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2018 JSFS Spring Meeting Symposium

Sustainable Management of Chum Salmon in Changing Environments
A local symposium associated with the International Year of the Salmon (IYS)

Date: March 26, 2018 (9:00-17:30)
Venue: Meeting Unit 4, Lecture Room Building (3rd floor), Shinagawa Campus, Tokyo University of
Marine Science and Technology (4-5-7 Konan, Minato-ku, Tokyo 108-8477, Japan)

Host Organization: The Japanese Society of Fisheries Science (JSFS)

Co-Sponsor: The Salmon Science Society

Endorsement: International Year of the Salmon (IYS) North Pacific Steering Committee
Coordinators:

Hitoshi Araki (Research Faculty of Agriculture, Hokkaido University)

Kazushi Miyashita (Field Science Center for Northern Biosphere, Hokkaido University)
Mitsuhiro Nagata (Hokkaido Aquaculture Promotion Cooperation)

Yoshitaka Sasaki (Salmon and Freshwater Fisheries Research Institute, HRO)
Shigehiko Urawa (Hokkaido National Fisheries Research Institute, FRA; chief)

Background and Purpose

Chum salmon migrate widely in the North Pacific Ocean and adjacent seas, and finally return to
their natal river for spawning. In Japan, chum salmon enhancement was initiated in 1880s, and the
adult reruns increased from 1970s with a peak of 89 million fish in 1996 due to the improvement of
hatchery technologies and high-seas production. Thus chum salmon are an indispensable fisheries
resource in northern Japan, but the recent adult returns have trended decreasing with considerable
interannual and regional fluctuations.

Pacific salmon are biologically and economically important for North Pacific rim countries, while
they are facing unpredictable future: e.g., considerable reduction in salmon habitats and survivals may
be caused by global warming. The North Pacific Anadromous Fish Commission (NPAFC) and North
Atlantic Salmon Conservation Organization (NASCO) are leading to promote an ambitious program
“the International Year of the Salmon (IYS)” with focal year in 2019. The IYS is an international
framework for collaborative research and outreach to ensure that salmon and their habitats are
conserved against increasing environmental variability.

In order to endorse effective IYS projects, the present symposium will encourage to: (1)
comprehend the vision of IYS program; (2) understand the present status of chum salmon populations
and their habitats; (3) assess effects of environmental variability on chum salmon distribution and
survival; (4) evaluate new research technologies to advance salmon science; and (5) identify future
research topics for the forecast of chum salmon distribution and production, and their sustainable
management.
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Program

09:00-09:10 Opening Remarks Shigehiko Urawa (Hokkaido National Fisheries Research Institute,
FRA)

I. Keynote Presentation (Chair: Shigehiko Urawa)
09:10-10:00 International Year of the Salmon: Teaming up internationally to understand Pacific
salmon production
Richard J. Beamish (Department of Fisheries and Oceans Canada)
10:00-1010  coffee break
I1. Status of Chum Salmon (Chair: Kazushi Miyashita)

10:10-10:30  Status of Pacific salmon production in the North Pacific Ocean
Toshihiko Saito (Hokkaido National Fisheries Research Institute, FRA)

10:30-10:50  Status of chum salmon populations in Hokkaido
Yasuyuki Miyakoshi (Salmon and Freshwater Fisheries Research Institute, HRO)

10:50-11:10  Genetic structure and population traits of chum salmon in Sanriku (Pacific coast of
northern Honshu)
Hideharu Tsukagoshi (Sanriku Fisheries Research Center, Iwate University)

I11. Effects of Environmental Variability on Chum Salmon (Chair: Mitsuhiro Nagata)

11:10-11:30  Effects of environmental variability on reproduction of chum salmon in rivers
Hirokazu Urabe (Salmon and Freshwater Fisheries Research Institute, HRO)

11:30-11:50 Effects of environmental variability on migration and survival of juvenile chum salmon
in the coastal waters of Hokkaido
Kiyoshi Kasugai (Salmon and Freshwater Fisheries Research Institute, HRO)

11:50-13:00 lunch time
13:00-13:20 Abundance and habitats of juvenile chum salmon and their adult returns in the Sanriku
coast

Takuya Kawashima (Iwate Fisheries Technology Center)

13:20-13:40 Survival conditions of juvenile chum salmon on the basis of their growth characteristics
Kentaro Honda (Hokkaido National Fisheries Research Institute, FRA)

13:40-14:00 Status of Japanese chum salmon and their habitat environments in the high-seas ocean
Shunpei Sato (Hokkaido National Fisheries Research Institute, FRA)

14:00-14:20 Effects of ocean variability on the distribution and abundance of chum salmon
Hiromichi Ueno (Research Faculty of Fisheries, Hokkaido University)

