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Acoustic technique-facilitated research on the evaluation of the population dynamics and formation of spawning ground

for northern Japan Sea walleye pollock stock (Doctoral thesis)

HiroYA MIYAKE

Hokkaido Research Organization, Kushiro Fisheries Research Institute, Kushiro, Hokkaido, 085-0024, Japan

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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BUIO & IS EOTRWE & 7o TN D, [ X
B OWE 8 km, RGO KEEI2m T, FAHRD i
TR IESSm, R, ok RS I oD B RS 1X140m L 2>
72uy (HH, 1996)

130°E 135°E 140°E
Soya Strait

45°N

40°N

35°N

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.

1.5.2 XEER

A AWEZ B0 b AL~ D xHEIRGE, TR
B S AT ROK & IR K OIRE K 3 %t S e &3 - C H
RUEIWAT B, Z D%, BARUERHOZERE 200~300
m LEIZIEN 0, H s X OUR A MBS S i H 9
Do FAGSHEEUZ IR © T RHE BRI NI IE 5 ~ 7 {8 OB
I FEE - 1S & 0 T M N F — v R
DS, R R R Tl L7z db B S D (BEEIE D,
1998, Fig.2),

ZORBO FITIZAARBEEAKE WD W2V IKBAE
ELTWD, 1CLLT OARIRA 1EA T TIEAZES000~
6000m T2 T AUSAFIE L7\ dlzxt L,  H AR Tk
200m THAIC AL HALD (HAF, 1996),

JeiEE RS P A ORI 8 Alcie b i<, 107213k
BT L, /KEE300~600mTIXI0H & 120 I3 ENCFE T
el D, MEORELTLS ~ 6 £H M TEHMIC
RIS D08 (HZ - HF, 2002), (REKIED
1004ELL 128 L SRS X 5 & B 2R iR B (L A 28
Wobin (HF, 2002),

F7, RETFIEAKEI0mMD KIRAN10°C LL_E OV D
HfEZ xHBERB D OfRE L LTHW WS, Fnick
L&, T TIRISAERIEFITTIVETH - 7208, 1988
HELIE, FEXLVBSOMNMVERELL KoTWnD (K4
¥, 2008), % 9 Lo H T, 2005, 20064 & 2 4



BT TCIHWEL RS> TWDENTER SRS,

1.6 R bOFSOEFRELERKE

2 b T OILKFELETOAAEAKRIE2 ~5C
LEbRTWDEN Ny ZIED, 1990), ATHEREC
WIST DAKEERE S BA D, BAMETIZION (PP
[BfEH]) 1CI3KIE0.5CIZ/Ai % (Maeda et al., 1989)
68 B ARHERREO EINHNIZI2A 225 3 A ThHY (H,
1970 ; AiTHIE>, 1988), PEINHID A k7 25 53An K
T A ARV LI Tl 2 ~ 5°C, MkiB2.5~4°C, RE
Wl 2 ~ 5°C, 7 U 2 — 3 ¥ Ui CiI3.5~4C, ~—
Uy ZHET-18~6.0C LR U &5 2KBHICOMT D
ZERmHENTWS GEH, 2001), LavL, smAEHIC
ITHAMTIR2CTOETSLH Y (i, 1960), 7=,
FRH D Y4 7k A LA BN 7 T 6 ~16°C & TRV K
IRFIPHIZ 0495 (Miyake et al., 1996)

L ZABRHMRM L B, 27 U X TIIOSME
WAKIRIZ2~7CTHY, 10CLL LT D & SMERITK
SR TTAZEND (PR - miH, 1984), FEIFHAD
AKIRIE, FAEEICERREEL G2 T Z EREES
N5,

BUE, AARWEILHEE 7 CRER STV 5 I I A
B, EWNE, BIUo 3 g Th D (ZEIED,
2008), T Z TREEH S AR BEIEIC L 0 KE I
LD ~WEE SRR B SME L, AFHESITATRED D A
Ty 7 BRFICEDLILEROERBIIOAT D (&
S, 1989 ; HH - xR, 1995 ; A IEDY, 2008), H
AYENZHE F o TR REA MR 2> 5 AL ST E vk - =
2 KEW EOWE CIREAIRICBIT TS B2 T
% (xR - HH, 1990),

JEEAEIGICRAT L=k, 6 -
03 U Ze s & BB HEM IR IZ b oA 2 T CRE T2
(xR« EH, 1990), 3~5i%i27p 0 PR L 7=l A1
9 ~11H IZFEING~ L BohEIET 2, PFEINR OIS
WIETIZAE 922 (HH, 1970), =ik cixm s
R A~BEIT 5 (FiHIEA, 1989), PEUITE D4~67 121
KEO12CiEL oML AT D (i, 1960),

INHOHENS, HREBORAZ X T 1E_—1T
J YRR HAREPE I el LT, pEIR IS AR IR
PRI AR B H#EIG LTV D RSN D,

H AR 7280 B B &

L7 AHEOEH
%%ﬁ?@%bbxbb?ﬁ?%%ﬁ$ﬁ¥ﬁ%ﬁ@

WEHT 5720I120F, EREZ EMCHHE L, RELH)
DEFEECE 2 2B RRIIH LN T D XNER D

Do 1E-T, AW TIIEEEHH A L D PEIE A D

A4 by & T A A AR EEO BIREVRE AN & ESRSTERR 7

BfFELZHEE L, VPAHEEM E OLEEZ1TH, £, &
BEIHE CEHONIZ AT N U X TR & KIREH
oM LT, BRI DR OB Th 5 EING K
AR 2 KR DB ZfERT 5,

1.8 ERXDERL

ARETHE, TNETAF MU F TRELHFIROER,
BIOAELRE L LTORARBORMEZIR S, RIZA
b & T O— 7 A B . B AUEALE R EEO AT L
Zlba—L7, H2ETIE, A THWEGEALE
BEOFHAIER & L CORrME: & FERWFHE OBHIZ OV T
W), 3 ETIEEEERHFAEICLY A N F T OBUUF
BEHEL, TOEEMEZWET L. F4ETIE, BB
EIERE L CTDEI TR BN A b U ¥ T AR &
IR DBIRIZOWTEEM e T 21TV, 8 5 BTl
B L KIROBRESVEA 7 — /L THRET 5, %6 3 T,
A7 N7 2T RO AIATIRI D S BLK O BEYIE O TE R S P
EELT L, BT ETCIHEENRECH LN ALE I
Hﬁ@X#%?57®%W%ﬂmkWﬁ%ﬁﬁ@é%ﬁ
DIZONWTELRL, ZOROERMSET VERET D,

F2E MEARRNHMZEZAV-AEEREOEREERE

2.1 #%%&

TACHIEE A AT SV CTLK, EHEIC X DG IR EHEE
OVEVEREE 72 Z L IXEH 1 E TRz, BEHEICIE
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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- — e
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43°00°N 43°00'N
40’ B 5
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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.
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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
L7223, Fi RO CalillfE ORMSA30.4dBLL LIZ72 -
Tole®, TRNEIEIT OB IEREZE v (b
2003 4F4 H, 4EIIE20034E2 A o EfE), B LB
FLIFHERRATAD T2, H & sH20034F 8 A (AEHEERES (F
% 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
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VML Fe o7z, Z OMSRIEIE Tt 2 SR A x5 &
LCEBLTEY, A7 hUETREEOSAR T
SOREICHRWEEEZ T 5 2 LD (ZFIED, 2001), £
MEEIZEZNboIomREELHD, LovL, 6[HO#Y
ELUFEBRTOTNHEREIIF06RETLEL TWZD
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N a—7 T AEREEFIH LT3 DO E T L7z,
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
EVMEDping A HIBRT 5, 55 3 APRIE, 1LV Hith / A
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
HIBR 21TV E D IZIEE L2, B 1A (level 1) @
WYINEHIBRT 286, BEE FF3E5E, KGN
S \Vping 3 HIBR ST, RS EITE K2 2 B2



WD, F2M (level 2) TIX, BFERHEMHAZ T
&5 LI/ NS S22 5, B 3 AL (level 3) b [AIER

Th b,

NASC

AL b 27 AL A AR EE O BIRENAE AN & EIRSTE AR

13

HT —ZITH 1~ A L TE ORI EREE LT,

Fiz, —ERIZ ) A REGL200TFEOEREIOT —H (T

b

B, 2R AMH L, SRR AT,
EFHEEZTB U T, KT/ A XDL- 7220054045

x 10° 1st RUN x 10° 2nd RUN

14 12

12 | -« 10 F - - - -Oyashio Maru

10 k2 Hokuyo Maru
- 8 o

g I . Kinsei Maru

. 61

6 - "

4l . 4 b -

AN N N |

I e e e 0 P = e A
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 81 76 71 66 61 56 51 46 41 36 31 26 21 16 11 6 1
x 10° 3rd RUN x 10° 4th RUN

6 5

57 o 4t

4t o

N . 3t , :".

5L N 2t - ’ -

PR N : N S

(S, s - 0 et e

1 6 1116 212631 364146 515661 667176 818691

96 9186 8176716661565146413631262116116 1

. x 10° 5th RUN x 10° 6th RUN
¥
3t 6 |
LY
2 r . . 4 .“ '“
1 2 F / '
1 6 111621 26 31 36 41 46 51 56 61 66 71 76 81 86 91 101 91 81 71 61 51 41 31 21 11 1
Integrate Numbers

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
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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
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200

NASC of Kinsei Maru (m?/nmi?)
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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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D HNRMHIC 2 D0, MOEHIT ) A A% L B
DY v 7 U TR HRITPEBRIZ 72 5, Fig. 11(A) @
FEHGELRE (SSL) (2i3yutiin (AWHER) MNEZHLD
I, Fabno FIIEHEERR O FEE, 4 X BT
5, —7, {UINBRES O FX(B) TR AED L
B DI o TWD Z LRSI D,

I, %1~ 3RO R ZIEAICFig. 12(B~D) IR
U7, B BB A XITAERIE L, % FE:O E KT TR
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TAVEWD E, EEDDIRICHER /A XL,
DTA DB 7o TN,

ZORRERBSECRT L, ROUEOT a—27'F A
FE_TNASCIEEE 1 ALFEC 172, 2 LB Tl e < &1k
DHES, B3I TIBREETH A LI, ZOE 3L
FOFEMIL, ~= =27 VB ORERIZHERT0.8~1.2
fF L ITFE LR ERE B AL (Table 3),

WIZ, 20074 RNT — 21T L TEORREF A~
7o 72720, UEAEOT —XITZEIUT EHER /A XH30k
KRN &b, F20METE L,

BWHATE %O 1nmiY4 720 ONASCE Ry Z L i

Range mask
by mini value

Reduce
bad pings

Level 3

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.

A

it T e
L
5 55 R P Tt T

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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2 v k U7z (Fig. 13), I o gbiR T, TLsal: it = 1
1] %279, AAHHENASCIZ10°~ 10D TlE—HI2E
MNRE L 72> TWTEA, NASCHI0LL ETII/h&E< 725
BlH RSz, NASCSM03LL LG, 1FIE1: 1 ok
(Zd 0, AR & ALERR TR E R RIT R b o7z,

ZOMREEDT, 45D FIETRDZNASCE {4
M Llckg L (Table 4), DEAREZ L I—F
LE DR HHERTE LB ET, /A ALY EE
nNo, ik, TOTa—7J LIk LT/ A RXrEL L
THI, 2R ZHEH L7eHETH D, NIE, 1O
HiH %z ) A XEBET D K9 ISAREE i/ NROFEE ISR T
L7ea (Fig 14), IVIE, TOxa—27 7 ML T
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Fig. 13 Comparison between the original NASC and noise
reduced NASC obtained in 2007 survey.

I E[REEZR ) A RER T2 ATH D, e Ty A
7 > FHBIS00IZ X D fEFTHER S VIC R LT, 2DV IiX
1 DOBIS00IZ L BT FiE A M L7z b o T, BIS00
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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ZD X, A RBREICHOW TIEBIS00S°EchoView
TOFEEICL D /A XRBICILET D ISR’ SN
T FEEIC L D /) A ABRFITIEFICEZ < ORI ZE L,
FIZORERIFMEAZEIZLDNNT Y FHERE D, AF5E
T\ 72EchoView TP / A4 Xf&RE1L, BEOHKEIC X
0 FEIZ[E - OMBERRFIRETH D80, PIEE L D bR
Iz THEZERE b RIEIZEGR Sh b,

UL, MERGSHAJEEIN R385 Z LI L DR K
PR, EEEORIGE ) A AL LTHELTLE Sl
NN ET 20 ER S D, I DI, EfiSh T
WAEDOFEET —4% (RAW T —%) ZHW5 &, ALPREf
MAEL R ZLICHEENLETHD, —FITELD
T ANEGEFIAT &, BRI A 7 v—L b R
IO RLERASSEICHE £ A < 20 B, RIS, H 3 ALERIEping %
BT DT, RAWT —Z &2 5 Z EREE LU,
B, F2MITIE, EMHINTZT 7 A VEEO/NS N
ekdata” 7 A VAR L CHLREIEZRWEA S,

20074E D) A ZRRFER DN, AR COREE
DRENZE, Ff, AU OD RN a—T T AT
BITDIRNZEPNERTEZ, ZhoDZ &b, e
DFFEDMKIE FE OWHE Tl OME CHAEL, hFED

B ETIIMEEE LT LT, HUERRCKILER
DB TE, /A ARELHIZ L 2REDREL

AL b & T A A AR EEO BIREVE AN & EEIRSIER 17

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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SVgain (EK500D %) OF ¥ U7 L—a s &fTolz,

2 OB EIC SN TS, F2ETHELNIAE
O R = &R ALOT — 2 1A L CBREFEREEZHEE L
2o F72, JFAIE U CREFEEMREICIRBOT — 4 % H
W=y, BREIOT—&2 LvGohienolz b X%, BH
MEZEM L CHWEz, 643230 b5 A121E, B
M ONASCIZ 3 4% (Z2H#E Dy, 1999) OHIE & 1T - 7=,
FIFEELIE T, BRERMIC - EDBIMN RSN/ 7z
Z &n b, Table 5127 L7 AL Z & ONASCO &



" (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
720 2003~2007 1%, ALVEATHE b —L, &R
THE b — V& T o7z, F722001F10E, dbiE K

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.

3
- 350 x10° t
£ 300 - & Acoustic survey
3 250 4 S @ VPA
“5200- *
Y 150 H~
S *
.8100-
i
< 0_ T T T T T T T T T T
0 & O O P & & & & & & Q\
F O P O O O L &L O
N R R AT AT AT DT DT A A D
Fishing year

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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migration. Lower panel shows location of the site
and spatial extent (gray rectangular area).
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Fig. 26 Vertical distributions of walleye pollock at St.5 off
Otobe in Hiyama region. Left-hand side numerals
show survey year and local time.
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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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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
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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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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
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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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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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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.

ROBAAKATAN Z/ER L, BRI ZRD - (Fig. 38,
Table 10), 7272 L, &5 ISR REE DRl 1342 11 37 A
%@ﬁ%ﬁ%ﬁkif%@ Fio, ZOWMIX4TE

ISP OB CHEENME T L CW e L s b7z
b,M%%ﬁ_iWQiuh®@%ﬁﬁ%ﬁmé_&&
L7,

SRAY, BHA ST G B LA YE(LKIR & O RIZER
MBIRRIZR N2> 720 (1=-026~027), 5 4D
AL KR & ORI A R Ch o7, F7o, R
DZNMIOFARIZIE, EDH OEHE(L/KIR S Iz
V0.0 ~1.0CTHDZ NS hoT-, BEXT A1
~3 A, 10~12H OEHELKIR & HERAOTR B
f& (r=-0.62~-037) B"@ED LN, TDOZ LiE, K
BAEE EIREREITD R R DR ETR L TN D, —
7, BT TIE, W21 H, 12HOKEBEGERIED
HHBEIBAFR DS FR @Entcttb FHBEERE L r = 0.34 ~
0.36 & HELTIZFEMOBERE T ESTEN STz,

ACIEE VG 7 B ARURE O 2 7~ v 2T D FEINIIT12
~3ATHbH (HF1970, AIHEIEA1988), ZiLoH D
RAGRE D B sy = FEIRSG T AR K IR S R WBED D &
FroTWa Z MRS,

5.3.2 KBEMAZE, HKLURPSDERFE

T, FEAE LK & AERREE OBIRE ST 5 =01
R by AT R B AR SREE O VPA B EEHEE O 2
NS & el U7z, Lol U7 HE(LKIRIE, A7 b

U T EIICA DY THIFEIOA NHZEDFED 9 A ET
DANKEE Lic, 75 &, mifE12~3 AL 5 ADK
iRE DRI THRERADHBBEER (r=-0.57~-0.46) 1A
Sl (Table 11), D F W AKIBEDMEVNE EFEREE NS
<, N ED NIRRT b%ht(ﬁgw)

LU, [AER7BIRIIBEDRFREETH A 6T
wé_&ﬂ6,EWﬁﬁﬁ%fhi%ﬁ%E%%w&w
O FHAEPEBMRICGER T 2 RAMBEAD RN o 5, %2
T, HEIFBADZEDORELRL T72HIZ, RPSEKIED
BtRE o L, Z0%ES, RifFE12~3 ADKIRED
M B DA ZELFR (-0.64~ -0.48) 23, 517278 (Table
1), Lk, GAF02HICHBEIN DB AR Stz
(Fig. 39),

