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2 2 5 3   
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2 4 4  
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2  
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3 1  

3 1 1 DNA  



3 1 2 PCR DNA  

3 1 3  

3 2  

3 2 1  

3 2 2 DNA  

3 2 2 1  

3 2 2 2 DNA  

3 2 3 PCR  

3 2 3 1  

3 2 3 2  

3 2 3 3  

3 2 4 CHD  

3 2 4 1 2550F/2718R  

3 2 4 2  

3 2 4 3  

3 2 4 4 2550F/2718R  

3 2 5  

3 2 6 Z  

3 3  

3 3 1 DNA  

 

3 3 2 DNA 2550F/2718R  

PCR  

3 3 3 DNA

Lm-F/Lm-R PCR  

3 3 4 Z  

3 4  

3 4 1  

3 4 2 2550F/2718R PCR  

3 4 3  



3 4 4  

3 5  

3  

4  

4 1  

4 1 1  

4 1 2  

4 1 3  

4 1 4  

4 2  

4 2 1  

4 2 2 PCR  

4 2 3  

4 2 4  

4 3  

4 3 1 PCR  

4 3 2  

4 3 3  

 

4 3 4  

 

4 3 5  

4 4  

4 5  
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1  

8 20 del Hoyo and Collar, 2014

ptarmigan grouse

2007a Gutiérrez et al., 

2000; Lucchini et al., 2001;Dimcheff et al., 2002 Persons et al., 2016

Grammeltvedt and Steen, 1978 Lindgard and Stokkan, 1989; Stokkan et al., 1995

Silverin et al., 2008

Lagoppus muta Lagopus muta 

japonicas 2007a  

 

2  

2400m

1872

2013a 1910

1923

1955 2013a

 

2006a

1928 1929 1965 2011 200 Hagihara 

et al., 2004; Ishihara et al., 2006; Murata et al., 2007 Baba et al., 2001

1971 1985 2008 2011
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2007a

4 5 2007a

6 6 21

, 2006a

2007a 9 10

2007a

2400 2600 m 2200 2400 m

2013b  

2011 1992

2600 m Betula 

ermanii 4

Empetrum nigrum var. japonicum

1965 2011  

2000

Leucocytozoon lovati Hagihara et al., 2004

Simulium ssp.

Murata et al., 2007

Eimeria ssp. E. uekii

Ishihara et 

al., 2006

Leucocytozoon
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2008  

DNA DNA

DNA

6 Baba 

et al., 2001 2013c DNA

4

Nishiumi et al., 2012

5

2014

Tetrastes 

bonasia

Pinus pumila 6000 9000

Baba 

et al., 2001

Sawa et al., 2011  

1980 3000

1985 2000

1700

2014 2012 4

B

2012
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2000

Martes melampus melampus Mustela erminea 

nippon Vulpes vulpes japonica Corvus 

macrorhynchos Falco tinnunculus

2013d

2006

Cervus nippon Macaca fuscata Sus scrofa leucomystax

2006b

2006b 2015

2015

 

2012

2012

1

Kobayashi and Nakamura, 2013

1
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1963

1992

2013e

2004

2013e

2005; 2013a 2008

L. m. hyperboreus

2012 2014 4

2014 5

2014 2015

2015

2014

Ushida et al., 2016  

2
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3  

2014

Follett et al., 

1974

Rowan, 1925

Oliver and Baylé, 

1982 5

Nakane et al., 

2014  

2005 24

MBH

Rani and Kumar, 2014

GnRH Dio2

Watanabe et al., 2004

Dawson et al., 2001

Coturnix japonica MBH

Yasuo et al., 

2003 MBH

MBH 2
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DIO2 Dio2 DIO2 MBH T4

T3 GnRH

Yoshimura et al., 2003

Nakao et al., 2008 GnRH

T3

Yamamura et al., 2006  

GnRH FSH LH

FSH LH

2007 LH

LH AD AD

FSH 2006

, 2003

FSH

2007 LH P4

P4

, 2003  

FSH

T

Reece, 2011a LH

T Brown et al., 1975; Reece, 2011a

LH

AMP Schillo, 2011 cAMP

Schillo, 2011 LH
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Schillo, 2011

LH cAMP

T T

Reece, 2011a  

GnIH GnIH

GnIH

Ubuka et al., 2014 T

-17 E2 Dickens et al., 2014; 

Ubuka et al., 2014  

 

 

4  

Stokkan et al., 1986b; Hannon and wingfield, 1990; Hissa et al., 1983

Goymann, 2005  

T T

Ishii et al., 1994
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Schwarzenberger, 2007  

 

 

5  

Cerit and Avanus, 2007

Hildebrandt et al., 1995 Cerit and Avanus, 2007

Costantini et al., 2008

Costantini et al., 2008

Jensen and Durrant, 2006

Z W

Cerit and Avanus, 2007
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Swengel, 1978

Stavy et al., 1978

E2 T

E/T

Czekala and Lasley, 1977; Bercovitz et al., 1978; Stavy et al., 1978 E/T

E/T

E/T

90 Stavy et al., 1978

Bercovitz et al., 1978

 

DNA Polymerase Chain Reaction PCR

Z 2 Z W

1 chromo-herlicase-DNA-binding protein CHD

W CHD-W: Ellegren, 1996; Griffiths et al., 

1996 Z CHD-Z: Griffiths and Korn, 1997

CHD-Z 88

Griffiths and Korn, 1997 CHD CHD-W

CHD-Z

Fridolfsson and Ellegren, 2000 CHD CHD-W

CHD-Z PCR

Griffiths 

et al., 1998; Kahn et al., 1998; Fridolfsson and Ellegren,1999; Segelbacher and Steinbrück, 2001

CHD

Dubiec and Zafalska-Neubauer, 2006 Strix aluco Griffiths 
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et al., 1998 Ito et al., 2003

CHD

W 0.6 kbEcoR

EE0.6 Ogawa et al., 1997  Z Itoh 

et al., 2001 EE0.6 Z W Spindlin

Itoh et al., 2001 Z W

CHD EE0.6 Itoh et 

al.,2001 kW1 Huynen et al., 2002 2006

2008  

DNA

Bush et al., 2005; Muksh et al., 2011

DNA

Taberlet and Luikart, 1999  

DNA

 

 

6  
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1

2

3

DNA

4
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1  

1

2

1

2

3

 

 

2  

6 100

2

A 4 20

0.100 g

16×100mm 80

5 ml Thermo-Mixer TM-127 30

4 4 2500 rpm 10

20  

 

3 EIA  

P4 E2 T AD B  EIA  
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3 1  

1 EIA buffer MERCK 7.12 g

8.50 g 1,000 ml pH 9.0 pH 7.2

A7030 Sigma-Aldrich 1 g

4 2  

2 Washing buffer 2,000 ml Tween80 Sigma-Aldrich 900 μl

30 4  

3 Coating buffer 2.574 g

1.758 g 600 ml pH 9.7 pH 9.6

4  

4 IgG IgG Jackson Immuno Research 

Laboratories 150 μl Coating buffer 204 ml 1,360

20 α  

5

Sigma-Aldrich 10 mg 10 ml

1 mg/ml 1 ml 9 ml 10 100 μg/ml

1 ml EIA buffer 9 ml 10 10 μg/ml

EIA buffer 10 100 ng/ml 300 

μl 20 EIA buffer 2

200 μl 3  

6

10 ml

EIA buffer

800 μl 1 20

EIA buffer 3

4
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7 Horseradish peroxidase HRP HRP

1 ml/vial HRP GuardianTM 

Peroxidase Conjugate Stabilizer / Diluent Pierce 4

80 μl EIA buffer 8.0 ml 100 1 3

 

8  

A Sigma-Aldrich 0.5 g

Merck 9.0 g Sigma-Aldrich 5.15 g 500 ml

4  

B 3,3',5,5'- Sigma-Aldrich 0.25 g 0.002M

Sigma-Aldrich 20 ml 4 Sigma-Aldrich

5.15 g 0.05M 480 ml 4  

A B 5 ml 1

 

9 1N 20 ml 700 ml

1N 4  

 

3 2  

Coating buffer IgG 96

Nunc 442404 Nunc 100 μl

20 2

Coating buffer EIA buffer

200 μl 20

30 4  
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4  

IgG EIA buffer

Washing buffer 300 μl

2 Washing buffer

20 μl HRP 100 μl

5 4 24

Washing buffer 300 μl

4 Washing buffer

100 μl 5 37

60

100 μl 5 iMark

450 nm

6.0
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1  
 

 
      

S10 4943   2009 16  2012 8 13  

S32 8513   2009 7 16  2012 7 23  

S48 7591   2009 7 16   

S98 4242   2011 7 5  2012 10 18  

S120 8065   2011 7 19   

S135 1418   2012 7 3   

S258 1719   2014 7 11   

S13 9337   2009 7 16  2013 12 27  

S38 0865   2009 7 16  2014 8 3  

S118 8528   2011 7 19  2014 6 19  

S195 2013   2013 7 3   
S257 1298   2014 7 11   

S66 66-32   2010 8 1   

S127 6228-03   2011 7 25   

S137 -08   2012 7 5   

S152 6228-15   2012 7 12  2013 10 24  

S225 6228-1513   2013 7 17  2014 5 5  

S53    2009 7 17  2014 4 2  

S65 65-27   2010 8 1  2012 6 28  

S85 72-11   2010 8 2  2014 8 11  

S130 6228-06   2011 7 31   
S136 6632-12   2012 7 5  2013 10 22  

S148 6228-11   2012 7 12   

S198 28-17   2013 7 3   

S150 No.6   2012 7 12   

S237 No.7   2013 7 22   

S60 No.5   2010 7 6   

S272 No.9   2014 8 9   

S208 No.4   2013 7 5   

S239 No.8   2013 7 22  2014 9 4  

S176 02-09   2012 7 23   

S142 02-05   2012 7 7   
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2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
1  

 

   

2013   95 
 

2014  

 

86 

 
 

 
 

 
 

 
2016   8 

  189 
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2 2014

 
 



20 
 

 
 

3  
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3 HRP

 
 

