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│∂╘⌐ 

 

⸗♬♃ꜞfi◓ ⁸₈⸗♬♃ꜞfi◓◘▬♩ 1000₉≤™℮

│⁸ 14 ⌐ ⌐ ∆╢ ⌐≡ ↕╣√₈

₉⌐ ⇔≡⁸ 15 ⅛╠ ⇔√⁹ 24 ⌐ ↕╣√

₈ 2012 2020 ⅛⌂ ─ ⌐ ⱴ♇ⱪ₉♪כ꜡√↑

⌐⅔™≡╙⁸ ⌐ ╡ ╗═⅝ ─ ─ ≢⁸╕√⁸ ─ ╩│∂

╘≤∆╢⁸╦⅜ ─ ─ ≤ ⌂ ⌐ ∆╢ ─ ≢⁸ ─

─♃כ♦ ≤ ⌂ ⌐╟∫≡ ╩ ⇔⁸ ⌐ ┘≈↑╢√

╘⌐⁸⸗♬♃ꜞfi◓◘▬♩ 1000─ ⅜№→╠╣≡™╢⁹ 

│⁸ ─ ₁⌂♃▬ⱪ─ ⁸ ה ⁸ ⁸ ה ⁸

⁸ ⁸ ⁸▪ⱴ⸗ ⁸ ⁸◘fi◗ ⁸ ⌐ י1000ִ ─ ◘▬♩╩

⇔⁸100 ╩ ≤⇔≡ ⇔≡⸗♬♃ꜞfi◓∆╢↓≤⌐╟╡⁸ ─ ⌂≥⁸

─ ╩™∟ ↄ ⅎ⁸ ⅛≈ ⌂ ⅔╟┘ ─ ⌐≈⌂

→╢↓≤╩ ≤⇔≡™╢⁹ ╩ ◘▬◒ꜟ≤⇔⁸ 15 19 ╩

⁸ ◘▬♩ ⁸ ─ ⁸ ─√╘─ ≤⇔≡ ≠↑⁸ 20

⅛╠ ╩ ⇔≡™╢⁹╕√⁸ 20 12 ⌐⸗♬♃ꜞfi◓◘▬♩

1000 ╩ ⇔⁸ 21 ⌐│⁸ ─ ≤ ⌂

╩ 2 ≤⇔≡ ╘√⁹ 

⸗♬♃ꜞfi◓◘▬♩ 1000 ─ │⁸ ♃▬ⱪ ⌐ ה ⌐ ⇔

≡ ╩ ⁸ ╩ ⇔⁸∕─ ⌂ ⌐╟╡ ⅔╟┘

─ ╩ ∆╢╙─≢№╢⁹ ─ ⌐ √∫≡│⁸ ∆╢ ╛ ─

⁸NPO⁸ Ⱳꜝfi♥▫▪ ⁸ ⌂ ─ ╩ ≡⅔╡⁸↓─↓≤│⁸ ─

╩ ∆╢≤ ⌐⁸ ⅛≈ ─ ™ ─ ⅔╟┘ ╩ ⌐⇔≡™╢⁹

↕╣√ │⁸ ה ⇔⁸ ─ⱱכⱶⱭכ☺╩ ∂≡ ↄ ⌐ ∆╢↓≤

⌐╟╡⁸ │╙∟╤╪⁸ ⁸NPO⁸ Ⱳꜝfi♥▫▪⁸ ⁸ ⌂≥⌐⅔™

≡ ↄ ↕╣╢↓≤╩ ⇔≡™╢⁹ 

 

 ⅔╟┘ │⁸ ⁸ ⁸ ⌐╟╢ ╛

─ ⌂≥⁸ ₁⌂ ╩ ↑ ∆╢≢№╤℮≤™╦╣≡™╢⁹ ⌐

─ ⌐≈™≡│⁸ ╛ ─ ה ─ ⁸ ─ ⅜

↕╣≡⅔╡⁸ ─ ╛ ─☻ⱦכ◘ ╩ ↄ⅔∕╣⅜№╢⁹↓╣╠

─ │⁸ ⌐│ ⅎ⌐ↄ™╙─╙ ™√╘⁸ ⅔╟┘ ╩ ⌐⸗

♬♃ꜞfi◓⇔≡™ↄ↓≤⅜ ≢№╢⁹ 

 ⸗♬♃ꜞfi◓◘▬♩ 1000 ה ≢│⁸ ─ ─╙≤⁸ ≤⇔≡



 

 

⁸ ⅔╟┘ ╩ ⇔⁸ ⁸ ⁸ ה ⁸ ⇔√

─ ⁸ ⅔╟┘ ─ ≤ ⌐≈™≡⁸ 16 ⅛╠⸗♬♃ꜞ

fi◓╩ ⇔≡™╢⁹ 

 ◘▬♩│⁸◖▪◘▬♩ ⁸ ╩ ⁸ ◖▪◘▬♩ ⌐ ⁸

⁸ ⁸ ╩ ⁸ ◘▬♩ ⌐ ⁸ ╩ ─

⅜№╡⁸ ╛ ⌐ ╩ ↑≡ ⇔≡™╢⁹ 

 ⌐⅔™≡⁸◖▪◘▬♩⅔╟┘ ◖▪◘▬♩│ ─ ™ ╩ ≤⇔⁸

╛ ⌂⸗♬♃ꜞfi◓Ⱡ♇♩꞉כ◒≤─ ⌐ ⇔⁸◖▪◘▬♩╩ 18◘▬♩⁸

◖▪◘▬♩╩ 19◘▬♩─ 37◘▬♩⅜ ↕╣≡™√⁹ ⌐⅔™≡│⁸◖▪◘

▬♩⅜ ◘▬♩⁸ ◖▪◘▬♩⅜ ◘▬♩ ⇔⁸ 48◘▬♩≤⌂∫√⁹↓╣╠─◖▪

◘▬♩⅔╟┘ ◖▪◘▬♩≢│ ≢ ⌂ ╩ ™⁸ ─ ⌐

⇔≡⁸ ∂√ ─ ╛ ─ ╩ ⇔≡™╢⁹ 

 ╕√⁸ ◘▬♩│ 1 ⌐ ⌐ 253◘▬♩⁸ ⌐ 53◘▬♩⁸

306◘▬♩⅜ ↕╣≡™√⁹ 2 ⌐│ ⅜ 345◘▬♩⁸ ⅜ 74◘▬

♩⁸ 419◘▬♩≤◘▬♩ ╩ ╛⇔⁸ Ⱳꜝfi♥▫▪⌐╟╢ ⅜ ∫≡™╢

─ ⌂ ╩ ⇔√⁹ ◘▬♩≢│⁸ ─ ™ ─ ╩│

∂╘⁸↕╠⌐ ─ ╩ ⅎ╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ⅔╟┘ ⌐⅔™≡⁸ ⅔╟┘ ⌐ ⇔√⸗♬♃ꜞ

fi◓◘▬♩ 1000─ ╩ ⌐ ╡╕≤╘√╙─≢№╢⁹ ⇔√ ⌐ ↕

╣╢ ⅔╟┘ ─ ╩ ⇔≡™ↄ√╘⁸ ╩ ⇔≡™╢◖

▪◘▬♩⌐≈™≡│ 16 ⅛╠ 24 ─ ⌐ ╢╟⌐♃כ♦√╣↕

─ ⌂ ╛ ⌂ ╩⁸ ⌐ ╩ ⇔≡™╢ ◖▪◘

▬♩⅔╟┘ ◘▬♩⌐≈™≡│⁸ ≤ ─ ╩ ⌐ ⇔√⁹ ⌐│⁸

⌐⅔™≡ ≤⇔≡─ ⁸ ⁸ ─ ⌐⅔↑╢ ≤

⌐≈™≡ ⇔⁸ ⌐⅔™≡⁸ ⅛╠ ╩ ∂≡ ₁⌂ ה

⌐◘▬♩⅜ ↕╣√↓≤╩ ⇔⁸ ≢ ⁸ ≢│ ה ┼─

≤⇔≡⁸ ≢ ↕╣√₈ ─ ≈─ ₉≤ ╩

↕∑≡ ╡╕≤╘╢ ⅛╠ ╩ ⇔√⁹ ≢│ ╩♃כ♦─ ™√

╩ ⇔⁸ ≢│ ╩₈ ─ ≈─ ₉≤ ↕∑⌂⅜╠

╩ ∫√⁹↕╠⌐⁸ ≢│ ╡╕≤╘⌐ ⇔≡ ↕╣≡™√⁸

─ ≤ ╩ ╕ⅎ⁸ ⌐⅔↑╢ ─ ⅔╟┘ ⌐ ↑√ ─

≤ ╘ ⌐≈™≡╕≤╘√⁹ 

 ─ ⌐№√∫≡│⁸ ◘▬♩⌐⅔↑╢◘▬♩ ⅔╟┘ ─ ⁸

⅔╟┘ ꞉כ◐fi◓כꜟ◓הⱪ ─ ⌐ ⌂↔ ╩™√∞™√⁹↓↓⌐

ↄ ⇔ →╢⁹ 

27  ☿fi♃כ



 

 

  

│∂╘⌐ 

  ééééééééééééééééééééééééééééééééééi 

Summary ééééééééééééééééééééééééééééééééxvii  

 

ה ─ éééééééééééééééééééééééé1 

ééééééééééééééééééééééééééééééééé1 

éééééééééééééééééééééééééééé2 

ééééééééééééééééééééééééééééééééé3 

◘▬♩ ééééééééééééééééééééééééééééééé5 

ה▪◖ ◖▪◘▬♩ éééééééééééééééééééééé5 

◘▬♩ ééééééééééééééééééééééééé13 

ééééééééééééééééééééééééééééééééé15 

ה▪◖ ◖▪◘▬♩ éééééééééééééééééééééé15 

◘▬♩ ééééééééééééééééééééééééé18 

ה ─ ≤ ─ éééééééééééééééééééé23 

─ ≈─ ≤⸗♬♃ꜞfi◓◘▬♩ 1000ééééééééééé23 

─ ≈─  ééééééééééééééééééééééé23 

⸗♬♃ꜞfi◓◘▬♩ 1000─ éééééééééééééééééééé24 

⌂ ⌐╟╢ ה ה ─ ééééééééééé24 

─ ה ─ ééééééééééééééééééééé25 

─ ⌐╟╢ ─ ─ éééééééééééééé25 

─ ⅝⅛↑─ ה ⌐╟╢ ה ─ ─ éééé29 

─ ⌐╟╢ ─ éééééééééééééééé34 

⌐╟╢ ┼─ ─ éééééééééééééé34 

─ éééééééééééééééééééééééééééé40 

─ ééééééééééééééééééééééé42 

⌐ ∆╢ ─ ⅝⅛↑─ ה ⌐╟╢ 

─ ─ éééééééé44 

─ éééééééééééééééééééééééé44 

ה ─ ééééééééééééééééééééééééé48 

éééééééééééééééééééééééééééééé48 

─ ה ┼─ ⁸ ה éééééééééééé49 

─ ⁸ ה ─ ééééééééééééééééééé89 

─ ééééééééééééééééééééééééééé118 



 

 