WIT, ZH ORI~ 3 A OFERELKIR O fE % 5k
®, RPSIZxf LAl L7 D23Fig. 40TH 5, 1984~1988
FEOMAKIR - BRPSHI &, 1981~19834F L 19894 7 &
20044E F TOEIKIR < ERPSHID 2 S D 70— 75358
STz, BEHE(L/KTR0.0LL FDAETIE, EVORPSD A A
EINTEY, 0.0~050OHPHTIL1: 1 DH=ET, 0.5
PLETIZATIERWVWRPS E 22 > TNz, D TY, 1991
TR bR OERELKIR TH - 7228, KRPSHAD 2T
13 b EVRPS &0k LTz,

54 EZ
541 RELKEDEELELDS—LITH

AEOGHNG, LHORFEKIEE X7 by 2T



42

& (PEIRE) & OB #ERBER1 Y, ZETITAD,
BILTIXEOMHBRBGE N H 5 2 L RE T, 19894
MDA AR OBEHE L KTRIL, ZHE TIZR W E KRt
WTEY, ®%ET ORISR & EOFANR—FL T
WA ZEMD, A NU X T EEINEELE KR &R
PRIEEE S5 &9 8 4 TR HERR & P S L7,
F72, 1970FARICTRE, Wil 30T CTREINRE N I S
7272, RUBHELHEA IR Z2 EOPEING N R 572 <
Teolodb, 1955~1975FEHD FEAKIRM & —FL, &6
2o, TNHDOEAKIBMOMED LEDVIX, LY—L

7 b 1956/57, 1976/77, 1988/89 (Yasunaka and Hanawa,
2002) SIFIERBI LTV D 2 ERBEBREY, it (1975)

i, BAYERR TO1974F BB OWT, AW, iz

MW/ =2~ Ol B3 2 <, HEA, BUBHERY ~I13

Doz,

D, TOXDREREIEOEITIT

CHE LTS, £, BloEL £ TE
WO B IRIEDHERF S DUEDIRBLDS 2, 3 FfeV TR

, O HTLEETH

LA, WEHERSO A 7 b U 27 PlE & < R T

RN SYAYIRR

60

-
—

et afibEd,

5.4.2 EIMGWMRIZEZ HKERE
BASST & B2 0 AR LS T BRI TN SV

KB EFBZRIEOMBEN RN &

ZORRIZOWTIEARHTH S, Lk~ T
DFIRIE, 1970FRATEI KRR D ZE{ R & -

LBEMPOZE

IFERSh S, L

ML, 1954~19774 & TORFEIF T E AR H =0

Normalized coastal sea temperature

JAMN FEB MAR APR MAY JUN JUL AUG SEP ocT NOY DEC
_-HoloB.... || 6-08080es || ~eolB8te. || -aBofoo || oo [|oaBEl... || -ccBofa_. || -.coBaBa. || sohBBoe.... || BBBA._ . || eoofusos || o.oBoba...
a S0 8 -0.26 o® o o @ o ® o® % % ®o 8 & )
Q g%e || % ° ge 0 8 °% 0 eoll 2% || B o B
8 o o 8o e ae o2 &5 o o Qoo (=1
%) o g 8. o K o 8 o oo @ o
©
8 RU o B © ° o o o ) ) B )
© o%\o mooo 000 gooo :%b % ng oéjo ng o oc%o &
@) o, Do éﬁo o ofl o CPG%' % g || oo oﬁ‘ -1 30
e L | A= =0 s o | S hoo| | o) | s | P | ail B
3 SH 0-0.59|| = o0 o oo o o oo o o @ ° o o oo
= b 0 e ool (o ® a2 RE |
B @) N *,0 P o o 0 o o o0 i A & o 8
8 fec-all_ apde’s|acdS o] 0% | @™ o Semn® |pdes o %o t&sw o o || o
H °%0m 9 iﬁ"-‘ow = ? o° o:: ;cge i 0@3 of jﬁ o:%pg?a %%GQ 00| 800 :&6%&’ BVOD o
o 3 %5 o _ 05 |[o%e o SBR[ S || et s
[=]
B--'“"'ﬂn ﬁ& o‘iﬁb %ﬂ?& o O& o %ﬂd) o%t& %0 Ogﬁ ngm QBQ%D

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.
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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. 43 Walleye pollock egg distributions in survey subsections off western Hokkaido.
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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.

N OIRE TERE S NTZINE, Al OB 7 A ORER
oAb B B SHERE O WA S L CE PRI TR
IR LZEZDDONZYUTHS D,

—F, B TIEStage 1 OIIND 7L, BHEDOEA
OO RN o T, Wik (1954) 1L DL, K6
~ T COHE, ZH# 9 H12IF[] TStage 4 & 725, £72,
AT OB 7 A §iA CAE B U726 7 A o L &
SRR E COMMRIZ 2 BRTHD Z LD
(FZ21Th, 2006), AFHECERESNIZINCE, AFHE
WCHEINENT2 b D L0 HHBIEIIC X o TR
ERNEPLREESNTERLELOREN Tz b HE T
D,

ZD &I, AGEH B ARWEREEOFEINGITA S, ka1l
WEICIE R S, PEH SNZINE M T2 b0 EkR
&, KEmidde B L, ARRE AR ik S D L
EEND, FOHOTFEFHEMAIE, dbRER R B A T
IEAFEE LLIAE DM D B TEE STV D (BRAIED,
2008), E7z, A - B b RUBMEEIC A S K
Bt & Rt i CRRANZBICHRES N TND Z &
5 CRENED, 2008), Z Ok A Mo & 70 H
AERHEORBTH THDHEEZLND, ZDOHITONT
W, BRI E—%3 5 (ExkK-HEHEH, 1990; 58 -
Perm A, 1995),



AL b &7 A A AR EEO BIREVRE AN & EIRSIERK 49

139°E 140°E 141°E 139°E 140°E 141°E

139°E 140°E 141°E 142°E
46°N 46°N
Al stages in 2007
20000
5000 ‘@ X Xy X X
1000
x-0
45°N 45°N
44°N 44°N
43°N 43°N
42°N k 42°N
2]
41°N m Fa 41°N
139°E 140°E 141°E 142°E

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. 48 Vertical temperature profiles at coastal stations off
Otobe in Hiyama region in February 2006 and 2007.
Open circles indicate temperature from 2006, and
closed circles indicate temperature from 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
black shaded areas. A nursery ground is filled with
deep gray.
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Ecological and physiological studies on masu salmon Oncorhynchus masou masou smoltification and applied technology

for masu salmon stock enhancement (Doctoral thesis)
HIROSHI KAWAMURA

Shakotan-cho, Agriculture, Forest and Fisheries Section, Shakotan, Hokkaido, 046-0292, Japan

Masu salmon Oncorhynchus masou masou is an important fish not only for the coastal fisheries off the northern part of Japan,
but also for recreational fishing in inland waters and the coastal waters off northern Japan. On the other hand, masu salmon stocks
have been decreasing since the 1980s. Although the main reason is loss of the riverine habitat due to human activity, another
cause is the lack of information on the biological features of wild populations for the improvement of masu salmon stocks.
Objectives of this study are to examine the movement and growth of wild masu salmon juveniles, to define the ecological and
physiological process of the smoltification of wild populations, to show the effect of external factors (water temperature and
daylength) and internal factors (genetics) on the smoltification and to discuss the mechanism of smoltification, and to develop
smolt release technology for stocking.

Eighteen stream populations from Hokkaido and Honshu in Japan, and one strain from the domesticated masu salmon were
used for the field examination and rearing experiment from 1981 to 1996.

The diel behavior of emerging fry from the experimental incubator showed greater activity at nighttime than in the daytime
during the early period of emergence. Fry from the eyed egg deposition under the three stream beds distributed mainly at 1 km
downstream and were dispersed to 8 km downstream.

Individual marking release-recapture surveys were conducted to investigate the Specific Growth Rate (SGR) for body length of
wild juveniles. The SGRs held at high levels in the first spring to summer and decreased in autumn, and rapidly increased in the
following spring.

Wild juveniles with an individual tag in the upper and middle reaches of the Atsuta River showed that the middle reach group
were larger in size, and had a higher SGR and a low remaining ratio in autumn. The middle reach group was considered to be
the main component of smolt. Comparing the large parr group with the small group in the SGRs from the two populations, there
was a significant difference in SGRs in the Shimonaehutoro River in autumn but not in the Yobetsu River in summer. The peak of
smolt migration was earlier in the southern streams from May to early June than in the northern streams in June.

The developmental process of smoltification in wild juveniles was morphologically classified into six stages: the yellowish
parr in winter and early spring, the silvery parr in autumn and spring, the presmolt, the midsmolt, the fullsmolt and the small parr
in spring. Biological features of the smoltification, SGR, serum thyroid hormone (T4) concentration and seawater adaptability
were tested on wild juveniles in smolting. The SGRs increased from the beginning of smoltification at the stage of the presmolt.
Although serum T4 levels were at a high level during the smoltification, seawater adaptability showed a high quality at the
stages of the midsmolt and the fullsmolt. The number of chloride cells on gill lamellae from the southern wild population

histologically began to increase in March but the height of the follicle cells in the thyroid gland increased from April. The peak
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of seawater adaptability coincided with the peak of the seaward migration of smolt. Although there was no clear tendency in the
deal fluctuations of serum T4 from migrating smolt, the surge of serum T4 was observed in one stream after rainfall. The surge
was considered to depend on the turbidity from the rainfall. Annual fluctuations in the composition of the smolting stage were
observed in one stream and showed that water temperature affected the development of smoltification of wild juveniles.

The SGR, smolt timing, smolting ratio, seawater adaptability and serum T4 were examined under artificial conditions to show
the effect of water temperature, daylength (photoperiod) and population genetics on the smoltification of masu salmon. The
results showed that a high water temperature (8°C ) promoted smolting but a low water temperature (2°C ) inhibited smolting in
the wintering wild juveniles. A short term daylength (8L16D; daytime for 8 hours and nighttime for 16 hours) treatment did not
inhibit smolting in this season. The two siblings of juveniles under the three constant daylengths (16L8D, 8L16D, 4L20D) at 8°C
WT from emergence to smolting showed that the long term daylength (16L8D) treatment inhibited smolting. On the other hand,
the modified three daylength experiments (14L10D, 12L12D, 10L14D) under an 8°C WT with transferring on a differential season
(July, August, September, October, December and January) indicated that the 14L10D treatment in July, August and September
inhibited smolting, and although the 12L10D and 10L14D treatments in July, August and September were 100% smoltfied (except
10L14D on July), the smolting ratio decreased thereafter. Therefore, the juvenile response for daylength had changed between
September and October, and the critical daylength for the response was located between 14L (daytime for 14 hours) and 12L
(daytime for 12 hours). It is strongly suggested that the critical point might be the autumnal equinox.

Because the juveniles from the three stream populations indicated the inherent change of smolting features under the same
rearing conditions, it was shown that the smoltification of the population was genetically controlled. Moreover, it was confirmed
that the F1 hybrid had an intermediate peak of smolt timing between the two offspring from each parent.

The results indicate that the smoltification of wild masu salmon is controlled by the following smolting process and mechanism.
Underyearing juveniles are inhibited from smolting due to a long daylength (more than 14L) in summer and they arrive at the
critical point in daylength between 14L and 12L in autumn. It is likely that the autumnal equinox turns on a genetic switch of
smoltification. The low water temperature (less than 2°C ) inhibits the advance of smolting in winter and the juveniles develop
the smoltification with genetic smolt run timing due to the rising water temperature and the increasing daylength in the following
spring. On the other hand, the southern populations in Honshu and Kyushu, Japan, which consist of only the riverine form, are
considered to have turned on the maturation switch regardless of smolting at the autumnal equinox.

The experimental smolt release with large (13.6cm, 27.6g) and small (12.9cm, 21.0g) smolt groups and the ecological coastal
research showed the effect of large smolt on survival and the difference in feeding ecology between the large and small smolt.
The large smolt group had a higher survival (0.165%) from the release to adult return in the river than the small group (0.067%).
Although the two smolt groups fed on sand lance Ammodytes personatus larvae in coastal waters, oceanic zooplankton was
mainly available for the large smolt. It was confirmed that the large smolt release was better than the small smolt among the same
populations.

This study showed the high growth rate at the presmolt stage in smolting and the surge of serum T4 of migrating smolt
after the rainfall. These are considered useful indicators of the evaluation for smolt quality and release timing. Therefore, it is
important that we monitor not only coastal environments, but also the growth rate of juveniles and stream conditions. And careful
monitoring of the relationship between the smolt and other organisms in coastal waters is also required in order to observe the

influence of smolt cannibalism.
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Schematic diagram of life history of masu salmon, Oncorhynchus masou masou showing the three forms. The lacustrine

form is not spontaneous in Japan. The form is artificially produced due to dam constraction or seeding planting in lakes.
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Table 1 Classification and the criteria of smolting stages for wild masu salmon, Oncorhynchus masou

masou juveniles.

Smoltification commenced morphologically at the stage of presmolt and completed at the fullsmolt
stage. Small parr is unable to smolt in this season.

Blacking the edge of

Stage Season body color Parr mark dorsal and caudal fins Condition factor
Yellowish parr ~ Winter and early spring Back is black, body is yellowish Distinct Invisible High
. . Body is bright white, - .. .

Silvery parr Autumn and spring somewhat silvering Distinct Invisible High
Presmolt Spring Body is silvering Distinct Somewhat blacking Decreasing
Midsmolt Spring Advanced silvering Somewhat visible ~ Advanced blacking Low
Fullsmolt Spring Completely silvering Disappear Completely blacking Low
Small parr Spring Body is bright white Distinct Invisible High
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Fig.2 Schematic diagram of the experimental incubator used to examine the diel fluctuations in the number of emergent fry of
masu salmon. The incubator is 23cm (L) by 23cm (W) by 33.5cm (H) and supplied with water (23-30ml/sec) from the
bottom. Two hundred eyed eggs were deposited under gravel in the incubator on 13 October, 1981.
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Fig.3 Map showing sampling sites (open circles) to examine the dispersal movement of masu salmon from the egg deposition.
Eyed eggs were deposited in the stream beds close to the most upstream sampling site from 1990 to 1992.
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Table 2 Outline of planting masu salmon eyed eggs under
the stream beds from 1990 to 1992.

Water
temperature ‘C

Number of
deposition sites

Number of eyed eggs

Streams
(ten thousands)

Month on deposition

Horikappu River October, 1990 10 1 6.2
Yoichi River October, 1991 10 1 6
Sugawara River October, 1992 0.6 1 9.2
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Fig. 4 Location and sampling sites of the streams studied on the growth of wild masu salmon juveniles in Hokkaido from 1985

through 1987.
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Table 3 Outline and recapture of the individual marked release survey to show growth rates among wild
masu salmon populations in Hokkaido, Japan from October 1986 to October 1987.

Streams Date on releasing Number O.f individual Date on recapturing Number of marking
marking fish fish recaptured
Shimonaehutoro River 10, Sep., 1986 100 29, Oct., 1986 37
13, Nov., 1986 22
22, May, 1987 1
S, Jun., 1987 1
16, Jun., 1987 1
22, May, 1987 60 5, Jun., 1987 12
16, Jun., 1987 12
25, Jun., 1987 12
7, Jul., 1987 2
16, Jul., 1987 4
13, Aug., 1987 1
14, Sep., 1987 1
12, Oct., 1987 1
16, Jun., 1987 168 25, Jun., 1987 82
7, Jul., 1987 31
16, Jul., 1987 17
13, Aug., 1987 12
14, Sep., 1987 3
12, Oct., 1987 1
17, Nov., 1987 1
Total 326 254
Masuhoro River 7, Jun., 1987 53 17, Jun., 1987 9
26, Jun., 1987 6
4, Jul., 1987 3
17, Jul., 1987 5
4, Aug., 1987 3
26, Jun., 1987 45 4, Jul., 1987 2
17, Jul., 1987 5
4, Aug., 1987 2
18, Sep., 1987 1
15, Oct., 1987 2
6, Jul., 1987 42 17, Jul., 1987 22
4, Aug., 1987 14
18, Sep., 1987 6
15, Oct., 1987 1
Tatal 140 81
Toshibetsu River 11, Apr., 1987 10 14, May, 1987 1
10, Jun., 1987 2
10, Jun., 1987 23 7, Aug., 1987 8
1, Oct., 1987 3
8, Aug., 1987 11 1, Oct., 1987 1
24, Oct., 1987 1

Total 44 16
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Fig.5 Map showing sampling areas and sections in the Atsuta River of Hokkaido, 1994. The upper part is the sampling area
consisting of three areas in the upper reach (St1, St2 and St3) and an area in the middle reach (St4). The lower part shows
a schematic diagram of the section in each area. Sections are composed of various units (pool, riffle and calm riffle).
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Fig. 8 Downstream dispersal movement of masu salmon fry
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rhombus), the Horikappu River (solid square) and the
Sugawara River (solid triangle).
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Fig. 9 Growth patterns of wild masu salmon juveniles. The
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the Shimonaehutoro River (solid circle) from 1986
to 1987. The middle part shows the Yobetsu River
from 1985 to 1986 (solid circle) and from 1986 to
1987 (open circle). The lower part demonstrates the
Toshibetsu River. Bars indicate SD.

Shimonaehutoro R. Masuhoro R.