 
HRP  

 
 

 
pregn-4-ene-3,20-dione 

161-14531  
0.049 St.1 50 ng/ml St.11  

anti progesterone-3-CMO-BSA 
LC-28  

 
anti progesterone-3(E)-CMO-BSA 

FKA302-E  

100   

progesterone-3-CMO-HRP 
FKA301  100   

-17  
estra-1,3,5(10)-triene-3,17β-diol 

052-04041  
0.024 St.1 25 ng/ml St.11  

anti estradiol-3-CME-BSA 
FKA236-E  150   

estradiol-3-CPE-HRP 
FKA235  300   

 
17β-hydroxyandrost-4-en-3-one 

208-08341  
0.098 St.1 100 ng/ml St.11  

anti testosterone-11α-succinate-BSA 
ED-131  

 FKA104-E  
100   

testosterone-11α-succinate-HRP 
FKA103  20   

 
4-androstene-3,17-dione 

A9630 Sigma-Aldrich  
0.012 St.1 12.5 ng/ml St.11  

anti 4-androstene-3,17-dione-3-CMO-BSA 
FKA138-E  4000   

4-androstene-3,17-dione-3-CMO-HRP 
FKA137  100   

 
11β,21-dihydroxypregn-4-ene-3,20-dione 

037-17583  
0.024 St.1 25 ng/ml St.11  

anti corticosterone-3-CMO-BSA 
FKA420-E  50   

corticosterone-3-CMO-HRP 
FKA419  20   
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4

a  
LC-28  

   
progesterone 100    
5α-pregnanedione 62.2    
pregnenolone 6.26   
11-deoxycorticos erone 3.88   
17α-hydroxyprogesterone 2.25   
11α-hydroxyprog sterone 1.23   
20α-hydroxyprogesterone 0.51   
testosterone 0.18   
11-deoxycortisol 0.14   
androstenedione 0.12   
5α-dihydrotestosterone 0.12   
corticosterone 0.07   
17α-hydroxypregnenolone 0.05   
dehydroepiandrostendione 0.04   
cortisol 0.01   
cortisone 0.01   
aldosterone 0.01   
estrone 0.01   
estradiol-17β 0.01   
estriol 0.01   
androsterone 0.01   

a’  
FKA302-E  

   
progesterone 100    
5α-pregnanedione 12.50  
11Alpha-OH-Progesterone 5.30   
20Alpha-OH-Progestronee 0.20   
Pregnenolone 2.00   
DOC 0.01   
17α-OH-progesterone 0.01   
corticosterone 0.01   
cortisol 0.01   
aldosterone 0.01   

b -17β  
FKA236-E  

  
estradiol-17β 100  
estradiol-3-glucuronide 56.3  
estradiol-3-sulfate 26.8  
estrone-3-glucuronide 1.20  
estrone-3-sulfate 0.86  
estrone 0.80  
estriol 0.50  
testosterone 0.05  
pregnenolone 0  
progesterone 0  
cortisol 0  
cortisone 0  
testosterone 0  
4-androstenedione 0  
dehydroepiandrosterone 0  
dihydrotestosterone 0  

c  
ED-131  

  
testosterone 100   
5α-dihydrotestosterone 41.3   
androstenedione 2.07  
epitestosterone 0.80  
androsterone 0.07  
deoxycorticosterone 0.04  
dehydroepiandrosterone 0.02  
progesterone 0.02  
etiocholanolone 0.01  
17α-hydroxyprogesterone 0.01  
cortisol 0.01  
corticosterone 0.01  
cortisone 0.01  

c’  
FKA104-E  

  
testosterone 100   
5α-dihydrotestosterone 10.0    
4-androstenedione 0.5   
androsterone 0.2   
5-androstene-3 ,17β-diol 0.1   
5α-androstane-3α,17β-diol 0.2    
5β-androstane-3α,17β-diol 0.07   
cortisol 0.02   
corticosterone 0.01   
pregnenolone 0.03   
progesterone 0.01   
17 -hydroxypregnenolone 0.01   
aldosterone 0.01   
11-oxo-testosterone 0   
dehydroepiandrosterone 0.01   
estradiol 0.01   
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4

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

e  
FKA420-E  

 
                      

corticosterone 100  
deoxycorticosterone 8.0   
progesterone 2.1   
11-dehydrocorticosterone 0.23  
cortisol 0.2  
4-androstenedione 0.05  
cortisone 0.05  
17α-hydroxy-11-deoxy-corticosterone 0.05  
17α-hydroxy-progesterone 0.04  

d  
FKA138-E  

  
4-adrostenedione 100    
5α-androstanedione 35.0   
dehydroepiandrosterone 4.5   
androstenetrione 1.5   
progesterone 1.2   
testosterone 6.0   
cortisol 0.32  
corticosterone 0.20  
estradiol 0.01  

5  
 
 

EIA  
Buffer 

 
  HRP 

   
 

μl  μl  μl  μl  μl  μl  

NSB non-specific binding  120   100 100 100 
Bo maximum binding  20  100 100 100 100 

  20 100 100 100 100 
  20 100 100 100 100 
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1  

 

1 1  

Stokkan et al., 1986b

Sharp and Moss, 

1977;1981; Stokkan and Sharp, 1980a;1980b;1980c;1984; Stokkan et al., 1982;1988

Schwarzenberger, 1996: Schwarzenberger and Brown, 2013

Klasing, 2005 Bonasa 

umbellus Zimmerman et al., 2013 Tetrao urogallus Thiel et 

al., 2005 Centrocercus urophasianus Blickley et al., 2012

B  

Clench, 1999

Clench, 

1999

Björnhag, 1989: Remington, 1989

Björnhag, 1989
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McWhorter et al., 2009

Klasing, 2005

B

Goymann, 2005 Goymann 2012

 

2

 

 

1 2  

1 2 1  

1 4

20
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1-1

20

1-2  

 

1 2 2  

2

E2 P4 EIA buffer 10

T AD

EIA buffer 5 E2

P4 T AD EIA  

 

1 2 3  

4

100 μl 600 μl

60

3

45

EIA buffer 100 μl

E2 P4

T EIA  

 

1 2 4  
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t  

 

 

1 3  

1 3 1  

E2 P4 T

1-1 3 1-4

1-5 E2

1-1 E2

n = 567 r = 0.63 p < 0.01 1-4a E2 0.01

3.12 μg/g 0.13 10.57 μg/g 5.36

p < 0.01 1-5 P4

1-2 P4 n = 

567 r = 0.23 p < 0.01 1-4b P4 0.10 1.50 μg/g

0.74 4.64 μg/g 4.54 p < 0.01

1-5 T 1-3

T n = 550 r = 0.61 p < 0.01

1-4c T 0.02 1.91 μg/g 0.13~11.93 μg/g

10.80 p < 0.01 1-5  

 

1 3 2  

E2

r = 0.64 0.75 0.66 0.61
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1-3 P4

1-3 T

r = 0.27 0.33

0.74 1-3 T AD

r = 0.51 0.70 0.54 0.65 1-3

1-6,7  

 

1 4  

1 4 1  

E2 P4 T

1

1 4

2001 G. g. domesticus

3 Klasing, 2005

E2 P4 T

Strix occidentalis occidentalis B

1.7

Tempel and Gutiérrez, 2004 Rhea americana

B

Lèche et al., 2011

E2 n = 567 r = 0.63 p < 0.01 P4 n = 567 r = 0.23 p < 0.01 T
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n = 550 r = 0.61 p < 0.01

 

 

1 4 2  

E2 T AD

Anser domestics T

T Hirschenhauser et 

al., 2000 GnRH T 90

2 6 Hirschenhauser et al., 2000

Grus canadensis pratensis ACTH

B 1 2

B 5

Ludders et al., 2001

5

E2 AD

P4 T

Pygoscelis adeliae
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B n = 71 r = 

0.297 P = 0.012 n = 50 r = 0.166 P = 0.0248 T

n = 71 r = 0.531 P < 0.001 n = 50 r = 0.294 P = 0.039

Ninnes et al., 2010

E2 n = 46 r = 0.61 T n = 56 r = 0.74 AD n = 51 r = 0.65

Ninnes 2010

Goymann, 2005

E2 T AD

24

 

 

1 5  

2

E2 P4 T r = 0.63 0.24

0.61 5.36 4.54

10.80

E2 T AD
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1-1  
 

 

      

S10 4943  

 
 

2012 1 27 8 7  2012 8 13  

S32 8513  2012 1 27 7 12  2012 7 23  

S48 7591  2012 9 2 2013 7 9   

S98 4242  2012 9 2 10 5  2012 10 18  

S13 9337  2012 1 27 11 30   

S38 0865  2012 1 27 11 30   

S66 66-32  

 
 

2012 1 3 2013 3 11   

S127 6228-03  2012 1 3 2013 3 11   

S53   2012 1 3 2013 3 11   

S65 65-27  2012 1 3 6 25  2012 6 28  

S130 6228-06  2012 7 11 2013 3 11   
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1-2  

 
 
 

      

S135 1418  

 
 

2016 4 7 2017 3 9   

S258 1719  2015 3 12 2016 10 4   

S195 2013  2016 4 7 2017 3 9   

S257 1298  2015 1 5 2017 3 9   

S237 No.7  
 

2015 6 25 2017 1 23   

S272 No.9  2015 5 11 2016 7 25   

S208 No.4  
 

2014 4 9 6 25   

S239 No.8  2014 4 9 6 25  2014 9 4  

S176 02-09  
 

2015 5 5 10 10   

S142 02-05  2015 5 5 12 29   
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1

2

3

4

5

6

7

8

9

10

11

12

0

0.5

1

1.5

2

2.5

3

1 2 3 4 5 6 7
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-1
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S32

0

1

2

3

4

5

6

7

8

9

10

11

12

0

0.5

1

1.5

2

2.5

3
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-1
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-1
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0.5

1

1.5

2

2.5

3

9 10

-1
7β

μg
/g

-1
7β

μg
/g

S98

0

1

2

3

4

5

6

7

8

9

10

11

12

0

0.5
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3
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-1
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-1
7β

μg
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S127

 
1-1 6 S10 S32 S48 S98 S66 S127

-17β  
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0.5
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μg
/g

S66

0

1

2

3

4

5

0

0.5

1

1.5

2

2.5

3

1 2 3 4 5 6 7 8

μg
/g

μg
/g

S10

0

1

2

3

4

5

0

0.5

1

1.5

2

2.5

3

1 2 3 4 5 6 7

μg
/g

μg
/g

S32

0

1

2

3

4

5

0

0.5

1

1.5

2

2.5

3

9 10 11 12 1 2 3 4 5 6 7

μg
/g

μg
/g

S48

0

1

2

3

4

5

0

0.5

1

1.5

2

2.5

3

9 10

μg
/g

μg
/g

S98

0

1

2

3

4

5

0

0.5

1

1.5

2

2.5

3

3 4 5 6 7 8 9 10 11 12 1 2 3

μg
/g

μg
/g

S127

 
1-2 6 S10 S32 S48 S98 S66 S127
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0

