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3  
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4.6 84 

 

5  

5.1 90 

5.2 92 

5.3 94  
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1. 1990
 

 
2. 2000

 
 
3. 

 
 
 3-1. 

 
→ 2  
 

3-2.  ( vs ) 

 → 4  
 
4. 

 
→ 3
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1  
 



5 
 

11.1  

120 870

 (Mora et al., 2011)

 (Chase &  

Leibold, 2002) 1800 Humboldt (1806) Darwin (1859) 

Humboldt Darwin

 (Pianka, 1966; Rohde, 1992)

 (Pennisi, 2005; Condamine et al., 2012)

 (Kreft 

&  Jetz, 2007; Kreft et al., 2010; Qian et al., 2012)  (Rosenzweig, 1995) 

Mid-domain Effect (Colwell &  Lees, 2000; Colwell et al., 2004) 

 (Qian &  Ricklefs, 2000; Stein et al., 2014) 

 (Ricklefs, 2006; Wiens et al., 2011; 

Condamine et al., 2012) 



6 
 

 (Gaston &  Blackburn, 2008) 

2

 ( ) 

 (Sanders &  Rahbek, 2012)  

 

11.2  

1990

 (Sanders &  

Rahbek, 2012)  (1) 

(2) 

 (Lomolino, 2001; McCain, 2007a; Sanders 

&  Rahbek, 2012) 1

 ( ) 145 km  ( )

167 m  (Jump et al., 2009)



7 
 

Rahbek (1995) 

 (Lomolino, 2001; Grytnes &  McCain, 2007)

 (Machac et al., 2011)  

 (Rahbek, 1997)  (Fu et al., 2007)  

(Sanders, 2002)  (Grytnes, 2003)  (Wang et al., 2007)

 (Bachman et al., 2004) 

 (Bhattarai et al., 2004; Kluge et al., 2006)

 

(Romdal &  Grytnes, 2007) 34

38%  (McCain, 2007b)

 (Bhattarai et al., 2004; Kluge et al., 2006)

 (Acharya et al., 2011)  (Baur et al., 2014) (Sanders et al., 

2003) 



8 
 

Mid-domain Effect (MDE) 

 (Bachman et al., 2004; Kluge et al., 2006) MDE

 (Currie &  Kerr, 

2008)

 (Lomolino, 2001)  

  

1.3  

MDE

 (Rahbek, 2005; McCain, 2007a, 2009, 

2010)

 (R2

) 



9 
 

 (McCain, 2009)  

(McCain, 2010)

 (Grytnes &  

McCain, 2007; Kessler et al., 2011; Sanders &  Rahbek, 2012)  

 

(Grytnes &  McCain, 2007; McCain, 2007a, 2009, 2010)

 (Kessler, 2001c; Fu et al., 2007; 

Salas-Morales &  Meave, 2012; Wu et al., 2013) 

 (Wu et al., 2013)



10 
 

 (Kessler et al., 2007; Hoiss et al., 2012; Leingärtner et al., 2014)  

 

 

11.4  

 (Qian &  Ricklefs, 2000)

 (Mittermeier et al., 2005)

3000m

 (Shimizu, 1997)



11 
 

 

2

Mid-domain Effect

 

3



12 
 

 

4

 

(Reich et al., 1999)

 (Cordell et al., 1998; Schoettle &  Rochelle, 2000; Guo et al., 2010; 

Schöb et al., 2013)

 (Pellissier et al., 2010)

(Kessler et al., 2007)

 (10 )  

(0.1 )  (Hörandl, 2009; Beck et al., 2011; Liu et al., 2012)

 (Grusz et al., 2009)

 (Iwatsuki, 1994)



13 
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2  
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22.1  

150,806

100 m

Rarefaction 900–1100 

m 2000 m

Rarefaction  

( ) 

 (AET)  (PET) 

Mid domain Effect



16 
 

 

 

22.2  

 (Kessler, 2009; Acharya et al., 2011; Karger et al., 2011)

 (Körner, 1999; Lomolino, 2001)

90

3  (Rahbek, 1995, 2005) (1) 

(2) (3) 

 (Rahbek, 1995; Kessler, 2000; Grytnes &  Beaman, 2006; 

Grau et al., 2007)  

(Herzog et al., 2005)



17 
 

 (Machac et 

al., 2011)  

 (McCain 

2007b for bats, 2009 for birds, 2010 for repitle; Kessler et al. 2011 for ferns)

