
2002

12

197



5

2020

2019

198



, , , , , , 2009

57 3 423-428.

, , , 2002

68 1 24-28.

1988 142

2019

41 443-446

2021

1991 203

1990 195

1982 pp. 48-

55

30 4

199



1

1 1

200



A 2018 2019

B 2018 2019

C 2018 2019

201



202



C&R

203



2.2 1.5

C&R

C&R

1.

Wiley et al., 1993; Tatara and Berejikian, 2012

204



Biro et al, 2004; Álvarez and Nicieza, 2005; Miyamoto et al., 2017

0+ 5 cm 9 cm 1 cm 5

1 2018 5 cm 8 cm 4 2019

2020 6 cm 9 cm 4

2018 1

2 2019 3 2018 4 2020

5 6

1

1 2 2018 5 30 3 4 2019 6 6

5 6 2020 5 29

2 Program CAPTURE

mbh-Pollock estimator Pollock and Otto, 1983 3 6

1 2 3 4

5 6

1 2

0 1

MCMC

3 51,000

400,000 20

205



1

2.

Weber and Fausch 2003; Metcalfe et 

al.2003; Takara and Berejikian, 2012

Huntingford and deLeaniz, 

1997 Rhodes and Quinn, 1998 Cutts et al, 1999

Rhodes and Quinn, 1998; Cutts et al., 1999; Johnsson 

et al., 1999; Metcalfe et al., 2003

Yamamoto and Reinhardt, 

2003

Chapman, 1962; Nakano, 1995; Keeley, 2001

2-1.

0+

 ± 

12.6 ± 0.6 cm 12.5 ± 0.6 cm

0.45 m 8.3 m 10

206



1 m 7 1 2 7

1 7

12.0 3.38 L

1

2018 7 9 1 7

11:00 1 24

2 11:00 1 7

3 11:00

6

1

42 37

0.5

t

 = 0.05

1

2-2.

2 2020

8

2020

 ± 8.1 ± 0.9cm 7.8 ± 0.8cm

t-test, t = 1.29, df = 40.0, p = 0.21

2021 8 6 19 7

207



2 1 2 3 4 5 6

1 2 90

90

25

21

3.

1 C&R

Nakamura et al., 2001; Kubota 

et al., 2010; , 2013; , 2014

1 2

Tsuboi et al., 2020

C&R

C&R

C&R

C&R

C&R

C&R

3-1.

10

11

8

2–3

208



Nakamura et al., 2001

2018 10 10 11 20 4 2020 9 23 11

24 8

9 21 2

9 11

2 Program CAPTURE mbh-Pollock estimator Pollock and Otto, 1983

FA100; 

, 0.1 cm

Nakano, 1995

6

0 1

Average 

treatment effect, ATE

ATE

 = 0.05 Wald

209



3-2. C&R

C&R

C&R

C&R

10 20

2021 9 27 10 29 8

2022 9 27 10 28 6

2022

C&R

1.

2 95% 5 cm 6 cm

5 cm 6 cm

5 cm 1 5 cm 6 cm 7 cm 8 cm 9 cm = 1.0 1.3 2.6 4.2 6.0

5 cm 1

3

4

1

4

3 4

5 6 1

210



2 95% 0

3 5 cm 1

2018

2019 2020

211



4

2.

2-1.

95%

0.649 0.501 0.5 p = 0.049

 ± 12.7 ± 0.7 cm 12.3 ± 0.5 cm

t-test, t = 2.31, df = 39.79, p = 0.013

2-2.

Yamamoto and Reinhardt, 2003

Pearson’s r = 0.28, df = 19, p = 0.22

Binomial test, p = 0.86, 95% : 0.71-1.00

3.

3-1.

 ± 

212



2

ATE 95% 3

ATE Wald-test, z = 6.90, p = 0.00

2.2

2 ±

3 ATE 95% p

3-2. C&R

 ± 

4

ATE 95% 5

C&R ATE Wald-test, z = 3.24, p = 0.00 C&R

1.5

± C&R 42.7 ± 24.6% 2.0 ± 4.0% C&R

4 C&R ±

213



5 C&R ATE 95% p

1.

, 2004

Chapman, 1962; Nakano, 1995; Keeley, 2001

2

2018 2018

5 0+ 4,000

22

2.

Abbott et al., 1985; Berejikian et al., 1996

214



, 2022

3.