1
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4
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9
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0

0.5

1

1.5

2

1 2 3 4 5 6 7 8 9 10 11
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S38

0

1

2

3

4

5

6

7

8

9

10

11

12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

3 4 5 6 7 8 9 10 11 12 1 2 3

μg
/g

μg
/g

S53

0

1

2

3

4

5

6

7

8

9

10

11

12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

3 4 5 6

μg
/g

μg
/g

S65

0

1

2

3

4

5

6

7

8

9

10

11

12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

7 8 9 10 11 12 1 2 3

μg
/g

μg
/g

S130

 
1-3 5 S13 S38 S53 S65 S130
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1-4
 

a 6 -17β b 6 c 5
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75

25

6 6 5
 

 
1-5

 
p < 0.01  
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1-3
 

 

 
 

-17β

* p < 0.01  ** p < 0.05  

 
 

   
     

-17β  0.64 38 * 0.75 45 *  0.66 44 * 0.61 46 * 
 0.20 39  0.19 46   0.14 45  0.13 47  

 0.22 50  0.27 57 **  0.33 59 * 0.74 56 * 
 0.51 46 * 0.70 52 *  0.54 51 * 0.65 51 * 
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4 5 6 7 8 9 10 11 12 1 2 3

S135

0

100

200

300

400

500

600

4 5 6

-1
7β

pg
/m

l

S208

5 6 7 8 9 10

S176

6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1

S237

0

0.3

0.6

0.9

1.2

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10

-1
7β

μg
/g

S258

4 5 6 7 8 9 10 11 12 1 2 3

S135

0

0.3

0.6

0.9

1.2

1.5

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10

μg
/g

S258

6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1

S237

5 6 7 8 9 10

S176

0

1

2

3

4

4 5 6

ng
/m

l

S208

 
 
 
 
 
 

1-6 5 S258 S135 S237 S176 S208
-17β  
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0

50

100

150

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

ng
/g

S257

4 5 6 7 8 9 10 11 12 1 2 3

S195

0

1

2

3

4

5 6 7 8 9 10 11 12 1 2 3 4 5 6 7

ng
/m

l

S272

0

0.2

0.4

0.6

0.8

1

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

μg
/g

S257

4 5 6 7 8 9 10 11 12 1 2 3

S195

5 6 7 8 9 10 11 12 1 2 3 4 5 6 7

S272

5 6 7 8 9 10 11 12

S142

0

1

2

3

4

5

4 5 6

ng
/m

l

S239
555555555555

 
 
 
 
 

1-7 5 S257 S195 S272 S142 S239
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2  

2 1  

2 1 1  

1 del Hoyo and 

Collar, 2014

2015  

74-81°N,10-30°E

Løvenskiold, 1954

4 8 1 11 1

Pedersen et al., 2005

 

 

2 1 2  

1  

3

3 4

Unander and Steen, 1985 4

24

Unander and Steen, 1985 6

Steen and Unander, 1985 1

8 9 9 11

Pedersen et al., 2005

Unander and Steen, 1985

9 10

Unander and Steen, 1985
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Steen and Unander, 1985  

 

2  

Stokkan 1986b

LH

4 LH

6 Stokkan et al., 1986b 6

LH Stokkan et al., 1986b

 

 

3  

GnRH

LH FSH

Ubuka and Bentley, 2011

 

Stokkan Sharp 1980a L. lagopus

LH

Sharp and Moss, 1977; Stokkan and Sharp, 1980b  

LH

Sharp and Moss, 1977; Stokkan and Sharp, 1980b
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Stokkan and Sharp, 1980b LH

T3 Klandorf et al., 1982

Stokkan and Sharp, 1984  

 

2 1 3  

Owens and Short, 1995

T Gallus gallus

Ligon et al., 1990; Zuk et al., 1995; Verhulst et al., 1999 T

Parker and Ligon, 2007

Folstad and Karter, 1992 T

T

Hamilton and Zuk, 1982

 

T

 T

Stokkan, 1979a T

Stokkan, 1979b

Hannon and Eason, 1995 T
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L. l. scoticus Mougeot et al., 2006  

 

 

2 1 4  

1  

Watson, 1963

2 4 5

7 8 Steen and Unander, 

1985 9 Stokkan et al., 1986b  

 

2  

T4

T3 T3

2007 T4

T3

Groscolas and Leloup, 1986

Sharp and 

Klandorf, 1985 LH T3

Sharp and Klandorf, 

1985  
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3  

B

B

2007 B

2007

Cornelius et al., 2011 B

B

Romero et al., 2006; Done et al., 2011

Done 

et al., 2011  

 

2 1 5  

3 700 g

550 g 8 10 1000 g Steen 

and Unander, 1985 2

4 600 g 700 g

Steen and Unander, 1985

900 g Steen and Unander, 

1985  

Grammeltvedt and Steen, 1978 10 250 g 32
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3 Mortensen et al., 1983

Mortensen and Blix, 1986

Mortensen and Blix, 1989  

Unander et al., 1985 Stokkan et al., 

1986a; Lindogård and Stokkan 1989; Lindogård et al., 1995 8 11

11 6 Stokkan et 

al., 1986a Reierth and Stokkan, 

1998a 24

Stokkan et al., 1986a

Reierth and Stokkan, 

1998a: Reierth and Stokkan, 1998b  

Lindogård et al., 

1995

Stokkan et al., 1986a

Lindogård et al., 1995

Lindogård et al., 1995

Reierth and Stokkan, 1998b Lindogård et al., 1995

Mortensen and Blix 

1986

Mortensen and Blix 1989  
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2 1 6  

2 1

2

E2 P4

T AD

B  

 

2 2  

2 2 1  

2-1

4

2011 A

2012

B

C D

2-1 2-2 A

2011 12 1 11
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6 7 24 30

B B1

2012 12 1

8 5 15 7 31 24

14 B2

12 2 8 1

7 15 5 15 7 31 24

14 C 5 8

24 D

 

Brassica rapa var. 

perviridis RM-4 Mazuri

MS

 

 

2 2 2  

1 4

20  

 

2 2 3  

P4 E2

EIA buffer 10 T AD

B EIA buffer 5

P4 E2 B T AD
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B EIA  

 

2 2 4  

 

 

2 2 5  

2-1  

 

2 2 5 1  

1 15 2

2

5

2013 4 2-3

6 2-2 0 4

6 0 24

2-3  

 

2 2 5 2  

24 1 5 15 20

1 24



52 
 

1

2  

 

2 2 5 3   

1 15 2

3 2 1

 

 

2 2 6   

T T SE

t T 1

15 16  

 

 

2 3  

2 3 1  

2 3 1 1  

A 12 1 11  6 7

24 30

2-3a 12a

6 10 20 12 2 10

2014 2015 5 20

7 6 10 70

12 4 50 2015

70  
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a S10 

S10 2011 10 7 2012

8 11 2012 8 13 E2 3

4 5 5 24

6 7 2-3b P4 5

6 7 2-3b P4

7 E2 7 8

2-3b 2012 6 12 6 29 2012 6 13

7 18

2-3b B 4 8 2-3c  

2 1 4 2 5

3 2-3d 4

6 2-3d  

10 1 3

2-3e 5

 7 2-3e

10 1 1020 g

2-3e 6  7

2-3e  

 

b S32 

S32 2011 10 7 2012

7 20 2012 7 23 E2 4

5 24 6 7

2-4b P4 5 6

7 2-4b 2012 6 17 2012
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6 15 7 3 4 2-4b 6 14 7 16

2-4b  

2 1 4 2 5

3 2-4c 4

6 2-4c  

10 2

2-4d 6

7 2-4d

10 1 2 1090 g

2-4d 6 7

2-4d n = 20 r = 0.50

p < 0.05 2-4a,d n = 15 r = 0.60 p < 0.02

2-4a,d  

 

c S48 

S48 2012 9 2 2015

3 31 E2 2013 5 28

2-5b P4  2015 1

2-5b

E2 P4 2-5b  

2013 2 2014 3 2

2013 3 10 2014 3 9 3

2-5c 1 2 11 12 0

2-5c  

2013 12 720 g 2014 1 736 g

24 7
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2013 608 g 2014 548 g

2-5d

2-5d

n = 189 r = 0.45 p < 0.01 2-5a,d  

 

d S98 

S98 2012 9 2 10

9 2012 10 18

E2 P4 2-6b  

 

e S120 

S120 2014 1 3 2015

3 31 E2 P4 5 6

2-7b 6 7

2-7b 5 25 6 14

2-7b B 4 6

7 8 12 3 2-7c  

2013 4 2014 4 2

2013 4 9 2014 4 9 3

2-7d 1 2 12 0

2-7d  

2013 12 730 g 2014 1 728 g

2-7e 24 2013

7 480 g 2014 6 498 g

2-7e

n = 198 r = 0.82 p < 0.01 2-7a,e  
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f S135 

S135 2014 1 3 2015

3 31 E2 3 P4 5 6

2-8b 6 7

2-8b 5 20 6 26

2-8b B 4

5 6 2-8c  

4 9 3 2-8d

1 2 11 12 0 2-8d  

12 2013 718 g 2014 780 

g 2-8e 2014

5 2-8e 24

2013 7 542 g 2014 6 540 g

2-8e  

 

g S13 

S13 2011 10 7 2012

11 30 T 3 5 6

T 2-9b 7 T 7

2-9b 2012 5 21 6 23 3

T 2-9b B 4

5 2-9c  

2012 2 1 24

6 7 4

2-9d 5 8

2-9d
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9

2-9d 2013 3 4

2 5 9 3 2-9d

1 2 12 0 2-9d  

10

4 2-9e

24 7

2-9e 2011 2012  12 1

1180 g 2013 2 876 g

2-9e 24 9

2012 650 g 2013 570 g

2-9e

n = 143 r = 0.63 p < 0.01 2-9a,e  

 

h S38 

S38 2011 10 7 2012

11 30 2014 1 3 8 1 2014 8 3

2012 T 3 5

24 6 6

2-10b 7 T 7

2-10b B 5 8 2-10c

2012 6 15 7 7 10 T

2-10b 2014 T

2-10b B 4

5 2-10c  

2012 2 1 24
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6 7 4

2-10d 5 8

2-10d

9

2-10d 2013 3

2013 4 2014 3 2 2013 5 9

2014 4 8 3 2-10d

1 2 10 12 0 2-10d  

10

4 2-10e

24 7

2-10e 2012  1 1200 g 2013 2 862 g

2014 4 865 g 2-10e

24 2012 8 640 g 2013 2014

7 2013 604 g 2014 522 g

2-10e

n = 28 r = 0.49 p < 0.02 2-10a,e

n = 204 r = 0.67 p < 0.01 2-10a,e  

 

i S118 

S118 2014 1 3 6

14 2014 6 19  

T 4

2-11b B 4 6 2-11c  

1 1 4 2 5

3 2-11d  
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2013  3 820 g 2014 1 772 g

