 2 I
5, 16-T, WHIEEEZ D LT 5L,

G 4 =bFL’

L7y, mdaexsEm L 23) XeRATD L,

TS=20logFL+b

Linb, ZOXD b ETSWCEEHZ 5 LRI D,
TS=20logFL+TS,,

ZIT, FLIZRAOREXE (cm), TS, iXHEMELTSE R
9. ZOTS, I EH S TIE—IC - 66dB%E V5 (Foote
and Traynor, 1988),

L7208 > T, FLOYEEDRD Lo, RhD
DTRIEE o, N RO DOND, Lo THENO LR
B, EHRTE BW, MHREFEARB L O o, OFE TR EN D,

B=ABW o,

ZOEHIT, EMECEIESN-FHEAEECIE L
R AR DA REEZ RD D Z LN TE DN,
PR Y E, EHRER X OTS k> TE I LEHA
ENHBFEHEMIIRE WL ATREMERH L, Tk
BET 272 OIZIE, FH7REHO e — L& 21TV, R
D ORVERREYE, EHEREZROLILERD D, F
72, TSlE A5 U & Z A TIE—MRIZ - 66dBA H W
TWHD, FAEEAOTSIIERE OWINIfEs T/ha< 7
DT ENMBNTWSD (Mukai and Foote, 1997), F7=,
A b 2T B TIETS, S LR O & 0 b FdB/
SN ENHAE STV S (Sadayasu et al., 2006) , B X
Fd0em D A7 MU X TR OEE, TS 28 1dB K& <
2B L ATEEIT26% b0 b 2 LD, X0 IE
B EHEE DT DITIE S B ICFEM AR TSO et s o4 3
ThD,

FABIRHEIC L BT EHEEOBREITRGRE L
MERBZEITT D, RIS 32 R AR 222 08
ENd, REREEITAER L OHEE O 2 72 & > TH
E325Z L2 TE5 (Johannesson and Mitson, 1983), —
7, WMERRESEIIFERMEN RV, FEE R CHL
Shs, REMEEORFHEMEH2EEHT 2 L
IZRY, WELZFHITE D, RFRRAE L MERRAEIT TN
FIIEMEE LRI B A 52 D,

AMFZE O FHAE T H 72 R A AR (2370 1,
19955 D F iR IZ > A T v KL DOEKS002° 2 i S i,



20074 £ TIEEMIC DTz VBRI E 21T > T& 72, &
Zegs (M AT a—4—) OFE (gain) ORFLE
{EERGNZT 5 T, FRMINTT —F OFHM & Al
EAFTREIZ R D,

F7z, 20014FTeRH (1510 UGS ZO
WA, FRAEBIM 2 L0 FfET 57201 2 EORERFRA
AR TR E S L TR Y52 &Lz,
AERNZILA M CEEEERE E 41T - TV A, BRIE I
RO 2 EOMM G B2 5 2t D, MR ZECK MO
AW LN T 20ERDH D (KH, 2004), Z0Diz
DAL TR EA T 72, UL, ERIEET
HZEIIREETH -T2 LD, EE LR EHRE
L, MSM7ebitiT57,

—J7, 200tH{[#% 0>/ ER BRI A A K D R R
A TITAMTICEERERHAEZZFE LTS, [4Rh 0
FETHEOmOh (KGa) T s, KUai
HIXFN T VAT a—P—DRENKRESEEL, b
FUAT a— P —RENRENZEZELZTIT WD
(Johannesson and Mitson, 1983), JL¥EHD N TV AT 2 —
P —REIEB L E35mTH Y, RERIICEIE10m/s LAk
2725 EYRBIN SIS HBLT D L9 1c/ke ), HRER
AT & 70 5 KU -PVE B AU IR O 1/ )N
DIRE & 72553, 1@EIIE T IR D EEE , A X
S 2B EL, ZORRR A TR O JRIA
L%, LL, ZHLEHEDRALIZT —4 Tho
T, AWIED K 9 22 RIBCEIRFIA CIX T & AFARhE
TEHERT X ThdND, WRERERVITHTRETH
5, REO=FBELELT, £OXHIREET X0 L%
WERY 7 b D = TIZ&R T/ A XREY BR< Fika kgt
L7z,

72k, ARWFETIXEATBELLR S & L TNASC (Nautical
Area Scattering Coefficient : m*nmi®) % i /2, ZHiEy
LTy ROSEFEMTHY, FROXIICERIND,

NASC=4 7 X 1852> Xsq = + = + « « « « - (2.8)
sa=10% X T e e e e e e e e e (2.9)
ZZIT,

An =EROIKA (RT 79T )

1852 = 1nmi ® A — k/L4#% (m/nmi)

SV = (% T HGELIRE  (dB re 1 m*/m’)
T =BHEOTHES

sa = [HFET )7 #ELFR 2L ; Area Backscattering

Coefficient (m*/m?)

A4 b & T A A AR EEO BIREVRE AN & EYRSTERR 9

2.3 EADFEEIFRO TSgain BELIL
2.3.1 MEEAE

TP OFTICHAl & U CEMEER  (E£60mméi ER)
\Z & 2#ZIE (Simrad, 1993, flHIEAD, 1997) ZFIFLE
BIAWE, RAER L OO K40~ 50m 5 T FENE
L7z, 7238, 19984 LIRE 1T 2 CENHE CEM L=, 1t
PEIL OO B AR T I 5038k Hz & 120kHz % 24 L T\
D03, AW TITE 3 mO B FEHEEIC AV 7238kHzD
F—R2DHHEW STy TDNIF AT a—HF—DE—
LEIX6.8 THY, NAZAKRIEFTIms & Lz, £/, b
FEAL D EZAEH IS L OV 43 261 13 19954F 7> 520034 £
TIXEKS500%, 20044F 2> 5 20074F & TIEEK60% i ] L
72 EKS00TIITSH LSV # 3 H T 5 729H1Z, TSgain
ESVgainx F N E RO B LN H 5, SVgain®D i IE
WX 100pingF2 E DL E LTk~ o — RNUETH 5,
Z D, EK60D A 1ETSgaing W TSVEFHF 4% 72
W, BEIZSVgainl IR L 7o ofc, 2D &G, 124F
MEzBLTORNT VAT 2—H—Ff5 (EE) OREE
fLEF~R 25127 0 TSgainZ2 fitE & L CTHW =,