─ ה ─ éééééééééééééééééééé128 

─ éééééééééééééééééééééééééé132 

⌐ ∆╢ ─ ⅝⅛↑─ ה ⌐ ℮ ─ éé143 

    ─ ─ ééééééééééééééééééééééé144 

◦◌─ ééééééééééééééééééééééééééé158 

  ─ éééééééééééééééééééééééééééé174 

ééééééééééééééééééééééééééééééé182 

ה ┼─ ─ ééééééééééééééééééééé182 

ééééééééééééééééééééééééééééééééééé192 

⌐╟╢ éééééééééééééééééééééééé192 

⌐ ∆╢ ─ ⅝⅛↑─ ה ⌐ ℮ 

─ ⌐╟╢ éééééé194 

⌐╟╢ éééééééééééééééééééééééééé196 

⌐ ↑√ ≤ ééééééééééééééééééééééééé198 

◘▬♩ ⅔╟┘ ─ ééééééééééééééééééé198 

⌂ ééééééééééééééééééééééééé200 

─ ה ⅔╟┘ ééééééééééééééééééééé201 

─ ┼─ ééééééééééééééééééééééé204 

╖≤─ éééééééééééééééééééééééé206 

ééééééééééééééééééééééééééééééééé208 

─ ééééééééééééééééééééééééééé208 

─√╘⌐ ™√ ─ éééééééééééééééé215 

éééééééééééééééééééééééééééééé219 

 



 

i  

 

  
 

 

ה ─  

⸗♬♃ꜞfi◓◘▬♩ 1000 ה ≢│⁸ ה ─ ╩ ∆╢√╘⁸

≤⌂╢ ≤⇔≡⁸ ⁸ ⅔╟┘ ╩ ⇔√ ⁹ │⁸ ─

⌂ ≢№╡⁸ ─ ⌐⅔™≡ ⅝⌂ ╩ √∆≤≤╙⌐⁸ ₁⌂ ⌐

╛ ╩ ⇔≡™╢⁹∕─√╘⁸ ─ │⁸ ─ ╛ ─

─ ┼ ╩ ⅎ╢⁹╕√⁸ │ ╠ ≢⅝∏⁸ ⅜ ™√╘⁸ ⁸

╛ ─ ⅜ ─ ─ ≤⌂╢≤ ⅎ╠╣╢⁹

─ ↄ│⁸ ─ ≢ ─ ≤⇔≡─ ╩ ≈⁹↓╣╠─ │

⅜ ↄ⁸ ⅜ ™⁹∕─√╘⁸ ╛ ─ ⅜⁸ ⌂ ⁸ ⌐

─ ─ ⌐⌂╢≤ ↕╣╢⁹ │⁸ ⅛╠ ⁸ ╕≢⁸ ⇔

≡™╢ ⅜ ≢№╢⁹ ⅜ ↄ⁸ ─ ⅜ ╛ ≤ ═ ⌐ ⅝

™⁹∕─√╘⁸ ⁸ ⁸ ─ ⅜⁸ ╛ ⁸ ─ ⌐╟╢ ⌂

─ ≤⌂╢≤ ⅎ╠╣╢⁹ ≤⇔≡⁸ ⁸ ⁸ ⌂≥─

─ ╛⁸ ⅔╟┘ ─ ⅜ ⌐ ≢⅝╢╟℮⌐ ↕╣≡™╢⁹ 

 

 

 
1  

 



 

ii  

 

◘▬♩  
◖▪◘▬♩⁸ ◖▪◘▬♩⁸ ◘▬♩─ ╩ ↑⁸ ╛ ⌐ ╩ ↑≡

⇔√⁹◖▪◘▬♩⅔╟┘ ◖▪◘▬♩│ ─ ⌐ ⇔⁸ ∂√ ─

╛ ─ ╩ ⇔≡™╢⁹∕─√╘⁸ ─ ™ ╩ ≤⇔⁸ ╛

⌂⸗♬♃ꜞfi◓Ⱡ♇♩꞉כ◒ Ⱡ♇♩꞉כ◒ ILTER: International 

Long-Term Ecological Research Network ≤─ ⌐ ⇔≡⁸◖▪◘▬♩ 20 ⁸ ◖

▪◘▬♩ 28 ─⁸ 48 ◘▬♩╩ ⇔√ ⁹ ◘▬♩│⁸ ─ ™ ─

─ ╩│∂╘⁸↕╠⌐ ─ ╩ ⅎ╢↓≤╩ ⇔≡⅔╡⁸ ⅔╟┘

⌐ 419◘▬♩╩ ⇔√ ⁹ 

 

 
2 1000  

 

* 2010  

 



 

iii  

 

3 ◘▬♩ ⁹ 

ừ ◘▬♩ 

ừ ◘▬♩ 

 
 

⁸ ה

⁸ ⁸

╩ ∫√⁹◖▪◘▬♩≢│ ⁸

╩ ⇔⁸ ◖▪◘▬♩≢

│ ⌐ ⁸ ⅔╟┘

╩ ⇔√⁹ ◘▬♩≢│⁸

⌐╟╢ ─╙≤⁸

╩ ⌐ ⇔√⁹ 

 

ה ─ ≤

─  
 

⁸ ₁⌂ ─ ⌐

↕╣≡™╢ ─ ─ ≤∕

─ ╩ ∆╢√╘⁸Γ

─ ≈─ Δ≤─ ╩ ⇔

√ ≢⁸ ⌐≈™≡ ╩ ∫√⁹╕∏ 20 ⅛╠ ≢ ⇔⁸ ─ ≡─

≤ ⌐ ╩ ╓∆ ─№╢ ─ ╩ ⇔√ ─ ⁹ ⌐ 1960

⁸ ─ ≢ ⇔≡™╢⁸ ⌐╟╢ ┼─ ⅝⅛↑─ ה ⌐╟╢

─ ⌐≈™≡ ⇔√⁹ ⌐⁸ ─ ╛ ⌂ ⌐╟╢ ⅜ ⇔

≡™╢ ⌐╟╢ ─ ⌐ ⇔≡ ⇔√⁹ 

 ⌂⅔⁸ ╛ ⌂≥ ─ ⅜ ≤⌂╢ ─ ⌐≈™≡│⁸1950 ⅛╠

╕≢ ─ ⌐ ⅝⌂ │⌂™╙──⁸ ─ ™ ─ ⅔╟┘ ─ ─

⅜ ∂≡™╢⅜⁸ ─ ◘▬♩⅜ ╛ ─ ╩ ↑⌐ↄ™ ─ ⁸

─ ╩ ⌐ ⇔≡⅔╡⁸ ╠⅛♃כ♦√╣╠ ─ ⌐

╟╢ ╩ ∆╢↓≤│ ⇔™√╘⁸ ∆╢ │ ⌂∫≡™⌂™⁹ 

 

ה ─  
 

─ 2012 ⌐⅔↑╢ ─ │ 63,257 ⁸ │ 426 ≢

№╡⁸↓─ 10 ≢│ ⅝⌂ │ ╠╣⌂⅛∫√⁹ 

Ⱨ♇♩ⱨ◊כꜟ♩ꜝ♇ⱪ ≢│⁸ 2008 2012 ╕≢⌐ 316 ⁸

56,627 ⁸ 3,142 ⅜ ↕╣√⁹∕─℮∟⁸ ─ ≤⇔√ ○

◘ⱶ◦ ⁸◦♦ⱶ◦ ⁸ⱢⱠ◌◒◦ ─ ⁸☿fi♅◖●Ⱡ ─ │ 153 ⁸

49,018 ≢№∫√⁹ ─ ─ │⁸ ─ ╛ ⌐╟

∫≡ ⌂∫≡™√⁹ 

─◖▪◘▬♩≢ ↕╣√ ─ │⁸ ≢│ 80 82 ≤ ⌐╟╡╒≤╪≥ ⅜⌂

⅛∫√⁹ │ 50 57 ≤ ╟╡│ ⌐╟╢ ⅜№∫√⅜⁸ │ ↕⅛∫√⁹ │

≢│ 1,198 1,242 ≤ ⅝⌂ │⌂⅛∫√⅜⁸ │ 714 926 ≤ ⌐╟╡ ⇔

≡™√⅜⁸ ┼─ │ ╠╣⌂⅛∫√⁹ 

◘▬♩≢│ ◘▬♩ ⅜ ⌐ ∫≡ ⅎ√√╘⁸ 2003 2007 ≤

∆╢ ◘▬♩≢ ↕╣√ ─ ╩ ∆╢≤⁸ │ 152 ⅛╠ 164 ≤ ⁸

│ 139 ⅛╠ 131 ≤ ≢№╡⁸ ⅝⌂ │ ╠╣⌂⅛∫√⁹⌂⅔⁸ ◘▬♩│ ⌐

◘▬♩─ ⅜ ╪∞√╘ │≢⅝⌂⅛∫√⁹ 

 

ה ⌐⅔↑╢ ╩⁸ ⇔√ ↔≤⌐ ⇔√⁹ 

 



 

iv  

 

⌐╟╢  

 ↓─ 10 ≢⁸ ─ ⁸ ⌐ ⅝⌂ ╩ ⅎ√ │⁸ ─ ╟╡╙⁸

─ ≢№╢↓≤⅜ ↕╣√⁹ ─ ⁸ ⌐⅔↑╢ ─ ⅜ ∆╣┌⁸

↓╣╠⌐╟╢♄ⱷכ☺╛ ─ ⌐ ∆╢ ⅜╟╡ ⌂╙─≤⌂╢⁹ 

  ─ ─ ≤⇔≡⁸ ≤ ─ ≢⁸

⌐ ⅜ ⇔ ⅜ ∆╢ ⅜ ╠╣√⁹ 

  ≢│⁸ ⌂ ≢ ⅜ ⇔⁸ ה ≢ ∆╢ ⅜ ╠

╣⁸ ─ ╛ ─ ≤─ ⅜ ↕╣√⁹╕√⁸ Ɽ♃כfi─ ⅜ ─

⌐ ╩ ╓∆ ⅜ ╘╠╣√⁹ ⅝ ⅝ ─ ⁸ ─ ⁸ ─

≤─ ╩ ∆╢↓≤≢⁸ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

  ≢│⁸ ⌐ ≢ ∆╢ ⅜ ⇔⁸ ≢│ ה ╩ ∆╢ ⅜

∆╢ ⅜ ╠╣√⁹↓╣⅜ ─ ⌂─⅛⁸ ─ ≢№╢⅛│⁸ ∆╢

⅜№╢⁹ 

  ⌐ ∆╢≤⁸ ─ ⌐╟╡⁸ ─ ה ─ ⅜ ↄ⌂╡⁸ ≢

─ ─ ה ⅜ ╕╢ ⅜ ╠╣√⁹╕√⁸ ─↕ⅎ∏╡─ ⅜ ↄ⌂╢ ⅜ ╠

╣√⁹ 

 

─ ה ┼─ ⁸ ה  

ᵑ ─ ⁸ ⅔╟┘ ≤ ≤─  

 ─ Ɽꜝⱷכ♃≢№╢ │ ⌂≥─ ─ ╩ ↄ ↑≡™╢↓≤⅜

↕╣√ ⁹╕√⁸↓─ 10 ─ ─ ⌐⅔™≡⁸ ╛ ─

─ │ ↕╣⌂⅛∫√⁹ 

4 31.4cm

2011 2012 2005 2012  

 



 

v 

 

ᵒ◘▬♩↔≤─ ה ─  

 ─ │⁸ ⅛╠ ─ ⌐№╢ ≢⁸ ⌐ ⅜ ⇔

⅜ ∆╢ ⅜ ╠╣√⅜ ⁸ ─ ≢№╢⅛│⁸ ≢│ ≢⌂

⅛∫√⁹ 

 