70

 (Rahbek, 2005)

 (McCain, 2010)

 (Grytnes et al., 2006; Grau et al., 

2007)

 (Lomolino, 2001; Wu et 

al., 2013)  

 

 (Ohwi et al., 1965)

 (Mittermeier 



18 
 

et al., 2005)

 (Ohwi et al., 1965; Iwatsuki, 1994)

 (Ohwi et al., 1965; Milne &  Abbott, 2002)

3000 m

 (Iwatsuki, 1994; Shimizu, 1997)

 (Iwatsuki et al., 1995)

 (Kubota et al., 2014)

 (Koidzumi, 1919; 

Fujii et al., 1999; Ikeda et al., 2006; Ikeda &  Setoguchi, 2007)

 (1) 

(2) 

 [

Mid-domain 



19 
 

effect (MDE) ]  ( ) (3) 

 

MDE

900 m 1,500 m
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22.3  

2.3.1  

 (35.20°N–37.03°N, 137.3°E–

138.7°E)  (  2.1) 300 m 3190 m

 (  2.2 a,b)  

(http://nlftp.mlit.go.jp/ksj/index.html) 1 km × 1 km

13,000 km2

 (  2.2e)  

(http://www.gsi.go.jp/index.html) 10 m

GIS  (http://cgisj.jp/) 

100 m ArcGIS 10.0 

(ESRI, Redlands, CA, USA)  

2.3.2  

 

(Kanai &  Shimizu, 2006) 

40

150,806

 (SHIN)  (MAK) 



21 
 

‘ ’

300 m 3100 m 100 m

 ( 300 m 300 m 399 m )

 

(Grytnes &  Romdal, 2008) Rarefaction 

( )  

 (  2.3a)

 (  2.3b)  (  2.3c)

Arrhenius (1921)

 (Karger et al., 2011)  

S = cAZ 



22 
 

S c A z

z ―

z 4

2212  (1 ha/site) 

z  (0.26) c S = 

c10000.26 1,000 km2

 

Rarefaction

 (Grytnes &  Beaman, 2006; Brehm et al., 2007) Rarefaction

Rarefaction

Rarefaction

Rarefaction

individual-based rarefaction  (Gotelli &  Colwell, 2001; 

Grytnes &  Beaman, 2006)

760

42
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 [

 (PET)  (AET)]  

( MDE ) 

PET

PET Holland (1978) 

(Marini et al., 2011) [PET = (1.2 × 1010 exp (-4620/TK)] TK 

 (K) AET ―

 (Kreft et al., 2010) AET Turc (1954) 

 (Kluge et al., 2006) <AET = P/[0.9+ (P/L)2]1/2> P L 

= 300 + 25T + 0.05T3 T =  ( ) MDE

 (Colwell &  

Lees, 2000)

 (Colwell et al., 2004)

MDE RangeModel 5 

(Colwell, 2006) 300 3,100 m

5,000

MDE Jetz & Rahbek (2002) 



24 
 

MDE 3

(1) <500 m (small n = 1,090) (2) 500–1,500 m  (medium

n = 1,675)  (3) >1,500 m (large n = 1,162)

3  

6  ( PET AET)  (

MDE) 2 4 VIF (

) 

― AET

R 2.14.0 for Windows 

(R Development Core Team, 2009) SAM v. 4.0 (Rangel et al., 2010) 

 

 

22.4  

3,907 3,610

297



25 
 

900–1,100 m  (  2.4a)

900–1,100 m

2,000 m  

(  2.4b)  (600 m) 

 (  2.4a)  

(  2.4b) Individual based rarefaction  (  2.5) Rarefaction

 (  

2.4c) Rarefaction  (  2.5)  

 (  

2.6)  (<500 m)  (600–700 m) 

 (2,800 m)  (  2.6a)

1,000 m 1,000 m 1,000 m

 (  2.6a)

 (500–1,500 m) 800–900 m

2,800 m  (  2.6b)

 (  2.6b)  (>1,500 m) 



26 
 

1,300–2,000 m  (  

2.6c)  

PET AET  (  

2.1) MDE

PET AET

MDE

 (  2.2)

 (AET)  ( MDE) 

 (66%) 

 (93.7%) (  2.7a)

 (AET)  ( MDE)  (  

2.7b-d)

 (R2)  (  2.7b)

 (9.5% 47.3%)  (58.3% 66.9%) 

 (  2.7d)

 (  2.7c)  
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22.5  

2.5.1.  

