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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. 
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Fig. 1-2. Newly emerged fry of amago 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. 2-1. Stations established in the Ogata River and its tributaries (Kohbaru and 

Hakiai streams) (right) in northeastern Kyushu Island (left). Numerals and capital 

letters (A–O) indicate survey stations and dams/falls, respectively.
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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. See the next page for figure caption because of its length.
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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,

Oo: 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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3

1991

2004 2009

2009

Salvelinus leucomaenis

2009 1999 Oncorhynchus masou subsp.

2011 Salmo salar Salmo trutta

Foldvik et al., 2010

Nakano et al., 1990 Sakata et al., 2005

1988
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16.4 km

14 Fig. 3-1

1 km 0.73–1.80 km ±

= 1.17 ± 0.28 km 1 m

1988

11–17 m Sec. 6 1 Sec. 14 3 1 m

Sec. 5 11 12 13 2 1 6 2

Fig. 3-1 Sec. 11

Sec. 14

1978 Sec. 1–4 Bb Sec. 5–10 Aa-Bb

Sec. 11–14 Aa Table 3-1 1/5000

Sec. 1–11 3% Sec. 12–14 5.3–21.1%

100 m Sec. 1–3 20 m

Sec. 14 7 m 2003 8 –2005 4

StowAway TidbiT Temp Logger, Onset Computer 1

Sec. 1–3 20°C Sec. 4–10 21–24°C

Sec. 12–14 20°C Sec. 1–3 9.5°C Sec. 4–13 3–7°C

Sec. 14 0.2°C Table 1 Sec. 1–5 15°C

Sec. 1–3 –

3631

1 10–15% 60%

1997 Sec. 1–4 2.0 m3/s Sec. 14 0.02 

m3/s Table 3-1
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1980

5 cm newly 

emerged fry 5 cm

post-fry

2004

16.4 km

Table 3-1

800°C 1977

2004

2–3

2003 11 1

Sec. 1 12 Sec. 14 2004

4

Sec. 1–4 1

1 2005

1 7 –3 28 1

1988

1 11–32

1 21 –4 15 2 Fig. 3-2 1

3–5

9–17

2
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10 m Sec. 

1–10 1

1 m

1988 Nagata and Yanai, 2002

1 m

20 cm

1

1/2500

Table 3-1 100 m2

5 cm 2.5–5 cm

2003 10 21–29 2004 2 2–10 2004 8 6–

24 Sec. 14 10 6 9–17

42–146 m 93.8 ± 36.7 m

2 2015 St. 1–10 St. 12–15

3

411–2,567 m2 1,035 ± 658 m2 Table 3-1
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5 m

1 5–10 m 2 10 m 3

1

2

Thurow, 1994

2

5 cm

100 m2

Jonckheere-Terpstra

2 3

Spearman

0.05

3 Bonferroni 0.017

R R Development Core Team, 2005

EZR 2012
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2

1,374 1,476

Table 3-2 Fig. 3-3 Sec. 2 3

13 Sec. 11 12 Table 3-2

1 0–4.59 /100 m2 1.0 ± 1.5 /100 m2 2

0–4.70 /100 m2 1.0 ± 1.6 /100 m2

Wilcoxon V = 32 P = 0.61 Table 3-2

Spearman

rs = 0.95 P < 0.001 Sec. 11–14

1 2 1.88–4.64 /100 m2

Table 3-2 Fig. 3-3 Sec. 1 Sec. 4

1.1 km Sec. 5 0.6 km Sec. 6 2

Fig. 3-3 Sec. 7–10

0.21–0.42 /100 m2 Sec. 5 0.3 km

0.29 /100 m2 Sec. 2–4

0.04–0.08 /100 m2

Jonckheere-Terpstra 1 J = 81.5 P < 0.001

2 J = 80 P < 0.001

Sec. 1 13

Tables 3-3-1 3-3-2 3-3-3

Sec. 11–14 2.3–8.5 /100 m2 0.8–4.4 /100 

m2 6.2–16.5 /100 m2 Fig. 3-4

Jonckheere-Terpstra J = 80.5 P < 0.001 J = 73 P < 0.01

J = 81.5 P < 0.001 Sec. 7

2.5 /100 m2 4.1 /100 m2 Fig. 3-4
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rs = 0.75 P = 0.002 rs = 0.76 P = 0.002 rs = 0.92

