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Studies on the conservation of the red-spotted masu salmon
Oncorhynchus masou ishikawae in northeastern Kyushu, southern Japan

KEISUKE KIMOTO

Abstract

Chapter 1. Introduction

The red-spotted masu salmon Oncorhynchus masou ishikawae is an endemic subspecies of O. masou in Japan, originally
distributed in the Pacific coastal region of western Honshu Island, Shikoku Island, and in some rivers of northeastern Kyushu
Island flowing into the Seto Inland Sea. This species is highly valued as a fishing resource for its beautiful appearance and
delicate taste. In Kyushu, it is found as a fluvial form in mountain streams. This form is known to show a restricted movement
within a stream, and such sedentary behavior has been suggested to cause a restricted gene flow between populations and to lead
to local adaptations. Since the 1970s, stocking of hatchery-reared salmonids including red-spotted masu salmon has been
intensively conducted throughout Japan to prevent their exhaustion caused by overfishing. However, recent studies have shown
that such stocking into Japanese streams may result in introgression of poorly adapted genes into indigenous populations, and
this may lead to breakdown of local adaptations. Therefore, stocking should not be performed for a long-term conservation of
wild salmonids, but necessary for their short-term utilization. To achieve both conservation and utilization of salmonids in
mountain streams, “zoning” is considered to be effective, where both hatchery-reared fish stocking and fishing regulations are
properly applied to water zones classified according to the condition of natural reproduction and the presence or absence of
indigenous salmonids populations. This study was conducted to clarify the natural reproduction and indigenous status of
red-spotted masu salmon in order to implement “zoning” into the Ogata River and its tributary, the Kohbaru Stream (16.4 km in

length), in the upper Ono River, Taketa City, Oita Prefecture, northeastern Kyushu, southern Japan.

Chapter 2. Longitudinal changes in fish assemblage

Longitudinal changes in fish assemblage were investigated in the study area, in October 2003, and February and August 2004.
A total of 18,015 individuals (14 species/subspecies representing 7 families) were recorded at 15 stations, by observers using
snorkels. A major fish community transition was apparent from headwater stations with a simple assemblage dominated by
red-spotted masu salmon and Chinese minnow Phoxinus oxycephalus, to downstream stations with more complex assemblages
dominated by cyprinid fishes, such as Japanese dace Tribolodon hakonensis and dark chub Candidia temminckii. Multivariate
analyses separated the 15 stations into three groups: headwater stations with a salmon/minnow -dominated assemblage (415-820
m altitude), a transition zone with a dace/chub/minnow-dominated assemblage (260-397 m), and downstream stations with a
cyprinid-dominated assemblage (232-255 m). The fish assemblage structures were considered to be influenced by longitudinal
environmental gradients, being significantly correlated with six environmental variables (topographic type and altitude, and
stream gradient, mean wetted width, discharge and minimum daily mean water temperature) showing monotonic changes over
the length of the stream investigated. On the other hand, cyprinid population densities did not show such changes, but declined
within the transition zone downstream from erosion-control dams, suggesting that such densities were affected by smaller spatial

scale factors, including dam-induced habitat degradation.

Chapter 3. Longitudinal distribution of newly emerged fry of red-spotted masu salmon

The longitudinal distribution of newly emerged fry and post-fry of red-spotted masu salmon was investigated by snorkeling in
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14 consecutive sections of the study area. In two surveys, conducted at intervals of 11-32 days from January to April 2005, the
densities of newly emerged fry were greatest in the four most upstream sections but remained very low in the six most
downstream sections, the skewed distribution being stable. The densities of post-fry individuals were also greatest in the four
most upstream sections, showing significant seasonal correlations (October 2003, February and August 2004). Furthermore, the
density of newly emerged fry from January to April 2005 was significantly correlated with that of post-fry individuals in August
2004. On the bases of these and earlier reports, it was concluded that red-spotted masu salmon fry in mountain streams of

Kyushu Island stay near the spawning redd, at least until they attain the parr stage.

Chapter 4. Habitat use by newly emerged fry of red-spotted masu salmon

The habitat use of newly-emerged fry of red-spotted masu salmon was studied on a channel-unit scale in the Ogata River, from
January to March in 2007-2009. Fry abundance was investigated by snorkeling along both banks and the habitat components
(channel-unit type, water depth, velocity, vegetation cover, width-depth ratio and distance from spawning redds) assessed in 56
consecutive sections of the lower distribution area of the species in the river. The number of fry per section was positively
associated with channel-unit type near the riffles but negatively related to water depth near the banks and distance from
spawning redds. Fry were strongly associated with channel-units near the riffles in their lower distribution area, probably
because of the profitable microhabitat (low water-velocity habitats adjacent to a fast current, thereby ensuring high energy
efficiency, were common in the upper distribution area but were restricted to the marginal area of riffles in the lower area). It is
also suggested that fry moved downstream from profitable channel units which lacked profitable microhabitat. Therefore, for
maintaining sustainable reproduction and effective stock enhancement of the species in the lower distribution area, it is
important to create profitable microhabitats within channel-units near the riffles, thereby balancing the abundance of fry with the

carrying capacity of suitable habitats.

Chapter 5. Genetic structure of the red-spotted masu salmon

The genetic structure of two fluvial forms of the red-spotted masu salmon, amago (ordinary form) and iwame (markless form),
collected from two headwater streams, the Kohbaru Stream and and its tributary, the Hakiai Stream, was examined using mtDNA
to identify whether they were indigenous to the streams. The Hakiai Stream consists of two tributaries, Mennotsura-dani and
Manryo-dani. The iwame population occurs only in Mennotsura-dani, and since 1970, fishing has been prohibited for the iwame
and amago populations in most locations of Mennotsura-dani and Manryo-dani, respectively. One haplotype (Hap-1) was shared
by three isolated populations examined: it was fixed (100%) in the iwame population from Mennotsura-dani and dominant
(90.5%) in the amago population from the upper Kohbaru Stream, but was infrequent (10.0%) in the amago population from
Manryo-dani. Hap-1 was also frequent in the samples of amago fry caught in the Kohbaru Stream. Based on these results and the
long persistence of the iwame population in Mennotsura-dani, both the iwame population in Mennotsura-dani and the amago
population in the upper Kohbaru Stream are considered to be indigenous, whereas the amago population in Manryo-dani appears

to have been mostly replaced by hatchery-reared fish informally stocked in the upper location.

Chapter 6. Conclusion

From the results stated in the previous chapters, the current status of red-spotted masu salmon in the study area is considered
as follows: (i) they may be adversely influenced by dam-induced habitat degradations within and below the transition zone
(Chapter 2), (ii) their natural reproduction is active above the transition zone while inactive within and below the zone (Chapter
3), and (iii) their indigenous population exists in the uppermost Kohbaru Stream (Chapter 5). Based on these results, the Oita

3

Prefectural Government proposed a “zoning” plan consisting of four parts: (i) prohibition of stocking and fishing in the
uppermost location of the Kohbaru Stream, (ii) removal of the upstream boundary of a fishing-prohibited area in the Hakiai
Stream, (iii) approval of stocking and fishing below the fishing-prohibited area of the two streams, and (iv) creating suitable
habitats for newly-emerged fry within and below the transition zone in order to maintain sustainable reproduction and effective
stock enhancement of the species (Chapter 4). This plan was agreed by a committee whose members were the staff of the
Onogawa Fisheries Cooperative, those of the Taketa Municipal Government, representatives of a local fishing group, and local
residents of Taketa City. Since 2009, the conservation of red-spotted masu salmon in these streams has been successfully

implemented.
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Fig. 1-1. Two fluvial forms of the red-spotted masu salmon
Oncorhynchus masou ishikawae, amago (top; 142 mm in fork
length) and iwame (bottom; 179 mm in fork length), captured
by bait fishing from the uppermost location of the Kohbaru
Stream in September 2007 and the Mennotsura-dani of the
Hakiai Stream in February 2008, respectively.

Fig. 1-2. Newly emerged fry of red-spotted masu salmon
captured by dip nets from the Kohbaru Stream in March 2004
(top; 25.9 mm in fork length) and photographed underwater in

February 2006 (middle) and 2007 (bottom), respectively.
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Fig. 1-3. Map and landscapes of the Ogata River and its tributaries, the Kohbaru and the Hakiai streams, northeastern Kyushu
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Island (left). Numerals and capital letters (A—O) indicate survey stations and dams/falls, respectively.
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Table 2-1. Dams and falls present below (A—C) and within (D—O) the survey area of the Ogata River and its tributaries (Kohbaru

and Hakiai streams). Only dams of height > 1 m indicated.

Symbol A B C D E F G 1 J K L M N (6]
Name Kawabe Tinda Harajiri Ichigome Sangome Gogome
Falls / Dam Dam  Falls Falls Falls Dam Dam Falls Dam Dam(5) Dam Dam Dam  Falls Falls Falls
DFRM (km)* 47 51 61 746 747 754 766 823 829-83.4 838 844 847 856 86 86.3
DF St. 1 (km)**  -23 -19 -9 46 47 54 66 123 129-134 138 144 147 15.6 16 16.3
Height (m) 8.4 20 20 5.6 1.1 1.4 11 1.4 1.0-1.4 2.9 5.2 8.9 16 17 11
Fish way*** + - - -

* DFRM: Distance from river mouth.
** DF St. 1 (km): Distance from St.1 (km).

*¥* Presence (+) or absence (-) of fish way

TR - B EE D2 L b 2P 0E T 42-146 m
(94+37m) THh D, RFPFAEKIED FHANF L OUKIEA
WCHDE/EL L (K 1m L EORER) OME &R
% Fig. 2-1 & Table 2-1 (2R LTz, ARFEAKIELD Fif 23,
19 BELRIkm #HIAIITENENF LA LTHEBIBLOC
NdH 0, 8 LEERITEATE 20, KEFJIEERRE
FEAIZ KW T = Plecoglossus altivelis altivelis & 7~ 2D
HEfA N Z NSt 1-4 & St. 1-10 & OIS EFE T S
TV, Fiz, BEMRBEIITDILTORWR,
MABICE D7 2if0I1Eh, WEREET T~ T80 2K
iz P IciThbh TV 5, P AFE SO M AT T &,
St. 1-4 O IR 3D 13 Bb B, J&FHIXET TARMEIC
FIA SN TV, T 5 SO KR OKIRK 14-17°C)
Nd v (Fig. 2-1), £ 0.35-0.46 m*/s M HEHNTHA LT
W5, 39 St 5-10 1% Aa-Bb BATRI A R L, St. 6-9 TiEifi
R 2N - CTIRAORBIZ /R Lz, St 11-15 1% Aa B
T, St. 13 226 B TRIRAB A K E W, IO N2
IR HIT St 6-13 TRALNZ, 2D 95 St 6-10 DL
BIXAFERBOO#ERETHY, RENICTERLS LS
SATIZIR S H7=2%, St 10 B _EOHEE H-J O F)I oKX
MTiE, MENISET 2H# RN RICH I, FRIC St
12225 1 F TOXMIZ/NEIE /2 IEREE 1 035% & S 1L (Fig.
2-1), RREAKBOFH TR O ABLKEDO KXW CTH
ST, =7, WARBND St 10-11 TITEE, KSR,
KIRE DB ARSI O St 10-12 £1FIFEF L TH
o7 (iR ; Table 2-2), WAITARFERIRNO—EHO
HETEICRON, AEOBELNE T ML R -
7= (Fig. 2-1),

REBRHE
MELEREERNOBREFTADL D, LLTFTD 6
DOBEE AR 2RO (Table 2-2), & A S O E & HE R

1/5000 MM S FAR D & &b, BERAETESOES
ZEE AR OBEBECHR LT, LTS OFRKAE
& UTo, £72,2004 4E 3 A I EHA KR O MK RR 100 m
KR A2 E U, PR S o fE 2 e
RO KR (BLF, AKifilg) & L7z, St.1 TiXm
BENME LN, LUFOMITCIiE St 2 L E UE%E
AWz, £/, £MERTHALORZE LIGHTICHIER
AR, HH T T GG (3631 Y, BRI EH)
ZRWT 1 ESY 12X 02 HIE Lz, 2003 4 8 A
2004 £ 10 AI2iE, FHAESOECEMICKIET —# 1
#H— (StowAway TidbiT Temp Logger, Onset Computer £i)
HZERE LT EREOKEBETEL, AKELEND HFE
KR & RO T, HMANO B REKIE, [FEKiE
(UATF, ik - icfEkiE) &2 L7z,

BKBHREE
O BRI, SR O FFIR 2B 807 DAl

DFERLFEMENT LI L VLB T 5 AEESER S
TV 5, WARWFZE CITIEME R B 2 0IE T 5 71201,
K (2003 4£ 10 H 2129 H), & (2004 42 A 2-
10 A), EH (20048 A 6-24 A, =X LKEMRICKD
WY OD St 150410 H6 H) &, FRAESICAEE
T 5T R TCOMFELE KRB KBEBIEEZIT o7, K
BHBZE AW mE, Z2<ofERICEEEZBAD
KEOWNH Y, MOFETITHELNRBETH 72720
Th 5, P I THEEDOYIEHREBY 2R & ATE
KIBIXEETHY, BKEBRBLZICHELZKEEZHFLT
Wiz, P BERGERIARS P 0Ll THY, RS
N REREAEE 5 om 8O 2R BRI BRI G sk
L7z, 723%, J1~Y ¥ Pseudogobio esocinus esocinus <° 3
v/ R U JEfaSE Rhinogobius sp.ZF O JEAEVEMAIZIR O
WPRCHE P IZ BN A MEE R H B0, R E I K L7

*3 0 ORE)IBERFERE, FAME.
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Y~ 2O EHfRIE, WEEZINTEED S XRTE e REFRD7=8, B wascore ZH\WT, FFlb iz
SlTed, LT OB Lc, THENELET 2 ¥ A RAE SO T 2S5 AEOE LA R T L NMDS
H 75 Phoxinus oxycephalus, ¥ 7' A Tribolodon hakonensis, m EICEE Lz, 61, B envfit ZHWT, &l
BT Y Candidia temminckii, A 71D Opsariichthys A& BFL 6 DOBREZAE Bl L OIS & D BfR %
platypus DHEFIZHDOWT S, EfEEZ 72012, &K Scm Tz, BMERTHD 6 DOREERIY, Fillbsh
LLFOTFT — & BT h R\, b lfEks —# TR AEROEEOMIERES L L TR L, NMDS Fifi &

1, RIS OKFmETHRL T 100 m? H7= 0 OHFER] WZAR_Y R & LTI LT, X7 RO RIS R
EREERS FE IS4 U Chlg - opdTicfit Lie, 4 LA BEOHEIEE N Kb RERFAZRL, &IIIERESR
g ixhdi 9 (2pt o 72, DHEFE L OO Em 2 ERT, —J7, BWEKTH LN
JIDERERL L, & FRA S DRI R 5 HEL & LT NMDS
SR Vil FIZoR LT, 39 R SN e &R SISk 5 & 8
TERRIZIN o To EREEM S 2 R 5 720, AR BEEBEOWAEIZONWT, BRELBOW NEXRE
DOFAREIZONT, RERBNC 7 7 A% — b & 9E (10,000 [E]) % 3EhE L, AEMEZHE Lz, % EROIF
FEL T R ERAE (NMDS) 12 & 5 Bk 21T - 7=, D, TRTOFFHENIEHE Y 7 P R, BLXORZhEaR
FRTE B (AT 2 B 1256k L T Oksanen et al 3 23 HESE 5 — 2L L7 U —#atY 7 b BZRY® THEHM L, MEHRE
J7 R 752 & Wisconsin double standardization & fiti L 72D 5, DA EKLET 005 & L7z,
FHA 4 C Bray-Curtis JEMEPUEITHI & B H L TRl
Uiz, 79 AZ =05 TIE, Y 7~ RS oKk fm 2

helust & FHWT, FEFHBIEATSI D O REEEIEIC L 0 33k

JEHERfETT%1 (cophenetic distance matrix) % % H L CTHHK REKHEDIRE

X% 1Bk L7z, NMDS IZ & 5 FE3HEICIE R @ vegan /% v WELZ 6 DORBEERED S L, 5 EEPERRITH -
r— 59 ) 5 %% metaMDS % W CHA A S A IR Al AR LT, Tb b, fEm &R AR E§ T m),
i _EICELE L7z, NMDS 1, #8788 % EHELLET TS KIENE, Wi, HARAE I T UG A BN L7z

P ONERLIZ FESWTIERIE AN P EIZBLE 9 5 729, (Spearman D JIEAZFHBIERER, *IFH & A FE 5, IHIZ rs = 1.0,
R DOICE 2R 72 AERE T — Z O FFFIBICEE L CTu 0.93, -0.84, -0.98, -0.90, 3T P<0.001 ; Table 2-2),
%, 50 FEHLEITINC T BB OB AEOEE L L — 5, EEAKIEITEADHAIZLY St.1-4 TIKTFL, #A

TR E X b L AEZRD Tz, Ail# 3 BEREGEAERMBEZRS2hr o7 (rs=-036, P

Table 2-2. Environmental data for 15 stations in the Ogata River and its tributaries (Kohbaru and Hakiai streams). Station 11 was

located in the Hakiai Stream 820 m upstream from its confluence with the Kohbaru Stream.

Station 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DF St. 1 (km)* 00 10 23 38 59 7.0 8.8 10.0 11.4 122 13.0 129 142 153 163
Survey area (m?) 2,263 2,567 1,573 650 999 688 929 751 883 1,090 491 745 473 479 411
Topographic type** Bb Bb Bb Bb Aa-Bb Aa-Bb Aa-Bb Aa-Bb Aa-Bb Aa-Bb Aa Aa Aa Aa Aa
Altitude (m) 232 238 255 260 284 296 325 342 384 397 414 416 486 604 820
Gradient (%) 0.60 135 032 1.14 1.14 1.62 1.43 2.86 1.69 211 265 535 108 21.1
Mean wetted width (m) 212 206 229 122 10.4 15.2 13.4 12.2 16.7 7.8 89 103 9.1 7.1

Discharge (m?/s) 2.81 213 233 195 1.04 075 0.32 0.35 0.19 0.13 0.09 0.05 0.06 0.08 0.02

DMWT (°C)***  Minimum 10.2 104 10.1 10.8 7.1 5.4 5.6 5.6 39 41 44 54 51 26 02
Maximum 20.3 20.6 20.8 20.5 215 23.6 21.6 21.4 222 22.0 19.8 207 188 19.1 182

* DF St. 1 (km): Distance from St.1 (km).
** Topographic types follow Kani (1978).