ϴ
 

5 

 

 

 

ᵓ ─ ─  

 ⌐≈™≡⁸ ─ ─ ╩ ⇔⁸ ⌐ ℮ ─

⌂ ≢─ ⁸ ⌂ ≢─ ⅜ ╠╣╢⅛╩ ⇔√⁹∕─

⁸ ─ ╙ ⌂ ≢ ─ ⅜ ╠╣√ │⌂ↄ⁸ ╙ ⌂ ≢─

│ ○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦ ≢─╖ ╠╣√⁹ 

⌐≈™≡⁸ ─ ≤∕─ ─ ≤─ ╩ ⇔⁸ ⌂

⅜ ↓∫√ ⌐ ─ ─ ⅜ ⅎ╛∆™≤ ╦╣╢ ╩ ⇔√⁹∕─ ⁸

─ ╙ ⌂ ⌐⅔™≡⁸ ⅜ ™ ╒≥ ─ ⅜ ⌂™ ╩ ∆ ⅜ ◐

♃◒꜡♫●○◘ⱶ◦⁸◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦⁸☿fi♅◖●Ⱡ ≈⅛∫√⁹↓╣╠─ ≢│⁸

⌂ ⅜ ↓∫√ ⌐⁸ ⌂ ≢─ ⅜ ⅎ╛∆™≤ ⅎ╠╣╢⁹

⁸ ─ ╙ ⌂ ≢⁸ ⅜ ™ ╒≥ ─ ⅜ ™⁸∆⌂╦∟ ⌐

⇔≡ ⌂ ≢─ ╩ ⅎ╛∆™≤ ╦╣╢ ⅜ ○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ

◦ ≈⅛∫√⁹ 

 

─ ⁸ ה ─  

ᵑ ─ №√╡─ ≤ ≤─  

 ⌐ ∆╢ ⌐≈™≡ ≤ ─ ─ ╩ ⇔√ ⁸

⌐╟∫≡│ ⌐ ⅛™ ╒≥ ⅜ ⅝™ ⅜ ↕╣√⁹↓─↓≤⅛╠⁸

⅜ ∆╢ ⁸↓╣╠─ ─ │ ∆╢ ⅜ ↕╣╢⁹ 

 

ᵒ ─ כ♃ꜞ≥ ⁸ ⁸ ≤─  

─ ─ │⁸ ╛ ⌐╟∫≡ ⌂∫≡™√⁹ 

⁸ ≢│⁸ ⌂ ≢ ─ ⅜ ⌐

№∫√⅜⁸ ⌂ ≢│ ─ ⅜ ╠╣⌂⅛∫√⁹ ─ ╩ ╢≤⁸

≢│ ⌐○◘ⱶ◦ ≤ Pterostichus  ⅜ ⌐№╡⁸ ⌂ ─ ≢│

Synuchus ⅜ ⌐№∫√⁹ ⌂ ╩ ≤∆╢ Synuchus ─ │⁸
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─ ╛ ─ ⅜ ⇔≡™╢↓≤⅜ ↕╣√ ⁹ 

⁸ ⁸ ≢│⁸ ⌐ ─ ⅜ ∆╢

╩ ⇔⁸≤ↄ⌐○◘ⱶ◦ ≤ Synuchus ⅜ ⌐№∫√⁹ ⌐⅔↑╢

─ │⁸ ─ ⌐ ℮ ─ ⌐╟∫≡╙√╠↕╣√ ⅜ ↕╣√⁹ 
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P > 0.05  

 

ᵓ ─ ה ─ ≤─ ⌐╟╢ ─  

 ◘▬♩≢│⁸ ⌐╟╢ ╩⁸ ⁸ ─ ≤ ─ ─ ≢

∫√⁹ ≢│⁸ ─ ⅝⌂ │ ╘╠╣⌂⅛∫√⁹⌂⅔⁸ ─ ≢ ™─

╩ ⌂ ≤∆╢Ⱶ♁◘◙▬≢ ⌐ ⅜ ⅎ≡™√↓≤⁸╕√⁸ ─♦

⁸╠⅛♃כ ─ ─ │↓─ 20 ≢ 7 ⅛╠ 14 ⇔≡™╢↓≤⅛╠⁸

─ ─ ─ ─ ⅜ ↕╣√ ⁹ 
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─  

ᵑ Ᵽ▬○ⱴ☻  

ↄ─ ≢ │ ⅛╠ ╕≢ ∆╢ ⌐№∫√⁹ ⁸ ≈⅛

─ ≢╖╠╣√ ─ ⌐│ ╛♫ꜝ ╣─ ⅜ ⅝ↄ ⇔≡™√⁹ 

╕√⁸ ─ ─ ≤ ─ ─ ╩ ⇔√ ⁸ ↄ

─ ≢│ ⌂ │ ╠╣⌂⅛∫√⁹ ⁸ ≈⅛─ ≢│ ⌂ ─ ⅜№╡⁸

↓╣╠─ ≢│ ∆╢↓≤≢ ⅜ ∆╢ ⅜ ↕╣╢⁹ 

 

ᵒ ─ כ♃ꜞ≥ ⁸ ≤─  

 ─ ≢│⁸ ─ ה ⅜ ™ ╒≥⁸ ─ ⅜ ™ ⅜ ╠

╣√ 8 ⁹↓╣│ ↑─ ╣⌐╟∫≡ ⅜ ╣╢√╘≤ ↕╣⁸ Ɽ♃כfi─ ⅜

─ ⌐ ╩ ╓∆ ⅜ ↕╣√⁹ 
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1971 2000 90cm

P > 0.05  

 

 

─ ה ─  

ᵑ Ⱨכ◒ ─ ≤ ≤─  

 ⌐╟∫≡ ה ⁸ ⁸ ≢│ ─

⅜ ↄ⌂╢ 9 ⅜⁸ ≢│ ─ ה ⅜ ╕╢

9 ⅜ ↕╣√⁹ 



 

viii  

 

 
9 

 

 

ᵒ ─ ─ ≤ ─  

 ⌐╟∫≡ ─ ⅜ ↄ⌂╢ ⅜ ↕╣√ 10 ⁹ 
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ᵓ ─↕ⅎ∏╡ ─ ⁸  

 ─ ╩⸗♬♃ꜞfi◓∆╢√╘⌐⁸IC ╩♄כ◖꜠ ™≡↕ⅎ∏╡ ╩ ∆╢ ╩

⇔√⁹ ─↕ⅎ∏╡ ≤ ─ ≤─№™∞⌐│ ─ ⅜№╡ 11 ⁸

⅜ ™╒≥↕ⅎ∏╡─ ⅜ ↄ⌂╢↓≤⅜╦⅛╢⁹ 
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─  

ᵑ ─ ─ ─  

 ◒ⱴ◦♦ ─ ─ ─ ─ │ ─ ≢ ⇔≡™╢ ⅜№╢↓≤⅜

↕╣√ 12 ⁹ ⌂ ⌐≈™≡│⁸◒ⱴ◦♦ ≢─ ─ │⁸

⌐ ⇔≡™╢ ⅜№╢╙──⁸ ⌐ ≢ ⇔≡™╢╦↑≢│⌂™↓≤⅜ ↕╣√

12 ⁹╕√⁸◖♫ꜝ ─ ─ ─ │⁸ ≤ ≢ ה ─

⅜ ⌂╢⁸╙⇔ↄ│ ⅜ ⇔≡™╢ ⅜№╢↓≤⅜ ↕╣√⁹ 
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⌐ ∆╢ ─ ⅝⅛↑─ ה ⌐ ℮ ─ ⌐╟╢  

  ↓─ │⁸◦◌─ ⌐╟╢ ≤⇔≡ ╙ ⌐ ↕╣√⁹ ─ ╛ ה

─ ≢─ ─ ⌐╟╢ ─ ⌂≥⅜⁸ ™ ≢ ╠╣≡™╢⁹

─ ┼─ ╙ ↕╣⁸ ™ ─ ≢─ ╩ ⅝ ↓⇔≡™╢↓≤⅜

↕╣√⁹ 

  ⌂ ─ ╙ ─ ≈≤ ⅎ╠╣≡™╢ⱴ♠ ╣⁸♫ꜝ ╣─ │⁸ ─

≤⇔≡ ╣≡™╢⅜⁸ ─ ╛ ┼─ │ ╘╠╣⌂⅛∫√⁹

│ ⌂ ─ ╩ ∆╢ ⅜№╢⁹ 
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 ─ ─  

ᵑ◖▪◘▬♩ה ◖▪◘▬♩⅔╟┘ ─ ⌐⅔↑╢ ⌂ ─  

ה♩▬◘▪◖  ◖▪◘▬♩ ⌐⅔↑╢ ⌂ ─ ╩ ⇔√ 13 ⁹

⌂ │ⱴ♠ ╣≤♫ꜝ ╣≢№╡⁸ ≢│⸗♬♃ꜞfi◓ ⌐ ⌐╟

╢ ⅝⌂ ⅜ ╣√⁹♫ꜝ ╣ │⁸1980 ⌐ ה ⇔≡⅔╡⁸◖▪◘

ה♩▬ ◖▪◘▬♩⌐│ ╩ ⅜ꜝ♫☼Ⱶהꜝ♫◖™∆╛↑ ⌂ ≤⌂∫≡™╢◘▬♩

⅜ ↄ ⇔≡™╢↓≤⅛╠⁸ │⁸ ─◘▬♩≢╙♫ꜝ ╣─ ⅜ ∆╢ ⅜№╢⁹ 
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ᵒ ─ ⅔╟┘ ⁸ ─  

ч ♫ꜝ ╣ ⅜ ↕╣√◘▬♩≢─ ─ ⁸  

 ⌐⅔↑╢♫ꜝ ╣ ≢│⁸◖♫ꜝ─ ⌐╟∫≡ ⅜ ⇔ 14 ⁸

♫ꜝ ╣ │ ⌐№∫√ ─ ╙ 10 ∆╢⌂≥⁸ ─

⌐ ⅜ ∂≡™╢⁹ 
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ᵓ◌ꜝⱴ♠Ɫꜝ▪◌ⱢⱣ♅⅜ ⇔√ ≢─⁸ ⁸ ─  

 ◌ꜝⱴ♠ ⌐⅔↑╢◌ꜝⱴ♠Ɫꜝ▪◌ⱢⱣ♅─ │⁸ ─

─ ≤ ─ ╩╙√╠⇔√⅜⁸∕─ │ ─ ≤≤╙⌐ ╠╣⌂ↄ

⌂∫√ 15 ⁹↓─ⱢⱣ♅─ │⁸ ⌐╟∫≡ ┼─ ╩ ↕∑╢↓≤⁸

⌐ ─ ╩ ∆╢↓≤⁸ ⌐ ה ─√╘⌐ ⌐ ╡ ─ ─ ⌐⌂╢↓≤

╩ ⇔≡⁸ ⌐ ∆╢ ─ ╛ ╩ ⅝ↄ ⇔√╙─≤ ⅎ╠╣╢⁹√∞

⇔⁸↓─ⱢⱣ♅─ │⁸ ─ ╩ ⅝ ↓↕∏ ≢ ∆╢√╘⁸ ┼─

│ ה ≢№╢≤ ↕╣╢⁹ │↓─ⱢⱣ♅─ ╩ ⅛≈

⌐ ∆╢ ⁸ ╙ ™↓≤⅜ ↕╣√⁹ 
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P < 0.05  
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◦◌─  