Rarefaction

2

Rarefaction 1,200 m

Rarefaction

 (

) 

1,000 m

13,078 760  2.4c

760 900 1,000 m 300 400 m

900 1,000 m  (  2.5b)

4,000 Rarefaction

900 1,000m 300 400m  (  2.5a)
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900 m

 

Rarefaction 1,200 m

42 900 1,000 m 300 400 m

 (  2.5b) 600 300 400 m

900 1,000 m  (  2.4a)

Rarefaction

 

(Olszewski, 2004; Grytnes &  Romdal, 2008)
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22.5.2.  

 (Kessler, 

2001c; Bhattarai &  Vetaas, 2003; Bhattarai et al., 2004)

 (  2.1)

 + AET 

(R2 = 0.889 AIC = 376.33) 

900 m

Hengduan

 (Fu et al., 2007; Wang et al., 2007; 

Zhang et al., 2009; Wu et al., 2013)



30 
 

AET (R2 = 0.937 AIC = 233.66) 

 (Bhattarai et al., 2004; Kluge et al., 2006)

 

 

(Barrington, 1993; Kluge et al., 2008)  

(Kessler, 2001b; Hemp, 2002)  

(Bhattarai et al., 2004; Kluge et al., 2006) 

PET

AET

―



31 
 

 (Colwell et al., 2004; 

Brehm et al., 2007)

PET AET MDE

MDE

MDE

 

22.5.3.  

MDE

 

(Ikeda et al., 2006; Ikeda &  Setoguchi, 2007) 

 (Koidzumi, 1919; Fujii et al., 1999; Ikeda et al., 2009)

 (Ikeda et al., 2006, 2009) 



32 
 

(Ikeda et al., 2008b, a, 2009)

 

 

 (Nekola &  White, 1999)

β

β

β

 

22.5.4. Mid-domain effect  

 ( 82% 66%)

 (Rahbek, 1997)



33 
 

 (Rosenzweig, 1995)

Hengduan

 (Fu et al., 2007; Wang et al., 2007; Zhang et al., 2009; Wu et al., 2013)

 (Bhattarai et al., 2004; Kluge et al., 2006) 3

 (  2.1 2.2)

 ( 82% 70%)  ( 44%

11%)  ( 15% 42%) 

MDE

MDE

 (Wang et al., 



34 
 

2007)  (Wu et al., 2013)  (Brehm et al., 2007) 

Colwell 

et al. (2004) 

MDE

MDE

 

 

(Kessler et al., 2011; Wu et al., 2013) 3,000 m
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 2.1  ( ) 
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 2.2  (a)  (b)  

(c)  (PET) (d)  (AET) (e) 
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 2.3  (b)  

(c)  
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 2.4 (a)  (b)  (c) Rarefaction

Fredman smoother  (span=0.3) 

MDE  
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 2.5 (a) Individual based rarefaction  (b) 

Rarefaction Rarefaction

 (Rarefaction 760

42)  ( 300 300–399 m

)

Rarefaction  
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 2.6 

MDE  
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 2.7  

Area MDE Mid-domain Effect AET Area MDE

AET  (R2) 
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3  
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33.1  

 

27 21

6

7

2 4

McCain (2007b) 



46 
 

 

 

33.2  

 (Körner, 

1999)

 (R2 )  (Rahbek, 2005; McCain, 2007a, 

2009, 2010)

 (Grytnes &  McCain, 2007; Kessler et al., 2011; 

Sanders &  Rahbek, 2012)  

 (Sato, 1982)  (Barrington, 

1993)



47 
 

 (Sato, 1982; Barrington, 1993; Greer et al., 

1997; Ferrer-Castán &  Vetaas, 2005; Kluge et al., 2008) 2

 (Kessler et al., 2001)
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33.3  

3.3.1  

 (34.57–37.03°N, 136.6–

138.7°E) 2000 2011

807  (1 ha: 100 m × 100 m or 20 m × 500 m)  (  

3.1)

 (scale, 1: 50 000) 5 km × 5 km

1 0 m 2,500 m

 

2013 6  

(32.10–32.30°N, 130.7–131.2°E) 32  (400 m2 20 m × 20 

m) 400 m2 ( 20 m × 20 

m) 
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33.3.2  

100 m

22  ( 300 m 300

399 m ) 200 m 8

 (chao 2 Jackknife 1 Jackknife 2 Bootstrap) 