2.3.2 HRLEEE

Fig. 3 2L D TSgain & SVgain 7/~ L 72, #ZIE T
BV fE (Calibrated) & SEFERIZTARICH W TZME (New)
Zs LTz, TSgain®Z{ba R 2 &, ARAIAR T %
R L, 19954-121327.30dB T & - 72 D H320024F 1226.4dB
Atk & 72D, X BIZ20044FE121325.7dBE THH T, =D
#1325, 7dBRIT: TLE L TV, 20X HcdbiEuc s
SN TVWD hT AT a—h—FZnEFTIZ2HO
TSgain DK T 233D Hivlz, 1997413 % D% DA IZ &
0 X 7 7R Balanus rostratus Hgainfk N & /A4 XD
FETH D Z LB L (=%, 2002),

B IE{E (Calibrated) & BEAE (New) 2A—F L 720
LANBH DL, ZHUTFO L & OEIEEO IS
e O(LLF, RMSERRT) 230.4% 88 2 TEEMENME W
ATHY, 9 Lzl EITTELOBEMEE H W7z
Thd, 2B, Z IR LIZOIEIARMFTES T S 4%
9~ 10 REDEIERRDOHTH 5,

L7 TIE20034 £ CIXEKS00ZfFH L TR Y, =
DO BEFE CIXAREFE /0 12 13SVgaing i EfE & L THW
%, TIZT, HEOEOEENEEZ T 5 olc b LD
SVgainDZE{k % .5 &, 19974E12SVgain/® 25.80dB & 1K
VMIE & 72 o T es, BUEEIT AR S Shiz, & 25
2%, 19984F1XSVgain/325.34dB & FEH IARVWME TdH - 72
2, EOMENEN S TN EfE S vz,

WIZ, 200140 AL AT - T2 BRI DO TSgaink &
& CFig. 4 1T~ L7z, @R H1326.00~26.50dBTHER L
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Fig. 3 Change of the transducer gains of EK500 from 1995
to 2003, and EK60 from 2004 to 2007 on R/V Hokuyo
Maru. The “new” values were used in our surveys.
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Fig. 4 Change of the transducer gains(TSgain) in the surveys
with EK60 / EK500 on R/V Kinsei Maru (black filled
triangles) and R/V Hokuyo Maru (blank circles).

TUN2DS, 20054F 0 #2525dBE TR FLTWie, 20
FITHEKR TR A N8Ik, FFoR
T a—TF—IZI R TV RPFEL TN 2 EDNER S
nic,

AL OREHEERES (EE DORRAFZEALN G, dbERD F T
AT 2 —P—DEE L~ )LR16dBIL T LTWD Z &N

B S5 72, 2004F121F b T 2 AT 2 —H—LIdk D
W 4y O R MR 2 EK5007 HEK60IZZEH L7-D T,
ZHOLELIENRKNE > TWDHAREELEETE R

VY,

L2 L, 20044F LLBE I3 55 24 18 SEK60IZ 72 » T2 72 8
SVeain DENARENZ 72 0, FfGOHZIEIXTSgaindD 7 &
Mol Z D, MIEEENKD /o7, 20044 LI
TRV 5 BEEENLE L TWD DL, EORkRZ
b —RThAHD, 4%, diEEHWZiiE T, Rk
LD CHANIEIEN TE W55 13 TSgain % 25.7dB
IR ETIUIKRE BRI b hntEZX b5,

F£72, 19984EDSVgain (25.34dB) L&A 72 25 AE
MHEANTEY, BEIEKNZ ERHPALE, oL
DTSgainf IE{H1326.95dB& @ WM MEZ > THH, L7
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Fig. b Transects for intership calibrations between R/V

Hokuyo Maru and Kinsei Maru (A,B,D.E) and all R/
Vs including R/V Oyashio Maru (C).
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Fig. 6 Location of sea bottom backscattering measurements
for analyses with 2001 data.

VX?JM-H_”—@EZE{&—F i Ehg0) %ﬂfctb\o ﬁﬁ (ﬁ@$®
SVegaind 2> 5 LT, 19984 i 1IF 18 1326.5dBR1#
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Fig. 7 Comparison of NASC (m’/nmi’) recorded for every 1
nmi between on R/V Kinsei Maru and R/V Hokuyo
Maru using EK60 in 2007. Black filled squares
indicate NASC from Hokuyo Maru, and blank squares
indicate it from Kinsei Maru.

A4 b &7 A A AR EEO BIREVERAN & EEIRSTER 11

FMEITBRHEE SN TN EEZ LN I END, 5
3 B CIEET IE S 7= SVgainZ IV T19984F DO FE 43 i % 17
RIRE LT,

2.4 MREEIE
241 MELAE

AR A AL EE L & B O S 1 7 iR E (LA,
AT EEES) & LT, 20014FLLRE, B4 2 inS B L C
AT AR (Fig. 5 — A,B,D) T LT, A7 b
72T Y L < ITEEDONASCOREZ il L=, &
AL LCTABEZRFM LY, AT NN 5E
FREEEORRPM L FA—OBFELZIE X LTV
VST L 72 S8 IE R 2R L (&
1999), 20014 /%[ —FEMEZ oo <MAETE o
7o DC, 20014F D42 I CINER L 72T — & £2000
OO RS OT — X Z g Lz, 23zl
MBI O /NGE & CERO N & 2 Ll i eI O SO %
Mz (Fig. 6).

ok idilc, REGRARBO LB (179%) 259
72 3 MR OMRIE A, 20034F 5 A 7 AICALiEE A AR D
ARIIZBWTAYT "X Tt E g L CEML
7= (Fig. 5 ® C#1), &AM CTHWIZEBEEE, e
# (EK500) & 423 (EK60) 7338kHz, B LEBAOD
FQ-701%50kHz & L7z, HAAMIEIEMEEAEZ 2T X
BB HNICERE Lo, BT — Z R O 7 k13,
3 AN E AR B 1~ A LR CTHEZIE A TTRTAE L
7o WAETREE X 8kt & L, A M DNEZ AR 2 T 37HK,
it 6 [ DER A F M Uiz, SRAEMOMENRT, 1 1HER
(1L,2[H) 1%, LB, @R, dFERLoIE, 215
BH G4alEIH) X, &8H, FEL, B LBILOIE,
3MEEHE 5,6EH) 1F, dbiEi, B LB, &5

Table 1 Comparison between R/V Hokuyo Maru and R/V Kinsei Maru measurements.
The survey lines are shown in Fig.5 and Fig.6

Mesaured NASC ( m?/nmi?)