2-11e 24

2013 7 8 530 g 2014 6 532 g

2-11e

n = 192 r = 0.79 p < 0.01

2-11a,e  

 

j S195 

S195 2014 9 5 2015

3 31 T 2-12b B

12 2-12c  

2014 12 2014 1

2-12d 24 7

476 g 2-12d

2-12d

n = 67 r = 0.78 p < 0.01 2-12a,d  

 

2 3 1 2  

2011 A 2012

B1 B2 B1 12 1 8 B2

1 7 15  5 15 7 31

24 14

D 12 1 10

12 9 40 5 8 14

6 14 39

2-13a 23a 7
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8 20 12 2 3 10

B1 50

B2 50 3

4 D 5

 

a S66 

S66 2011 12 20 2015

4 3 A 2012 B1

2014 3 10 4 15 B2 2014 4 15 5 8

B1 2014 5 8 2015 4 1 D 2012

E2 5 6 2-13b

P4 4 6

6 7 2-13b 2012 5 20 6

24 6 5 29 6 25

2-13b

B 4 5 8

2-13c 2013 E2 4

5 6 2-13b P4 5

6 2-13b 6

7 2-13b 2013 4 27 6 8

12 5 30 6 20 13

2-13b 6 4 6 20

2-13b B 6

2-13c 10

2-13c 2014 5 8 B1 D 4
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E2 P4 D

2-13b

B D

2-13c  

2012 4

2-13d 5

6 7 2-13d

10

0 2-13d 2013

2 1 5 4 2-13d

5 6 7

2-13d 10

0 2-13d 2014  B1

5 15 D

2-13d

2-13d B1

B2 D 2-29  

2012 2013

10 24 5

2-13e 6 7

2-13e 2-13e

1 2012 1027 g 2013 992 g 2014 977 

g 2-13e 2012 2013 7

2012 541 g 2013 454 g 2-13e
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2-13e 2014 2012 2013

5 15 D

2-13e 9

2-13e 6 710 g

2-13e

n = 76 r = 0.30 p < 0.02 2-13a,e

n = 37 r = 0.75 p < 0.01 2-13a,e  

 

b S127 

S127 2012 1 3 2014

3 28 B1 2012

E2 4 6 2-14b

P4 5 5 6 2-14b

6 2-14b 2012 5 22 6

3 4 5 6

2-14b 5 24 6 19

2-14b B 1 3

4 2-14c 2013

E2 4 5 6 2-14b P4

4 6 2-14b

6 7 2-14b 2013 5 22

6 8 6 5 6

2-14b 5 21 7 6

2-14b B 4

5 10 1 2-14c  
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2012 3

5 4 5

6 2-14d

10 0

2-14d 2013

3 5 4 2-14d

5 6 8

2-14d 10 0

2-14d 2014

4 1 5 4 2-14d

5 6 2-14d

11 0

2-14d  

2012 1 2 5

2-14e 4 860 g

8 510 g 2-14e

2-14e 2013

3 5

2-14e 3 1013 g 8

610 g 2-14e

2-14e 2014

4 5 2-14e 3

1056 g 2012 2013

2-14e

2-14e

n = 41 r = 0.64 p < 0.01 2-14a,e  
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c S137 

S137 2013 5 17 2015

8 28 2013 5 15 B1

2013 5 15 2014 4 1 D 2014 4 1

2015 8 28 B1  

2013 5 15 B1 D E2 P4

2-15b B 5

2-15c 2014 E2 2

5 6 2-15b P4 4

5 6 2-15b

6 7 2-15b 6

5 23 7 1

2-15b B 4

6 7 10 1

2-15c 2015 E2 4 5 6

2-15b P4 3 6

2-15b 8 2-15b 2015 6 8

6 18 3 6 6

2-15b 6 3 7 3

2-15b B 4

6 2-15c  

2013 B1

5 15 D 1

2-15d 6

2-15d

10 0 2-15d 2014
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4 4 4

2-15d 5 8

2-15d

10 0

2-15d 2015 3 1 5

4 2-15d 5

6 8 2-15d  

2013 2011 11

5 15 D

2-15e 2011 12 2012 3 830

849 g D 7

680 g

2-15e

2-15e 2014 4

2-15e 2013 12 838 g 7

515 g 2-15e

2-15e 2015 2014 12

4

1 910 g 6 8 510 518 

g 2-15e 2-15e

n = 70 r = 

0.47 p < 0.01 2-15a,e n = 27 r = 0.74

p < 0.01 2-15a,e  

 

d S152 

S152 2013 4 2 10
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20 2013 10 24

B2 E2 4 6

2-16b P4 5 6

2-16b 6 7

2-16b 2013 4 27 6 10 6 3 6 26

2-16b  

3 1 5 3

5 6 8

2-16c 10

0 2-16c  

7

2-16d 3

2-16d  

 

e S225 

S225 2014 4 1 5

2 2014 5 5 2014 4 1

B1 D

4 E2 P4 2-17b  

 

f S53 

S53 2012 1 3 2014

4 1 2014 4 2

A 2012 B1 2014 3 10 2014 4

1 B2 2012 T AD 4

5 6 2-18b 6
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7 2-18b 2012 5 20 6

24 15

2-18b B 1 3 4

6 2-18c 2013 T

AD 4 5 6 2-18b

6 7 2-18b

2013 4 27 6 8 5 16 15

2-18b

B 1 3 4 5

6 10 2-18c  

2012 1 1 5

4 2-18d 6

7 8 2-18d

10 0

2-18d 2013

3 1 24 6 7

2-18d 6 7 8

2-18d

10 0

2-18d  

10 11

5 6 2-18e

2-18e 1 4 2012

1037 1087 g 2013 1058 1093 g 7

2012 555 g 2013 537 g 2-18e

2-18e
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n = 59 r = 0.29 p < 0.05

2-18a,e n = 38 r = 0.85 p < 0.01

2-18a,e  

 

g S65 

S65 2011 12 20 6

25 2012 6 28

A 2012 B1 T 4

5 6 2-19b

2012 5 25 6 24 13 T

2-19b  

3 1 5 4

2-19c 6 2-19c  

10 12 6

2-19d 1 2 1140 1106 g

2-19d

n = 9 r = 0.73 p < 0.05 2-19a,e  

 

h S130 

S130 2012 7 11 2014

3 28 B1

T AD 4 5 6

2-20b 7 2-20b 2013

5 22 6 8 9

2-20b B 3 5

12 2-20c  
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2012 7 4

7 2-20d

9 0

2-20d 2013 3

2-20d 6

7 8 2-20d

9 0

2-20d 2014 4

2-20d  

6 8 2-20d

10 0

2-20d  

9 11

2013 5 6 2014 6 7

2-20e 2-20e

12 4 2013 927 968 g 2013 1001 1028 g

8 2013 609 g 2014 584 g 2-20e

2-20e

n = 33 r = 0.77 p < 0.01 2-20a,e  

 

i S136 

S136 2013 4 2 10

18 2013 10 22

B2 T 4 5

6 2-21b 7 T 2-21b
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2013 4 27 6 10

2-21b  

3

2-21c 6 9

2-21c

10 0 2-21c  

11 7

2-21d 3 768 g

7 486 g 2-21d

2-21d

n = 10 r = 0.66 p < 0.05 2-21a,d  

 

j S148 

S148 2013 5 17 2015

3 31 2013 5 15 B1

2013 5 15 2014 4 1 D 2014 4 1

2015 3 31 B1  

2013 5 15 B1 D T AD

2-22b B

2-22c 2014 4 1 B1

T 5 6 7

2-22b

AD 4 4 5

AD 2-22b B 6

2-22c  

2013 5 15 D 10
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1 2-22d

6 8 2-22d

2014 4 1

2-22d 5 7

8 2-22d

9 0

2-22d  

2013

5 15 D 5 6 7

2-22e D 609 g

12 3 830 854 g 2-22e

2-22e 2014 6

6 2-22e

8 526 g 2-2e

12 1027 g

2-22e

n = 46 r = 0.55 p < 0.01 2-22a,e  

 

k S198 

S198 2014 4 1 2015

3 31 2014 4 1 B1

D T 6 8

2-23b B

4 2-23c  

4 1 D 4 1

1 2-23d
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2-23d  

2-23e 6 690 g

12 892 g 2-23e

 

 

2 3 1 3  

B1 2-24a

25a 5 9 20

10

60  

a S208 

S208 2014 3 23 11

3 E2 P4  4  5

5 2-24b 7 E2

7 8 P4 8 2-24b

9 2-24b 5

22 6 9 8 8 8 24 2

2-24b 2014 5 25 6 2

5 26 6 6 3 2-24b 8 10

2-24b  

3 1 5

5

7 2-24c

9
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2-24c

9 2-24c 11

0 2-24c  

4 665 g 24

7 446 g 2-24e

2-24e

n = 6 r = 0.82 p < 0.05 2-24a,d  

 

b S239 

S239 2014 3 17 9

4 2014 9 4 T 4

5 6 2-25b

7 2-25b  

4 1 7

4 6 8

2-25c  

3 6 477 g

2-25e  

 

2 3 1 4  

C 5 8

24 5 8

12 1 10 24

4 12 30 24 9 13

2-26a 27a 7 8
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20 3 12 10

3

11 12 70 5 9 50  

a S150 

S150 2014 3 17 12

29 E2 P4 5 6 7

2-26b 7 2-26b

2014 6 4 7 15

2-26b B 3 6

2-26c  

0 2-26d 24

2-26d

6 8

2-26d 9

0 2-26d  

3 5

6 7 2-26e 7 8

2-26e 6 813 g

8 557 g 2-26e

12 2-26e

n = 306 r = 0.51 p < 0.01 2-26a,e  

 

b S60 

S60 2014 3 17 12

29 T 5 6

2-27b 8 2-27b B
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3 6 2-27c 7

2-27c  

3 1

0 2-27d 24 1

6 3 2-27d 6

8

2-27d 9

0 2-27d  

3 5

2-27e 8

10 2-27e 4

1020 g 7 624 g 2-27e

12 2-27e

n = 9 r = 0.88 p < 0.01 2-27a,e  

 