C&R

C&R

C&R

2.2 C&R 1.5

C&R

C&R 21 55%

2004 C&R

C&R

C&R ATE ATE

C&R

Tsuboi et al., 2020 C&R

C&R ATE

5

215



ATE C&R

1/ATE

ATE

C&R ATE

C&R

C&R ATE

9

1

, 2006

Young and Hayes, 2004; Tsuboi et al., 2016; 

Monk et al., 2021

Sale, 

2013

2002

216



C&R

C&R

Abbott JC, Dunbrack RL, Orr CD (1985) The interaction of size and experience in dominance relationships 

of juvenile steelhead trout (Salmo gairdneri). Behav. 92, 241–253. 

Álvarez D, Nicieza AG (2005) Is metabolic rate a reliable predictor of growth and survival of brown trout 

(Salmo trutta) in the wild?. Can. J. Fish. Aquat. Sci. 62, 643–649. 

Berejikian BA, Mathews SB, Quinn TP (1996) Effects of hatchery and wild ancestry and rearing 

environments on the development of agonistic behavior in steelhead trout (Oncorhynchus mykiss) fry. 

Can. J. Fish. Aquat. Sci. 53, 2004–2014.  

Biro PA, Abrahams MV, Post JR, Parkinson EA (2004) Predators select against high growth rates and risk–

taking behaviour in domestic trout populations. Proc. Royal Soc. Lond. Ser. B: Biol. Sci. 271, 2233–2237. 

Chapman DW (1962) Aggressive behavior in juvenile coho salmon as a cause of emigration. J. Fish. Board 

Can. 19, 1047–1080. 

Cutts CJ, Brembs B, Metcalfe NB, Taylor AC (1999) Prior residence, territory quality and life history 

strategies in juvenile Atlantic salmon (Salmo salar L.). J. Fish Biol. 55, 784–794. 

2004

70 706–713

Huntingford FA, Garcia De Leaniz C (1997) Social dominance, prior residence and the acquisition of 

profitable feeding sites in juvenile Atlantic salmon. J. Fish Biol. 51, 1009–1014.  

Johnsson JI, Nöbbelin F, Bohlin T (1999) Territorial competition among wild brown trout fry: effects of 

ownership and body size. J. Fish Biol. 54, 469–472.  

Keeley ER (2001) Demographic responses to food and space competition by juvenile steelhead trout. Ecol.

82, 1247–1259. 

Metcalfe NB, Valdimarsson SK, Morgan IJ (2003) The relative roles of domestication, rearing environment, 

prior residence and body size in deciding territorial contests between hatchery and wild juvenile salmon. J.

Appl. Ecol. 40, 535–544.  

Miyamoto K, Squires TE, Araki H (2017) Experimental evaluation of predation of stocked salmon by 

riparian wildlife: effects of prey size and predator behaviours. Mar. Freshw. Res. 69, 446–454. 

217



Monk CT, Bekkevold D, Klefoth T, Pagel T, Palmer M, Arlinghaus R (2021) The battle between harvest and 

natural selection creates small and shy fish. Proc. National Acad. Sci. 118, e2009451118. 

2004 pp 213–

241

2018

 66 85–87

2022

 15 17–38

Nakano S (1995) Individual differences in resource use, growth and emigration under the influence of a 

dominance hierarchy in fluvial red-spotted masu salmon in a natural habitat. J. Anim. Ecol. 64, 75–84. 

Pollock KH, Otto MC (1983) Robust estimation of population size in closed animal populations from 

capture-recapture experiments. Biometrics 39, 1035–1049. 

Rhodes JS, Quinn TP (1998) Factors affecting the outcome of territorial contests between hatchery and 

naturally reared coho salmon parr in the laboratory. J. Fish Biol. 53, 1220–1230.  

Sale PF (2013) Older but less wise. Nat. 493, 167–168. 

Tatara CP, Berejikian BA (2012) Mechanisms influencing competition between hatchery and wild juvenile 

anadromous Pacific salmonids in fresh water and their relative competitive abilities. Environ. Biol. Fish.

94, 7–19. 

2002

 68 180–185

Tsuboi J, Morita K, Klefoth T, Endou S, Arlinghaus R (2016) Behaviour-mediated alteration of positively 

size-dependent vulnerability to angling in response to historical fishing pressure in a freshwater salmonid. 

Can. J. Fish. Aquat. Sci. 73, 461–468. 