ᵑ ─ ─  

ч ⅞≤ ─ ≤∕─  

 ≢│⁸ ≈─ ≢◦◌─ ⅞⅜ ↄ ↕╣≡⅔╡⁸◦◌⅜ ™ ≢│

─ ⅜╛╛ ™ ⅜ ↕╣√ 16 ⁹╕√⁸◦◌─ ⅞│ ─ ⌐

⇔≡⅔╡⁸◦◌─ ⅜ ™ ≢│ ⅜ ⇔≡™╢ 17 ⁹◦◌─ ⅜ ⇔≡

™╢ ≢│⁸ ─ ╩ ∆╢√╘⌐⁸◦◌ ─ ⅜ →╠╣⌂™╟℮⌐∆╢

⅜ ≢№╢⁹ 
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17 ⱡ ≤ ⌐⅔™≡◦◌⌐╟╢ ⅞⅜ ™ⱱ♁Ᵽ♃Ⱪ─ 15.7cm

─ ⁹ 

 

 

ш ⁸ ⁸ ┼─  

 ≢◦◌─ ⌐╟╢ ┼─ ⅜ ↕╣≡™╢ ─ ↄ≢│⁸

⌐ ─ ⅜ ╘╠╣√⅜⁸ ─ ⅜ ∂√─│

─╖≢№∫√⁹ ┼─ ⅜ ⌂ ≢│⁸ ─ Ᵽ▬○ⱴ☻⅜

⌐№∫√⁹ 

╩ ∂√ ⌐╟╡⁸™ↄ≈⅛─ ה ─ ≤ ─ ⅜

⇔≡™╢↓≤⅜ ╘╠╣√⁹↓╣╠─ ה ─ ⌐│⁸◦◌⌐╟╢ ─ ⌐ ⇔≡

╙ ⌂ ╩ ∆↓≤⅜ ⌐ ↕╣≡™╢╙─⅜ ╕╣≡⅔╡⁸◦◌⌐╟╢ ─

≤⇔≡ ≢№╢ ⅜№╢⁹ 

 

щ ≤ ≤─  

 ─ │ ≢ ∆╢ ►◓▬☻⁸◖ꜟꜞ⌂≥ ⅜ ⇔≡⅔╡⁸ ─◘▬♩≢│

╒≤╪≥ ╠╣⌂ↄ⌂∫≡™√⁹ ⌐►◓▬☻│⁸◦◌─ ⅜ ⅝™ ≢⁸ ⅜ ⌂⅛

∫√↓≤⅛╠⁸◦◌─ ─ ⅜ ─ ╛ ⌐╙ ∆╢ ⅜ ↕╣√ 18 ⁹ 
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19  20  

⌐╟╢  

  ╩ ⇔≡™╢ ⌐ ∆╢ ⌐╟╢ │⁸ ◘▬♩ ─▪◌◑

─╒⅛⌐│⁸ ⅝⌂╙─│ ╘╠╣≡™⌂™⁹ ⁸ ╩╙√╠∆ ≤⇔≡⁸

ⱴ♠ⱡ◙▬☿fi♅ꜙ►⁸♃▬꞉fiⱢⱶ◦ ◘▬♩ ⁸◌ꜝⱴ♠Ɫꜝ▪◌ⱢⱣ♅ ◘▬♩⁸

◘▬♩⁸ ⅜ ↕╣√⁹ ◘▬♩─◌ꜝⱴ♠ ≢│⁸

◌ꜝⱴ♠Ɫꜝ▪◌ⱢⱣ♅ ⅜ ∆╢↓≤≢⁸ ╛ ─

─ ⌐ ⅝⌂ ⅜ ↓∫≡™╢↓≤⅜ ↕╣√⁹ 

  ⌐≈™≡│⁸ ⌐●ⱦ♅ꜛ►⁸♁►◦♅ꜛ►⅜↓─ 10 ⌐ ⅝ↄ ╩ →≡™╢

↓≤⅜ ↕╣⁸ ∕─ ⌐≈™≡ ∆╢⁹ 

 

ה ┼─ ─  

ᵑ◖▪◘▬♩ה ◖▪◘▬♩⅔╟┘ ─ ┼─ ─  

ה♩▬◘▪◖  ◖▪◘▬♩ ⌐⅔↑╢ ⌂ ╩ ⇔√⁹ ≢│ ◘▬♩

≢▪◌◑⅜ ≤⌂∫≡™╢⁹▪ꜝ▬◓ⱴ⁸ⱨ▬ꜞⱴfi◓כꜞ◓⁸☻כfi▪ⱡכꜟ⌂≥ ─

™ ה ─ ╙ ≢ ⅜∫≡⅔╡⁸ ╛ ─⸗♬♃ꜞfi◓♦

╙⌐♃כ ⅜ ≡ↄ╢ ⅜№╢⁹ 

 ≢│⁸≤ↄ⌐ⱴ♠ⱡ◙▬☿fi♅ꜙ►⅜ ─ ⌐ ⌂ ╩ ╓⇔≡⅔╡⁸

ﬞ ה♩▬◘▪◖─ ◖▪◘▬♩ ≢ ⅜ ⇔≡™╢⁹ ⌐│ ≢ ⅜

⇔≡™╢ ⅜ ™⁹ 

 

ᵒ ◘▬♩⅔╟┘ ─ ┼─ ─  

─●ⱦ♅ꜛ►⁸♁►◦♅ꜛ►─ │ ⇔≡⅔╡⁸ ∂♅ⱷ♪ꜞ ─ⱥ◕●ⱦ♅

ꜛ►╙ ─ ⌐№╢≤ ⅎ╠╣╢⁹●ⱦ♅ꜛ►│ 2002 ⌐ ↕╣≡™√

⅛╠ ₁⌐ ╩ ⇔≡⅔╡ 19 ⁸♁►◦♅ꜛ►│ ┘ ⌐ ╩ ⇔≡™√

20 ⁹●ⱦ♅ꜛ►│ ≢│ ┼ ╩ ⇔⁸ ─ ™ ⌐│ ╩ ⇔≡⅔╠∏⁸

⅜ ⇔≡™╢ ⅜ ⅎ╠╣√⁹╕√⁸ ≢│ ─ ⌂™ ─ ┼│

╩ ⇔≡⅔╠∏⁸ ⌐│ ⅜ ⇔≡™╢ ⅜ ⅎ╠╣√⁹ 

 

 

 

 

 

 



 

xv 

 

⌐ ↑√ ≤  
◘▬♩ ⅔╟┘ ─  

ה▪◖│⌐ ◖▪◘▬♩⅜ 48 ⅛ ⁸ ◘▬♩⅜ 419 ⅛ ≤⌂╡⁸◘▬♩

⅜╒╓ ⇔√⁹⇔⅛⇔⁸ ◘▬♩≢│⁸ ◘▬♩╛ ─ ⅜ ⌂™↓≤⅜

≢№╡⁸ ⌂ ⅜ ⌂ ⅜№╣┌ ╩ ∆╢⁹ 

≢│⁸ ─ ≤─ ╩ ⌐∆╢√╘⁸ ⌐│⁸ꜝ▬fi☿fi◘

☻ ⅛╠☻ⱳ♇♩☿fi◘☻ ┼ ╩ ⇔⁸ ─ ╩ ─ ≤

≢ ↕∑√ ה ⅜ ≤⌂∫√⁹ 

─≤╡╕≤╘≢│⁸◦◌─ ⌐╟╢ ─ ╛ ─ ⁸ ─

┼─ ⁸ ─ ⌐╟╢ ─ ⌂ ─ ⅜ ⅛⌐⌂∫√⁹⇔⅛⇔⁸

─⸗♬♃ꜞfi◓◘▬♩ 1000 ─ ≢│⁸ ⌐◦◌⌐╟╢ ⅞╛ ™ ─

╩ ∆╢↓≤≤⁸ ◘▬♩─ ╩▪fi◔כ♩ ≢ ∆╢≤™℮ ⌂ ╩ ∫≡⅔

╡⁸↓╣╠╩ ⌐ ⌐ ∆╢ ╖⌐│⌂∫≡™⌂™⁹∕─√╘⁸ ─ ╛

⅜ ≥♃כ♦╢™≡⇔ ≢ ╠╣√ ╩ ⌐ ∆╢ ─ ╛⁸

⌐ ∆╢ ─Ⱡ♇♩꞉כ◒╩ ⇔⁸ √⌂ ─ ⌐≈⌂→≡™ↄ↓≤⅜

ⅎ╠╣╢⁹ 

 

⌂  

◖▪◘▬♩≢│⁸ ─ ╩ ─◘▬♩≤⇔≡ ↑╢↓≤≢⁸ ╩

╘╢↓≤⅜≢⅝√⁹ ◘▬♩≢│⁸ ─ ⌐╟╡⁸ ─ ╛

⅜ ↕╣⁸ ╩ ≢⅝√ ≢⁸ ⁸ ⱴ♬ꜙ▪ꜟ─ ╛ ─

⌂ ─ ⁸ ╩ ∆╢ ⅜ ≢№╢⁹ 

◖▪◘▬♩⁸ ◘▬♩⌐ ⇔≡⁸ ─ ⌐╟╡⁸ ─ ⌂ ⅜

⇔™◘▬♩╙ ∂≈≈№╡⁸ ─ ⅜ ⌂ ≤⇔≡ →╠╣╢⁹ ◘▬♩─ ⌂

⌐ ⇔⁸ ─ ⇔╛ ⌂ ─ ⌂≥ ◘ⱳ⁸┘╟⅔♩כ ─

╩ ∆√╘─ⱷכꜞfi◓ꜞ☻♩╩ ⇔√ ─ ⌂≥⁸ ⌂◘ⱳכ♩

╩ ∆╢⁹ ⇔≡⁸◦fiⱳ☺►ⱶ╛ ⁸ ⌐╟╢ ─ ─

╩ ⇔⁸⸗♬♃ꜞfi◓◘▬♩ 1000 ─ ─ ≤ ⇔™ ™ ─ ⌐ →≡™

ↄ ⅜№╢⁹╕√⁸ ─ ╛ ─ ≤ ∆╢ ⁸ ≤─

╩ ∆╢↓≤╙ ⅎ╠╣√⁹ 

 

─ ה ⅔╟┘  

ה ≢│⁸ ☿fi♃כ─►▼Ⱪ◘▬♩╩ ∂≡⁸ ⁸ ⁸

ⱨ□▬ꜟ⁸♃כ♦ ⱴ♬ꜙ▪ꜟ⅜ ↕╣⁸ ≢╙ ⌐ ∆╢↓≤⅜ ≤⌂∫√⁹╕√⁸

⌂≥⌐╟╡ 48 ─ ╛ ⅜ ╦╣√⁹ ₈▪☺

▪ ≢─ ה ה ⌐ ∆╢ ₉≢ ⅜♃כ♦─ ↕╣╢ ⁸

─ ≤─ ╙ ↕╣√⁹ 

≢⁸⸗♬♃ꜞfi◓◘▬♩ 1000 ≢│⁸ ⁸ ─ ─ ─ ╙ ↕╣⁸

─◦◌─ ⌐╟╢ ┼─ ⁸ ─ ⌐ ∆╢ ╙ ⅛⌐⌂╡≈≈№╢⁹

⌂╢ ─ ─ ╛⁸ ♃כ♦─ ╩ ╘╢↓≤≢⁸ ─ ╛
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Summary  

 

1. Indicator species groups for forest a nd grassland ecosystems  

To detect changes in  biodiversity and the functions of forest and grassland ecosystems  in the 

Monitoring Sites 1000 Project , three indicator species groups were selected: trees, 

ground -dwelling beetles , and birds.  