AL, 6 ADD 7 AR EIE A, 8 H~10A12%
Wl % ox L7 (Fig.10), R4 AN D 6 A DIKEMHEE
A, ZERTIIH D HODOREL 2EEITT B,
Z DR REAZABIN I & I CRg 57, FHEA
N F L OMEIR) Tk IR O X5y R X R 9om Th -
7205, FIBDIOZFN1T10emTH - 72, —F7, IO
Fix, N T =T R EAEHRLNT RBHET
HoTeDy, KRN EITNIOecmE A STz,

T KN OO0 RXYE L O & OBMRORE
B ZFig 111ZRd, ZOFER ELESEo 8 Ao
AL 5 ~ 8 RTh o7z, WEEHHOIA DOZIT
5~12AK, BEXEFT4m 50056 9em B Tho72, F46
H BRI TRV M 3 ERBIER S, ©ofmidk
124, RXEFIOmIiZETH o7, 6 AHFA)NS TA)
WD AT D PRE ST, ImEI10~144K, BX
FlX 9 ~12emiZ#E L7z, 7 A FAIO AE/L MIEEMEEK
B L, w9 ~1IRThHo72, 27 LT7THD
TEIRZBRANT, A/ N Ol X T10ARZ i 2
Tz, — 0, BB RO 0 & 4 x 72 shfu g,
JEXE Tem UL EDOEIKCH o 72, - T, T K
DY 7 T~ A0 5 H AF L M LI EEIE, LS
AIE CICRXYE Tom L EICRE L2 S TH

Yobetsu R. Toshibetsu R.

30
Jun
0
30
9 ﬂ ﬁ Jul .r_& EL
X 0
S 30
g
£ o ifi Jll Aug ciﬁz EEL
E’s
ot
Poadn Ase Iy
30
0& Oct tﬂ'”"\ J‘L‘I‘-\
3
of ST May &m LIy AP Iy
30
Jun M
0 .&& .ﬂl'_x ay&x
T T— T YT ———y
4 6 81012 4 68 10102 46 810124 4 680 12 %
Fork length

Fig. 10 Fork length distributions of wild masu salmon juveniles from the northern river group (the Shimonaehutoro River and
the Masuhoro River) and the southern river group (the Yobetsu River and the Toshibetsu River) in the first growing
season and smolting season. Note that the smolting season of northern rivers is different from that of southern rivers.
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Fig. 12 Seasonal changes in the Specific Growth Rate (SGR) of wild masu salmon juveniles among various stream populations.
Jun E, Jun M and Jun L indicate early June, middle June and late June, respectively.
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Table 4 Environmental units in the sampling section in the Atsuta River, 1994.
Composition of the stream bed was classified on the basis of the size in long diameter of
streambed materials, as follows; sand (sa): 0.3mm>, small gravel (sg): 0.3~30mm, gravel (gr):

31~100mm and stone (st): 100mm<.

Reach Arca Section Unit Distance ~ Width Square Composition of  Cover above the
(m) (m) (m2) stream bed surface (%)

Upper Reach Stl Stl calm riffle 16 1.4~2.8 41.2 sa, gr 41
St2 St21 pool 10 4.3~5 26.3  sa, sg, woody debris 29

St22 riffle 7 2~33 233 sg, gr 15

St23 calm riffle 16 2.4~43 39.1 sa, sg, woody debris 29

St24 pool, calm riffle 27 2.5~4.5 56.1 gr, st 27

St3 St31 pool 9 0.7~3.3 14.8 sa, sg, st 25

St32 riffle, calm riffle 9 22~2.5 23.2 sg, gr 20

St33 pool 10 3~3.2 279 sa, sg 74

St34 riffle 11 1.9~2.8 23.1 sa, sg 63

St35 3 riffles 12 1.8~2.2 22.1 sa, sg 31

St36 pool 8 2~2.9 222 sa, sg, gr 69

St37 calm riffle 21 24~29 50.6 sa, sg, gr 54

Middle Reach ~ St4 St41 calm riffle 31 5.2~6.8 173.1 sg, gr, st 29
St42 pool 40 2~8.4 219.3 sa, sg, st 65
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Fig. 14 Periodical changes in the growth rate (SGR) of underyearing parr (left part) and overyearing fish (right part) of wild
masu salmon in the upper and middle reaches of the Atsuta River, 1994. Bars show SEM. Overyearing fish include one

year parr and resident male fish.
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Fig. 15 Monthly fluctuations in the number of captured masu
salmon in the upper and middle reach areas of the
Atsuta River in 1994.
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Fig. 16 Changes in density (individuals per square meter) of wild masu salmon at each section consisting of different units in the

Atsuta River from July to October, 1994.

Table 5 Result of the individual marked release and recapture examination to show movement and growth of
wild masu salmon in the Atsuta River from July to September,1994.

Underyearing parr released

Overyearing fish released

Reach Area July August  September  Total (n) Reach Area July August  September  Total (n)
Upper R. Stl 10 0 5 15 Upper R. Stl 11 4 7 22
St2 14 4 18 36 St2 23 25 0 48
St3 7 4 3 14 St3 46 16 0 62
Middle R. St4 53 13 10 76 Middle R. St4 37 25 17 79
Underyearing parr recaptured Overyearing fish recaptured
Reach Area August  Septenber  October  Total (n) Reach Area August  Septenber  October  Total (n)
Upper R. Stl 3 3 1 7 Upper R. Stl 4 2 0 6
St2 2 4 4 10 St2 1 15 8 24
St3 1 3 1 5 St3 17 10 5 32
Middle R. St4 7 7 0 14 Middle R. St4 5 6 0 11
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inhabiting the upper and middle reach areas of the
Atsuta River from July to October, 1994. The upper
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The upper reach area

H T~ AD AT MUIZBT L 0P8 & HE R EA~DICH T3

LM, WU X2 TRPT) Tl S v iiEn g
=N 3 2/AToN b/ N ub/ e S B O N W AN LT A I RN 2
By E AL,

bk o irEZE (7 A~8 H), TFHT Bk
L& Aoz, Efio 8 A~9 AOBENIFRN T,
iR N OBEMEEE S TR E@EEIREFERE T
bolo, THEOE LT, BRI TFEPT) ISk 5 EE
BRI L CWie, BE (9 A~10H) (XA XN
TlEo=L<HHaNAR L Rotz, Zh b OBENHEET,
3B EBRWVTT RTI00mELNOBEN Th - 72, St.1TE
FRBCO S v 3R (A LR, A2 fER) 23,
10 A 1Z2% O _EFEA00m DO ZFTF TRl S 47z,

PR E R I T 2 TR E SRS L NS D A B L
9 HIZHIINT DAER L 2n o 72y, AR RHE — FH
EIZBWTYH, 8 A~9 AL, LROEHANPIERICET
WIS EN T DGR & o7z,

() REI FDEBEIRE

AE)L b ORIESEE T L v By, dbifEE
ALER O T KB 36 L ORI Tixzh i 6 A Al
6 HLmchy, duiEEmBoFBIITIX S Ahfa)
Thot, —J, BEEEIINOEBIOAENL NE, 5H
Mo 6 HIZEERENBIZE SN, oMt A L
fTho7z (Figl9), RAIDAEN NEEREBENIRHTIC
IAEEERBEL S, 19854FI1X 1986412 T, 1 AJ
WS AR D EBOEESEEEEZBRG LT, Zh
DRIZERERIL, R EN NEREEEIRE A BRI R D
2oL, R NAERH O REHERE T3S L 0 SO i

30
30
Jul-Aug Aug-Sep
25 =2
S T 20
:515 E 15
=
=10 10
5 5
0 0

Upstream Remaining Downstream

The middle reach area
10

Upstream RemainingDownstream

[
o

Sep-Oct

[ )
o o

]

Individual (n)

Upstream Remaining Downstream

o

Jul-Aug Aug-Sep

8

Ll

®

FS
ES

Individual (n)
Individual (n)

N
[S)

Sep-Oct

3 (“)m

Individual

E

[S)

. |

1 M

o

Upstream Remaining Downstream

Upstream Remaining Downstream

Upstream Remaining Downstream

Direction of movement

Fig. 18 Seasonal fluctuations in the movement of wild masu salmon inhabiting the upper reach area (upper part) and the middle
area (lower part) in the Atsuta River from July to October, 1994. The open column is underyearing parr and the solid

column shows overyearing fish.



74 AR T

100
S g0 Shimonaehutoro River
<
Se60 [ N=122
E
2 40
Z2
i) —
AprE AprM AprL MayE May MaylL JunE JunM JunL JulE JulM Jull
M
100
~ .
N Masuhoro River
< 80
= -
,g 60 N=204
2
T 40
]
220
0 . . . I .
AprE AprM AprL MavEMavMMavlL JunE JunM JunL JulE JulM JulL
100
e . .
S 8o | Toshibetsu River
= —
Se0 | N=I8
=]
=
=2 40 |
¥
A 20 ¢
0
AprE AprM AprlL MayEMayMMayL JunE JunM JunL JulE JuIM JulL
100

- Yobetsu River 1986 year
- N=84

| ail

AprE AprM AprL MayE May MayL JunE JunM JunlL JuIE JuIM JulL

a ®
o ©

N
o

Distribution (%)
H
5}

o

=
(=]
o

- Yobetsu River 1987 year
N=177

N B O ®
o © o ©
T T T

o

Distribution (%)

AprE AprM AprL MayE May MayL JunE JunM JunL JUIE JulM JulL

Month
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Hokkaido, Japan from 1985 to 1987.

Table 6 Comparison of the fork length of smolt among wild masu salmon populations in
Hokkaido, Japan from 1983 to 1987.

Population Age Individuals 11::;;1 i(c)rrll:) SD 1:2[:;;1;}111;;
Shimonaehutoro River 2+ 32 11 0.9 June, 1987
1+ 57 10.6 0.7 June, 1987

Masuhoro River 2+ 52 12.1 1 June, 1987
1+ 50 10.9 0.9 June, 1987

Yobetsu River 1+ 31 13.5 0.7 May, 1985

1+ 104 13.3 0.9 May, 1986

Sukki River 1+ 14 12.8 0.6 May, 1983
Toshibetsu River 1+ 15 13.5 0.7 May, 1984

1+ 24 12.6 0.6 May, 1985
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Fig. 20 Changes in the serum chloride concentration of masu
salmon smolt kept in 33 per mil seawater for various
durations. 0 hour shows the concentration of serum
chloride in fresh water. Bars indicate SEM.
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Fig. 22 Diel fluctuations in the serum thyroid hormone (T4) level of the wild masu salmon smolt moving downstream in the
Furuu River. Smolt was captured by a castnet from 27 May to 28 May, 1992 (solid circle) and from 15 June to 16 June,
1993 (solid triangle). Vertical bars show SEM and horizontal black bars indicate a nocturnal duration.
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Fig. 23 Histological photographs of the follicle cells and the colloid in the thyroid gland from wild juvenile masu salmon
captured in the Yobetsu River from autumn, 1985 through spring, 1986. A: September, B: October, C: November, D:

March, E: April and F: May.
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Fig. 25 Histological photographs of the chloride cells (arrow) on gill lamella from wild juvenile masu salmon captured in the
Yobetsu River from autumn, 1985 through spring, 1986. A: September, B: October, C: November, D: March, E: April

and F: May.
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Fig. 28 Changes in seawater adaptability of wild masu salmon juveniles from the different stream populations in Hokkaido,
Japan. Open square is the control kept in fresh water for 24 hours. Solid square and solid triangle in the Yobetsu River
are the 1985 year group and 1986 year group, respectively. Bars show SEM.
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Fig. 29 Diel fluctuations in serum T4 concentration of wild masu salmon smolt and water temperature at the lower reach site of
the Furuu River in 1990. The upper part shows T4 and the lower part demonstrates water temperature. The vertical bar is
SEM, the horizontal bar demonstrates the nocturnal duration and the arrow indicates rainfall. A surge of T4 was observed
at 23:00 on 19 June, 1990 after rainfall.
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Fig. 30 Fluctuations in water temperature, atmosphere temperature and flow level in the Yobetsu River in 1985 and 1986. The
solid circle is that of 1985 and the open triangle shows that of 1986.
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Fig. 31 Development of the smolting stage in the 1985 and
1986 year groups of wild masu salmon juveniles
in the Yobetsu River. The upper part is 1985 and
the lower part shows 1987. The 1985 year group
developed a smoltification earlier than the 1986

group.
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Table 7 Experimentl-1 shows the effect of a high water temperature on smoltification of wild masu salmon juveniles in
wintering
Wild masu salmon juveniles were captured in the Yobetsu River in December (2.2°C ), 1988, and in March
(3.6°C ) and April (4°C ), 1989. They were reared under a natural daylength at 8°C water temperature during
the examination.

Experimental group Population Individuals Mean fork SD Date on Date on completion
length (cm) (cm) commencement
December Yobetsu River 15 11.9 0.5 8 Dec., 1988 17 Apr., 1989
March Yobetsu River 16 10.1 1.0 21 Mar., 1989 13 May, 1989
April Yobetsu River 11 10.6 1.0 12 Apr., 1989 31 May, 1989

Table 8 Experimentl-2 shows the effect of a high water temperature and modified daylength on
smoltification of wild masu salmon juveniles in winter
Wild masu salmon juveniles were captured in the Yobetsu River on 7 December (2.2°C ).
They were kept in a 250L tank under a natural daylength at 2°C water temperature, and
transferred to the experimental regime under long daylength (16L8D) or short daylength
(8L16D) at 8°C water temperature on 10 December, 1988 and on 6 February, 1989.

1. Treatment on 10 December in 1988

Experimental . . Mean fork SD Date on Date on
Population Individuals .
group length (cm) (cm)  commencement completion

N group
(natural ~ Yobetsu River 15 11.9 1.0 10 Dec., 1988 17 Apr., 1989

daylength)

LD growp ¢ petsu River 15 12.0 0.7  10Dec., 1988 28 Feb., 1989
(16L8D) ' ' " "
SDEIOUP v hersu River 15 11.8 08  10Dec, 1988 31 May, 1989
(8L16D) : : N Y

2. Treatment on 6 February in 1989

Experimental . .. Mean fork SD Date on Date on
Population Individuals .
group length (cm) (cm) departure completion

LF group .

(16L8D) Yobetsu River 19 11.8 1.0 6 Feb., 1989 30 Mar., 1989

SF group .

(SL16D) Yobetsu River 18 11.8 1.0 2 Feb., 1989 17 Apr., 1989
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Table 9 Experimentl-3 shows the effect of low temperatures on smoltification of masu salmon
Wintering wild masu salmon juveniles were captured in the Yobetsu River in December. They
were kept in a 250L tank under a natural daylength at 2°C water temperature. They were
transferred to the two temperature regime, under a natural daylength at 4°C water temperature
(N4C group) and under a long daylength at 2°C water temperature (L2C group). The control
was under a natural daylength at natural water temperature (N group) on 16 March, 1990.

Experimental . .. Mean fork length SD Date on Date on
Population  Individuals .
group (cm) (cm)  commencement completion
N group Yobetsu River 30 12.1 1.2 16 Mar., 1990 31 May, 1990
N4C group  Yobetsu River 26 11.8 0.8 16 Mar., 1990 31 May, 1990
L2C group  Yobetsu River 20 11.7 0.9 16 Mar., 1990 31 May, 1990
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Fig. 32 Changes in rearing water temperature under the low
temperature experiment (Experimentl-3). The L2C
group is at a low temperature (2°C ) with a long term
daylength (16L8D), N4C indicates the regime at a
4 °C temperature with a natural daylength, and the
N group shows a natural water temperature with a
natural daylength as a control. Bars show SEM.
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Fig. 33 Map showing rivers in Honshu and Hokkaido, Japan to produce the eggs for experiments. The left part includes the
Shiribetsu River (Hokkaido), the Ken-ichi River (Hokkaido), the Hazama River (Branch of the Kitakami River, Honshu)
and the Zinzu River (Honshu). The right part shows the Furuu River (A), the Furen River (B) and the Sugawara River (C)
in Hokkaido. The Sugawara River flowed into Lake Toya (arrow). The solid circle is the former Makkari Branch of the
Hokkaido Fish Hatchery that reared the eggs and juveniles for experiments.
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Fig. 34 Constant daylength experiment diagram (Experimentl-4) at 8 “C water temperature. SS group: 4L20D (daytime for 4
hours and nighttime for 20 hours), S group: 8L16D, L group: 16L8D and N group: natural daylength as a control. The
Shiribetsu River and the Zinzu River population juveniles were reared under constant daylength regimes from emergence
in January, 1991 to smolt in May, 1992.



WU T ADAE)N MUIZEET 2015 & HFEFE~DISH 89

Table 10 Experimentl-4 shows the effect of the constant daylength on smoltification of masu salmon
Siblings from two masu salmon populations (the Shiribetsu River and the Zinzu River) were reared
under the three constant daylength regimes at 8°C water temperature from emergence (January, 1991)
to smoltification (May, 1992). L group: 16L8D, S group: 8L16D and SS group: 4L20D. The N group
(Control) is under a natural daylength at 8 “C water temperature. Each of the thirty juveniles had an
individual tag to examine the growth rate on 18 October, 1991.

The ShiribetsuRiver population

Experimental Population  Individuals Mean fork length SD Date on marking Date on completion
group (cm) (cm)
L group .. .
(16L8D) Shiribetsu River 30 12.0 0.6 18 Oct., 1991 31 May, 1992
S group .. .
(SL16D) Shiribetsu River 30 12.1 0.7 18 Oct., 1991 31 May, 1992
SS group . .
(4120D) Shiribetsu River 30 12.0 0.6 18 Oct., 1991 31 May, 1992
NEroup g ibetsu River 30 11.8 0.6  180ct,1991 31 May, 1992
(natural)
The Zinzu River population
Experimental Population  Individuals Mean fork length SD Date on marking Date on completion
group (cm) (cm)
S group . .
(SL16D) Zinzu River 30 10.6 0.8 18 Oct., 1991 31 May, 1992
SS group . .
(41.20D) Zinzu River 30 10.4 0.6 18 Oct., 1991 31 May, 1992
N group Zinzu River 30 10.4 0.7  180ct, 1991 31 May, 1992
(natural)
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Table 11 Experimentl-5a shows the effect of the modified daylength in autumn and winter on smoltification of
masu salmon
Siblings from two masu salmon populations (the Ken-ichi River and the Hazama River) were reared
under a natural daylength and at 8 °C water temperature from February, 1992 to May, 1993. Each of
the thirty juveniles with a tag from the two populations were transferred to the two modified daylength
regimes, under a long daylength (16L8D) and a short daylength (8L16D) at 8°C water temperature in
September, 1992 (NL9 group, NS9 group) and a long daylength at 8°C water temperature in January,
1993 (NL1 group). The control is under a natural daylength at 8°C water temperature (N group).