14:20-14:40 coffee break



IV. Development of New Technologies to Advance Salmon Science (Chair: Yoshitaka Sasaki)

14:40-15:00 Development of growth indices for juvenile chum salmon
Munetaka Shimizu (Faculty of Fisheries Sciences, Hokkaido University)

15:00-15:20 Control of diseases for the sustainable management of chum salmon
Hisae Kasai (Faculty of Fisheries Sciences, Hokkaido University)

15:20-15:40 Migration behavior of chum salmon evaluated by data logger technologies
Takashi Kitagawa (Atmosphere & Ocean Research Institute, University of Tokyo)

15:40-16:00 Migration routes of juvenile chum salmon simulated with a hydrodynamic model
Tomonori Azumaya (Hokkaido National Fisheries Research Institute, FRA)

16:00-16:20  Application of environmental DNA to population studies of chum salmon
Hitoshi Araki (Research Faculty of Agriculture, Hokkaido University)

16:20-16:40 coffee break

V. Panel Discussion (Chair: Masahide Kaeriyama, Arctic Research Center, Hokkaido University)

16:40-17:20 Future Research for Sustainable Management of Chum Salmon

17:20-17:30  Closing Remarks

Contact:

Shigehiko Urawa

Salmon Resources Research Department
Hokkaido National Fisheries Research Institute
Fisheries Research & Education Agency

2-2 Nakanoshima, Toyohira-ku

Sapporo 062-0922, Japan

Tel: +81-11-822-2340

Fax: +81-11-814-7797

E-mail: urawa@affrc.go.jp

Kazushi Miyashita (Field Science Center for
Northern Biosphere, Hokkaido University)
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I. Keynote Presentation (ZEEFHFER)

I-1. The International Year of the Salmon: Teaming up internationally
to understand Pacific salmon production

(HBRY— 4« KEEY 7~ 2EOEIREEE 2 7 5 72 OEBR# )

Richard J. Beamish (Emeritus Scientist, DFO, Canada)

I like to say that after about 100 years of research,
we know much about Pacific salmon, but what we
need to know most, we mostly do not know. We are
not able to forecast Pacific salmon returns because we
do not understand how climate and a changing ocean
ecosystem affect salmon abundances. I will talk about
three problems that when solved will bring us closer to
understanding the fundamental mechanisms that
regulate Pacific salmon production. I also will suggest
why the International Year of the Salmon (IYS) could
be the beginning of how we might do some of our
research differently and solve the problem of declining
chum salmon abundance in Japan faster. My message
is that finding a cure for something is much easier
when we know the cause.

Pacific salmon catches are at historic high levels,
however there is no understanding of why the
abundances continue to be so high or how long the
high abundances will last. There is agreement that it is
the early marine period that most affects salmon
survival in the ocean. There are numerous studies that
show that juveniles survive better if they grow faster
in the early marine period and store more lipids later in
the summer and fall that will be needed in the first
ocean winter. | suspect that after the first few months
in the ocean there are genetically-based,
photoperiod-stimulated, metabolic thresholds that
determine how an individual will continue to use
energy for growth and storage. There are numerous
examples of critical periods and thresholds relating to
smolting and maturity in salmonids, but the possibility
of programming metabolism in the early marine period
in relation to energy densities in the first ocean winter,
needs to be studied as this may help understand marine
survival and help hatchery practices adapt to
ecosystem changes.

Another important unsolved problem is why
Pacific salmon production occurs in trends and why
there is synchrony in production among species in an
ecosystem. There are numerous examples, but the
declining trend of chum salmon production. In Japan
and the synchrony of juvenile pink and chum salmon
abundances in the Sea of Okhotsk are timely examples.
It is the ocean eccosystem that is affecting the
production changes, but the mechanisms remain to be
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discovered. In the past, finding out why trends and
synchronies occurred would have been nice to know,
but this information is now urgently needed.

I want to talk about resilience as one more
example of problems that need to be addressed if we
are to manage our Pacific salmon fisheries in the
changing ocean ecosystem. We recognize the diversity
of life history types and behaviours that exist for the
various salmon species. We understand that these
diversities developed as the populations adapted to
changing ecosystems over thousands of years. As the

productivities of some of the many divergent
populations increased, there would be small
abundances of the remaining populations that

maintained their ability to increase when the right
conditions returned. If resiliency was the key to
Pacific salmon survival for thousands of years, how
can we include resiliency in our management for the
future?