Year — K/H Survey Line Target
Hokuyo Maru  Kinsei Maru
2001  * 5.32x10° 4.08x10° 0.77 F Seabed
2002 1.96x10° 1.65x10° 0.84 E walleye pollock
2003 1.24x10° 9.97x10? 0.81 D walleye pollock
2004 3.68x10° 2.69x10° 0.73 B walleye pollock
2005 2.76x10° 3.03x10° 1.10 D Seabed
2006 1.91x10° 1.90x10? 0.99 D Seabed
2007 3.72x10° 3.54x10° 0.95 A, B,D  walleye pollock
Average 0.88

*NASC in 2000 survey by Hokuyo Maru was used for comparison in 2001.
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JEPEHL & A R LA R IE 0 RiT I A ME BRI IE % S
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% Sk L7,

BONIERRMEMNOEEET — 2D, AT X
T DR L CTHEER 2 & OEHNASC % R D TRl
L7z,

242 HREEBE

EPEAL & 4 AL AL 002001 ~20074E = T 0D fifs R b ik 5
Z, Table 1 \Z/R L7z, &RAOILTEINIZH T 25 LFE
1%, 20054E % BN C0.73~0.99 & AL EERL A RO° Rl - 72,
2005451, ME—&BAIOFTNKEL, 1L.10L7RoT, %
FEOMEZ TS L088LIEIEOEI D O—HEIRTH - T=,
2006, 2007 1% 5% LINDZETH W FAZEDOHIA Th > 72,

IRl O f & LT, 200741 AN O 3 AR T
To o R %&Fig. TIZR Lz, &L HIINASCOE
fbfErmeEH S LR ~HLTEY, £HERICBITD
NASCHAFHE D4 23/ LEF O IZA, B, DELEN
0.85, 1.26, 0.86& 7257z, 3 FROKRFHIE O ME EE1E0.95
THoT7,

WA S R B2 1E 0O i 5 % Fig. 8 & Table 2 (28 L7, 1[d
B CITABHFH A D X—TE TR o T2 2 & LRRENT
WZIEH W v o> 72, 0.1nmi = & ONASC D ZELAE 7 1% 3
MEDBRELS—EHLTWDA, HxHMEIZITZEN R ST,
FriZ, BRLBILTEHEESEND 2GELU EE2RT LY
Hotz, ZTOZ LT, B LUBILOEKREAME—50kHZ
ThY, ZOREEEFEOZENEIN & 2ol /HEtE S &
%o 1EIHZBR< REROFENASCTHE ST L5 L, B
RLBH SR ALEAN=1.52:0.66 : 1 L72oT,

RS ENRE R B2 R > T D AT, Bl
P2 WD X0 B EIRGHTIC L > TRODHRETH
% (Johannesson and Mitson, 1983)., L 72>L, AWrED
MRS 2 %1 G & LTl i, A0 E O ZE B e 23]
Shhol-Z b, -kt s LA, AN
DRETRLDMBEDIRNFEIAN Z o722 £ b,
B EOEW IO b & RO EIZ W, Bk
12, 20074E DM ET Fe i 2 Sl L 72 D& MR35 &,
ERRIER=0.967, HX130.831& 720, AHFZETOERA
BEIFIFHELVWESE 257~ (Fig. 9), L2 L, NASC T
1,000 (m’nmi®) LA EDOT—2 28 2 M LENZ8D, 95%
EHEXEITE < BFEHEEICH O D ITITRZEN K& < 2
HEEZLND,

AFER EEEAOFERIZONWTE LD D E, 2T
LR D0.66~1.105TH D, AREILOFEI LA
FU LML T/hEWEMEZRL TV, 2 DkED
EEMRE RO D L16% TH -T2, EEILDO T A
T a2 —H—IZ I 3T IV RDBMFFE LT TE20054FE % R <
b, BEMREIZ13% E e ode, ZTRHDZ LD, &R
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ErlizTnbEEzbN5,
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FoRRIE, RO I R E R B, R
BELENEZLND, LML, 2006, 2007412 FE ki L
To A EE i T120.95~0.99 & W ) WV —ER NG S T
Z LG, EMEAEEMERRILIE 21TV OB RO A
OIERBUZEE D D 2 LT, 2 EORBIAEMLE VEEE
FROMENFREL B X DD,

FE 7z, 200345 H 7 BIZEAMCEM L 72 REIET
TR IA0.66L, SEENT LT —Z DR TRy /M S
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SOREICHRWEEEZ T 5 2 LD (ZFIED, 2001), £
MEEIZEZNboIomREELHD, LovL, 6[HO#Y
ELUFEBRTOTNHEREIIF06RETLEL TWZD
&, 2006, 20074 D My HLEE T1%0.95~0.99 & @i —EL
ERFLNT=Z &0 D, i d HICFERANCEERER E
NEETERPoTZZ LIRARD T EEZBND,
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) A XDOFREICE LT, EchoView4.30.550D /3—F %
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BT RBICAONAMAUNORETH S, Jatih
BT EOBE/NFHIORHR & 22 5. Zi1320~100m i
ZpingZ EICFESY LT, & HBEMELL T Oping%d B & R
L, TOZa—nb5EN 5 REpingZHIRT 5, %2
WVERE, @ KEEMR O BRI 72 DR LD /) A RORRET
Y, FEEOFE > Oping = & OFEMED D R IZK
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AOFRENBET, 1 ~2@7iDpings i L, & 5
L EZEN B DA% Oping & HIFRT 2,

b OMEIE, Fig 10l L7 v —F vy — hTi%
ET D, BUEOBMEITTa— 2R L RN LOEE LT
WYREEZRD D, /A AOREIRWAE R L, WAk
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Fig. 8 NASC (m*nmi’) for every 0.1 nmi from 3 research vessels intership calibration on 7 May 2003. Three research
vessels, Oyashio Maru, Hokuyo Maru, and Kinsei Maru had different echosounders: Furuno FQ70 (50kHz),
Simrad EK500 (38kHz), Simrad EK60 (38kHz), respectively.

Table 2 Mean NASC (m*/nmi’) for each runs by 3 research vessels at
intership calibration.