*** DMWT: Daily mean water temperature.
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Table 2-3. Number of fish species and individuals observed by snorkelers at 15 stations in the Ogata River and its tributaries
(Kohbaru and Hakiai streams) in October 2003 (top), February 2004 (middle) and August 2004 (bottom)*. Newly emerged fry of
O. masou ishikawae and O. masou masou, and individuals < 5 cm in total length of non-benthic cyprinid fish species (P.

oxycephalus, T. hakonensis, C. temminckii, and O. platypus) not included. Fishes arranged in order of upper limits of distribution

ranges.
Station 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
October 2003
Oncorhynchus masou ishikawae 3 4 11 4 23 11 9 18 8 17 36 24 35 203
Phoxinus oxycephalus 344 675 812 84 345 50 27 112 45 58 21 230 40 63 2,906
Tribolodon hakonensis 267 405 186 3 106 105 219 24 64 9 1,388
Candidia temminckii 450 170 523 15 4 28 150 52 60 14 1,466
Odontobutis obscura 1 2 1 3 7
Pseudogobio esocinus esocinus 1 1 5 1 4 12
Rhinogobius sp. 23 17 60 7 107
Opsariichthys platypus 25 226 25 276
Cobitis sp. 22 22
Oncorhynchus masou masou 1 1 1 3
Anguilla japonica 1 1
Number of species 7 8 7 3 5 6 6 5 5 5 3 3 2 2 1 11
Number of individuals LIt 1,519 1,609 95 375 172 185 496 131 201 38 261 76 87 35 6,391
February 2004
Oncorhynchus masou ishikawae 2 1 1 6 21 13 9 53
Phoxinus oxycephalus 134 44 61 2 14 1 2 59 38 5 360
Tribolodon hakonensis 11 11 17 24 3 36 2 1 105
Candidia temminckii 55 50 12 3 2 1 1 124
Odontobutis obscura 1 2 1 4
Pseudogobio esocinus esocinus 1 4 5
Rhinogobius sp. 10 153 112 275
Opsariichthys platypus 5 5
Oncorhynchus masou masou 1 1
Cyprinus carpio 1 1
Number of species 5 6 6 1 1 2 1 3 2 3 3 4 3 2 1 10
Number of individuals 201 264 202 2 14 18 3 27 5 38 4 68 60 18 9 933
August 2004
Oncorhynchus masou ishikawae 13 6 2 8 38 18 10 14 23 51 68 58 68 377
Phoxinus oxycephalus 575 650 1114 566 1,000 820 272 195 58 54 114 306 325 53 6,102
Tribolodon hakonensis 164 20 154 128 25 8 58 133 56 25 5 5 781
Candidia temminckii 38 615 489 50 62 85 62 17 2 1,420
Odontobutis obscura 11 11 7 2 5 1 23 1 61
Pseudogobio esocinus esocinus 9 2 4 2 31 116 76 131 371
Rhinogobius sp. 441 460 391 3 1,295
Opsariichthys platypus 18 5 12 35
Cobitis sp. 10 172 1 183
Plecoglossus altivelis altivelis 2 23 20 13 58
Oncorhynchus masou masou 1 1 3 5
Cyprinus carpio 1 1 2
Carassius sp. 1 1
Number of species 9 10 12 7 6 6 5 7 5 5 3 4 2 2 1 13
Number of individuals 1,268 1,959 2,207 720 1,064 1,003 506 586 187 113 142 364 393 111 68 10,691

*Survey at St. 15 conducted in October 2004 due to low water visibility from late August to late September in 2004.

_lo_
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BLOZEOMO LRGN AEAEEEE A 5D & (Fig. 2-2),
FTRTOZFEHTT ~ TN TG AR (rs = -0.89—
-0.94, T P<0.001), BT LY HBEFAEM (s =0.56—
0.60, T P<0.05), TOMDOAFEMNEFEML (B
W& rs =0.89-0.92, & H1Z P<0.001; 43 : s = 0.60,
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Y OERREE BEIL T X TOFRH TSR > 22k &2 R
otz (1s=0.16-0.50, P=0.06-0.51), Z /¥ D
MBS B 1T IR %ok U (Fig. 2-2), Bk & A0 St
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TV 7 A LN T 5 OEEEEERRFTRNCKLS, #
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Fig. 2-2. Longitudinal changes in population densities of four dominant fishes (Oncorhynchus masou ishikawae, Phoxinus

oxycephalus, Candidia temminckii and Tribolodon hakonensis) and other fish species in the Ogata River and its tributaries
(Kohbaru and Hakiai streams) in October 2003 (top), February 2004 (middle) and August 2004 (bottom).
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Fig. 2-3. Dendrograms and ordination plots resulting from cluster analysis and non-metric multidimensional scaling (NMDS) of
fish assemblage structures among 15 stations in the Ogata River and its tributaries (Kohbaru and Hakiai streams) in October
2003 (top), February 2004 (middle) and August 2004 (bottom). In dendrograms, dotted lines indicate cophenetic distances
classifying 15 fish assemblages into three or four clusters. In NMDS plots, numerals, italic and roman letters represent survey
stations, fish species (Om: Oncorhynchus masou ishikawae, Po: Phoxinus oxycephalus, Th: Tribolodon hakonensis, Ct: Candidia
temminckii, Pe: Pseudogobius esocinus esocinus, Qo: Odontobutis obscura, Rsp: Rhinogonius sp., Csp: Cobitis sp.) and
environmental variables (Aa, AaBb, and Bb: topographic types [based on Kani (1978)], Alt: altitude, Gra: gradient, Wid: mean
wetted width, Dis: discharge, Min: minimum DMWT [daily mean water temperature], Max: maximum DMWT), respectively.
Fish species and topographic types are plotted as centroids with respect to site scores. Vectors indicate directions of increasing
environmental gradients and strength of their correlations with site scores. Solid and dotted lines of vectors indicate significant

(P < 0.05) or non-significant relationships with site scores based on random permutation tests (10, 000 iterations).
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Fig. 3-1. Sections established in the Ogata River and its tributaries (Kohbaru and Hakiai streams), northeastern Kyushu Island,

Japan.
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MENOT7~TAEB ERTH S HEHOWEE TOR 16.4
km ZFAEKIEE LT, BHIZWRNENT LA %5
I 14 AER ST (Fig. 3-1), FHEROE SR, 7
~ 3V FHEFROEKBRICET HRHAZBE LT 1 km
A% (0.73-1.80 km ; F¥) + EHERE =1.17 +0.28 km)
& LTz, B RMBER A OB FI3%EZE 1 m Ll EORESCE

BETHESND Z ERMLNTWVAD, ™ ATRAEAKIR
W1 P57 11-17 m O BERTEDS Sec. 6 12 1 4 T, Sec. 1412
3 FREAEL, %72 1 m P EDOHERS)S Sec. 5, 11, 12,
1BlzFhE 24, 15, 65, 2 REI LTV D (Fig
3-1), 7~ A ORI Sec. 11 ZHLIZEEITDOATVD
R, B BRI O Sec. 14 (TITAMI R TR EREIZ ARV, ™S

HRRE

AL X O AR 3D 13 Sec. 1-4 T Bb M, Sec. 5—
10 T Aa-Bb 2175, Sec. 11-14 T Aa#TdH 7= (Table
3-1), #ER 1/5000 OHIE A B U 7= IR ARG Sec. 1-
11 T 3%A0%, Sec. 12-14 T53-21.1%Th o7, FALUES
225K 100 m FE CRIE L 72K EE 2> B3R 7= %K
& (%, Sec. 1-3 T#J 20 m, Sec. 14 TH 7m T - 7=, 2003
8 200544 A1Z/KIRT — % 17 I — (StowAway TidbiT
Temp Logger, Onset Computer) (2 & ¥ 7E&k iz 1 Refi
DKIRT — Z 18-S < A FEE R E KR Sec. 1-3 T20°C
7, Sec.4-10 T 21-24°C, Sec. 12-14 T 20°C A, [F#k

Ul *‘l‘]ﬁ

Tl

*5  REPNEEBFEME, FAME
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IK/K IR I Sec. 1-3 T 9.5°C Hijf%, Sec.4-13 T 3-7°C, Sec.
14 T3 0.2°C TH -7~ (Table 3-1), Sec. 1-5 (ZIETEARE
(9 15°C) DIEET D728, Sec. 1-3 Dixm—RIEKIR
TN E ot FREXRNOFNOLE LA
EWmARE L, #HH 7 o7 pedEt (3631 4, FR
B ARV 1 RE OKEEO 10-15%12 5% L 73l
TE W T OO TS 60%KIEDIEZ T U 5) 5V TR 7K
1%, Sec. 1-4 TH 2.0 m%/s, Sec. 14 T/ 0.02 m’/s TH
-7~ (Table 3-1),

TIYIZLHADSMRE

KX T, AP ICED7 T ADOREEEX
DEBEL, BWENEBEWEL OBIERHT 54
£/ 5 em £ CTOEKZF LHA (newly emerged fry),
ARVEDR PN K & e D ~BE T 5 2EK 5 cm
LABE O % F X CTHABILIE O (post-fry) & LT
XA LT, AFHATIX, 2004 4EFKICFEIN & U7 AR EE O
7~ A B A SIS, AR O 2R (16.4 km)
B THEKBRAEEZITo 72, 2721, Sid&KiED -
T CARIRAEN K E W28 (Table 3-1), EINKRNEDOT
~ I OF L HLZTH D FEEIRE DK 800°C 129
LEE (LAF, HER) 79 BSHER I LICR RS TR
ENiz, £Z T, ABAIFEOKIET —F & 2004 F 2-3
AIZAT 2 T2 AR 22 K B RFHE OFE R 5 5% LR
EWE L, T~AOEINHZ 200344 11 H 1 H & RE
T2L, FWREXOFELEBITXTHIZER L (Sec. 1 : [FA4

12 AEK), g (Sec. 14 : 2004 4F 4 H41H) &
HEE ST, EERICTRIEK BHEAAE T, HEE L
HICHEF L T EMHERD A B, KIBROEW Sec. 1-4 T
I EADS 1y AUNICHADNS R E CTRET 2 i
PEDPSRENTZ, LU EDZ &b, HEEHEEE EH
5 1 7 AU P o Efifl~#ED B & & L,

200541 H7H-3H28 HIZH 1 BIFAKEEIT-7T-, 77,

7~ THEFR O LB ITEEIN A OFE WA DRI X
DEBT D E & BT, SFEHNGE LR BRI H L
HA~BET 570, 7 FREROF ERERENTE ER L
B L= bEDT 2 L PHEIRE, &5, HEE
BOT v RN EOREBTT 501EIAATH ST,
L7z > T, BARTAEDEER IO FHAOBER
KEMRET D010, B EHAKOZWIYICE b
FHEBEIORENMLETH D Z EnG, 1 [EHOFHE
5 11-32 HOMEZIBWNT, FFE1H 21 H4 A 15 HIZ
2 [l B oA 2 F M L= (Fig. 3-2), #H&2N 1 HTRDL S
o T2 EITIEL 3-5 BRIZR TS OREEIT 572,

FRBBEORYE (9-178) 12, KFATR, o/ —4
Ny, RIAA—VEEZERLEZHES 24 BEHEX D
THAUD SFEDIEAK L, MR WIZ BT I~ 272
DO EHEAE BHREEK L2, AKEIESK 10 m MLED
FHAX (Sec. 1-10) TIEEHFRIBIZS 5 1 L4 OFFAF
R L7, EAKBEEIE, BBV OFESEBEWIGHT, K
1 m LIEROEFT, MHE0 T, 7~aey s I
~ ADTE EHEABIATT DEET D ZRubicAT, i

Table 3-1. Environmental data for 14 sections of the Ogata River and its tributary, the Kohbaru Stream, in northeastern Kyushu

Island, Japan, established for the investigation of longitudinal distribution of red-spotted masu salmon.

Section Base Point 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Topographic type* Bb Bb Bb Bb Aa-Bb Aa-Bb Aa-Bb Aa-Bb Aa-Bb Aa-Bb Aa Aa Aa Aa
Section length (km) 1.01 129 1.00 145 1.19 1.04 1.80 1.20 146 078 073 131 1.10 1.02
Mean wetted width (m) 212 206 260 11.8 14.6 10.4 15.2 13.4 12.2 167 89 103 91 7.1
Section area (ha) 214 267 260 1.71 1.73 1.08 272 1.61 1.77 1.30 065 135 1.00 0.73
Survey area (m?)** 2,263 2,567 1,573 650 999 688 929 751 883 1,000 745 473 479 411
Altitude (m)*** 232 238 255 258 273 284 296 325 342 384 397 416 486 604 820
Gradient (%) 06 13 03 1.0 09 1.1 1.6 1.4 2.9 1.7 26 53 108 21.1
Discharge (m%/s) 2.81 213 233 195 1.04 075 0.32 0.35 0.19 0.13 0.05 0.06 0.08 0.02
DMWT (°C)**** Max. 20.3 20.6 20.8 205 229 215 236 216 214 222 220 207 18.8 19.1 182
Min. 98 99 94 96 6.6 7.0 5.4 5.6 5.5 39 38 54 45 26 02
Difference 10.5 10.7 11.4 109 16.2 145 18.1 16.0 16.0 18.2 182 153 144 165 18.1

* Topographic types follow Kani (1978).

** Post-fry of red-spotted masu salmon counted in these areas.

*#% At the upper end of each section.

*#kx DMWT: Daily mean water temperature.

6 KRG, RKIEFE (2004)
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Fig. 3-2. Survey schedule to clarify the longitudinal distribution of newly emerged fry of red-spotted masu salmon in 14 sections

in the Ogata River and its tributary, the Kohbaru Stream, from January to April in 2005. Closed inverted triangles: estimated

dates when cumulative water temperature reached 800°C from November 1, 2004 (Fry of red-spotted masu salmon have been

reported to emerge from the spawning redd at 800°C). Open circles: first survey dates; open triangles: second survey dates; two

surveys were conducted for each section at intervals of 11-32 days.

FRDFUNA[TE FRERH | m LLEDE TIEEE L 720>
7o KK 20 cm & FEIDEWGFTCIE, WRWGFTN D
BV E R@T R L COKTOERERRSE L, A
LS CHRANES D HAE, IS CTRATENL 2
FI L T B HEfR 2 e S, R L7z, DL ED AT,
| T BBEENEMT DHE T EIZ, TED|RYIE
fRIZiF EHEfL O 2B Z2 i Lz, 7~ 2% EHEfao
WPk D5 S@mWHBMED -0, BIEOMRITE N &
e L, AR CIEEE oM EL YT L L
77

PHAEE L, T EHER O BN D e E o RsE I EE
Boa o, SEAE IR 1/2500 O HIK EicEh S &
BRL7-, FERTHIC, MK EORESH»OEMEAET
DEffZ ¥V E A =X —THIET D L &I, ERSh
772 EHEA B R R AR OKFK TR (Table 3-1) THL
T, 100m* H7= 0 OFEEBEEZHH Lz, ok, K&
JINRCERFIME & EE O FIERIE, KPR Y%
K CTHEFZ R L TR L, 7 £l S % BHE
fAF— IR ST 8 (2K Sem LLE) 1ZH~h
I (255 cm) ZEND, TRTHARFEESINEZT
~a &R LI,

PWERBALUBRDOT7IITDNHRE

2003 4£ 10 A 21-29 H (Bk#1), 2004 4F 2 A 2-10 H (%
1), 200448 A 624 H (E#; AR D7Z® Sec. 14 1%
104 6H) A% (9-17 #) 12, HFHFEEXNICD 2L
LB ERE — DT OFLIREER 42-146 m (93.8 +36.7
m) OFEHPHZRT, HAHLEOT <~ IO KA R

FEEIT -2, TNHOFEFMIT, #2 %O OFE
BDH B St 1-10 & St. 12-15 L R UBFFTH 5, MK E,
b T & RO 3 AT OKEEOEEED DR H
L 7= 4% FHA HEPH D K R A 1E 411-2,567 m? (1,035 + 658
m?) T o7z (Table 3-1), WHAEIC LD HHRDZAER
oMb T 2790, KEESK S m LT OLETClI 1 4,
5-10m TiX 24, 810 m BL ETIE 3 4203, KH A TR,
Va /)=, RIALA=VEEER L TCHELE, |
ZOFETIE, METICAAERS LA ITHER LR
W, RVEAITRINWIC LR T~ L2 bxtE
ZRELCHRBEEZEE L, 240 LTI, Kmig
FIZIFHEITHENIITE 0 YT, 2EN LT~
B LN LT HFROAME B L, fEOFHERILL
BHBE LI, 2 WTFROHAED, TS EICHE
KU, BEPITRAMREE 2R, 7~ g maIni
WEIEEE oI, 2 4L EOBIEOK TR, %
HOBEKBANO T~ TOBHAEHER LI, T~ID
fEEEZ 5 om RO RMERANCFSR L, KB T
B b B RS E KRR THR LT 100 m* 720 Off
EEEEZEN L, £, £2RERO TR & FEk
B OERHEROELHEE LN ERD -, LAHICiT—
HOFER TR EMAEROEN, LROE LA
T & DIRRFIEBET 2720 T —ZIZED IR o7,

HEHRRAT

KREX DT ~ 3% MR OB REUEE, Sha L
ODEAEBEERS LOL2ENMIZO W T,
Jonckheere-Terpstra & 12 £ 0 kR IZIR > 7o fEH 17 &2 7~

7 RENEEBFEME, FAME
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Table 3-2. Number of individuals and densities of newly emerged fry of red-spotted masu salmon observed in 14 sections (16.4
km surveyed) in the Ogata River and its tributary, the Kohbaru Stream, in the first (7 January to 28 March) and second (21
January to 17 April) surveys in 2005.

Section
Survey 1 2 3 4 5 7 8 9 10 11 12 13 14 Total
Number of first 0 4 9 7 54 48 52 40 67 179 428 152 334 1,374

Density first 0 0.01 0.03 0.04 0.31 0.18 032 023 051 277 3.18 1.53 459 0.60

6
0
Individuals second 1 31 35 7 48 0 68 67 70 42 64 311 390 342 1,476
0
(per 100 m?) second 0.005 0.12 0.13 0.04 028 0 0.25 042 039 032 099 231 392 470 0.64

oo Eio, 2 B OME TR E LR OFRRSAN, 3 =6 #w R
DML DR DR A, 3 L OV EHEfR & S

HILABE OB R D FFE 5345 OFABE % Spearman DA AH RS FYIZFLHADORESf

FRE TR L7z, AEKHENT 0.05 & L, ShAaMLIFEoE B EHERITRID OO ERWVEERG, #HOA 0 TEHICE
ROFRESARICET 5 3 B0 HT TlE, Bonferroni B, 2 BOWECHREINT-T~IAE FHADK
MIE L7 AEAKE (0.017) AWz, X TOMHTIEH EEEE, e 1,374 k& 1,476 f@iETH -7

Y7 b R® B2R—=2L L7 U —HEY 7 b EZRY (Table 3-2, Fig. 3-3), MAAAIZIS T 5 4FHEX O K%K
Tiro 7, X, Sec.2, 3, 13 B LV Sec. 11, 12ITBNTORLER
Section
05 1 . 2 .3. 4 . 5 . 6| 7 8 9 10 11 12 13 14
First survey E 5 E E
209 0 b b
sl b
£10{ too i L
O i i i i i i
()] 1 1 1 1 1 1
o 5 : : : : : :
S H T A |
% 0 | i H ] li 1 4o |I Ll
_; 0 2 4 6
1 2 3 4 5 6
2 25 - R !
S Second survey | 5 5 5
& 20 ~ i i i | i i
S o
S 0 b b
P i 1 i i i i
CE B T I A
s{ | I
oL duhd Gl
0 2 4 6 8 10 12 14 16

Distance from base point (km)

Fig. 3-3. Longitudinal distribution of newly emerged fry of red-spotted masu salmon observed in a 16.4 km stretch of the Ogata
River and its tributary, the Kohbaru Stream, in the first (top) and second (bottom) surveys, conducted from 7 January to 28
March 2005 and from 21 January to 17 April 2005, respectively (see Fig. 3-2). Fry counted by snorkelers moving upstream
(Sections 1-14). Arrows in Sec. 6 and 14 indicate locations of water falls of height >10 m, and others, man-made dams of height

>1m.
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Table 3-3. Total length distribution of red-spotted masu salmon observed in 14 sections (ca. 100 m surveyed in each) in the Ogata

River and its tributary, the Kohbaru Stream, in 2003 and 2004.

Total length Section Total
(cm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14
21-29 October 2003
5.0-9.9 1 3 13 3 6 26
10.0-14.9 3 7 7 15 11 9 12 11 78
15.0-19.9 3 4 5 4 15 1 3 2 12 4 10 70
20.0-24.9 2 1 1 2 15
25.0-29.9 1 6
Subtotal 0 3 0 4 11 4 23 11 9 18 17 36 24 35 195
Mean 17.5 175 180 175 162 166 12.0 133 128 129 148 16.1
Variance 0.0 0.0 223 0.0 7.3 9.1 6.3 37 140 234 239 405
2-10 February 2004
5.0-9.9
10.0-14.9 6
15.0-19.9 2 1 6 11 12 6 38
20.0-24.9 4 1 3 8
25.0-29.9 0
Subtotal 0o 0 0 0 0 0 0 0 2 1 6 21 13 9 52
Mean 175 175 175 17.0 179 192 177
Variance 0.0 0.0 00 123 19 6.3 6.8
6-24 August 2004
5.0-9.9 1 7 3 34 15 28 46 146
10.0-14.9 2 2 1 2 19 11 11 31 18 11 118
15.0-19.9 9 4 1 11 3 1 15 8 6 65
20.0-24.9 1 6 3 4 16
25.0-29.9 1 2
Subtotal 0 0 13 6 2 8 38 17 10 14 46 68 57 68 347
Mean 175 158 150 150 133 125 11.0 100 89 136 11.3 104
Variance 8.3 67 125 143 142 94 114 106 63 223 199 24.1
Total 0 3 13 10 13 12 6l 28 21 33 69 125 94 112 594

*Survey of Section 14 conducted on 6 October 2004 because of water discoloration from late August to late September 2004.

