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Changes in spawning habitat and evaluation of population viability of wild

chum salmon in the Toyohira River, Hokkaido.
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AN OTEENE, RSB LR, RN, AR SRR S, £Y
SRR 2 BRI 72 E THLEH T D (Cardinale et al. 2012), FE#H AW %
FRMESRAIEE 15 MR E<H (COPLS) TIL., AWZARMEZR < L CTHRkE rRE7R
B IL e & LT, 2030 FFFE CloHiEk E ok, M - h Rk, AEKIEO
30% xRS DLW O RENRINT, TE WHBIZBWTH e b AL
W OLFENEH STV 5D (Gehrt et al. 2009, Jokimaki et al. 2011; Thatcher et
al. 2020; Wookey 2022), =D 7=H(ZiX, #HNEDEHEMEICE 2 DB L
HHOAEMSHEEDNANBICE 22220 W 28T 5046808 H 5 (Zari
2018),

KYLEY 7B (Oncorhynchus spp.) 1&. METOREIITIIAN AN R EEL
ZAFIZ K WA, FEIR D HER RIS T 5 CORITIMIBRE N EFIC K& ¥
BrbG. 2570, WAKRK~OBEIFHNTIZ AR R EELZIT0T W, B i o
JNNZ BT 2 KPR 7 B O R & HA DR TiX, fRc ARS8 oREE
Z 5, Blzix, kEY 7T Ra, RKEVT v, BFENR T =R —
7ol RWEEY M ET 25 N0 D02 WA TiE, I~ D 75 Y)E O

V. PEINFTOLTENEHNZ EARE S TWD (Feist et al. 2011; Scholz
et al. 2011; Spromberg et al. 2016 ),

HAR DY 7 Oncorhynchus keta 1, 20 TA2H 110 B 08 B3 KIE I HE N L
Too MERBEOMER, MMEEEOK T, MIKER EOEELEZOLND H D
D, EARITIIAN LU EEOR L EE X LN TS (Morita et al. 2006),

LorL, o8, SMEBIREENEVWSHRESLBH EROBLEERIICELDLAD



WENERMINS L9120 (JRH 2004; Myers et al. 2006; 7&K 2009), &5
(2. Rk 24 FITRE SN A ARMEE RS 2012-2020 TiX, S - £7
MM HELZHMET D9 2T, BAERAL OGN EZHBE T2 Z &0
AN T, BRBFBAEEZFH LY 7FERKRE~DOE D M D0 5w S
WD TS (85AK2008; # HIE2>2013a; Morita 2014; Sahashi & Morita 2022) ,
EHEEOFINZB T HREINT 20 7 OFEE, fFEFEHIATBY, 20
Gy A SCOAE R EL D 1F D> BRSOV FE S 5D D B AR (B SREEIN R D
) OEEPHALNTWD (FRHIED 2013b; Miyakoshi et al. 2012; = EIZ
222011 BHENEA 2012, S £ - WAKEKERRY 2012),

P rREETH L=V~ A THAR L HRAOBRFUTE T 2 55 E O#E

DR E3LH 7Y (Araki et al. 2008) ., frfc AlREZe U 7 EARREMERF O 72 O 12 B R

I

PEONE K DB A r OBEEMENER SN D K 5127272 (A& H 2020), dbifFiE
O KE DM B, BOEEM R & oW I FE, RN SMEEED
D OB DOERIR EDMFE L ER Y . RFEHA THREIINT L2 B8 A
D E Itz ($5K 1999; HIEIEA 2011), 190 5 AHH TH 5 ALIEH AN
ZWALDEFINTIE, k0@ EL T, ZoMEES —EiIRKR
ELLWA L, Lo, BOV T EZMRRZ D &V RERTREEBNEZ Y,
FREEMICHRBEASRO SN TW o RIS 7y ORitZ /L. &
F ol ElEBROY B3l L35 X512k o (AEIED2019),
INETOMIT, BN TIHBEMICED T AHEAS, BAREIICX
HWEMDEFLTVDZ Lo TV, BURBMAICEIT DA A DE

ARBREINGAEENTZROMROEMBIIH LN TIEeroTz, Flo, —



A i3 RN Ko TRESNEREE DAL T 2 Z L B HE STV DD,
RN 3 0 2 8 BRI & % BESR G Bt o T B R R0 00 0 A A7 =R ITR B T

bolz, &HIZ, ARHEIIOMIE OREEZLALD Y7 O B IREINCE 2 5 %8I

ONTIED > TR, £IZ T, AU TIE, B VINTB T 285 AEY 7 EE
FEDO R T REME Z TR~ #HINC B T 2V 7 OREx R & T DOMEIZ SN T

RETHIELEHME Lz, 5 2 BCIL, &) OWIHE O EE L7 O
FREEOHEBZ R Lz, # 3 BT, BVINCB T 2 BAEM L Ui DORS %
WA B EREEORMEEL B R LT, & 4 ETIX, S F)IoHIE & 7 OREIR

N OAEGFREW ERFIC L DE N E EBICH LT LZ, B 5 T,
I HTE D FRAEZEAL NV OFEINREIICE 2 5 BICHO>OWTHMl L=, £ L T,
F o6 mOMAT I TIL, BEINCB T 2B AT EEEEOFR rTREMEE B8 L
TR AT TE RN BT 2% 7 OREXRE ZOBREICHOVWTRS 2 £ &
Wi,

BB, AMEONEEZEFmmLE LTRELLEERHE (AKMEEANRAR
KPES:4 . Springer Nature, JEHA/ERE T2E) OO 25T, XESLKEK

AL TWD,



# 2w SR oM L Y OFLek

1. I HE o 258
1) ok o B R R M o Hi

AR gL, ALEE A ) O S T, AP O EEHICALE L, FLi i
ZmAbicitn 2 8 ) TH D (Fig. 2-1), FIRBUTITA 8 knlZ K SEUIRHL (&
ERRH) AR S AL, 1920 F Z ADOHF KD 51X, BIEE ) OB SIS T
T, HEOMMA L < Ko, EMERMRIEEAIEEL, JIEA 700 m b &
Sl Z Enbd (REH 2017),

Flo. BT T KEZR E T2 R_RMABN, ZEO/NNT)IZTER L T
2o ZORMIIT, TAXFETHEKRDNW T TEIMELIIHETANELL AL &
ZADEWNRH LA LEMETND (HHE 1984), A LB OMEIT 10m B |
OEEE T, MBIEEMENZ &b, R S IRAAE T 2 88 2~ kR
BAKOEJR Th o7z FZXBINDHMN, 1960 FEIZIFMN B AN Z o (E

[ 2017).
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Fig. 2-1 Location map of the study site. Dark blue indicates current river
channel, light blue indicates old stream channels and white circles indicate the
distribution of recent salmon spawning redds. e indicates the location where
stationary fishing gear was excavated, m represents the site of salmon hatching

and release projects, and the discharge on Fig. 2-2 is recorded at the Kariki
point indicated by a star symbol.



2) )&% D HiE

BUEDENT, &R 72.5 km, WBEFE L 902.4 km?* T, AFFJ)II& D
AWRIEYa— b Iy MZEODW AN 17.5 km OALEE 72D KK LD
TIRICBE) L7, ALIR AT oW IR AEIE 1/150-1/300 T, A H 190 5 A
LERFERE T AZRALT)INE L TIEAAR TH S, 19 A% 4 LLRE,
PR T 2 UK 23 2 72 D IR R SME S e (THEIE 2012),
JIE L, A9 100 D[ T 130-280 m (2D H L7z (A H 2002), )l (&
% O IR L, MR RIS F v, LI S KB i S v, BPEK
BRV A7) r7u—RELTHHIATWS, £, FitkoEKEIC
(I AR BEHE N TE R S, IR T v R b D, S0 &L,
2003 -0 5 2020 FTHT TR E BT R o 72 (Fig. 2-2),

ZORXBOWKIL, W LRICHRT D2MENRE S Som HEREL TB
D, JR SEBD BTN DR 6 m L Tik, HFAKOEHHHER

SNTWD (P IEA 2011),
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Fig. 2-2 The daily discharge data recorded at Kariki point on the Toyohira
River in Japan (refer to Fig. 2-1) during the investigation period of this study,
which included the buried-egg experiment in 2003, the out-migrating fry
trap from 2015 to 2019, and the spawning redd distribution with respect to
geomorphic units in 2020, are presented for each brood year. The river
discharge data were obtained from the Water Information System of the
Ministry of Land, Infrastructure, Transport, and Tourism

(http://wwwl.river.go.jp).



2. Y OFLEk
1) &RV oM EEtk & HhE g

FRFNGEIER X, B, Tl iRk, SRR 2 3222 D o
PEINIECH . B e EIE 9 A-10 H oRTHIRE. Fr)ix 12 A-
| HERH L T 2% MBER L0 o7 (W) 2005), ESEJIFRERTIE, A A
MOV /NI O—2>TH LY 7 o a b =IO O E % BB
no, VI BREEOERY S AT S0 EBBAENEH L THD
(Fig. 2-1: dbff i K HL e SUL A A == 1986; 2013; FLIR T # B L B &
2001), BHARME OB S AR O Tik, HSIHEIC X 2597 O %
AT TEY | SR TIEY 7 0GR EZ RET D720 O RN
BTV, 1878 N 1879 21k, ALZFMALEY 7o N Tt
AREBR NN X7z, o, 18824 D 1887 AT T Tix, B TOY
FOMEEEIL L, EINGARET LRI L THRES LTV (dbiEE
S - FT ST EEEF RS AZB S 1988),

RN 4 4F B O b 3l CevE 7 1930-1931) (12i&, 8571k
BIVRB O RN I N TV D, 1937 FE0 5 1953 20T T, B
TH 7 OSMEREENTDbR (Fig. 2-1). & K 3000 BLL LW 7 34
B, K50 TROMEED RS vz (Fig. 2-3), L2xL., HUFAKDR
WY SMEMAADBHER TE Lo 2 & (B 2022), Fiz, FLIET O
A DN FARE O S b3, KEEBSEAL S (B H 1978),
B REEIITIEE o7, 20K, 2040 L, EXAT 7 O EiiaEs

< BOERE I S KE OEALCI) I TAEM O RERICE > T, V7



MEEAEBELRLS o tEZBEN TS,

2) 1979 4 LAKE o i i e & 3 B3k

1970 AFARITA D | FLIRTHN TIX FAGE 2 2 S, BEIoKE I
KELE (BH 1978), KEPZIEINTLZ 22T, BOEFIIICY S
EORZIEVITHRICED I ANy 7 —F U EEBHREZ Y, 1979
AT T HER O REHBIER B L. AEA Y 7 O L2 EE - 72 & — ki
WZIFBfE ST b (Fig. 2-3), 72870 60X, BRI, Bk
PEWTZD, — B ENRx 5 & REOEGEZ T CIXEELRVWES
ZAHNTWDHNBTE, Lo, 1981 FITHK 30 .50 IR S vz
PIZiE, 1979 F I SN 3FER LV FERLrmntrrinagEhitn
(FRH 2015), ZDZ &%, BFNRLEFNKFR DS THI A & B IRREA
MEFF S TWed, AFRIIIKZPLDRAMTHoTZAREED H V| B
JWKF DB iR SERITHEBL L7202 & 9 ME, 1960 4FR7 5 1970 FARIZ A
FTHEMMTONL TR o Tolod, bbby,

1979 4E72 6 1982 4F £ TO MMk, Tkl CTHiE L 72 Blfan &8I0
L72b DT, 1983 005 1985 - F TIHIZITE ) THiE S L 7= Bl a0 H
Whivle (Fig. 2-3), LU, BF)INSIIRERER 25 72 < . FHHEIRY 72 8l M
DFERDFE LN Ens, TRIEOB ALV LI, 1999 F LI ITIZ
T 100% T EO Y 7Bl 2 O TERINL, EF)INIHE L T\ b,

1984 R IZALIR ) S TR (BLF. SRR EE) 23BRE L.

1985 FEITIT BAREII N HER S vz UNEIIIED 1990), ST R F4E T



(X, 1990 FELARE . PEDRIR ONALE G #H & 85802 M il & 2 s A 2 fikfe L T
D, PEYNIRFAA TlE. PEURGLPH Z A L. PEINROAE 2 5Lek L T\,
1990 725 2010 4F £ Tld, HHUIKICEINRZ LA L Titgk L. 2011 4
DIBEIX, B A A ERIAL & 2 7 & (Garmin GPS MAP62S)) % HW /-,
BN BT 2 FEO 7 OEINFIT, AF)IGHRAENS 10 25 21

km EFiORXH TH D25 (Fig. 2-1), 1990 725 1993 % TIL T DAY
4.1 km X T, 1994 FELLRE T HOE ORREIZ L D IR & 12 BIIZEED, 1999

LT 11 km KENCIER o 72 (A 2000),
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3 BALORE & EEREREICOWT