Mean NASC (m?*/nmi?) Ratio
RUN Oyashio  Kinsei  Hokuyo Oyashio  Kinsei  Hokuyo
Maru Maru Maru Maru Maru Maru

1st 870 294 712 1.22 0.41 1
2nd 935 407 634 1.47 0.64 1
3rd 783 360 545 1.44 0.66 1
4th 597 250 384 1.55 0.65 1
5th 478 235 402 1.19 0.58 1
6th 990 387 528 1.88 0.73 1
Ave. 2-6 757 328 499 1.52 0.66 1




14 =l

2.5.2 RREEBE

J A ZADOBREMLI 2 20054E @RI T — F 1w LTz,
Fig. 11 (A IZAERRi D=2 — 2T L%, Fig. 11(B) I(ZMLH
BOTa—r T LEkR iz, MPOLTE R OREEIR
DOFBRITHEALFE 3 E (ping, BEBED L <IXHERH]) O B

1400 y =0.831x + 10.705
R?=0.967
1000

600

200

NASC of Kinsei Maru (m?/nmi?)

-200
-200 200 600 1000 1400 1800
NASC of Hokuyo Maru (m?/nmi?)

Fig. 9 Linear regression of integrator values ( NASC ) of
Hokuyo Maru and Kinsei Maru of D line in 2007
survey. Dotted lines show the 95% of confidence

interval.
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Fig. 10 Flow chart of noise reduction processes from Level 1 to 3 using EchoView.
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Fig. 11 Echograms before (A) and after (B) the Level 1 noise reduction process. Acoustic data was obtained at N42° 00.096°,
E139° 43.848" at 09:25 on 15 October 2005 using EK60 on Kinsei-Maru.  Stepped and diagonal lines on the each
panels show the value of integrated echo.
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Fig. 12 Performance of noise reduction. A: before processing, B: level 1 processing, C: level 1 and 2 processing, D: level 1,
2 and 3 processing, E: manual processing. Stepped and diagonal lines showed the value of integrated echo. Echograms
were obtained on R/V Kinsei Maru on Oct. 2005.
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Fig. 13 Comparison between the original NASC and noise
reduced NASC obtained in 2007 survey.
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DAY N—T 4 F A XMW CTREERIRY /A X% F1EE
TR HFIETHY, Fig RE)ITR LT a—7 T AT
Y4925, Lol, PEETHID, WEFERICMEA
FENHRT N, BRI, 20034FEDFET — & AR DB
BTN, L2825, B5NT-NASCREHMEIX
SUIEEEDFEANEN RSN (5, REX).

b #41°40° LIdE D FAE#R T, EchoView & BIS00OD #i S
BT DL A RUEOAH (1) 230.971%, RO
T L /A R (IV) (209145 L7220, faEEVIA
FEFINC ) A R D T %47 > T2 855 121%, EchoView?D
FERDBISO0 & FIFE L WEHRE L feofz, /A X0t
AT, Mo ik Lichs (D) 130.88%% &
R/ NERHEEE L 2o T2, LTe > T, BIS00DfE R
ZIEEL T HBAE, MO TR/ RE LT/

Table 3 NASC (m’/nmi’®) of echograms applied each level
of noise reduction. Acoustic data was obtained at
N42°00.096", E139°43.848’, at 09:25 on 15 October
2005, using EK60 on R/V Kinsei Maru.

Interval miles No. 245 nmi 246nmi 247nmi
Before 1170 1124 1134
Level 1 605 455 359
Level 1+2 605 455 359
Level 1+2+3 (A) 418 338 239
Manual (B) 356 362 294

A/ B 1.2 0.9 0.8

Depth (m)

Distance (nmi)

Fig. 14 The example of the lines defining the analysis range with method I and III.
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RAMET D2 Z ENAREL B A BILD,

EIE JEHBEXBICETHIRT FIFSENBEOTE
BRAE

3.1 #S

WY R EREF AT 5 72012, ZhE CldbiiEs
Ik o> 2 0 b 7 2T RIS O W TR « REC R
&R L < OmmANHRE S (Tsuji, 1989, 1990), Z
FUD I H D X pg sty o I E B b O & A
W CERFHM T4 T E 7= (Yamaguchi and Matsuishi,
2007), &5 L72HC, 19964F 6 AIZFkBSETH [
EWEIRORAFE KO EIC B 2 54 (TACHE) 234t
HEE A, 19974F 1 A H & i nT e s ifil B (TACHH EE) 239
i S A7z, TACHIEE T CIIMARE 2 & ke & 2 HIfR§
D128, ZAVE TOREERIE RO e £ D &R
BEWET 2 HE (M) CIIHEEHBENIKE KT
TOHREN DD, TDOT-, EROVPAL EifEFH %
I 5 M0 70 EIREHINE & 13BN, REEBRICKT
L2 WEHIEIC X 2 EFFHI A LE L 725 (B, 2000),
EREE L OREN R ETETIEIC L 2 AR,
FREGAY, FZREAYIZ1970~19804EMICE P L THIgE & h
(Johannesson and Mitson, 1983), 7=, mMRE/Rit &
PREEDSPRE SNUCTLR, BCETIEN—U » JYED 27 |

Table 4 NASC (m’/nmi’) calculated by four methods with EchoView and BIS00 from EK60 acoustic data on R/
V Kinsei Maru in 2007 survey. Greek numbers denote the methods (I = no noise reduction, IT = applied
NR Level 1, III = manual noise reduction using noise ranges, IV = manual noise reduction with NR
Level 1, V = excluded noise with noise ranges and manual bubble noise removing.

Org NR LM LM-NR  BI500 EV/BI not/NR  not/LM

Line Lat. I I III v v IV VvV I OYIV DYV
43-20 660 889 660 668 732 12 09 07 1.0 13
43-10 2,984 3,338 2,984 3,039 2,655 13 1.1 09 1.0 1.1
43-00 6391 6512 6384 6469 7,594 09 09 1.0 1.0 1.0
42-50 2,191 2,318 2,157 2,234 2,078 11 11 09 1.0 1.0
42-40 274 423 274 305 174 24 18 06 09 14
42-30 292 397 292 248 251 16 1.0 07 12 16
42-20 712 1,432 712 1,207 925 15 13 05 06 1.2
42-10 16,187 16,581 16,187 16,225 18,447 09 09 1.0 1.0 1.0
42-00 5342 5828 5327 5874 6,878 08 09 09 09 10
41-50 9,608 10,246 9,281 9,917 11,717 09 08 09 09 1.0
41-40 1,864 3368 1,770 1,788 1442 23 12 06 10 19
41-30 3,391 3,491 2,864 2,937 1.0 1.0 12
41-20 9513 9,820 9,473 9,693 1.0 1.0 1.0
41-10 2,913 2,652 2,450 2,253 11 1.1 12

sub Total 46,505 51,332 46,028 47,974 52,893  0.97 0.91

Total 62,323 67,296 60,815 62,857 09 1.0 1.1
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Fig. 15 Survey area in autumn from 1996 to 2007. Arrows
indicate the border of northern and southern domain
of the area.
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2 OB EIC SN TS, F2ETHELNIAE
O R = &R ALOT — 2 1A L CBREFEREEZHEE L
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MEZEM L CHWEz, 643230 b5 A121E, B
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" (ZFI1EF0y, 2001) ZMERIE LTHW,