My suggestion, especially to the younger
researchers around the rim of the subarctic Pacific, is
that you team up and work out the mechanisms that
regulate the production of Pacific salmon which I
think will turn out to be quite simple. In Japan, this
will provide the answers you need to maximize
hatchery production as well as providing reliable
forecasts for all Pacific salmon producing countries.
The International Year of the Salmon could be the
beginning of this new teamwork. As part of this new
approach there could be an annual international
expedition that focuses research in particular ocean
ecosystems and on particular problems. By agreement,
all data would be public and funding would be shared
by all countries including contributions from
industries that depend on Pacific salmon. The Gulf of
Alaska expedition in March 2019 as part of the
International Year of the Salmon is an example and
could be the first in a series with the next expedition in
the Sea of Okhotsk in 2020. The International Year of
the Salmon is an opportunity for researchers to work
as a team, but it also is an opportunity to inform the
public how an understanding of the mechanisms
regulating salmon abundance is also an understanding
of how we are affecting our environment.
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VARV SIS



M. RELSEINY7ITE 2 585 L 38
mM-5. HAEIZBIT 5 BEARY 7 OEIRHE L A& RRE

1 A Y-

1. [XC®IZ

AARZY 71T, AR —Y 7 W ~bE A EPE~
NR—=J o TW~T T AHBEL KENETSHZ &
DENHAIVTE Y | SO E BB S A AR
TOEBRRLEBREICELBEZDEEZDN
5, ZIZ TR, BARa VT N E LA
T THE LN BAR Y 7 OWEES ARG IR
WERRINT D Lz, SH%OBEEEET 5,

2. FHR—YIBIZETH5EEARYTDERH
FAR—> 7 WETIE, B 10-11 APIAiC e &~
TINE=H ) U TIREE I L, S shfant
BESC B AR A OIRAR I HE ST
5, ZTNICE D &, BAROE TOHMIBERTEC
HR3 2 Akt 7 shfa s AR —> 7 g
ATHHENTWS, 2011-15 FERDO A H—
7 WEFATC I 1T B W Shf o HEE A BT,
270-553 B B & i m W KETH - T-, —
07 A RERR O FEATHE R D HEE S A7z H A RE
St A BEIE. 2010 456508 120 5 5 2.
2011 ks 244 HHRETHDDITXK L, 2012
LD 66 1 2. 2013 H4EA 50 i T &, 2014
kN 74 B TR & 3 e TF L < RKHES
ST, B, AR—Y 7T D BARY
P ORE & BRI, — oW IEREET
IEOMHBENRZELND Z ENREESHTND, T

B AR —Y 7 fORE AL EFERIZH O

HIBEBEDRY T S DORERLERIZED LD
B G A DNERSND,

3. ABAFEETHOY DL & FFE
HARY 713 11 AEIZKIER TV AR
— 7 AR VE~BE L, & 2 Tl
D& EHZ D, L L, &Y 7 ORFEC
DWTIEARBH AN L, — AT, B
ARAEMELS (4-6C), EHAEMEL DL,
Y et R N T RSN A SN R AP T W2 &
NERTHEEZLNTWS, —F, V7&K
A RN U CTHEENAGITAKIR 2 3848 L L 54
EIXV 7O E S SR TS T LA
Z DS A DY A DI RITHH A TE
FEELBRVWEDRMBLEH D,
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- VERRRIAT « AZAERRR « SaARMES - THASEE  OKPEREAE LKA

4, R—=) T BIZEITHAEBARZRYTDERE
)

BOX—=Y U THIZHERRY 7O EICE
T CTH Y . 2007 FLARE 7-8 HIZALKAF
NFEJE b o — LI K DA A =Y
7 W CHERM L TV D AR O 2R 7K IR B
WM7Z oy N AERITEELSEI L, 2014 F
DIV b 2 OEEEARE L Rol, ¥
27 DONHJCPUE 132014 12 K & < i L72s,
T DORITHR & (ZEEIN U 7=, BARHI R EEGR A OfG
BB REEIIT T RZBKRE S EED, B
T RD 60-76%, HAZRD 16-38% & HEE I i
72o BASRY 4 0.1 ifa D) CPUE & Rif4ERK
DA R— 7 HFIZBIT D BARZRT 7ot
TEA B ORNITRWIEOFEN A S, _—1
> TUHECHTHRIMAT 5 B AR Y 7 OEJREIL,
WS AN AL TE REPE TOMA BT A B R IR
ELTWDAREMEA RIS N, — 5, AASR
o OEERRIEY) CPUE & BU4EO BT E A
OFOMBIISLT L E< RN End | Y
fEIZH &-3< CPUE LIAMZ, H AR 7 DZEfH]
AR e e U T2 IR B R B R R D BN
HDHMH L,

5. S%DFE

AR 7 D3Rt AR — 7 ¥ & ALK
EERT—1 THICE D WBRIL. Z DR
BIREDRE SN LRSS 2 mb ECHE
TWCThDHIEN o TET=, Bz, v 7rftfA
DL CAR—Y ZHICE D F TOAKRE
DS R ICR & B a2 B2 TV 5 Alhe
PEDSE, WAFREORE E LT, (1) w4
F & DB DOBR 2T 572D DA R —
JWETOE=F I A, (2) AT
LEFEROHEE, (3) X—=VU U TYRZBIT D
EIREE 2R T 22D O M 7 E A3z
Fons, ZHHOBEIZOWT, HARNMA
WA 2 T DI 2N o 2 &
No, 5% TEEY—EUF) Ob & TTh
N5 ER LR 72 & 235 U CHEH 2 IEE
TOHMEND D,