2 3 2  

T AD

2-28a~h A B1

2 6

5 6 3 2-28a~h

3 6

2-28c~h

2-28a,b 2-28c~f

T 4 5 7 7 8

2-28a~g S53 S130 S148 AD

2-28c,f,h S148 T
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2-28h 6 8

2-28c~h 7 8 2-28a~h

T AD

S65

T

2-28d  

D S148 S198

T 2-28h,i S148 3

1 10 1

2-28h S198

2-28i  

 

2 4  

2 4 1  

Hirschenhauser et al.,2000

Penfold et al., 2013

 

 

2 4 1 1  
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E2 P4

2003

E2 3 5

P4 4 5 E2

P4 5 7

7 8 5

6

6

7 E2 P4

E2 P4

E2 P4

Stokkan et al., 1986b Hannon and Wingfield, 

1990

E2 P4

 

7 14 Reece 2011b

S10 19

S127 8 S152

5

18
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2 4 1 2  

10 100

T

1989 Kouatcho et al., 2015  

T AD

4 5 5 6

24

T T AD

7 T AD

T

LH 6

Stokkan et al., 1986b LH

LH Stokkan et al., 

1986b T AD

T AD

S195

 

 

2 4 1 3  

B Romero et 

al., 1998 Larus crassirostris T B
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2008

Hannon 

and Wingfield, 1990 Zonotrichia leucophrys gambelii

Romero et al., 1997 B

B B

E2

P4 B

T

B  

B

B 2008

B

B

2005 B

B

B

Calcarius lapponicus

B

B Romero et 

al., 1998 B

B

 

 

2 4 1 4  
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Clark et al., 1937

Stokkan and Sharp, 1980b

24

24

24

6 7 E2 P4

6 7

T

6 7 6

7  

 

2 4 1 5  

4

A

B

C 24
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B B1 B2

24  

A 6 24

30 24 5 17 6

24 B1 B2

5 15 24 14 5 1

19 30 5 15 24

A S120 S135 5

E2 P4 S13 5

T 17

17

4 T

S10 S32 4 E2 5 P4

B1 S53

S66 2013 4 27 5 18 15 2013 4 27

5 14

5 16

S136 S152 2013 4 27 6 10 45

6 3

2

 

A 12 1 11

2 12 2 12

B1 12 1 8
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B2 1 7 15 4 12

A

B

 

D

S66

B1 D 5 8

 

C D

24

24 4 12 30

A B 24

24

 

 

2 4 1 6  

Stokkan 1986b 79°N 4

0 6

LH

24
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Stokkan et al., 1986b

2-30 Stokkan 1986b

Stokkan et al., 1986b Unander Steen 1985

L. muta L. leucura

Wilson and Martin, 2010
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2-2  
 
A 2011  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B B1 B2 2012 B1

 
 

    
1  7:00 18:00 11:00 
2  6:30 18:30 12:00 
3  6:00 19:00 13:00 
4  5:00 20:00 15:00 
5  4:00 21:00 17:00 
6  

24  
24:00 

7  24:00 
8  4:00 21:00 17:00 
9  5:00 20:00 15:00 

10  6:00 19:00 13:00 
11  6:30 18:30 12:00 
12  7:00 18:00 11:00 

  B1  B2  
        

1  1  8:45 16:45 8:00 8:45 16:15 7:30 
 15  8:45 16:45 8:00 8:45 16:00 7:15 

2  1  8:45 17:00 8:15 8:45 16:15 7:30 
 15  8:45 17:15 8:30 8:45 16:30 7:45 

3  1  7:45 17:30 9:45 7:45 17:30 9:45 
 15  6:45 18:30 11:45 6:45 18:30 11:45 

4  1  6:15 20:45 14:30 6:15 20:45 14:30 
 15  5:15 21:45 16:30 5:15 21:45 16:30 

5  1  3:45 23:15 19:30 3:45 23:15 19:30 
 15  

24  

24:00 

24  

24:00 
6  1  24:00 24:00 

 15  24:00 24:00 
7  1  24:00 24:00 

 15  24:00 24:00 
8  1  2:45 0:00 21:15 2:45 0:00 21:15 

 15  4:30 22:45 18:15 4:30 22:45 18:15 
9  1  5:45 21:00 15:15 5:45 21:00 15:15 

 15  6:45 20:00 13:15 6:45 20:00 13:15 
10  1  7:45 18:45 11:00 7:45 18:45 11:00 

 15  8:45 17:30 8:45 8:45 17:30 8:45 
11  1  8:45 17:30 8:45 8:45 17:30 8:45 

 15  8:45 17:15 8:30 8:45 17:00 8:15 
12  1  8:45 16:45 8:00 8:45 16:45 8:00 

 15  8:45 16:45 8:00 8:45 16:30 7:45 
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1  7:00 18:20 9:45 
2  6:45 18:00 10:30 
3  6:15 17:36 11:30 
4  5:30 17:16 12:30 
5  

24  

24:00 
6  24:00 
7  24:00 
8  24:00 
9  5:15 18:15 13 

10  5:45 17:30 11:45 
11  6:15 17:00 10:45 
12  6:30 16:30 10:00 

     
1  1  7:03 16:46 9:43 

 15  7:03 16:58 9:55 
2  1  6:54 17:16 10:22 

 15  6:40 17:31 10:51 
3  1  6:23 17:45 11:22 

 15  6:03 17:58 11:55 
4  1  5:38 18:13 12:35 

 15  5:18 18:25 13:07 
5  1  4:58 18:39 13:41 

 15  4:44 18:51 14:07 
6  1  4:34 19:04 14:30 

 15  4:32 19:11 14:39 
7  1  4:36 19:14 14:38 

 15  4:44 19:10 14:26 
8  1  4:56 18:58 14:02 

 15  5:08 18:43 13:35 
9  1  5:22 18:20 12:58 

 15  5:33 18:00 12:27 
10  1  5:46 17:36 11:50 

 15  5:58 17:16 11:18 
11  1  6:14 16:55 10:41 

 15  6:28 16:43 10:15 
12  1  6:44 16:36 9:52 

 15  6:56 16:36 9:40 
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3 DNA  

 

3 1  

3 1 1 DNA  

Ninnes 2010 Pygoscelis adeliae

DNA

DNA

Lutra lutra Kalz et al., 2006 Chrysocyon brachyurus

Vynne et al., 2011 Cervus elaphus Huber et al., 2003 DNA

 

 

3 1 2 PCR DNA  

DNA Polymerase Chain 

Reaction PCR PCR DNA

DNA

DNA

DNA

DNA

Bush et al., 2005; Mukesh et al., 2011

DNA DNA
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ZZ ZW

chromo-herlicase-DNA-binding protein CHD

Z W CHD

PCR

CHD

1237L/1272H Kahn et al., 1998 P2/P8 Griffiths et al., 1998 2550F/2718R

Fridolfsson and Ellegren, 1999

1237L/1272H Z 250 290 bp W

210 320 bp 10 70 bp Jensen et al., 

2003 P2/P8 Z 320 400 bp W

240 410 bp 10 80 bp

30 50 bp Jensen et al., 2003 2550F/2718R

Z 600 1030 bp W 450 680 bp

80 540 bp Ong and Vellayan, 

2008  

CHD 2 P2/P8 1237L/1272H

Jensen et al., 2003, Dubie and Zagalska-Neubauer, 2006

1237L/1272H P2/P8

Jensen et al., 2003 P2/P8 10 80 bp

P2/P8

Aethia pygmaea A. pusilla A. cristatella

Cyclorrhynchus psittacula 2 Z Z'
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Z Z' 12 bp Z

W 14 bp Dawson et 

al., 2001 P2/P8 Z W

DNA Z

1

Dawson et al., 2001 2550F/2718R

W Z

Dawson et al., 2001 2550F/2718R

Z W 150 250 bp

Dubie and Zagalska-Neubauer, 2006: Ong and Vellayan, 2008  

PCR

2550F/2718R Baumgardt et al., 2013 1273L/1272H Bush 

et al., 2005; Baumgardt et al., 2013 2550F/2718R Fridolfsson and 

Ellegen,1999 P2/P8 Segelbacher and Steinbrück, 

2001 2550F TuWR/TuZR Regnaut et al., 2006  

 

3 1 3  

DNA

DNA P2/P8 2550F/2718R

DNA
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3 2  

3 2 1  

2013 2014 2016

10 4 2013 2014

2016

6 3-1

2013 2014

2016  

DNA

3-2 DNA

 

 

3 2 2 DNA  

3 2 2 1  

DNA QIAamp DNA Stool Mini Kit QIAGEN

DNA DNA

 

1 Buffer ASL 

Buffer ASL Stool lysis buffer QIAamp DNA Stool Mini Kit QIAGEN

 

2 InhibitEX 

InhibitEX PCR QIAamp DNA Stool Mini Kit

QIAGEN  

3 Proteinase K 

Proteinase K 20mM - Tris-HCl pH7.4 1mM
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50 QIAamp DNA Stool Mini Kit QIAGEN

 

4 Buffer AL 

Buffer AL DNA Lysis Buffer QIAamp DNA Stool Mini Kit QIAGEN

 

5  

99.5%  

6 Buffer AW1 

Buffer AW1 QIAamp DNA Stool Mini Kit QIAGEN 99.5

25 ml  

7 Buffer AW2 

Buffer AW2 QIAamp DNA Stool Mini Kit QIAGEN 99.5

30 ml  

8 Buffer AE  

Buffer AE 10mM Tris-Cl 0.5 mM

EDTA pH 9.0 QIAamp DNA Stool Mini Kit QIAGEN

 

 

3 2 2 2 DNA  

DNA 15 ml 0.200 g

Buffer ASL1.6 ml

2500 rpm 5

1.4 ml 2 ml InhibitEX 1

1 InhibitEX 15000 rpm

3 InhibitEX
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1.5 ml 15000 rpm 3

2 ml

Proteinase K 25 μl Proteinase K 2 ml

600 μl Buffer AL 600 μl 15

EYELA MG-2200 70 60 15

99.5

600 μl QIAamp Spin Column QIAamp 

DNA Stool Mini Kit 2 ml QIAamp DNA Stool Mini Kit

600 μl 15000 rpm 1 QIAamp 

Spin Column 2 ml DNA

3 QIAamp Spin Column 2 ml

Buffer AW1 500 μl 15000 rpm 1

QIAamp Spin Column 2 ml Buffer AW2 500 μl

15000 rpm 3 QIAamp Spin Column 2 ml

15000 rpm 1 QIAamp Spin Column 1.5 ml

Buffer AE 100 μl QIAamp Spin Column

10 30 15000 rpm 1 Buffer AE

QIAamp Spin Column DNA  

 