The Ken-ichi River population

Experimental . .. Mean fork length SD Date on .
Population  Individuals Date on completion
oroup (cm) (cm) commencement
NL9 group L
(16L8D) Ken-ici River 30 9.7 0.4 19 Sep., 1992 31 May, 1993
NS9 group R
(SL16D) Ken-ici River 30 9.6 0.4 19 Sep., 1992 31 May, 1993
NL1 group A
(16L8D) Ken-ici River 30 11.2 0.7 26 Jan., 1993 31 May, 1993
N group Ken-ici River 30 10.1 0.5 19 Sep., 1992 31 May, 1993
(natural)
The Hazama River population
Experimental Population  Individuals Mean fork length SD Date on Date on completion
oroup (cm) (cm) commencement
NL9 group .
(16L8D) Hazama River 30 9.3 0.4 19 Sep., 1992 31 May, 1993
NS9 group .
(SL16D) Hazama River 30 9.3 0.4 19 Sep., 1992 31 May, 1993
NL1 group .
(16L8D) Hazama River 30 11.9 0.5 26 Jan., 1993 31 May, 1993
N group Hazama River 30 10.4 0.7 19 Sep., 1992 31 May, 1993
(natural)
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Fig. 35 Modified daylength experiment diagram (Experimentl-5a) at 8°C water temperature from autumn to winter. The Ken-
ichi River and the Hazama River population juveniles were reared under a natural daylength and shifted to a long day
treatment (16L8D) and a short day treatment (8L16D) in September, 1992 (NL9 group and NS9 group) and in January,
1993 (NL1 group and NS1 group).
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Table 12 Experimentl-5b shows the effect of the seasonal modified daylength from summer to winter on

smoltification of masu salmon

Siblings from wild masu salmon of the Furuu River population were reared under a natural daylength at
8°C water temperature from January, 1993 to May, 1994. Each of sixty fish were transferred to the three
daylength regimes, L1 regime (10L14D), L2 regime (12L12D) and L3 regime (14L10D) at 8°C water
temperature from summer to winter, on 14 July, 7 August, 2 September, 8 October, 5 December, 1993
and 12 January, 1994. Thirty of the sixty fish had individual tags.

L1 regime (10L14D) L2 regime (12L12D) L3 regime (14L10D)
Date on trancefer Individuales Mean (f(c)rrrli)length (zﬁ) Individuales Mean (fgrrlll()length (Ez) Individuales Mean ler:)length (EE)
14 July, 1993 (J) 60 7.0 0.2 60 7.0 0.2 60 7.0 0.9
7 August, 1993 (A) 60 8.1 0.5 60 8.0 0.5 60 8.1 0.4
2 Seotember, 1993 (S) 60 8.4 0.3 60 83 0.4 60 8.5 0.3
8 October, 1993 (O) 60 9.1 0.3 60 9.2 0.4 60 9.1 0.3
5 December, 1993 (D) 60 9.6 0.3 60 9.6 0.3 60 9.7 0.3
12 January, 1994 (Ja) 60 9.5 0.2 60 9.5 0.3 60 9.5 0.3
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Fig. 36

Modified daylength experiment diagram (Experimentl-5b) at 8°C water temperature from summer to winter. The

Furuu River population juveniles were reared under a natural daylength and shifted to three daylength treatments,
10L14D (L1 regime), 12L12D (L2 regime) and 14L10D (L3 regime) from summer, 1993 to winter, 1994. Thirty
juveniles were marked with individual tags and transferred to the three regimes on 14 July, 7 August, 2 September, 8

October, 5 December and 12 January, respectively.
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Table 13 Experiment2-1 shows the inherence of smoltification among wild masu salmon populations in

Hokkaido, Japan

Sibling from wild masu salmon of the Furuu River and the Sugawara River, and juveniles from the

Furen River were reared under a natural daylength at 8

°C water temperature from January, 1993

to May or June, 1994. Thirty of them were tagged individually on 15 July in 1993 to examine the
growth rate. The Furuu River and the Furen River populations were the anadromous form and the
Sugawara River populations belonged to the lacustrine form.

Population Individuals Mean fork length SD Date on Date on completion
(cm) (cm) commencement
Furuu River 30 7.1 0.3 15 Jul., 1993 31 May, 1994
Sugawara River 30 8.3 0.4 15 Jul., 1993 31 May, 1994
Furen River 30 7.0 0.4 15 Jul., 1993 31 May, 1994
EER2.2 REELREIME 100 %
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Fig. 37 Effects of a high temperature and timing of transfer
on the smolting features of wild masu salmon
juveniles in wintering. The upper part is the smolting
ratio, the middle part shows the growth rate (SGR)
and the lower part demonstrates seawater adaptability
(serum chloride concentrations in SW for 24 hours).
The solid square is the shifting in the December
group, the open square shows the shifting in the
March group and the solid triangle demonstrates the
shifting in the April group. Bars indicate SEM.
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treatments on the smolting features of wild masu
salmon juveniles in wintering. The Yobetsu River
population juveniles were captured in December
(WT:2.2 °C ) and reared at 8 ‘C water temperature
with natural daylength for the experiment, and the
two daylength treatments, 8L16D and 16L8D at 8°C
water temperature were conducted in December and
February. The upper part is the smolting ratio, the
middle part shows the growth rate (SGR) and the
lower part demonstrates seawater adaptability (serum
chloride concentrations in SW for 24 hours). The
solid square is control (natural daylength); the solid
circle and solid triangle show the long daylength
treatment and the short daylength in December,
respectively. The open circle and open triangle
demonstrate the long daylength treatment and the
short daylength in February, respectively. Bars
indicate SEM.

Fig. 39 Effects of a low temperature treatment on the

smolting features of wild masu salmon juveniles. The
Yobetsu River population juveniles were captured in
February (WT: 2.4°C ) and reared at low temperature
(2 C ) with natural daylength for the experiment in
mid March. The two experimental groups were the
L2C group at 2°C WT with 16L8D daylength and the
N4C group at 4 ‘C WT with natural daylength. The
N group was the control at natural WT with natural
daylength. The upper part is the smolting ratio, the
middle part shows the growth rate (SGR) and the
lower part demonstrates seawater adaptability (serum
chloride concentrations in SW for 24 hours). The
solid square is the control, the solid triangle shows
the N4C group and the solid circle demonstrates the
L2C group. Bars indicate SEM.
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Fig. 40 Effects of the constant daylength at 8°C water temperature treatment (Experimentl-4) on the smolting features of masu
salmon juveniles. The left part is the appearance of smolt individuals and the right part shows the number of maturing
male parr. N group (control): natural daylength, L group: 16L8D daylength, S group: 8L16D daylength and SS group:
4L20D daylength. Eggs were derived from the Shiribetsu River and the Zinzu River populations; however, the L group
is only the Shiribetsu River. The solid column is the Shiribetsu River and the open column shows the Zinzu River.
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Fig. 41 Changes in the mean growth rate (SGR) of masu
salmon juveniles that received three constant
daylength treatments (Experiment1-4). The upper
part is the Shiribetsu River population and the lower
part shows that of the Zinzu River. The solid square
is the N group (natural daylength), the open square
shows the L group (16L8D daylength treatment), and
the solid triangle and open triangle demonstrate the
S group (8L16D treatment) and SS group (4L16D
treatment), respectively.
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Fig. 42 Fluctuations in the serum thyroid hormone (T4)
concentration of masu salmon juveniles in the
second year that received three constant daylength
treatments (Experiment1-4). The upper part is the
Shiribetsu River population and the lower part
shows that of the Zinzu River. The solid column is
the N group, the open column shows the L group,
and the column with horizontal lines and that with
dotted lines demonstrate the S group and SS group,
respectively. Bars indicate SEM.
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Fig. 43 Fluctuations in seawater adaptability of masu salmon
juveniles in the following spring (May) that received

three constant daylength treatments (Experiment1-4).

N group: natural daylength, L group: 16L8D
daylength, S group: 8L16D daylength and SS group:

4L20D daylength treatments. The solid column is

the Shiribetsu River population and the open column
shows that of the Zinzu River. Bars indicate SEM.
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Fig. 44 Fluctuations in the smolting ratio of masu salmon
juveniles in the following spring that received the
modified daylength treatments in September and
January (Experimentl-5a). The upper part is the
Ken-ichi River population and the lower part shows
that of the Hazama River. Juveniles were shifted to
the long day treatment (16L8D) and the short day
treatment (8L16D) in September, 1992 (NL9 group
and NS9 group) and in January, 1993 (NL1 group
and NS1 group). The control is the N group under a
natural daylength. The solid column is the N group,
the open column shows the NS9 group, the dotted
column demonstrates the NL9 group and the column
with horizontal lines indicates the NL1 group. The
NL9 group of the Kenichi River had no smolt. The
NS1 group is removed due to the poor feeding
condition.
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Fig. 45 Changes in the mean growth rate (SGR) of masu
salmon juveniles that received the modified
daylength treatments (Experimentl-5a). The upper
part is the Ken-ichi River population and the lower
part shows that of the Hazama River. The solid
square is the N group, the solid triangle shows the
NL9 group, and the solid circle and open triangle
demonstrate the NS9 group and NL1 group,
respectively. The NS1 group is removed due to the
poor feeding condition.
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Fluctuations in the serum thyroid hormone (T4)
concentration of masu salmon juveniles in the second
year that received the modified daylength treatments
(Experiment1-5a). The upper part is the control
groups (solid square: the Ken-ichi River population
and open square: the Hazama River population), the
middle part shows the Ken-ichi River population
and the lower part demonstrates that of the Hazama
River. The solid column is the N group, the open
column shows the NS9 group, the dotted column
demonstrates the NL9 group and the column with
horizontal lines indicates the NL1 group. Bars
indicate SEM. The NS1 group is removed due to the
poor feeding condition.

180

160 r

140 r

Serum C1 (mEq/1)

120 T
Apr L May M

180

160 r

140

Serum Cl (mEq/1)

120 T T
Apr L May M
Month

Fig. 47 Fluctuations in seawater adaptability of masu salmon
juveniles in the second year that received the
modified daylength treatments (Experimentl-5a).
The upper part is the Ken-ichi River population and
the lower part shows that of the Hazama River. The
solid column is the N group, the open column shows
the NS9 group, the dotted column demonstrates
the NL9 group and the column with horizontal
lines indicates the NL1 group. Bar indicates SEM.
The NS1 group is removed due to the poor feeding
condition.
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Fig. 48 Fluctuations in the smolting rate of masu salmon juveniles that received the modified daylength treatment from summer
to winter (Experiment1-5b). Juveniles were reared under a natural daylength at 8 °C water temperature and shifted to
three daylength treatments, 10L14D (L1 regime), 12L12D (L2 regime) and 14L10D (L3 regime) from summer, 1993
to winter, 1994. Thirty juveniles were marked with individual tags and transferred to the three regimes on 14 July (L1J,
L2J and L3J groups), 7 August (L1A, L2A and L3A groups), 2 September (L1S, L2S and L3S groups), 8 October (L10,
L20 and L3O groups), 5 December (L1D, L2D and L3D groups) and 12 January (L1Ja, L2Ja and L3Ja groups). The
upper part is the L1 regime, the middle part shows the L2 regime and the lower part demonstrates the L3 regime.
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Fig. 49 Fluctuations in the periodical smolting ratio of masu
salmon juveniles in the second year that received
the modified daylength treatments (Experiment]-
5b). The upper part is the L1 regime, the middle part
shows the L2 regime and the lower part demonstrates
the L3 regime. The horizontal bar is the N group
(control). Solid and open squares are July (L1J, L2J
and L3J groups) and August (L1A, L2A and L3A
groups), respectively. Solid and open triangles show
September (L1S, L2S and L3S groups) and October
(L10, L20 and L3O groups), respectively. Solid
and open circles demonstrate December (L1D, L2D
and L3D groups) and January (L1Ja, L2Ja and L3Ja
groups), respectively.
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Fig. 50 Changes in the mean growth rate (SGR) of masu salmon juveniles that received the modified daylength treatments
(Experiment1-5b). The upper part is the L1 regime, the middle part shows the L2 regime and the lower part demonstrates
the L3 regime. See Fig.49 for the legend.
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Fig. 51 Fluctuations in the serum thyroid hormone (T4) concentration of masu salmon juveniles in the second year that received
the modified daylength treatments (Experimentl-5b). The upper part is the L1 regime, the middle part shows the L2
regime and the lower part demonstrates the L3 regime. Columns show the N group, July treatment, August, September,
October, December and January treatments from left to right. Bars indicate SEM.
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treatments (Experiment1-5b). The solid square is the
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and the solid circle demonstrates the L3 regime.
Bars indicate SEM.
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Fig. 53 Results of the rearing experiment under a natural
daylength at 8°C water temperature (Experiment2-1).
Three wild masu salmon populations, those of the
Sugawara River, the Furuu River and the Furen
River were examined for smolting features. The
upper part is the periodical smolting ratio in the
second year (dotted column: the Sugawara River,
solid column: the Furuu River and open column: the
Furen River) and the lower part shows the growth
rate (SGR) of juveniles (triangle: the Sugawara
River, solid square: the Furuu River and open
square: the Furen River). Bars indicate SEM.

THARMERNN 6 A LAITh o7, ZHREOZIUES AT
AT, WEBLO AE/L MU O PRI ALE LTz,

Fl ®SGRIE, —#IcE (8 —9 ) cm<, & (12
—2A)ETL, & 3 —4 A7) ICHUMMLL (Fig.55),

50 Ao T4 T, Z ORFIIC ZE /L MR 4
IRTEZERIRFILERZHEFITE L, AT/ MEEHR
6 H LA Cd D ARMEER F1 CIIRV V2 7~ L7 (Fig.56) .

AN MEBINZEBIT 5 3 O AENL MK, T3CH
WK AT24E I # O CLIRFEIX130mEq/IE CTH D, @
HEAKGEIGEEZ 7R LT (Fig.56),

B HEMOWHNS D FIBEOREN S DRMEF] %
3¢, —TERBEOHMEERIC LD AT/ MERE 275
ToAESE, MBLO F1EB L ORHME F10 2 /v MEusgiis &
NS HOME TARENERD Z L, ZMROAETL
{LEEE A W O EICALE T 2 2 & A L S vz,



104 kS fE

Serum T4 (ng/l)

AprE May M May L JunM
220
E 200
g
)
E 180 |
%]
=
S 160 |
=
)
£ 140 |
g ] —a —>
L
“ 120 . . . . .
S
= = —= = = =
= B =) z z =
< < s = 2
Month

Fig. 54 Results of the rearing experiment under a natural
daylength at 8°C water temperature (Experiment2-1).
The upper part is the serum thyroid hormone (T4)
concentrations in the second year (dotted column:
the Sugawara River, solid column: the Furuu River
and open column: the Furen River) and the lower
part shows seawater adaptability in the second
year (triangle: the Sugawara River, solid square:
the Furuu River, open square: the Furen River and
open circle: control group). The control group was
transferred to fresh water and kept for 24 hours. Bars
indicate SEM.
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Fig. 55 Results of the cross mating experiment between
the Mori strain (domesticated masu salmon)
and the Shyokanbetsu River population with
different smoltification timings. The upper part
is the periodical smolting ratio in the second year
(dotted column: Mori strain, solid column: F1
hybrid obtained by mating the Mori strain and the
Shyokanbetsu River population and open column:
the Shyokanbetsu River population). The lower part
shows the mean growth rate (SGR) of masu salmon
juveniles (solid square: the Shyokanbetsu River,
open square: F1 hybrid and solid triangle: Mori
strain).

FFFERE RAE , IR DR AT (1973) B LUV
JE D Zh B & # s L7 Okumoto et al. (1989) DS %%
FFL TV 5,

N DOFERD D, BIARINCEIT HARFED ZE/L K
B, ZZFEOERW)IKIRE X OVE BRSNS,
FEZm TRJIKIED ERBS X OEEMOE iz XY
AL MEDMES AL, H1EBLIOHE 2 ETHLMNIZL
72X 910, SR =20 TV RTE L hA~TERESEY, EFR
FHY, THFICET D EBZbND,

ZAUCKE UCTEOKIR T TR BES OCEWIBREE S, A
D AT MEEIIHIT D 2 & BARFERE RS 50



Serum T4 (ng/l)

0 T T

Shykanbetsu R. Hybrid Mori strain

150

140

130

Serum chloride level (mEq/l)

120 — T .