M. RELSEINY 725 2 585 L 338
M-6. ¥EEZENR Y 7FICRIESTEE | BB IT 2BERN Y 7 £ BIRS AR

EEFAERS (EREEAK) « It SR (REEDKPER BT - Pk ST (JAMSTEC) - J& JEEB (AEKRBEAK)

1. [FL®IC

2 (Oncorhynchus keta) 1%, ALK FFEIZIA
<A UL M BB CH 5, 7 id,
H~FKIZFIZ_—U T H Z &N
B TS (Urawa et al. 2009), L7>L . 2000
LI, =V > 7R, & 512 o 0l
WNLE T DT v 7 T~ REEL TS
L DOHEN T2 I TV S (Moss et al. 2009; Sato
etal. 2012), ZOEREROL & HIBRIERE(L
THIET AN BELNTZKEEZHNT, 7D
AR DR N i ST &=, FlzE
Kishi et al. (2010)iX, HAFR Y7 D4 B FHREk
23 2050 FAZIET v 7 FHEAEIT, 2095 21X
MG T IR D — I B LN D & O TR 54T
ST LML S, ZIVE TOHFEDZ < 1X
P KR DS AIREB DB E P > T2 H DT
H Y EIBREBE DALY DA G- 2 D
BETIIERB L TWRho o, & 2 TARIIZET
1 E. KR AERESRE T /L NEMURO %# VW5 Z &
\Z &0 T v 7 T~ KR AR 2k
B2V 7rORED Y I 2 L— 3 VELT
VD, EBIAEME RN =T VBN Z &
(&0, BLER Y B A HEE LT,

2. A%
ARIFIE CIRBAEN 729 7 A RSk & 57 D3 k&
TE LM, TRbbAEYT KL —ET L
dw CAL,
gt = [C-(R+S+F+E)]: CAL;
THEEI NS Y7 1 EIRS 72D OIREOREH
224k (dW/dt) SIE & 72 Dtk & L=, = Z T,
CIIfHOHBEIC LD REMNEZRITEHTH D,
ZOHEE, KE (T) BXUOEEBEEORMETH
U
C:CMAX ‘P fC(T)
AL, L(DITKIBIKGFREECTH D, AW
WZEBWT p. fu(DIE. 3WICHFEKRTEERET L
WL AR E - IR R AERE R E 7 /L NEMURO

‘W
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(Watanabe et al. 2012) (ZL > THEE L 7=, Z

® NEMURO+AY) = F /L F—FT LI LD,
2003 4 (HEBRED) F LT 2095 4= (MIROC
HEKIRIZ (IR A1B 7 U 4 (Kawamiya et al.
2005) O TRIARIER SHEE) (28T HETE
7oV AR B A 2 HEE LTz,

3. #ER

BAFBREIIZEH T 5 NEMURO+EY — % L
F—FETFT LAV Il —y g VORR. F
Y 7 TR DALY ERIE. 6~9
RIZHER, 9 BIZiZT v 7 T 71°N LIiF D1Z
N AR E 2D 10~11 AICHENT D
TR ENT, 9 HD 71°N LU KR IE Y
T OREICHE S 2 WEIRTH Y AR OILR
DKIETIRE > Tz, F72, AR ATREWIM %
b B BEIK (BHEREE - KIRERER) 13k k-
THEp > T,

2095 BT AV I 2L —a OREER,
T 7 FUH I T DIEFER Y AR Bk, BAE
ERBRIZ 6~9 HICIE KT 2 Z EavREnT,
LAxL.9 oA RN 71°N LUk 73°~77°N
WZHIAN - TRV IBERY 7 £ BSNS54k
KT 52 ENTRIES T, AR ILR % 6
HERGBE L 382> TRV, 2095 4F 9 H
DOIKIREREE X 70°N AL DIZIE R TR A, A&
B3O R IT R I Lo TR ED N T
WEni=, £7=. 2095 Fl2iE, 7 OmEKiE
X0 BB O NT v 7 FHRICHBLL, F %
7 FHETIX 10 ANV oKk biE Lz A
D ENTHIS N,

DLEOFER LV 5%, BARZRY 7ro—Hn
Fxv 7 FURICER T 5 2 & kg o 2 4
SUTNEAT B LR ENTHEINS,

4. SHROFRE

BORT DR TR FBRIC SV - AR Y
TORERTREIT O & &b TF v 7 FilpllEk
UN TR 2 ik fe I SB35 2 & T AR RE
READEEZHET DL LBLELEZD
b,



IV. ¥ ORFEES = BFE T BN L RE
IV-1. 7 GHERD Y TN Z A SRR FHEO 72 3 D BB %

TR (JEREBEK)