STV AY (Table 3-2), £ FRA K OE A0 B 1 ]
AL T 0-4.59 fE1A/100 m® (1.0 £ 1.5 fE/100 m?), %52
[T 0-4.70 {8 {A/100 m® (1.0 + 1.6 {#{A/100 m?) D#iPHIZ
HY, MAEM CHEREREITALNZRD) -7 (Wilcoxon
DA ZNERLFIME, V=32, P=0.61; Table 3-2), %
7o, A RAE X OMEEEEIXmFREMN A E R IEOFER
% 7 L7z (Spearman D JIEALAHBILREL, s = 0.95, P<0.001),
WA & b EWER O Sec. 11-14 TREEBEEENE L (B
1@ &4 2 BOFEE : 1.88-4.64 {814/100 m?), Ao
BRI _EHER D HERE S 1U7- (Table 3-2, Fig. 3-3) , — 5,
Sec. 1, Sec. 4 @ Lyl (8 1.1km), Sec.5 @ FHRfl (&9
0.6 km) 35 X TF Sec. 6 TiZ, 2 BOFMA & &% EHEMANIE
A EHERR SN2 o 7= (Fig. 3-3), Sec. 7-10 D{E K%K

FEFEIE BIRES & 0 0K < (0.21-0.42 {l4/100 m?), Sec.
5 THEHRWVER (1903 km) TOARPTAIZE EHEMAN

Banz (0.29 fE{K/100 m?), Sec. 2-4 DOEARE K 1X
D TEA o 72 (0.04-0.08 E14/100 m?), & FRA X O
W EEFERITERWWMER@Z R LKL

(Jonckheere-Terpstra 2 /&, %5 1[0] : J=81.5, P<0.001 ;
#2108 . J=80, P<0.001),

MBHLBOT7 I IDRESH

LD T ~ Tix Sec. 1 < 13 AKX THR &
A, EEBITEMICE <, A 72035 7= (Tables 3-3),
KA X OE R L RO Sec. 11-14 T (B
W : 2.3-8.5 fE{A/100 m* ; &3] : 0.8-4.4 fi{4/100 m* ; &
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Fig. 3-4. Longitudinal changes in density of post-fry of
red-spotted masu salmon in 14 sections established in the
Ogata River and its tributary, the Kohbaru Stream, in October
2003, February 2004 and August 2004. Fish counted by

snorkelers for ca. 100 m in each section.

Z 50
Rl O
GDA
5%40-
£33
tl): 30 + O
g2’ °
8%20-
S € @)
23 10}
E)O
o)
8 00% O| 1 1 1
0 5 10 15 20

Density of post-fry amago (N/100 m?2)

Fig. 3-5. Relationship between density of newly emerged fry
(surveyed from 7 January to 28 March, 2005) and that of
post-fry of red-spotted masu salmon (density assessed in
August 2004) in 14 sections established in the Ogata River
and its triburary, the Kohbaru Stream.

# 1 6.2-16.5 {E{K/100 m? ; Fig. 3-4), LFiiEEEEA
%7~ L7- (Jonckheere-Terpstra fiE, FkH :J=80.5, P<
0.001; &#1:7=73, P<0.01; E¥:J=81.5 P<0.001),
72721, Sec. 7 TITAAH & H T LB R VS BE AN 2R
Stz Bk - 2.5 f84A/100 m? ; EH : 4.1 1814/100 m? ;
Fig. 3-4). F7z, #iaX OMEREEEIZ8R 7 D FHiM
THEREOMHBEZR L ML W =075, P=
0.002 ; XM & EH - rs=0.76, P=0.002 ; Tk & EH :
rs=0.92, P<0.001; Fig. 3-4). FR& XKD EEITITEKH
EEMNCHERZNA LA (Kruskal-Wallis &, K
df=11, y*=327, P<0.001; &M : df=6, y*=43, P=
0.63; BEH :df=11, y*=856, P<0.001), FEHEREIX
UEANE &/ SV MET & < L7 (Jonckheere-Terpstra 187,
KA J=17.5, P=0.03 ; i : /=10.5, P<0.01 ; Table

33). 7, HFREXICBT22ROSBIIKETHE
IZH#72 > TEY (Fligner-Killeen f27E, FKH : df=11, 22
=423, P<0.001 ; & : df=6, y*=104, P=0.11; &
#odf=11, =171, P=0.11), X CORFETLIIZ
EREZVWMEM M H > 7= (Jonckheere-Terpstra f2 E, FAH :
J=185.5, P<0.001; & : J=118.5, P<0.001 ; i :
J=177, P<0.001),

PEHLUBEOEAKEZLHRAOTRESAOER

2004 4E 8 H IR D& HERX O BBILIED 7~ 2 #
g &, B 1—4 BI85 1% B o 5o i
ORMICIE, AERECHBENRD bz (Fig 3-5 ; $hfa
HUBEOT ~ T L8 1 BIFHAEOE EHMA : s=082, P<
0.001 ; ShEHILIEDT ~ XL 5 2 BIFRAE O EHEM : s
=0.80, P<0.001),

% E

ARFZEIX, 7~ I ORERMITOEERHICBS N T, %E
FEfF L ONSh A DARE oo (8 (R0 B N R AR TR -3 U T
EANE EE L, WEORBESA S — T — LT
MEZRTZEEHELMNC L, £72, FLEHEAOEEN
2 [EORHER CREREEZRIERD ST EDD, Kl
EITHAOR LEMICER S, FOFRESMOEES
BRIERET 2 2R TEEEEZOND, UTTIE, M
HOFEFEIATDORSIER & 2 O N —E T 2HH IO
TEELEZOL, FHERICET % HAEAEOFhR
FOZFOEDOFIEIZ OV TR 5,

PBBALBEOTIIDOREBLARIER

B 78 0%, WO ILHIRRICB T D Y~ 2 DERE
FES, B & OB EEOE AR L O E AR & EED
MRZRTZEEREL, TOHEMEE LT, BHEEHTO
HEHE RS & 72 B 3K O RSO PR O F-0UE A 23 S L
DHOMNNGATE LCHREET 2 Z &, HENEEE 2D
it PR O b RN R D Z LICER LT
%o F7z, Inoue et al’ 1%, AtHFHEIZBIT DY 7 5<%
Hrfa DA B EHIBR 2 ER A E M i E KRR L OUkH
DOEIFEAR, WREHO 2 WM EED I N—DETH S
TLEHELTCRY, RENY I I AOLEBREEEH
ETDHEMEE LT, D=2l ST, ey X
7 O, BRI TSORIERSEE 6726 L, BRI
KOE@mODLZEEERL TS, AFHEMIZB O THE
KB E N E D> 7= Sec. 11-14 O HBEEESM%, )1
FERERI Aa BUCIERAEI A K & < (2.6-21.1%), FEK
IR2% 20°C AR CTh Y, LEoRENFTRESMEL —
LTz (Table 3-1), ARWFFETITA AN =00 FEMWIZ
B9 2 EEAPEAE 23 L TR0, Sec. 11-14 1% Aa
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R OWINERER 2R & & b I Tl OHE X~ E
DRTTRERR 2 > TR Y, B << BT & 22 5 Kb o
Rz, BT~ I OEELRAEYM TH HREAERR
B PAHAmIcBEEThHLEEILND, ThHDD
Enn, RFHEKIZE T 2 EHLBEO T < T OE
A, EEKIRDIED, W)ITEREALCW IR Afid s £ Of
TIERR & WV o T ISR b 72 O T ERIRINA I L 0
FEENTWS EEZBLND,

FYIZLHADORESHTOREER

S BHEO R FHER ORI, PEIIR ONLE &
F EHAOBIEXDSHAEICHE LTRSS L& X
BND, T AT AR I B EEIR R O FAR AR X &
DTIERND, AINOT ~ T LN ¥~ A TITEHRT
FRHAEIC LV IRVEEMENRD b, PEINGAT & ATES
AN A AR R STV B, M E 7, ullo
T AT ATHREEROFMED G EFEMEDHER I NT
Wo, I Z o5, ik, A oA, AR
HEAIBICFAT D EAENO L TH b (Fig. 3-1),
WITERERL (Aa B, WIRAEL (9-15%), @Kk (20°C
PAF) IX Sec. 11-14 OWBBRESMELHLUL TS, &
BT, T8 %0 1% Aa-Bb AT TIIE AR AN SV (2.9-
32%) A TE T v TOEmWEEMEL#HE L TWD,
AFECRONIHABILUED T ~ I OFFE DA DR E
" (Fig. 3-4) 1%, TN 6OBENRDRN & 2R 5
LbOEEZLND, TNHOI LG, KFEEKEO T
~ I HEWVEFEMEEA L, £ OEINRITSAMLIEOE
ROAETEGFFHLICE S, FEIVE O TR I
HILABE OB R D FFE o346 & FARIT 5 ATREME DS B & 2
b,
FEMAOBERERICE LT, 79~ EX MBS
3TV OFRINO KRR CTIE, % EHEAD Bt~ X
FE A BT, EIRMEICEE 20 FiRT~B
ol In g, B UL, KREmTIET
~ IO EHf L SRILIE O RO AT — T
HEmMER LT, ETERLEZLOIC, b LT ~IDE
GRIR & B LI DR DR S M B —ET 572 513,
Z D B L S L O R K DR R AR O — T,
# LEZOT ~ TR EIRMEICE E 5 2 & THOL
Li-bo L Higahnd, $£72, 11-32 HOMBEE B2 2
DO %8 U CEF BRSO S AN EL Lo T2
&, FRQZEAEHAP RGN 1 km (2725
WAL, LELTHFELREZ 1%, ZEMARK 1
ry AWM, FFAEXOES (W 1km) #8225 L5 KE
RBEE LIRWARE 2 RIET 5,

HRBEEDFHE V—=2FEE

V== BT, EREREEOREEZ K D 201,
TESRABARED A3AT 82— & HARFEAEPE D FREIZH SN
TSGR B2 D HER A R L ORI FEAE A SN 5D,
82 skt Y o — = SEFL ORI LR, 1R
BERAT L, BIRTAFED BAF72KIK CrX, 78R KR
DORED T OIS it % e 3, 298 L 35, £/,
FESEMARRENIEAE L2V, F 72 1A Rl i 45 0 JE(E S 1R
RERA LTV AKIECILIERZIT, BREAEENR
HFTHIIE, THRELAREN X RRMAITIT AR O 85
ZHIRE U CRIBINSHER O RS HELE S 2 03, B
APEMMER 2 5 AT Tl E 72 IR A O A A S h
5, FPTHEINT- LI, 7T~ TOEIK L FHEMA
OFFRGAAELIL, F WGP TR LRI AE RS
ICRE 72BN 2V ET i, AREKIKICRE T AT~
2O HRFAFEITT LA ORIESA (Table 3-2) 725
RS D Z EAEEETH Y, LD Sec. 11-14 TR,
EREY PRMTCIEIRZ LM D, Fe, LiRMGE
EXIZENAHLUFEO T~ TOMABBEEREL, £
PR RRNNS L, ZOSMBREVEMIE, BRI
CKIRMEN DI YA DR EDN BV Z &2 & % e
P H1F Dy, EVRNOEIEREDS, FXHIZZE D FH i
BB I OSHERFERIEE S L 2R T AEEERH D,
LFRBICRE L HARHAENMTbN TN D 2 & & Bk
LTWaD0ns Livien, AFREMIC IS 1T 7R RE AR
OEBRXEIEH LN TRV (B 5 ECTHEE), BAEED
TR — NN TY — =V TEMABITH LT 5 L,
LR Sec. 11-14 TIIFAEERRBEF L EZEZ N2,
FEIR PR F 72 13 & L2 WA, —F, Sec. 11 &
D TFHICIXAR &R SN D =1, EREZ MR L &
I LT, MRELIIRAOKTSHERSh D, Y

HRBEEOME

Sec. 11 XV FHMCHAEEMEFCTH - ZHNDO—
UL, B EOMEEOwRERS M BHB LT, T~
TOHMBRZLE LD R bbbt EIOND, K
FEHIZ I T L ABLUEO T~ FToAERIE, KiEBX
O RESE DM BRBREE S8 b 72 O T BRERINA T2 H
EINDEBZHLNHN, TN b RETHII A2
EORWHERX (Sec. 7) BEE LI Z &ind, FHRAAA
WOMEEEEO/K S, Ao 0BREERK T Tl
T2, —J7, Tl (FFlC Sec. 1-6) TILiEif#H
DANELRLT N2, $HEENRSWY Z LR EMESN T

*8 ARG, KFEE (2005)
*9  HEFPTWMIC GEREIA33 7 7 7), RAME
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W5, BEHIIRIC KL VBAKEZEMSED Z L, AR
BAEOHEZRL —2DO@& R THL VA LS, T
TN DA, 7% LHER O fE K0 B N R TR &
WA DS BAFAE U 72, 1T Sec. 5 @ B3 (79 0.3 km)
TR LA @B EICHR SN, ok THK

L km OFEFAIITZ LHEANT L A LR B0 - Tz (Fig.

3-3), F EHER D HEFR SRV A 1A DR (Sec.
40 Epfal), br (Sec.6), HERETIZHIT LY —~—
b3 L OEAAL © L7z (Sec. 5 O THIMA) NRHH
A, AU IO HERE L P R O, T
COXIBRGFNET ~ IOEINEMTHL H Y, FEIIREH
DA TUAAIR RO BIRFAEEZHIBR L TV 5 Af
BEMEN S D, T, A U TIEATEINE 28 L TH
REAEZWRET 2R AMTbRA TV 5.Y Z ol iEE,
RN AR O R 55 C RE NI HL 23 Ik D U 72 /NSRS
BWTHEKE O EEFEINC & 2 BAEFE O E % [[l#Ed 25
BB TEMEINTWD A, FEEINGICHEA B Z &IThb,
FIRMBIARE LK CTH BARAFAEEZETE S0
b, =720, SARERAT O 7 ~ I CREINEET
EF R OABRG IS ESET SRR E B E T D &,
NTREINS D& TN 2, 30 em LA FDKIEE 20 cm/s
IR OFRBFOE, ™ 20 cm/s LLFOEERE & £ 8OK
FREAERERA 7 Lol 7w a0 H s v 2ADE F
HER D T PROBR B & MIRF TG T 2 MR H 5,
AW TIE, ZEOELRE THW &7z Sec. 12-13 I
BT, #FEHAOEEREEENSVEZ R Lz, 1)l
TAEME, EEICIZEEROBE 2 HIR L < Eimflicks
T B EEMEREOMHER A b 72 S 9E, 80 - BRI
TR BN OFIRIC L v, LRAICIImEgEORERE, T
T CILFE A HEST U, FEIRSG TR O 4 B TS &
LD IINREOZEENR KON D Z ERNbLND,
300 35 EEMEE R ARBEICK LTI I b OB
DS EEHRI/ N S UVIED, O TARY T iR O R O Bz i
TAEWERE 12 ORFEIRRIZHE > THEITTH 2 E R b
T35, 9 AR KEEO 7 <~ 3B EEETH Y &
FEERENEBEZOND Z &, F£72 Sec. 12-13 [TIEAET
% 2 DORE WL X NIRRT (1972 5 & 1995
) MLLIEZ EnD, PFHAEFMIFRTIE, Hi%KiEo
7~ IO BIRBAEEICKT B oW b ORI o T
LboLEZLND, LaL, WIITEDZ XY /NMERE
SN IREEE ARV T, BRI, BEEEsHo
e RMEROMABIIBLIT & - THIRIER NS £ 5 = L 2N
WEhTky, ¥ EEENAEGNE ShBNBO A T
ETITBWT L, WBHIELE T oW S 7 iR (R
PHEIET D EBIRRE SN TVD, B E7, B, AT

T ORORIC X0 REICHED LTW b3 7 BB
SRR, HERRE O ERANCREHEEREE O RETAR
LTWABHANEL, ¥ FERICHIRO ATREMEA B S
TW5, 920 fERMERRE O MR Z BB 5 72 0121E, %
DBBIZEENE MM AEDFRFICHER S NDLERD D
Z DD, EREREERNIZ BT D RO BAECFELE K AF
IROBRES, BEFEWHFRICE SO BEREEE %2 i
T5HZEMBESNTND, 2VARFHAKKICENTY,
YL T oy S MU IRBEMRARE S FE T 5 2 &, BRI
VEER D Sec. 14 IIXAMI 2R FIEREER A 72 <, TEAE A BE
WEBTHARENEZEZOND Z End, A%, £
KB REO R % & L BEMIEEOBURERESCE=X 1
VT EITY, BEFMIEREERTALEND D,

SHNDEE

ABFFETIE, % EEZO 7 ~ THFA D EINRA T I
FAHAREMEAZ R LA, HKHEO rREE T, BE
HEf D —H 3 k2 7o FEBE (0.1-2.0 km) THE KT
HrTazenmbh, " BEICEIMEY 27 LB
B TELNAIEREILZ N — REF7OBURIZH D &
5, B8 ORERZE IR, I Y < SRR O 4 B ET 4
K& JBRIZHRIZA 77—V OREEZITH, FHEXORE X
281 km & L7720, TRUTOR7r—ViciBit 5
FHEROBEIZ R L TR, BRI BT
BI7e BN A U5 &3 huE, BRESINA JIZE L Cild sl 72
FENRIFOMER DI SN TG AL, F D Ot E
PIRTT2720F TidZe <, RIKROF EHAOARIZHE
WL G2 DAREENE NS, 5%I%, L0
R —)LDORFBE TV, T~ d7% EHAalICBIT 5 L0
MBI ET 2 LERH D,

B4TE PYdFLHADERBFA

UTAE, AIES & B O 4 & R OWISE % X 5 72
WIZ, V== 7 K BSE N A ARSI TRHA bR
TW5, ¥ ZOFETIE, HikSn-®5h s o
i TER O BRI AR T AIERMAREEZER L,
BT I o CREMBROICR AT 2 20 4 8 13, 7ER(H
REEA BRI CIRAN & U Ol ki s ns, —75,
B S T F A & DZHEN L BB R B o TR C
(LI dE LR R RIRECTH Y, HORIC L DN EFR I
2%, BRSO xt S AR ORI I K O e RS0
HOBMEICL Y, B S BRI £ Thk & 78R
2R %, 8 BRI E AR AR PE DS FTREZR ST I, BE SR,

*10 KARD, RFEFE (2005)
11 KEFJINAEBRME, FME
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Fig. 4-1. Map and location of study sites in the Ogata River, northeastern Kyushu Island, Japan.