Trees are the main  primary producers and play a major role in carbon cycling in forest 

ecosystems. At the same time, they provide habitats and food for various organisms. In 

addition, because trees are sessile and long -liv ed, changes in their population, growth , and 

seed production can be used as indicators for detecting long -term environmental changes such 

as global warming and the cumulative effects of interactions between plants and other 

organisms.  

Many ground -dwelling beetle species are predators of higher trophic level s in detritus food 

chains. They are relatively poorly mobile , with low dispersal abilities and short life cycles. 

Therefore, changes in their abundance and species composition can be used as indicators of 

short -term environmental change s, especially in the soil. 

Birds have diverse food sources covering a wide range of trophic levels. Birds are very mobile 

and their home range s are much larger than those of trees or beetles. Therefore, changes in 

the abundance, species composition, and distribution of birds can be indicators of 

environmental changes that are caused by climate change as well as by habitat change on 

large spatial s cales and that originat e from the first and second crises  (Fig. 1) . As a whole, 

indicator species are chosen such that short -term or  long-term changes in  ecosystems (such as 

changes in primary production, high -order production, and decomposition ) can be understood 

over broad areas. 

 

Ground beetles
Index of short-term 

environmental changes

Higher predator in 
detritus food chain

Satellite sites 

Core sites
Sub-core sites

First crisis

Second crisis

Third crisis

Fourth crisis

Birds
Index of large-area 

environmental change

Various ecological functions
carnivores, insectivores, 

and fructivores

Trees
Index of long-term 

environmental changes

Creating forest environment
Primary producer

from human activities 
and development

from reduced human activities

from artificially introduced factors

from climate change

 

Fig. 1. Indicator species in Forest and Grassland Monitoring. The ecosystem roles of these indicator species and 
the changes that the species can indicate are summarized. 
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2. Monitoring sites  

Three types of monitoring site were established in a hierarchical way: core sites, sub -core 

sites, and satellite sites.  

The core (20) and sub-core (28) sites were established in natural forests represent ing  forest 

types all  over Japan (Fig. 2). They were established to monitor the changes in biodiversity and 

ecosystems that  may be unique to each forest type and to detect the factors  causing these 

changes. The monitorin g activities have been maintained in collaboration with research 

institutes and international monitoring networks such as ILTER (the International 

Long-Term Ecological Research Network).  

A total of 419  satellite sites  were established in both forests and g rasslands (Fig. 3). The ir  aim 

is mainly to detect the changes in distribution range and populations of birds . A secondary 

aim is to detect  the rare but substantial  changes that may occur from scattering such a large 

number of monitoring sites across Japan.  

 

Fig. 2. Core and subcore sites of forest and grassland ecosystems in the Monitoring Sites 1000 Project. 
* The number of subcore sites does not include the Nibuna-Mizusawa site, where monitoring stopped in 2010. 
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3. In vestigation methods  

Four kinds of mo nitoring were adopted: a tree census, litter and seed trapping, a 

ground -dwelling beetle survey , and a bird survey. All four were conducted once a year at the 

core sites. The tree census and the bird survey were conducted once every 5 years at the 

sub-core sites. The bird survey and the other activities were conducted once every 5 years at 

the satellite sites, with the aid of amateur researchers.  

 

Fig. 3. Satellite sites for forest and grassland ecosystems in the Monitoring Sites 1000 Project. 

 

4. Analyses of the pressures on forest and grassland ecosystems  

Currently, forests in Japan are facing various environmental changes. To gain an 

understand ing of  the current situation and the trends in  these environmental changes,  we 

analyz ed and summarized the relationships between environmental changes and òthe four 

crises of biodiversityó before the results of each investigation were analyzed. 

First, the impacts of climate change (the fourth crisis) were analyzed. Climate change has 

progr essed worldwide since the beginning of the 20th century, and it could affect all types of 

organisms and the environment globally. Distribution s hifts of species, changes in the growth 

increment of organisms, in the abundance and numbers of species, and in carbon cycles, 

phenology, and the quantity of seed production are predicted  as a result of changes in 

temperature, rain fall  pattern s, or snowfall.  

Second, environmental changes caused by recent change s in practice s of agriculture, forestry , 

and fisher ies (the second crisis) were analyzed. These changes surfaced  in the 1960s in the 

hilly and mountainous areas of Japan and have continued. Damage to agriculture and 

forestry, impacts on forest ecosystems because of the increasing population density of sika 

deer, and changes in outbreaks of pest  infestations  and diseases are predicted  as a result of a 

reduction in the management of forests and grasslands.  

Finally, biological impacts caused by alien species (the third crisis) were analyzed. In recent 

years, the im pacts of alien species have increased because of their  establish ment and rapid 

distributional e xpansion. Resource competition with native species, predation, and parasitism 

are predicted  as a result  of increasing invasion by alien species. 

I n this study, n o analysis was conducted on the impacts of human activities such as 

development and overexploitation (the first crisis), for the following reason. Although forest 

ừ Forests 

 Grasslands 
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ecosystems were greatly affected by exploitation up until the 1980s, the changes that occurre d 

during the observations made in this project w ere small. In addition, most of the monitoring 

sites were stand -based and for the purposes of long -term observation  had been established in 

areas not affected by development or logging. Therefore, the data obtained would not have 

been suitable for analyzing the changes caused by exploitation or development.  

 

5. Changes in  forest and grassland ecosystems  

During the 10 recent years of the monitoring period there were few changes in the numbers of 

tree stems and tree species. In the latest monitoring  in 2012 , we observed a total of 63,257 

stems and 426 species across the monitoring sites.  

In  a pitfall trap survey, more than 316 species of Coleoptera and 56,627 and 3,142 individuals 

of adult and larva l  beetles, respectively, were captured over these 10 years. Among th ese 

samples more than 153 species and 49,018 individuals of adult ground -dwelling beetles 

(Carabidae, Silphidae, Staphylinidae , and Geotrupidae) were target ed for the analysis. 

Changing trends in the ab undance of ground -dwelling beetles differed with forest age and 

region.  

The number of bird species recorded at all core sites combined was between 80 and 82 in  the 

breeding season and between 50 and 57 in the wintering season and di ffered little  from year 

to year. The number of individual bird s recorded at all core sites combined was 1,198 to 1,242 

in the breeding season. In the wintering season, the number fluctuated between 714 and 926 , 

although no clear t rend  toward an increase or decrease was detected. 

The number of satellite monitoring  sites increased in the 2nd period  (from 2008 to 2012) . The 

number of bird species recorded at all  forest sites  combined, where we had continued  our 

surveys since the 1st period  (from 2003 to 2007) , increased slightly  from  152 to 164 in  the 

breeding season and decreased slightly from 139 to 131 in  the wintering season.  

 

(1) Impacts of climate change  

The inv estigation results showed that disturbances such as typhoons affected tree mortality  

and tree  biomass, etc., more seriously than did temperature change over the 10 recent years. 

Data on the process of recovery after the damage will provide important information  as to 

whether the forest ecosystem can balance out the increasing typhoon damage  that is  

predicted in Japanõs climate change scenarios. 

Our investigation  of tree species composition near  the border between the Warm and Cool 

Temperate zones (i.e. the border of the biological zones between evergreen broadleaved forests 

and deciduous broadleaved forests)  revealed that  the relative abundance of deciduous 

broadleaved trees decreased and that of evergreen broadleaved trees increased. The 

abundance of ground -dwelling beetles generally decreased in old -growth forests in cooler 

areas and tended to increase in secondary forests  and plantations. These results suggest that 

the changes in abundance were associated with changes in forest floor environments as well 

as temperature changes. The results for the accumulated litter layer suggest that changes in 

snowfall patterns may affec t carbon accumulation on forest floors. The decomposition process, 

which could be associated with the abundance of ground -dwelling beetles, might also be 

affected by changes in forest floor environments, as well as by temperature increases and 

snowfall pat terns.  

In the breeding season, the abundance of birds that fed in bushes tended to decrease, wh ereas 

in the wintering season the abundance of birds that overwinter ed in tree stems or on trees 

increased. These trends need to be examined further in the futur e to determine whether they 

are significant or within the range of normal annual variations.  

Tree phenology has also been changing. Autumn defoliation and seed fall tended to be delayed 

at  the warmer sites , although this change was not conspicuous at the cooler sites. In 
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evergreen forests, the spring foliation and defoliation came earlier than before, wh ereas the 

trend was not clear at  cooler sites. In addition, birds started to sing earlier  in spring . These 

are likely to be  effects of global warming.  

 

1) Shifts in the distribution of indicator species 

(i) Relationship between changes in tree recruitment and mortality, and climates 

Disturbances such as typhoons seriously affected tree mortality (Fig. 4). During the 10 recent years, no 

influences of meteorological factors such as changes in air temperature and precipitation on tree dynamics 

(e.g. tree recruitment and mortality) were detected. 

 

 

Fig. 4. Temporal changes in tree mortality rates at each monitoring plot. Data on tree stems larger than 31.4 cm 
dbh were used for the calculations. Blue arrows indicate disturbances caused by oak wilt diseases (Aichi-akazu in 
2011 and 2012); red arrows indicate disturbances caused by typhoons (Tomakomai in 2005, Yona in 2012). 

 

(ii)  Changes in species composition at each site (changes in relative abundance of species) 

The relative abundance of evergreen broadleaved trees increased during the 10 recent years in forests of 

mixed composition near the border between the Warm and Cool Temperate zones (i.e. the border between 

evergreen broadleaved forests and deciduous broadleaved forests) (Fig. 5), although the causative factors 

have not been elucidated. 
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Fig. 5. Changes in relative abundances of tree types in relation to mean annual temperature (left) and latitude 
(right). The calculations were based on the relative changes in stem numbers among tree types in each monitoring 
plot. Symbols within the yellow boxes show that the abundance of evergreen broadleaved trees tended to increase 
and that of deciduous broadleaved trees decreased. 

 

(iv) Changes in the abundance of ground-dwelling beetle species with wide distributions 

We checked for signs of shifts in the distribution of ground -dwelling beetles accompanied by 

warming (population decreases in warm regions and increases in cold regions) by analyzing 

changing trends in the catches of widely distributed species over the last 8 years. No species 

showed a decreasing trend at the warmest site in its distribution range, and one species 

(Synuchus nitidus ) showed an increasing trend  at the coldest site in its distribution range.  

We explored the species for which signs of distribution shifts were likely to be detected by this 

monitoring system. For this purpose, the relationship between temperature in each year and 

the catch in the ne xt year was analyzed for each of the widely distributed species. At the 

warmest sites in their distribution ranges, fewer individuals of three species ( Carabus 
arboreus , Synuchus cycloderus , and Phelotrupes laevistriatus ) were caught the year after a 

warme r year. This result suggests that, for these three species, population decreases in warm 

regions will likely be detected when nationwide warming proceeds. On the other hand, more 

individuals of one species ( S. nitidus ) tended to be caught in the year after  a warmer year at 

the coldest sites, suggesting that the population increase of this species in cold regions will 

likely be detected during nationwide warming.  