1. [ZL&HIC

T BRI HEEAENS 1B IS ORI 03
FeT %, BHREORHNIL, FRORMFER & 4D 2
[\l 2% & S, WTNHREDO REICKFEL T
WHEBZLNTWD, ZOZ LIE, L
YIHE O EZTHIT 5 Z LR TEL, ZD
BOEFROWTITEFRMAZHEE TE D AHE
PEEZRLTWD, L, B CREEDRE =R
EZREST S Z EIEFICHEETH 5,

REZEDEMREBMOKREIZIZA A Y
FREK R 7+ (insulin-like growth factor, IGF) -I
INEBERREZ J 2 LTS, FIE T, @
1. FF IGF-T &I EAR DO AR 2 & B %2 7R
TEML RERELE L COFAMNRER SR
fwé‘ik1m$@mm1i@ﬁffﬁ6nﬁ
fia®EHE (IGF-binding protein, IGFBP) (ZH5 &
L7tk TTTI/%@E@%ﬁﬁéhfw
%%%Ti6%®mnw#ﬁ%ﬂlmu@%
DOFRER EAEERI KBS LD, 7 BHED
Al 3 20 IGFBP B S dn, i
5?9 5 IGFBP-1b | % IGF-I {0 fLER & 3%
2 B, R ORI R D RN & 5,

2. BRERFED-HDHEAMIBIF

[E#H S IXIm T IGFBP-1b DIER (o
IRF R o i sl e s I EVE ) ABRRE L, ¥
7 (Oncorhynchus kisutch) %% 27 7 <A (0.
masou) \ZBWT, TOMPEIHEESLA ML
R VIG5 Z A& LN
1fi.H" IGFBP-1b & & fEAR D R FRICITA DR
WD Z & &k FWE L, IGFBP-1b NADAE
FEEE (B LA ML ADIEE) & 72
WL LaRB LI, £ LT, %7 (0. keta)
PRIV T, L IGF-1 & IGFBP-1b 1%

L7, £ LT,
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RO EREZNENER X CEDOHE%
BoZ LA R L AMOREREL LTOAH
MEA B LT,

2. Y DEBERAE~DILH

3R D HART BRSSO F TR K D MG & 2
TLTC, & DI, 2013 EoduiEE S E
T K K EERRERY & M ERCER LA & 4
[6°C, Ml EIR I O 7 S O B R AT 2 17
S TWD, BT, V7% I iR
fr— U2 KDL, iR 2B L T, IGF-1
BELOIGFBP-1b ZHEL TWD, ZAETD
FAT, Y hHEfITEE T 2 BRIC i IGF-I
BT RDOOLMERZEHDOTND Z EPRES
ATz, — 07, AT B C IR RER 208 L TR
A ZH/NE < ML IGF-T & & RV ME R 3 EE &
iz, ZDZ &%, KRR OHEFR DN I8 i
BLTWDHZEERBLTWD, —J, I
KHMHb%iﬁ@KFJEL@@%%ﬁﬁK
D, HE L TOWRWESE L ERENRE
D F72 D 2 S LT B ATREMEDN B D, i
FOMPELOZEFRIT MFERE L OBRE S
DT TH %,

3. MALSEDIYHEH
INETOHR L OB RS, 7 HE
BOBEFEZEOBFEIRENWEEZDND, £
ZCHUE, BIEERICE D KT OV Hfa
OFEERIRAE L VR OKIR) Lo~y F o7
REEEZ MW THATWD, £, 4%,
REREOREEEEELZN EXED LI
B SRR & BRI A AR RE OV T
N HERL DIEEA T = XA OMEICT 7 a—
FLIzNWEEZTWD,



IV. 47 ORRELE&R2T BB % L RE
V-2, V7 BEEZERITHERE T2 2D DB E

&

A= -

HK

1. [FC®HIC

P~ AT < 0 B IR BB A
JEXI BB THH LD FEOREL 25
U A IV AT IR SRR OB BRICBE 9 5
TNEL LA TS, L, REFRKAR
B OBEFRCEPN KR A L SN T & 7=RIERIC
K DBRMBPHTNCRET 2EALRE SN T
W5, AT, SMEESCBERRE F TS B
WU B A 5 2 5 alHetE D & 5 BERR & %
DBFERFIZ DN TR 5,

2. A IILRERE

T~ AFEOER T AL ST A7 D
FREE DN B0 D AR YME S SR AEIE [ X =W
BLOV 7 I RZERBHEELRIFTL T
7oy, IR HE g E R D v, —F L o
B~V AT A L A ZIEE VRS2 A
% NS TORARNTZ2 0, IR A E R
v a— R{HE (50 ppm, 15 43) % FEhii L, JHE
K7V —OfREHKCEET S Z & Clthie
HEA DR DTN D,