N TN Ok, 3 FIRINEHE, °0 Bk Y %o
FEREZX LN, INHIEE EROHADAEETZ BRER
Bz ns SATEmELTWS, 270, FitMEy T
VA DL 7> & BRI 0 T, BERlc&EsR Sz
WA 22 L0 TSR S 41, #ERCRE L%
L DW)INSHEN L, HRBEENE(L L TWD Z &35
BNTN5S, &7 T, Tl ERME Y ¢
I KRN E <, 0 WHHEORBLEN 2 BB+ 5 &, 2
T B 00 AR B3 TN 35 0 2 PR OHETHE I,
I b NEECEA LS WR B, 2 b0
HEIE TR B RN RE S 2 72 D2iE, MG T
VRAAIRIZ BWT, RO ARG IR HICEET 25
REWHETDHZ ERMETHD, P

T REEOR EHA oL BSFRF IOV T, EHR
TET~I B, B I~A D ICEHTIRENDY, &
HIZE S TRED N EWRIRWOHZFTEZFIAT 2 Z &35
BNTWD, 72720, ZibOHFZEEN)I o Efik 17
biTEY, ELGFTORSI, MEREHTA 7y —/1 3%
BT 57 EHADOEMADREL LTEINATVS,
B HLGITREM A — L TRIN S fE & BREERO
Btk %, BIOGETOZER A 7 — /VIZHERT 2 2 L I3 AR
MRIEAND D, %% Fiz, MAEBBFAr — L OWF5E
T, FRIEOENRIZE T DKECTEEN I 50275

M, 799 25 LA BGET A W)IINT & ) BlE 4~ &
PZONWTH, Y EfLOR 7 — 1V OIERBRLETH D,
M 53 2 TIE, MR EHENITT v % EHAO
RS AT, AR TR T, # EHER O EE 2
— MBI TRERICOMT D L 2R Lz, ZThiT,
AR TWRIANC T 2% EHER O RIRED, A RS
FTR T — i3 Rhie s, REREMA T —LOEREER
BREETLZEERET D,

ARFGEI, KENIARE )N O T ~ =4 Bk Tl
BWT, MEEAMNR 7 — BT 5% EHEf 0L BT
FIRHZER LN THZ 2 BEE L, 2001, B
KEHRBEICLY 7~ 3% EHEROSHAERHN, RIEE
7L OMBRE —RIGBRIZREEGET /L (GLMM) 12 &Y fig
Brive, 72720, IS 7 BHEBEO I ST EL TN
KREL, B Yy S<RELZA¥EA T T4 Salmo salar
D FHERTIIBERFENZ2BIIAREIh TS Z &
M5, 828 JIARIC K- TN BB 5 ATREME NS
2D, BEIFROHMIE, AFRITFHL2RWAREY 2
ST EM T DA H D720, 1 FEIOBIEIZES<
HEITB - Tfmr L AaREREZE XD, £2C
ARG CTITEEAE, BERICblz> TREEZTV, £2
LTV FHERE AR BT S BRI ER A HEE LD b,
PRICERT 2EREZLE LT,
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MHETE

BB EAERE
REFJIARRAETNNE, Koy BB OBRE (B
1,060 m) 2>5% L, 912 km #iE L CHAEL (1,756 m)
VZARIR & RO SRR & A L7 B, 5925 km LH
FrNZH T L, A0 54 52 km Hism o KB INZRAT
D, ARBFZETIE, HEJIE OAFTRAN SR 1,800 m Fif
OEUKIEIR (=R 14 m, ARERL) Z2EAEL, B
1,400 m B BARE (7549 11 m) £ TEHFRAKK &
L7= (Fig. 4-1), #[JIIJERERY 3D 1% Aa-Bb BA7HY, &%
280-290 m, JERAELE 0.7% (1/140) TH Y, T~ ILL
ST & J1 5% Phoxinus oxycephalus, V7 7' A Tribolodon
hakonensis, 71 7 2V Candidia temminckii 3% < £ BT 5,
0 SHA AR P, AT KL T 7~ S HEA T S e e
o7, 2007 41 BT, AEKEROREIZESND 25 m
BELZT v N—AT L —TEFELLTUESRE L, ER
TRYI LN 25 m Oz 1 XiE (section) & LT 56
EHOXE (AF 1,400 m) Z%1F7o, &XEE, Eah
O EWAAICE T EZMAF L TRE 1226 XH 56 & Lz, 1
KEOES% 25 m & LEEBE, —RAICH TR BT
(i, W) oSN EHKEEU ETHY, 0 @HN
OFNFFIRTIT 1535/ THH L, ' BIOA
TR DL KEIEA 127 m THho7zZ itk ?
(Table 4-1), ARFAAEAKIKOFBIIXE 37 L E2HEIC
b FRAITTEA Y, ERAITTIEE RS E) D SEBKIEN
REVERAE (VY =) Osfla 7~ L (Fig 4-1,
£ 1

BREZ=DOHIE

2007 4 4 A ISR A CKEE, HBRKE, EhHRRN
DK (LLF, WEKE) LWl HE Uiz, wAKEE
%, B AERLE) Y 220N B R E IS & v — 7 TRIE
L7z, INFKEETHEIE, T~aReth s 7~2A0E L
BRERVOBFTEZFT > 216, KEPBK 40
cm OALE THEIE LTz, 72388, WG CIldfER 7 a7
AIEHFT (3631 8, BEFTEMH) ([T L HHEDNRFRETH
ST, TIBLOY 7 I~ 207 FHERTHE S
NTWDEMAZE (F120em) 712 28212 40 cm
G DK TIL 60%7KI%E, 40 cm LA ETIXKE S 24 cm
OV ZRE LTz, £z, KEOAMESLHIZESWT,
SLI00 A K IR NS 14 18 00 B4 (riffle) % 45 7E L (Fig. 4-1),
MR & R IREORIIKIEEZRE Lz, T HIXFRAE
M8 C CR CALEICAEE LZ2S, 2008 FEFKIC X 50
O it (1,250m 85 128 LW 1 SBiniz7z o
(Fig. 4-1), fHEOBRBEEEZRE L, SXEO L -
THAEROBRREEEZ YL, KEOKEE, KKK
W, EAREMNORREKE, fEE Lz, FiHE2E 0 XE
TR RAKIRDOHE B R R O KEE G OT-, £z,
KR X OUKE 2> 5#) 20 cm LN O & S12dH 5 KBR D
A OKAERYRAOTKE F M OE S 2 XEZ EICHE L,
TR Tl L CAEA R OMMYE & Ui, MR 1-
BARDEE OREMWEIL 1% & Uiz, FBREE RO
% Table 4-1, {18k 11ZRL7z,

REXBE D E
X ORERFIZ, KREOWEILL, i, KECESH
«C) 31, 100, 101, 103, 104) E}E§7kfﬂjZWL:uT@ 3 *ii,ﬁ@(}lﬁh%%

Table 4-1. Environmental characteristics of 56 sections (25 m long each) surveyed in
the Ogata River. B/H: Width-depth ratio; DFR: distance from spawning redds.

Environmental variables mean = SD Range
Depth (m) Right 0.64 +0.77 0.05-3.42
Left 0.79 £ 0.94 0.05-3.84
Velocity (cm/s) Right 21.8+29.7 0.06 — 134
Left 10.8 £16.2 0.06 — 89.1
Vegetation cover (%) Right 0.05+£0.12 0.00 — 0.68
Left 0.22+£0.40 0.00 - 1.00
Wetted width (m)* 12.7£6.01 2.63-32.0
Maximum depth (m)* 1.65+1.09 0.29 - 4.55
B/H* 12.7 +10.9 1.12-59.5
DFR (m) 2007 213 £ 163 0—600
2008 222 + 157 0 - 600
2009 235+ 175 0—-650

*Wetted width and maximum depth were not used for generalized linear mixed model

due to multicollinearity but used for calculating the width-depth ratios (B/H).
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A2 RE Uiz, Bl (riffle) : BN H AR E <K
TR/ E W 5 I (pool) « K AN ST 7o T A/ & < K
AR E W P (glide) : D b BWA~DBATH S T
HY, WLHPNNISKERNSW, 72720, REFFET
ITIRIREAL D BE R & BRI S ARE L2, &I
BEREBOWMKE RN 2GR ER o7, £z, KR
ARICHEZRBER 2 ED D Z LIIAREMICNEETH 5,
3100 104 2 = ¢ DUF O FEMEIC L 0 & Kl % il (G:
glide), V-5 (GR: glide-riffle), Ffi (R:riffle), F
Wi (RP: riffle-pool), {f (P: pool), il—Fi (PG:
pool-glide) @ 6 FIEIZ/yit7-, 9, % & e XHIZ
DONT, BREAREEEEITFRICH DA % B
(R), THWMIRE D56 % -1 (GR), LMz
WoHA %R RP) & L7z, kiT, EfRDH> L 2
FEEHOXHE (R, GR) DWWk Tl T8 2 Xl
R (RP) &L, EFE3FEFEOKXE (GR, R, RP)
DOWT N E ERAITETIREO Y B, KEDELT
BRORKEZR (P), LD LD 72/hEn3sro 349 Xl
3 (G), FHJFENcis & FHic 2 b3 2 Xl &
P (PG) & L7z, &612, Wl (G) & EBFfcsEd
XA E CEHETH (P), Vil (G), W-—FiE (PG)
W25, LS E T T (P) &L, ZOfE, 2
XS, 4 KEAEE-FE, 5 KEA R, 11 KE
PSR, 29 KEi A, S KEDS -l ayE sz
(163 1), 723, XM 50 & 51 0%, 2008 FERKHNIH LW
B HBLT R0, £ o®%IETENE RN, h-
TR E LT,

EIRE

MDA 217 5 A (20062008 ) @ 10 A 7]
F-12 A BRI, fRAKIR A A L CT ~ SO IR
AT, WAL~ A OMEHEERILFEINC 3-4 A& %
FTHZ LG, 199 PEEMEETITIE 3 BIC 1AL L.
AR LD ORNIRBIZ L L, EERmO L-ORE
ENERDIEB L 0 D B LRSS E T~ 0
PESRIR & A 72 L 1/2,500 OMiX] LIZFEgk Lz, 7~2 D
PESNGAT & 7% FHER O A BIAT L O ERE R D 7
W, TRTOXEOF LN EHMORKE Y OEIIK %
FRXEOFOE TORBMEERD, FEIIRN O O L
L7, FAAAKEN T ERANCEINR S HER S o7
XHE[ZDUWTIE, FAAKIE B BRMEN S 100 m k=
TS d DA, B bW EEINGHT & E L C B A S
HL7, ZOFHEBREOROXEITARNKE L,
T~ AOEINIRATRETH B, 12 Z O TILFEINR D
ARAZFEL TN, ERANCEIIR AR I

PR3 T= IR B D FEIRR H> & o FEEE T8/ NEEATR 2 72 2 ATRE
WndH s, 27170, Zh b oXEOHEREEREITD 720
Sfcledd (#BR), AT ~DORBITD 72 Lflk LTz,

BKEREE

2007-2009 FE0> 1-3 A IZEEEIOEK B RBEZ1T 0,
T~ AT LR O A AT, REFFR T, AR TS
EHEIL, BRENNSWEDVCOSFEFIAT A4
£ 5-6em F TOMEEE T FHMA & ER LT, 2007 F12iE
BIERTTREHIR 2 #0885 72002 1 AN S 3 A TAIC
1 [E1/38 O BEEE T 11 [M OFHAE 4TV, 7 L HER DS 2 3% IR
ISR Z L aMR Lz, —F, [F4HE3 HERICE
WG B AER L T e O 2RI 4.7-83 (6.5+1.0)
em THY (n=17; RRMWERICT TR, o
AT, KGR & RS K & 2R D~ DA BB AT AL
710D G345 EHEE S LT, Led o T, 2008 4F &
2009 FFOFA S 1-3 HICEMmL, AfE T 1 [E/A 0K
ET3E, #ETIZ1IAICLE, 2-3 A& 2 B S
mlE L7z, A AT (9-16 B) 12TV, KA B R,
Va ) =N, RIAA=VEEFERN LUIZRES 240
T AKIRD T ORI THEKL, ZEN
JEIZHR > T ERGFRA~BE LN b FHEAEFH L,
B3 7 <~ a0V 7 I~ A07F EHERA AT D IRV
DBFT 37 AT EM L7, KR 20 cm BLF O
WRFTCI, BWEFT D Rl 72 8 LK oA E
Wl L, A0S CHADE SN DEEIE, /%
TR AIERAL & fi L CHEf A ki S R L2, DL bk
DHETHRB LM O REEER AT H L, SHEE
% EHEF D BN B B 1 4 TR
EHOHE, SREFTIIEAESRUTHHR 1/2,500 ©HiX
oAk ETE L, Zh b oA E £REX
WOELARINCEFH LT IREOTFT—FEy b& L, L
TOfPTICHE L7, E£72, 2008-2009 4ED¥EK B 1B
RRCiE, HEMEHEEeE (01 m) 2A0CE EHAE
RERDAEKGE(LLUT, BALKIE) % 1 cm BAL THIE L7,
TEMLAKEED 1m UL EOSHAE, HEEOHECHFKIE
OREFRERD 0.1 m BN TREEHET Lz, BEEMER
DENLR T, EFOHLES OKEZRIE LT
DEE Lz, 512, 2007 43 Al2iE, % B4R
AL 3K (i) TEN D 60%7K %D Fidk %
E LT,

WETfEAT
2008-2009 4ED 7 ~ V% _EHEMA D EALAKIEIZOWNWT,

*12 KRG, R®FEFE (2008)
*13 RARDL, RKIFEFEK (2007)
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Jonckheere-Terpstra 2 E (2 & VD R L DM A 2 3827,
FAE B OENAKEICEN 20 & T DRI L

BAFRHE I E 7o X EFRED OB & R SLRGE & L TRE %
1To72, % 7~ A% FHtf oA B FFI R & B4 5858
BRERAZHET 2720, S XKLL RN OHERE R
wISEER, FXRBEORKHEA X 1 7 (G, GR, R, RP,
P, PG) rEREARE OKHEME, RIKE EHENOR
FREOKVE, TR, MEHEEE, B X OEINEN S O %
MR E LT, —BAERIBIR G E T L (GLMM) 106107
AR LT, B EHERERE O S EIXIFIE T R COME
HTYHE EEY, R7 Y o0 E LS
DL TR oToloD, IWEEBOMRNSAMICAD ZIHAR
EIE Ui, ' ¥ s, BERTHD 6 o0
REELARBICOVWTRY =Y TET Y ORERMBGRE %
RdTe & 2 A, BARKGEELRFRED M TE a2 R
HWEh7 (r=062), TIT, KABERKKETHL
A% ) IME KR (B/H) & L CRlBAERIC A, &K
KGR & OKTENE 2 BRE Uie, )RR I HE I AL O T RE
CEBICEET L I ENMbBNT WD, 19 F2, hT
Y BINVEETH DIRBEEN Y A T34 I —EH L LT
BT MHBIAE NI, BTN Z A T OIRBOHEE
R 2 ESw 5720, 10 F b KEHOL Wl (P) %
AT IV —L Lz, ZHRICEYMOBREIEE e & 72
D, MOFEE ALY A 7 ORBUTIC KT HEA L LT
REIND, ITEHEFEZLICHEROT —4 %27 — L
LTI, ERERZT VX L8R E Lz, TXTOH
HEBROBMIBREAICLDETVER—A L LT, #HE
BORYTZ D OB EDETET LVEREL, AIC (R
MRS BNRNDET N ENR FET L LT
R U, " EHEAE RS E BREEE N O BIfRIX, <A
NET T Z, XA RMETI/LED AIC 7 (4AIC) 732
R DOET N2 TXTEELTHEE Lz, 12 LLEOMR
Frid#sty 7 bR, P Bz =L L7z7 ) —
ety 7 b EZR® TIiTV, HEAKAEE 0.05 & L7,

#w R

ENREZLEHADDT

FEIRIRIE 2006 4FREKIZ 4 X (16, 23, 33, 36), 2007
RT3 XKl (12, 21, 36), 2008 “ERKIC 3 X (27,
36, 51) THER I, & XHEOWRE BN Z A 713 k-—F-H
(X 16, 23, 36, 51), FWE-FE (X@E 12, 27), F
wE (X 21), W (XK 33) Thote (Fig 4-2), FX
W DPEIRR H> & D EEHEE 0-650 m (3 £ D EHE + 4=
ez =223 £165m) EEPE SN/ (Table 4-1), A
AZ &7~ 2% B OEREIE 2007 412 50-730 fE
1K, 2008 FE1Z 5-70 flE {4, 2009 FE1Z 60-575 flE {4k & 258 L
7o, AEENTIE 1 BER-2 B HFRICBRRIZET 5 6@

DRI 2R LT- (Fig. 4-2), EHFEDOREHT-Y D
HE B AR 1E 2007 R4 0-111 fE{A, 2008 £E1Z 0-12 {E{E,

2009 4EiZ 0-185 fE{ATdH - 7= (Fig. 4-2), ELHMDIY
N F— AR T LIZER D, 2007-2008 AT I T il
B HFILE (F N E VX 9-33 & K 16-32), 2009 4
WZIIE AR A & B e Ryl (K 35-50) CEEEA
%o Tz, T EHEROERMKEEE, 2008 412 0.07-0.6 m
OISV BREEHICHBEIZTH ML Z A
(Jonckheere-Terpstra # & [%fSTARER : HFAEEI], JT =
1,526, P=0.003), 2009 4{Z1% 0.03-4.0 m & L#FEICE
L ORRFFRIC A B2 L7z (Jonckheere-Terpstra 1 &
[eb SEARCG « BRI ], JT=387,813, P =0.023 ; Table
4-2), 2007 & 3 AICXE 10 (FEE-A), 11 (F3H), 26
(BN CHIE L= ENL AR DOFEHEIL 0.7-19.7 (9.4 £ 9.6)
cm/s, KEIE 12-18 (14.3+03) cm TH o7z,

Table 4-2. Water depth at focal points of newly emerged fry
of red-spotted masu salmon in the Ogata River from January
to March in 2008 and 2009

Date mean + SD (m) Range (m)

2008 17 Jan. 021+0.13 0.08 —0.42
15 Feb. 0.20 +0.11 0.07 - 0.60

11 Mar. 0.29+0.14 0.07 - 0.55

2009 14 Jan. 0.48 £0.77 0.05-4.00
10 Feb. 0.50+0.49 0.04 —4.00

15 Feb. 0.30+0.29 0.03 —4.00

2 Mar. 0.38+£0.28 0.08 —2.00

17 Mar. 0.37+0.30 0.10-2.00

FLHAERSLEEEROBER

PEET L ORR FEFT L EAAIC B 2 RiOET )V
% Table 4-3 |Z/R LTz, 7~ 2% EHAOMEKEK & FE R
B Z RO BRI EN (BRI DHEEE D 95%IEFX I 0
NEEN) & LT, 2007 HFIZIE TR TOET MK
W OO & R ORI AL X A 7, IR,
JIE KR, FEURER D> B O FREEM BN X7z, 2008 4FiC
T R_RTOET IV CTEINED S OB A B 22 % R
L7210, TREEHAL & A T ONEIR S 2T 7 L CHioBE-
FUE & - OB AL X A T HNE B &R Lz,
2009 FEITIE TR TOET VAT CTFHE O 7K HAL &
AT IRFEKTE, W, EINR A 6 O RERESRIR S 7z,
BRMHBENRONZERD S S, -2, -
DOFEHEENL X A 7" & JIEARE DR OFZILIE, i
DTN Y A 7, IR, T, EINRD O O iERE
TR TH-o T, FHEEITRT DB Z A T D%
BOEEIE (2007 £ : 0.57 +£0.37 ; 2008 4F : 0.93 £ 0.56 ;
2009 4 : -0.08 £ 0.68) IFHEICHRARY (—ICBl &S
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(b) 2008

n=70 (15 Feb.)

n=26 (11 Mar.)

(c) 2009

A

|

Fig. 4-2. Longitudinal distribution of newly-emerged fry of red-spotted masu salmon in a 1,400 m stretch of the Ogata River
based (a) on 11 weekly snorkeling surveys from 10 January to 20 March in 2007, (b) on three snorkeling surveys each on 17
January, 15 February, and 11 March in 2008, and (c) five snorkeling surveys each on 14 January, 10 and15 February, 2 and17
March in 2009. Fry were counted by divers moving upstream. Open circles represent number of fry observed along both banks.