P < 0.001 Fig. 3-4

Kruskal-Wallis df = 11 2 = 32.7 P < 0.001 df = 6 2 = 4.3

P = 0.63 df = 11 2 = 85.6 P < 0.001

Jonckheere-Terpstra J = 17.5 P = 0.03 J = 10.5

P < 0.01 Tables 3-3-1 3-3-2 3-3-3

Fligner-Killeen df = 11 2 = 42.3 P <

0.001 df = 6 2 = 10.4 P = 0.11 df = 11 2 = 17.1 P = 0.11

Jonckheere-Terpstra

J = 185.5 P < 0.001 J = 118.5 P < 0.001 J = 177 P < 0.001

2004 8 1 4

Fig. 

3-5 1 rs = 0.82 P < 0.001

2 rs = 0.80 P < 0.001

2
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1993

Inoue et al. 1997

Sec. 11–14

Aa 2.6–21.1% 20°C

Table 3-1

Sec. 11–14 Aa

1988

Foldvik et al., 2010

Nakano et al., 1990 Sakata et al., 2005

2004

2005 2005
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Fig. 3-1 Aa 9–15%

20°C Sec. 11–14

2004 Aa-Bb 2.9–3.2%

Fig. 3-4

Nagata, 2002 Einum et al., 2011, 2012

11–32 2

1 km

1

1 km

2004 2009 2009
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Table 3-2 Sec. 11–14

Sec. 11–14

Sec. 11

2009

Sec. 11

Sec. 7

Sec. 1–6

33club

Sec. 5 0.3 km
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1 km Fig. 3-3

Sec. 4 Sec. 6

2011 Sec. 5

1999b

30 cm

20 cm/s 1988 20 cm/s

Nagata and Yanai 2002

Sec. 12–13

1995

2000 2011

1995

2011

Sec. 12–13 2 1972

1995
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2004

2006

2009 Kawamura et al., 2007 Kubota et 

al., 2007

Kawamura et al., 2007 Sato et al., 2010

Sec. 14

0.1–2.0 km

Nagata, 2002 Foldvik et al., 2010

Einum et al., 2011, 2012

1 km
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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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Fig. 3-2. Survey schedule to clarify the longitudinal distribution of newly emerged fry 

of amago 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 (amago fry 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.
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Fig. 3-3. Longitudinal distribution of newly emerged fry of amago 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. 2). Amago 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 > 1 m.
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Fig. 3-4. Longitudinal changes in density of post-fry amago in 14 sections established 

in the Ogata River and its tributary, the Kohbaru Stream, in October 2003, February 

2004 and August 2004. Amago counted by snorkelers for ca. 100 m in each section.
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Fig. 3-5. Relationship between density of newly emerged fry (surveyed from 7 January 

to 28 March, 2005) and that of post-fry amago (density assessed in August 2004) in 14 

sections established in the Ogata River and its triburary, the Kohbaru Stream.
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Fig. 4-1. Map and location of study sites in the Ogata River, northeastern Kyushu 

Island, Japan.
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Fig. 4-2. See the next page for figure caption because of its length.
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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 on 11 weekly snorkeling surveys from 10 

January to 20 March in 2007. Fry were counted by divers moving upstream. Open 

circles represent the number of fry observed along both banks. Asterisks show the 

locations of spawning redds. Other notations are the same as those in Fig. 4-1.
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n = 5 (17 Jan.)

n = 26 (11 Mar.)

n = 70 (15 Feb.)