1. ZLwic

T BNy 7 —F SEEBNME 572 1978 FITE, EE)INIEY 7 OPEINER
Biid/e <. BAREININETIZR WD E W IBERNE o3, Blaoi En
MR SN D L IITR o7 1981 FLAREIL. BI4FE 500-1,000 FK (K 3,221 K) @
YT EINRPHER SN D X oo (MAIED 1994; [ARIZA 1996; [AIT
2> 1998; A 2000), BAEDEF)ITIEX, ANLSE L7V oA & B
PEIMIZH R LB AMAEMEL T, R LEBHAFICOmMERZEND
N, TNOEARPOHENT 2 ZENRETHoT-, 207, iR & A
ROBEIHRMEDOBENL, BREINCH R T 2B ARAOMAMOEFER BmIK
WEEFH LS TV RY, o, BF)NERUCAFINAKZOIHTHD T
R CTIERBB BT AT TRB Y . TN B RT 2 A2 87N FFE
TLORRERD D, DX, BEINIIE, BN THREINCL > TEE
MBS B0 6 Bl S Lo i i, 3B KOV o)1 20 & Bl S av7e kA
ANREEL TS EEZ NS (Fig. 3-1),

AREHFR T, ATSME L iAo 2@ Sas s ticky, &
KN ET DY 7056, BAMEBRAOREE LOZ0HE, S HICE
B D RHIBESEG O ORAROEIGEZH LN T D& L BT, BAEMADOYH
AR E B DT D BREIVBAL D O RO IR OB L 7o o T2 BIA % (H KRR
=& LTHRME L, BREINCE S S BEIRREO R TR 2 B4 Lz, JidH

(T B o Tl RAR 2 S BRARAE KRG £ TOA 10.8 km & EEINJIIT

12



WD 1 BB EENNAWAEE TOL 3.6 km OFPHIZHB W T, BE)I %
Sc.UULl 75 Sc.11l £ To 18 XK. EEINJIIZ Sc.MN & 7 55t 19 X I X5

L CHENT L 7= (Fig. 3-2),
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The Chitose River brood stock Spawning adults (SSB)
[ommmmmmmmmmmmmmmmme !
Fry i Straying i
i Ity ] i adult '
i I i i
= i | i
i ! i |
i Hatchery fry i Marine survival E 3| Hatchery i
i (NfH) i (Sm,H) i adult (Na,H) i
! = i =
i i ! i
i Wild fry : Marine survival ! > Wild adult E
L 7 o T v |
i ! i . !
! = : =
I i ' i
I | S —- e e ———

Egg to fry survival "
(Stw)

Fig. 3-1 Schematic of the chum salmon Oncorhynchus keta life cycle in the
Toyohira River after 1981. The hatchery-reared fry stocked into the system were
derived primarily from the Chitose River. Adult salmon were allowed to spawn
naturally in the Toyohira River. The number of spawning adults (SSB) includes
hatchery, naturally-spawned wild and stray origins. Population growth rate (RO)

is explained by the double line from SSB to wild fry and then to wild adults.
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Fig. 3-2 Map of the Toyohira River which runs through Sapporo, the prefectural
capital of Hokkaido, Japan. There is a national hatchery on the Chitose River
where hatchery broodstock were collected at Ch 1. We divided our study site
into 19 sections, extending from Makomanai-ohashi (a) to Kanjyokita-ohashi (b)
along the Toyohira River, and from Makomanai River No. 1 Bridge (c) to the
confluence of Toyohira River (designated as Sc. MN, Sc. UU1-Sc. 11). The gray
boxes (No. 1 to No. 8) represent groundsills that were constructed to protect the
riverbed from degrading. Fish passage facilities were installed at these
groundsills for salmon to pass. "SW" represents the locations where spring
water is visible from the embankment.
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2. WHAEITIE
1) BRI

SRR e U 7o o #Ef, A7)k R Tkl (Fig. 3-2 @ Chl) T
2003-2006 FIZHME Lo Bl s S TRV £ TIE s LT AN TERIN - KL,
SRR TSR ICHA R B L 72 138,000-202,700 & (ARt 686,300 &) T
b, ZNHETOMEMIGHEYIRES AT, HINEFED 3 H LA-5 H LA
R LTee YR BEEONREIL. UIRERHIZTEAEHAEET, AFRIZIKE
WAL\ LD (Petersson et al. 2014) . AMBEEGREAL & L TH L 25
Ao Tnd, BEEERIE, BRAOY A 238 BEIciT- 7=, KRS AT
1T, AR ZME W 3 EAICIEIEAKD LA 2 W EF KB AT (Sc.6) & L.

KA m <725 4 AR ALIEIL, SERKICEVWEEIRNIIT (Se.MN) & L7z,

2) [V BLAR O Bk & AR L Ak 0 HE 4

5] Ji B F D AR % D FEFRIX . 2003-2006 FALRAEEN 3 Ff-6 M THEIFT D
2006-2012 “FOFEFIHIC, BN E LB A K 2 72 Tz, )ITN T
L£LUTEMLZ, REMBIZEFED 9 ATANLEFE 1 AhAETE L, HE
P, AP N T2 L 2EE LT, EINGHEZO T 700 m O
P & L7z (Fig. 3-2 @ Sc.MN-Sc.11), BEADORHIZ O\ T, IEIHEYIFRER D
A M, RXREZHFS L2V THERAE LT,

SN EE CAFFNNKFR O TdH D T TiE, BHEK 3,000 7RO 7
MR BIKREh TS GEENEAN B AR ST - F3HEFEHS 2012), 7

TE WENEIEE 2 A3 2250 BINELAA O~ DA BPE % FET D LI

16



fENTWVWAZ &5 (Hendry et al. 2004) . E3)11d 100 500 o7 23k
Wi e Blm T 5 TRk N H k3 2R AT, BNV TEY T X R
(M SRR S D, 2008-2012 FICHRE L CBURB LI HO W TIE, T/l
kOB AICH S TW D HEAREERZF AL, B2 HFT 50 EKO FA
DI EATV, TR OMRATH D0 E 2 B 24T - 72, HAAEEEHO

RERR I IR K BERR A TR 6 o & — A K BERFJE 7T 84T > 720

3) [Elm Bl D HEE

2003-2012 £ 9 A TR B FE4FE 1 A EAJIZ, Sc.UUI-Sc.11 B LT Sc.MN
D19 X ZEHMICHE L, A XY T RB L2 EINR 2R Lz, A A1
BN — D DFEINKETERT D & & Z ., t FOFEININ MR S = FEIRRER(Re) %
FEOR L7 A A0 A%, M 11 SRE L., ¢ FEIVH ok Bl B sk
(SSBr) #3\ (3.1) Tk VH#HEEL T,

SSBt = 2Rt (3.1)

B R FOEIVNICHER SN EINREOHMAREFHETH 22, A

s

MRS EEINR YR ATEE 72 HIM & [F—ThH D700, S ITHEOB EEHEE I
S 4% Area-Under-the-Curve(AUC)E (Hilborn et al. 1999) & [Fl— O H & 73

BFoins,

4) A i B R 1 oD [ i 8 S o0 HE E
FEEUIRRIC X 2 e T 8 P oM & L, B aiREERIC L S Ea %z
T 6 0 A E U, IBEEDIR KO A IREEBSR SR S R0 o B

AT HREINEROE AR EE LTz, 22T, ¢t FOEINHITERE L 2H

17



LT i FROB)NomT A (REDEBRE#RL) OFEE pyi. TEINNDLO
AL (BAREE#ME) OFGZ psi BAEM EERL OFS pr. &7

5o Bt FOPFEIIHIZHOWT, FEsh BRI OE A1FX (3.2) O X5 7R

RIZH D,
6 6 6
sz,i,t+Z pW,i,t+Z Psir =1 (3.2)
i3 i3 i3

RIS R T 2 ER B AR, (3 O 3FEM, (4 D 4T 5D SR
B 6 FD 6 FRDOEIFRENOLRD N D, DEV | ¢ FR OB H O [EFH

BB Naw 1350 (3.3)

Na,H,t =S83B,,3 x Phsmst SSB,,, x Prapa T SSB, 5 x Phsis T SSB, ¢ x Ph 6146

6 3.3
:ZSSBm X Py it 3-3)
i3
t ok DB A O B AT (3.4).
Naw = SSBis X Py aris +SSB g X Py apes T SSBis X Py 505 + SSBrs X Py 6116
(3.4)

6
:ZSSBm X P it
i3
EEM LT,
5) B AEMEA O WIHIEFROHEE
Nrni % t SRR DR HESA L, Now % t FFEAk D A SRPEINH Sk O Bp A HE Mgk & 9

D & B HER O BUFE R (S ) o B IREEINC £ < B A MER O )1 3] 7

K (Smw) 133 (3.5) & (3.6) DEIHICFEEND,

Smi:= Nau:i/! Npm (3.5)
Smwt= Naw:i! Nrw: (3.6)

18



B, WIENEE (Se) X, BIEBET 22X AI V7 ETE MM (KE 0.2-
1.0 g) DSMEEAEH 2 TRIINCER T 2B T, ECTORBACEZEZ DI
WA, BEXOEENTINCEIFET D RINEREZR CLHEELEKRT D,

I T. BuifiHEs L B AEHE A TIINER RN FE LY (Swae = Smowi) & ARUE
TR, EEIPES 7 ORI A 2,881 K& LT (NEILNED 1990), ¢ 4
D BRTFAEEICESSINOHME TOEFE (Spw) ZkOX (3.7) X

INCHEET D2 ENTE D,

Stwie=Naw:! (SSBi/ 2 x 2881 X Sy 1.1) (3.7)

6) B Bl £ 0> B HH Rr 1 D Lk

Fiif & B AR OB A T D 70 . ERREE D I EY R,
PR X . BRI 2 R 7o, PR RAFERIT, 2006-2012 4F 0 Al )8l i 4
TERAL L7z 2003-2006 MR HED 3 FR-7 FRENRLE LIz, BXRIZHOWT
(X, FEE RN 20 EARLL EORIEM@ASE ST 3 FAa-5 FRExtg s L THEl
BPEHE 2R 7, BRI CANREShEFEA L L, EHTHD 4
OB 42 A AL TR Lz, SaEtatrid. BA)INEs (2013) 2%
OB - A R &S A AR TR LRI W e A e T
)V (General Linear Model: GLM) % i\ T, Aifiifa & 85 28 £ oD S35 il B AR i

FERIR X, SRR S B B I AR E B 1T o 12

3. MR
1) UGB O H K &Rk
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2006-2012 12 77 B-292 & (AFEF 1,309 B) OBMAEZREL . FEilcHh
kexEFHR T, FAEXGE 72 o 72 2003-2006 FEREREEICE N T D AT 173 R,
BT 408 B, TRl b o AL 2 R ThHo7 (Table 3-1), &TOLFE
BV THARORIGRES . MEIZRDIZEZTDOHRITIREN-T-, HA
T AR A & e L 72 2008 205 2012 AR E TOM T, Tkl 2 b fiie S 47z 3k
A LRI NTDIE, 33T 2R (0.6%) THH ., WIhb 2008 F(2# L
LA ATH- T,

2006-2012 F1%, FHAEFEIC 302-815 EpT ((FH) 591 Fa/4) D EEINIK D
S AL, BB AL 600-1,640 B (CFH 1,187 JB/4F) L HEE SH7c (Table
1) o AERRACHE A SN U 72 AR O ORI o U B A A B LR RO
fIL 180-450 JB. BFAEMIT 262-1,408 B L HEE S, BAEMAOEAIX 59.2-
75.8% Tod > 7= (Table 3-2), 7ed5. 2006—2007 41 B A Il & ik 2 78 L T W
RNTe, BAEMCHEEINTEERERICETORAENZTEND ATREMEIETH D

L RARITZIEF I/ NS W OEA TE 24 & LT,

2) HFAER ORI AR & E SR 0 =R
B OWNENYF . (Spr) (X 0.09-0.33% T, A £ O I [B])F 3 Ft
FRISTHDEWRET D E, BREINCE DN OHAE TOEFFRIT 7.5-
22.2%. W 12.6% & H#HEE Sz (Table 3-2),
FARFRAE PRI AL S S EAREEEINER (Ro) 1. 0.16-1.04 EHEH S 4L, 1 & kM
ST DIXBREINB I (SSB) b o & D757 2003 D B Th -

7= (Table 3-2),
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3) [ Bl o> B HE R M O br