Asterisks show locations of spawning redds. Other notations as in Fig. 4-1.
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Table 4-3. Coefficient estimates and Wald statistics (in parentheses) from the generalized linear mixed model fit to abundance of

newly-emerged fry of red-spotted masu salmon in the Ogata River from January to March in 2007-2009. Best model and models

with AAIC < 2 shown in ascending order of AIC by year. Bold values indicate coefficient estimates in which 95% confidence

intervals do not include zero. CU: channel-unit; G: glide; GR: glide-riffle; R: riffle; RP: riffle-pool; PG: pool-glide; Cover:

vegetation cover; B/H: width-depth ratio; DFR: distance from spawning redds

Model AIC Intercept CU-G CU-GR CU-R CU-RP CU-PG Depth Velocity Cover B/H DFR

2007

1 36639  0.72%% 028  0.91%%* 041  114%*** 031 -0.34%**  0.004 0.03%%% 0,002%**
(276)  (0.94) (476) (1.81) (6.89) (1.43) (-3.43) (-1.51) (5.00)  (-3.85)

2 36643 0.72%% 016 0.82%%% 026  1.05%%* 025  -0.37%* 0.03%%% -0,002%%*
(2.76)  (0.55) (4.49) (1.28) (6.75) (1.18)  (-3.68) (523)  (-3.95)

3 3665.8  0.73%* 027 0.90***  0.41 1.13%** 030 -0.34*** 0.004 -0.05 0.03*** -0.002***

Q277 (0.89) (@57 (1.81) (6.74) (1.40) (-3.43) (-1.54) (-0.27) (4.89)  (-3.84)
2008
1 3395 -0.36 -0.006%**
(-0.85) (-3.92)
2 339.6  -0.12 -0.009 -0.006%**
(-0.26) (-1.26) (-4.13)
3 3407  -0.28 -0.22 -0.005%**
(-0.65) (-0.87) (-3.67)
4 340.8 0.07 -0.011 -0.47 -0.007%**
(0.14) (-1.47) (-0.91) (-4.22)
5 341.0  -0.86 0.92 1.23% 1.09 1.12¢  -0.08 -0.016* -0.005%*
(-1.44)  (1.10)  (2.07) (1.81) (2.39) (-0.10) (-1.98) (-2.91)
6 341.0  -0.50 0.86 1.57¢ 148  1.14* -0.03 -0.020* -0.02  -0.005**
(-0.76)  (1.03) (2.46) (2.24) (2.39) (-0.03) (-2.25) (-1.34)  (-3.12)
7 3412 -0.08 -0.16  -0.008 -0.006%**
(-0.18) (-0.65)  (-1.14) (-3.81)
8 3413 -0.30 -0.22 -0.006%**
(-0.67) (-0.44) (-3.91)
2009
1 1695.1 1.98*** _128% 028 0.49 0.13  -0.34  -0.54%** -0,008* -0.004 %%
(7.16)  (-2.14)  (1.09)  (1.91)  (0.65) (-1.34) (-4.40) (-2.29) (-6.95)
2 16954 2.09%**  _124*% 047 0.66* 020  -0.24 -0.61*** -0.008% -0.01  -0.003%**
(7.16)  (-2.08) (1.61) (2.30)  (0.95) (-0.89) (-4.45) (-2.39) (-129)  (-6.36)
3 1696.5 2.01%** -1.29%*  0.27 0.53* 0.13  -0.32  -0.55%** -0.008% -0.20 -0.004 %%
(7.18)  (2.17)  (1.07)  (2.02)  (0.61) (-1.24) (-4.45) (-2.39) (-0.78) (-6.86)
4 1697.1 2.10%** -126* 045 067* 0.19  -0.23  -0.62%** -0.009* -0.12 -0.01 -0.003%=**
(7.17)  (211)  (1.53)  (2.32)  (0.89) (-0.87) (-4.47) (-2.44) (-0.48) (-1.14)  (-6.34)

Significance level: *P < 0.05; **P < 0.01; ***P < 0.001.

Hr, P<0.001), 2009 4E(21%, 2007 4E & 2008 4E (A
BICEVMEE R LT (Tukey 512 & 5 IR @ 2007 4
& 2008 4F, P=0.28 ;2007 4F & 2009 4%, P=0.004 ;2008
L2009 47, P<0.001),

% E

TYIFLHARKKLEET FRRER

ARFSEIZ LY, 7~ AR T RMIC BV TE A
DEARS & 8 < FHBAT 2 VI AL A 7r — LV O BREEE KT,
WAL X A 7, IRFKEE, EEINRD D O CH D =
EDRH LMo T, WMHEAL Y A 7T, REELO
D, ARE LTI FE & R 2 2007 4R & 2008 AR
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WHIBA A 7R L7z (Table 4-3), BREDFFENETH 722
EML, ITNHLOXRETIEIZEAI T Y —THHHMICH
NEEMARNE Dol WR D, X R A S e )
RCHT 570, 7~V 7 7~ A0 EHfa Tl
HINTWBHAERET A 7 —v (EMR) BT 5/
SR HIROFIA T ERETHEIICHAZ D, R
L, #A4 %A 3797 TIRd/N R il nsge T 5n, 19

PR AN/ N R ENLE OFERITBE Lo, 19 F i,

BEL D ZERY R r — VT BHEE O A B35 T & iR~ 72 i
TeTIE, EALROFEEIT/ NSV, K EfioRr—v
TIERERIREZ OSBGOS 5 L mEShLTW5,
96.97 Z ¢ X 5 A BB AT, BWLAIC I L)
RFHNE D, FEWREA T 72 & OIKFE DM~
WAL L, % 19 gl L-FEfaicsxt LT, i TEAEY o
HEHBEOHR LIk VX —DHENEbLEL L, &
ROTFNVX—EE 525, "9 KAEKETH, &
WERRA O X CTHIE L 7= HEF O EAL S O HEH 1T IR 7377
100 DFIFANICH > 72, BAEDZ &6, RIKEA A 7
—ZET B R O KE ORI, #ERGETA
— BT /NS RSEER ORI M & FERET, LA,

T 22 A BT T db 5 N BRAUIS T VOB BB 45 19697
WEB SN D 2O HERFHRGM 9 L2 R
TZ 5%,

WIZ, IRRKEOBRBOFEFITATHo I Enb,
EKEREOCRKENE &7~ IV% R Lo T2 8
%% (Table4-3), /NS 7e/KiEIE, 7 BHEEDR EHM
OAEBGFORKH®E LT monTky, 3719
RN NTH, FEEEN A 7 — /L THRRKEDEW
XME X, 7~ 7% RIS S 2 KR OMA BT & 42
L=t B x5,

PEIIEE D & O ML, BE LT TOETLTT <
7% EHEfER S E BERMHBE R LT Z &S (Table
4-3), MEfalERE & Kb B2 BMRZ R OBRBE N L &
2oz, BREOBFENATH-=Z ik, EINEND
OEBEN T VK E T ~ % LM N L hotc 2 & %
RLTWD (Table 4-3), 7 BHEFADE EHER D FEINR
HEIZSZ Wz &, hy hAr—KF TR, % Z 4%
A DY T0ND SIS D EHEL ASEEDN R AT
W WERHE, (ROIBEKAES 1518 Dz 65X 6
NBA, KFEC & =BT FiL, BEkEE) & A%
WCHARETH B Z &b, 88 ¥ (¥ 1 3 v¥ 47 TIIBE
IZ & o TH#E 22 MAE BIGHTICBIE T & DR 2N 20
FIMAEL KO REERAICE 28R Y 27 08 KE 0
72U, HERIIPEIRMED S B8 Lawv EHE S h
TG, 10880 = Mz LT, 7~ IAR0Y~ A DREIIK
DL ICTER S D 2 &, 1051191200 Jif J[| oo « T
Tk CIE P O TN RN E S 5 2 & 3L 45 100 %
BT H L, T~IABMTRMATIE, FEINKO TR

WCRANFAET D ENTRBIND, AFEKKTY,
7~ A OFEINR I EHEE D TR S E D (Fig
4-2), FEHERITIZENZRM FIC L > CRZmATX
5EEBZONDD, %< OHERITEIIRIZT K EC R
WAJE A 0 K] CHEFR S 4172 (Table 4-3), T ALK iED K
RSB 22 FUNDER ZRET 5D TH D,
AR TIE, I IXAESRAICE 2T~ 3%
HEADOHEEZFEL TWRWVR, 7T~ (TvX)
O EHEATIXEROBRENH Y, 121122 KFHE KK
W7~ SN ER LT, 3940 LEERo-T, T
AR RO EHf L, SRR ZRET 5720
WZHEIIRATICE £ > TWA RN EZ BN D,

S RBFRAIAOEEESHER

7~ A LM OB AT D BREE AL, FEDN
Koy O FEEELISN CIIFHER Z L1272 o 72 (Table 4-3),
TBF7KERIE 2008 FEIZH BERMBEZ R S 2o 7oy, Bist
LEzT R TCOET NV TREOFEREATH- 22 &0 b
(Table 4-3), 2008 D% LHEf b MO & FERICIH B
KEOENREZFH L EZOND, WMEEMN A A
7 CIE, 2007-2008 4R X EEJE D O X 23 - HE
R E B RERIEOMBZ R L2723, 2009 4RI EHR O
HHAL Y A 7 CHBERAORBEN R LN, FlEEAL X A
T ORI O EHEIIM OFE LV BRI o 7= (Table
4-3), WMEEHALEZ A TOBREBRBRA T TV —Th 5
KT H2EATHLIEEBETDHE, T EIX
2009 HEOEF FHEANMOBIZHASIICEhoToZ &%
RTHLEDOTH D, FEERIZ, 2009 FIi EHEANEZ S /BD
- Bl 16 Xl (35-50) o5 H 11 Xl (37-47)
Thom (1),

2L, KHE 3747 OHEAMEEET 2-3 Al Ta
WL T\ (Fig. 4-2), £, 7 RAaEOE EHAD
EN KBTI ENERT 5 2 L3 dn b, 7377 102
AIFZETEH 2008 FIIZFARDMHA 2L HA7z23, 2009
FIZITT LA R & < RFFAYITIR T L7z (Table 4-2),
AL, R&EZREMKIEZ R XHE 37-47 ((H8% 1) 125
i LCWFEfA 23 2T T Lzt E2 S
5 (Fig. 4-2), ARBFFECITHEA Z KRB L Ty
72, X 37-47 TRONZR L 2o T BE DT H 155 5
e, By hAr—bk 7T b0 MR, B
FESY) 0 ST AR KR Z WVIRES T, A e A BIETIC
ETAHETHTT D MR SN TN D, 19 KA
T, KH 37 225 EFANEHE A D ST HKEED KX 72
WERAEM O FB A2 RT 2 & (M 1), 2009 4F 2
AN X 37-47 TR S T-HMefIE, 3 A2 TR
FZBE LW iR E 2 b,

[FIERIZ, 2009 4 2-3 H I X 48-50 T & HEM{E (K%K
DAL (Fig. 4-2), ZH DX OB EN ¥ A 7
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132 < OMERDFIAT 2 & Tl S - B & SEia-F
WTHoTD, ZOLFTIILERER TH 5720 BN
P, BBPEHL, WWHEMED o7 (8 D,
ST DA ORI AR 1T R & 7R il 2 ARIR L TRV 0 & 2R
KT D72, Y BEEOR EHAOMAERSGIT &ML
LTEETHLZ ENMBATNG, TIIB x5z,
COREEICIIXE 51 XV EfTT -~ I LA
BENehroloZ Lot (Fig 4-2), 2009 4 2-3 AT
B 48-50 TH. LN I-HEA O RIIE, WERBGIEGEDOR
WAL AHADHK FICL - TALZLHESNTZ, =
N OHEEMIE LT E, 2009 FE0HEAICA SN A
FIRT A, B OEEREERE Liz-dlchmib s
nizesBzons,

FYIEBRETRAICE IT2FLHADORS

FND EFE T, 7~ 39V 27 7~ XA0i% EHEAIT,
TEREHNL A 7 — L DA BSGAT & UCFE ™ E 7z ™
ERHAT D EHMEINTEY, ABZE TR LN RHEE
WOFEIEHENLZ A 7 EFIR T DM & TR > T D,
By hAvu—h T T NTIE, BB OLE R ER
BT OSAEE, LR 7 — L DI S N BT B KT
MTHLLBELTEY, K2 OKENIZEZR D TR
BEFRMEN TS, " RKRAKEDOT ~ 2% EHEA O
PRI (ERLROKELHHE) b, HTBEN
HEE S72 2009 42 R< &, EiIRICHIT 57~ a0
7T ADEF MM LR TH 7= (Table 4-2),
BESR %7 ARt X OIS, o RHEEOE EHEfUC L o
TR [ROFAUST VRS ] Th
&THL, WMEHAAr—MZEBT5 - FiRMOA
BRI OEE, 4 72 A B35 O Rl 23l # T
BB DIZELDLEBE2LND, 2FD, LMD T
FRCNT TiE, AREEOEINZE > TREMSRLHET
O FEBEN M 2135, WRABOK FIZEOROIERE
DRI E S DRI L, Bl & P ciBd+ 5,
2D, BRINWVICEL BRHR S EFED /NS R
WA BT OEMtD 5 b, OIS WEENE, L
T CIGEAET 2 23 TR S RE DI RET D 7
HEND, LER-T, 7T~ 3% EHADRIBEN Z A
ZIZRT S E - FTiMoOABSIFHAOE WL, R
Bo TETZ2REREMA T — NV OBREARICHE L
TR OV EAL 2 A4 ZORMIL, 7~ AR TR
A DOBRTHDL EEZEZDBILD,

PUlozZ &g, 7~ a4 B8 Tl < L R o
WA K A 1 DI21E, £, W - BSOS
FTLEZOND, 7T~IdEBIETEZ SR DR
KU 2T Tix, BRI & 212 & 5 L itis ol
PR, © AP PRE T2 L BB O EE " &ic Xy, il -
RS HIRT 2, WA - S I3 ERER O L BGTTE

JTL, BHEELY rRAEOAT M ERET D
TG, VT RTOBEFROEA LT RETH S,
Wiz, BEHR OB 8 ISR koI, B FBENC X
D EHER OB Y 27 BEE D 0IE, T
FET MBS DL EEZEZOND, Wy hAr— KT
v bR B O I E M R TTORRIZ L D E
UoEah, "D KFEKECTHREOT FAH#E SN
7= (Fig. 4-2), L7eH o C7~ A RE FHRM<ix, 7
)R DT AL & A TNOEWIEFTIC, K& RiEs
T 5 AR A 280 L DR WU T ORI
451 00D BT A ENEEE VR B, &EIC, Y
BaHEO®R FHAOR TRENIEERGFMICELD Z &
M, B8 A BT OBRBRIUA ) R EE DN T
AEBETOILENDD EBEZLND, FFIZ, ANLTFEIR
BoxkERk, ¥ REIRIIKE, °0 BEKR Y Lot
LHOMADAEF X BRRRICO RS FETIE, B4E
H L IEBAISTWIREEORH A DS EEN>KRIZE LN
20, ZIICRA - 7% FHER O A BSFTB LI 5
ETRREIND, A%, HEAOTINE & e e RS
FTDOEERDOBIRIZOWT, ERMRTMEIT 5> LEN
5,

ESE FTYIEAKRBEOEGHEE
TwAFYrRHCET O HABEOFEETHY, AN
KR, PAE4ER, TN O W= YR AT B 5857
4 5), U AREEOF AR, S—~—2, &
B, REERSERAOA U ANGFETDHZ ENmbR
TW5, 2 bRETIE, 1970 FRLIKE, BIRHEED 7~
D DFIEM DR BEANATORTE -, 1V 200
ETIE, BEMICHP T ~ TEEBIIESX A L 5
TRRBE S NIRRT 2 Z ERME IR T
b, 19 T = AOSARE P TH D N TIE, 1FIETRT
DT~ AR NBUEARE & L)l EFikic AL LT
%o D FNBANBEAERITANINTRE LS BEH LA
ZERHMLNTEY, TV ZoEVEEEIZ AR O
R EFIRT 5 & &bz, ™ Bl E b7 b3
ETPREND, B0 A ORI, B S
WS TARWVEG T2 RASE, BRmEs 7Y
RBAEISORE P 2L ST AREERH B, LN
ST, W7 < L TIE, TR Y 27 &8O
BREPOTERMEEEZELE L CRETILERD D,
RO TIE, 7~ 3 &EE&tem) e 7B aEOE
FMEARTES, B ITHITIER & i o R Fm~o0
IR (B L) OME, ¥ BLOKEN RS T
TROBEEE LI B O BRI T 2 8B T RO —E%
DB R FHBEE DN GHETE L Z ENMEINT



RO WBRMOKFERIFEFG 8 > 2 —hF ey OKEERTIEESHR) 55 6 %5 (2017)

132°E 140°E
1 I o
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Sea of Japan

131°00°E
F33°40'N
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Hatchery strains

1 Kohbaru Stream

KOH-5F ‘ Sec.5.

»
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1 man-made dam
mm waterfalls
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’ MAN

Hakiai Stream

Manryo-dani MEN

Mennotsura-dani

Fig. 5-1. Map of sampling sections with pie diagrams showing the distribution of mtDNA haplotype frequencies among amago

and iwame populations in the Ogata River and its tributaries, the Kohbaru and the Hakiai streams, northeastern Kyushu, Japan.

Sampling sections are circled with broken lines. Capital letters (A—E) indicate falls (A: Ichigome Falls, B: Yoroibuchi Falls, C:

Hiibachi Falls), a bridge (D: Shirouzu Bridge), and an erosion control dam (E). No fishing has been allowed since 1970 from the

Shirouzu Bridge (D) to the uppermost dam (E) in Mennotsura-dani and from the junction with Mennotsura-dani to Hiibachi Falls

(C) in Manryo-dani. For details of samples, see Table 5-1.