EK50035 & O'EK60 TGk S =T — & %, KESE
T —Hf@NT Y 7 7 =T T HEchoView 4.30.55 THEAT
LA hU A ZONASC Z 1 nmiZ & ICHH L=, /A
ZOIRBUTIE L T1996, 1997, 2002, 2004, 2005, 2006
BLOR0TEDT —HIZE 2 H TR LT A XRE A
JAL7 (Table 6), ZDMOFIZDONTIE, FI/NED
MZ L DBRFHEOBZNRH D728, /A ZQERTHE
Shehoto, ET7, 1998 D ALEEI O RS/ E I TR HEER
EERNRECHo= EfmS /=2 &5, EchoView
|2 CSVgainiZ26.4dB% i M L CHRHHE L7z,

FERAE L O CHEE e — VREEIT, AfEA
LT, 1996~20024F1%, ALEERTHE hr—1Z1T-5
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Table 5 Nighttime to daytime ratio (N/D) of
NASC (m*nmi’) due to diurnal change
of fish aggregation, quoted from

Miyake et al.(2001)

x10°

Latitude Daytime  Nighttime N/D
43-30 55 170 3.1
43-20 62 110 1.8
43-10 202 374 1.9
43-00 229 290 1.3
42-50 417 538 1.3
42-40 356 247 0.7
42-30 159 181 1.1
42-20 168 177 1.0
42-10 133 438 3.3
42-00 885 743 0.8
41-50 353 1,125 3.2
41-40 136 198 1.5
41-30 76 183 2.4
Total 3,232 4,774 1.5

Table 6 Acoustically estimated abundance (x10°t ) of adult

walleye pollock in the Sea of Japan, from 1996 to
2007.

Year South. A. North. A.  Total Noise Reduction Su'rvey
method line
1996 159 63 222 NRL1 Zigzag
1997 126 55 181 NRL2 Zigzag
1998 230 13 244 No Palallel
1999 234 21 254 No Palallel
2000 213 27 239 No Palallel
2001 129 9 138 No Palallel
2002 77 19 96 NRL1 Zigzag
2003 137 27 164 No Palallel
2004 135 10 145 NRL1 Palallel
2005 119 13 132 North A: NRL1 Palallel
South A: NRL3
2006 72 14 86 NRL1 Palallel
2007 70 6 77 South A: NRL1 Palallel
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Fig. 16 An example of exclusion of non-target fishes from mixture of echoes in the 2001 survey. The echogram was obtained at

point A on the right hand panel.
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Fig. 18a Acoustic survey transects and NASC maps of walleye pollock (mostly adults) from 1996 to 1999 (a) and from 2000 to
2003 (b), from 2004 to 2007 (c). NASC were shown as bubbles.
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Fig. 18b continued.
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Fig. 19 Acoustically estimated abundance of adult walleye pollock in autumn in the Sea of Japan, from 1996 to 2007.
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Fig. 20 Comparison of abundance of adult walleye pollock in the Sea of Japan between estimations using acoustic survey and
VPA from 1996 to 2007. The surveys in 1996, 1997, and 2002 did not cover full extent of the survey area due to bad sea
conditions (*). VPA estimation in 2007 has not been calculated yet.
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Fig. 21 Statistical relationship between abundance of adult
walleye pollock estimated using presented acoustic
techniques and VPA from 1996 to 2006. Correlation
coefficients and regression lines were calculated for
all data set (1), ), and for 8 years data set ( rg, solid
line ), excluded 1996, 1997, and 2002.
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Fig. 22 Distributions of mature and immature walleye
pollock off Hokkaido in the Sea of Japan.
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Fig. 25 Echograms at St.5 from 1996 to 2006. The interval is 0.5 mile.
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Iwanai JC11: Upper edge of vertical distribution
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Iwanai JC11: Center of vertical distribution
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Fig. 27 Diurnal change of vertical distribution of walleye
pollock at Iwanai JC11. Upper panel (A) is depth
of upper edge of fish schools, and lower panel (B) is
depth of center of schools.

Hiyama St.5: Upper edge of vertical distribution
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Fig. 28 Diurnal change of vertical distribution of walleye
pollock at Hiyama St.5. Upper panel (A) is depth
of upper edge of fish schools, and lower panel (B) is
depth of center of schools.
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34.07psuf i Tl & A EEIT 2 o T2,

St.5 TIERME2 H3ImMEE TIREEAEK I, #
O TFIXERE L 720 100mE D KIRIL 4~10 CTH - 1=,
200mIEDELETNT2~5CLENB LY LK ENo
77o 400mLLIEIZ 72 D L 0.6~0.9°C THEWNIE & RFRICZE
LCW e, M5 133E Tld34.0psull FTH-727%, 50m

Table 7 Summary of surveys at JC11 off Iwanai (N43° 00", E140°20")

Acoustic survey

pollock distribuiton depth

Temperature at the depth

Local Day/ CTD Distance T L 0 0

Year Date Tci)r.1:1ae Ni?_:]);lt Date of Date E%Zi:r Center ég’éir Range E%Fg);ir Center é)(;geér
1996 25-Oct 4:32 N 4-Oct 21 325m 405m - - 1.06°C _ 0.72°C -
1997 15-Oct 1:59 N 315m 405m 465m 150m 0.93°C  0.53°C

1997 15-Oct 2:50 N ) 305m 405m 475m 170m 0.97°C  0.53°C o
1997 15-Oct 5:13 N 2-Oct 13 325m 385m 475m 150m 0.88°C 0.53°C <0.48°C
1997 15-Oct 6:05 D 345m 405m 465m 120m 0.70°C _ 0.53°C

1998 7-Oct 16:01 D ~ 345m 425m 485m 140m 0.93°C  0.66°C o
1998 7-Oct 19:23 N 29-Sep 8 255m 415m 535m 280m 1.41°C_ 0.66°C <0.59°C
1999 10-Oct 8:48 D 6-Oct 405m 445m 535m 130m 0.84°C  0.66°C <0.62°C
1999 19-Oct 1:24 N 315m 425m 485m 170m 1.45°C_ 0.66°C )
2000 6-Oct 6:28 D 2-Oct 405m 455m 485m 80m 0.85°C  0.75°C  <0.75°C
2001 27-Sep 7:00 D 335m 445m 475m 140m 1.07°C  0.61°C