. - 6 RS 0\
'\ )
o % \X ¢ o CO““

e

Experimental group

Fig. 56 Results of the cross mating experiment between the
Mori strain and the Shyokanbetsu River population
with different smoltification timings. The upper part
is the serum thyroid hormone (T4) concentrations
in May in the second year. The lower part shows
seawater adaptability of smolt. The open column is
the Shyokanbetsu River, the solid column shows the
hybrid, the dotted column demonstrates the Mori
strain and the column with horizontal lines illustrates
the control. The control was kept in fresh water for
24hours. Bars indicate SEM.
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Fig. 57 Map showing sampling sites in coastal waters off Mashike in the Sea of Japan off northern Hokkaido, Japan. Masu
salmon smolt were captured by a Sayori net from 22 May to 27 July, 1996. Marked smolt with two different body size
groups (large group: mean 13.6cm in fork length and smalle group: mean 12.9cm in fork length) were released in the
Nobusha River from 25 May to 3 June, 1996. Adult masu salmon returned to the Nobusha River and were examined for

the survival rate from May to October, 1997.
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Fig. 58 Fluctuations in the surface sea water temperature off Mashike from January to July, 1990 to 1996. (From data of the

Hokkaido Aquaculture Promotion Corporation)
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Fig. 59 Comparison of mean stomach content weight
between the large smolt group and the small smolt
group captured in coastal waters off Mashike in
June, 1996. Bar is SD.
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Fig. 60 Comparison of mean stomach content index (SCI)
between the large smolt group and the small smolt
group captured in coastal waters off Mashike in
June, 1996. Bar is SD.
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Fig. 61 Comparison of stomach content composition (in
number) per one fish between the large smolt group
and the small smolt group captured simultaneously
at station D in coastal waters off Mashike in June,
1996.
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Fig. 62 Comparison of the ratio of stomach content
composition (in number) per one fish between
the large smolt group and the small smolt group
captured simultaneously at station D in coastal
waters off Mashike in June, 1996.
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Fishing management of the red snow crab in the sea of Japan off southern Hokkaido

NOBORU HOSHINO

Hokkaido Research Organization, Central Fisheries Research Institute, Yoichi, Hokkaido, 046-8555, Japan

Experimental fishing of the red snow crab is being conducted off the coast of southern Hokkaido in the Sea of Japan. Little is

known about a number of aspects of the population dynamics of this stock, including the somatic growth of individuals, natural

mortality, recruitment and emigration, which are important factors in its fishing management. In this paper, the advantages and

disadvantages of several management strategies for this stock were evaluated using an operating model. A management scenario

in which the annual TAC changed according to the annual change in CPUE caused a large fluctuation in the annual catch. A

scenario in which the TAC was maintained over several years according to the trend in CPUE kept catch fluctuations at a low

level, although a higher level of fishing effort led to a greater risk of failure in management. In such cases, failure of management

could be avoided by placing an upper limit on fishing effort; however, a large variation emerged in the cumulative catch obtained

from the stock. The calculated output of various scenarios greatly differed according to the level of fishing effort at the start of

the management scenario. Application of these results to practical fishing management for this stock requires estimates of current

fishing effort levels and stock number trends to be as close to reality as possible.
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Annual change in catch and CPUE (estimated catch
in number/total number of fishing days) of red snow
crab in the Sea of Japan off southern Hokkaido. A
solid line with closed circle and two dashed lines
show the annual catch and the CPUE (for each ship),
respectively.
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Fig. 2 Five examples of the change in stock size as the
trajectories by operating model.
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Homing of masu salmon in the tributaries of the Shiribetsu River evaluated by returns of marked fish
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* Hokkaido National Fisheries Research Institute, Fisheries Research Agency, Sapporo, Hokkaido 062-0922, Japan

Homing of masu salmon was evaluated by examining the number of marked fish returning to tributaries of the Shiribetsu River

in 2007. Marked masu salmon spawners were recovered at a high rate (80.5%) in the Mena River where most of the marked

juveniles had been released into, but were at lower rates (4.3%) in the other 10 tributaries, indicating that the homing ability of

masu salmon among tributaries is high. Only a few marked fish were recovered in tributaries where hatchery-reared fish had not

been stocked. Those marked fish were stocked as smolts, and a portion of smolts was transported and released in the lower reach

of the mainstem Shiribetsu River. Such release history may be a cause of the straying into the tributaries.
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Fig. 1 Left panel: Location of the Shiribetsu River in Hokkaido, northern Japan. Right panel: numerals indicate the tributaries
where masu salmon were sampled; 1: Osannai River, 2: Panke-Mekunnai River, 3: Penke-Mekunnai River, 4: Mena River,
5: Sakasa River, 6: Nanbu River, 7: Konbu River, 8: Doro River, 9: Rubeshibe River, 10: Kutosan River, and shaded
areas ([) indicate the survey reaches. The doublet (= ) on the Mena River indicates the weir where masu salmon were
collected for broodstock. The squares (M) indicate the dams for hydropower stations on the mainstem Shiribetsu River,

and “RD” indicates the Rankoshi Dam.
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Table 1 Summary statistics of number of masu salmon released that returned to the Shiribetsu River in 2007

Number of

Release type  Release site Date of release fish released Applied Mark
Mena River 16 March-11 May 2006 174,902  Right pelvic fin clipped & otolith thermal
Smolt release
Mainstem 26 April 2006 44,600  Right pelvic fin clipped & otolith thermal
Parr release Mena River 29 September -19 October 2005 160,207  Left pelvic fin clipped & otolith thermal
Fry release Mena River 26 April - 25 May 2005 611,000  Otolith thermal
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SITEN P OB AITIE L 2L lc L, A HAD
TENITIERE B ESE U7z, B4R U 7o Bl 2 3 L
POH L > 7 A (postorbital-hypural length : R o 1% ¥ 5>
5 FEF%EEE CTOE X ; Anderson, 1996) % HIE L 7=,
£72, REOHEEL THARWEKRICOWTORREXES
MELZ, 22T, POHL Y ZRAEAFEL-OE, V7
T AIPEIIREIIC 72 D & ERERICHEEE N AE T D (B
i, 1992) 7= &, HETITEIMTENC X 0 J2EENHEE L
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SRt OMEME (A, U U 7 HEQRR, SERLD & 13 2 R L,
HAzME Lz, BblioEAIIATA N7 T RI28E
AT T2 RIS L, RSO A 2R Lz, B3

TTRER WAL TSOFICIL R LT, WAKAEERMOE % BT
L7,
#w B

H4 )T, 20074 8 A25H 7 5H10H 4 H OFH121,037
ROV I I~ABaefi¥g L=, Z05bH, 200749 A
19H 225 108 5 HIZ)H T TIT O 728 90RF 2, 1,0312
DBBOER T _TRER (6 BT HAMEK), AE
IV M RaR5T5 2 (55.8%), FKIGRMA21ZE (2.0%),
HEf 32390 (23.2%), R A3 196)2 (19.0%)
THoi-,

—J5, BAINLUSO10300 TIEFREDOY 7 7~ 2§l
fAEiE L7 (Table2), 205 H, E#ANHRIL

RXEARETE RWEERR L2 Th % (Anderson, DI AYFTANTLR, WITIRTHY, WTh
1996), & HIZ, fEUIBRIC L 2 OA WA i L, LAEEZ DR SN AEL MR Th o7z, b
Table 2 Summary of recovery of masu salmon in the Shiribetsu River, 2007
Fork length .
Stream Number of fish sampled Number of marked fish recovered
length Female Male
No Tributary foot survey
conducted Right pelvic fin Left pelvic fin ~ Otolith
(m) Female = Male Total clipped clipped thermal Mean SD Mean SD
(smolt release)  (parr release)  (fry release)
1 Osannai River 540 8 0 8 1 0 0 55.7 2.4
2 Panke-Mekunnai River 570 3 2 5 0 0 0 57.5 0.6 61.8 3.8
3 Penke-Mekunnai River 6,530 14 1 15 0 0 0 56.9 26 560
4 MenaRiver TSl 655 382 1037 575 21 239 579 34 578 sl
5 Sakasa River 1,380 13 5 18 3 0 0 58.1 1.9 570 8.7
6 Nanbu River 440 0 1 1 0 0 0 57.0
7 Konbu River 11,120 23 14 37 0 0 0 55.6 3.0 533 5.4
8 Doro River 900 3 1 4 0 0 0 56.7 2.7 505
9 Rubeshibe River 1,910 3 0 3 0 0 0 59.7 0.3
10 Kutosan River 400 0 1 1 0 0 53.5
13, 5.6 Tributaries below the 38 9 47 4 0 0 57.1 24 579 7.0
’ Rankoshi Dam (8.5%) (0.0%) (0.0%)
. 655 382 1037 575 21 239 57.9 34 577 5.1
4 Mena River
(55.8%) (2.0%) (23.2%)
7-10 Tributaries above the 29 16 45 0 0 0 56.1 3.0 532 5.1
Rankoshi Dam (0.0%) (0.0%) (0.0%)

! Fork lengths (FL) were estimated from POH (post orbital-hypural) lengths using the following formulae:

Female: FL=6.11+1.11*POH (R’ =0.86, d.f. = 15, P <0.01)

Male : FL=243+1.23*POH (R*=0.94,d.f =21, P <0.01)

"2 Rankoshi Dam (RD in Fig. 1) is located on the mainstem between Nanbu River (No.6) and Konbu River (No. 7)
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WL H AN DT T2 BB & b LB N B Lz A 'L

M TH D Z E BRIz, BN O T
IHER I & D VWMTRK O S ENC B S AL T R
MBI T,

F2, BAIUANOZRCHE STV 7~ 256
ROEAWTERERZE 25, HKER 1 EOMH
TRAIS3EA (94.6%) , /KA i 2 4F D AR 1 3 {1l 14 (5.4%)
Thotz, WKEM2ETHTEKIEDI B, 22

FEAN, 1REARTN)ITHESAFEETHY,
AU IEFAA U2 3R o iR BRI AL E S D 3R T
bole, —J7, FRMTHESNIY 7 T~ 2DYHR

XEZWRT 2L, TRATHERT 23mOY 7 7~
APRRRRITH DA Bz (Table2), LAL,
KRS 720 T2 0 IR D Rl P IR RN A B e 22T
LIRS T,

5 B
Tl B 50t 2 S L 72 B A1 CIR R o6 23vm <,

WHELZY 7 7~ 2AD80.5%% EH-Dizxt LT, f
T % FEhE L QU e W T L7 7 T~ A2 H

DR DOE ST DT 43% Th o7z, BHA)INESLD
X CHEE RN FE L S NI DiE, BA)I & MR

PLE CARFRNC AT D 2 DO KR AV T4 )1, iw6)11)
DHTHoTo, —J, BLIND RSB, ARITICER
B SN ERBUKIEER (s 272 8) X Bl
BT D EAN, Falll, vl B2 01 (Fig. 1)
TIHERAIIR AL S e ho T,

HBANLA DO LR TR O - - 4 BITWTh b
TUBINZ AL b i ST BR TH - 7o, SRAEFEIZE
JELI2AENL O—EITEANTR L, RIS TS
ALTWD (Table 1), HAJNLIANTH R S L7 ikl
ARVEAZ IS ST AR KT B0 E 9 NEAHTH D
2, Bk E O EIEENS R IREIC BT L L E XD
NTNDZEHME (Quinn, 2005), HRERICEIE S
T2 EH OBROR)IFEEE L <AThiv/eh o o i
HLEZOND, FT2, AEN A OEREEN S Do
T EBRASNOT IO~ RERoTmZ LB LN
2o

T RHEENRIEIRT 5 Z 13 <nsmbitTn
DM, FDOAH =X LI RBHO > H £ < (EH,
2007), AWFELKEZELELOENT—vTH D,
BB~ U T8RS, BRNFEE AN IE L < AT/
MoTZTeO 2D, FENLSNTOREINZEIR LIz DD b
R E =D (Quinn, 2005), BEINLIA~D KA Z A
T AHITIEEZE O TRFFICHAEZ LT AL ERH

1E, MERIE—. FHAZE, AT

v, BJHEUFHEREWE S oY 7 I~ A THLZ D

A& FEBFRITRE LI2FHIE DR ORFEETH D,
ARFgEE Fh U2 BITiE, 19804 LI, 7 o

~ A D KIFRL AT & ER AR 23 ke L C 3k S

TW5s (EL, 1992), 0%, fhoHls, #rsH
% < OREFER N ER SN D L D270, RABJIT

WSO FED Y7 T < AW AONG 2o T2 2 & N
HINTWD (B, 1992), F£7=, R CRBIIED
7 T~ AR &2 0 O BEEEZ L T20 kmi & L2
TWRWERII & RN e L7 BRIC b A AR AL
TEREFGE SR T Z e EnTnWD (1L
5, 1988), MO LD Y7 T~ AORIENG
PEIZE N EDREPO BT E T,

AWFFETIE, FURINEZHE B4 )5 6 B S T ik
OFHR S, BN T 5% 7 T~ ADK MO
FHNEYFPEIZ DWW TR Lz, 2 < O3Ic#l L L7
U< AERFELEZLOD, BLINUSNTES L=
CITEFRIL W TR & T 3 A O AT DD TIFFE
TERWED, BONTERRIIRENEE 2006 L
vy, LinLZens, BRAIITHESRZY 7 IR
BRI O DIEHFHADOE G Om S & oI TOEH A
DY ENHRT, Y7 T~ A~ S RIINEYFT 5
AREMERE VL D EE X BT,

#oOR

A TE % FfET DI2HT2Y, MMNATBIENKERS
get v Z — ALl XOKENTTERT (RS T £T B2 —)
NE ST ETHER 2 DT S T £ HHERT, HHH
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FEIRBUEDKERDOERIZ WIS £ L, Mk
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ZL OFWBRMEVITEEE L, ESBILHP L ETE
B
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Morphological and biochemical early development of wakasagi based on wild-caught samples from Lake Abashiri,
Hokkaido, Japan

MITSURU TORAO

Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research Institute,
Nakashibetsu, Hokkaido 086-1164, Japan

This report describes the morphometric changes and the biochemical development presumed by RNA, DNA and protein
contents associated with the development in wakasagi based on wild samples from Lake Abashiri. Inflection points on the body
proportion were recognized at 12, 33, 42, and 54 mm total length, corresponding to the phase transitions approximately. Early
biochemical development of waksagi based on the DNA base indices would consist of three cytological stages, namely, the cell
proliferation period (hyperplasia, Phases A-E except D), the cell elongation period (hypertrophy, Phases F-G), and the higher
level period than both of the proliferation and elongation periods (Phases D and H). The biochemical development showed steps
similar to its morphological development, with the changes coincident to both. Since a shift of the feeding habit is seen just
before the transition, the morphological and biochemical developments would be mutually related to the shift, and are suggested

to occur in the same phases.
¥ —U— R : Hypomesus nipponensis, RNA/DNA tt, #EW, tHximRE, #7378 /DNA b, HEER, UI¥x

U 1%, Hypomesus nipponensis IXFiEKEH B & /NG HEEWNC I B T 75X OGP R E AN LI
G2 BR < AAREE ORI &K A BT 28R E RIS o TW A RTREMEAHEES S, U X o9
Wefo C, WHIRER LOUHAIC L > CHERMFED 1> BEBREBICOWTCRE - BHET2XLER’H L, T T
L7 o> T2 (Hamada, 1961 ; F-A, 1961), M@AMIE X OMMRBFBRIRICHONTIL, (FHEAMOEERET O
ARIZBIT D EER U DY FEERD 1 DTHHH, £ Ll (Sato, 1952 ; & - #hil, 1988) &L IEHEMEX 5y
DOFEMEERITT6~460 b > & RESEBHL TV 5 (1981 (Torao, 2000) 35k BN TWD, FEDIHIEE IZLE
~20074F, ALHEENLKFERELYS, 2010), MEAEWICRT IERECITERENEL LIS L TELIHBAERD D
50 B Y XOEPFEREIIIHAI F TOAFENEET ZENEBNTEY (XM, 1978 ; Fukuhara, 1985 ; it
bBHZENERMETWS (B, 1999), £7-, —fi% (11 1986), TEREDZEAITARE LOBALEZ BB LI-HKE X
BN D T 3 X DR D ARG 52 A2 RO %, M RO OREEE LTEEHRIND, LLRRL, Ul

U] (A5 & T PN 7 ﬂmzoﬂﬁLﬂﬂH%m #%fi’@;5&%?@&@%&&@%%L@%%K

\ZIFET % (Hamada, 1961 ; 590HE - $R&, 1987), = DOWTIEFRSE ST WAV, TEREI R E BRI
£ 9 22 [EERL O 43 I8 BERNZ DU T %%ﬁﬁ@%FM§ 2T, HLRNIRRE O AL DR EFXERFT 2 2
71 (i, 1999) OfffEfansessikie (B2, 2010) & LHAETH D (hEF, 1991), RNARDNA, # /37
OBTEMEAER S 4L, S OIEEROFEEMEAHANIC R CEFHmEORKTOE BIXABTFHADONRE
ELTWDLZERBBOSFETHLZ LRI T DOFEHE L 72 v (Buckly, 1980 ; Buckly, 1984 ; Bullow,
Wb (ER, 20100, Zh oD Enh, PR ERRE 1987 ; Ferron and Leggett, 1994 ; Buckly ef al., 1999), \»

WROCE S A47T5 (20114E11 H 18 H = 21)
Tel:0153-72-6141. Fax:0153-72-5188. E-mail: torao-mitsuru@hro.or.jp
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<OMDOMFEITEBNT, T D OFEN LA E
R AHEE T DRI TS (BRA, 1969; 1 &,
985 ; #@ M &, 1986a, 1986b ; Takii ef al., 1994 ; Seoka ef
al., 1997 ; Gwak et al., 2002 ; Tanaka et al., 2007), L7>L,
BUEE Tl F2RRIC LIS TR s T
W,
AWFZECIEMEEBICE T 5 U h X0 RE R
TERERY - AL R E N S LT Z 2 HIE L,
BRI TE RO AE TS S0 I @ AR I B D A AT o0 RS
BRHEZ R LT,

HAHRUAE
FARE FERICHWZU VX, AusE s oM E

WZBWTEHE L (Fig. 1), HEFHATR Y PB X
OH X HZ VT, 1997~19994E D 5 ~ 9 AT 7=,
B LT ERIZE B 5% PR~ U > TREE LIERE
FHANC AW, E 2 —E O EA IR (RNA, DNA)
BLOZ AT EOERIERT 5729, KL TIF%E
HILFE bR T,

RBEBRBEORS B LURERE BRE SN IERIET,
Torao (2000) %A L7-ER (2010) OXAFIZHE-T
HEBEPEE IR LTz, F8EBMEX Sy DEER Table 112,
ZIEILD phase DINIZHEA 7 v F % Fig. 2 IR LTz,
BAE S NT2 U B4 phase SO0E{A CRIETFE S TE (&
FEE - R - WK - BHEE - TMATE - MR -
IKE) ZREREREO~A 78 XA —2—5H DL THER
s WO COo. I mmEA, TEHAI L 7=, 7272 L, Phase D
EEILDWTIE, RO REERERHFELNRNST2DT
ZnEnAafEE, 37TMEEE A2 . FEREGHANZ AV 72 {H
REULAFBTMEETH 72, ARFZETIXB ARV 7
NERWTZZ LD, KRE LIEk B2 ORISR AT
Hotz, £ T, Sato (1952) NV B Y FAEMZ A
TITo BB L, WL A OFEH & AT CTX 5
L 7-phase% 5tz EM{L H % 0 & L C45phaseD b4
A% e Liz, REICHE Y FIREO 2R, LR 2R
S U7, Al R IME, B, &5V
AL LI T2 RS OIRRE Z H RO RET — & 2 6 3t
B~ THRGE LT,

RNA, DNAB L UZ VXV BEDRIE AL TIEES
BET T & RO CTRE BB O AL IRIE 02
ZH1 5702 L7z, RNA/DNALLSC & > /37 & /DNALL I
fE R D SRR BBREE O KR DB L Z 1T 5 Fn
HHNTEY (FIZI1E, Shimizu ef al., 1989 ; Sato et al.,
1995 ; Folkvord and Moksness, 1995 ; Morioka et al., 1996 ;
Bergeron, 1997), SREMRAEC/KIR DB A V(LT BT
O, BIpBHE - BRER OV TV Ephase T &I FE
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Fig. 1 Location of Lake Abashiri in Hokkaido, Japan. Solid
circles show the sampling points.