WD), 192020 RO Z < O NHET AT
W7~ aRNAERLTOER, KO EELZIT T\
WEBZ LN T~ AEEEE, KEIIKRO—IR,
OB BRI AERT D AREMEA RSN TN D
(Fig. 5-1), ™ Z oKz - IR W Tk S
TWBAR, MEJIOMERTH HEAS)INE, A7
ABIOT v AREDO D OB NPT LTV D,
AT ATEY), WARBND AL )Y TRITAERT BT
OV rREEE LTRSS, ® 20, AN L NE
NE6ODA T AMAREEN, WHEOT~ITHDH N EY~
ALEBIEREINTWD, 31 BlfE, AU AT~

& DORZBLEER 126127 (2SS FFTICAERT 2 WE O
T=ABHDNEY~ A DO ZEIRERK L EZ 5T
W5, B BRI AL Y TRDA U AEREE, B
BT2FEA0 2980T~ L EHIT 1966 FI KRR
DOFARFEEMITIRE S H, 1970 40 S 134 B i A AR
2o TWVD, LoL, FAD X 548 T 1990 FRIZHEHR
ERHEARICT < T2 LTZ & OFRNH D, SR
JNCAERT 57 < TI2oONT, 2k THEEOBE 394
BITOIVTED, 7~ TOBBHIHEERCA T A L DE
(GE BRI OV TIRE B 22\,

*14 R T (WK SE R RS2 T 2 T B 1 oo i & B Y

IR (1999)
*15 rEfmNOTTER, BME

A Koy BB FK ERTIE | o 2 — K EAFFERT),
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ABFFE T, KK R OLER T ~ T EERE %
BET DL, MEIEERAGINCART D3 207~
SEEEE (AU A 1 lEEE2ET) OBBIHEEZ
mtDNA 12 & 0 f#iT U7z, £72, FERERBEOHEER R %
BRAET D700, MEJIRECTHRELHALEZA 2O

MBI S e & FREN D BAZORMIT OV T HH
B, ZRHORRICESE, UHAKBOERT ~ =
EEFORETIEZRER L,

MHEAE
REISFT

ABFFETIE, ) EMFENOT ~ TERE Y TH
LREHINE AN OEW RN D A BEE TOXMZH
EXIGUKIRE L, ABEOBIIHIRE 72 204 LSO E

IZHEADNWT 7 DO LR AER 2 7% & L7 (Section 1-
7, Fig. 5-1), #EJIEFET)ITIE, TE CEaE,N
LB LT, MBI K D2 AR, AR
EXWPEAREGINOAEVER LD T ClEmFEITon T
D0, WE)OE EFEES (Section 7, Fig. 5-1) TIEZEh
STV, M E ARIEA AL Y BRI AER
ARLTHRN, -7 X Y IREFAD IR

e BICEARINOXWTHY (Fig. 5-1), HEAEID
FIKIEN D A2 Y T8 B O 4 5% TOXM,
BLOA //‘/'7?@‘}:35/\/@;52§U>mmmf)>6tﬂ/\
FORE TOXMIL 1970 0 LAY /> T D, AV
)Y TR i%?%#iﬁbfk@ Z DL R EIRITE
WO (FEZ16 m) 735 400 m BT O E TTH - 7228,
1998 4E 5 A (A B EFtug o A U A % EHEMA 47 ERD
520 m B lC A I S AR BSRASIER &, P 2 v
I IROEMOME LY FHAITIE, AU X 7'\7:f<5
HIFLTRY, 22 7Y IR UANOERE)IEEITIE
< INER LTS, 8 B E0 AT, ih@;o
KO —=N"F OO EFAMNT 1990 FRITEIEMDOIEA
KA e Shizt ofERBELL TS, P

HHAADEKRE
M) TIE, 2005 429 H 12k BB @ Section 7 (Fig. 5-1)
K%wf77ﬁ®@W(HMJA&§ﬁ,UTH%)%

fEFI DI L D £4l L7z (Table 5-1), Section 7 D yifEILH
1 km THY, —HEE (FE16 m) (2K THHMH

BEENOERICBEESN TS, ZORMEXOER YA
XU, 2005 4E 9 H KT 500 fEIALL T L HEE S Uiz, 718
Fm, KEIREBRMAIC X 2 7 ~ TR DO RGE AT

Table 5-1. Specimens of amago and iwame (Oncorhynchus masou ishikawae) and masu salmon (O. masou masou) used in this

study
Locality Abbreviation Date n FL (mm) Species and status of samples

Kohbaru Stream Section 1 KOH-1F Feb. 2004 6 30-48 Newly-emerged amago fry*

Section 2 KOH-2F Feb. 2004 15 29-42 Newly-emerged amago fry*

Section 3 KOH-3F Feb. 2004 33 27-40 Newly-emerged amago fry*

Section 4 KOH-4F Feb. 2004 37 25-42 Newly-emerged amago fry*

Section 5 KOH-5F Feb. 2004 10 26-35 Newly-emerged amago fry

Section 6 KOH-6F Feb.-Mar. 2004 10 28-33 Newly-emerged amago fry

Section 7 KOH-7F Feb.-Mar. 2004 10 23-31 Newly-emerged amago fry, unstocked**

Section 7 KOH-7A Sep. 2005 63 70-227 Amago, unstocked**
Hakiai Stream Mennotsura-dani MEN Mar.-Jun. 2005 10 100-225 Iwame, fishing prohibited since 1970

Feb. 2008 13 136-324 Iwame, fishing prohibited since 1970
Manryou-dani MAN Mar. 2007 20 93-235 Amago, fishing prohibited since 1970%**
Hatchery HAT-A May 2008 10 154-196 Amago
HAT-M May 2008 10 160-185 Masu salmon

* Amago have been annually stocked into Section 1-4 by the Onogawa Fisheries Cooperative (OFC).

** No amago have been stocked into Section 7 (OFC staff, personal communication).

*** Some amago produced by a hatchery were stocked in the 1990s (local residents, personal communication).

*15 PTHTTNOHITTER, FAME
*16  KBP)IEEWFME, FME

*17 RARL, RKIEFEK (2006)
*18 ARARDL, RKIEFEK (2005)
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DILDEID 2004 - 2-3 A 121X, Section 1-7 (Fig. 5-1) I
BWTT v I¥% LHEf 121 (8K (KOH-1F-7F) %7 b
TR L7z, o HEM OEREE 2 FIBEZR TR D [BIBE 35 7,
FAEX 1 km 122X 10 fHIK, —2OBI» G [ EEE
PR & L TEREEIT o T2,

BAREIND A2 7 T4/ TIE, 2005 4F 3-6 A28k O
LY ERMOARFOARBILTA U A 10 @K%, 2008
FE2HICBRETRE DA U A 13 E{KE2 8012k
Bl L7z (G 8F 23 & MEN) . B4l K O A2 13589 1 km
T, S OBEIZ L0 Tk & SERICRRERE STV S,
B OME LY B4 U 2 OERD A XX, 2005 4F 6
H & 2008 4 5 A2 & H 12K 500 {4 & e s, B0

WARBINDOEAY X 5B TIE, 2007FE3 AlcAL Y
TREDEFARIE 200 m EFEOHEEEN D & — F D
ETOXHTT ~= 20 fl{x (MAN) ZEEEID ITL D HE
L7, BHEEORBERIIN 1 km T, AV IOH
LAY TROEFED EANALE T B R # 2
Ko TFRMAKEL SIREES L TWD, FAD EHRD
7~ AOERY A XICBET HIERIT A,

2008 & 5 ATIE, 1990 I EAY X H RIS h
To B A EPE LT LHEE S LA R IRND 1 HBAGH
FF9 D7 ~ IR (HAT-A) &Y~ 2R (HAT-M)
Nh, FALN 10 EEEZRRLE, ZoBHSETIE,
HAT-A & HAT-M O 2 R TBRHEFIEE DEL S (%
—~v—2, NEE, RDEOH, B, RE%E) 2D
WT 20 RlIZbz D @EBEE SN TE 7, v~ A3k
JIAKSR (R IR OB EICALE LA RA) 6
O CHEm S-SR T 223, T~ OfkIER
HTH D,

MDA ORI fIE, $0B%RIC2-7 =/ F vy ) —
JVCHEEL CTRYXEZHEL, RiEEI3REO—H%
PIL T 99.5%=F LT a—LIZRFET B & & bIg,
RIS B B U 72 0 BT I B Uz, HEfITERAE
BRI RICFEELIRY , ML CRXEZHELZODL,
AT 995% = F LT L a— LHIZREELE, T
DOFREHIIHT E T-30°C TRIFL T2,

BEEFAH

LB 2> & DNeasy Tissue Kit (Qiagen, Hilden,
Germany) % i\ T4 DNA % filiH L 72, Kawamura ef al.'”
ZHEVy, ¥ hZa—2A b 2°5 12S rRNA (tRNA-Thr,
tRNA-Pro, FHEIfEIKE & OV tRNA-Phe 25 Tp) £ TOH
2.0 kb @ DNA Wi /i (D-loop fEk), 35 ON 16S rRNA H»
5 tRNA-Met (tRNA-Leu, NADH subunit 1 fE3k, tRNA-Ile
B L ORNA-GIn Z5&Te) FTOH 2.0 kb O DNA Wi+
(ND1 fEi%) % PCR ICEVHME L7z, T A ~—F >
K%, D-loop fEIIZ-DOW T CB3R-L (5-CAY ATY MAR
CCM GAA TGR TAT TT-3') & 12SAR-H (5'-ATA RTR

GGG TAT CTA ATC CYA GTT-3"), "V NDI1 flkic >\ ¢
I¥ 5'-ACC CCG CCT GTT TAC CAA AAA CAT3 'kt
5'-GGT ATG AGC CCG ATA GCT TA-3'? % 7=, PCR
FUSHEIE 1 {53 0 GeneAmp PCR Gold Buffer, 0.1 mM
@ dNTPs, 2mM @ MgCl,, 0.5uM D& 7 Z A <—, 0.5
U @ AmpliTaq Gold DNA polymerase (Applied Biosystems) ,
12.5 pl OFRFE LK I IO 10-50 ng Ol DNA 24
L7220 pl ®FE L, PCR IGSM1E, GeneAmp PCR
System 2720 (Applied Biosystems, Foster City, CA, USA)
Z IV T, 95°C T 10 53 Rl O MBS VE %, BAZSHE 95°C/30
b, 7 =—1 7 55°C/30 £, HREIG 72°C/2 Sy o
A 7 VE 35 ERD IR LIZOL, KR RISE 72°C/10
Srfile Uiz, 55547z PCR EMDOFE S 2 EKIKENZ LY
HARLEZDOL, LT 16 FEOBIRERAZ AT
PCR-RFLP 534714772 ; Acil, Afal, Alul, BstUI,
Cfr 131, Dde I, Hae Ill, Hha I, Hinc II, HinfI, Hsp 92II,
Mbo I, MspI, ScrFI, Taql 3 L O Tsp EI (New England
Biolabs, Beverly, MA, USA; Promega, Madison, WI, USA;
Takara Shuzo, Kyoto, Japan; Toyobo, Tokyo, Japan) , % #&£}
@ PCR FEW) 5-10 Wl 2%t LT, AHIPREESE 2 Z 20
WEH & 72, f4{E#% > DNA B A1, 3% NuSieve 3 : 1
7 77— A (Lonza, Basel, Switzerland) % T 50 V/1.5
R OBERKENC LV B L, B{b=F U A TYREL
TeDh, IR O Lic, HIREREZ LI/ S
NI DNA W RO/~ Z—2 (18 2) 23~ THAELT
mtDNA N7 w2 A FaEHR LT (T8 3), &b6IZ
PCR-RFLP THOLNT=T X TONT B Z A FITHONT
AV by —7 U RV IEREERSNZRE LT, %
PCR PEM1Z illustra ExoProStar (GE Healthcare) TR L,
PCR-RFLP L [i U754 ~—+ v k% T BigDye
Terminator v3.1 Cycle Sequencing Kit (Z & Y ABI PRISM
3130x1 Genetic Analyzer (Applied Biosystems) T %1T
> 7o, WHRLSIIL CLUSTAL W™ 2 AVWCT 7 A v A v
F L7205, Kawamura er al.'” 2395 ) DT < TIZo0
THiE U723 %] (GenBank accession nos. AB236731
for D-loop and AB236732 for ND1) & ftifs L7z, ABFSET
BoNnfonT s A7 (Hap-1; %ik) 1E¥— 071
#§k L7- (GenBank under accession nos. LC055411 for
D-loop and LC055412 for ND1),,

BRI

T T D mtDNA N7 1 X A T ORGBEREZTH~D
7o, 2 tEa—%— - Fu s T 5 TCS version 1.2112Y
BV TATREZALT - Xy U= (95%HaHHIRH
WAy NT—27) BHE L, SFEHNOBERNISEEE
DIEL LT, NTadA T, T al A TEEE (),
B9 WL (1) Y % ARLEQUIN version 3.5"°% % /i
WTERL LTz, EMHBOEGHLENMET, 3 >OREE
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Table 5-2. Variable nucleotide positions of D-loop and NDI1 regions of mtDNA haplotypes detected from two amago populations,

one iwame population, seven amago fry populations, and hatchery populations of amago and masu salmon. Dots indicate identity

with Hap-1.

Haplotype Position

D-loop region (1,944bp)

NDI1 region (1,963bp)

Cb tRNA Pro Control region 12S rRNA 16S TRNA tRNA Leu ND1
1 1 * * * * * *

9 0 0 2 6 1 2 3 1 11 4 6 6 6 79

2 4 6 39 2 31 8 8 5 0 4 4 7 4 7 8 80

1 9 8 8 9 3 50 1 1 6 4 5 1 7 7 5 2 4 33
Hap-1 G TG A G G T G G G A A G CAGTAGGATA
Hap-2 A A . . . .o G T A A GG
Hap-3 L . L A . G . A .o
Hap-4 A . A . S .. A G T A A G G
Hap-5** . . . . . . C . G . A C C A G G .
Hap-6 A .. . S C G G T . A G G
Hap-7 Lo G . A G . G A .
Hap-8 A .. G G T . A GG
Hap-9 A C A . . G . T A A GG
Hap-10 . . . . T G A . A .
Hap-11 A G T A GG

* Transversion

** An insertion (82bp) was observed in D-loop control region (between 838-839bp).

4] (KOH-7A, MEN B X O MAN) 721220\ TR,
% EHef N (KOH-1F-7F) (Z2WCE family effect
NYHENTT0, e ERLanrotz, PP #Em
ZERMEDIEIE &L LT, 3 DORREEERIE O dgr (O-statistics)
B9 % ARLEQUIN IZ &L Y BitH L, 10,000 [B]0D3F ~%5 2
ElCL W HFEMOHEEI T2, £z, EHBONT B
2 A T DFER & ARLEQUIN O IEfEfE R E 12 &
D F, 10,000 [B]0> de-memorization step % 7 ¢¢ 100,000
B~ /L2 7Y 7Y o N X DA EMEREEZIT -
7=
#w R

NF7084 7o ESH

T T OREA (247 EIK) 122 T, mtDNA @ D-loop
fHIK & NDI1 fElk PCR-RFLP NS &SN -EH 4 —
V(TR 2) ERA LR, I EEoANT e X AR
Boni- (LI#%, Hap-1-11 L #£35E ; Table 5-2, &k 3).
D-loop fHI TIZ DNA EDOZAIN A 53, Hap-1-4 &
Hap-6-11 (% 1,944-bp T > 7=7%, Hap-5 TILFHHifEER D
839 FHHIERDONLEIC 82-bp DFFEANDH Y, DNA Ei
2,026-bp TdH -7, NDI FHIK TiX, AFETHRE I
N7TaZ A TR DNA RERIIH bR noTz, H6

Nl N NT v & A T OWEFERY| D72 513.0.53 +
029 % CFHE + FE¥ERZ%E) Th-o7-, D-loop MHIIC
XEEALAS 8 23T, HAHRAS 2 20FTdh ¥, NDI1 EIkIC 12 HENL
29 2FF, ERIRAS 4 D FTEB O H 7. (Table 5-2), Hap-1
X3 DOMREEMTIAE S, A /Y ITHRDOALT A A
KB (MEN) THEE (100%), #EJI0 7 ~ 2 FKEE
(KOH-7A) THEH L7 (90.5%), A0 L H>HBDT
~ IfE{EEE (MAN) Tixd7Zeh-7= (10.0% ; Fig. 5-1,
Table 5-3), 7~ I{E{A#E KOH-7A TiX, Hap-4 2343
(9.5%) Hbhi, —J7, 7~ IEERE MAN TidE#
207 < I%H (HAT-A) 12451 % Hap-8 MBS L
(70.0%), Hap-2 (20.0%) 28 ZFUTWN7Z, Hap-1 133
NTOHMEERE (KOH-1F-7F) IZbitF En, 4T
DONTu B A4 TR TR bEVHEE (62.8%) 2R &L
Bz, i OEARE KOH-7F TIX¥H —~Th -7z,
Hap-1 LISk T7a % 4 7D 5 5 8 FifH (Hap-2-3, Hap-5—
10) 1%, KREJINEZERFRMAIC LV EEAR RS 72
EN TV DRAEAIBO FifED S Tl (Section 1-4) @
& f&#E (KOH-1F-4F) 7545 Hi7=23 (Table 5-3), Hap-4
X BVl (Section 5-6) OfE{ARE (KOH-5F-6F) 72iF 7>
LEbNTL, BRGORKEDSH, 7~ (HAT-A) T
I% Hap-8 & Hap-11 3% 124 40.0% & 60.0%R H S 7z
DIZXF L, ¥= A (HAT-M) TlE Hap-7 721 3G 67z,
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Table 5-3. Haplotype distribution, number of haplotypes, haplotype diversity (h), and nucleotide diversity (p) of two amago

populations (KOH-7A, MAN), one iwame population (MEN), seven amago fry populations (KOH-1F-7F), and hatchery strains

of amago (HAT-A) and masu salmon (HAT-M).

Population ~Number of  Number of individuals with haplotypes = Number of  Haplotype diversity Nucleotide diversity
samples 1 2 3 4 5 6 7 8 9 10 11 haplotypes h+£SD 7+ SD

KOH-1F* 6 1 5 2 0.333 £0.215 0.0011 £ 0.0007
KOH-2F* 15 7 1 3 4 0.714 + 0.081 0.0011 + 0.0007
KOH-3F* 33 21 4 1 2 3 6 0.581 £ 0.094 0.0035 +£0.0018
KOH-4F* 37 24 7 3 2 1 5 0.548 £ 0.083 0.0009 £ 0.0005
KOH-5F* 10 9 2 0.200 + 0.154 0.0005 £ 0.0003
KOH-6F* 10 4 2 0.533 £ 0.095 0.0012 £+ 0.0007
KOH-7F* 10 10 1 0.000 + 0.000 0.0000 £ 0.0000
KOH-7A 63 57 2 0.175 £ 0.060 0.0004 £ 0.0003
MEN 23 23 1 0.000 £ 0.000 0.0000 £ 0.0000
MAN 20 2 4 14 3 0.484 +0.113 0.0006 + 0.0004
HAT-A 10 4 6 2 0.533 +0.095 0.0001 £ 0.0001
HAT-M 10 10 1 0.000 £ 0.000 0.0000 £ 0.0000

* Newly emerged fry

mt1 @

Fig. 5-2. The most parsimonious network of mtDNA
haplotypes detected from two amago populations, one iwame
population, seven populations of amago fry from the Kohbaru
and Hakiai streams, and hatchery populations of amago and
masu salmon. Numeral in each circle corresponds to the
haplotype number in Fig. 5-1 and Tables 5-2 and 5-3, and mtl
represents the haplotype previously observed in amago by
Kawamura et al. (2007). Circles surrounded by heavy lines
represent the haplotypes detected from the three isolated

populations. Small circles indicate missing haplotypes.

Hap-7 & Hap-8 1%, I ZMAfEAE: (KOH-3F-4F)
THiER SNz (Table 5-3), NTaH A TRy NU—Z

T, MENoO7 < AEERE (KOH-7A) & EAG)ID
A T AMEERE (MEN) CTHEO R Hap-1 1%, 2 207
<~ I OEEEE AR (KOH-TA & MAN) THR SN 3
SO r X A7 (Hap-2, Hap-4, Hap-8) & 7-9 oD
BT T Hiv7z (Fig. 5-2), BRGO T <~ 2 (HAT-A)
M54 5372 Hap-8 & Hap-11 O X 1 ETH - 7=,

EHAANS L UVERRBOERMZ M

NI H A TR LSRR X E N E N 0-0.714,
0-0.0035 OFEFHIZH > 7= (Table 5-3), ~NT' v XA T Lk
BZ, AR & 5K (Sction2-4) DT < A% b
HEfMEREE (KOH-F2-F4) & IEARehiin b s &
AV EH5BRO7 < IEERE (MAN) TrEroTz, HIEL
BREEIE, REL BRI AT uZ A T hEieHmOMEER

(KOH-3F IZ¥1F % Hap-5 & fthdd/ N7 v % A 7, KOH-6F
\Z8F % Hap-4 Lo T a X A7) TE»r-oT, 32
DIEEEE AR (KOH-7A, MEN 5 L T MAN) 20D dgp
IEEWMEZ R LT (Ogr=0.65, P<0.001), 3 E{AREDH
HEDLEDI L, FAY LHIBOT < AEEFE (MAN)
M OEERRE & OAZDOETIE, O EITAEIC 0 &
H72 5 TV A (Ogp = 0.715-0.838, P < 0.001 ; Table 5-4),
MFEJN O T ~ AEEEE (KOH-TA) L A2 )Y ITROA
7 A (MEN) OFHAEDHE TIE 95%FMHEX I 0 84 %
N7z (Ogr=0.039, P=0.182), ~NT XA THHEIZON
TH KOH-7A & MEN O CIIEBERZENH LI -
723 (P=0.186), fllOFA GO TIIAERAED R S
7= (P<0.001),
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Table 5-4. Estimated pairwise ®gr (below diagonal) and
P-value of the pairwise exact test of population differentiation
(above diagonal) among three isolated populations (i.e., two
amago populations [KOH-7A, MAN] and one iwame
population [MENT]).