4  

The central Himalayas, Nepal (Bhattarai et 

al., 2004) Mt. Kinabalu, Borneo Parque Nacional  (PN)  Carrasco, 

Bolivia (Kessler et al., 2001) Mt. Kilimanjaro, Tanzania (Hemp, 2002) Costa 

Rica (Kluge et al., 2006) Mt. Kinabalu  PN Carrasco

400 m2 The 

central Himalayas Mt. Kilimanjaro Costa Rica

 



50 
 

 (Guo et al., 2013) 

 (Unclear)  

 (  / ) 

 

 

33.4  

261 106

400−900 m
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600 m  (  3.2)  

 3.3 5

 

 27

21 6

3 7

 (  3.4)  

 

1548 ± 479 m (mean ± SD) 469 ± 368 m (mean ± SD)

 (F1, 27 = 32.95, P<0.001) (  3.5a)

0.59 ± 0.23 (mean ± SD)

0.27 ± 0.27 (mean ± SD)  

(F1, 27 = 5.82, P<0.001) (  3.5b)  
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33.5  

 

 (Rahbek, 1995, 2005)

 (  3.3 3.4)

Guo et al. (2013) 

6 5

1 2,500 m2



53 
 

 

2

 (  3.3)

 (  3.5)

 

(Kessler et al., 2011)

 

(Bhattarai et al., 2004)

 (Kluge et al., 2006)

 (Kessler et al., 2011)  



54 
 

 (McCain, 2009)

 (McCain, 2007a, 2009) McCain

Aridity Index (Aridity Index = 

/PET) 0.5 Mt. Kilimanjaro

Aridity Index 0.42

1.19 Costa Rica 1.79 Bolivia 1.52

Aridity Index

Aridity Index



55 
 

 

 (Kreft et al., 2010)

 (Kluge et al., 2006; Kessler, 2010; Kessler et 



56 
 

al., 2011) Kessler et al. (2011) 14 13

 (Kessler et al., 2011)

 

2

MDE
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 3.1  

808

32

 



59 
 

 

 3.2  

(a)  (b) 

○

●  

  



60 
 

 

 3.3  

(a) (b) (c) Mt. Kilimanjaro, Tanzania 

(Hemp, 2002) (d) Mt. Kinabalu, Borneo (Kessler et al., 2001) (e) Mt. 

Himalayas, Nepal (Bhattarai et al., 2004) (f) Costa Rica (Kluge et al., 2006)

(g) PN Carrasco, Bolivia (Kessler et al., 2001)  



61 
 

 

 3.4 

21 6  

  



62 
 

 

 3.5 

1548 ± 479 m (mean ± SD) 469 ± 

368 m (mean ± SD) 0.59 ± 0.23 (mean ± SD)

0.27 ± 0.27 (mean ± SD)   
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4  
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44.1  

1,500

1500



65 
 

 

 

44.2  

 (McCain, 2007a, 2009, 2010)

 (Kessler, 

2001c; Wu et al., 2013)

 (Kessler et al., 2007; 

Hoiss et al., 2012; Leingärtner et al., 2014) 

 (Reich et al., 1999)

 (Cordell et al., 1998; 



66 
 

Schoettle &  Rochelle, 2000; Guo et al., 2010; Schöb et al., 2013)

 (Pellissier et al., 2010)

 (Kessler et al., 2007)

 

 

(Hörandl, 2006) agamospory (

)  (Bayer &  Stebbins, 

1983; Bierzychudek, 1985; van Dijk, 2003; Kearney, 2005; Hörandl, 2009, 

2011; dos Santos et al., 2012)

 

(Asker &  Jerling, 1992)

‘ ’

 (Baker, 1955)

(Bayer &  Stebbins, 1983; Bierzychudek, 1985; 

van Dijk, 2003; Kearney, 2005)  



67 
 

 

 (Asker &  Jerling, 1992)

diplospores apogamy

 (Lovis, 1977; Walker, 1985; Bell, 1992)

 (Schneller &  Krattinger, 2010) 10

 (Walker, 1985)  (10 ) 

 (0.1 )  (Hörandl, 

2009; Beck et al., 2011; Liu et al., 2012)

 (Grusz et al., 2009)

 (Schneider et al., 

2004)

 (Schneider et al., 2004; Rathinasabapathi, 2006)