 

2) Changes in growth, abundance, and numbers of species 

(i) Relationship between annual growth increments of trees and temperature 

Analysis of the relationship between the annual growth increments of trees and the mean 

annual temperature at each site revealed that the stem growth of tree species was higher at 

warmer sites than at cooler sites. This result suggests that stem growth will increase in 

response to global warming.  

 

(ii)  Relationships between changes in the abundance of ground-dwelling beetles and litterfall 

amount, forest floor environment, and climatic factors 

Changing trends in the abund ance of ground -dwelling beetles differed with forest age and 
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region. In old -growth forests and old secondary forests, total catches tended to decrease at 

cooler sites, whereas those at  warmer sites showed no consistent trends.  In th ese old forests, 

catches of the genera Carabus  and Pterostichus  showed decreasing trends across all sites, 

whereas those of Synuchus  showed increasing trends in the warmer areas. The investigation 

results suggest ed that the decline in forest floor vegetation cover , together with the 

temperature changes , contributed to the increase in catches of Synuchus  in warmer areas 

(Fig. 6).  

On the other hand, in the younger forests (secondary forests and plantations), the total 

catches of ground-dwelling beetles tended to increase across all  sites. In particular, the genera 

Carabus  and Synuchus  showed increasing trends. The investigation results also suggest ed 

that, in secondary forests and plantations, the development of an accumulated litter layer as 

a result of development of the forests i n turn caused a general increase in the abundance of 

beetles. 
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Fig. 6. Relationship between temporal trends (increase/decrease trends from 2005 to 2012) in annual catch of the 
genus Synuchus and in forest floor vegetation cover. Open symbols represent monitoring plots where annual 
catches did not show significant increasing or decreasing trends (likelihood ratio test; P > 0.05). 

 

(iii)  Distribution shift and change in species diversity in bird communities 

The investigation results from the core sites showe d that, in the breeding season, the 

abundance of bird species that fed in bushes decreased, and in the wintering season the 

abundance of bird species that overwinter ed in tree stems or lived on trees increased. In the 

wintering season there are large annua l variations in bird abundance ; therefore , the 

accumulation of data into the future will be important in determin ing  whether or not bird  

species abundance is increasing over time.  

At the satellite sites, the impacts of climate change were analyzed by compa ring the 

distribution of birds in the 1st phase and those in the 2nd phase. No major changes in the 

distribution of forest birds were detected. In the wintering season, the distributions of  

Eurasian wrens (Troglodytes troglodytes ), which  live along the edg es of mountain stream s, 

tended to increase in Hokkaido  (Fig. 7) . According to data from the Meteorological Agency  of 

Japan , the number  of days below freezing per year in  eastern Hokkaido has decreased by 

about 7 to 14 day s over the last 20 years. These results suggest that the river freezing 

patterns in Hokkaido  could be changing.  
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Fig. 7. Distribution change of the Eurasian Wren (Troglodytes troglodytes) in the wintering season. 

Red: observed; gray: not observed 
In the 3rd National Survey on the Natural Environment, bird distribution data were collected according to 1-km grid 
units and showed on a distribution map in 10-km grid units. In the Monitoring Site 1000 survey, bird distributions 
were expressed as point data from each monitoring site. 

 

3) Changes in carbon cycles 

(i) Changes in aboveground biomass 

At  most sites, the aboveground carbon stock increased over the 10 recent years. On the other 

hand, at  some sites, the stock was sometimes decreased by disturbances such as typhoons and 

oak wilt disease . 

At  most sites there was no significant relationship between annual changes in aboveground 

carbon stock and changes in annual temperature. H owever, a significant positive relationship 

was observed at  some sites, suggesting that temperature increases may i ncrease tree stem 

growth and aboveground carbon stock s at those sites. 

 

(ii)  Relationships between annual variations in the amount of accumulated litter, the amount of 

litterfall , and climatic factors 

At sites with heavy snowfall, the larger the precipitation and snowfall in the preceding winter, the larger the 

amount of litter that accumulated in the summer (Fig. 8), probably because a delay in snow thawing delays 

litter decomposition. This suggests that changes in snowfall patterns affect carbon accumulation on forest 

floors. 

Monitoring Sites 1000, 2nd phase, 

(2008ï2012), Winter Survey 
 3rd National Survey on the 

Natural Environment (1988) 
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Fig. 8. Relationship between amount of litter accumulated (MayïSeptember) and winter precipitation 
(DecemberïFebruary) in a heavy snow region. Monitoring plots where the mean annual maximum snow depth 
(mean of 1971ï2000) was greater than 90 cm are shown. Open symbols represent plots in which the relationship 
was not significant (likelihood ratio test; P > 0.05). 

 

4) Changes in phenology 

(i) Relationship between annual variations in peak defoliation period and temperature 

The investig ation results suggest that global warming may delay autumn defoliation in 

subarctic coniferous forests, cool temperate deciduous broadleaved forests , and intermediate 

temperate forests (left  panel, Fig. 9). I t may also bring forward the spring foliation an d 

defoliation in evergreen broadleaved forests (right panel, Fig. 9). 

 

Fig. 9. Estimated day of peak defoliation in relation to mean temperature in September in subarctic coniferous 
forests, cool temperate deciduous broadleaved forests, and intermediate temperate forests (left; autumn 
defoliation) and in March in evergreen broadleaved forests (right; spring defoliation). Circles indicate data for each 
year at each site. 
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(ii)  Relationship between annual variation in period of maximum seed fall of major tree species and 

temperature 

The investigation results suggest that global warming may delay the maximum seed -fall 

period in major tree species (Fig. 10). 

 

Fig. 10. Estimated day of seed-fall peak in relation to annual temperature in the year of seed-fall measurement. 
Circles indicate data for each year at each site. 

 

(iii)  Seasonal changes and annual variations in frequency of bird song 

To monitor the breeding seasons of birds we developed a method for keeping a record of the 

frequency of bird song by using IC recorders. The results suggested that a rise in the annual 

mean temperature at each monitoring site caused the first birdsong to become earlier (Fig. 

11). 
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Fig. 11. Relationship between recording date of first birdsong and average temperature at the investigation site. 
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5) Changes in seed production 

(i) Spatial synchrony of annual seed production by major tree species 

In some years, seed production by four Carpinus  species was synchronized ( left panel, Fig. 12). 

Their seed production was  also synchr onized nationwide in some years ( right panel,  Fig. 12). 

For deciduous Quercus species, different seed production trends (mast and poor) were 

observed between the eastern and western parts of Japan in some years. There were also 

years of poor seed productio n by these species at the same time nationwide.  

 

Fig. 12. Mast and poor seed production of Carpinus trees synchronized among species (left) and among 
monitoring sites (blue, eastern Japan; red, western Japan) (right). 

 

(2) Impacts of changes in human fores t management on biological interaction  

Changes caused by an increase in the number of sika deer ( Cervus nippon ) were the most 

notable. The deer prevented tree regeneration and serious ly  changed the  composition of the 

forest floor plant community. Impacts of the deer on the abundance of ground -dwelling beetles 

were also observed. 

Tree diseases such as pine wilt and Japanese oak wilt are believed to be associated with  

changes in forest management  by humans . Tree mortalities caused by pine wilt and Japanese 

oak wilt were observed during monitoring, al though no impacts on litter accumulation or on 

ground -dwelling beetles were detected.  

 

1) Changes in outbreaks of pests and diseases 

(i) Geographical distributions of pests and tree diseases 

Figure 13 summarizes th e outbreaks of pests and diseases  observed in and around the core 

sites and the sub -core sites. Most were cases of pine wilt and Japanese oak wilt. Japanese oak 

wilt has been expanding nationwide since the late 1980s. Because sensitive oak species such 

as Quercus serrata  and Q. crispula  are important constituents of the tree communities at 

many core and sub -core sites, Japanese oak wilt may occur at those sites in future.  
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Fig. 13. Outbreaks of pest infestations and diseases observed in and around the core and sub-core sites (based on 
a questionnaire survey regarding the sites).Open symbols represent monitoring sites where impacts on 
ecosysmtems are not significant.  *Observed in monitoring plots. **Occurred in monitoring plots during the 
monitoring period. 

 

(ii)  Impacts of tree diseases on diversity, carbon cycles, and soil environments of forest ecosystems 

i) Changes in tree species composition and carbon stocks at a site where outbreak of a disease 

(Japanese oak wilt) was reported 

The outbreak of Japanese  oak wilt at the Aichi -akazu  site affected the carbon sink function of 

the forest. The number of Quercus serrata  stems decreased by about one-quarter because of 

tree deaths  (Fig. 14), accounting for a 10% decrease in the aboveground biomass of the forest, 

although this biomass had been increasing in general before the outbreak.  
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Fig. 14. Changes in the number of stems of Quercus serrata in a secondary forest at the Aichi-akazu site. 

 

ii)  Impacts of an outbreak of larch sawfly on litter accumulation and ground-dwelling beetle 

communities 

The outbreak of larch sawfly  (Pristiphora erichsonii)  at the Tomakomai larch plantation 

monitoring plot resulted in a decrease in the amount of accumulated litter and an increase in 

the number of ground -dwelling beetles (Fig . 15). We surmised that the outbreak disturbed the 

habitat environment or food resources of the organisms on the forest floor because the sawflyõs 

feeding on leaves decreased litterfall; it also deposited large amounts of frass and was preyed 

on by ground predators when it descended from the trees in autum for pupation and 

wintering.  However, the impacts disappeared when the outbreak ended  (Fig. 15). We 

surmised that outbreaks of larch sawfly have limited and short -term impacts on ecosystems 

because they normally stop within a few years without killing any trees. The investigation 

results suggest that ground -dwelling beetle communities are sensitive and clear indicators of 

outbreaks of larch sawfly but recover quickly.  
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Fig. 15. Annual variation in catches of ground-dwelling beetles in the Tomakomai larch plantation monitoring plot 
(TM-AT2) (means ± SE). Different letters indicate significant differences between years (P < 0.05). 



 

xxx 

 

2) Increase in the density of sika deer 

(i) Changes in biological diversity 

i) Effect of debarking on tree mortality 

Debarking by sika deer was observed in nine plots (Fig. 16). In general, the tree recruitment 

rate was slightly reduced in monitoring plots containing deer. Debarking by deer was 

concentrated on specific tree speci es, and the number of stems of these species decreased (Fig. 

17). In forests where the deer density is increasing, regenerated seedlings and saplings are 

also under threat, and action will be required to maintain the diversity of tree species.  

   

Fig. 16. Proportions of tree stems debarked by sika deer. 

Black parts in pie graphs show the proportions of stems that were debarked and died; gray shows proportions that 
were debarked and lived; white shows proportions not debarked. On the map, yellow parts show the distribution 
area of sika deer in 1978 and green shows the distribution in 2003; pink indicates possible areas of expansion of 
sika deer. Symbols: red, severe damage to vegetation by sika deer; blue, no severe damage; white, no information 
on deer distribution; circles, Satoyama monitoring sites; triangles, Forest and Grassland Monitoring sites (from the 
results of questionnaire surveys in 2012). 
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Fig. 17. Temporal changes in stem densities of Machilus japonica, a species that sika deer prefer to debark, at the 
Ichinomata and Aya sites. 