Population KOH-7A MEN MAN
KOH-7A 0.186 <0.001
MEN 0.039 <0.001
MAN 0.715% 0.838%*
®gr overall value = 0.650 (P < 0.0001).
* P <0.0001
% B
ERBEERBFDORE

AHFZETE SN 72 mDNA 71 % A 7 Hap-1 1%, =
WE TR TONR D2 T- & FRENDBAEN A
IV IBRDOA T AEERE (MEN) TEEL, #E)IOT
~ IfE{&RE (KOH-7A) TE L5 LT, &5iZ, Hap-l
T _RTOT < A7 EHEAE AR (KOH-1F-7F) 12 24
BRERbLEWHEEZRLED, BRIFOT ~Ihbid4e
<HHENZR o7 (Table 5-3), TNHDFERMND,
Hap-1 13 & EARE)INCAERT DT ~ T OERD
TuRALTTHLEZZLND, b ULRIZ, BEICHEM
BT < ANA U AEERRE (MEN) ARSI HE S,
AVRALEREL TV EET S &, BAGOT~ X
ZL OHEARBEHOEROERFOLEEZLNDZ LD, K
ORI A T AEEREERICBT 27 ~IOHELT ~
SOBEERIME LTED EEZLND, Ly LEEICIT,
AU AT ST 1961 £ LISRIERE L TR Y, HiC
BITDOD7 Y 20 TSR OO LR AR
BIEEZBR LTS, 812 —hsoz bix, A /Y
TRDOA T AMEAKEE (MEN) BIERONT 1 Z A T %R
FLTWbHZ L, T72bb, fERMEEETHDLZ L2
TRET %, ZOHRMNE LiTNIE, [F LU Hap-1 2348 5
LCWemi)l o7 < IfEfE#E (KOH-7A) &, {Ek{E
KEECHDEEZXDENTED,

—7, FAD X HOROT~2 (MAN) TiE, ERGO
7~ = (HAT-A) 124 57 Hap-8 238 5 LT 7= (Fig.
5-1, Table 5-3), fli/kik COHATHFZE 20 TSN T
WhHERY, RGRNTH, £ OBAGZICHEWTHEE
OB ABCHET D RENBIEES LTS, L
ML, AR CTHAE L7-BRE TIE, 2 2ORH (HAT-A
& HATM) U BAEASCEAIEEDFE L SIT£E SN T
0L, BICO eV EBEBEREINTND, 2OHHLDT <

THRHE (HAT-A) 23, 1990 FRITEAY X 5 BITHIE S
NTEEZBEZBND T L6, RIFSET 2008 FIZHRILL 72
7~ A% (HAT-A) OEAEIZ, Bt S vz bigonT
ng A FEERFFLTWD EHFS D, £/, HAT-A »
ik 2207 v s A7 (Hap-8 & Hap-11) 2353 L7z
2, WEOBENMILTN I EROBER LT, b
@ mtDNA HHTFERNS, FAV X 5807 ~ AEEEE
(MAN) OKERSE, AR SN BAGOT ~
IRMICEE Do bDOEEZLND, L, fEF
E MAN X b — AT O X 0 FHl TER S iz @ik ¢
FERINTEY, FAV EIRICERTITRTOT =
IEEREENRET D HOTIE ARV, HBhEAOIEAR 2K
WL —A"FoE LY LRl TfThhizbon, 7<=
FNRMEEFEO SO ERM ™8 2%E+5 L, TR
HEE T & 2RI OGFTICTERADR AR LTV 5 TRENE
B ETE 220,

REHM

Y 7 BHAEOTEREERREY, ¥ 208 AR TR
B S NP RIRIRIC AR T2 2 82 <, LIFLIRIK
WIEARI SN & VTR O U A 7 o, 2012
AR NTS, BT Tnin st I
2 SDONFEEEN] (KOH-7A & MEN) X, Biintrbi
WD K DN B ARWB IR Z R E 7R LT- (Table
5-3), T, s FEOH RCMEEE < s BB o
INSRRBRBENENICLsThEEbankEEZLND,
92D = b OBIEMN R BB AT 51200 kL LT,
BRAEENNEEO S EMBICRBIT DIERA DB NERE X
nTng, 180 g KSR BTG LTV D
LAITIE, WA~ — 7 — IR T DB EIREE O RIE
DI FEDWTHEMBE T AT O &, RARETZ
DAEUDAREESEM S TS, ") Lo T, %
EHAOREITBIRN), THREFEN, AR 72 R &L
SEEREIATONAMLERDH D, =19 ARG AL
Y IRDOA YU AEIKEE (MEN) & AJE D7 ~ =B {ARE
(KOH-7A) 1%, mtDNA 53 Hr CITHEHFICXBIT 25 Z
EMNTE 2o 7208 (Table 5-4), WFITIREGIZEB VT
BT S TEY, ZOERBOEWIZIIEE DNA 2B
DIBIBHIERENGFAET D 2 ENERNSHLNTH D,
26D x5z, g, MF VIR Y IR TIEAY
ADEINEFICAERT T~ XV iBEND I & %
WAL TWS (7277 L Kano et al.'® H58), F—&»n
RENTNRWH DD, FIFEOHERIZA T A & KRG
WHRET Do MFEERE " cbikshTns, L
TR T, WARBINAY 7Y THRDA Y A EIEEE (MEN)

*19 KRADL, RKIEFEK (2008)
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EHIFEI O T < TEERE (KOH-TA) 11X, ThZnghar
L7ZBfLE LTIRETREEEZOND,

REDRELER

WAGINEAY X H>BROT7 < IEAEEE (MAN) 1%, b
—NFOWED FRMOIBIKIZER L TEBY, HFHEEIC
£ B IEAR A BIE 1990 FRITHED EFRAAITIToi T,
TR SN BT, 2K O LB THD E—N
FORELY B TITEEHEAN TR TH LD EE X R,
S EAY 25RO T ~ AEEEE (MAN) 1%, O Lk
MNLH T L CELBEAOBE T REEZZTLLEEX
b5, b LEEORIRN A )Y I ROEMIX O IR
(e BV o BHELR) X 0 BRI Ch SN HAITIE,
R E PO T L CE T~ L DOREICL->T, A
U A EERIIHEET 2 AR LB 2 oD, LTeR - T,
WABNA L )Y THDOA T AEAKEE (MEN) & EAD
X IOROT ~ AEEEE (MAN) 22T 57201201, K
BP)SER RIS & RO ROBAITHE STV 528k
X EREHMBEL, SOICHIREZEIET D2 ENLET
5,

WEJ O 7 < IEEERE (KOH-7A) 1%, 2k TH
LCEeBy, ) LT 2ERMEAERETH
LB BND, Fiz, WMIZEBWTRD THADZRTERK
T IEAEREDO 1 OTHB L LEBIL, AV Y THRDA
U AEEREE (MEN) &b BERBMRICH 27 ~ TEE
BETREINEZ D, 7~ KR KOH-TA 13 R4
TOIMLENHDLEZZbND, T LIFELWIAMIC
L b, RFENITOILS E T KOH-TA (X -
W Bk S v C & 7,

ARG RN EE D &, Ry RIT KR ER RS,
VT, HuotiEaE FARZEIC S L CULR O 3 DO %
Tolz 1 1) WAEINCKE T HEAKX EROMEE, 2) [F
W OEEIXIZ I D i oL LE, 3) M) o—4& H i
X0 baikici i o - R LR oL,
NHO|BITZ T ANLN, 2009 0 5E RN GE
MEH 6= MEZBLETIRT D),

i

FOoE

ABFFETIE, FUNAEREICHIT 27~ TOREEZX D
78, RETBREFNAGRAETT N & Z D3, #E)I & 5
REzEgKEE LT, ERERKICDRELT~vFD
VRFESIAT D RS A AR T D 72 o D MPEREEMAT (5 2 7)),
AARFAPED R Z RS 5720 O BRI AR
(5 3 3), BARBAEOREIC L E M2 TR 57
DOV RO L BSETHR HMA (5 4 %), € L TEE
T~ RO L BRI Z K E T 5 720 OB & 53 AT

(BFSs®) #FEMLT-,

AETIE, FEONEZIUNIEHEEICBIT AT~ D
PREE VD BEJIZIH » T d TR, ifFiR 35 & & B,
KB CEBICAG SN TR ROBEME 2 RE 5 2 & T,
RIFEAIKICIT 57~ IREROLEGEZEHT S5 2
EEHBET D, IHIT, SBOBESHREOIEHIZS
WTHBET 5,

REBICA-ABREDEL

82 BTIE, KRBIAKREHFNE DI, M) E
WARESINICBNTAEBFEOE KB RBELERL, 4
H78 145 (WA &) 2R Lz, £z, SEHE
T BRI T <~ & & I RME S5 EA AR 6,
THRMDO T T ARH T LYEOa A BAENMEST D X
D EHERRERL A~ E AT L, = OB IR - THH
RBAb R T RE R BRI A r— v OBREEAE (&, W
WAL, JKEME, FE, KR ST Lzl
WLz, —F, A RHAEOFEREESE TR %
RET, FRICH DT OREHEEEX, 7T~ - X
YaEHLET D ERMOBEND a4 BEaEE L ET
B T oA OBEE~DBITHE (transition zone) > (2B T
FELL & oTz, BITHEO LRANITIEEENFEL T
W Z Em D, BITH TIIALWEOBEFENET T
HEfEMENE Z 5N D 0,
FAEHEOBITE CREDO N AU EDBEENREL S
FREME A ET D Z Lk, UMAEEE IR W T T~ 20
%D ETHEFICERLEZ 2 OND, RERLT <
TR AR TH Y, 2 WIKIRIE R TR
2 EFJT 5720, O JUNEE T A AR TT ~ IRAEEE
FERTHRAENAR T2 2 L%, RIS AL D EE
WCEDBRTH-T-E LTH, REABEIZH >T-HRE
REXFITHZENEEL WO TH D, FRICARFA KL
T, 7T IOARBIED 7T EILL ERBATR 25 T Pl
AIBICHFE LI D, BiTH & AASZEORITE
BChD, 7~ AEEEEEEO TG M~OK TR %
HARH G & NAWEORBIZNHET 57-90121%, AAK
EaZT TN WT <~ IOERRNZEBWT, ERFEE
FEDORBEEREZH LN TILNERH S, L,
TRUTER D> B R I 2> TR PR A it <oqi] 1 2 e 45 8
AW T B 2 L, O W OWE TH NG 5
R ETORBTITPRE Z &, O 2 LTERADTNINIC
T TIE LWEOBE & AREZR S TW5 2 L 390
.89 2 ZEBT L L, HHADEZ L OFINTRE W THRER
HEOBATHIIW X LAREOBE FICAET IO EEZD
N5, LEN-T, 7~ 3OEEERSEORRLEZH
NHZ LT X o TBATHICB T D AAWEDEELEHEE
TH5Z L0, BRERTIIREE Ebi s,

=77, %< O af BEEESTRKEITRIRETH Y,
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ZOERBEITKREUADERICHMSHESHD Z &M
64ﬂ34ﬂ@%®@¢ﬁﬁﬁﬂﬁﬁﬁk%%&fﬂﬁ

BIFAANABBEORELWHET D LITFHEE X
Ei’béo EWFRTIX, XY, UTA, BT LYOMHE
ISR B OWRRERIE, BATHNEIZIB W T, KR
LW o lm KRERZEM A r— L OBREAR & —F L
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LT\, AT KERBIEEZITo7ccORET
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L, BT HRDIIIKFDOY~ FYa vfHe bl
~ RKYa v (44%1K) Cobitis biwae |Z[RE N TS
146, 14D 25 4, 2013 4F 11 H I St. 1-2 (Fig. 2-1) 128
WTCo~ FVa vz ¥ el THRE L, WigEms
BHEOWIRE D 1K SE v~ Va v @HE) Th5H
:&%%?LKOWVVFVSW( &R 1%, HE -
DU =] 1 5 oD W PRAR 78 T gk L 2 AT B, LT
IERGNIKTR & KRE)IIKHRTE TﬁlEiﬁ%éﬂTjﬁ n, 14
XX Pseudobagrus nudiceps™ 150 o K1z 15U o i LY
ik L ONEEERME S & bIC, T bk UL
HE I OV A B D Y 284, YD 2oz
ElX, S ETHLDI R o I OTENRT ~ T EAE
HORKEBEREEET D LT, 4%, FE - MEFO
W PRI 5 gk o0 7~ TERHE & ORISR E B8 T D
ERHDHILAERLTND,

FYIZLHABEDRESR
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X0 7~ EHER OIS 2R, SRS
HMTE L THM RN E 2B LML, £72, %
FHEMAOSHOMRY ITM 1 - AREET, SRLE

OF7 < AOREHEE L AEBRMAEEZ R L, ZAbD
FER L, LB T~ I THE SR TV I EWERE
MEEETDE, TR EMHAATDRELR 1A
M, FEINRMTICEED LD LEEZ BN,

T TEE RS OEIREEEEARWERR E LT, B
3 ETIHEWVEIEEIC L2 BABORE L, THRMTH
BETRSS F u OHIENZ W2 LI L DPEINE O R 2 %
B L7z, — 0, H2Z0MBEREOEEREEET
D&, MR OBEEEEEENMOONGATE, SJEEED
BATH 2 G TRk E —8T5, ZoZ &k, & 2
BETER LT ANBBEOREN, TiflAKkickFs7
~ 27 R OE RS R T L ST ATtk &R
LTCW5, WBHE MZEHRALH T LIzt a2 L <
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Sec. 2) TiE, 2EIOFMEZEL TTL A L EHEAN
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107 < IOFAEICE L CRFNEISDFEEE m?%%i
OB, M) OT ~ TER ER CRE, 1959 ; KAIZ
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BT, T~=2, v~ 2OWJIEEEEECE > TR
BEONIGAN & S A2 A 10519 pUFIEFFAE L2RWIT S 2o
H 5T, 20042010 4 4 FIZITEICE B R S
7o "BREEMOMLIET TIX, BN - B I3RRER AR S
T IOEIMTENBEINL Z LD, B B O
T IR E TR R LIBRECLENT 20D EE X
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WZBWTYH, RATERATET D AREEE R~RTH O TH
%, LIzioT, TAIAKIRIZEIT 27 <0 HKREA
FEOIRTIE, FEMISH R BHAORIRIC > Th7ab &S
Nl L BB T & Bbhb,

FYIZFL#ADOERGFRFA

BATETIE, 7T IAREO FRMIT, WEEAA S
— IR D% EHEROABSBFRIAEZH 720, #
FHMNO 1.4 km XE CEEAFIC DR 58K B RBIE 21T
o7, FEHAET, FHELORKEMNS A T EAR
RIEOMBE, INRKEER X OBEINE D S ORERE L A 5728
BOMEER LTz, FHEEL OB Z A 7 2R HT
DB FRMAARICRE CTH Y, ZhiE, s rr
X —2hEE b2 b TERMAERSET GRVLRIIZITW
FRIRES ) A%, LM CIBIES 525, T HiM < Fu
FHEWZRET A0 EEX LN, 12721, REHEALA
TV TINDDORMENHEE SN TWTY, HMAERGHT
R — VOB R RGET T, EHERA T
THENCBE T D ATREME S RSN, BLEDZ Envb,
7~ BB T RN B W) TR LR ORI & X
Z7DITIE, FWHEL OFHEBAL & A 7 DN ERIZ i 7
WAEBBAT 2T 5 2 &, BRETIUA S & HEAR OB &
DNRFG U AEERTHENEBELEZ NS, 4
ARFZETIE, 2009 £0D 1-3 HISHHESAEE (Xl 35—
50) THER S AL EHERD TIRJT IS E Lz & HEE
SNtz AHFZEIET ~ 2O HREINCHE KT 5 5% LA
Extg e L, ZREIICRIRIN RT3 2 E# A 1T -o
Tolo®, BBIIE, TERSNT-E3 LA EOREINFRIC
KT 2ONERHTHSH, LarL, HrRMaEOE E
HEFA S EEINRAEICRE E 2 TR c B a4+ 5 L H#EE
ENTW5D Z L, 8283114115 2009 4E o A B B 121X
51 LV BTy~ a7 EHRBAER I N -T2
LEBET D & EPRA O LHER O KERS T, 2008
FEFKIZIXE 51 IR S T2 BEESNER I Sle 3~ 2 Al Re i 8
EWEEZ BN, Kl 51 OFEIIKIE, 2008 42X
50 O _EFiICHEL U728 LW RO _ LRI 5 2 il
ERASICTER STz, Z OBATIE, 2008 4E 3 HICids
KK 1.7 m DPITH 7253, 2008 FEDFKE THOMIZ,
HENKEICHERET 5 2 & CRIEICEIL Lz, miKekz
7RI 5 em BT OBUT X v, BRI _EFim oK EIX
$02m <720, WIRITFAEE O LN 20-30 cm IhTe
EEFLMNL, T IAOEIGE L TER TV LR
INd, HZoXHIT, ERBNIEEO L © I
W7 = IARPEI LT 2 & 2BET D &, KA KT,
NTLPENIEE RS 85 1T & o CREPNIT AT 72 BRES % #& 4

THZET, BRENEFHRCEDLEEZOND,
L, Fhf 3910 kB ATREEIIGER BRI, A U2
PI /e xR e LTHRESNZHITch D, 7~
ARV~ AL, A U FITHATHJIOAFE CREINT 5 i
MR &5, 129 583, KRPFAEKIED L 5 724
JIOARFIZBN TS, AN LEIIG OISR &R T 5
MERHDLEZZ LD,

HATETIE, ZNbOFEHEANZTE T L EENER
ELT, BELESFICRWRNERENT 20 0MES
OHEEN 2o T2 Z L T2, ZOHEENELW &R
ET D&, T~ A% EHANT FBET 20 E D0
FEHEROMBE TR, BlAaOEIFGINERIUCHE X
NHZ Wb, 24830 TCrHlans L 91T,
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TFREFEOEINGITRIUCE LT, B EHAO ARG
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7~ AOEIEATEIR T, ARMICiE EHfA oA B
FINEBINRNET D E, B EHAOR FBENE, &
IR TFHMMOBRRIZHER H DT DICAE T D E VR D,
AFAAKIIL, ANABEORERHE SN T-AEHED
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OBRBENBILL TV LEZE X b D, £z, 2008
FIZXKE 50 O EfihnlZ HEL L 728 LW R, 2009 4
FITITEEOTRRIC L VL TV, 52D X 57—k
B 7 B N LREBR S T, BHIBICh 2> THEEL T
VWD B RO BIA L3R O BREE (R A oA O HERESE)
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Ihi-& By, EIIR TR O FWAHTIC RV & §F
MT 28 AEEOHELERT 22 ENFATH S,
iy, % EHEROE RIS MAEINGIT ORI D
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FEADHI S TWD Z &5, 42 FEEISH 72 Bof 8 4
BEI L CWAREE L B2 b b, Z0gAICH, |k
Fi & FERICAEBRSE T O&ERITAZITH 5 2, BHIZIE,
Z OB LTS AIRC & 5 B AT APE 2 R4~
XeEZOND, 5%IF, T~ IBRADEINEINEIR &
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7 I IEARBEOECHIEE

5 T, MIEIESREARAINCART 23 20
7~ TRRBEE AR )RR O 7 < =, ARSI E
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24 KARL, RKFEFE (2008)
*25  RARDL, RIFEFEK (2009)
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DBIREIEE A% mDNA AT XV~ T72, B oiiz 11
TR DO NT 1 % A 7D H B Hap-1 133 T OFREEE A RE
WAL, AU XATHEE (100%), #MENJETEHRO T~
ITEL L7IED (90.5%), MIFIIRERTRE LT <
IO EHATHES LTV (62.8%), —JF, £AD
X HOBDT < T Hap-1 13472 < (10.0%), W=
MENT-EWESINDIBRGOT IO NTa A4 TN
BEL TV, LLEORRENS, MEJIJREHRO 7 ~ =2
LRI TROAT AIERMEEHETHY, FAY &