 (Schuettpelz &  Pryer, 2009)

3 (Kawai et al., 2003) 

 (Schuettpelz &  



68 
 

Pryer, 2009) 

Wang et al. (2012)

Lepisorus

Liu et al. (2012) polystichoid ferns

1,500

 (Beck 

et al., 2011; Liu et al., 2012)

 (Asker &  Jerling, 1992; Mogie, 1992)

 

 (Whittier, 1968, 

1970)

 (Lu et al., 2006)

 (Iwatsuki, 1994)
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1) 2) 

3) 4) 

5) 

 

 (1) 

(2) 

(3) 

(4) 

 

 

44.3  

4.3.1  



70 
 

2

 (Kanai &  Shimizu, 2006) 2000

2011 2,212

2 300 m 3,100 m 100 

m  ( 300 m 300 399 m )

 

 (Kurata &  Nakaike, 

1979–97) 

134  (2,820 km2 / ) 

 (

)  

Takamiya (1996) 

 [‘sex (sexual

)’ ‘apo (apogamy )’ ‘irr (irregular meiosis )’



71 
 

] 

polypod

polypod

polypod 318  ( 265

53 ) 177  ( 154 23

) 

 

44.3.2  

 (  / ) 

 (GLM) 

link logit

GLM

 (6 12 ) 

2
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127 1981 2010  

44.3.3  

Ebihara (2011) GenBank

rbcL 1,205 bp

polypod

polypod 318 177

rbcL

ClustalW (Thompson et al., 1994) 

Kakusan 4 (Tanabe, 2011)  

(AIC) 

Mix Model 1 3 GTR + I +Γ

2 SKY + I + Γ MrBayes 3.2 

(Ronquist et al., 2012) 5,000,000 100

25 burn-in

 (PP)  

BEAST v. 1.8.0 (Drummond &  Rambaut, 2007) 



73 
 

relaxed log-normal clock Death-Birth speciation 

process

Schneider et al. (2004) Schuettpelz & Pryer 

(2009) 4 stem group (Pteroids Dennstaedtia/Microlepia 

clade Athyrioids Polygrammoids) 

BEAUTi (part of the Beast package) 

Pteroids stem group log-normal (mean = 2.5 SD = 0.5

offset = 93.5) Dennstamicrole stem group log-normal  (mean = 2.5 SD 

= 0.5 offset = 70.6) Athyrioids stem group log-normal (mean = 3.5 SD 

= 0.5 offset = 37.2) Polygrammoids stem group log-normal  (mean = 3.5

SD = 0.5 offset = 33.9) The root node log-normal (mean = 4.0 SD = 0.2

offset = 121.0) 60,000,000 1,000

25 burn-in LogCombiner v.1.8.0 (part of the 

Beast package) 9,000

polypods 6,000 

TreeAnnotator v.1.8.0 (part of the Beast package) 

 (PP) 

Tracer v. 1.5 (part of the Beast package)  
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Mesquite 2.75 (Maddison &  Maddison, 2001) 

 (0)  (1) Mk1

 

 

 Net relatedness index (NRI)  (Webb et al., 

2002) NRI  (Mean phylogenetic 

distance: MPD)  (Webb et al., 

2002)  

NRI = -1 × (MPDobserved - MPDrandomized) / sdMPDrandomized 

MPDobserved MPDrandomized

sdMPDrandomized

999 NRI

MPD

NRI MPD

 (Webb et al., 2002) R

picante (Kembel et al., 2010)  

 



75 
 

44.4  

 (  4.1a) 600–900 m

 (  4.1a) 2,100 m

 (  4.3b) GLM

 (  4.1)

 (  4.1) AIC

 (  4.1)  

 (  4.3c) 42.33°N  

( )  (  4.3d)

 (  4.1) AIC

 (  4.1)  
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MrBayes Beast

8 Pteris Hymenasplenium Asplenium Deparia

Diplazium Cyrtomium Polystichum Dryopteris  (  4.2)

1,500

 (  4.2)  

NRI

NRI  (  4.3a)

NRI

NRI

NRI  (  4.3b)  

 (  4.4)  
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44.5  

4.5.1.  