R I AR KD E VSN X T, i s AR THEENR

D BV, kO RRFE L. BORRIE 3.9-4.2 . BAERIT 4.2-
45FMTHY, BAELOT N EE CTEYR L Tz (FFEfk: Fieo= 173, P
<0.001, AR EF AR Fi600=18.0, P <0.001, Fig. 3-3),
BAaORYXEIX, FRCER, RN X 2E Y (EOFTARKEW) 1T58D
BTein, SO R X RIE, BiiAIE 64.2-66.9 cm, FFAEfIT 64.0
—68.6 cm Th v, WAEMLEBHATHREETRB SN R0 o7 (i
Fas562=44.3,P<0.001, £ F3560=3.12, P=0.026, YERI]: F1 562 =29.0, P
<0.001, B A f: Fise2=0.24, P = 0.625),

4 FRAOETEREM 2 i3 2 & RO (BEDO A FEY) DiENZ
Mz T, WERAEBIKATHEENRRD biLe (FFEfk: Fiza0 = 16.1, P <
0.001, PERI: F1340=4.92, P=0.027, I £ F1340=15.1, P<0.001 ).
IR NI AR OGP A LD b RNEPIIZH Y BFAERITK 60%0
fER2Y 10 H ETICBEIHA K Z DOICK L, B fAIEEE 1 Bi2og TiE
IRV =5 L 7= (Fig. 3-3),

PEORR TR FEN CHEP L CHOMAT 2BIANRD Hav, 9-11 A O aif i
(T EWREOEING SR 20kt Lo 12-1 H O % HIEEE T ES o pE N
G EHEICRIH L (Fig. 3-4), FIREOEINGAEICIE, #E»HIH
THABANBE I, KED TR S 12-1 HIZIXEINRDEF 04 LT

B, BV TITRIABEOEINGIIE S LT,
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Fig. 3-3 Spawning season timing distribution for wild and hatchery chum

salmon Oncorhynchus keta (data combined) in the Toyohira River for

2003-2006 brood years.
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Fig. 3-4 Longitudinal distribution of chum salmon Oncorhynchus keta redds

in each survey section and month in the Toyohira River between 2003 and

2012.
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4.

e
3

1) B A8 AHE D Rk

BN ENG T 2% 780 5 bR AR O ERIT 59.2-75.8% L HEE I
N, WTFNOFERICEB N THRIEA LY Eho o, KR SMe i F 3
MBATONTWD T b DR ARY 0.6% & FEFITH R EF)INTH
EFT 22 roRESIE, BN THEREINC L > TEENEHAERTHD
EEZ BT, 200443 H —5 HICESEICHEME L ZBEEHAD N7 v 7
AN VT, BARPEINH R OB OHEM N 75.2% (n=230) ZH DT
BO O(EARMESE. KENT - BHEEE. RER). HAEORKATHEL D
BAMNERIN TS, EHIC, TOEIEEFE UFERRE OB AIC S
DLW ERMOEIE L —F LT (2003 FEEEOBRRBAIC GO 2 B EAE
B = 75.8%), I TIL, BWEINCB T D0 BAFKRORME L DT
FErTREMEZ BT 5,

1981 E HAETE L7280 7 o BAREINX, 2009 £ T 7 A4
A AR & B AR O IR, RV SO B R AR 3R B LT,
Y OBEREINCHLEREBFICIT N ETEKRKOFEENEM SN TEY
(28 1959; /AR 1968) . JE/KDEE 72 TiJINT B W TIX 12 H LI O
FRICED DB AEBOBRIG A Em Y (FREIE2 2013), &2 A0, BF)IT
X, BAEAOEEN 10 HickbEm oz, Ziud, LAHE O KRN T
JINZ R TIR L 2 2 BN B W TiE (Fig. 3-5a) . % WIEE O FE A=
E-BEOXA I TRENDTO . RIHBEORADO TN AEZIRY LTV

AREMENE Z BILDH, W BN D URTOEFHIE (1929-1930 4£) @
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RRERIIE, B oY 7 EREIIT 10 AR AR ETERENTE
Vo (ABVEE)T 1930-1931) ., ek SO Y 7 EEREE X, Tkl o EER
BEL TR BIHIEINHER R L ThH-oTz, £z, BFIICHM E L 4 4
ROV TOIRY A XF, TlodrrkobREnWZ EbwmEINTND

(M4 2001), AT 5Lz ki LCiTo &, HAMOMNEER AT
R TICHST 5 X510, A X/ LT 5 et fEfm s T Y
(Heath et al. 2003) . HAD AN TSALHGRIT)INI BV T & IIY A XD
FIZ /NS A AR D BTV % (Hasegawa et al. 2021), 312

CEEN OB #EIG Lo B AERERRENES L TR, Tl TR
nRAHAMEERSOEEZX BN D,

ALY rEoHRFAELT, ko bt SN T-X=Y /7
Oncorhynchus nerka R RO =2 —V—F V RICBIE ST~ A ) A7
Oncorhynchus tshawytscha TlX, #7772 BREEITxE L CEUIAR Tt b &
BT e BN ER 5 TUWD (Hendry et al. 2000; Kinnison et al.
2011), ZOXDICRBIESNIZY TREBHEE TH-> TH, FEFEENEZ 5
DI, T RBEREICESET RN DD, BE, BF)INTH
TLHYVrOEFILTHIEROBIEME THDL EEXLNDL N, BRIk
WTh, BT Ak L CEmT 2 Z &1k, BAROFICREE ~DHE
& Bl S H D AR B D,

— IS, IR OIS LB AR LD b HHEMICH D1 (Araki et al.
2008; Araki & Schmid 2010) . BA M OWJIEYFENEFHALE LD m 25

FHPIIHAROYFIZBWTHIMEINTWSD (FEAH 2011), FRoEE)
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DR RO K D12, M) K O HEf 2 B AGR T 2 35 A 1%, it fa o i
JREPMRWEEICH Y . BEAFAROBISEEZK TS5 2 E0NBS

LTW2% (Araki et al. 2008; Araki & Schmid 2010), & 52, B ¥
ARICEZDHELE LT, BEMZHEEORER, WROMKLE., NLEET
(oS U7 ME) < TRk olREFERENERchTnD (i
H 2004; Stevens 1998; Levin et al. 2001), TN H D Z & & HE 2, &P

BT LY rHAEERREZREL TOSRBERD D,
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Fig. 3-5 Water temperature (°C), COD (mg/L), and turbidity (mg/L kaolin)
in the Toyohira River (black line) and the Chitose River (gray line) between
January and May, 2004. Data were obtained from the Water Information
System released by the Ministry of Land, Infrastructure and Transport, Japan.
Water quality was surveyed at Sc.Ul in the Toyohira River and at Ch 1 in
the Chitose River in Fig. 3-2.
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2) B A R EE O 17 AT AR

ESE) O B oW ENF 21X 0.18% (0.09-0.33%) T, Tkl 5k
It S AT A — AR ORI ENRE 223 0.17% (0.11-0.25%) ThH72H (A
AKAE RFEER) . W) 6B L7 MR O EAFERILIFRRETH D
EBEZbND, —FH, BFIINCTBIT 2HAMDOII» b HEM E TOEFRIT
FE12.6% EHEE S, TR THEINTND 20% L 0 HIRWETH -
7o (GREIEH 2013), AETIT. i & B A HeEf Tl R 3 5 L
WERE L, BAROHMAGTEREME Lz, LaL, —RIIEFAAD
FRBRA LD bAEFRIEVWEERINTEBY (FEHH 2011; Jonsson
et al. 2003; Beamish et al. 2012; Melnychuk et al. 2014) ., Z DHAITIL,
BN OBAROHAGFRTIISITEWAIEELH D, BF)INIZ# EL
et e Tl B U728l N LERIIFLICREIIAE L35 F To4k
FHROLBETIE, MHFICKERETRO LT, BRI THKREIL TV
HBASINNEIITS - TV D ATREMIEIR Y (B IR IPRE D A 17 35K
1992-1996 Fik : 83.5-91.6%. F-%) 88.8%. T k) ELINEE DA 175 1992~
1996 ifk : 63.6-92.8%. F¥J 80.8%. S FRFFHERFERER), ZNET
OFA T, BFNICBBT 27 OpEINEEIL, KE, i, EEOERIIC
BT, dbyEE O Mo B IREII)I TIT b Io ARG R & R IRk 72T
BY, EIRWRNOBDEOHELED., Y OEFICH LILRE TCh- -
(B8 - 83K 2009), 7=, BEJI0HAKRE FICHIT HRIRM»SF L
FETOEFFRITHN 13%E B Tho7z (FHH - 85K 2009), LarL., HfM

MBIIINTRET S 3 A2 5 HDO COD 3, W7 BAEOERET HREE
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FEHL L TCEREADNED TS 3mg/L #8252 E0NHEBEICALTTEY
(Fig. 3-5b; COD > 3mg/L OBLAIBHE . S8 11.5%. Tkl 0.4%) . ¥
EHESEN OGN T LY Hixd 2@ (Fig. 3-5¢) Z&nn, B
MOKEEEIZHETHLRHETH D LTS 220, Trt)ITmANET
KE - KERICZEL TWD 5T, Wdizimi 2 8 FNNE, difEn» o
OHES W) HERE S dv, FRFT & RIC B IS 2 & 05 Y S vz gk
MINZHEAATe, AKXV 7FRAEOHFROETFICEEL HE 252 LR
MO TEY (Robertis et al. 2003; [T iEAH> 2007; Yamada & Nakamura
2009) ., BN T 2 E MK O KEEALD, BREINICE > THEE
THOHMOEFESCREDREZ BN SETCWDIAREEREZ NS, £,
B O Y HEFDSEREIATEN 217 O MR B BR BT LY 10cm/s BLF @ F
DIETILTH D & INDHB (ER/NNED 2011), #EENZ2IN TS B
MNTIEZED LS RBREIZZ RV, 2O O HIIIEA OMED, &F
NV FIZBT AN OHAE TOEGFEREZHBTLIEREEZEZLLNS,
B A S O EAREEHEINER (Ro) 13 0.32 (0.16-1.04) T, 2003 FfE LA
Ro <1 T o7z (Table 3-2), PEINBLFLELD 1,350 & & D727 > 72 2003 4F
D EAEEEIE N (Ro) 28 1.04 TholzDiTxt L, FEINBALD 1,640
2,400 B OFEMHKTIE, EAREEHEMNE (Ro) 1% 0.16-0.28 Sk o7, iz,
MEAAREHIN =R 23 @y 2003 R TlX, IR OHEME TOAEMFERD 22.2% &
HeE S, TRRIID20%E RSO EWEFRTH 7=, W EENZVEC
X, P OBEEBBEESEL LD, EIEMIC ) N ER L, BRI

AR S VT PESR IR 2 A AR 25 B8 V) SR 970 ST KD R R DM TN D Al HE
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MRDHD, DEV, MKAEZEANT D Z & TEFLNOBRENE L EOB
L. V7 OEINCHE LIZBREN IR ool AR IR
(Ro) 2 1 UATNICZR oo /BB B D, — 5. EREEHINE XIS T
HEAFE, T RLLENEIGRRICS AL SV, ZOWIIEYFE S FI2—E
TRV, A & 72572 2003-2006 FE4E D 4 AL, B O ki
O Bl B H I KON [E R 32 28 e LTI L Cniziddy, 4k o T %
JI AT IENR 38 b R ITAR D o T BRI T d o 72 (Tok A R o 1 [E] 7 3
2003-2006 Fifk: 0.11-0.25%, ¥ 0.17%, 2001, 2002, 2007, 2008 4F#k:
0.46-1.27%, ¥J 0.79%, KPEZ M IFEFTARFERE L) . B, IR R
WNEDNoTFEE (0.79%) ZAEE LA, &0 5 A4 £ oo {8 7R RE Y
= (Ro) 1T FEHT 1.4 LFHRE S, BREINZ T THEREES MR T&
LDHMEChH o1, DFEV ., SEFHAEZ FEM L 72 2003-2006 Fkix, MEEAE
IHHIP O R (RE 2 ETe) BEICENSTZT2OIC Ro<1 Liro7z
AR b & 5,

Fo, BEINERUS RO HEZ LD . F KR OEZE{LLIFE )T
X, I ~OAX R BEREA VDI H 203 0vb 53 BFEIFIER U R
(2 140-1,000 BLL o7 =L, BREIIAMHEE L TiThbh Tnbd
(B ED 1996), FHINOFM ATBIZB W TH Y 7 EBEEBIZITOATE
D, EEEOREEZ L LT, fLIRofitEH & it 201 < B KRE
JHZ X o TEAEEDHERF TETnWbHs 2 s, BRI THEAEY 7
AR FR TE D RBEITH D LB bND, 2L, B0 ALK

T HRERSIIAIHATHY, SEHONICTOILERH DTS D,
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54T IHIE &Y OREINEREL, IO AEFR L DBERIZONT