2001 27-Sep 8:07 D 355m 455m 465m 110m 0.96°C  0.59°C

2001 27-Sep 11:16 D 355m 455m 505m 150m 0.96°C  0.59°C

2001 27-Sep 15:42 D ) ) 365m 435m 465m 100m 0.91°C  0.62°C o
2001 27-Sep 18:45 N 10-Oct 12 275m 425m - - 1.32°C  0.66°C <0.58°C
2001 27-Sep 21:58 N 275m 425m 475m 200m 1.32°C  0.66°C

2001 27-Sep 22:45 N 295m 395m 475m 180m 1.24°C  0.80°C

2001 28-Sep 1:57 N 275m 425m 475m 200m 1.32°C_ 0.66°C

2002 30-Sep 23:57 N 9-Oct -9 315m 445m 535m 220m 1.22°C  0.72°C  <0.70°C
2003 4-Oct 19:37 N 8-Oct 4 275m 445m 545m 270m 1.16°C  0.62°C <0.57°C
2003 5-Oct 1:09 N 255m 425m 535m 280m 1.27°C__ 0.62°C ’
2004 4-Oct 2:39 N 9-Oct 5 335m 485m 535m 200m 0.99°C  0.56°C <0.52°C
2004 5-Oct 9:51 D 445m 475m 515m 70m 0.60°C _ 0.56°C )
2005 16-Oct 3:38 N 16-Oct 0 275m 385m 535m 260m 1.37°C_ 0.77°C__ <0.60°C
2006 15-Oct 4:23 N 3-Oct 12 345m 485m 515m 170m 1.04°C_ <0.58°C  <0.58°C

MAX 445m 485m 545m 280m 1.45°C 0.80°C
MEAN 325m 431m 498m 171m 1.07°C  0.63°C

MIN 255m 385m 465m 70m 0.60°C__ 0.53°C

Table 8 Summary of surveys at St.5 off Otobe (N42° 00", E140° 00")

Acoustic survey

pollock distribuiton depth

Temperature at the depth

Local Day/ CTD  Distance Upper Lower Upper Lower
Year Date Time Night Date  of Date Edge Center Edge Range Edge Center Edge
1996 25-Oct  13:13 D 22-Oct 3 365m 405m 485m 120m 0.82°C 0.71°C 0.56°C
1997 12-Oct  18:24 N 22-Oct  -10 235m 415m 495m 260m 1.70°C 0.69°C 0.55°C
10-Oct 14124 D B -11 405m 435m 605m 200m 0.83°C 0.71°C o
1998 jjoc 2058 N A0 39 igS5m  425m  575m  390m _ 4.06°C__ 0.73°C__~0->>°C
1999 10-Oct 8:21 D 19-Oct -9 395m 415m 565m 170m 0.60°C 0.57°C  <0.43°C
2000 9-Oct  10:05 D 16-Oct -7 415m 435m 545m 130m 0.59°C 0.57°C  <0.45°C
2001 30-Sep 7:28 D 3-Oct -3 345m 395m 525m 180m 0.81°C 0.69°C 0.48°C
2002 6-Oct  12:22 D 8-Oct -2 425m 445m 505m 80m 0.73°C 0.68°C 0.63°C
2003 7-Oct  21:01 N 7-Oct 0 325m 395m 475m 150m 0.81°C 0.65°C 0.50°C
29-Sep 1435 D 0 435m B ) 0.70°C B
2004 1-0ct 1530 D  29Sep 2 NASC<I0 a5, NASC<10 0.68°C
6-Oct 9:05 D 7 425m 445m 455m 30m 0.72°C 0.68°C 0.65°C
2005 19-Oct  18:19 N 13-Oct 6 235m 375m 5m -230m 2.74°C 0.98°C  <0.71°C
2006 15-Oct 3:15 N 5-Oct 10 365m 375m 425m 60m 0.79°C 0.77°C 0.60°C
MAX 425m 445m 605m 180m 4.06°C 0.98°C
MEAN 343m 417m 472m 128m 1.27°C 0.70°C
MIN 185m 375m 5m -180m 0.59°C 0.57°C




VRAFITIC i RME 23 3 0, 200mELI%E TlE34.0psuftir ¢ —
EE 2D, ARNBICHAAELEENKE ol

F 7o, WEE & H300mEAE TIKIRFEZE D3 IEH I
INE Do T2, 400miE TIE, 0.56~0.88°C D #L[H Ty
0.73°C, 450mi% T130.51~0.75°C, F#0.61°C, F 7=,
EEICL D2 b/hE <720, EE400m E450mD T
10126 COLEALTH - 7=,

4.3.3 DWREERT EIZSIDOHHKE
4.3.3.1 BB

AN DOICINZEBIT D A7 b U X T 5 HREE, +
DIRE TR D L385~485smO#HICH v, Z DY
43m, ZFEEIZ100mTH - 7=, FIRIEFEIE255~445m,
TR 12465~545m T 3 o 7o, Al B DJE S %70~
280m™T, BRI < KNV MER 23 /L S 47z,

3R D DR DK IRIE0.53~0.80°COEHICH Y,
F450.63°C L IR ITAK A~ 7= (Table 7, Fig. 30), 4Nl
WOK bEWOAKIRIZI45°C L, Ttk kv
2 CLL B o 72,

4.3.3.2 isilimiE

JC11 Temperature (°C) JC11 Salinity PSU

0 10 20 33.0 33.5 34.0 34.5
0 0
100 100
200 200 r
E 300 £ 300
= =
a a
97 7
[=) a
400 400 -
500 500
600 600

St.5 Temperature (°C) St.5 Salinity PSU

0 10 20 33.0 335 34.0 34.5
0 ] 0 ;
100 //r 100 -
200 %// 200
E 300 E 300
£ £
53 53
[=) a
400 400
500 500 f
600 600

Fig.29 Vertical profiles of temperature and salinity at JC11
(upper panels, Iwanai region)in 1996 and St.5 (lower
panels, Hiyama region) in 2006.
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Fig. 30 Statistical relationship between temperatures and
depths of the center of walleye pollock distributions,
and the frequency distribution of the ambient
temperatures. Black dots indicate data from JC11,
and open circles indicate data from St.5. Coefficient
of determination was calculated excluding the data in
2005 at St.5.
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THOREND LRV,
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b D X5 D5 LR DRRAELAV 2 Fig. 321077, =
MICIICTFAStS TH D, 200552 FrE i & b1,
SIATIRIE & 100mEFEKIROE BT —H% L Tnbs 2 &
BHBMNE ST,