*

**

n = 1

n = 10

n = 100

Fig. 4-3. Longitudinal distribution of newly emerged fry of amago in a 1,400 m stretch 

of the Ogata River based on three snorkeling surveys each on 17 January, 15 February, 

and 11 March in 2008. Notations are the same as those in Fig. 4-2.
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Fig. 4-4. Longitudinal distribution of newly emerged fry of amago in a 1,400 m stretch 

of the Ogata River based on five snorkeling surveys each on 14 January, 10 and15 

February, 2 and17 March in 2009. Notations are the same as those in Figs. 4-2.
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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.

*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).

Environmental variables
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
Vegitation cover (%) Right 0.05 ± 0.12 0 – 0.68

Left 0.22 ± 0.4 0 – 1.0
Wetted width (m) * 12.7 ± 6.01 2.63 – 32
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

Rangemean ± sd
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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.

2008 17 Jan. 0.21 ± 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

Date mean ± sd (m) Range (m)
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Kimura and Nakamura, 1961 6

Kimura 1989

Kano et al., 2010 1982 2003

Kimura, 1989 Kano et al., 2006

1966

1970

1990

2013 2015

3 1

mtDNA

2013

7

Section 1–7 Fig. 5-1
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Section 7 Fig. 5-1

1959

Fig. 5-1

1970

16 m 400 m 1998 5

47 520 m

2003

2005

1990

2005 9 Section 7 Fig. 5-1

63 KOH-7A Table 5-1

Section 7 1 km 16 m

2005 9

500

2004 2–3 Section 1–7 Fig. 5-1

121 KOH-1F–7F

1 km 10

1

2005 3–6

10 2008 2 13

23 MEN 1 km
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2005 6 2008 5 500

2009

2007 3 200

m 20 MAN

1 km

2008 5 1990

1 HAT-A

HAT-M 10 HAT-A HAT-M

2

20

2-

99.5%

99.5%

-30°C

DNeasy Tissue Kit Qiagen, Hilden, Germany DNA

Kawamura et al. 2007 b 12S rRNA

tRNA-Thr tRNA-Pro tRNA-Phe 2.0 kb

DNA D-loop 16S rRNA tRNA-Met tRNA-Leu NADH

subunit 1 tRNA-Ile tRNA-Gln 2.0 kb DNA

ND1 PCR D-loop
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CB3R- -CAY ATY MAR CCM GAA TGR TAT TT- 12SAR-H

-ATA RTR GGG TAT CTA ATC CYA GTT- Palumbi et al., 1991 ND1

-ACC CCG CCT GTT TAC CAA AAA CAT- -GGT ATG AGC CCG 

ATA GCT TA- Hall and Nawrocki, 1995 PCR 1

GeneAmp PCR Gold Buffer 0.1 mM dNTPs 2 mM MgCl2

0.5 U AmpliTaq Gold DNA polymerase Applied Biosystems

10–50 ng DNA PCR

GeneAmp PCR System 2720 Applied Biosystems, Foster City, CA, USA

95ºC 10

55ºC/30 72ºC/2 35

72ºC/10 PCR

16 PCR-RFLP Aci I

Afa I Alu I Bst UI Cfr 13I Dde I Hae III Hha I Hinc II Hinf I Hsp 92II

Mbo I Msp I Scr FI Taq I Tsp EI New England Biolabs, Beverly, MA, USA; 

Promega, Madison, WI, USA; Takara Shuzo, Kyoto, Japan; Toyobo, Tokyo, Japan

PCR 5–

DNA 3% NuSieve 3 1 Lonza, Basel, Switzerland

50 V/1.5

DNA

mtDNA PCR-RFLP 

PCR illustra ExoProStar GE Healthcare

PCR-RFLP BigDye Terminator v3.1 Cycle 

Sequencing Kit ABI PRISM 3130xl Genetic Analyzer Applied Biosystems

CLUSTAL W Thompson et al. 1994

Kawamura et al., 2007

GenBank accession nos. AB236731 for D-loop and AB236732 for 

ND1 Hap-1
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GenBank under accession nos. LC055411 for D-loop and LC055412 

for ND1

mtDNA

TCS version 1.21 Clement et al. 2000

95

h 1990

1990 ARLEQUIN version 3.5 Excoffier and Lischer 2010

3 KOH-7A

MEN MAN KOH-1F–7F

family effect Nielsen et al. 2001

3 ST -statistics; Excoffier et al., 

1992 ARLEQUIN 10,000

ARLEQUIN

Raymond and Rousset 1995 10,000 de-memorization 

step 100,000

247 mtDNA D-loop ND1

PCR-RFLP 11

Hap-1–11 Table 5-2 D-loop DNA

Hap-1–4 Hap-6–11 1,944-bp Hap-5

839 82-bp DNA 2,026-bp

ND1 DNA

11 0.53 ± 0.29 % 
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± D-loop 8 2