1. IZIC®IZ

KNS T B OEIRG AL, FINHE & BEER2BAR D 5 Z LR mbh
TW% (Montgomery et al. 1999; Hanrahan 2007; Mouw et al. 2014),
MK DR ~DIRF, WHESE %8> T 20 R, #H K2 3HE
D 7e & B REREEEIR N Y 7 O EINT 2501 & RN H D, Y
BREEDE I KCEPEY R O [ CREIR S pT R0 LRI S o & a8
AFEND (Geist et al. 2002), [F—JINZI1T D EEINREH DEWIZHES <
BIRE o (RFRIC K 20REE) 23, &< hbkb — KL S TE R
Bk (BEREIC X 2 FRAEE) SRRICEE TH L Z E RSB s Lo
272 > 7= (Hendry & Day 2005, Braga-Silva & Galetti 2015), PEINERBEED
SARMEIX, Bl FEIRRE I OB WA B2 b L, R E LT EER e ER
EROMAHENER SND, T7ATOa—a]iltar T 0T L—l
TiX, B LB Lo FBORRS 2 oD%y OIKEER WS Z &
NE<monTnWs, EM EoY BN A . IO Tk CrEINT
DM DV . B LoV IR A . — IS HE T K335
YiET CREIRT % (Olsen et al. 2008), 25 kR 72 B AH IRy ] A 3¢ O {8 (A E 23 A7
T5Z LT, HEEBEOREENT EL (K—F7 4 U AR5E), [1E 528
wE D A HEMEAE VY (Schindler et al. 2010),

YEoK 5E IR O S L T DR AL, IO HUJE L v & & Ak &

T Lo TH I OENRRICEEZ 52 TNLEEAND, YT Ok
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FRERBEICBET 2 2N ETOMIIL, T 7RI LT ¥ v W PEEREDOK
Ik o BRI TITHTHE Y (Leman 1993; Mouw et al. 2014) , #R i &6
O ZERtG e LeRITIEE A ER N, 61T, KRETH OWRIINIAERT
DY, FEINEKZDANCET T 22 &A%\ (Feist et al. 2011;
Scholz et al. 2011; Spromberg et al. 2016), W JIIEfEIC L » TEMRL S
TeA L, REATOMEMR IR S HE T D2 BRI L0 S ERERE & 2 572
D, SRR EREENERBROLEICHFGTHEVI R — 74+ U A%
EPELICS WATEMER S D, £/, ATHICERE 2 21 S8 -8 i
JINEX, 25 EOW LRI O 70— 710 L o> TlhiFE LWEEINRBED 2 T
TRWVWATEEHER DD, T DI ZH LNCT D 720I2id, BlaopEdp

RETCIT TR, ZTRETHHINTIZIZEEAEHLNIENT I o
IR DRI HHEME TOEFRICONWTHRHANT HLER D D,

2O XD A E, BHEI)INCEB T 2B AEY S OREFEERET H70H
WZHETHD , OWTIEIETEIZB T 28 A4EY & N ORI 2T %
OO L ERT 20 EEX LD, WO BARNRMT D ERER
P—b2E, BHIFEROLEDEEZZZ 5D THH D (Coutts &
Hahn 2015; Banerjee et al. 2021),

1980 EACLIRE, &) 2 & T B AR O OKE N KIFIZ®ES T
¥ (Morita et al. 2006) . ARFEMIETIL, WIKBEIZ L > THEBERRENRS
b LTIz 8 B L, FLR T 2 3 AL 2 8 )12 BT, 7 23 pEIR
DRI . FEIIR OBREEEN , IR FE L= %8 LR (Al - 2 41) &

OEBETHLMNZTHZEE2HME L, 2T, 3 DORLHINFEAE
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DT =& & e, FIRHIE &R R BK O 4L &2 F VTR B & 8

L. BT DREIRIR Z BT 2R HUE 23 3 EIRF IS KX - THEZR D05 L
Too HRERINFEBRIC K 2N DT RIL, EINRE & OBRN OB L, &
B2, b7y THAELVRE THMAREAHE L, 0D HME TOYMATTF
FrREM L, RKEHziih s8N OB, )& L0 il E g
REY | EHRERER, HOT, MREEAEZEL W Z AT
WFEEITWA Lie, ZRIEHIZ, £FBICAT LY bKEIEL 2D
(Swale et al. 1986), F7=. #rifk (HEMICLDMNOREORED, T
KOBRIFEH ., HTEOEHLR L) I2LD, #HTFARMIIRESKTL T
Do TDH, AL E LT RAKKOE WM FADRE (Mouw et al.
2014) ITHRAFET 2B MOV 7 ix, MAEII TRV EELZIT TWD A
REMEDN 8 D, AFEMIETIX, AN KL S Lo, WHRINZI T 2 BAY
TEEFEDFRDOTZDICHBE L RDIBEREZZREL, AHBOKREIROH Y

HaRmrd %,

35



141°37'E

gosei Rive,

Fig. 4-1 Map showing the current, straightened channel of the Toyohira
River (dark blue), Hokkaido, Japan, and the likely configuration of the
river’s meandering or braided channels circa 1900 (light blue) (sources:
Geospatial Information Authority of Japan [1918, 2021]; Sapporo City
History Editorial Board [1953]; and The Japan Map Center [1995]). Dashed
lines mark the study area of the geomorphic units; red squares denote
locations in the buried-egg experiment; open arrows show the locations of
fry out-migration traps; and open circles signify the spawning redds of chum
salmon in 2020. The thinner dark blue line labeled the Sosei River is an
artificially excavated waterway created in the 1870s. The discharge volumes
on Fig. 2-2 is recorded at the Kariki point indicated by a star symbol.
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Fig. 4-2 Schematic diagram of the Toyohira River riverbed and floodplain
geomorphology in the metropolitan area (Sapporo city), depicting hyporheic
and groundwater flows (modified from Geist & Dauble [1998]; Tonia [2005]).
The riverbed is demarcated into two distinct zones: the floodplain, which is
utilized for human activity, and the low-flow channel, where river water flows
between revetments during normal water levels. The channel was divided
into riffles (thin blue arrows) and pools (thick blue arrows); there is a
downwelling zone upstream of gravel bars (open arrows), with hyporheic
flows through the gravel bar (dashed blue lines), and an upwelling zone
downstream or to the side of gravel bars (gray arrows). Because the
groundwater level was higher than the lowest riverbed elevation,
groundwater would seep into the secondary channels (dashed red arrows). A
series of groundsills (parallel black lines) have been constructed across the

riverbed.
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2. WHAEITIE
1) PR HTE & PEINER O 43 A

R X A3 1%, SN B W TY 7 OFEINR O 80% 4 5040 3~ 5 A it
SO BT 11.45-14.95 km (BE& 5.4-27 m) O#PHCTHElE L7 (Fig. 4-1),
FESRIR DT —Z1X. 202049 H 29 H225 2021 4 1 A 6 H £ CHrEE R %
FENTIC N2 IO R AL, FEITE OWE & Rl OEHIC X > TES
S T b (Leopold et al. 1964; Montgomery & Buffington 1997;
Hanrahan 2007), Y7 OFEIVRE~RITTEREZZE L, ==y FDOHH
(i, R EBR K (Brunke & Gonser 1997; Tonia & Buffington 2011) 35
FOARFED BT 5 R DOIFAAE (Mouw et al. 2014) b E O, £

T, MZEEHEEBMMAEIC LY, DM, WE. B R, RN
VWD R B B K D125t W BEHE VR U O] PR R BRK 0 I N AE )
D T ODOHIBHEALT 3 LT (Fig. 4-2),

WHEHEL X, 7 OFEIIREI O KA L 0 s E <, R E A B
bt TWad, WX, —EOICHENE , KEZHBROEWEGTTH D,
Tlix, KIEAELS , KEBRWGFTTH Y . @EF . 2 DOWOMIALE T
Do WX, RS L, ERE & BB RTITICHL, TR T
BOERBICERT H/NBBR 5 TH D (Moir & Pasternack 2008;
Wohl et al 2016), 7 # 1T 5RO B AL E L, & PH o H R KA 23
FNARED b Em<, HTEAKOBEBHEZH Y | ZREEBIIARE D T KD
MWLM ZT TS (BEIE) 2014), RHEEHED b p A< 13w g R B kK

FE RS N AN TR HE B K OEH A E Z % (Brunke &
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Gonser 1997, Tonia & Buffington 2011, Zhou & Endreny 2013), K F-EEH
TIBBEINT A HIE IR AK E OFMRZRR TR HDHZ &b
(Geist & Dauble 1998, Greig et al. 2007, Mouw et al. 2014) . FPHEEHER U
ORI BRAK ORIk & | RO BEEHE TV O] R [ B K O 78 ik 2 X 4y L7z,
F7-. NLHESEWIZ, RIET L RET 5 # K L a2 RT,

QGIS Y7 h o =7 (WRXR—T 3 3.20.3) ZHWT., HIEHNL & FEIIE
DAL EZBERE DT, RO 41.4% 0Kl L D EWIbEHETE DN
TR, BB EINCFIHTE ool KIERD B ZfRITIZH W,

PEINIZ I C & 5 HE HLAL & FEERICEINICHIH S I B & o
FHIIRE S YO A EE L, Ry zu—=MEEzMzhA
TORMUE A2 FEM Lo, ZOMETIZ. (1) EIIRIE, WIRH#IEIZBEIR R <
FIHATRE R MITE HAALIC 7 VX HICTER S LD . (2) RiTHEE & 2% HIHE D3 PE O

CHRIH Lo AL IC I e e WS | IR IEGR A RAE L 7=, S B I
Hu P27 4w 7 BUGHT 2 T, EEINIR ST AR & 2072 #JE AL D A Rk
23, W EREHIC Ko TELT 200 E 50 E o LTz,

PEONRFAAE X, V7o EHETH 5 9 H THanb 1A LAORIZK 14
HBEICEm L, ok, 37 OEINKFAETIEZ, AL L. REEW,
CHEITU U NREDOBRENEL D ATREELRH S, Lo, BE)IITIE
AIREZR PR UEAICIAE L, A L EBE N EEIHEZITO 720, iR
Ti/ADRICMAOND EEABND, £/, BADOY 7L, 7T L= )ID
B oY 7okl LoV oo X 5 AEYTFERICIX Sy TE DL & IT R

D08, HARTIEHATIIFHFESCRBIE R S oM LRSS 2B R ST

39



¥ (Kitada 2014; Abe et al. 2019), ALK THHMRIZ O T bR < THHE
H AN ERFEIRNC 04T L TV D AFER S5 2 &2 D (Beacham 1984)
ABFFEICB TS, 11 H 15 BETICEINLE L ORIRE, T LI E
BRL7ebD0ZB B E LTRAT L, £/, 7 OEINKRHAE L IFITL T,

PEINTE DY DR Z IR L, BRX RO LU 5 Filin 2 &E L,

2) BREEIE & LR PY K Bk

IR DL E TE, BRSO EETORTRLE | EIVRORE
FR 2 ST B0, NN L7 I8 &2 FEIRR NI HE o 5 HLER B K B
AT o 7o, HERIPFEER 2 i L7251 Fig. 4-1 12" L@V ThHhDH, Z
ZTCHWETF—21Z, AE - &K (2009) THEERINTZLOT, W EF
ME2ZE L, ATHE S BRIt Lic, ZOERTIE, STRPMET
BOP L 7= K50 2 U7, RTEARE DO EBRICIL 2003 4F 10 A 8 HIZ A R 2
B, AAR2RBNO NLERELZINEZ v, ZREIEEOFEERITIT 2003 4 12 A
10 RICAZR4R, AA2RBRPO NI LI ZMM Lz, EINTFIR
HME T CEE L, 20k, BRI ORFEOEIIRA~HZR LT,
FEARIIIEL. 14612 200 K9 > Whitlock-Vibert AN v 7 A2 A, HEREIN
SNTIRN RO DR S IZH O 72, Whitlock-Vibert A8 v 7 XX, 77 &
Fy T AUy FRRBRATOLNTEBY , BAERLV, Ry 7 2D
MG, 2 Bt o, BBICRIRINZINET 2 &0 SMEBOFAIET
BACBET 2L 2o THEY, HRETHRET 2L, ABAR Y 7 2D

MR EH A Z E N TE S, HEREFET, ardIfEIX 2003 4 11 A 5 BIZ,
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BHIREIL 20044 1 H S B 5 7 BISH T CTHEM L7z, HERT 2 FEINKIL,
FNENORHICEINRNZ S B ENTZHHTNG 7 X LIS 7T
WIXI, ZPEINRIC 6 {8 Whitlock-Vibert AR v 7 2 &b 7=, AFFT 10
IRx6 Fix200 KLDIRZHER L7z, 3. 1 DOEINRICHZE LT 6 FD 9
b 3 FIESERCEIR L, IR Z L 2 72, 80 @ 3 FHix. HEMA A KT
RWEDIZHEKRERH Y EM 2R TE D (HEROAEFITHEL V) X
v R THEV, HEAOR EEHECHO TlhE, BINE, EALEE (B
HEfFM) OB EEx 7o, BIENPLE ELE TOWRIZIE, SMEETHEEN
5, FBIRNOELEE TOERRIZEBWT, RIIBED 1 DOFEIVR DS HAE L,
BERED 1 DOFEINER T Whitlock-Vibert AR v 7 ARFER Liz7=H, 1
LOTFT—=ZIIHELNRD 5T,