4.3.5 KEBDKERT

DL EORER % FIT, 400miED KIBAKT-540 & A7 b
U X T A O A <7 (Fig. 33, 34), ZOXMNDL,
19804FEARITIE0.7°C LA D AR AN R FEH T IR 28 - Tz
23, 19934 7 50.7°C BL_F 0D /K IR 85 23 Mg e P e 12 IS A%
Dk, TR DN BIAA ST 19964 LU I LI ZIE Ve
WARP0.7CLAE L 725> T,

4.4 EE

ABFRIZE Y, 1) EIRENE O R 7 b U2 T 05540
WREZELHT 2L, 2) A7 MU THESHOF
DKIRIZ07CHIE TH Y, 1FEALE08CH kb = &
WDINZ &, 3) SAAEREOREIIE, KE100mfE DK
BEDENRKE N L7 ERRA LIRS T,

Z Ok DR BT BRI S TAL TR Y, RFFREORE
WAXA T N U X T ARG & St BIERO R Z R LTV
LHERetEb B, £ T, KRBT (2008) THERL T

Table 9 Coefficients of determination
between the temperature at
each depth layer and the depth
of walleye pollock distribution.
The 2005 data were excluded
from analysis.

Coefficient of determination

Depth (m)

St.5 JC11

0 0.160 0.032

30 0.358 0.358

50 0.306 0.320

100 0.656 0.251

150 0.546 0.233

200 0.499 0.160

400 0.122 0.102

2 100m/EKIR10°CLL LD HERHEL T o 2 xSRI /)
&, Rk T O BRSO L LTI0°CLL o
F (BEEE) 2, TNENAYT MU X T OIAGEEE L
W U7z, o RERKITTN L, R*=0.2028 &
UR=0.432L 721, 100m/E7/KiE & DR =0.6561 ) H/h &
Mol (BT05FEZR<), ZDZ b, AT Y
ZT O ARBEIIRHEIRSA ) LD X0 b, WEy s
KIBZDEDIZKIEL TS EEZHND,

KRR = T2 EMOWR TOR T Ny &5
Do AAKIRIT1ACL, EO#EEA 2% <, 1.0°CLL T O#HE
IR AR—=Y 7O TH D (Kooka et al., 1998), HIAR
WORT NUX TN O XD 7oK 2832 BRI
X, BARUEFREIRIIEY T 7 hroe~v A s axRy
o7 EOEMR DI NRETH D EBRFE LN
% ORI, 1999), £ AT, A7 hUETORBOR
BUTIRAGR CIEFEHERIZZEL L, BAERME T3
LZEIZhHD (G5H - BIE, 1984), Lo T, flfd
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Fig. 31 Statistical relationships between temperature of
100m (upper) or 400m (lower) depth and the
depth of walleye pollock at St.5. Coefficients of
determinations were calculated excluding the data in
2005 showed by crosses.
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Fig. 32 Changes of temperature of 100m depth and the depth of walleye pollock vertical distribution (center of schools) at JC11

(A) and St.5 (B).
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IHNET, RREEOEFRETICEE LT, =% (1991)
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Fig. 35 Conceptual maps of walleye pollock spawning migration routes of in the periods of low (A) and high (B) sea surface
temperature. Solid and dotted lines show the routes from feeding grounds to spawning grounds off Hokkaido in the Sea
of Japan. The 3D topographic maps were developed using the numeric data sets J-EGG500 and GTOPO30.
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2002),
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Fig. 36 Sub-prefectural areas in Hokkaido prefecture as of
2004. The catches of walleye pollock recorded by six
branch offices in the areas facing the Sea of Japan
were analyzed. Catches in four gray shaded areas
were compared with sea temperature.
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Fig. 37 Annual catches of walleye pollock in coastal fisheries in four sub-prefecture areas (A), normalized coastal sea

temperature averaged for spawning season (B), and the

RPS (individuals/kg) during 1981 to 2004 (C, Honma et al.

2008). Symbols in “A” indicate catches from each area; SO, RU, SH, and HI denote Soya, Rumoi, Shiribeshi, and

Hiyama, respectively.
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Fig. 38 Correlations between the normalized monthly mean coastal sea temperature and annual catches of walleye pollock
in sub-prefecture areas of western Hokkaido, the Sea of Japan, from 1952 to 2006. Solid lines in these plots show
regression lines, and thick lines indicate significant linear correlations at a = 0.05. SO, RU, SH, and HI are the
abbreviations of sub prefectures that is Soya, Rumoi, Shiribeshi, and Hiyama, respectively. The bar charts of the upper
row and the left column show frequency distributions of sea temperature and catches of walleye pollock, respectively.

Table 10 Correlation coefficients () between the normalized monthly mean coastal sea temperature and annual catches of
walleye pollock in sub-prefecture areas of western Hokkaido, the Sea of Japan, from 1952 to 2006. Asterisks show

statistically significant r at a = 0.05.

JAN FEB  MAR APR  MAY  JUN JuL  AUG SEP OCT NOV  DEC
SO -0.26 -0.06 0.04 0.21 0.27* 013 0.05 0.08 0.05 -0.08 -0.06 -0.24
RU -0.13 -0.12 0.04 0.17 0.27* 0.14 -0.07 0.03 0.00 -0.13 -0.04 -0.18
SH -0.59* -0.62 * -0.40* -0.05 0.02 -0.11 0.08 0.18 -0.11 -0.37 * -0.46 * -0.53 *
HI 0.34* 019 0.18 -0.09 -0.13 -0.04 0.04 -0.09 0.04 0.18 0.18 0.36*
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Fig. 39 Correlations between the monthly mean of normalize coastal sea temperature, recruits (age-2) and RPS of walleye
pollock from 1981 to 2004. Solid lines in these plots show regression lines, and thick lines indicate significant linear
correlations at o = 0.05. The bar charts of the upper row show frequency distribution of sea temperature, and the charts
of the left end show recruits and RPS of walleye pollock.