 (  4.1)  (  3.1)

42.33°N ( 3.33°C) 2,100 

m ( 5.75°C) 

 

 (Chao et al., 

2012)  (Whittier, 1970; Guo et al., 

2003; Regalado Gabancho et al., 2010)
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 (Stebbins, 1950; Dvorak &  Fowler, 1978)

 (Sakai &  Larcher, 1987; Limin &  Fowler, 1989; Breman et al., 

2009)

 (Sato &  Sakai, 1981; Sato, 

1982)

 

44.5.2.  

 (  4.1)

 (  4.2) 

1,500  (Liu et 

al., 2012) Polystichoid
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 (Zhisheng et 

al., 2001; Little &  Barrington, 2003; Driscoll &  Barrington, 2007; Liu et 

al., 2012)

1,500

 (  4.1)
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 ( ) 

 ( ) 

 (Gaston, 2000; Chase &  

Leibold, 2002; Pearson &  Dawson, 2003)

 (Iwatsuki, 1994) 

AIC

AIC

 (  4.1)

 

44.5.3.  

 (  4.2)

 (  4.3)

 (
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) 

polypod  (  4.4)

 (Liu 

et al., 2012)  (Nitta et al., 

2011; Chao et al., 2012)

 

44.5.4.  

 “ Paradox of sex” 
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 (Asker &  Jerling, 

1992)  (

) 

 

(Mogie, 1992)

64 32

 (Lovis, 1977) 50%

 (Mogie, 1990)

 (APE) 

 (Mogie, 2013) Mogie (2013) 

APE
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Liu et al. (2012) “  ( ) 

”

polypod
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 4.1  

(GLM)  

  GLM  
 

 

  Estimate z value P value  ρ value  P value 

 1.  

 -0.002  -6.54  < 0.001 -0.98  < 0.001 

 0.314  6.50  < 0.001 0.98  < 0.001 

 -0.002  -6.46  < 0.001   -0.95  < 0.001 
* -0.013  -5.97  < 0.001   -0.93  < 0.001 

 2.  

 -0.113  -5.35  < 0.001 -0.92  < 0.001 

   0.181  6.57  < 0.001 0.97  < 0.001 

 0.001  4.56  < 0.001 0.84  < 0.001 

 * 0.003  5.05  < 0.001  0.91  < 0.001 

*6 12  
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 4.1  (a)  ( ○ )  (

)  (b)  (c) 

 ( ○ )  ( )  (d) 

Fredman smoother  (span=0.3)  
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 4.2 polypod
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 4.3 (a) NRI  (b) 

NRI NRI

NRI  
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 4.4  (a) Dryopteridaceae  (b) 
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5  
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55.1  

 

(1) 

 ( 2 ) (2) 

 ( 2 )

(3) 

 ( 3 ) (4) 

 ( 3 ) (5) 

 ( 4 ) (6) 
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 ( 4 )  

‘ ’ 2

 ( vs ) 3  ( vs )

4  ( vs ) 

1 1

“ ”(Sanders &  Rahbek, 2012) 

3 ‘ ’
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55.2  

 (Kluge et al., 2006; Kreft et al., 2010)

 (Sato, 1982; Tryon, 1986; Barrington, 1993; Iwatsuki, 1994; 

Kessler, 2001a; Guo et al., 2003; Bhattarai et al., 2004; Kluge et al., 2006; 

Watkins Jr et al., 2006; Marini et al., 2011)

Kreft et al. (2010) 

 

(Rathinasabapathi, 2006)  
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(Lomolino, 2001; Karger et al., 2011)

(Rahbek, 1997; 

Sanders, 2002; Grytnes, 2003; Bachman et al., 2004; Grytnes &  Beaman, 

2006; Fu et al., 2007; Wang et al., 2007) 

 (Bhattarai &  Vetaas, 2003; Kluge et al., 2006; McCain, 2007b)
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55.3  

7

 (Rahbek, 2005)

 (Guo et al., 

2013)

 

2

 (Kessler et al., 2011)
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(Bhattarai &  Vetaas, 2003; Bhattarai et al., 2004; Kluge et al., 2006)

 (Kluge et al., 2006; Kessler, 2010; Kessler et al., 2011)

 

 

55.4  

 (Hörandl, 2006)
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1500

1  (Schneider 

et al., 2004) polypod  ( 5500

3500 ) 

3 1

 (Schuettpelz &  Pryer, 2009) 10 %

 

(Grusz et al., 2009; Liu et al., 2012)

 (Iwatsuki, 1994)
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 (  4.3)

 (Webb et al., 2002)

 (Whittier, 

1968, 1970) 

 

 

55.5  
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