IR D SEETE, BRI GFE EETIRET LKL L,
Whitlock-Vibert R v 7 A& 5| & BT 5574 I 7%, R USFT CHIHIL
TWEKET =406, HAEIBELZRN L TRD -, BT & % EH T,
b E CL B EE TORFMMB R > TV, RIIEEIL, FIRINE L% 52
AAICHHEE TORTE S A, JNEEE 144 BRI LETORCHE
Bxto, —HT, BWIEEIE, FERIC 81-83 H#&., 158-160 HZIZE U %
¥xiz, ZOLHIC, BbliE T ol (B 282 >0 EiF TR
%D, FEIIROKIEDOEWIZ LY | S E B £ CIlo %2 72 FE RE
(W7t % T 400-600°C, 7% % T 700-1,000°C) ([ZE%E G 272720 L H
A2 HAD (Salo 1991), JELTFHRIE, FE A S LT FEIROHEAT Fa D B 2 B4R

DD (200 ki) TEI-7-HDOTHDN, EBPICHEI « WL D
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FAIICE S TRATERVNWEODRH TN H D700, FET T/
PR S T W REE DY B D

Whitlock-Vibert &8 > 7 2 ZHg L7z 10 T O PEIRR O EREEIA 1. /K
e, i, Fredle ¥4 (BAKMEZ R THEAE) . A& W1 WK W 5 m K IR

(1/1-1/20) ZHEfEE L THWZ, KE (cm) 1%, Y Lo 7ZEINKR O
KbEWEZIANLKEETOES ELTHIELEZ, WEH (cm/s) X, 7
2 AT JEGE R 2 O CEPEINRE ET 10 MEE L, 2O FEEMEEMEH L
7=, PEIRIR OHEREMIL. > v~ L% AV CTHERE 25 cm, TR E 20 ecm £RELL |
0.25 mm A v ¥ =2D55WaE W TR SN Ui, KLEE 340 2~ b BEYRIR D
YA R TIRIE CTod D Fredle 584 B L 72 (Lotspeich & Everest 1981;
Rubin & Glimsiter 1996; Dumas & Marty 2006; lida et al. 2017), FEINIE
NKIEIZ., 5 —# 1 H— (StowAway TBI32-20+50, Onset f) % £ pEIF K
OIPHR SN TV LR SICH S, 1 REHFRCTHE L7z, Tl 2004
F1TAHTHPD 20 HETICRE LR EMEEZ LD REFIRIEE & LT
MU, £, IO KRN 3°C% Nl A #l (2003 4 12 A 26 H»»
5200443 H 25 HET) 24 EERLT,

ATTEE & B IRE O PEIRIRIC B T D BRELA B OEIL, TV A nfmae v
—BIEET L (GLM) ZHWTHE Lz, BREANT A =X T EKD D
Frick WEN LRI, 2 2O FFE 71— 7B ORINEIT, —RBIES
7V (GLMM) Z MW THRE LTz, HBRINEROMTIZ, MEZAD
TIEGA, EINRE T A LHFEE LTHWELL O GLMM TR I/ -5

7= (X 4.1),
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Number of dead eggs ~ Run time + Stage (4.1)

Z Z . Run time (early-run or late-run) 3 J T8 Stage (hatched or
emergenced) X7 TV —EEHTH D,
FX, B ERHoORERELARICE SR LG AIE. X 4.2) &

5,

Number of dead eggs ~ PC1 + PC2 + Stage (4.2)

ZZT, PCl EPCIFRBEEEE DT LT A a7 (EHFEELK) TH

Do

3) EPAEMEMEE TR OHEE &I & MM E TORBIERFE

HAREINC LV AENT-HADOR TREHET 27201, HANT v 7
A A IR Lz, B, AR BREIHOMAIZ. BT (4 I 70
FCTHDHD, W ERH 2L OREMIZKHNITE 220, 2016 725 2020
FEO3IHIHEMNL S H 10 BITHT T, ¥H 73 H (1-14 H) O[HBRETRE
INX D& Fiumlc R N T v 72 E LT (Fig. 4-1), 7 OHMANE
T+ 2RI E L THE SN TV D EITHIZEICESE (R 1953,
Hoar 1958; Ali et al. 1959; Hasegawa & Takahashi 2013), #fa 5 v 70
BT, HiE% 30020 bRK 3R 30 0 FTE Lz, 2016 & 2017 4

1. 900 cm?2 O mEBEOHE (£ X 30cm. 1H 30 cm, A v > 2% A X3 mm)
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AMWT, BT I 2HA AL, fiEREEIL 1424 BT, 1 o O
BEDRIZEGEOA 2= | GFF 70 2L EORBERFF & LT,
2018 4E7 5 2020 I L-HEB T v 713 S mm T RAF v 7 Ay
v o BCHAE 2,150-2,500 cm? (i€ 50 ecm, £ 43-50 cm) %, #EERWVIC
MTEIICRELTL, M7y TRMIZ. MATLIAIOERIZESTERD
B, M7y 1TEISEY 3375 Thole, FT7 7, 1BIZARIED
3[E, AEF305 LN BT o7,

FT oy THRERORIE L RENOIEAKERLRD, (4.3) - (4.5) OX%

AWTHALRF S 720 OMEL OB TREZHEE L

JE K & (m?) = JiE i (m/s) x MW (m?) (4.3)
TEKE = JEKE(m3/s) / it & (m3/s) (4.4)
HALRFRIS 720 o O THEES (&) = CPUE/ JE/KE (4.5)

2%, CPUE FIEHET, ZZTIEIHELR (B) 2HERRK (4) TH
VRO, MK ET —21E, BLXBEDOKERER S 2T &
(http://wwwl.river.go.jp) £ W AF L7,

F7o. 201843 A 30 H-31 HIZHENE L= 24 RefdERE b7 v 7 XD T
e A (AEIED 2019) OFREREZHWT, HETHEARZIIE L,
FHAEH O 1 FFREIS 720 O &L 1 BORKE FEHD 22.8-32.3%%2 50 5

(Table 4-1), ZDZ &2, HEETHAEE, X (4.6) THEE L 7=,

HEETHAE = 1 MO oMmoMmER ~  [EBINERICSST S
24 Kyl e & IF O 1 I D720 OFES) 7 (24 e i) foc i A O 8 4l
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#40 ] (4.6)

Flo, VAU RO THAIR, HERORRE AL AUC &
(Area Under the Curve) £V FEH L CHEE L7 (Hilborn et al. 1999),
AUC JEIZIIAFEFEMENME S 28, A B ORI ERAICE THEAE D 21
T5EE LT, BEMOBKE FHEAREHE L,

fRHTICIZ, BRENTEENEHAY rOMBaOREZHEHA Lz, By
O RO S A7z N LS bR M b — 5% S a7, 13 A E ORI AIEA
THEICE VA XN KEL (50 mm BLE), BHICHN T 72, BHAMA
DA A Z434 & B D #EPE O BRI OV T, B AICHEE L7 5 AR
PR AR L CHAEMEHRI Lz, 207 2016 F005 2019 41X, 68
159 B/AFEOHML D HEAZ I L7z, 2020 1%, KRETIZIEF#HN T
e, BARERERZ MR LRI, 168 (10.2%) OHRIEoT,
FINCEEDN S TR EEIR B L. B R D PEIIREIC A A 1 RO PR
AR LD L THE L (Table 4-2), FHIFEIL, MA (2001) (ZHEW,

FEHFEDAADFEHXEZS EICHE L (K4.7),

WRPEDNS = PEINIR S x 1 A A 7T- 0 OB I (4.7)

[F] — AR DM EINE L D THEMAME COAEFREMBALEFREL, A
SREEINC K 5B AEPED L 27 LTz, FIIAESFRIT, oo B REM%
A5 ETHAMREETH D, i, BALOINIEINTIZHEFET 5 2

ENBESND D (B ik, MR, HoEZI L, R, A 2D
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TR CHEIR TAEAET B & ERE LT,
BESRIR M & WE THEA & D BIRIT. FESRIR MBI 2 . i SRE & 0

HOTNENDOEINREZIZHONTH BT Y OFBSH TR Z o LT,
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Table 4-1 Summary of the 24-h trap survey of out-migrating fry, conducted
on March 30-31, 2018 (after Aruga et al. [2019]). The gray zone indicates
the time period from sunset to sunrise (17:58-5:19). The number of fish
captured per unit effort (CPUE: number/hour) was determined for every hour
based on at least 15 min of trapping. The total number of out-migrating fry
per hour was estimated from the filtration rate based on the flow velocity at
the mouth of the trap net and the flow rate of the Toyohira River at the time
of the survey. The number of out-migrating fry captured per hour ranged
from 0 to 4,283, for an estimated total of 12,690 fry per day. Because the
number of out-migrating fry per hour during the trapping time of this study
(beginning 30 min after sunset to at most 3.5 h after sunset) accounted for
22.8%-32.3% of the overall daily number of out-migrating fry, the number
of out-migrating fry per day during the study period was estimated from the
observed number of fry per hour divided by the average percentage of out-
migrating fry per hour in the 24-h monitoring period.

Time CPUE Rate of water Estimated number of out-
filtration migrating fry per hour
13:00 0 0.0053 0
14:00 0 0.0052 0
15:00 0 0.0053 0
16:00 4 0.0052 774
17:00 0 0.0055 0
18:00 0 0.0054 0
19:00 20 0.0051 3,910
20:00 22 0.0051 4,283
21:00 3 0.0059 480
22:00 7 0.0058 1,144
23:00 0 0.0063 0
0:00 0 0.0068 0
1:00 0 0.0065 0
2:00 0 0.0065 0
3:00 4 0.0068 588
4:00 4 0.0068 588
5:00 4 0.0066 602
6:00 0 0.0067 0
7:00 0 0.0061 0
8:00 0 0.0070 0
9:00 2 0.0062 322
10:00 0 0.0066 0
11:00 0 0.0073 0
12:00 0 0.0075 0
Total 70 12,690
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3. MR

1) Y SEEIIIZ FH N 2 531 OO §R] IR #i1 T 0 4 ik

T OREINIR DITE AL S AT IR HUZ 1 PEIRIZ R T & % [ PR HiJE 0 Fl
BEIFAREICE R > TV (42 = 429.86, df = 5, p < 0.01; Fig. 4-3), =
7o, RIHE & R & O] TREINZAIH SN I ITAEICE R > T
Wiz (42 =38.59,df =5, p <0.005), FAEXRIZI T DA KHIE O HiEE
Ak, W (31%) . WEEHE W ORI BRK O ik (22%) . W (19%) |
TR (13%) . WPEEHEIR VWO (11%) Th o7z, WEEHER VO
2N (5 0D BB A T HTE AR D 22%I2 6 B & B O PEIIE
60% L LR STV e, WRIZEINRDZ <AHEH I TW iR HZ IS —
WL T, BB BIRAICRIH L Tne, 3 ERFlIIC L > TR S D
WRHIENZL L TV (BEa Y 2RT 0 v ZEUFET L, 42 = 52.18, df
=5, p <0.001; Fig. 4-4), RiBEO Y 71, EITHEEHED W OB I C
FRL., BB AR VOB L F U< 50 2RI CTESF L T\,

L7223 o T, SR ATHRE X 0 R IC@E RIS S h Tuniz,
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70

Riverbed morphology
60 Il Early-run
[] Late-run
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o“? [ ] —
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Riffle Upwelling Pool Secondary Downwelling  Artificial
side of gravel channel side of gravel structure
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Geomorphic units

Fig. 4-3 Proportion of the geomorphic units available for spawning chum
salmon (hatched bars, n = 1,665 total units) and the units where salmon built

redds (early-run group: filled bars, » = 518 redds; late-run group: open bars,

n =132 redds).
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Proportions of spawning redds (%)
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Fig. 4-4 The proportion (a) and numbers (b) of chum salmon spawning redds
by geomorphic unit, as recorded in each survey that was conducted over one
spawning season, from September 2020 to January 2021. The geomorphic
units suitable for chum salmon to spawn were categorized as: upwelling zone
of gravel bars (dark gray), riffles (light gray), secondary channels (unfilled),
or other morphology (vertical stripes). Fitted logistic regressions show the
accumulated probability for the habitats: upwelling zone of gravel bars
(solid black line), riffles (solid grey line), and secondary channels (dashed
black line).
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2) HERINFEBRIZ L DI LT =R, BREER 7 & B & o B4R

INDFE T ET, FIRIF S SbE TERBIN G F EE TORBEERIC
BIfR 72 <. RTHIRE E BRI DEINR THEIZEDNH > 72 (2 = 67.93, df =
1, p < 0.001; Table 4-3), F7=. A OFKNEE AW T, % HEE D PEIP
RCIE, AR L i L CAEICE 2> 72 (Fig =8.541, p = 0.019; Table
4-3, Table 4-4),

BRESAE 2 B oo Lo R, EAMEA 1 &0 R&EWERSIEPCL &
PC2 TH Y, HHUIZNTI 56.0% &L 27.5% T, AHLHE T 83.5% %KL T
Wiz, BB 1 B EFR (PCL) XA BRI OWIKN & EKIR & AOHEEE, K
R & EOMBAZ R L, PC2 IR BMRICESS BAREDTRIETH D
Fredle 5%t & IEO AR %/~ L 7= (Table 4-3), 3EIIEIT PC1 & B OMHEAN
HV (x2 =6.60,df =1, p =0.010; Fig. 4-5), PC2 L IXMBEN A 572 h

>72 (y2=0.44,df=1, p =0.507) (Table 4-3),
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Fig. 4-5 Relationship between the principal component score (PC1) and the
numbers of dead eggs in the buried-egg experiment (per 200 eggs) at the end
of the egg-to-hatch stage (solid line, filled circles: early-run group; filled
squares: late-run group), and at the end of the egg-to-emergence stage
(dashed line, open circles: early-run group; open squares: late-run group).