IBDOT = TITEEAIFITER SN TS EHERIS N
7o THHIZHESNT 3 REHEAREE NN E AL L
DIRRREEREL, WERERAZ SE Lz, @

AT O E B B O UOE T, —& B,
b BRIV TR - R ORI A AR L L L
2B, —HHEND LT ~ IEEEICIE, HEERE T
HEND T a X A7 (Hap-4) & FFOMEIKRINRIE (9.5%)
LCWe, —&BREO LRICIE=AEHE (52 10m) &
A HEME K2 1m B’HY, Hapd4ld—GHEE =A
HHEOMZI RSNz, Lo T, ke ki
RRERKIII=GEEE Y LR W25, =4Rm
B LE D S BN TV B 72 B OB N L TAR X
niz, —J, —&HBIIHKRENSEL, WmOMTICiEMm
BB LEROHESENEHIN TN D20, Bz
TR T Vv, Zh6oBEBIcEY, —AEEND Bite
WA R L LT,

Hap-4 |30% MR D bR SN2 h, thonTa sz
AT, —HBEENPLH L5 km T E TOPVEE
FICR 6N, —GHEEOE T TR EWEE (60%) %
ATz, 29 LRGN0 M6 E —& BIEDZIXIT 1990
ERETHRALGDPBH L TVl &' 2E8ET5 L,
Hap-4 1ZZ OFAL OB RICHRT D AN & &
Ez oD, AFETIE, FEERKE TFHEIND Hap-4 %
EOTRBED, KWIEERBFERRS, TrHET, HooiE
WE ARSI TR S, SRR AR E S, 25 %I,
WX NIZ BT D Hap-4 DENEEZE=4 Y > 7T 5N
Bd %,

FEJIOPRTEEE, ZhE TN RIIRE SR
ZENRL, Lhb B L B0 T #iE R g
DERENTNDIEEBET DL, BROEELZITL
NEZF TR T2 LI FBI R EEE VW2 D, &
%Ik, KROBANOMPINIINZ T, A2 b v
DMEE S5 R E - DYE R T O PR v ek 1 2R B
T 57 = AN ONT HEBFEW 2T 21TV, SRFERINAL
BT EHONNITILERDLTEA5, —F, ZhE
IR L R ) 119 & B A R AR 159 i S FER T

~ IEEBENHRE SN TEY, RHFEITRIE L FC
mtDNA DI & AT L 7272 D FE RO i RN el fETH -
T2, $BE TR R o To O TE o T2,
AHFE L Kawamura et al.'? TN L7-fEIK (D-loop &
ND1) %, HEESNIORENKETHY, HEVHEVE
FO BTN L 13V 220, T A%, ENOERT
~ EAEBPEDOT — 2 RX— R ERET LI, [,
IR 159 3N T2 BRI (ND5 & Cb) b5 ET & L5 X
LD,
WARAENEAD £ H>BO7 ~ IEFEEENITIEEIMI
BRSNS RENZZ E0n D, AE IR O
7~ AEREE, BICKRE)IDKR O —ROTERT ~ =
BEBETH LT TR, AVALRLIEWVERIZHD
7 dAEEEEE L THOEREWES b, ARIF5E
T, ERMEEREEZHEE T 57291 mDNA OF#H7Z T
ERWER, S5t, T~3dtA4 T 2A0OBBHIEGRENHS
NZTHEDITE, SHITEREOSZ A7 aYT T
A X2 AFLP %, 1% DNA % 7o fifhT & 52§ 2 M 3L
N D, 1920150 —J5  Kano et al.' [ZENDA T A {#
WEEDBUIRZFHN, ZnFETIClE SN 7 EERED S
H, 4 EEBITIREOBMAO KIS ARRES TIRIT
MW L7o 2 &, RN EEEIIARE KD X
IREZHEBEBRNOZERITICHET 52 L2l
LCTW5a, =72 L, BRINOA T A XHEMABIRE R
PFTTwILIEFELTND I L, 1282007 FEICKKRTLEY
ICHESNEZ#BIERICBEKR S TnD 2 L 29 2
FTIESNT-T ~IANRA T AEBIRIHR S, EROT
AR, U AL ZHET D, E T ITAHE LT ATRENE & BERR
TERV, HBiif L OZMENEDIX, BRIIDAT AL
7= ADBEAEGR, ESIIEREFINDOA TR E DB
FIRRZHND Z L IImd THREIC RS Z s, BFf
DA U A EEEED B2 B RS O A L ARk
RIEENZEND,

Ul

W
Dbzxsewn s, H2mE (RERICH > RBEHED
k) L s E (7~ AEEFORERIMKE) 13, T
ZIEBIORERZ R L RN S, B3 E (7~ J7F LM
DFRRRGAN) &5 4 B (T ~ 7% LHEFA O L BGFTF )
TR I TR 31T 5% EHEFR D /310 D FIRRE
WELT, ZNETNABREDORE (F253) LRHA
DRBROFEE (5 5 F) ZRBT 2HEICR>TWD,
Lo, BIRFRTIE, T 6 EICAREAEEDRHRE
HTHLNEPEHLNNIT LI EIFRNETHL, Th
(X, SR D R OB & LRI DS I\ |

*26 RN (EEYS MAs), FME
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DIFELRWVWEZDTHY, £, TNLOHENRATD
RO ofE J7 ) O REED E B 72 W E L CTik > T
WRWEZHTHYH 5D, 272, EERRERTIE, AW
TAIBOE FRE T~ a0 BRENDEBEICR LN T
W Z D, WEERBNMTLNOEREE 52 TS
BRI S E TE 2R,
PLED G, RFAKEO 7 <~ TEERFEOBUR & LT
Tokwmn&Eoni,
1) BATH 2 & TR, ANBSEOERELZ )
TWD AR 8 %,
2) T~ AERO 7EILL R, BATH A E T TRk R
WEEND,
3) T ADHKRHFAETBTH LY LIRCTRA, 20T
WCTIHERTH 5,
DTERT ~ FEEFEIIMIFE)O—& B L Y B3R & AR
ENDOAL Y TH (AT A) ITEBELTNS,
5) FAYD X OB TIE, B —=A"F OO FiMITIFIZEM
ICIFIEE D> TWDR, O ERANCIIERT <
SERBER AR LTV ATREMED & 5,
6) BBATH & & Lo TR ITIEE RO 7~ IR L
TWD AR S %,
INBIESE, REHE (V—=vEH) LT
IR AEH I,
) MEJIO—ABENS EfiSikicis T, ¥ L iiEk
BIL O A EEE,
2) WARBINOBATERX O LR 2 MBE L, AKENLD L
TAMICRE T, e Ll L O & 4R,
3) WS & 0 TR T IR CE &l ds K OVBOR & T HE
LT 5,
4) 2L, BATH 250 PRI CIE, AABERlK
MOFBIZ LY T~ IO ARFAEENHEZ N TND A
HEPER B B 7=, % FHEF O L BP0 i o Rk
LIZk Y, HARHAEOREZRADILEN D D,
EELL, INLDY —= VT REOBADEEE, H
TR, KEINAERRMAE, #EaE, Hoofre (7rH
1) ZECTHBELE-ZZESICBLCHE L, BERNED
FEMIARA PSS, e LTI b ORITRZT
ANbNT, 2095, 1) TKE)IRER RS OB
GECEMATE R &R OFER %, 2) 13RI
EWERLE OFIA & Ky RO EFIREBR O BAE - Brax
EMEE L, BMREOEICL Y, KEF)IEERFER
A ORANKX 2008 427 A 23 B, Koy RoMEREHRA
1%2009 4F 10 H 16 Aff CEE Sz,
BUE, ZOX 91 L THIE « #rak S ZEB s
IZEESE, KE)INCBWTA U A EETLT ~ I DOREN
Ehg ST\ (Fig. 6-1),

8- FRERE

WRE - AREOERA

FRAMICIE, XAMRIKRTR > 5 — KA RN KRR
OWE (FRISE~0FR) (&Y. ERTTT (HRALZRLTES
) < e

HEEL, ERTIIEEOTEONLETHLTOSLVEFAT
BY. EORBIIEESBL TEE WRE LBV T EFBRTT.

CORH. FRNFIABAY 5 FROMMKEEARATEUNS
SUBRAMICES TR - REAE) £LEOT. SRAMOET,

MK KBARARI—SEORELY LRLW
A OB RER
M M:1A18~12A318 (A%

RE IR FES TEL: 097-578-0105
(REMT ZMEDE | kSRRIKETNR > 5 — kLIRS AT TL: 0978-44-0329)

Fig. 6-1. A billboard notifing the fishing and stocking
-prohibited area above Ichigome Falls of the Kohbaru Stream.
This area was established in July 2008 on the basis of this
study.
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B1E WS

7~ = Oncorhynchus masou ishikawae VX377 BHZ @
2 HAREG OMHFETH Y, #hZ=)1 R LLTE O A K2,
PUEA, SN O NEBRAFNNZ BRI 2, 57
A B BRI C 8 2 UM P BB R BE 720 3 A B LTy
%, 7T IAEEOIERY S BRMEIETIE, FEEAEERID
TeESL S V72 1970 SEAREARE, 6 b ICRIEMA D HRIZ & - T
BIROKERR - BIER RS, PR %E BIF &, Lol
TR, R S AV T R AR AR DS B AR AR TE O HR IS 1 T 7R
WEBEBEFEZRAIY, HRITEFIEC RS O B &
B LT HEEMESH LI ENTWS, Fio, /ELD
BN RSO 0 ke SRR, 7T~ 25 EN
DI JIPEY & BLESHOTE SRR AR B THEIR O Mt ic b v,
H R RC & 2 C IR EE S AL 72370 PR GEH 72 1 2B LT
b, ZDOXIIT, BIRIET < T EELB LRI
RO FRICEEELY 5 2 2A[EENE N £ D,
FEWR 2B EREOMRED - DITITER T & TRV,
T - IERIC X D EM A O OITIINETH 2,
A, FIVEY S BHREOREEFIHOWSL 2 X 5 72
DOFHEE LT, TERMEEBEOABAKIE S BRFAEFEDRE
RIZESW TN Z RSy L, KT & ITHE & iR - lF
WEBTIEEEN DT D —= T RERBER TV,
ARFIE T, TERT ~ TR AL T 2 v RetED &
Ry BER BN FRARF) | & S ARE )N D—EH X [# I &
O S FEA T 2 56057 )1 D b iR X 4 38 2k Gk gk
LT, Vo= SEHEE AT A DI LT R
BAHEOIT, UTO4-o0F-ELERK LT,
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F2E RREICHFAERENLIL

KB NAKRAE ) & SRR 3 L OARENTK 1
km B E(TFRIT 72 15 OFESITE VT, 2003 4510 A,
2004 2 A & 8 AITAERMABEOBEKBHBE LTV, &
FEREEM R O TR » B R E R~ T, T
FHET4R 7R 148 (HERZET) SRR Sh, KR
EARS0E 18,015 AT o 7=, FUAREIL, BiUFEAE
ROT <L &Y B3ME T 5 EMRMER D, T
MFREE DT 7 ARH T W5 a A FFENME ST 5
X 0 BEHET R~ & RIS RBAT Lo, A BT ORE R,
15 OFE ST =T & Z I AAYIEET S LiRIRE
RS 415-820m), U A, AT LNY, ZANTHRE
HT2BITHOPFHAE S (260-397 m) BL =1 FHfalE
LI R VEPIMELT D FIRMERAE R (232-255 m)
D3IODITN—TIIHEENT, SHIZ, ThbOiE
R OB, FEALOWRE (163 km) IZHHh-> T
HR L& RT 6 DOBREIZERE ()RR, 15,
FRAE, FRKEE, Fikis X O H FHEREKR) &
AREICHBEAL W2 End, MERICH > REARIC
RESHEESND LD EEZ BN, — T, 21 B,
BRI X T1 N OEIREER LI RAR 1290 - T AR 2 b %
RET, WHER TR OBITH TR LTz, 29
Lz il oI EE OZ(bIX, ANBREIZLDER
REOEAZET, LV/NSREMA 7 —VOREER
WICHEShDbDEEZBND,

BIE FYIRLHAORESfH

K ARAE ) & SPRAPFE)INCER T 72 14 OFHEX
M (AL F: 16.3 km) 123 T, 2005 4E 1-4 A2 2 18] (11-
32 AHkR) OBKBRBEEZIT, 7~ 3% EHEAOR
RO & T2, B EHEA OBARREEE X iRl o 4 78
EXR TR 722 T 6 fAE XM T L <K<,
TARAR ORI 2 M OFAE LB TEE Lo T,
F7z, 2003 410 A, 2004 4F2 X8 AR~
AWILEOEEREE D Ll cm, FEHILICER
A ER LT, 51T, 2005 4E 1-4 HICBIT D EHE
FOEREER R &, 2004 4F 8 A 23T 2 AL O 18
R EIIAERMBEEZ R L, T ofiRE, BEWR
DR 2 7 ~ A OWIEEEFEC I 1T 5 ATES T &
SIGET O E B ET D &, SUNOW) LR T, 7
~ I BRI R B 1 AR, EIVERAMITICHE
FHHbDEEZLND,

£4E FYIZLHAOERBHARA

7~ AR O FHATH B KEIKRE L) O 1.4
km KRIZRWT, MEBEHEAMA 7 — IR 513 FHA
OEBIGFTFI AR AT ~72, 2007-2009 40 1-3 A
FER 11, 3, 5 BEOEKEHRBIEEZITV, gL

56 Xl (4% 25 m) OIS - T B E F T
HEEHIT, FXEOREER (RKEM X A7, FEI
RN D OHEEE, IR L OER FREOKEE, Fik,
REAERRRE) W@ L7, 7% BHEGREE, FE o FiE
BN X A 7 L FRERIEOMB, RFKEE X OBEINK )
LOFREE ARERAOHMEER L, 2055, FiEE
O TN A 7 % FI T 2 AT R KR e
Thol, ZhE, #EMACENZ LY —FEEL DL
7o Bl 72 AR BT GRS I ORI ES 47) 23,
EWAICIEEET 223, PR CI RIS RET S
leHbEX NS, —F, MEBEMATZT—LTINAbLO
FUENTTZINTWTY, MAEBETIA 7 — NV OREES
HENR 43 72 BT TlE, R EHEAN TR G ECBET S
RN RENT, oz e, 7~ 34E B Tt
PNz BN TR EHEA DRSO A X 5 720121, il
JED DGR AL X A 7 D NERI L3 7o AR BG4
THZE, BENET) EHADOMIERDONT L A B
TLZEREEEEZOLND,

FSE FTIYIEKBEOEGHNEE
REFJNAKFRZFAFEN Ol EFEBICAERT 57~ 20
3 WEBEEARE (BRI D A U X B8 Te) 2RET D720,
mtDNA % iV CEARAIEIE & R~ 7o, AR S AR A
JIDRA L )Y TRITIFATANERL, BETHFEAY
EIROT I L L BIERRO K0 EBTH L 03,
% T 1990 FERITEIAX O R TIAR T
DT TONT- E DERBH D, —J7, APF) IR
W ENTWD R, ZhE TREINEERRMEAICK
HAXTRHIRFEERIT R W Oz 1 FBEONT 7 Z A
7D 56 Hap-11%, T XTORBEHEMAKIEICR LN, (U
A CHEE (100%) , #HFE)PRFEEH O 7~ = THE L (90.5%)
L7ciEh, MENEETRELLT ~ 3 Z LA THE
AL TWez (62.8%), —FH, FAV L5807 I TiX
Hap-1 13472 < (10.0%), WEITHGE Iz LHEE I
LERMGOT~IDONTaZ A THREL (70%) LTH
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Appendix 1. Environmental variables measured every 25 m (boundaries of 56 sections) and channel-unit type of each section
defined based on positional relationship with riffles in a 1,400 m stretch of the Ogata River. Closed and open circles in depth,
velocity, and vegetation cover indicate variables along right and left banks, respectively. Asterisks in maximum depth, depth,
velocity, and channel-unit type show values found after emergence of a riffle between the section 50 and 51 in 2009. Shadows
plotted vertically in each graphic chart indicate locations of riffles.
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Appendix 2. Approximate size in base pairs (bp) of fragment patterns observed in D-loop (a) and ND1 (b) regions of mtDNA by
PCR-RFLP. Fragments smaller than 80bp in size were not scored due to their low visibility. Fragment patterns observed in each
enzyme were alphabetically labeled and combined for each individual to define composite haplotype patterns (see Appendix 3).

(a) (b)
Restriction Restriction morph and Restriction Restriction morph and
enzyme fragment size (bp) enzyme fragment size (bp)
Aci 1 Aci 1
A 1260 250 190 190 130 A 780 260 220 210 140 130 80
B 1260 330 190 190 130 B 780 400 220 210 130 80
C 1260 330 250 190
D 790 440 250 190 190 130
Afal Afal
A 750 610 420 100 A 680 290 270 230 230 150 80
Alu 1 Alu 1
A 310 280 240 240 200 170 100 A 550 450 260 180 170 160 90
B 320 310 280 240 200 170 100
Bst Ul Bst Ul
A 1250 590 190 A 1250 430 260 90
B 1250 670 190
Cfir 131 Cfrr 131
A 490 430 330 310 220 180 A 540 410 270 220 150 130 120 90
B 500 490 310 220 180 B 540 410 270 240 220 150 90
C 850 430 310 220 180
D 490 430 330 300 220 180
Dde 1 Dde 1
A 790 240 210 180 130 120 80 A 500 390 250 210 190 180 170 90
B 790 240 210 180 170 120 80 B 390 340 250 210 190 180 170 90
C 900 240 210 180 130 120 80 C 500 390 250 210 200 170 90
D 790 240 210 170 130 120 80
Hae 111 Hae 111
A 1480 250 180 A 610 610 210 200 130 120 90
B 1600 250 180 B 610 500 240 200 190 120 90
C 1480 290 250 180 C 740 610 200 190 120 90
Hha 1 Hha 1
A 860 620 360 140 A 510 410 370 320 300 110
B 860 620 360 140 90
C 860 620 380 360 140
Hinc 11 Hinc 11
A 1930 A 1930
B 2020
Hinf'1 Hinf'1
A 840 410 250 210 170 110 A 990 510 510
B 950 410 250 210 170 110
C 840 410 250 220 170 110
Hsp 9211 Hsp 9211
A 630 500 480 390 A 1310 370 330
B 630 560 500 390
Mbo 1 Mbo 1
A 850 570 220 160 100 A 580 310 250 220 200 180 90 80 80
B 1110 570 160 100
C 850 570 240 220 110
D 850 570 240 220 160 100
Msp 1 Msp 1
A 630 430 370 210 160 120 A 690 540 440 180 120
B 630 430 250 210 160 120 120
C 630 520 370 210 160 120
D 640 430 390 370 210 160 120
Scr FI Scr FI
A 920 230 220 150 110 A 540 520 380 270 190 180
B 920 240 230 220 110 B 1090 380 270 190 180
Tag 1 Tag 1
A 950 570 330 150 A 660 510 420 210 120 90
B 950 570 420 150
C 950 570 330 170 140
Tsp EI Tsp EL
A 600 550 250 210 170 90 A 420 220 220 200 160 160 150 90 80
B 600 370 250 210 180 170 90 B 420 230 220 220 200 160 150 90 80
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Appendix 3. Composite haplotypes of mtDNA (D-loop and ND1regions) based on PCR-RFLP. Capital letters indicate fragment
patterns observed in each enzyme (see Appendix 2).

Region Enzyme Hap-1 Hap-2 Hap-3 Hap-4 Hap-5 Hap-6 Hap-7 Hap-8 Hap-9 Hap-10 Hap-11

D-loop Acil
Afa 1
Alu'l
Bst Ul

Cfr 131
Dde 1
Hae 11l
Hha 1
Hinc 11
Hinf'1
Hsp 9211
Mbo 1
Msp 1
Scr FI
Tag 1
Tsp E1

ND1 Aci 1
Afa 1
Alul
Bst Ul

Cfir 131
Dde 1
Hae 111
Hhal
Hinc 11
Hinf'1
Hsp 9211
Mbo 1
Msp 1
Scr F1
Tag 1
Tsp EI
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