Phase B

Phase C

Fig. 2 Developmental phases of Hypomesus nipponensis.
A) 4.5mm; B) 5.1mm; C) 11.9mm;D) 12.5mm; E)
27.8mm; F) 35.7mm; G) 36.0mm; H) 50.0mm.

LD THM LTz, T W TR IIOKS L TR B R -
72U ¥ & =R 0°C D EBREN TEEBMEEZ T
RPN [ Tphase s H B L 7=, phase Z & 12 5 ~30fE A4 %
& ¥ 7T0.25M Sucrose-lmM EDTA-20mM Tris* HC1(pH 7.5)
BiRE AT~ A 7 aF 2 —TIZ A, —80°CTHHT
F THRAF L7z, DNALRNADOHIH - E&IZHE (1988)



Table 1 Realignment of the developmental division of
Hypomesus nipponensis from Torao (2000)

Period Stage Phase Devide criterion

larval  yolk-sac A From the hatching to the completion of yolk

absorption.
preflexion B From the completion of yolk absorption to just before
the appearance of the dorsal fin rudiment .

C From the forming of dorsal fin rudiment to just before
the beginning of notochord flexion.
flexion D From the notochord flexion begins to the beginning of
caudal fin indentation.
postflexion E From the beginning of caudal fin indentation to just
before the attainment of complete fin ray counts.

F From attainment of fin ray full complement to
transformation to early juvenile.
juvenile juvenile G Transformation into the juvenile form progresses.
Characterrized by the melanophores appear on the
cephalic region, the posterior part of trunk, and the
upper part of the caudal peduncle.

H The transformation from larva to juvenile is complete.
Characterized by the melanophores on the lateral line
become conspicuous and are distributed on the anterior
trunk in front of the dorsal fin base.

DTN X DSTSEIEIZNE > THT oo, XUV BHER
DORPEE Lowry i (Lowry et al., 1955) 12X - TiTo 7z,
R S 72 DNA & RNA, # 37 B D& ) HRNA/
DNALL & & 2 X7 '8 IDNALL & R 7z,

fER

{REYZE{E  Phase Z & DRRDFHEA Fig. 3 12 L7z,
Sato (1952) Zxis S ®7-fHxf H#i%, Phase A ~H 2%
FhEN, 4, 7, 21, 30, 47, 66, BLU1I0H TH-7-,
SELE % OIIEAF I T & D Phase AD KL 5.58
+0.28mm CE¥)IEERE), #iPAI34.9~63mmTHh >
7o BPEE 2 WY L& % 7= Phase BTIE42 & 9.00+1.02mm
(BR#A72~114mm), HERENER I NLED D
Phase CO4R1%11.70+0.74mm (10.0~13.5mm) T&H 1,
Phase A 7»5 C E CTOMERIIREWVWE L BN, B
Tphase N> Tz, Dk, kGO 2 bh
F %Phase DT (£13.41+0.74mm (11.9~152mm), J& &
DIENDBIAE S D Phase ETIE 14.33+1.30mm (124~
162mm) TH Y, FERITFH L TV DL IICR LN,
Phase4= C DfESRTE AN B4R X 41 D Phase FIZ 72 5 & &R
1324.10+3.83mm (14.7~32.6mm) & 720, HOKER
T ER Lz R o7, #HMAMIZE L 72Phase GTIX A
WK & L £ K42.55+-3.83mm (33.8~48.9mm), Phase
H Tl53.94£9.13mm (28.9~74.6mm) & 72~7=,

WEMED 7 X OYHEERE 133

RN D S IR E 02k % Fig. 43 X U'Table 21
R LT, BRICKHT2HEOEIGX, FLiE % DOPhase
A TIZEHIS%TH - 720, REICHEWIED LIS
10% & e o7e, BRI b5 & /S oo fEfD4a
EiX2mmTH Y, ZDOEEIL Phase C 235 D ~DBAT
W&t LTz, £ D%, 2K 15mmA> H35mm  (Phase
D25 F) ORITZEMIZEMNL, £&E33mmThiKE%
R LKI20% & 72 o7z, 2&E33mmiEPhase F 725 G ~D
BATHI & xhs LTz, 2 E33mm)» H542mmE TlEiE
IE—EDMEER LD, TOBBONIET LEZ, &R
S54mmiZET D LITE - EHED1T% & o7z, ZOKRE
1% Phase G 7>5 H ~DOBAITHIICH 72> Tz, ZOfthod
REEE E WL, EBARIE LR S IZIEREO L%
R U7z, —J7, ILMRETEHIZILE R O Phase A TIEHY
% THDN, BEEIHEONEREL2mmATE E TIEXENL
76% Loz, TDO%, SR LeE4a2mmaik T

80
= H
E 60
g %
5 I
D 40 -
o F
% 20rF . b E ¢
-
s
0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120

Relative days

Fig. 3 Change in the total length with developmental phases
of H. nipponensis. Relative days were expressed
as elapsed days on the basis of Phase A, which are
relating by the findings of the present study to the
description of the developmental process by Sato
(1952). The letters stand for the each developmental
phase. Average total lengths are indicated by closed
circles with standard deviations (vertical bars).

FE—EMBD62% L7 o7z, Fi-, HENIE D Phase
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SSmmARE F T L43% L 72 o 7=, REEDEIROZEL
TR TR L 7R 5 JRIEE A E X2 K 16mmbL L DPhase E
TEBANRBDLNTH S, FEONTH AL, 2K 40mm
LETREL, T I% &7roiz, WELZEEOKRE
T 5 EIL, Z<OBEICBWTRERELR, 33, 42,
55mmAitk T L, FNENPhaseDBITH & & LT
W,

DNA, RNAB KUV IIVBEEEDELL FHEICHED £k
ZLHIFRIE O 5k & Fig. 512~ L7z, g (DNA & RNA)
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BILOY UV EEETENENFHAOBERZ (g
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WZHEI U 72, FEICDNAR AN L 72 Phase D 123 C
HRNARITHMN L Tz, & /37 B 5 HiL Phase A T
412,000 pg/g Td - 7= (Fig. 5-b), Phase BIZ 2> F T

g/g Btk TIEE —E Tdh o7z, Phase H TRILIZHIM L
#959,000 wg/g & 72 > 7=, RNA/DNALLIZ I & % #F - 7=
Phase A TI%3.19 & 0.66 Toh 7= (Fig.5-c), Phase B 7»
5 C DOFEE BMETITRESL MK T L RNA/DNA FiX 1.5
—3.0 DHPHTH o 7=, T D%, Phase D TR L5
WEIEL I N5.7+10.7% 77 L7, Phase E CHOMK T L7223,
Phase F (1% Ji 39111 fa391)  DARE %8 F B Tl 12 Hiff
DEVMETHE L=, #7327 % /DNALIT Phase A ©
22.9% 7K L, Phase C (20 F TRESe B L 7= (Fig.5-d).,
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Fig. 4 Sequence of changes in the ratio of each measured part to the total length with developmental phases of H. nipponensis
collected from Lake Abashiri. HL, head length; ED, eye diameter; SNL, snout length; UJL, upper jaw length; PAL,
preanal length; PDFL, predorsal fin length; BD, body depth. Open circles show Phase A. Shaded down triangles show
Phase B. Open down triangles show Phase C. Shaded diamonds show Phase D. Open up triangles show Phase E. Shaded
up triangles show Phase F. Open and shaded squares show the Phase G and H, respectively.
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Table 2 Ratios of the body parts to total length with developmental phase. The values show mean and standard deviation.
The range is shown inside parentheses.

Developmental Ratios of body parts to total length (%)
Phase HL ED SNL UJL PAL BD PDFL

A 15.1+£09 51%0.5 3.1x0.5 28=*0.5 729=+21 7.6x0.7
(12.4-175)  (41-59)  (2.1-4.4) (1.7-3.8) (66.1-76.4) (6.1-9.7)

B 140+£1.2 4105 25+05 22403 744+18 7.2%+05
(9.0-18.5) (3.4-5.2) (1.6-3.7) (1.1-2.7) (71.2-80.8) (5.6-8.4)

C 10.4+£05 3.24+0.2 1.8%+0.3 25405 75.3%+=1.9 58+04 50.7%£15
(9.3-12.0) (2.8-3.8) (1.3-2.6) (1.4-3.7) (68.1-79.3) (4.9-6.6) (47.4-54.2)

D 11.1x£09 3.4%+0.2 1.9+04 24106 74711 74711 50.2+1.3
(9.7-13.3) (2.9-4.0) (1.4-3.0) (1.4-4.3) (72.1-77.2) (72.1-71.2) (48.1-53.1)

E 11810 34+04 24+08 3.1x0.6 739=x2.1 6422 49617
(10.3-14.1) (2.0-4.0) (1.0-3.8) (2.2-4.0) (71.0-79.7) (3.0-11.3) (46.8-52.4)

F 19014 52+0.5 49+0.7 6.7+1.0 66.1+=2.5 11.7%+11 452+15
(14.3-21.3) (4.2-6.7) (3.0-6.0) (4.7-9.0) (61.7-73.5) (8.8-14.4) (42.3-49.0)

G 20.3%+0.7 54403 52+04 8.6+0.6 63.3+=1.9 142+0.7 43.6+1.2
(18.7-22.2) (4.9-6.0) (4.7-6.7) (7.0-9.8) (59.2-69.0) (125-15.7) (40.6-47.2)

H 17512 4704 44+04 92416 62.6+1.3 12109 43.1%+1.3

(15.1-21.4) (4.0-5.5) (3.6-5.1) (5.6-12.4) (59.5-65.7) (10.2-14.1) (40.9-46.8)

REZAE  Phase IO 2R OHER (Fig3) 705, Phase A 10000 -
(IRE(FAIN) 75 Phase C (RIEHIIITA) 1< T < 3
W<, Phase D (RMFR) 70 Phase E (% 558 |
FRBMA) (SO RERITEWT 5 L B2 bh $8% ot
o, ZOf%, Phase F IMIIE VRS Z /T 5 L& 5
N fob—t
b, 100000 —
SRIHT 2B VEEOLROLE(N S (Fig. 4, Table  _ b H
2), MEMOU DY X TEEERANEOEM AR SE  S237 ' .
12mm, 33mm, 42mm, S54mmiZfEET 5 & E 2 5, Q-%% 10000 - ]
BCHEREIIEAE 2om, KO TAEBmTHE 5
EEZONT, BB EMSORD ENIZ2E 1000 L L L L !
12mm Fij#% 1% Phase C 2> 5 Phase D ~OBAT#, 3 70b . 15 -
& B M B0 6 J Ml ST £~ DR 1T BRI ATT S L s L
Tue, Phase C (WIAFSRIEED) 705 D (% i) 2
NOBATINC IS EERERIFUE O I, REEEER DA < sp
f, BRI, WA OK, REESD i ) ,
TRHERT, MREIRE O B E IRV EE T L C A4 L 200 -
THY (Torao, 2000), JEHEM kIS & OMAMAALASHE A 8
REHI T 5, U HFOFRMO T THIERRICE %1“;
WTHEEARRYATHS LMLBSTHhD, KOEER R |
AL, BRI ET 5 2R3 mmiig Tk 2

U5 EEZ BN, ZOFRFIL Phase F 75 Phase G -~ 0

DOBATH & %t LTV 7=, Phase F IX 9 TIZH RO it ih

WGE T LiESb » BESIERL S 7 H LD IBIRDN £ 1258

LTh 0 BB RIEMTFACH7-5 (Torao, 2000) = Fig.5 Changes in the biochemical indices with the
” o N ’ developmental phases in H. nipponensis. a:DNA and

EMS, B ORD b2 2 RIImmiT AR 5 RNA contents, b:protein contents, c:RNA/DNA

BHI~OBATHICHY T2 L B2 65, HEAMICIXS) ratio, d:protein/DNA ratio.

0 10 20 30 40 50 60
Total length (mm)
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SN % Phase G B L ONH &, (K OELE & &7 542~
54mm® Phase G, AHRANMTIETER UL THIC A D 54mm
LI E® Phase H D BT I 72 AR B HIFHE A RO Z &)
RIS, FRERE O M S ECTH LR R DR,
BEOELRFHI ERG LTV D Z ENRE L AR TR

SNTW5b (Bl i, LM, 1978 ; Fukuhara, 1985), £
B OB T BB (stage) 1%, FAH - Mo ks <
BRI, RIS HICIN A, AR i,
FREEY, ERBHYIZSIT 5D (Kendall Jr.,
1984), Zh SAMFREI SHEA M ~OBITIIZAE T S
b2 < ((RA, 1978 ; Jwil, 1986), FEHERMEA X
NTDHETCEELRREOOESTH D, UL FTIE
ZEREICHI Y 3 5 BRE 7o e LIFEE® H /e (Torao,
2000) 23, T BHORETEMBMICE(LT o EEXDN
Do

HEZFHHEFBRE AEOMRITMIEEENC X 5
A& (cell proliferation, hyperplasia) & FHIE O AFE A K
2 AIERME  (cell enlargement, hypertrophy) @ 2
SOMEEZF> (FE, 1991), DNA, RNAB LU X
N EER RO MRS, IR L ORENE
PEOREE & K95 Z L BN TR Y, A2 M
BoOEEE L TDNAG &R, £7-4 237 8 /IDNALLIE
PR 72 IO R & S OFfREE LTHWH LD (HEF,
1991), & 5 IZRNA/DNAM L X %87 AR OTE% S
DIEEL 72D (Bulow, 1987), Ziv b ORI AT HY -
R ZEICBET 2R B EoHRFLHIEL, Zhb
DNAR— A DAL LRI FRIE ) 5 AR 22 58 B AR 2 HE
ET DI ENARETH D (P8, 1991), AW CHENM
L7- 8BRS Z & OB FIRIEOE (T, TV FD
AL 22 WIS B A RE AN IR (Phase A ~ C, E),
i - JE K (Phase D), #MJ@fE K (Phase F ~
G), Z L CHfusgsm - JEKH (Phase H) 72Ok S
52 EHERELTWD, JPEE %A FFD Phase A |3 DNA 1
L ORNA, Z o U BEENEL, ALFMicbitho
Phase & %725 &5 %2 5415, Phase B 7)>5 Phase E (2
I EAARR RS 72 0 ODNAREHIN L TR Y i
BB R b, RRFZZ 37 E IDNALL DMK
TLTWDZ Enn, MBI NS NEE Z
N5, L7272 - 7T, Phase B 7> 5 Phase E Clidilllask
O L 5 HEFER R (hyperplasia) 23 FEIROIEFHE
XN THDHEHTEIND, Z D, Phase D TlI—HAYIz
RNA/DNA & & /37 & [IDNAL O 2% 78 - F5- 235

BNDZ LMD, AR & ERAIRE R FRREICAE T
TW5EEZHND, IRWT, Phase F TIXDNAR A
D UK R DNALLBHEIML TV D Z &b, Hila
ORI T UM AR K & < 7 DB 23R S

U, ZOBRETEICIERBIRR~ L E R L7
LEZ2 5%, Phase G TiX DNA®AEAD L ¥ o3 r'g
& - RNA/DNALL - % > /37 ' []DNAH O 4T O AL
FIFRENEVMETZE L TEY, BI& S BRI ED
BTN D iR & 415, Phase HIZ72% L DNA & - ¥
YRR - B IDNAKSTREBRYICEE R L,
FRBEFE & AR R AR R ANE R IZAT AL B FE B~ & fiiif