3 2 3 PCR  

3 2 3 1  

DNA PCR  

1  

SIGMA Genosys https://shop.genosys.jp/imarket/servlet/FrameServlet?frmNo=SGJUSER&user 

Name=Genosys P2/P8 2550F/2718R Lm-F/Lm-R

3-3 10 pmol/μl
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20  

2 PCR buffer 

PCR Quick Taq® TM HS DyeMix DTM-101 buffer 

dATP dCTP dGTP

dTTP 20  

3 DNA  

100 bp DNALadder DNA-035 6×Loading Dye buffer

20  

4 0.5×TBE buffer 

5×TBE 318-90041 0.445 M - Tris-borate 0.01 

M EDTA 10

 

5  

300 ml 0.5×TBE Buffer 30 ml 2

NuSieve® GTG® Agarose 50080 Lonza 0.6 g 1 

500 W 40

EtBr Solution 0.15 μl  

 

3 2 3 2  

NanoVue GE Healthcare DNA DNA

5 40 ng DNA PCR 

2×Quick TaqTM HS DyeMix 5 μl 10 pmol/μl forward/reverse

0.2 μl DNA DNA 10 μl

MyCycler

P2/ P8 2550F/2718R Lm-F/Lm-R 3-3
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PCR 95 3 5 95 45 47 45 72 1

40 72 5 PCR

MyCycler  

 

3 2 3 3  

PCR 2

0.5×TBE buffer Mupid-2plus

1 8 μl DNA DNA 100 V 25

40 UV Benchtop 20 

V 302 nm UV 

 

 

3 2 4 CHD  

3 2 4 1 2550F/2718R  

DNA

2550F/2718R 3 2 3 PCR

1.5  

 

3 2 4 2  

Wizard® SV Gel and PCR Clean-UP System A9281 Promega

1.5 ml

0.1 g Membrane Binding Solution Wizard® SV Gel and PCR 

Clean-UP System 100 μl 65

SV Minicolumn Wizard® SV Gel and PCR 
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Clean-UP System 1 13000 rpm 3

SV Minicolumn

Membrane Washing Solution 700 μl 13000 rpm 3

SV Minicolumn Membrane Washing 

Solution 500 μl 13000 rpm 8 centrifuge 5415R

eppendorf 13000 rpm 5

1.5 ml SV Minicolumn 50 μl 1

13000 rpm 3

4  

 

3 2 4 3  

illustra ExoStar US78220 GE Healthcare 1.5 ml

0.5 μl 0.5 μl 19 μl

8 Exostar 2 μl PCR 5 μl

MyCycler 37 1 80 15

 

 

3 2 4 4 2550F/2718R  

47.5 μl 2550F/2718R 100 pm/μl 2.5 μl 5 pm/μl

DNA 1 2 μl 1 μl

7 8 μ1 10 μ1 Forward

Reverse 2

 

 

3 2 5  

BioEdit7.2.5 http://www.mbio. 
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ncsu.edu/BioEdit/bioedit.html Primer 3Plus

http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi SIGMA Genosys

Lm-F/Lm-R  

 

3 2 6 Z  

PCR 2550F/2718R Lm-F/Lm-R PCR

2 PCR 2 1 2

2

 

Z

Z W

Z

Z Z

 

W

 Z  

 

3 3  

3 3 1 DNA

 

DNA 2550F/2718R 

P2/P8 3-1 P2/P8 2

DNA Z

320 bp DNA Z

320 bp W 380 bp 320 bp
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2550F/2718R 2

DNA Z

600 bp DNA Z 600 bp W

450 bp

2550F/2718R

 

 

3 3 2 DNA 2550F/2718R PCR

 

189 179 DNA 10

DNA

DNA

132 68 64

47  

Z 600 bp W 450 bp

600 bp 450 bp 

3-2 3-4 2 PCR

179 99 68

32 6 30

PCR 47.06 68 32

64 28 2 34

PCR 43.75 64

28 132 2550F/2718R

45.45 132 60

47 24 7
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16  

 

3 3 3 DNA Lm-F/Lm-R

PCR  

DNA 2550F/2718R

Lm-F/Lm-R 3-3  

Lm-F/Lm-R DNA 179

Z 395 bp W 244 bp

395 bp 244 bp 

3-4 3-5 2 PCR

179 128

68 42 8 18

PCR 61.76 68 42

64 34 5 25

PCR 53.13

64 34 132 Lm-F/Lm-R

57.58 132 76

47 31 8

8  

 

3 3 4 Z  

179 2 PCR 358

Z  

2550F/2718R Z 600 bp 174

48.60 3-6 Z

11 3.07
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W 450 bp 14 3.91

143 44.41  

Lm-F/Lm-R Z 395 bp 243

67.88 3-6 Z

10 2.79

W 244 bp 20 5.59

85 23.74  

Z 3-5 Lm-F/Lm-R

2550F/2718R

2550F/2718R 6 7 8 10 40%

 

 

3 4  

3 4 1  

DNA

P2/P8 2550F/2718R

P2/P8 2

DNA

2550F/2718R 2

DNA

P2/P8 Z W

2550F/2718R

Vucicevic et al., 2013
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P2/P8 DNA

P2/P8

2

2550F/2718R DNA

 

 

3 4 2 2550F/2718R PCR  

DNA 2550F/2718R

25 Bosnjak et al., 2013 50

Baumgardt et al., 2013 132 2550F/2718R

45.45 DNA

179 Z 48.60

 

 

3 4 3  

2550F/2718R Lm-F/Lm-R

2550F/2718R 450 bp 600 bp

Lm-F/Lm-R 244 bp 395 bp

2550F/2718R 45.45 Lm-F/Lm-R 57.58

12.13 Z

2550F/2718R 48.60 Lm-F/Lm-R 67.88

19.28  

Nymphicus hollandicus Ameda, 2012

Zhang et al., 2013 DNA P2/P8
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NhiF1/NhiR1 CHD1Z 196 bp CHD1W 225 bp

Ameda, 2012 PL/PR CHD1Z 276 bp CHD1W 294 bp Zhang 

et al., 2013 P2/P8

DNA 2550F/2718R

Z

DNA

DNA Lm-F/Lm-R

Bantock et al., 

2008 Lm-F/Lm-R

  

DNA

2550F/2718R CHD BLAST http://blast.ncbi.nlm.nih.gov/Blast.cgi 

2016 12 1 Montell et al., 2001

Sundström et al., 2003 CHD Z

97 98 Sequence ID gb|AF364552.1|AF364552

gb|AF526006.1 3-6 W 99 Sequence ID

gb|AF364551.1|AF364551 gb|AF526005.1| 3-7
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3 4 4  

W W

Z

Fridolfsson and Ellegren, 1999 Bantock 2008

P2/P8 2

CHD1Z CHD1W= 14 7

 

2550F/2718R 2 Lm-F/Lm-R 5

2 2550F/2718R 6 Lm-F/Lm-R 8

 

DNA Lm-F/Lm-R PCR

Z 179 51

Mukesh 2011

DNA DNA 770 μg/ml

67 μg/ml 34 μg/ml 30 μg/ml 30 μg/ml

Bush et al., 2005

DNA
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DNA  

DNA PCR

DNA PCR DNA

Idaghdour et al., 2003

DNA PCR

DNA DNA  

DNA DNA DNA

Murphy et al., 2007; Demay et al., 

2013 DNA DNA

 Regnaut et al., 2006

Z Z

2550F/2718R 6 7 8 Lm-F/Lm-R

7 8

DNA

PCR

DNA 2015

DNA

PCR  

DNA Segelbacher and Steinbrück, 2001

Robertson et al., 1999 DNA DNA

Segelbacher and 

Steinbrück, 2001 DNA

Robertson 1999 Strigops habroptilus

DNA

PCR
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Monteiro et al., 1997 Khanjua et al.,1999 PCR

PCR

 

DNA

DNA

DNA

PCR

 

 

3 5  

CHD

DNA

PCR DNA  

DNA 2550F/2718R

45.45 Z

48.60 DNA

Lm-F/Lm-R

57.58 Z 67.88

Z
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DNA
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3-1  

  
 

 
   

2013  
 29 42 19 

95 
  5  

2014  

 25 17 18 

86 

 3  4 
   1 

   1 
 9 2 2 

 1 1  
  1  

  1  
2016   3 1 4 8 

  67 69 45 189 
 
 
 
 
 
 
 

3-2 DNA  
 
 
 
 
 
 
 
 
 
 
 

3-3
PCR  

 
 
 
 
 
 
 
 
 
 
 
 
 

   
S208 No.4  
S210 No.6  
S211 No.7  
S243 No.12  

 5' to 3'  bp  

P2 TCTGCATCGCTAAATCCTTT 320 
380 P8 CTCCCAAGGATGAGRAAYTG 

2550F GTTACTGATTCGTCTACGAGA 450 
600 2718R ATTGAAATGATCCAGTGCTTG 

Lm-F YCGYCAGTTTCCYTTTCA 244 

Lm-R ATATTCYMATCASAGYAACCTGA 395 



155 
 

 
(bp) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

    

 

 
 

D
N

A
 

N
o.12

♂
 

N
o.4

♀
 

 

N
o.12

♂
 

N
o.4

♀
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PCR  
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3-2 DNA 2550F/2718R PCR
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800 
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3-4 2550F/2718R  
 
 
 
 
 
 
 
 

*
 

 
 

  
 