3. MERxIEK

HMef oY 4 CRIE & 72 2595 & LT .,
WK F KOS MEB R 2 b T D, il
KRR IR B 23 U 7 D RRERBLA ) DD T
R S AL, TR BB & RGN A DY -
TS, FRCTF I IFEIRINE 3 2 Eh L C 6 3
ERGET D Z LD ZKERFORI R A MLETH
0 ZREREOINNIRAZBLIET 5 2 &2 HIIC
SEIRIRIEIN & RS % O WK RTEFE M T, N
K TR PHER IS KRR S TWD,
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S (AERBEAK)

3. [REAEXEK

HEfa i oW CRIE & 72 B AN AR B
WL, A7 F AR NE, MU a P ER LN
¥ RRTIETH D, N ThHA 7 FA4H R
) 40%DSMEBTRAEL, AEICEELTY
A HER D WEKTE IS BE ) & KIS &85 2
LMD R DOERIT R E 52 5 2 L
BEIND, SR EFAR RO FAEE ZT T-HEf
V2R U Tl SRS F 4 B 2 BRBR L ClelfE %
REIELIVEDND D, A 7 F AR ROBFRIZ
5%EHEKTO 5-10 pinds K OEFHRE 0.4%
WD 60 N ENTHDH, M) adFicxiL
TITEFERE 0.4%K TD 5531 TIEIE 100%5R
MATRETH 5,

4. DNEADERTER

SEGIZ B TIEIH O JFE & K = 728
LD I OWHEERIZE L LTI XD YR
RO LIE N 2T B D, I X B EYHICK L
TIIKRFEREIESM E LTRA EADOFEHNPR
D HATWD, IIEERALIE IS ) LTk, R0
BeCThHON T A NVIEKE SO T X R~
DENEGIRDRIEN AR T D,

5. SHOMREE

G0 T A e 32 T Te HEF DR BBA T 14 DI
FEICBA Uit o CREIP oMM M B s | & >
O, AT FAR VIEN, X7 CILmE
PER g 3 X O I B~ LA T A L R
DFRIENHE ST D S OO, FERIZRAFIEIE
DI B DGR DR E & & b
DOEPFEBITFEON O ENLETH D,



IV. %7 ORIREEE 2R %I HHE B R & 3E
IV-3. 5—4& « u H—IZ Xk 5% DITEVENT

ABNE =+ CRORKHEDT)

1. [FC®HIC

AF - EHIRIR IR S iR, KRS
PR ol A O VRIS 72 &L 3253
i3 T HALEE & 1T R DN FEREE & R 5R
T D, F OHUISI e A RERFE I X 43 I2 B & s
TILZR ), AFEE T ZRRINEI COAREDH
Bk TEY, BRI )13 K OFE B G#E)
FEDIEVKREST - RETFFEIZ OV T, mlEfE b i
Te R A KR T 5,

2. ZEEDFICEEL-BRADNEREXITE

=R ISR U7 RFEO $h B EVK T8 2
L[z RPN a0 Y NN O i pl e S A N Y
1To70, HTFRKEEE CHifE S 7= AR 10 @
K (BXE 62~72 cm) IZT—H « af—

(LTD1100, Lotek Wireless Inc., Canada) % %&£
L0 L0 i Lz, B Sz H—IZ5E
PESHUTZKIR - WET —4% . BLUCTD &
TELNTKIE - Wy T — % OIT 1T - 72

(Kitagawa et al. 2017) ,

T—H e a H—EEE LRI, R %
BN THIA T2 M 0 IR L7223 S0 B 0 ST
FENTE L oo 7=, F72. BBUKIEIZEATL C
HIETET, BETIVEN-T2, UL, K
SUERIBIC X 0 BN CIEENERA D E L BN
DFRBIZITFERIC L0 ARIEOW KA FEdA
NTIZT2 B 2 bivie, A iR IEl o 7=
BN OKIERERE T~ L LS LzbD
D, KIEMET LW o#AT2 i L, BN
WZHEA L CTRE QWK EFIH LTl 217
ST LB Z HD RKEEIE I D KIS
DOEACIZHKT 2 —HOTENL, Z OHE TV
b TRKRTKA Ev) (KEcRs &, &
TRNEBEMBEICKEICAMT 5) B %2 BRI
BT HHLDOTHD,
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3. WEGKRES - REBHEHE

=R - AL B _ERE O WEVKAE F1o
PEA RS 2 7o OIZ, ARFEORHHE 2| PASH
RIPEBR KA (JCWT900, ¥ ¥ /XU T 7T T v
7)) WCIRATIRSE DAL B & 51 L CHEE L 7=,
FHINCIER I CERREAT., IR
B L UL B (CEgldackri, b B)IEE) CH
LN REHW,