L7= & B 2 5, Phase H 75 #7272 AL A% B B bk
CBATLIZZ EAVRIREN D, FER I OTEFE 22l 53
ik, 2L OHAEOREBEHRANTRE IS (BA, 1969 ;
P D, 19854 M 5, 1986a;f@H, 1988), f@MH (1986b)
IZAFH O RRAS — R 2R B 2> b LAvZR & kR T
W5, —EDORINEEGTEI O % R AR 0 JR K238 <
WP EIRFRIL, 2 A Cyprinus carpio 7 © L Z L
A Limanda schrenki 72 ¥ CH. 65 (BH, 1969;f& H &,
1986a), —J5, =Y Clupea pallasi TIX3&E R O
N A - AU, MASEGAE, e oMaAR R & v
IRBEWREN/HER SN TND (FEH S, 1986b), & T A
Paralichthys olivaceus G CIXERETE T GEIRER)
F IR, D% ITMIEE Mz RO EET S
ZEMHEE STV A (Gwak and Tanaka, 2001), F 7=,
W Oncorhynchus keta TIFWH LD HAEFE3TmmE TOH
1 BEPE, 37~52mm=E TOE 2 EEfE, £ L T52~80mm=E
TOE 3 BP0 S, ZALE AU HE AR 2> & HE i -
JERH, &L THIERIE WO BERREE-ES (F
B 5, 1985), ZALbDOREBPEL, Theiumil (1986)
DR LT3 Alevin Stage, HEfaf Fly Stage, & L T
) Fingerling Stage & 1FIEF—FH L, ZNZE D stage
TR DR ERRE RO L AT, 2
NHDOFIRNG, AETIIHREBEREOBITIIC T4
BRSO REREEIES TR ENTHD &
BEZONDH, AR TRINET AT E2EDTED
AL FRIR B IRRITAFEIC L > TR S,

SRERSEL - EILFEHRB LOXIE YT FICBITLHE
HBr 3 B BEE & AR B B O Xt A 25 &, TEHEH
B LEOBEBERXEES 2 DR -AR12mmAl IS
% Phase C 725 D ~f4T1%, RNA/DNALL & % /37 B
/DNALLOZIE & L TEHATWE, $7z, BRINIC—’K
B 72 22 EWNT 8 % 7B BT A R33~42mm D i
Phase G £, RNA/DNALL, # > /37 B /DNA 23 Fhig
PEVMETLE L TWA Z LD, EFNICRTHI
BERADBVKETLET HREEMB THLEEZEZ LN
7o & L CRKARED R 547z Phase G 7> 5 Phase H
~OBATIITAEBRARE B B AT HEHH - JERAIRR
TS U2 & L o, JERER - ARERAIIZIE RS
LTE{ELTWB EEx bz,



PHEORE LD A X b EACFNREOSSIZD
WL, ZRERTIC RNA/DNAS EFT 52 &N~ T
7 = Conger myriaster (F7R, 2008), =3 U Arf (f@
&, 1986b) THEIZ XN TW5, 7 7~ 7 2 Thunnus
orientalis TIX 25 HE#4 T F 12 RNA/DNA [k 23 2% 12 =
A9 % (Tanaka et al., 2007), Wil T A TIZZERERFIZ
RNA/DNA b DA 38152 S 4T % (Tanangonan et
al., 1998 ; Gwak and Tanaka, 2001), 7=/ b 745 L
A TITAREMIZ DNA =AM T L # 7327 B /DNA
EERREL 2D (EHD, 1986a) Z &0 n, BIRFET
IR O AP 72 R L U THIBAIE R AN RIE S
b, UATXTEHBEEREERIIA LN T2 DO
RN ZE b & AR kITxH S L TR Y, BRERIZ L & [F
FRICAEF R EIZ G BREEN RO b7z,
EEMAMEEDORIE MEMCBT 2V YoM
13K B 10mmaAl %2 TV A 3 $5 O Keratella cruciformis ¥
LG, B AT VFD Sinocalanus tenellus <27 4 5 O
Diaphanosoma brachyurum ~ & %479 5 (& - JIIA,
1997) ZEMFMBN TS, ZOREOEE X Phase C 7>
H D ~OBITIREHICRHE T 5 &5 2 bh, B - &
L PRI ERRA DO LA T DR & B D, MEWINIZIX
IR DI EEPED T X RFEFEIZAM L TEBY, M
BRI O FICE TR L r ADERH D, MEHNIC
Phase C ~ D DI FEME DR e b2 < AT 5 DI,
1997421213 6 A A, 1998413 5 A FHZ L TI9994E (3
6 Hfi~THTho7z (BR, 2001), &AL (2004) i
T J1 % XA 1 BOSFIH RTRE AR 1 A 7 S8 Sinocalanus
tenellus D& & U 71 % T LR E10mmIZ & L 72 FF
HOAFRR L OMICHE R EZRWEL TR, U0
PXORE EMEREDO~ v T T REDOHRD T ¥
BRSBTS L L E2RBLTWA, £, MENT
BT 7 N OFTHEEETH LA YT
Neomysis intermedia 787 71 %% O L H /R fHAEY & L CHE
BHINTHD QR -IRE, 1997), V¥ FiThEE
BELZAMMLL ETA T IEFHETEDHLI1T2Y
(R - I, 1997 5 A1 H, 1949), Z Of& KL Phase G
25 Phase H ~OBATHICIZIEFMY LTV 5, ZORE
BRI iR & B e A B R AR O Z LR
LNEETHLH Y, ZORHORMREITIE Phase G (2
B AKEEXZ DB ROOEDIZRS>TNEDNL L
FQANAN

A8 A I PN R R AL & R R1E R 0D 2 D DA TE S
RINFEFTHIICFE T 5 (Hamada, 1961 ; F2J8 - SRR,
1987) , W[ [a] il AR (R O B R B3 212 7 A B~ 8
HFRORINZAT, £DOFHEBRPET Phase G (FEF)
PBBICR OGN TR Y, ER@RENEET S Z 2R
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4L TWD (R, 2010), Phase G ISR DIZAINE
58T LBEIO =0 OBEIKEE N MEIE M - 72 & &
ZHN5, IEIL (1986) 17 OHIMIATEINCB T 54
TEERRUT R R &R R o T ARHIR & 2K oD C o ZR AR (1367,
ERZEMEROTCOBBOBERH D EE2REBLTND
2, UAYXOREREIERIC G RIRO Z L35 5 D)
H LAV,

MWEMICHIT DT B XOEE, UIFXNEORE
L ORE L BYEORRBI AN E 7R D FEEA DS ERZ JBAE D
REWKRHI E 72D FHEMER BV, 7T 7 b OIEARF
WEUDYXOMYRE LD~y F IR EREND,
B O S B RIE N B ER 2R R T ORISR
HEZEZLND,

BE

AW EATICHTZ Y, EKIAEFRE 720 7 B
ERFAFEHIREFGER L, TR E R (%)
AT GO DR L B D, ARoERICH
720, ACHEE AR IR B A R S RIS A S e i
BERIEREWEE W, FEERER RS R
WOTK LS O )7 21218, Vo TABREICE R T
Tz ioniz, BELEGT 5,

5| X #R
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Densities of spawning redds of chum and masu salmon observed in an urban river (Short Paper)

YASUYUKI MIYAKOSHI*, HIROKAZU URABE, AND DAISEI ANDO

"Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido 061-1433, Japan

Densities of spawning redds of chum and masu salmon in the Izari River, a tributary of the Ishikari River, which flows in an

urban area were surveyed in September 2008. A total of 440 redds of chum salmon and 94 redds of masu salmon were observed

within a reach of 9 km long; the mean densities within the survey reach were 4.9 redds / 100 m for chum salmon and 1.0 redds /

100 m for masu salmon, respectively. Conservation of the naturally spawning salmon populations and their spawning habitat in

such an urban area is important.

F—U—R: %7 I~ ¥, EINR, Fhil

ALHEE CITFE S OIS K » TH o« = 2O B PRIGHEH
HNDH—FT, Fl Tl B RPEIMEAREE D FEAN & R4
DOEIBMENTH SN TND, TFEEWVETRKEICS DY
7 Oncorhynchus keta CIXALHREN D Z < O T A K
FEIRD R 65 Z & E I TWS (Miyakoshi et al.,

2012), #BHTHECUTAT & P AL )T b W4 D B EREEIH
DR S, FLERTHN ZFEAL D AT ACGRESE [~ 4
OEYFIZLIFT S K <AL TH D (A, 2000),
[ A HI7K R O T3 C IRl i it 12 & 2 B IR As 23
BI &AL, 33,0000 B OHEAD BTSN TWD A, —
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a

Chitose River

Lake Shikotsu

Fig. 1 Location of the Izari River and the reach surveyed for spawning redds of chum and masu salmon on 29 September 2008.
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2 EEEY, MG, R

T TN O T D), BB, B CIh
WFERE ST RWIZH b &9 Y7 O | & pEIin
RS Tnsd (S, 2011),

Y LR rBICET A2 7~ A 0. masou 13T
ECIRIR RIS B MIA CHER L, i Ol £ 0 &R
BEHEARK TS (EL, 1992 ; =, 2008), %
DO—FT, 7 7~ ATIRHBREIIHROAN LN &
DAMHNTEY (EHE, 2008), (R#EKMEAIIOBRE
lC kY BRPEIMEATEOREN K b TE 72 (kH,
2008), D7, {FITOREIRDSH I EY 7 T~
ADOBREINCETHIEL L FEiS LTS (Fi-
JHIL, 1994 ; 2855, 1999 ; MEBD, 2004),

EHDITERETNZ RN D A5F)KRE)I (Fig. 1)
TH 7 O AKREINMEEEICET oA Z EMRL TR
D (Ando et al.,2011 ; ‘& & &, 2011 ; Miyakoshi et al.,
2012), EDOFAEH D20084F 9 A29H, H VB TRk
SN e T~ ADEINR AR LI2DTZ ZIZ
W55,

A&

A A T U 72 INE, R B AE Re44.8km, itk i FE
163.4km* OB T, AFF) O ZREZFIC H 72 0 Tl
AT 2R TH L, ENTIEHES o R EL
THEY, 1941 ~1954F 12X H OB AE M Thh
FLERDVR S TV AN, ENLEIT Y OB AHEITATH
ATV (bl & - £ 5135, 1988), Il
FRRIEE QR NEETTNEZ RN CEB Y, Tk
FEFEMEI TS, Tl & DA RD 56.5km |k
MOMAIZITEERAEE T2AH Y, FUENRE ST
eb OO, HEENOFLESAET X D 2 EiEE EORED
ST E LIS WVIRRETH o 72, 199445 | ZHEE T.0D
HEZY) Y R& 2 ANDEELEMTbOATHrn L
R0, BEGHEET LY BifoXE T 7ok
IR eENs L5 o7 (Fig 1; D), LnL, 20
B LE VK9 km LA (Tl L DBRAD 5
15.5km FFEOHR) ISAE T D EEH I E LICITAED
BHEINTELT (Fig. 1; @), V70l Erre e
IZEZFETERSTEY, BIEXZ DM 9 km DXHET
T OFESIN R LD,

BT, 7ol ko —27 3 EEMR 9 A THIC
Ho5N5DT (Miyakoshi ef al., 2012), 200849 H29H,
P OEINRSND 9 km OXEABEA L, ¥4 0
YRR DL, FEINMTENF OBl B HEus X USERE O
A TSR Lo, OB, FEIMTEITOY 7 7~ A%
HHEER SN2 DT, 7 T = AZHOWT & FEIFR OEE,

B, OB E AT Lm, EITEIT H 5\ ERE
IO 7 T~ ADOMEBMN & £ % > T D EINERIZY
IIT=ADLD WL, T TCITBAN R LRV FETR
RIZOWTIEE (w0 R) B2EEA130emAT, 1E2
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in the Izari River, 29 September 2008.
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Distribution of masu salmon spawning redds in the Gunbetsu River, Bishabetsu River and Gokibiru River in Hokkaido
(Short Paper)

KAZUTAKA SHIMODA* AND HILOSHI KAWAMULA

Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido, 061-1433, Japan

The distribution and number of spawning redds of masu salmon Oncorhynchus masou in the three non-conservation rivers
(Gunbetsu River, Bishabetsu River and Gokibiru River) in Hokkaido were investigated, and the results were compared with the
previous studies of the conservation river. One hundred and sixty-five redds per 9.1km in the Gunbetsu River, twenty redds per
2.0km in the Bishabetsu River and one hundred and thirty three redds per 9.2 km in the Gokibiru River were found, respectively.

The number of redds per km in these non-conservation rivers was equal to the neighboring conservation river of the Atsuta,

indicating the importance of non-conservation rivers for the spawning of masu salmon.
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Fig. 1 Distribution of the spawning redds of masu salmon (0), dams (D1-D12) and upper or lower limits of the study area (dotted

line) in the Gunbetsu, Bishabetsu and Gokibiru Rivers.
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Fig. 2 Density of masu salmon spawning redds in the Atsuta River (Hl, Sugiwaka et al., 1999) and in the study sections of non-
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A gigantic lacustrine sockeye salmon Oncorhynchus nerka
(kokanee or hime-masu) captured in Lake Toya, Hokkaido,

Japan. (Short paper)

KAazuaki NAITO

Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido 061-1433, Japan

An extremely large kokanee was captured in Lake Toya, Hokkaido, Japan. Since the previous two records of Tanakadate(1925,

1940), this is the third record of a gigantic kokanee specimen in over half a century.

Keywords: gigantic fish, lacustrine salmonid, Lake Toya, Oncorhynchus nerka.

During the spawning season of Oncorhynchus nerka
(kokanee or hime-masu) in October 2009, among the
broodstocks for artificial fertilization in Lake Toya, an
extremely large male specimen was found (Fig. 1).

Data of this fish are shown in Table 1. The appearance
of the specimen revealed typical features of breeding male
of anadromous sockeye salmon, such as red back and sides,

compressed head and body, hump in front of dorsal fin and

embedded scales. (Scott and Crossman, 1973). The age could
not be determined because scale erosion occurs with sexual
maturity.

In Table 2, the maximum length of kokanee in previous
papers is shown. In these localities, although the methods
of measurement were different, the maximum length of each
specimen did not exceed 60 cm except for in Lake Toya. In

Lake Nachikinskoe, Berg(1962) described a relatively long

s 567879

Fig. 1 Captured gigantic kokanee. 60.7cm TL.

Table 1 Data of the fish. All data were measured in frozen condition.

Total length  Fork length ~ Standard length Head length Body depth Body weight

(cm)

(cm) (®

(cm)

60.7 56.4 52.1

14.9 19.5 2585.9

Accepted:November,18,2011.Contribution A478 from the Hokkaido Fisheries Research Department
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Table 2 Maximum length of kokanee salmon in previous papers. Abbreviations are as follows, TL, total length; SL, standard

length; FL, fork length; ?, uncertain.

Scott and L. Mayama
Tanakadat B . .
Author anakadate Tanakadate erg Nakamura Crossman Miyadi et al and Tokui
(1925) (1940) (1962) (1963) (1973) (1976) (1992)
. . Lake
Locarity = Lake Toya Lake Akan Lake Toya Russia Nachikinsko ~ aPan Canada Japan Japan
Maximum
? ? ? ? ?
length (cm) 78.8(7) 393 () 63.6(7 28.0(FL) 58.7(?) 48.0(TL) 22.3(TL) 40.0 (M) 30.0 (TL)
length (58.7cm) as that of different form of kokanee, but there References

were no particular comments on the body size or any mention
of distinctive features. Judging from recent information
(Bugaev 2011), Oncorhynchus nerka in Lake Nachikinskoe
should be an anadromous population, the data in Berg (1962)
seemed to be that of an anadromous one.

The extremely large kokanee specimen in Lake Toya was
first recorded by Tanakadate (1925) in a review of volcanic
lakes in Hokkaido Island. Although he recorded kokanee
in seven lakes, he reported the body size in only two lakes
(Table 2). After 15 years, Tanakadate (1940) reported a large
kokanee again, however, over the following half century no
additional record was reported.

Tanakadate (1940) suggested that the large size was due to
the richness of the food environment in the lake as a result of
the limnology. He also stated that it looked like a “revival of
anadromous form in size.” Later Motoda(1950) agreed with
the opinion in his review of Hokkaido lakes.

The exact origin of kokanee in Lake Toya is uncertain. Like
other Japanese large cold water lakes, Lake Toya has been
stocked with kokanee since 1909 from Lake Shikotsu along
with national policy (Tokui 1963). According to Tokui (1963),
the eggs to be introduced to Lake Toya originated from five
localities, and the major two origins were Lake Shikotsu and
Lake Urumobetsu, Etorofu Island of former Imperial Japan
(Iturup Island of The Russian Federation) since 1926.
The former was from eggs of a lacustrine population, whereas
the latter was from an anadromous population.

Notabley, the gigantic kokanee was found prior to the
introduction of an anadromous population from Lake
Urumobetsu.