   
 68 32 47.06 * 6 8.82  30 44.12  
 64 2 3.13  28 43.75 * 34 53.13  

 47 24 51.06  7 14.89  16 34.04  
 179 58 32.40  41 22.91  80 44.69  
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                 1                                               50 
    CHD-Z    (1) ------TCAGATGGTGAGGATGCTGGACATCCTGGCAGAATATCTAAAGT 
    CHD-W    (1) TTTCTCTCAGATGGTGAGGATGCTAGACATCCTAGCAGAATACTTGAAGT 
                 51                                             100 
    CHD-Z   (45) ACCGCCAGTTTCCCTTTCAGGTAATGATCTCAA-----GTAACCAAGAGG 
    CHD-W   (51) ATCGTCAGTTTCCTTTTCAGGTAAGGATTTTGATGGTAGTAGCGAAGAAG 
                 101                                            150 
    CHD-Z   (90) TGTTCATCCCGAACTTACGAAAAATCATGTTTTTACTCCGAGGGGGGCAG 
    CHD-W  (101) CTTTAATCTTTATCTTAATTAAAAG--TGTCCTTTCTGTAAAA-----AG 
                 151                                            200 
    CHD-Z  (140) AGTAATGGAATACGTAGTTCAGATGTT--ACGAAATCTCCATTCTCTGTG 
    CHD-W  (144) ACTTATAAAAGTTTAATTTTATGTATAGAAAAAAACCGGCAATTACT--- 
                 201                                            250 
    CHD-Z  (188) ATACTTAAAAGCCAAGTGGACATGGTCCTGGGCAGCCTTCTGTAGCAGAC 
    CHD-W  (191) ATAGTGTGAGGTGTTGCATT-ATTCTCCTCCTCCTCCTTCATCCCCATTC 
                 251                                            300 
    CHD-Z  (238) CTTGC-TTGAGCACAGACAAGATGACTTCTAAAGGTCCTTGCCAGTGTTT 
    CHD-W  (240) CTCCCCTTGCCCTCAATTCTTTTGGCAACTAAGTATGCAT---------T 
                 301                                            350 
    CHD-Z  (287) CAGCCGTCTGTGACTATC-TGTTCTTTACCATTTTGCTTAAGAAAAGAAA 
    CHD-W  (281) CAGGTTGCTCTGATTAGAATATAGTATGAGAGTTT-CTTTTTAACTGTAA 
                 351                                            400 
    CHD-Z  (336) GCAACTTTGAATTTAAAAGATTTTGTGAAGGAGTATGTTAACATTCCTTC 
    CHD-W  (330) TA---TTTGATCTCTTTAGAGACT-------------------------- 
                 401                                            450 
    CHD-Z  (386) TTTTTGTTCCTTCGCATTACTGTTTTATCAGTTGAAAAGTCAGGTTACTG 
    CHD-W  (351) -------------------------------------------------- 
                 451                                            500 
    CHD-Z  (436) TGATGGGAATATGGCTAAAGAATTACTTTTAGACTGTAGTTTTCAATCTC 
    CHD-W  (351) -------------------------------------------------- 
                 501     511 
    CHD-Z  (486) CTCAGAGACTT 
    CHD-W  (351) ----------- 
 

3-3 CHD Lm-F/Lm-R  
 

CHD-Z CHD-W  
Lm-F 5’-YCGYCAGTTTCCYTTTCA-3’ /Lm-R

5’-ATATTCYMATCASAGYAACCTGA-3’  
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3-4 DNA Lm-F/Lm-R PCR
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3-5 Lm-F/Lm-R  
 
 
 
 
 
 
 
 

*
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

   
 68 42 61.76 * 8 11.76  18 26.47  
 64 5 7.81  34 53.13 * 25 39.06  

 47 31 65.96  8 17.02  8 17.02  
 179 78 43.58  50 27.93  51 28.49  
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3-6 358  Z  
 

 Z  
 

Z
 

 

 
W  

  

2550F/2718R 174 12
48.60  184 51.40  11 3.07  14 3.91  159 44.41  

Lm-F/Lm-R 243 13
67.88  115 32.12  10 2.79  20 5.59  85 23.74  

 
Z

 
 
 
 
 
 
 
 
 
 
 
 
 

24

8256

86

96
10

4

 
 

3-5 Z  
□ 2550F/2718R ■ Lm-F/Lm-R Z
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3-6 426 bp; gb|AF364552.1|AF364552 425 bp; 
gb|AF526006.1 426 bp CHD-Z A

 
97

98  
 

 
 

 

1 
1 
1 

GTAATGATCTCAAGTAACCAAGAGGTGTTCATCCCGAACTTACGAAAAAT 
GTAATGATCTCAAGTAACCAAGAGGTGTTCATCCTGAACTTACGAAAAAT 
GTAATGATCTCAAGTAACCAAGAGGTGTTCATCCCGAACTTACGAAAAAT 

   
 51 

51  
51 

AATGTTTTTACTCCGAGGGGGGCAGAGTAATGGAATACGTAGTTCAGATG 
CATGTTTTTACTCCGAGGGGGGCAGAGTAATGGAATACGTAGATCAGGTG 
CATGTTTTTACTCCGAGGGGGGCAGAGTAATGGAATACGTAGTTCAGATG 

   
 101 

101 
101 

TTACGAAATCTCCGTTCTCTGTGATGCTTAAAAGCCAAGTGGACATGGTC 
TTACGAAATCTCCA TTCTCTGTGATACTTAAAAGGCAAGTGGACATGGTC 
TTACGAAATCTCCA TTCTCTGTGATACTTAAAAGCCAAGTGGACATGGTC 

   
 151 

151 
151 

CTGGGCAGCCTTCTGTAGCAGACCTTGCTTGAGCACAGACAAGATGACTC 
CTGGGCAGCCTTCGGTAGCAGACCTTGCTTGAGCACAGACAAGATGACTT 
CTGGGCAGCCTTCTGTAGCAGACCTTGCTTGAGCACAGACAAGATGACTT 

   
 201 

201 
201 

CTAAAGGTCCTTGCCAGTGTTTCAGCCGTCTGTGACTATCTGTTCTTTAC 
CTAAAGGTCCTTGCCAGTGTTTCAGCCGTCTGTGACTATCTGTTCTTTAC 
CTAAAGGTCCTTGCCAGTGTTTCAGCCGTCTGTGACTATCTGTTCTTTAC 

   
 251 

251 
251 

CATTTTGCTTAAGAAAAGAAAGCAACTTTGAATTCAAAAGATTTTGTGAA 
CATTTTGCTTAAGAAAAGAAAGCAACTTTGAATTTCAAAGATTTTGTGAA 
CATTTTGCTTAAGAAAAGAAAGCAACTTTGAATTTAAAAGATTTTGTGAA 

   
 301 

301 
301 

GGACTATATTAACATTCCTTCTTTTTGTTCCTTCACATTACTATTTTATC 
GGAGTATGTTAACATTCCTTCTTTTTATTCCTTCACATTACTGTTTTATC 
GGAGTATGTTAACATTCCTTCTTTTTGTTCCTTCGCATTACTGTTTTATC 

   
 351 

351 
351 

AGTTGAAAAGTCAGGTTACTGTGATGGGAATATGGCTAAAGAATTACTTT 
AGTTGAAAAGTCAGGTTACTGTGATGGGAATATGGCTAAAGAATTACTTT 
AGTTGAAAAGTCAGGTTACTGTGATGGGAATATGGCTAAAGAATTACTTT 

   
 401 

401 
401 

CAGACTGTAGTTTTCAATCTCTTCAG 
TAGACTGTAGTTTTCAATCTCTTCA 
TAGACTGTAGTTTTCAATCTCCTCAG 
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3-7 275 bp; gb|AF364551.1|AF364551 274 bp; 
gb|AF526005.1| 275 bp CHD-W A

 
99

99  
 
 

 

 
 

 

1 
1 
1 

GTAAGGATTTTGATGGTAGTAGCGAAGAAGCTTTAATCTTTATCTTAATT 
GTAAGGATTTTGATGGTAGTAGCGAAGAAGCTTTAATCTTTATCTTAATT 
GTAAGGATTTTGATGGTAGTAGCGAAGAAGCTTTAATCTTTATCTTAATT 

   
 51 

51  
51 

AAAAGTGTCCTTTCTGTAAAAAGACTTAGAAAAGTTTAATTTTATGTATA 
AAAAGTGTCCTTTCTGTAAAAAGACTTATAGAAGTTTAATTTTATGTATA 
AAAAGTGTCCTTTCTGTAAAAAGACTTATAAAAGTTTAATTTTATGTATA 

   
 101 

101 
101 

GAAAAAGACTGGCAATTACTATAGTGTGAGGTGTTGCATTATTCTCCTCC 
GAAAAAGACTGGCAATTACTATAGTGTGAGGTGTTGCATTATTCTCCTCC 
GAAAAAAACCGGCAATTACTATAGTGTGAGGTGTTGCATTATTCTCCTCC 

   
 151 

151 
151 

TCCTCCTTCATCCCCATTCCTCCCCTTGCCCTCAATTCTTTTGGCAACTA 
TCCTCCTTCATCCCCATTCCTCCCCTTGCCCTCAATTCTTTTGGCAACTA 
TCCTCCTTCATCCCCATTCCTCCCCTTGCCCTCAATTCTTTTGGCAACTA 

   
 201 

201 
201 

AGTATGCATTCAGGTTGCTCTGATTAGAATATAGTATGAGAGTTTCTTTT 
AGTATGCATTCAGGTTGCTCTGATTAGAATATAGTATGAGAGTTTCTTTT 
AGTATGCATTCAGGTTGCTCTGATTAGAATATAGTATGAGAGTTTCTTTT 

   
 251 

251 
251 

TAACTGTAATATTTGATCTTTTTAG 
TAACTGTAATATTTGATCTCTTTA 
TAACTGTAATATTTGATCTCTTTAG 
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4  

4 1  

4 1 1  

Lagopus muta 31 1

del Hoyo and Collar, 2014

2007a 1700

2014

B

2012

2015 2015

2014

Ushida et al., 2016

 

 

4 1 2  

3

4 2007a 5

6 2007a 21

10 2007a 10

11 2007a
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4 1 3  

Buceros bicornis Crofoot et al., 2003 Apteryx mantelli

Jensen and Durrant, 2006 Ardeotis kori Penfold et al., 2013

Lasly and 

Kirkpatrick, 1991

Strix varia Bubo virginianus

S. occidentalis caurina

Wasser and Hunt, 2005

 

 

4 1 4  
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4 2  

4 2 1  

2013 2014 2016 10 4

2013 2014

2016 6

3 3-1

2013 2014

2016

 

 

4 2 2 PCR  

QIAamp DNA Stool Mini Kit QIAGEN DNA PCR

DNA

Lm-F/Lm-R 3 3-2 395 bp 1

395 bp 244 bp 2 DNA 179

 2 9 PCR 1

2 2

DNA PCR
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4 2 3  

2 P4 E2 

T EIA buffer 10

AD B EIA buffer

5

 

 

4 2 4  

SE

t  

 

4 3  

4 3 1 PCR  

189  DNA 179 10

DNA 179

132 47

132 68 64 2 9 PCR

Lm-F/Lm-R

4-1 PCR 68

50 10 8 PCR

PCR 73.53

64 44 8 12 PCR

PCR
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68.75 47

35 9 3 PCR

179 93 63 23

4-1  

 