Regression lines are from the GLMM in Table 4-3.

55



3) EPAEMEMEE TEOHEE & I & HEfUE T ORI ELFE

2015 4E0 5 2019 £ TOFA TIX, MEFY 634 22pr (HiPH 497-824)
DFEIIR BTG R S v, REINEITAFR P 180 T {8 & H#EE X7z (Table
4-2), MR LT v THAEND . HEEHEARE T EIE 112,000-457,000 2 O HE
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Fig. 4-6 Relationships between the total number of chum salmon spawning
redds (gray circles), the number of spawning redds of the early-run group
(filled circles), the number of spawning redds of the late-run group (open
circles), and the estimated total number of out-migrating fry. A liner
regression line is shown for a significant relationship. » is the Pearson’s
correlation coefficients for the early-run, the late-run, and the total spawning

redds. Asterisk denotes significance at p < 0.001.
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T2 I RS KT, K& AT A0 & . MR K 23 38 2 L 72 01
REBRMTARPEAKT D ZRMED TR S D KD 2B R Do
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PES & 203, WHINCR T 2B AR A OB/EENREHEST 52 L THE
Th o,
SN RT DI DM E TOHELARIT 12.7% e s e (2

L, #EERBEIXES 20 rb L), ZoHEIX, B 3 mofRL
[FARIZ . EB RIS AR 5 W) E DD DI Tk (FF) 20%) K0 b
Ko 7e (FREIEH 2013), EF)INTARER S DB THITIEL, I8 & HE
BETOMPMAEGFRMEL R 2R THREND, OIMATRIEL D
TR O —2I2, HEIVEBR CIEH SN TEBMHEORCROH NI L RE X
i, TORER, B THAROFELTIL, REROEIIKRETIER <, Al
FEDOPEINR S & LB e o T2 L HETE L T B,
CNETONIHIE L V7 OEINCET 2 BITHIEDLLIE, 7T A D
RN LT X v HEEOFITER S L, B AREEIT I L5 BRI THEE S
bDThD, ThHDOKRITIE, FEWMBEDIEZITH KRR & D70
SRR, SRS H Y . BRI T K OB BE L R < 2 D IR
ZEITEIR L Tz (Leman 1993; Mouw et al.2014), 7> TO &I
MR RGN FEE L, AR EEIREE L/ EE S 0 W) O B
MOF T OFRLY S EAOBANRELINTND Z b (KB 2009),

BEHEOT 7 PNERENT ZBRENEEICHS T ENTREINTND
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Fig. 5-1 Toyohira River from Azuma Bridge (KP13.0 square symbol in Fig.

5-2), 2006 and 2015. White arrows indicate the flow direction of the river.
In 2015 the water surface is narrower, the bar is wider, trees have grown,
and riparian vegetation has developed. The red circles indicate the
approximate position of the spawning redd confirmed in each year. Spawning
redds were distributed widely in channel in 2006, whereas they were

concentrated in a limited area in 2015.
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Fig. 5-2 Location of the Toyohira River. Broken lines depict groundwater
level isolines of Tanaka et al. (2009). Small lines within the river represent
periodic cross-sectional profile survey sites which are provided every 0.2
km. KP = kilometer post, which represents the distance from the Toyohira
River mouth. Study reaches are divided into upper (KP21.4-18.6), middle
(18.4-15.0) and lower (KP14.8-10.6) sections. Closed and open circles
indicate Kariki and Moiwa observatories for river water level, respectively;
the open square indicates Azuma Bridge, from where images in Fig. 5-1 were
taken.
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Fig. 5-3 Schematic illustration of Toyohira River riverbed cross section and
topographic factors: a, deepest riverbed elevation; a’, previous deepest
riverbed elevation; b, average bed height in low-water channel (B); d,
elevation gaps between lowest and highest riverbed of low-water channel
(B); e, water surface width during salmon spawning season; f, thalweg
migration distance; g, number of river channels during salmon spawning
season (e); h, differences in lowest riverbed elevation and groundwater

level; A, channel width; B, low-water channel width; C, groundwater level.
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Fig. 5-4 Temporal changes in topographic factors analyzed by General linear
mixed model (GLMM), 1988-2015. Open, gray, and closed circles denote
average topographic factor values in upper, middle, and lower Toyohira
River sections, respectively. Error bars indicate standard deviation. Change
in deepest riverbed elevation (A), change in average bed height in the low-
water channel (B), average particle size (C), elevation gaps between lowest
and highest riverbed of low-water channel (D), water surface width during
salmon spawning season (E), thalweg migration distance (F), number of
river channels (G), and differences in lowest riverbed elevation and
groundwater level (H). Average particle size (C) and channel fluctuation in
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2) {R)IHITE D Kpfd & PEIN IR & D B AR

IR A DRT A= 051%, 2 DOER LB Sz (Table 5-2),
PClLIL, "I A—=F L LIEHET—% 82D 3T% %I L, PC2221%%
AL, BETS8%EHH Lz, PCLIX, RIFEWIKEEILE, WK S
Zefv g, PESRHI O KNG, oW, EHBEIERE, H T KA A ICIE DB
R0, ARKEE D ZE LSRRI AOHEN A bz, —J7, PC2 I,
H R ARG & ROKBE D @ &, EEIRII 0 o3 ik, SEEIIR & AL B IZIED
MBI, SEEIRIEE & PEIR I o0 K R (2 A OAEBE 3 B - T,

PCl O ERZFAIT, BREMICHD T 2EMICH Y, R Bt X OB
VPR KEMNo7 (Fig. 5-5A), —F, PC2 OEMRTERIL, WTHo X
THLETHEMT 2EmMICH > 7= (Fig. 5-5B),

AT, ER T TR S N B IR F O T pk oy & EEIRIR# & DR B i
1T -7, PCl1 & PC2 i, ILICEEIIARE & HBIFREITIR N 228 & b #Lak

HINZHE B R EOMENH - 7= (Fig. 5-6),
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Fig. 5-5 Temporal changes in principal component coefficients factors

analyzed by General linear mixed model (GLMM), 1995-2015. Open, gray,

and closed circles denote average PC1 (A) and PC2 (B) values in upper,

middle, and lower Toyohira River sections, respectively. Error bars indicate

standard deviation.
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3) IR IR D IR AR AL,

SN B T L2XHE I LoV FEINKRE (MEER#ZE S 3 FHOE
F1) % Fig. 5-7 12" L7z, EESPIRHEUL, 1994-1996 F7% 6,800 fiH & % < |
Z LA DT 1,600 fH D 2,600 [HTH o7z, WTFHDOFIZTEWNTS,
EEAENTIREBICES LTV, 2010 LIS B X CTREINR 235

ST AHI T, 20142016 FI1ZF OB %L eoT-,
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Fig. 5-7 Numbers of spawning redds were summed 3 years (the year of cross-

sectional survey and before and after the survey year). Closed, gray, and

open denote upper, middle, and lower Toyohira River sections, respectively.
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1) &)1 o) HIE O #4424

FIHE ORRAEZEA L & U T E ITBA TW R TT & R BB o0 HURL
fbix, ARG ORE O DER I NTIFKL L L, ZIINTEE S n=%
< DRI - WA & (LHEIFHN2012) ORBEFELEEZLND, XLt

WAL T D720, X 2O TR TIEFRMME T U, BEEO MR L2 E Z 5
(AT 2013), Fiz, IR DL EFIEIC LD, PKEEEL O B & 47
FEZWEAD S5 (PR 2013), KEBOREDZDIHE L TELNT
EAFEORK#ERT (THEIE2012), BHoBEEELTZL L,
TR 72 R Ve b5 STkl (LHEIZ2 2012), /12 X 2 5E O [H
AL L FRARDE R, WIRICMb 28R & nEsETnseEZ2LHND
(AT 2013),

— 5T, TR ONEEFRE D 1995 4F03 5 2011 FIThiTF T EAL
TWD Z Lid, FIRKMSEI RO RSBICdH 720 A B2 5
K5l eEZ26N5, TitXKMEIZETZ LW ITRKICE) —I2HERR
9, REBHKERIC R ATRICHERE L, W BRI REL A Z T e 2
ORI Z 5, D% O K TILHENE < 72 5 BRI kL 1)
WHEFE L. IRAICHIRDO @ AN RELS QD720 BHOBEHERIS 5
ZWA L, BN OKERAEA Ll E X bR D,

2011 AE1E, kel KO E A FE L7z 1981 4 (1417 m/s) 12 < HK

(B— 7 ¥Wif 1,090 mi/s) NFEAE LD, 2011 FlZRE 2B EZRL T
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T=DIx, EWRIKRE DA TH -7 (Fig. 5-4B), B E 34 FRT2FHHBIZ
RERHABBCHMBED N E 20 o722 Lk, AR CHEZEIC
2 DR A R B EL A2 2 TS S WAITHZ IZZ b L7 2 & 2R LTV D,
Ak, MEPIRVERE 3 FE S DR TIL, AR ITEE O K TREK S 2 #U i3
WOREHE & 72 5% (Nakamura et al. 2007) . B Tid. &/ O EE(LN
HEATL, MEEEIC LV WEENEEEZ RN OBET 5 L5 2ftilidi

IohRholttEZOLND,

2) HLTE DRef# & FEIRIK & o BAfR

AREWIENZB TS L7ZZHIBERF O 5 5, PCLITHRIRIE T2 E Z 5
TARKE O EEIT NS, KERIZAEY, Fio, 8L <, WK
MEHIHR L L CW i nWHiE 2 £ L T\, BERABEIT 2 X 5 2K
KEAOHBEOKE Z VT 2 RTHIELEZ N, —F, PC2ITL,
Hu R RO DS BRI IR i K 0 b & < TR AM B S LRI AL L TV 2R WHIIE &2 R
LTED, BRKOHRLTIZRL TN EEZEX BT,

I & BEIRIR & OBMRITHEM TIER <, 7 OEFROR T, WE
BRESCIHFIREO B L Z T 5720, EINREE & AL T O BERIETLT
LHEHARRICR RN EBZONLN, £O LT, WJIIHIE & EINKRE DB
BREZLT D, PCLIZ, W RN O L EINRKEMENRL O, D
PBEIT 5 L9 REKBENOBELOE Z D LT WHIE I, BRI 72
2% - R - BAMOKDOTWNBHEFF S NT < T OEINR O

Lo TITEEREZTH D (Geist & Dauble 1998), F7-, Wi OB )
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R VRMBRE O FZEAKMEDS B30, IO HME TOAEFERS DT
O (854K 2008), PCLIZV 7 DOEINICHE LIZHIREE S A b5, £,
KOHRLT SOELE 725 PC2 bR BN H -2, 7
KIS EE G RA CHEINRZERT 2 2 &R MbTEBY (UK
1968), BN W T HRFICEWRHICH L5 29713, KviEkn%
WIETTZ RS ERMBNATVND Z b ([fA 2000; 5K 2008)

PC2 LI Z /R L CWD LB X bz, od, ThbOREET T
PIRB DL F2@MT 22 LIXTET, thoMHBRESAMNER S K&
SHEBTIN, RAMNICHE TO - 2N L DTS, PEIN MM 2 33