The present paper is the first substantial record of gigantic
kokanee in Lake Toya, and indicates that the records in

previous papers were neither myth nor misidentification.
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Biological characteristics, distinction and identification of Ascidiella aspersa (Miiller, 1776) , as an alien ascidian in

northern Japan (Technical report)
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X —T — R : Ascidiella aspersa, Y\HFE, 550, B, FE, I—a vy ¥ IR¥

g —n v/ FRY Ascidiella aspersa (Miiller, 1776)
X, F—a SRR EE O HAARNE R YT, HAREN
SOEEBED0I0FICERINTH LVICKETH D (F
JE - FE)I, 2010), AFEIZ20084E LI, biiEiEnE kiL o
FIER L T AN KENE L TERHEEL L L,
REhWMBEE > TS (BIR, 2009), ZOKRYDy
Filk, EHIRALH D O AL E R £ TR R ST AR
AL, HALHF IR W T ORI X T T A ~O K&}
BN L DWEMENEL TS (D, 2011, TH D,
2011), 20104 6 HIZiE, KPFETH SERERFIRICx LT
IIARTHAE~OWIETER BV, ACIEEKERE S & AL
BT AR TR B AR K PERRBR R 1L, ENICRB TS 3 —
7y Y IZRYOSMAFEICEFL TN D,

NRFEOMEZMED D LT, i OIERERDE D HFE
REMRD, TNICLY, B OWTEHEHINI TV
TR R AR L, BIREEE A~ IE ik itds L Ot
WoBGHER+T s 2 enTa s, £ LT, EHRNS -
BB AR IO IEfE 2R B LR A O RH% Ao
W, TEROIELIFE & OFB T iEE ML T D 2 L PBET
b D, R, BV, MBI X B RIE DS R R
THY (K, 1965, W), 1995), MEAEOI—1 v
RNYEZHRY G, MUY, EIR (2009) MBIEREY 7 HRY

Ascidia zara Oka, 1935 & L TIHEL Tob, kf L
AT 2ET, 1HFUEREZELTWS,

IO ENL, AHERETIZI—r v T RO
EWEER I L AR LT BT, RAOERENEL L OR
RO, FERESEN e TIEIC L ATERFE & Offi 5k
BITEB L ORESTEEZ L0 F L&D,

A—0 v /TSRy DEYERFY

I—ua vy RXFITRYE ~ARYEFT Y AKRY
B Ascidiella J& \Z 53 B S L D, T AR Y RHITIE,
Ascidiella J&, T A 78V & Ascidia, Phallusia J&? 3 )&
MEEND, TYARYEOHRGFEERMZL, 27T
FTYARVIETHY, Ascidiella J&, Phallusia J&\Z &3
2 Tl E R RIS I B RS L2z (I, 1995,
Nishikawa and Otani, 2004),

=8y Y TR IEERIBOmmICZE S 5 RO
AT, FEME, JLREVES —e v NBE, /L
Vx—/pbHidiEETE IS (Berill, 1928), 43Af
ARIEIT A 2> 550m £ T, IR M TH/525~38D i
FHCAEBICHEN W E S, EHTZD OFHNEDA
DAL 722 832 < 5% (Berrill, 1928,
Nagabhushanam and Krishnamoorthy, 1992, NIMPIS (Web) :

WIS A479 (20114E11H 18 H = 2H)

*Tel:0138-57-6074. Fax:0138-57-5991. E-mail : kanamori-makoto@hro.or.jp
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http://www.marinepests.gov.au/nimpis, 20114105 17H),
TIET, ARFEE LCT A Y B HMEE, TAErTF L,
M7 700, 4K, A—ARNTVTHEE, =a—Y—
7 v RTHE SN T D (Locke, 2009, Tatian et al.,
2010, NIMPIS (Web) : flitH). RAJETIE, KL
AL TER L, fEREA~OZENIRRIND Z &0 D,
FE B B AR REE S DER T 2 7 v — VR AT — ¥

10mm

1 F—v v P TRY EHERTERED /M

(A) 3—m vy XYITRY, B I—my R ¥FT
RY LMK, (©) a—u v TRy (Hh5E
R OPEREE N BAE 2 8E), (D) I—nm v
HFIZHRY (EMIZLOWEPRFERALE 27
@), (E) VT RY Ascidia zara ({EFE), (F)
R AR Corella japonica (TEKFE) , (A), (B), (C),
(D) AcHEEvE KSR, (B) AbiEE Y v <, (F)
AeifiE H AYERE,

N—RTREKSN TV DL EETETH S (GISD (Web)
http://www.issg.org/database, 20114F10A17H).,

BRYFULZDIFZ L A ERTHRMERERIE T, FilEdAlx
BISN R SPNRBHRAETTH D, I—r v X F T RY bt
HERMA, DRRERAERTHY, BEZH O ARELE S
% (NIMPIS (Web) : miitth), ShAEMIRIERE <, SR
LAEK (B £ ToOWMIZ20CTURMTH D
(Niermann-Kerkenberg and Hoffman, 1989), = —u v /X
W IRY OB, TSN T Tl LA KR %
Gxonenigt, REZEARICOEVBIEST S 2 &
MBHEHIHILTUW D (Jacobs et al., 2008), L TH—#H
T T Y NSRRI OV & T 5 b vl
AEMIRNIIEFICE S, AR R AL, Hfnse
IKEEMDREN 22 EIC XD NBHIRBADBEIK & E 2 b
T2 (NIMPIS (Web) : HiiHI), A& SIZEE 4 5 W58
BlEd iy, Aay v Rz Ca—r vy T
ARY OERREBNRE A 74 L7 Millar (1952) 1%, ShfRk
WNIE~FKT, ZORMNEE Lo ikix, sk, #
B 2TV, 2 B H O T 5 LHERI L T 5,

KB O T RIEA Y T HA A ET L3 —m v
7 WY OFRIBZRINE, FHFEZE O 7T EATH
% (X1, A, BAETE, EnbHICShEEENZ% <
Ronsn, ZnbofikE, HENEIEHT, ¥
WFIETH 2 (K1, B), #EREITIT, HORER
FOYEROZEEN RO L5H, EOREIZ DOV TILEAE
ZNRFELY (K1 A, O, BB TIIAEWIC LY e
DAFERE 2D, FEENRE A RWEELH DL (K
1. D), F—uy " P IRYOFEFMEOLTITRKE S,
~ ARYHLHOIERME, #x X IRy heRy (K
1. E, F) R EPULEABERTHELHDLDT,
SMBLIZT CTRBIT o Z LIXREEECH S, FDew, LIF
WRT R, MR TNEIZERA RS T 2 2 & NN E
L%,

A—0 v\ FSRYDOEZHA & EE

T—1 Y RFEFRYICONT, HEEIMOBIZIC &
DHIENHE & O 5 i B O AR N OB K 5 [FE
ERBRFICE LD (F D), AVEIL REOEED
SETAICHER Y E AR YT b b, HIERY
I EEL om 2> H20emAREE, BIRTAEILT L, BE AR Y,
L (R RS mm R ) O RN SEES LA
b, 3=y XY ITRYDOL ) REKRRY ZRET D8
A, ETHEEZUIBEL, SREEZTRY L, RICHHRE
AL, WEEREROBIELZITY, LavL, CoiEkic
HELT 200 THICE VSR AZ RN R T 272D
W&, L VIR B CIEH T & A 588 L OMSI N



HAThsd, ZOMBRTIE, KAHELHET L5582 EN
IR FICCHE BT L DA 2 BRI IRE L TR D fig
H 2B LRG0 L, RO & 2 1B
PRIFES o3 CHEBE U7z, M50 D5 & 72 % 3 JiE
X, v RYHEYeRYE, vRYE, 77ueRivE, <
ARYEZULARYE, FaRvh, 7Y 2ARYER
EIZIRE S D28, IR ORIEEEEE TR 55 R
YL, o0 CHREESND, 7=, 4l
DG TIE, TV ARV BO—HOIEKADIE (e.g.
Ascidia beta Tokioka, 1954, A.sagamiana Tokioka, 1952) <°

xK1 I—wm oy PIRYOMEH ERE (BER)

g—n v X TRY OGS & FE 15

Ascidiella J& DFE (e.g. Ascidiella scabra (Miiller, 1776))
LI—ny Y ITRYEZMINT D LIETERY, o
T, EREICHEEZIT O 720I120E, & HICHEEERNEO
BRI DRENRKLETH D,

LR %]

HRRY ORI, FEEICMHE LT DA%, OO
DETE 2D, KT 2 SO DY, KD FIVIAL
AARFLE, RORTEE <, PR HR S HitiL i 5 ik
LFZEN LV B RGIZH D ZENZV, HKILOH DM

A, 3=y RX¥FITRYOMGHB (AN D OLENRFE O S
MIRFIRIZRIE, ENRERICART AR Y 95, £, KE10mLL FOFIKIZOWTIIX G4 &35,
A-D N T C, HERONR DEEEZBEETE D, « v v 0 0 o e A-®@
BETE RN, o o 0 o o o A-©®
A-@ EFERRIE, N LavZe <, R OIE G IXRHR, - - - - - o A=
FENZ SO, FIRBEO B GBI, = o o o o e e e e e A-®
A-@ HALED, MBEOEMITH D, « 0 v v oo e A-@
#%I7, HDHWVIE, HANZH D, =« o 0 0 e e A-®
A@ WALE OF 2GRS, Bomly (BEM) 2@bd, « « - 0 00 e e e A-®
a2l 5, %k B 2@5, - - - - - A-®
A-©® A—1 v NP TR ORREMEIN BV, + ¢ o 0 0 0 e e e e e e e e . B-D
A-® I—nr v P TRY TIER,
B. a—nm v RX¥FITRYORE (FHEEKNITOBLICX S HE)
(B~ LD E)
B-@ HFENMEE M IZ ZIRZZELAIZ2 U0, o v v o v e e e e e e e e e e B-®
3;)%)0 ................ B*@
(L~ L DOETE)
B-® 1. ARV TN EAFTTERVES
ANKALAR T DS, MELAMOREMZEIRID D70, =« v v v v v B-@
UV, e e e e e e e e B-®
2. RN EANFETX LS
HONENOIND, KEOERMIEEZ LS, WARKFE2FETD -« o - - B-@
L7279, AP EERESTS - - - - B-®
B-@ I—nn v P ITRYTHD,
B-® I—n v P TRY TR,
B-® I—n v NP TRV TIERWD, Ascidiella BOHNKFETH 5,
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DEMZHTZY, ZORCHURIEM E 725 (K2, A,
A% &S ONERBBN S AL SND (K2, A,
B), #FEZUIVBL< &, HIECEENT-HERZTY
HEZ LR TED, ZORICHBESRE D IR A-T
WHDONERTH D, 7B, HYHEOMEKHOFEMIZ OV
Tix, P (1986, 1995, 1998) 72 E&HE L Sni-\,

g—n T R Y ORI B 22 ca E
nTkY, MbEEBRE L»oEZTcE s (X2, B,
#1. A—Q), WLBEEIMHBEELEEIZSH Y, AR
HILEOEIIBENCHDS (K2, B, £1. A-Q, A
~@), FEAMEERTIE, AR SIS o THIKILIZ
FE D HEE 2 WIR CREE CTX 5, Zh D ORFE OB
W2ED, I—m TRV EFY ARYRERLTE
KHEEDOEBPTED (R A-O, A-Q, A-0Q).

A br BT B br
F v
at ’& Vi at.
- int -

vd.
10mn st/

10mm

Ascidliella aspersa

X2 3—nu v/ TRy LIRS TR Y OfEg
A) F—m v R XFIZRYHEE (Gm), B)
g—n vy Y IRYHEER (EE), (C) FIR
YA (fEm), (D) F3—ry A FIFTRY &
TRV O LER E O [at. : HIAKL (Atrial
aperture), br. : A 7K fL (Branchial aperture),
bs. :fi14% (Branchial sac) , oes. : £ (Oesophagus) ,
st. : H (Stomach), int. : i}j (Intestine), Istil. :
%5 1 5582 (1st intestinal loop) , 2nd.i.l. : 55 2 552 (2nd
intestinal loop) , g. : ZEFH/IR (Gonad (55 1 BHZRIN)),
v.d.: fgkE & (Vas deferens) , ax. : 55 2 IFER Dl (Axis
of 2nd intestinal loop) ], (A), (B) AbifEE M A E PE,
(C) AbigiE ¥ v <Pk,

=y Y I RYOE 2 BROEITE O (RiE
i) %% (K2. B, D, £1. A-@), TV AKRY
Ascidia ahodori Oka, 1927, ¥ZHR¥, AVF LRV A
sydneiensis Stimpson, 1855 72 £ A 7R Y | DAL i
FECIX, 22 MEBRONE 2322, %5 ()
Zi% (KfhE, 1953, HffE, 1965, 2. C, D), €D
728, H2BRMOEITORERT, I—m vy P ITRY
&Y ARV RIEKRME L O SHBNCHER TH D (X 2.
D, #1. A-®@),

%

(BLRILDEFE)

RYHEO KWL, AFOFINRE LN, EDHT
FEROMEIE L DN > T D, FEEORNKEICITZ O
MEEME N E-TEY, ZTOIMINZZEIEEAR LTS
ORAEME R E>TND (K3, 4), 7Y ARYE3E
DI Hba—ua v XTI RYNEEND Ascidiella JF 1T,
A A & BEE NS DA zA BT, ZkSERE R DIC
*U, o2 (5 ARYEE Phallusia J&) 13 K
ez Fo ()11 1995, 3. A, B, # 1. B-D),
(BLRIILDOEE)

I—nu v X TRV TIE, AKILOMTFE A D
fEAEMEE LV &4 72y (Lindsay and Thompson, 1930,
Nishikawa and Otani, 2004, X 4, & 1.B—-@-1), I,
20104F 4 A~ 6 AIZHE KB CTHRELE N3 —a v X% T
Ry 125 [ARICB T DRHEORE, £TofikT, Ak
HLALTFEIIAMRGE M E S L 0 D72 LR ST
W5 (FE#E, 2011), 7Y ARVYECIE—IZ, fEEm
BEDLEME D HRTEMERICH D, BEE (2011) @
WA TH, AKILATED 9 ~35AK1TxF L, FAlHEE T
B3I ~53A, ERHEENE B3 23~43AK L /e 5 T
T, AKALARTH & Aol A 23 R Bk O fE A2 1o
bolo, -, MEMERER X 28561%, HMTIT
DT EBREFE LW, ek, BEEY TV OMIEENDOBIEE
EITOHE, ~~ bV IR EBETALICTE T L,
SOTREEYL LT, REK TGS 52 LT, BEN
KRG &b, R, HEEMEE L MTEREFERT 256
1%, ERERREO-0, ERoOFERMERSLS,

—n v TR Y OINE, KA OERME CEDbI
WK &% (Berrill, 1928) (X5, % 1. B-@-2),
BT AL, FERBEMEIE TV, RSN & ks
BIOEET 2WINE 2L, chad vty METhk
LT, BHIINERIT D Z EnTE, HBNZHW
HTENTES,

I—u v T RY L IEREAE D TR, L 72T
Ascidiella scabra 738 5705 Z OFEIL, AKFLEBFEEILLH



3 H—nr y IRV LIRS T AR Y OEIFENE H
(A) a—my " ¥FZRY, B) ¥I7HRF [Lv. :
it A 1% (Longitudinal vessel), tv. : & Il &
(Transverse vessel), s.p. : 3 £ 22 £ (Supporting
papilla), sb.p. : — ¥k Z¢ & (Secondary branchial
papilla) ], (A) Jb¥fEE KB PE, (B) AL 4
o~ {1,

K4 F—nr v TRy AR OMEENFE
[Lv. : #EEM% (Longitudinal vessel), tv. : fEAE L
%% (Transverse vessel), t. : AKFLfTF (Tentacle) ],

TEE MR L W b2 T, Ii4 FRTeIE AR A3 /MR C
BV, NP TILET HRT, AELENEND
(Berrill, 1928, Lindsay and Thompson, 1930), A. scabra
I, BUEENICIFAER L2V EEZ O HH, 191itkic
R TS NI 2B OEARNHAF L T Y, WEITH
KL L CTEMNIIRALT, —FIZES LTz b
HIEZ4 T 5 (Nishikawa and Otani, 2004), A. scabra 73
ENTHIERLINLAREEL &SV, Ascidiella J& D Fi

I—0 v P ITRY OGN & FE 15

200 #m

K5 =I—no v/ YT RYDI
[fc. : JENaAMAE (Follicle cell) ), AbifEiE K V-VERE,

R LI Ca—a vy X TRY EWET D Z LT
TER,

7%, RR10mmEL FOEEIZ SN T, F—r v
PFITRY ThHolz& LTh, RKADIZHERINEIZIN
EEZTRBLT, &6, flTi & e mE o Baig
DWHET D B2 HA STV % (Lindsay and Thompson,
1930), fit-> T, WEBIZRFEREIZNETH Y, 10mmL
TOMERIZDOWTRIEZAT 9 MENE UGS, o1k
W R FEERE LR T TR 5720,

AL T, F—a v TRV OEYTFI R 2
B L L bI, F3—ay P TRY ETERMOG S
BBIORESEEZE LD, 5Kk, I—a v X¥FTR
YIZEN TR A LR L, Bl pifEmEmngEt+ s
ENBEINTWD (b, 2011), JLEEIZRW
T, THEFAEN BRI L 72 > TV DIREN
%<, F—ryRXEITRYORA, EEIILFIELT
DEND D, RPN, EERRE IS
RUT, AROBAICKH L THEREZFOT L E LY
12, B EAT LIS, ERE Ol R T %
1TV, EEDILL & 5 W TR EP BRI D 72 6O DR % 1
YO, WURKISEITO ZEBRDBEND, Rk,
g—n I RYOEG AN DOV TIE, BEEAKER
B &5 HP (http://www.fishexp.hro.or.jp/exp/hakodate/index.
html) TAEXLTWD [IF—m v P FRY (4scidiella
aspersa) FER AW OHEIZHONT], FEICSWTIL,
MNZATE R N K PERR B AFGE T o & — L HEE XK FERFZE AT
HP (http:/hnf.fra.affrc.gojp/) TARXRL TS [d—m v
NP ZRY (dscidiella aspersa) PIE~ == 7 V| %,
A & PR CIE V720,
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AEEL, BRI 0N LB 3 72 CURCER
BB 0 SZFE L TV DWELKIB R AR Z 7 77 A A e TE
fbe=4 1 v 7Bk X ORI E K EMR BT & L H T
ITHoTWD I —1 v VT RYOSMRHE THE LN
THERIZHEASE, LD LDOTHD, NERERFE
FHE DL TR REFIC TS JONE Pt K E H R & b
T, VAR DK BE BN R FEAE T, A A A M X
IR EET G K HEELT, 8 0 P A b DX K PE B M R AT
OB DT 2121, Zho0RER, FEICB D TEAR
BUZW I W72 e, 2D D 2 IZHB4LEB L B 5,
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