Tsuboi J, Morita K, Koseki Y, Endo S, Sahashi G, Kishi D, Kikko T, Ishizaki D, Nunokawa M, Kanno Y 

(2020) Spatial covariation of fish population vital rates in a stream network. Oikos 129, 924–937.  

Weber ED, Fausch KD (2003) Interactions between hatchery and wild salmonids in streams: differences in 

biology and evidence for competition. Can. J. Fish. Aquat. Sci. 60, 1018–1036.  

Wiley RW, Whaley RA, Satake JB, Fowden M (1993) Assessment of stocking hatchery trout: a Wyoming 

perspective. North Am. J. Fish. Manag. 13, 160–170. 

Yamamoto T, Reinhardt U (2003). Dominance and predator avoidance in domesticated and wild masu 

salmon Oncorhynchus masou. Fish. Sci. 69, 88–94. 

Young RG, Hayes JW (2004) Angling Pressure and Trout Catchability: Behavioral Observations of Brown 

Trout in Two New Zealand Backcountry Rivers. North Am. J. Fish. Manag. 24, 1203–1213. 

218



30 4

30 31

2 3

4

219



220



221



222



223



22

5

1 2
3

4
6 7

8 9

224



225



1

2

3

4

5

6

3/30 4/19 5/9 5/29 6/18 7/8

TL
cm

1

2

3

4

5

6

3/10 4/29 6/18 8/7

TL
cm

1

6

11

16

2/23 4/14 6/3 7/23 9/11

TL
cm

1

6

11

16

4/14 6/3 7/23 9/11

TL
 cm

1

2

3

4

5

6

3/20 5/9

TL
 cm

1
6

11
16
21
26

3/15 5/4

TL
cm

226



0
5

10
15
20
25

0
10
20
30
40
50

0

5

10

15

0

5

10

15

0

50

100

0

5

10

15

227



0
5

10
15
20
25

0 100 200 300 400
L/sec

n.s.

0

10

20

30

40

50

0 200 400 600 800
L/sec)

n.s.

0

5

10

15

0 100 200 300
L/sec

n.s.

0

5

10

15

0 100 200 300
L/sec)

n.s.

0

5

10

15

0 200 400 600
L/sec

n.s.

0

50

100

0 100 200 300 400
L/sec)

0+ 1+ n.s.

228



0

500

1000

1500

0 5000 10000 15000
/250

0

500

1000

1500

0 2 4 6

0

500

1000

1500

0 0.1 0.2 0.3
0

500

1000

1500

1 1.05 1.1 1.15 1.2

0

500

1000

1500

0 0.1 0.2 0.3
0

500

1000

1500

0 5 10 15/250

n.s. n.s. 

n.s. n.s. 

n.s. n.s. 

229



230



231



2004

15 109

116

1984 272 1-216. 

2016

40 , 83-86. 

2007

9 1-4. 

2018 . 28 ,5.

2019 - . 29 ,8

Nakamura T,Maruyama T,Watanabe S(2002) Residency and movement of stream-dwelling Japanese charr, 

Salvelinus leucomaenis, in a central Japanese mountain stream. Ecology of freshwater fish 11,150-157. 

2013 61 1 121-

12

232



125

1988

62 84-87

2005

7 1-9. 

2014

15 12-20

2001

5 1-8. 

2004

6 1-3. 

2013

. 14 1-6. 

1992 Salvelinus leucomaenis

42 149-157

1996

43 2 101-104.

30

2

3

4

233



218

165 171

15cm

1 2

3

1

2001 2012

2014

2

234



2

3

2

2007

Tsuboi et al. 2022

1

LR-24 Smith-Root 2

Mbh Program CAPTURE

15cm 15cm 3

log

Null

AIC

2012

2

235



2010

2009

http://maps.gsi.go.jp/

GIS http://www.gis.pref.gifu.jp/search/area.php

5

2016

3

A E 937

C B

D 5

B 2 1

2

1

1

mm

A H30, 5/25-6/19  24-71 136 

 32-87 1,057 

B-1 H30, 6/24-7/11  36-91 317 

 54-112 25 

84-90 2 

C R , 5/15-7/8  31-92 839 

D R2, 3/18-3/21  21-31 100 

B-2 R2, 3/11-3/12  23-52 281 

 28-66 234 

E R3, 6/15-6/21  937  37-58 993 

236