BIEDO =D L LTAHSTHD EEALNI,

3) I DALY O B IR FEFEIZ B 2 5 e %

EIRXE T, 2010 LY 7 OFEINERESH 2 Tz, B KR
PCl ORELACITIRE R~ A T AEP TH o 72H, PC2 X T T AT MITE
fbL T, LBy TR T 23 2, # T K ORE & 23 R IR
Dm <720, BmABHEELLTVIRILICE L Uiz, B X EITH#HERIC
WEEE 23 TR THE WD, M KOGRARITD 20 (HFIED
2009), FHAFEY 2R FAKMLAFE L EHTH LT, HAKOEEELZITOT
Kol FZxbisd, ERKBIZEW TR, FHRIE FICHEWES 2N
LG AT EINR T S e < Ie o 72y (A 2015), BHIRHHEREY
DERDIIR T, BAKDOEBEBNRREL Y, HRERRRKLE LTRHAS

NHEIICholcBEZXOND, MKIEKTIE, WENBEIT 5 X 5 728K
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BEAOHBEHEELZIK TS, 2 OENREICADOEELZ 525 —77,
KENEZIALAZETT I RAOMRICE DL EbREBINT,

— 5T, Y OEINKEEMBEOH 572 PCL O ERSHFAIL, REMIC
BADOFBICHSE L Tz, £72. PClL IZHFH LR FIX, X THEH
W20 L7 BRBE LT o T ~RREZL L T, 72 & 21 E, WIRmE 02k
BIXT T ATHSTZFNPCLO/ENKEL, VT OEINRNZ L 7257,
FIREORE R LY RiZd~A T ATH o7, KEEIZT 7 ATH- T2 HN
PCl OffEmKREL, BT DOEIKRNEZ L RDH0, KEROBRE KL R
I~ A T AThoTo, W OEINICE L7z CHIEBREEIX, K 20-30 cm,
i 1040 cm/s TH D E SN TWDHD (FE - $5K2009), FERHLTE D
P EVEEENPRELS 20 LIMEIENKED , Vo OpEINICE LT-R
BIXE S, BmoBEcit, #SELHEEZ&O, WIKREOB#) & (e 51%
#ARH D (Li et al. 2017), 72 & ZBEMIC LD ABAITHIIR ZHHE T 5 &
IIRBELTH-TH, BENSLESIN T 7 OEINET T 5 2 & 1B
SNTHEY (FERER), BUROEAKBENOBELZE Z 01T < WEANE
Y OBARBEEICADORBEZKITLTWVWD,

PEORTE HTIL 72 WG CO HREINT, HADOATFERZIETIE, RO
AR OIFARMOFEEREICEELRIZTTREN DD, & 21, 1980 1%
DG TIE, EINRNOIIDAEFREFE983% & @mnrolz UM
1 1990) A3, S %— RR v 7 2% AW T 2003 FFI2HE NG L 72 A7 RFAE
Tix, SMEPOE EE TOAFERIT 83% (FHRAE), PFEINRIC L - TIEAE

TFRP 14% &0 D5 T TRWEZ R T EIIRE S A onic (FHE - &k
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2009), Y B OINIAIKEBR K TEFT S 5208 (5 2013), EESP
IR % 8 Bl 3 2 1 O B BRI AR 70 B ACRL - 28 A D IABERE L7256, R
RO FZAKERET L, YWorRAHEOEINREICELELHE XD
(Yamada & Nakamura 2009; Platts et al. 1989), -3 )I| CIEh=s R 0 %7k
NIEIZ > TR Y (FEIEH 2014), )1 HITE O EI L S WEER ) O
B DAL BRI D IR A 0 Rk EEZE 2, IO AEFRICHEE LW
BEELZEXOND, £72, FEINICHE LCREORD X, EIVAETO 5 T
KOG CUNEINE A 1990) 0o, PEIRIE HLIZ 35 1T 2 8 EE G NIC K 2 9 o>
ORISR Y, SIOAFROKRTZ2HIRRICRL EEX BN D,
1980 FFAR 2 5 2000 FFERITHT T, WEENBEIT 5 L 5 22 EKE N O HEEL
BEPET Lz, SRV r A FRICEEZ 5 AR O

60
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1. WIHE & ESIER 5L O &

FTINHTE & FEIRIR & OBIMRITHAM CTlx e, 72 & X EINBRE NS ETH,
BNER L CE = rEiald, E2hTENT LI ERbNS, Z0D
ZOZENRREICEETLZDIT4-5F%THDH, -, HAOEFEIT
MR ICRE AL SN, BADOEFRITNFROBEBEIET (BLx 8
BINREIND) ICKEREELZ D, INOOEAGNRBERICEES
o, PEONBREE L EAKABOMBIILT LLBARICRL RN EEZX LR
B, O ET, BN OWRIHTE & FEEINREICOWTELE LT,

SENICHE T D0 OFEINEIF TIX, 1993 £ F TIE MO KIE TIZHA
EPRREINTELT, V7 OEINGHITK 4.1 kmTH 7275, 1994 4E )
5 1998 AT T CTIEK fE B S AL, 1999 LRI EINE P 2359 11.0
km &720 0 2.6 f5ICIRA o7 ([ 2000), HOEE%Z B IKIE D OBES,

FEDOHER R EORENH D03, L 9 FEOWJINERIEIZ LY Tl
BRIEOEM LR PEECENSNTZZ 0D, 4Kk, HORE2ICH k-
TERLIBRDATREMITIERNTEAS 9,

T BEEICHI T DRI, D EEHE 0O T Ji ] —CInT IR R B 7K 20 i) g
HeZ @i U, BT 2507 C. FRICRTIRE S R EEHED W OB IR £ < E
IR HDEMA S - 72, RIHBEOIOEFRNE N o= Z b, BITHIREN
PEONT 25T OfF L, b OmAENFELRmODL ETHEELRD EH

AN D, BN TH 7 PNEINT L FIHIE, ZEM A ER 5 KR T
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DT EMB, BHINNZEWTHHEFFSALTWHIE T, 2o Z &3y
OIS E > TEAEFTH D, UL, 1988 4 LUK O AW IR 1T
(TREN R A S i, R T MR B ORI L, HmZEOIK,
Y4 FEIR I O K R DA . B OB ESE Z o T\, I T,
2011 FFIZE— 7 Jii & 2% 1000 ni/s 248 2 2 KD FEAE LI K EE) 722
EDOMBENE Z 5T, EHOBEEMIETL, DEXNBET L L5 7R
BKBENOBELHEEIZSI LI T LEEEZ BN D (Fig. 6-1), V7O
PRIRIZ., WHEERBEIT 2 K 5 IR KENOBELOE 2 0 03 I 2R T fHiE
CHHBER A B, T XD R BEBEE ORI, V7 OREINRE & b &

H Tz,
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Fig. 6-1 Diagram illustrating the cross-sectional changes of the Toyohira
River from 1953 to 2015 at 11.0 KP. The red arrows indicate the thalweg of

each channel.
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BT, P AKOBEHIC L W A OKIEN R 2D T2 RIRT 5
MIZd D, 22D TlEL, FLIREIRHIZIRE L 7o TR 2SSt 2> BB H L,
A LEIRO /NI NIEBNZ -7 Z E N HME NSRBI TE S, £2, @
RmENAFEEL, NMEAAS LSO ZRMEDTERL STV,
1000 4ELL ERTOEB 2 & 13, AT Y o OIERAE Y 7 Ot 0F
ML TRy, moROER)IFERTIL, BHRENEREINT 28REIL, B
LSRR BWIBICHE LZEINREIIEEICH L LN TE 2,
BIEIX. A 2IFWER L. BAKRIRO/NI)NCHKREAET 2 [ K0 %E 1%
LV, —F T, BEINOBEmRHB» ST FAROBEHEN A S5 (Negishi
et al. unpublished) . Vi OBV R PEE TIL, LA HNTKIE D m W EREE N
o, L, WINKEIZEVIIERRE T2 EI2ED ., 2O TOHE
R L C R O BT RIE IS Lz, &5, HFKE, ALIREIR
HIZFE S T RAEJR & 72> TWDH A (Song et al. unpublished) . #Bifkic
PV, BRHMEOZIZar 7 ) =T A7 70 MIEDIL, WAKRIR
FETHEBENEA Uiz, #IFKERA LIFCRHT 2 Z L0, BT R
YXRNVOMBIZE DT AKIRO WA TRKOEREZZILIELZEHH
2o, £, BEAOHASLWHROYEAKR & NBRRIGKP IR
HNIZIREZEL TS, ZORE, SN OM FRMMET LZY (FH 142

WA KXKET — X _—Z http://wwwl.river.go.jp/) . W JINZ{EH 3 2 H
TARDOKEFGREIZEDIPOAEGFHERORKI BRI TWD (U FHEF
2021), N AK~OIKFEN G E D HBIIFEIC L - T, AR O K DK

HROKBEORENFIR L, BREBICAN L RDIBEZ(LTHEV ED R0,
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ZO—5T, EREMTIEFRETICEL D TR FARR KRR L 0 &
KD, HTFARKPBEBHLLT S RoTHI N —ETH . #HIPORFEL/L
MT TR GHE b DD Z BRI,

H AR D KN OYHE TIE, ARKEE ., SAKREL B O 7 2 AW e
MBS dv, PR E KB E R0 . ZHEERWITHIZ I EDIL, EWDOAE
GO ERBRICIER T 20RO ARRMSENS AL L TWD Z &3 ER S
NTW2 RIKEE 2019), EARBOS S, BBl 2-3 412 1 [BIREE
HAKTHESIZ/RoTNDHZ ENZNESRDN kil 2019), & F)IIT
X2 D XD RBE TREAKRBICAKNEND Z LTy, Zhix, EKKERD
B S NEKIREHMOKRM IV E <, BABEPNEAKLICK WIS EFHRI N
TWEHINHLTHDH, 1973 FLKE, 50 FEOMT3IFHICKERHAKTH
o7 2011 FORBIEHKTIX, @mAKRBAEAK Lz, dKEOHRAE T, #F
THEEE D B3 TR AT R S e 2 . I K 1.67 m D i IR IR &)
DR TR BTz (LEEIED 2012), £7o. TRBITIE 1T m PLEOHER D
WRIND72E, MR RYER & HEREA R o (LERIED 2012), IR
EEGFEEZHWE Y I 2 b— 3 Tk, 4 HE GR 90 FERT) o K KEH]
DHH mAKEMPEAKL TWDX, 10 FFMRE T, m/KE M & #E N
LERO—#HTh o7z (AE2021), £, WMEDE— 27 KITITKED 4-
5 mIZAWICERS 220 | WEIE 2 5L EICH# S 220 . TREK 60 cm £ TO
WOBEDS Vel S 4v, BUKIRFICHERE N & 245 R Th o 7o, HEKFFIZ)INE A3 A
MHT, KIREMENEZ DME L > TWADH D, T 72 el & HERE

NEXTE, ZoTRIX, Y7 oEIRREDOEALAICEH, WRIE T
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WBEEHE DR EIZ L DA k72 &, WIEBO ETHIEE > T D,
SO AEY Fr 2TV MAZ L TWHALRY AV Ry —F 7
2YxZ h (SWSP) Tik, MJIFFHEE L HE L, “RKEKOE TS, K
R OHERICE D 7 OEINEREELREL 2015 E1n00m0, KL LT T
W5 (D 2016; AHIEZD 2019a), £/, IHFEMET HKE - LWWKF
AR E 2, BN TS, JAHE R HI ST E N BEAR O E B D 64T
B (HIzEEIEERTR 2020), ZI X0, KAKENO L EZER
WIS L, BREINC KDV AEFENEE Y . —RICY 7L - TR
PNERIBE N MR 5 & &2 bivd, Ll BREWNRFNIMEOE(ILEZ b T2
HLTWDEZZXONDREIFBAMICED L RN\, WS HEEL L
ZFT. Y FEBEAL, MRS R S D HERICIEE S OREE
R ZENTRREND,

P OFEINREE & R S E DR, WIHIE 285 57210 T <
AR ORI O BRI CTR Z 2 X 512, BoKEELC & 2 IRHERE Y OB
BB EBN DL NN EERDL, L, BRINEELAARADELL
OFNITIE, IR Y 2 X 2R EHFE . WP & - BREFRIRIC L 5 bt
e, BURITEE/, BAKEL T 2 ERRELR>TWND
(Takahashi & Nakamura 2011; Nakamura et al. 2017; A& 1%2> 2021), =
o OMBEEZ RS 572D, BRI LW oE ¢ (Nakamura
etal. 2017), VWERFDORELBLETHD LE R D, IIIHIEY - KE
FOE T, W — AR OKE THEKELEN RELS 25 &0 WINFERE