 

ii)  Impacts on forest floor vegetation, litter deposition, and ground-dwelling beetles 

In many broadleaved forests with increasing deer density, the forest floor vegetation cover 

decreased. However, a decrease in litter accumulation was observed at only one site. At three 

sites where notable impacts on forest floor vegetation were observed, the total biomass of 

ground -dwelling beetles decreased.  

For some beetle species and species groups there was a significant positive or negative 

correlation between the annual variation in the catch and forest floor vegetation cover. 

Because some of these species and species groups were previously reported to respond 

similarly to the forest floor vegetation decline caused by deer, they could be good indicators of 

forest floor disturbance by deer.  

 

iii)  Relationship between understory vegetation and avifauna 

The abundance of bird species that feed in bushes, namely the Japanese bush warbler 

(Horornis diphone ) and the Siberian blue robin ( Luscinia cyane ), decreased, and these birds 

were hardly seen at some sites in the breeding season. In particular , the Japanese bush 

warbler  was less abundant at  sites where deer had serious impacts on vegetation, suggesting 

that deer might affect the numbe r and distribution of birds (Fig. 18). 



 

xxxii  

 

 

Fig. 18. Species-specific impacts of sika deer on the abundance of birds that feed in the grassïshrub layer. 
Average numbers (bars) and SD (lines) are shown. 

 

(3) Impacts of alien species 

At the Ogasawara-Sekimon site, the Bischofia  (Bischofia javanica ), which is an alien species 

brought to the Ogasawara Islands from other parts of Japan, was the only alien species to 

have a major impact on native canopy trees.  

The following alien pest species were identified: pine wilt nematode ( Bursaphelenchus 
xylophilus ); a leaf beetle, Linaeidea formosana,  at the Yona site (Okinawa Island) ; and the 

larch sawfly at the Tomakomai and Ashoro sites ( in Hokkaido) . In  Hokkaido, both the larch 

sawfly and the Japanese larch (Larix kaempferi ), upon which the sawfly feeds , are alien 

species from Honshu. The outbreak of this sawfly largely disturbed the native 

ground -dwelling beetle community and forest floor environment at the Tomakomai larch 

plantation monitoring plot in Hokkaido.  

The hwamei ( Garrulax canorus ) and the red-billed leiothrix ( Leiothrix lutea ) are alien bird 

species that have greatly extended their distribution areas over the past 10 years.  
 

1) Invasion of alien bird species 

(i) Invasions of core and sub-core sites 

Bischofia was causing problems at the Ogasawara -Sekimon site. Alien bird species such as 

the red -billed leiothrix and the hwamei have expanded their distribution areas in forests 

across Japan. Highly predatory mammal and reptile alien species , such as the common 

raccoon (Procyon lotor ), small Indian mongoose ( Herpestes auropunctatus ), and green anole 

(Anolis carolinensis ), are known to have expanded their habitats in various parts of Japan, 

although these trends have only just started to becom e prominent in our monitoring data.  

The pine wilt nematode, in particular, is causing serious damage to forests nationwide and 

around seven of the core and sub -core sites. In many cases alien species are also causing 

problems on small islands.  
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(ii)  Invasions of satellite sites 

The alien bird species hwamei  and red -billed leiothrix  continued to expand their distribution 

ranges. Wh ereas the h wamei gradually expanded its distribution out ward  from particular 

areas of Japan  (Fig.  19), the red-billed leiothrix expanded simultaneously in various areas of 

Japan (Fig. 20). The hwamei expanded its distribution f arther  south in the Tohoku region, but 

not to areas of deep snow coverage. Snowfall patterns in the Tohoku region  may have 

influenced how the hwamei expanded  its distribution in the region.  In the Kanto region, the 

hwamei did not expand its distribution to the eastern side of the Kanto plain , where there are  

few forests. The distribution of forests in the Kanto region may have influenced how the 

species expanded its distribution here. 

In contrast, the Chinese bamboo partridge ( Bambusicola thoracicus ), which established a 

population in Japan many decades ago, appeared to stop its population incre ase. 

 

  

ừ By 2002 

ừ By 2007 

ủ By 2012 

ừ By 2002 

ừ By 2007 

ủ By 2012 

Fig.19  Distribution change of hwamei (Garrulax canorus) Fig. 20 Distribution change of red-billed leiothrix 
(Leiothrix lutea) 
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6. Issues to be considered when observing policies in the third phase  

(1) Improving system and methods of monitoring  

Although there has been sufficient research into the total number of monitoring sites (48 core 

or sub-core sites and 419 satellite sites), the allocation of sites needs to be improved. In 

particular, the number of sites in grassland s and at high  altitude remains too small to obtain 

relevant results and should be increased.  

To elucidate the relationship between bird diversity and vegetation, the method of monitoring 

bird  diversity was improved during the 2nd phase from route census to spot cen sus, with 

some modification to increase accuracy. As a result, it became possible to analyze the results 

of bird survey s in relation to the surrounding vegetation.  

The increasing dee r population  has impacts on several factors  in  forest ecosystems, namely 

tree population dynamics, forest floor vegetation, and (hence) ground -dwelling beetles. The 

impacts  of diseases and pests are also prominent. However, because the current monitoring 

framework aims to highlight the existence and level of debarking by deer  and of pest and tree 

diseases from t ree census records or question naire  survey s on each of the monitoring sites, 

this framework might not fit the detailed monitoring of these phenomena . Therefore, one 

possible measure that  could be adopted is to build cooperative relationships with other 

government agencies  and local governments, etc. , so that the data collected by them and by 

the project can be exchanged. We could also utilize the netw ork of researchers who participate 

in the project to obtain new investigation and research funds.  

 

(2) A sustainable framework  

To enable long-term continuation of monitoring activities, seve ral enhancement s need to be 

made. First, exchanging information am ong researchers and monitoring sites will help to 

maintain the motivation to continue monitoring. Updating manuals, increasing opportunities 

for  training and mutual support among monitoring sites, and recruiting new researchers 

should also be considered.  

Recruiting new investigation participants is crucial for both the core sites and the satellite 

sites. We need to consider systems for providing technical support (e .g. reexamination of the 

survey frequency and the examination of simplified monitoring method s) and human 

resources (e.g. shar ing of information o n survey implementation to promote student 

participation in investigation s by using mailing list s to achieve continuous monitoring at each 

site). Outreach of monitoring results is also key to obtain ing  social support for monitoring; 

this outreach includes symposia, briefing sessions, regional exchange meetings , and other PR 

activities. Exploring the possibilities of cooperation with educational institutions could be 

another possibility for  securing  and enhancing  monitoring . For example , to jointly organize  

practical training for students  it would be possible to collaborat e with universities and 

technical schools that  provide environmental studies . 

 

(3) Managing and sharing information  

The data obtained hav e been used by scientific researche rs, and such u se should be increased. 

Most of the data obtained by Forest and Grassland Monitoring are posted on the website of 

the Ministry of the Environmentõs Biodiversity Center of Japan and are publicly available. 

Forty -eight scientific papers utilizing the data have been published at academic conferences 

and in other media by researchers participating in the project. The project cooperated with 

other research projects : for example , the monitoring data w ere used in Comprehensive 

Research on the Observation, Evaluation , and Forecast  of Biodiversity in Asia ; this research 

was conducted by using the Environment Research and Technology Development Fund  of the 

Ministry of the Environment.  
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Cooperation with other monitoring a ctivities under the umbrella of the Monitoring Sites 1000 

Project should be enhanced, because some issues such as increasing deer populations,  tree 

disease, and global warming commonly cause serious change s in different types of ecosystems. 

Effective excha nge and integration of information among different ecosystems are required to 

understand the whole picture of these  driving force s. Outreach is also critical for  enhancing 

collaboration.  

 

(4) Applicability to conservation policies  

The results of monitoring  should be applied to policymaking. One typical example is that of 

the Great East Japan Earthquake. The disaster had huge impacts on ecosystems and 

biodiversity in eastern Japan, and these impacts were effectively illustrated and utilized by 

the Biodiversi ty Center of Japan and the Ministry of the Environment . The government also 

used the basic activities of the Monitoring Sites 1000 Project before the disaster.  National and 

local governments can use the monitoring results for their national and regional bi odiversity 

strategies, as well as for their environmental conservation planning and policy making.  

Also, we need to clarify the interrelationships between the changes and their drivers. The 

National Biodiversity Strategy of Japan has listed  four categories  of drivers t hat cause crises 

of biodiversity . We also need to assess and evaluate the current status and achievement levels 

of monitoring in terms of the Aichi Biodiversity Targets , and we need to identify  and provid e 

the information that national and loc al governments require.  

 

(5) International collaboration  

Contributing to global biodiversity monitoring is another key task of the Monitoring Sites 

1000 Project, and the scope of international collaboration needs to be enlarged. Because global 

standard pro tocols such as that used by the IBOY ( International Biodiversity Observation 

Year) were adopted by the project, the data from th e project are comparable with data sets 

from other international monitoring schemes. In this context, some of the data obtained have 

been made available globally. The results of the 1st-phase tree census were published in 

Ecological Research Data Papers  (a category of the international scientific journal Ecological 
Research) and are now available on the journal õs website. Ground -dwelling beetles collected 

by the project were registered in  the GBIF ( Global Biodiversity Information Facility) for 

inclu sion in its specimen database. We should continue and enhance these activities in the 

3rd  phase, which will include the ir  introduction a t international conferences such as the COP 

CBD (Conference of the Parties to the Convention on Biological Diversity ) and iPBES  

(Intergovernmental Platform for Biodiver sity and Ecosystem Services ). 
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2- 1  

 

*  

** 2010  

                                                   
2 ─ ─ ⁸ ╛ ⁸ ─ ╩ ⇔≡™╢ ╩╙≤⌐⁸

⅜ 1997 ₈ ─√╘─ ₉≤⇔≡ ╩ 10 ⌐ ⇔√╙─╩ ™√⁹ 
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◘▬♩  

 ◘▬♩─ ◘▬♩│⁸⌂╢═

ↄ ⌐ ⌂ ≤⌂╢╟℮⌐

⇔√ 2-4⁸ 2-4 ⁹◘▬♩ │

─ 253◘▬♩⁸ 53◘

▬♩⅛╠⁸ 2 ⌐│ 345 ◘▬

♩⁸ 74◘▬♩≤◘▬♩ ╩ ╛

⇔√⁹ ─♃כ♦─ │⁸

2-5─╟℮⌐⌂∫√⁹ 

⌡ ⌐ ↕╣⁸ ₁⌂ ⅜

╕╣≡™╢⁹ │ ⌐

─⸗♬♃ꜞfi◓╩ ∫√⁹ 

 

 

 

 

 

1 2 3 4 5  

6 7 8 9 10  

 

2- 4  

1 2 3 4 5 6 7 8 9 10

2250m 1 1
2000m 2 2
1750m 1 5 1 7
1500m 4 4 1 2 11
1250m 9 1 2 2 6 20
1000m 2 7 9 7 4 3 9 41
750m 2 2 3 10 6 4 7 10 44
500m 7 7 7 14 13 6 16 13 2 85
250m 11 15 11 15 17 21 10 29 4 1 134

23 24 42 60 45 38 36 70 6 1 345

1 2 3 4 5 6 7 8 9 10

1750m 1 1 2 4
1500m 3 3
1250m 1 1 2
1000m 2 2 2 1 1 8
750m 2 1 3 6
500m 1 1 1 1 1 5
250m 11 8 6 5 1 9 3 3 46