IKIEN OISR B O X v | e
THEHEE (RMO,) & KgFETHE HE (MMO,)
R L, WE O D ARRFZHHEE (AS)
ZRD T, WEEE B KR EF ISV RMO, 1T R
F-L72, MMO, IE, R FDIEECIEOKIE 12°C
THKIE, 16°C TIKF L7zoizkt L, Ab b0
BETIX 20°C £ CTEATOMEMICH T2, AS
DONEEX, IR 8°C, 12°C, 16°C
T 5.73, 8.55, 4.14 mgO,* kg min" TH 7=
23, b BJIEETIX 12°C, 14°C, 16°C, 20°C T
741, 9.89, 845, 8.77 mgO, kg *min"' TH >
oo 2D Z D, AL B)INEETIR AR b
ARVKIREE TR WK RE I A HERF S D
ZEDRENT, A%, R EE o s Y
% DHERE M EITEN D ZERIZ W T H Bt
HYETHD,

4. SHEDRE
AARTHEENTZARILT 7 A=Y
T T Licdh &R A B LENEZIT 5
L EINDMANENL RN D& DR FEE TOE
WO FE 2 TR LI E D (eg
Walker et al. 2000, Azumaya and Ishida 2005), 4
% ANETOT —H - 0 T —OMERE - R
AR ERT H Z & T, —BInEEZII LD
AARB I FEE TOREBEOFERZTET D
ZENTENTAFEOHIBERN & L TOEY
FHIRHEIZE D AMRIC R D725 9,



IV. Y OBREEZ %I 25 & 318
IV-4. MBEETNMZE BT DEEY I 2—v g v

R -

1. [ZL&HIC

H AR Y r (Oncorhynchus keta)l, B L 7=
FEOQETRZAR—Y ZHIZAY | E D%
HEBIONR—U 7T 1~7 FRLEATE LT
INzERT 2 2 EnmbnTnd, ZTRET
D W MR A IR A SO O B AR O AT
FERD D | AR OETF IR, Bk H R0 AbEE HUH
(GEH) OD> 6 it S avie 7 Hefads, %)
A AEE KRR FEO B SBICE TEL
TWDHZEBHLMNI I TE Tz, AN,
IhoVrHaod mE~oRELV— &%
NERET 2 BRI LR > TR, £
ZCOREET L MEEREI Y I 2 L— 3 V)
EH T HEAEEET ARV, S I E RS
T CHIrffaoEEL— 2y I 2 b —v
3 L, BRI 0B R 70 O AbifiE K
BFEA~OBLEZ FTRE & 32 BN ZHEE LT,

2. YrHARMEETIL
M EEE T VIR, R AR T &
LT, Z DR - OBBENIRAEET ML D
ZEN AR LE & HER O WEIKIC X D REENAIRS
B2 E LTz, T HEF OB 3 - B X
E-®W 'L, EFANTORYEDRH
FEIEIL, Y M OB IR RIS Wk
PRILTEREXREHWCEHE L, £7-. ks
M OWREITIX, BAFT HKIE, B, KiEE B
FBLCHrBNiEkT 57103 ALEEANL
Too U HER AR LRI D A X — MiEITs
FR BKHER, ERBEES L. 1 H 1R 550 38
DRI T Z A LT, ET L CTHRD A D
EEOHMIZ3I A1 B~TA3IBHETE LT,
BB IR, S EROERE & RN EIN 5 5
— A (arbhe—L), BXEORERELE

BH T BRI - BEIRE -
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M - WAKE OKEERAEIL/KATT)

JE L2 — A REENIBE 258 L2\ —
AZDOWTRB I o7,

3. [EEEIL— FOEE

L b= LTI EFRIRENPGERALRL
B IR & B oM AL L L, BEE
THE L%, WIS DT, BH IR D
DA U TR AR A Jiats U C | L
TR Df%IA % i > CALRE TR ISR L7z, 1E )
IR D BN LT R 1%, BEE I D B |2 A A
D, BIZPZIER DR b o7, ZO=a v b
—/LDY I 2 b— g UEERIE A
oy P SN Ay - AR o v St Y @ S N
M DENEL— FOFBUCHKI LI &2 6
b, —hH, BXREORRIEELZRE LW
— AT, a2 ba— L Pz EEL— FTH
ST b OO EHFRIRENPOHEBETELL
KirHud= v ba—L X0 biehoiz, FEEIRY
BEIZEE LW — 2Tl B H R L ONE
WIRFENPOHEA LR HIZHEESBEETELE
NUATENOBA LR FIZAEBETEL
RnoTe, ZHDZ E0E, YRR ILE
IR E ThHEIET 2 ERE & LT, ZBs7
F TR T HRORERIZE 72 5 K
OEMMEFfE L LIRS BH L EETHD
ERB I T,