— R B >IN - RIS &R A BT 5 Z LB 6T
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5 (B 2013), BUEOBEOBEAKKIEZIST 5. 0. KK#ERED
S & R HOKERR IS @ AKRBUC RN R 2 < $2 2 & ¢ BEMRT D
A B BB & WHEEHE A iR S D RBFIAD DO TRV NE B2 5,
— 7T BWEITIE, ARRUKRILEMBEB ZHAT L LT TE
T, VI OEINREZERTA-OICHREEEZ LT 52 XA TR
RN, BRBETTHRD AT B O IK A MR R B 3 R L TV SRR R
T ZEIFHEENTITRWA, mAKBEITIARTIE RS, WIo—TH 5,
Bl 2 1E, mAKEO I REESL T v ROMBE2E e L, % H#EE O #ER
LHTCHER O A BBRE AT Z L TILEFEOARMBESKZEL, &6
L JIEBED ECHRIBELE 22> T 5 RETI 72 (2 & 0 HERE M 1] 2 48 Fn &
L2 LICHETLHZLE M/ TE D, £/, LA b 0 EmIITE
A ER Lo T LT - BUEZ, I LHFETIY RN D E 4 Rtk

BT OV MHAGHED I TWD N, BUEDO B A B ILBKEKEO I H & &
DD HENBEINTNZRY, b o &R 722 LR OB AT K0 RHE N O i B
EERBEZORLT R0 EHEOHERME N LB ORE L W) ki
BEMESEDZLICHETI2OTIE RN EEZD, BN O 7i3Z DR
WMEERIZ, JEK, FIK, BEOANT VA& Koz BiEd 7200
BEARRET A2 THY (CHEIFHN2019b), ‘B < WEWE O FEHNE
BOHRETH D,

BN TIE . MO K23 H U] IR [ BOK IC S2 8 2 R AE 3 X 28 Tiiic %
<, P AKOAE AWM OKIBDOENWLL FHMANE LT 5514 I

TINEDDH I ENARE T (Negishi et al. unpublished), ARHFIETix, #
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HBEDOEINRS X O M T KDOEEN S WG ST, #HITKD
KBS FRE L, IFOABICITAOEEEL 5 X TV, HTFAR
BT 5 Z &iE, EINHAPARSRENANTVWDLIER T H o2, HREIFED
Prid, TOEEITLL2WR, fOMBEOMIZR LR E, EEROE
BEE LTHEHETHD WHIZA 1999, SfNIED 2012), S 6T, &3¢
O B ALY B AREE O BRI S RN & AR RERBERE 2 HEFE T 2 7o Tl B
HOEINREORELEERDPLETH S, HTICHIT HHTFAKIZIZ, KA
DIRT . KEIHY, KIRO W72 EORENZET 508, Wiy 72z G
LnZe < WREM R T KOREIRE +2ICTbn TV D EIEFE 2R,
HIZRZBRWEREOEM L AESMITITRBELRITL TWDAREERDH Y |

Y OFEIIEREIZIL, HTKORBIIEELRERTH D,

Yo O&FEIL. I - 30 Z LA AFE L REIRR 2N R0 5 L v Dl
NDOLRRMENFET D22 L TRET DL F OS2 (Schindler et al.
2010), 22T, BRNIKFZOF TFBEIIL TWIHEE LR (2 4) &
oY vaa b =)IIRREE)I (BEE 1988, KB 2009) (T3 TITiHK L.
BB O KRB AR EIRBREE OB L IIWETH 5, —FH T, BRI, E5
JUL @ RN AN 2 EO BN T S, fuE O g 23 ik A 72

ZLICE VYT OB EREINNIEN o (SRR, BIAED B
JIDFIHTE Tl RIEIEE O A AF 308 @ WD BEHE VS W 05 H ik 23 22 B 1Y 12
HEFE S LT W & 72 > TV B A8, ik, HESCHE oWz &
DEFINEZERLWMINERE TCHY . 5%, Y OBREIINED B

HTEICED ., ZOXMOBEREICHE L-EEENEET DL ERHGTE
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Do, BRENERDROMKRTEN I 2 5 Z &1, BN o 3 7 8 4R fF

DIFfE A REME 2 @D D Z EIZENR LS Liv

2. FEUR AR ONANSHY B B & B AR £ o0 {8 (B 4 N =R

SRR 20 7 o BRPEINL. 1985 FLIRE, BEMBE I TVD

ZEMB, 2021 EETIC 10 R BRBAEZHEV KL TV LHERE L2
5. Mt L BAERORICIT, RAERSCEMEHICHENRO O, B
N E L2 oy« X%, Todr ko b REn & blE
INTWDHZ b, BN, B F)IoBR WS U 7o B A el IR B
MEHFELTEBY, TRINEFTRERLIMEELFDEZE2x0N15, LML,
1979 FLAKE, 4, HEMABORAMBE S TV D Z &b, TAERERIE
R KX D82 2 TRl TWd, AAFFEIZI VT, 2003-2006 Fik O
ERFEIL 59.2-75.8% Th ol Z ERW LN holon, TOHEITE
)N BT 2 B AERBEDFFIZB N T HFITEWEIE R DA S 02
EHGE R B A DY 725 2 DITER R BIZ OV T, EFERZ D
N T& 7 (McMillan et al. 2023), —fREYIC, BITAITE - LD X
72 08 5 FE AMEN 2 & 3R STy D (Milot et al. 2013; Christie et al.
2014; Bouchard et al. 2022), #IFERENEWEFOZEE R (Nickelson
1986; Emlen et al. 1990) <. BRI K-> THAMDOAEEEIEKT L,
WIS E N T35 Z & (Chilcote 2003; Araki et al. 2007; Chilcote et al.
2011; Christie et al. 2012), 7z, Mitz 1k Lo, B HM L.

BAMEAREEREE L-2FH LA I N TS (Kim et al 2018),
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Z 2T, BN TIEY roBALEEZHOT I L2 BIIC, BT 5 4E
W OFE M E52d 1000 BLL B2 5 725813 &2 3 s 3, Y7 Hefahk
MONGHE 28 EF L (RHE - A 2017), 2015 FEH 0 68A L7z, IH
JERAE PR TCIR, BURMIC H AR IR S TR v | PEINRIH A OB
IR L7 HAOE#BRERN OB ARBENE=F Y 7 ENTWVD,
2022 AR E TIZ, 201544 5 2017 3Bl & 72 > TEYR L7z (2017
ERRIE S FRET, 2018 FfkiT 4 FAET), AHE (2022) I 2022 i
DE=F Y TREREZBMUTHEN LcE ZA, BT L OEYRHITE
N KE <, 2000 FFRELIBE TIX 44522841 2 L 6 5L ENH D8, 2015
FEARRLAE O BREIC, B E RIEICHE D L B8IxAbninol
(Fig. 6-2), I 17 HIRTZ - 72 2003 F#k—-2006 4k & . ik
WK 8 FTRIZH - 72 2015 Fk-2018 k& O T, BAEM L Bt L O
B oL T 5 & 2003 FF#k—-2006 48k O B A 551371 66.0%
(59.3-75.8%) ToHoT-DITK L, BTz S Lz 2015 F#%-2017 £
I F2%) 70.0% (63.5-74.9%) T. RUEZREIIAH BRI > T2, ik
TR L7222 b b3, BAMESNBEE RN RSN h o ol
HDO—2I2, BiAOFJIEYFERRmM ELTEZ EiZhoTtBZBZOND
(NE R 2 BRAT : SF3 0.17% (0.09-0.31%) . JEISHOEEL « 1 0.42%
(0.33-0.65%) ), {FJIEIFE=RIL, KA OFEEERELMHEANR RO (r =
0.818, p < 0.05), “FHIHiit B A EEME E I [ENF SR A & < 72 2 m A3 A
bive (r=0.659, p=0.155), BEEHZRO L7 Z & TRBEHEENHKY .

R OFLEERE R AT LEZX DN D, IHISHERRE I, TRBRS %
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HloZ Lo T, B OEFEN ER-sTzonb Lty R
Rl 548 DIASHER TIT, BWAEREASZ I DITHEOTREKE LTiE+
TRV EE XD,

— T, BRSNS EEN OB AT S EEFOMFFICERT 2MHME S H D 2
ERbhole, BFNNTET 2BIBEL. AFERPEWVICTE LD LT,
—EHOM ERH D 0IT. BEIEOKRAEIENEZ D ENEEL T
Do BITIE, BEIBEOMARRET T 2RI, TREMZRIT TS
Tz, BB OBAICHKRANZ . SHICAREINC L 2 HAEMOETR
RITE N2, BB TR AN EL kD, KA, BREINCE
HAEAFEMENZ RO MERFICE IR L TV 2l 2 & - 72,

WAT . B 0 B AR ARREDS B ARPEIR D AT EARFED MERF © & 2K i
CHDNEBET D, EREEHRMED L HEE L 72 BAE OB ) OB 5 INE
J1x, 1105 B TH -7 (Fig. 6-3), 1000 BLL E0# E&ix, fLIRHANO
FNTIE RS 20D, BAMEREEO S THARE L T D FLIR TN o H/
JNE e U, B oF RN, PEINFEHAZZE T 2L, bo b RE
OMEBEOBRBENRNINLED DL L EZ D, BURTIR, B EERZVEITIT,
PEIIIC I L 72 MBI 7 OPEIIR M ET LT LE W, IR RSz v
WL TWARWERE TEIIE S 2 2520 EIEO TRk S, YIHAEF
FBNTROTWNDLIERNBZOLND, 4%, EINRKEOSGENEA, HA
ECOEFRNEE D LT, 1 BECE E KRB R 0 B BLERE A 2R

W EFLTRRBENAENDNPEA D Z ENHIfFE D (Fig. 6-3 OGHR) . E 7z,
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AR MR X, FAEARS L EOMEENHY (r=0.881, p<0.01, Fig.
6-4). Sahashi & Morita (2022) IZEWTHREBEOFEREBE LN TND Z
EMDH, W EENZ N EREITTIERLS, BAKOBANEX 5 Z & T,
WA OB AEAREEN NS 5 Z L IO N D 2 EBRRB I Nz, BAE
KEOEEESVERTHZELE LT Kim et al (2018) THWH L
Recruit / Spawner 1%, {RFICENF L2V 7 O RS A2 kO AR E 72 0 EESH
DD E L= 7m0 TcH->TEY, BRI CREECHEET 2 &R
fi£2.09 (0.70-5.62) L 720 [ JRFHA~DERE TOMEFEMET 1.0 %
Bz Tz, BATIE, @ETOV 7o ErnBiieia 855 9% &Ik
FIZE <. AFFNAKFRO TN =32 97 1% 77%0390 B O EEHE T
I Twsd (FRHE 2017), BF)INCERT Y7 6, HIEW)IITH D T
N 323 7 ICRE D A B o EEBICEEI LTS, TRl
[ CiEEZ LR ET 5 &, BN LT 297 0 4 500 L3 T
SINTWDLEEXLND, 5%, JITOENREKEOKEOA TR, EE
McofBEEL LE L, BAMAEEORSICHRE LICRENTOND Z &

LMEEEEZ D,
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Fig. 6-2 Relationship between number of fry released, number of returning
adults, and the proportion of wild/hatchery per brood year. Data aggregation
utilized age 3 to age 6 for brood years 2000-2016, age 3 to age 5 for 2017
brood year, and age 3 to age 4 for 2018 brood year. The categories include
wild fish (naturally spawned in the Toyohira River), hatchery fish (fry
released from the Toyohira River), and stray fish (fish released from rivers
other than the Toyohira River). Figure adapted from Aruga (2022) with

results up to the 2022 brood year.
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Fig. 6-3 Relationship between the number of spawning adults and
population growth rate (Ro). The regression line Ro = 1.0 represents the
current carrying capacity. The desired future trend is for this regression

line to change in the direction of the dashed line.
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r=0.881, p = 0.004
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Fig. 6-4 Relationship between the proportion of wild salmon in the

spawning ground and the population growth rate (Ro) of the brood year.
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ML TR, FR-ELDOY T ~OHMR L BEFIZORP>TWNDHZ ENEL
bid, THREZSFVEWERSKRRFHIZ, MmbdZ &, BMT 22 L. 4F
TWRDHDIENLDEEND, EDNDHDLIEoNTITE THLREFRAL, |
& Kingfisher Interpretive Centre (%7 %) TH 7 ORBIEE) 2 FEhi L 7-
Neil Brookes [T Tz, 7 Ofmicfid 2 RSV 7 % 5 i 12
CoNDHHAAMASI DD, SIIHETH D,
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VIRRET A 2 Ly IERE, s, ¥, R, TEE
ORE, LB LIEHEBEZF LTS SE D, —2OMEORATEER BB,
ARRELELIHIEDORBIZORNY  ABRREERORELE XD LI
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