4 3 2  

4-2

E2 4 5 p < 0.05 4-2a

P4 8 p < 0.05 4-2b T

AD 7 8 p < 0.05 4-2c,d

B 4-2e  

 

4 3 3  

E2 5 p < 0.05 4-3a

P4 5 8 p < 0.05

4-3b T 6 8

4-3c AD 4 5 6 8

p < 0.05 4-3d B 4 5 6

8 4-3e E2 P4

B 5 T AD 6

9 1

 

 

4 3 4  

E2 4 8

4-4a P4 5 4-4b
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T 4 5 6 7 8

4-4c AD 4 6 p < 0.05

4-4d B 5 6

4-4e E2 8 P4

B 5 T AD 6  

 

4 3 5  

5 5 6

12 5 1  6 3

T AD B 4-5a c 6 AD

 

 

4 4  

179 63 93 2006 2012

46 54

2013f

 

Thiel 2005

B 21

7 21

8

Thiel et al., 2005 2,876 m
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1971 2000 1 2

16 7 8

15 2000 7 8

B

 

E2 P4

E2 P4

Jensen and Durrant, 2006 T

Eudocimus albus

T Heath 

et al., 2003 E2 P4 5

5 T

6 5 8 AD 6

3 4

2013f 4 5

E2 P4

6

2007a 6 E2 P4

T AD

E2 P4

T

1961 7
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2007a

7  

B 5

5

B Hylocichla mustelina Done et al., 2011

2008

5 2013d

5 B

Streptopelia risoria B

B Lea et al., 1992

1 2 3 30

2007b 6 B 5

B

 

6 AD

4

 

8 9

2005

Phasiaus colchicus LH T Aix 

galericulata T

9 Gruys, 

1993
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2013e

8

Hirschenhauser 1999

Anser anser

AD

9 10  

Suzuki et al., 2013

 

 

4 5  

2015



173 
 

3

Lm-F/Lm-R PCR

4

5 6

T
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4-1 Lm-F/Lm-R PCR  
 
 
 
 
 
 
 
 

PCR  
1 9 4-1  

 
 
 
 

 
 

4-1 189  
a  2 9 Lm-F/Lm-R PCR

2
PCR

 
b  

DNA
 

c  PCR
 

1 9 1  

  
PCR  

   
 68 50 73.53 1 10 14.71 4 8 11.76 7 
 64 8 12.50 2 44 68.75 5 12 18.75 8 

 47 35 74.47 3 9 19.15 6 3 6.38 9 
 179 89 51.96  59 35.20  23 12.85  
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4-2 -17β a

b c d e
 

p < 0.05 a b
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4-3 -17β a
b c d e

 
a b e

p < 0.05  
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(1)

(29)
(13) (36)

(12) (7)

(4)

(2)

ab
a ab

ab

b

ab

ab

a

ab
a

b

a ab

ab

bc

a

c
abcc

ab abc

ac

a

bc

a

a a

ac

 
 

4-4  -17β a
b c d e

 
a b e

p < 0.05  
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4-5 a
b c  

5 5 6 12 5 1  6 3  
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Lagopus muta japonicas Lagopus 

muta  31 1

L. m. hyperboreus

2015

 

2

 

-17β E2

P4 T AD
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1

2

 

2

E2 P4

T AD

24

14 40

 

3 DNA PCR

Tetrao tetrix Centrocercus 

urophasianus 2550F/2718R T. 

urogallus P2/P8

DNA PCR 2550F/2718R

2550F/2718R
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Lm-F/Lm-R 2550F/2718R

Lm-F/Lm-R  

Z W 2550F/2718R 450 bp

600 bp Lm-F/Lm-R 395 bp 244 bp

Z 2550F/2718R

48.6 Lm-F/Lm-R 67.98

DNA

Lm-F/Lm-R

Z

DNA  

4

Lm-F/Lm-R PCR DNA

5 E2 P4 T AD

T 5 8 AD 6
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The Japanese rock ptarmigan (Lagopus muta japonicus) is one of thirty one subspecies of 

Lagopus muta, which is member of the Tetraonidae family in the order Galliformes. Japanese rock 

ptarmigan is the southern-most living subspecies in the world, so there are concerns about the impact 

of global warming. In recent years, in situ and ex situ conservation efforts have been promoted. In 

particular, in situ conservation has involved long-term monitoring of the population and habitat 

surveys. Elsewhere, ex situ conservation of another subspecies of Lagopus muta, Svalbard rock 

ptarmigan (L. m. hyperboreus), has established breeding techniques and biological data has been 

collected in zoos, which may aid with the captive breeding of Japanese rock ptarmigan. The captive 

breeding of Japanese rock ptarmigan started in some institutions from 2015. Both species are 

seasonal breeders and their lifecycle is adapted for living in severe habitats. In general, photoperiod 

coordinates bird activities, including the induction of dynamic change in the size and function of the 

gonads. Monitoring of endocrinal dynamics allows an understanding of gonadal status indirectly. In 

particular, using feces makes it possible to perform non-invasive monitoring. Physiological 

information makes it possible to elucidate the relationship between the environment and breeding in 

these subspecies and also the effect of breeding on the expression of traits such as molt or body mass 

change. 

In this study, we aimed to elucidate the endocrine dynamics in two subspecies of rock ptarmigan. 

We attempted to examine monitoring methods of endocrinal dynamics, determine the breeding 

characteristics in captive Svalbard rock ptarmigan, and investigate the endocrinal profile in wild 

Japanese rock ptarmigan using feces as a non-invasive sampling approach. 

The research objects were male and female captive Svalbard rock ptarmigan and wild Japanese 

rock ptarmigan. We collected blood from Svalbard rock ptarmigan and feces from both of these 

species. The steroid hormones in blood were extracted using diethyl ether, and fecal steroid 

hormones were extracted using methanol. The concentrations of steroid hormones were measured 
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using enzyme immunoassays with antibodies against estradiol-17β (E2), progesterone (P4), 

testosterone (T), androstenedione (AD), or corticosterone. 

In chapter 1, we examined the monitoring materials for endocrinal dynamics. Because Svalbard 

rock ptarmigan excrete rectal and cecal feces, we compared sex steroid hormones concentrations in 

both. The dynamics of sex steroid hormones were similar between in rectal and cecal feces, but cecal 

feces showed higher hormonal concentrations than rectal feces. The hormonal concentration in rectal 

feces reflected the hormonal concentration in blood, so these feces seemed to be useful for 

monitoring. Thus, we concluded that rectal feces were suitable for monitoring and these were used 

for the subsequent experiments. 

In chapter 2, we performed long-term endocrinal monitoring of captive Svalbard rock ptarmigan 

using this non-invasive approach with rectal feces. We revealed the effect of ambient factors such as 

light period duration on endocrinal activity. In addition, we also investigated the relationship of 

endocrinal change with reproductive activity, supraorbital comb, molting, body mass, and feeding. In 

captive lighting conditions that were close to the day length of a high-latitude environment, the 

concentration of E2 and P4 in female feces or T and AD in male feces increased corresponding to the 

increase in lighting period. Because these high concentrations were found to be associated with 

reproductive activities, it was revealed that the gonadal activities were active with 24-hour 

illumination. On the over hand, with the natural day length in Japan, these hormonal changes were 

not found. From these results, it was revealed that 24-hour illumination was needed to induce 

gonadal activation, but the maximum day length in Japan (approximately 14 h 40 min) was not 

sufficient. The fecal sex steroid hormone concentrations increased with decreasing body mass and 

feeding, and the progression of female summer molting, male supraorbital comb enlargement, and 

coloration. When these hormone concentrations started to decline, which was associated with 

increasing body mass and feeding, and the start of male summer molting, comb regression, and color 

fading. These appearance or quantitative changes might reflect gonadal activity, so these will be 

outward indicators of gonadal activity. 
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In chapter 3, we attempted to establish a method for PCR-based sex identification using DNA 

extracted from Japanese rock ptarmigan feces. First, we examined the utility of primers 

2550F/2718R, which have been used for sex determination in black grouse (Tetrao tetrix) and sage 

grouse (Centrocercus urophasianus), and primers P2/P8 for sex determination in capercaillie (T. 

urogallus). From the results of PCR with DNA from Svalbard rock ptarmigan, we concluded that 

primers 2550F/2718R were suitable for sex determination because two amplified products were 

clearly distinguished using these primers. In addition, we designed original primers named 

Lm-F/Lm-R based on sequence data from the amplified products of 2550F/2718R. Next, we carried 

out sex identification from feces of wild Japanese rock ptarmigan using 2550F/2718R or 

Lm-F/Lm-R. The amplified products from the Z and W chromosomes were approximately 450 and 

600 bps with 2550F/2718R and approximately 395 and 244 bps with Lm-F/Lm-R. The amplification 

rate of the product from the Z chromosome, which is common to both sexes, was 48.6% with 

2550F/2718R and 67.98% with Lm-F/Lm-R, so there was improvement in the rate. Targeting shorter 

regions might make it possible to amplify products even with degraded DNA. However, in the case 

of feces collected in summer, the amplification rate of the product from the Z chromosome was low 

even when using primers Lm-F/Lm-R, and it may be that fecal DNA was significant degraded by 

ambient factors. 

In chapter 4, to elucidate the endocrinal status of wild Japanese rock ptarmigan, we investigated 

male and female fecal steroid hormonal concentration profiles. We carried out sex identification 

using feces with the primers Lm-F/Lm-R. In cases where sex determination was not possible, we 

categorized males or females based on appearance information from when the feces were collected. 

In females, fecal E2, P4, T, and AD reached high concentrations at May. On the other hand, high 

concentrations of T were seen during May to August and AD was seen at June in males. These 

hormonal profiles were consistent with the perception of reproductive activity in wild Japanese rock 

ptarmigan, so these profiles seemed to reflect the gonadal activity associated with reproduction. 

In this study, we were able to monitor endocrinal dynamics using extracted rectal feces. In captive 
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Svalbard rock ptarmigan, we assessed the ambient environmental effects on endocrinal dynamics 

and revealed the relationship of endocrine activity to sexual activity or appearance change by 

monitored long-term changes of fecal steroid hormonal concentrations in the same individuals. In 

wild Japanese rock ptarmigan, we could elucidate seasonal changes in gonadal activity from fecal 

steroid hormonal profiles. These results provide important endocrinal information on Japanese rock 

ptarmigan, and which will develop ex situ conservation programs.  
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