Y WL

H (R A R — Y WS T
IR AT T LTI AR —Y 7 % TR T 755
Lieinote, S%OMME LT, Yo Hfan
R 7 W~ B 2 ORI T B
BER BB,



IV. 47 OBIREENZFFT 2 EBI R & #1E
IV-5. B5 DNA (kB9 0&IR - AR

I

A&

* *EF')E =
1. [FC®HIC

Y B OO EIEE T B IR
N EZTEDLIBRAT=ALTEHI T
WAONE IEFRICIERET D Z ENEH LW, 72,
AN COREITIZZ KA DT /1L 2 2 Favn
MHZ &b I~ ZADEIREENA T = XD
R ZEEL < LTV 5,

= 2 CIEE e o3 A0 - IR EHEE BT & LTl
FFENTWH DN T8 DNA| Thd, 4
13F OBEE R O~ AR PR EHEE IS mT 7
Fox DELY DWW TR T D,

2. IBIEDNA & (%
[BREE DNA] 1T—fRIZ. EMNDFDBRE

AR (FIEOGAITERBEK) FHICbEEE L7~ DNA,

H L<IZED DNA # M 2 & 483,

2008 4, 7T U ATILKIFE DY > H LD
DNA ZiDKRN LI L7ZONZDIrEY T
% % (Ficetola et al. 2008), *4F#{X PCR {2 L 5
HEibE DNA /N> ROAHE TR STV,
Z D% ER PCR 72 & XV HHEE D&
DNA fEMTHEf & FEOD X | PG OHER & HH
FoTHELWHEREZ RETWD, E72EWDOTE
AIERGIAT D F 72 & LWV EY G IR EHEE
HEiffe LToOMEELREEINHBED TWND

(Takahara et al. 2013; Yamamoto et al. 2016) .

3. FEEER

Z 2 TAHEL FEAITEFRRE T oV 7 &k
B BRI DNA & & OBRMEZMREET 5729,
R B /KA 2RI H L 7= B2 5% DNA & &5 % i
Uiz, ENCAFZERRRIEN  KEEWFTE - Z0E HkA

25

C KARTSL - SRAETF (ERER) - ekt (dkAam)

AEHRE XK EMET Tk S T ETFEHO
WO T FEEEETOEEAK2 U v LA
K, PREGEM%. 1 U v b2 LI Whatman
#HHD GFF 7 4 V2 —ZH W TAREIT- 72,
5t A TV T0% T X — )L TR
L. L CHmmiR{Er4 . Qiagen f1:8¢ DNeasy
kit Z T DNA Zifith L7z, E& PCR I
Agilent £1:00 Mx3000P % F\ >, JHHBR%E L=+
TR T 7 A4 ~—I2XL Y DNA BEHE 1T
ST, ZOFER, Y OBEEL DNA IR 135k
% IHILE O SERRCBRAR TE A FF 7o TS AT
ERHA DRGNS T,

4. FHHTOIREE DNA R H

ARV e, AMERCR DK D b BREE
DNA & W &R EOHEE 23l Tz, il
JINZFBW T Y OEEFEN ) T 5 Frk) 11T
BOWTEMERAKZITV, BREE DNA BEOFHIZE
B & HIBRRE A A HEE Lo, ZORR, B8
B2 DNA 2NN TO W7 OZRE & & O34 %
MEARTRE CH D Z EAVRE T, 7272 L, /I
BiZp T )| iz W T B RS E o
LB AT o T MREE Tl BREE DNA R IR P
DY OEEEZ LT LH L TV
Too ETKEWNT - BEWHEIT- TVWHEFE
NR—U U ZWREICBW T, b e—LFE
FOHEEI N rERE L RFICER O
BrEE DNA & O MICIZAfEZ2RMHEAR Lo T
RN, A1k, BRBE DNA &5 k4 2 BEZ2f 2
v E T HEREEN R ET D T L,
BB DNA e DR X i D —> L W2 5,



2018 EEH T REES

HHrEZHELLTUTD2o0 7075 ANEKINT-.
SAHE T RINTAX W4
FT—<hr—27 [FEHTHIZTIrE — RIZEE IR DD

SOBRYE : FE—BR (bSOhbYH T 0 - RELAFOBRETLI2NRE)

EEEORE  WEE KX (umEY 7%y U —27 1K)

NOR) EbFDNDT A XOY 7 LD F.LHIT & - TR INZ B W T, it Btk O
BEFVICEOVARy hU—I#E - P raigef< 28, £ TEINTAXES 7] 1
DOWTIFHHATAS ZEITARFR Yy bU =728 o TEFRIE. EFTEVW-SFERE & BF
FHOTT 2 \EHT D

Ayl—¥
(T bAq LITEE D EINT A X~RENDSL ZAH I RS DL DR~ 25, X
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