ND1 9 4 Table 5-2

Hap-1 3 MEN

100% KOH-7A 90.5%

MAN 10.0% Fig. 5-1 Table 

5-3 KOH-7A Hap-4 9.5%

MAN HAT-A Hap-8

70.0% Hap-2 20.0% Hap-1

KOH-1F–7F 62.8%

KOH-7F Hap-1

8 Hap-2–3 Hap-5–10

Section 1–4

KOH-1F–4F Table 5-3 Hap-4 Section 5–

6 KOH-5F–6F

HAT-A Hap-8 Hap-11 40.0% 60.0%

HAT-M Hap-7 Hap-7 Hap-8

KOH-3F–4F Table 5-3

KOH-7A MEN

Hap-1 2 KOH-7A MAN

3 Hap-2 Hap-4 Hap-8 7–9

Fig. 5-2 HAT-A Hap-8 Hap-11

1

0–0.714 0–0.0035

Table 5-3 Sction 2–4

KOH-F2–F4

MAN
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KOH-3F Hap-5 KOH-6F

Hap-4 3 KOH-7A

MEN MAN ST ST = 0.65, P < 0.001 3

MAN

ST 0 ST = 0.715–0.838

P < 0.001 Table 5-4 KOH-7A

MEN 95% 0 ST = 0.039, P =

0.182 KOH-7A MEN

P = 0.186 P <

0.001

mtDNA Hap-1

MEN

KOH-7A Hap-1

KOH-1F-7F

Table 5-3

Hap-1

MEN

1961 Kimura and Nakamura, 1961

20

2003 2005

MEN
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Hap-1

KOH-7A

MAN HAT-A

Hap-8 Fig. 5-1 Table 5-3

Kawamura et al. 2007 Kubota et al. 2007

2

HAT-A HAT-M 20

HAT-A 1990

2008

HAT-A

HAT-A 2 Hap-8 Hap-11

1 mtDNA

MAN

MAN

Nakano et al., 1990 2005

Yamamoto et al., 2004 Kubota et al., 2007

2 KOH-7A MEN

Table 5-3
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Kawamura et al. 2007 Kubota et al. 2007 Sato et al. 2010

Kawamura et al., 2007 Kanaiwa and Harada 

2010 Sato et al., 2010

Stockwell et al., 2003

Crandall et al., 2000 Garcia de Leaniz et al., 2007

MEN KOH-7A

mtDNA Table 5-4

DNA

1982 2003

2005

Kano et al., 2006

1965

MEN KOH-7A

MAN

1990

2005

MAN
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KOH-7A

3 1
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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.

Sec. 1

Sec. 2

Sec. 4

Sec. 5

Ogata River

Kohbaru Stream

Hakiai Stream

Tosumi River

Mennotsura-dani
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waterfalls
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D
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B

E

Sea of Japan

Pacific Ocean

Japan

MAN

N

MEN

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

KOH-1F

KOH-7A

KOH-7F

KOH-6F

KOH-5F

KOH-4F

KOH-3F

KOH-2F

HAT-M

HAT-A

Hatchery strains

Ono River
Seto Inland SeaOita Prefecture

Mt. Sobo
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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 mt1 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.
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Table 5-4. Estimated

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 [MEN]).

ST overall value = 0.650 (P < 0.0001).

* P < 0.0001

Population KOH-7A MEN MAN
KOH-7A 0.186 < 0.001

MEN 0.039 < 0.001
MAN 0.715* 0.838*
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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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