Table 11 Correlation coefficients (r) between the normalized monthly mean coastal sea temperature, recruits (age-2) and RPS
of walleye pollock from 1981 to 2004. Asterisks show statistically significant r at o = 0.05.
L_OCT L_NOV L_DEC JAN FEB MAR APR MAY  JUN JuL AUG SEP
R_AGE2 -0.27 -0.40 -0.57 * -0.52 * -0.57 * -046* -0.30 -046* -0.11 0.06 0.20 0.07
RPS -0.23 -0.40 -0.64* -0.57* -0.59 * -0.48* -0.35 -048* -0.16 -0.02 0.17 0.05
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Fig.40 Comparison between mean of normalized
temperature from December to March and RPS of
walleye pollock from 1981 to 2004.
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Fig. 41 Survey area. Symbols indicate net type and research
vessel. Open circle (0): NORPAC net and Hokuyo
Maru, dot (®): NORPAC net and quoted from
Hokkaido (2006, 2007), cross (+): 80R net and
Oyashio Maru, small symmetric cross (x): 80R net
and Kinsei Maru.

6.2 #MHELAE

200642 A 5~21 H 35 L UR0074F2 A 5~21H O [H, Fig.
AN HILE T, AbEE S K EERBR S TR O BRI A A
BLULBA, R, BIOESENLE AW TCTDIZL %
KR - A oREE, 80U 7%y b (H480cm, H
£033mm), b L < [INORPACH* v  (11£%45cm, H
£0.33mm) ICXAMEREERELE ML, A7 Y
27 OINE, rBEFIEIRCEE ) H150mE £ ToAi T
HZEMND (BHIFEH, 1979), 150miEN SR E TOD
MER X 2{To7, BEOEINIS0mE Y HWHEIT
WEEENS &L, 72720, &8N TITRMEREN
150mé 72D X HICV A Y —RA2HE L TREE TOH
EHHE L L,



7o, AHPIBIZBAL TIE, Jb#EE (2006, 2007) 23
LTV D BT EDR B KB AR et 2 (B
T, MEERERELE LT KRS Tns 27 b
7T IR DOREREFIH Lz, FAAIL, 200642 A 7
H &£200742 A10H ICIRPEKZERAEDO — B & L THE
fES 7, FRER Y NI ERE &R UNORPACHK v k& M
VY, 150mi%E, b L ITIBEE B D OFNE X THAE
L7z, VLB L OFHE D 72 & % Table 1212
FEOHOTURLT

T b TERE SNEARITK 5% OHFKEL< ) T
BEL, thHERECTAS N X TI0%FE L THREA
TV LI LT, AT VIR0 EBY L L
7= (Nakatani and Maeda, 1981 ; 1989),

Stage 1: S 4& 75> O AT HI AR

Stage 2: & HINAIEHT D> 5 JR 10 PHEE BRI

Stage 3: Ji [ PASH > H MMARIZINE o 3/4 LITF
Stage 4: MYARIZINJE D 3/4 LA L

RIpDHRER Y PORERZ BT 7202, HfE
Wi PR (8 /m?) &R T Lz, £, A
RN EF ISR S TV DI % E O BALIT,

AL b &7 A A AR EEO BIREVE AN & EEIRSTERK 45

& /100m® TH Y, ZHIT100mBLHM L= HE O WY /-
VEBEICHY TS, 22T, RmX T, HALE [E/
m’] ICEE L TR L,

FEIRG OREEITIE, L THHIZIE 1 BN (iF
12, 1954) EHEE 45 Stage 1 DI E H W=, F iz,
Nakatani and Maeda (1981) 1%, & KBIZRWTIFD %
BAT =V T L OOATERE 2 L CINOEZHERE Lz
D3, ABFSE T3 WIS D% B HALCWRIBIC K 2 BREE 71k
B — STV W Tosd, —AIZIERT 5 2 L IXRET
D, W T, AFETITINDEmERFE AL HT T 5720
12, BHARDORAT — VB A b o THRET LT,

6.3 #EE
6.3.1 2006 FDR4Y k&SN
A N A ZINE, A - B TIEE > 7o < BE
SN, AFHE, BWE, B XS IER O A
WL TIPS ERE S (Fig 42),
FRPEING RN LD &, AFFE I OAMEE TR KT
738ME/m’, CE PN TIX19,550M/m’, A& 1L g T 3,322
ffl/m* T -7 (Fig. 43 A~C), AIFHETIX, SKifirho
WEIRERE100m AL Tle b 2 < BRE Sz, AW T,
MR EE200mD AV GA AU 72 /s 8 L ONE ORI DI =

Table 12 Summary table of the egg surveys with NORPAC and 80R net in the Sea of Japan

off western Hokkaido.
Area Year Period Net type Number Research vessel
P of station

Soya and Rumoi 2006 Feb. 5-6 NORPAC 8 Hokuyo Maru
Coastal part of Hiyama 2006 Feb. 6 80R 20 Kinsei Maru
Offshore part of .
Ishikari Bay to Hiyama 2006 Feb. 6-7 80R 10 Oyashio Maru
Coastal part of Iwanai quoted from
Bay 2006 Feb. 7 NORPAC 12 Hokkaido (2006)
Ishikari Bay 2006 Feb. 20-21 80R 10 Oyashio Maru
Soya and Rumoi 2007  Feb. 5-6 NORPAC 10 Hokuyo Maru
Ishikari Bay 2007 Feb. 6 80R 3 Oyashio Maru
Coastal part of Hiyama 2007 Feb. 7 80R 6 Kinsei Maru
Coastal part of Iwanai quoted from
Bay 2007  Feb. 10 NORPAC 12 Hokkaido (2007)
Ishikari Bay 2007 Feb. 20-21 80R 3 Oyashio Maru
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Fig. 42 Walleye pollock egg distribution in February 2006
(numbers/m®). Crosses show stations where no eggs
were captured. Survey subsections based on fishing
grounds were labeled with alphabets.
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Fig. 44 Distribution of Stage 1 eggs of walleye pollock in
February 2006 (numbers/m°).
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Fig. 45 Percentage of each egg development stage at each
station in February 2006.
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Fig. 46 Walleye pollock egg distribution in February 2007
(numbers/m’). Crosses show stations where no eggs
were captured.
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Fig. 47 Percentage of each egg development stage at each
station in February 2007.
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Fig. 49 Horizontal temperature profile of surface (upper) and
50 m depth (lower) in February 2006 and 2007 off
the western Hokkaido. Dots show the locations of
CTD casts. Numerals on contour lines show water
temperature in degree Celsius.
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Fig. 50 Walleye pollock distributions, spawning grounds,
and nursery ground in the Sea of Japan, in recent
years. General distribution extent was shown as gray
shaded area. Spawning grounds are indicated as
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walleye pollock distribution in three life stages, the
migration routes, and transport vectors in recent
years.
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