11 8 10 15 5 9 5 11 0 0 74

2- 4 ◘▬♩ ⁹ 

ừ ◘▬♩ 

ừ ◘▬♩ 



 

14 

 

2- 5 ─ ⁹ 2- 6 ─ ⁹ 

 

1 2 3 4 5  

6 7 8 9 10

 

40 75 73 81 67
1 1 10 3 7 2
2 5 1 8 7 2
3 2 6 12 10 10
4 9 11 12 13 12
5 3 13 6 10 12
6 8 9 6 12 3
7 5 6 8 13 4
8 7 17 15 9 20
9 2 3 1
10 1

7 17 16 21 12
1 2 2 1 3 3
2 3 1 1 2
3 1 1 2 4 2
4 1 5 4 4 1
5 1 3 1
6 2 2 4 1
7 1 1 2 1
8 1 3 1 3 3

43 47 51 64 48
1 1 3 5 1
2 3 4 6 2
3 3 5 10 10 8
4 6 3 4 3 2
5 3 12 5 8 7
6 10 6 5 11 3
7 8 3 7 12 4
8 9 13 13 9 19
9 2 3 1
10 1

11 6 13 13 7
1 2 1 2
2 1 1 1 2
3 1 1 2 2
4 3 1 2 1
5 1 2 1
6 2 2 4 1
7 1 1 2 1
8 3 1 3 2

1
0

1
0

1
0

1
0

2- ♃כ♦♩▬◘ 5 ⁹ 
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ה♩▬◘▪◖ ◖▪◘▬♩  

ה♩▬◘▪◖  ◖▪◘▬♩≢│⁸ ⁸ ה ⁸

⁸ ╩ ∫≡™╢⁹◖▪◘▬♩≢│ ≈─ ╩ ™⁸ ◖▪◘▬♩

≢│⁸ ⅔╟┘ ╩ ⌐ ─ ≢ ∫≡™╢⁹ 

≢│⁸ ha─ ─ 315cm ─ ∆═≡╩ ≤⇔⁸∕─

╩ ⇔⁸ ╩ ⇔√ 3-1B 4⁹ 

ה ≢│⁸ ─ ╩ ⇔√ ╩ⱪ♇ꜝ♩כ♃ꜞ⌐

25 ⇔≡⁸ ⁸ ⁸ ה ה ⌂≥ ⅔╟┘∕─ ╛

↓↑⁸ ─ ⌂≥ ─ ╩ ═√ 3-1C 4⁹ 

≢│⁸Ⱨ♇♩ⱨ◊כꜟ♩ꜝ♇ⱪ ╩ ™≡ ╩ ⇔√ 4,5⁹

⌐ ─ ◘Ⱪⱪ꜡♇♩ ╩ ↑⁸ ◘Ⱪⱪ꜡♇♩⌐ ─ ≤⇔

─♩ꜝ♇ⱪ 90mm⁸ ↕ 120mm⁸ⱬ▬♩ │ ⇔⌂™ ╩ 72

⇔ 3-1D ⁸∕─ ⌐ ⇔√ ─ ⁸Ᵽ▬○ⱴ☻ ⁸ ╩ ═√⁹

⅜ ⌐ ∆╢ 11 ⌐⁸⅔╟∕ ﬞ ﬞ ─ ≢⁸

─ ╩ ⇔√⁹ ╠╣√ ─ ╩ ╘╢⁸○◘ⱶ◦ ⁸◦♦ⱶ◦ ⁸ⱢⱠ◌

◒◦ ─ ⁸☿fi♅◖●Ⱡ ─ │⁸ ⅜ ↄ⁸ ⅜ ↕╣⁸

─ ╩ ⇔╛∆™ ≤ ⅎ╠╣╢√╘⁸ ╕≢─ ╩ ∫√⁹ 

≢│ ≢ ⌐ ∫≡ ╩ ℮√╘⁸ ⁸ ⌐╟╢ ⁸

⌐╟╢ ┼─ ╩ ↄ ⅎ╢ ⅜№╡⁸ ╩ ↄ ♩ꜝ♇ⱪ ה ה

╩ ⌂ↄ ⇔≡™╢⁹∕─√╘⁸ ─ ─ ⌐ ⇔≡™╢≤

│™ⅎ⌂™⁹╕√⁸Ⱨ♇♩ⱨ◊כꜟ♩ꜝ♇ⱪ⌐╟╢ │⁸ ∞↑≢⌂ↄ

─ ╙ ∆╢⁹ ╩ ℮ ⅜ ╠╣≡™╢√╘⁸ ─ ⁸

⌂≥ ╛⁸ ─ Ⱨכ◒ ⌂≥ ─ ⌐╟╢ ™╙⁸∕─ ─

⌐ ⅝⌂ ╩ ╓∆ ⅜№╢⁹↓─╟℮⌐⁸ ₁─ ⌐│ ₁⌂ ⌐

╟╢┌╠≈⅝⅜ ╕╣╢≤ ⅎ╠╣⁸ ⌐│ ╩ ∆╢⅜⁸∕─ ⌂ │

─ ╩ ∆╢╙─≤ ≢⅝╢⁹ ∫≡⁸ ∆╢ ─ ⌂

⌐ ⇔≡ ╩ ∆╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

╕√⁸ ⌐⁸◘Ⱪⱪ꜡♇♩ ─ ⁸ ↕ 60cm ─ ╩

≢ ⇔√ 4,5⁹↕╠⌐⁸ ◘Ⱪⱪ꜡♇♩⌐⅔™≡⁸ 25cm ─ ⁸

ה ─ ⁸ 10 ⁸ 20cm2⁸ ↕ cm ─

                                                   
3 1.3m ─ ─  
4 │ ─ ⱴ♬ꜙ▪ꜟ⌐ ⇔≡™╢⁹ 
5 2004 │⁸ ─ ╛ ⅜ ─ ≤ ⌂╢ ⅜№╢√╘⁸ ↄ─ ⅛╠ ⇔√⁹ 
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3- 1 A B C

D E  

 

 

A B 

D E 

 

C 

ה ─ 2005⁸2010 ⁸ ⅔╟┘ ⌐⅔↑╢☿ꜟ

☻כ꜡ cm ─ ─ 2004 2008⁸2012 ╩ ∫√ 4,5⁹

─ │ ⅝⌂ ╩ ⇔√⅜⁸ ≢╙ ⌐╟∫≡ ⌐┌╠≈

⅝⅜№╢√╘⁸ ╩♃כ♦─ ⁸ ∆╢ │ ─╟℮⌐ ─ ╩

⇔√ ╩ ™√⁹╕∏⁸ ─ ה ◘Ⱪⱪ꜡♇♩─ ╕√│

╕√│ 10 ─ ⁸ ─ │ ╩ ⅛

╠─ ≢ ⇔√ 3-2 ⁹↓─ ─ ╩⁸↓─ ─ ≤╖⌂⇔⁸

⅛╠─ ╩⁸ ⅛╠─ ≤╖⌂⇔≡ ─ ╦╡⌐ ⌐ ™√⁹ 
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│⁸ ≤ ─ ⁸☻ⱳ♇♩☿fi◘☻ ⌐╟╡ ⇔√⁹ ◘

▬♩⌐ ≈─ ╩ ⇔ ⱪ꜡♇♩─ ╙⇔ↄ│≢⅝╢∞↑ ↄ⌐ ╩ ⁸

╟╡ 50 ─ ⌐ ∆╢ ─ ≤ ⁸ ╩ ⇔√⁹╕√⁸

⌐ ⇔√ ╙ ∑≡ ⇔√⁹ │⁸ ─ ╩ 10 ≤⇔⁸ ≤

╣∙╣⧵╩☻כ◖⌐ × ⇔⁸ ≤⇔≡│⁸ ─ │⁸

3- 2 a b c d

e f g h a c e g b d f h

 

 

2005
2006
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2010
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0.05
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0.05

lo
g 1

0

g

35

40

45

2
0

04

2
0

06

2
0

08

2
0

10

2
0

12

- 10

0

5

- 5

30

h

a

c

e f

d

b



 

18 

 

⌐ ≤ ─ ⌐ ─ ⁸ ─ │ ↑≡

∫√ 3-3 ⁹√∞⇔⁸ ≢─ │ ╦⌂⅛∫√⁹ ─

≤⇔≡│⁸ ⌐│⁸ │ ⌐ ≢╟ↄ↕ⅎ∏╡⁸ ≤≤╙⌐↕ⅎ∏╠⌂ↄ⌂

╢─≢⁸ ─ ⅛╠ ⌡ ╕≢⌐ ╩ ⅎ╢↓≤≤⇔⁸ ≢│⁸ ⌐

═≡ ⌐╟╢ ─ ┼─ │ ⌂™↓≤⅛╠⁸ ⌐ ╩ ∆╢╙

─≤⇔√⁹ 

 

 

 

3- 3  

 

 

 ◘▬♩  

◘▬♩≢│⁸ ≈─◘▬♩⌐≈™≡⅔⅔╗⌡ ⌐ ⁸

≤ 12 ╩ ∆╢↓≤≤⇔≡™╢⁹√∞⇔⁸ ╛

─◘▬♩⌐⅔™≡⁸ ─ ⅜ ⌂ │⁸ ─╖─ ≢╙ ≤⇔≡™╢⁹ 

│⁸ ─ ≢№╢ 2008 ╟╡⁸∕╣╕≢─ꜝ▬fi☿fi◘☻ ⌐

⅛ⅎ≡⁸☻ⱳ♇♩☿fi◘☻ ╩ ⇔√ │◖ꜝⱶ ⁹ ◘▬♩⌐⅔™≡⁸

km ─ ⌐ 100 ─ ╩ ™≡ ≈─ ╩ ↑√⁹ ⌐

│⁸ ─ ⌐ ∏≈ ─ ⁸ ⌐╙ ⌐ ⌐

∏≈⁸ ≢ ─ ╩ ∫√⁹ ─ ⁸ ─

╕≢⌐│ 15 ─ ╩№↑√⁹ ⌐╙ ⌐⁸ ╩№↑√ ≢⁸

─ ╩ ∫√⁹ ─ │⁸ ≢ 10 ⁸ 50 ─ ≤

∕╣ ─ ⌐ ↑≡⁸ №╢™│ ⅝ ╩ ⇔√ ─ ≤ ╩ ⇔√⁹

│ 10 ╩ ↔≤─ ⌐ ↑≡ ∫√⁹ │⁸ │ 4:00⅛╠ 9:00

╕≢⁸ │ 8:00 11:00─ ⌐ ⇔≡™╢⁹ ≤ ─ ⌐│ ╩ ╦⌂⅛∫√⁹ 

⌐≈™≡│⁸ ─ 50m─ ≢ ⌐ ≢⅛⌂─♃כ♦√╣╠ ─

╩∕─ ─ ≤⇔⁸ ≈─ ─ ╩ ◘▬♩─ ≤⇔√⁹╕

√⁸ ⌐≈™≡│⁸ ╙ ╘√ ╩ ⌐ ™√⁹ 
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Ẽ◖ꜝⱶ 3- 1 ▪ⱷ♄☻≤ ◘▬♩─ ─♃כ♦ ⌐≈™≡ 

  ⸗♬♃ꜞfi◓◘▬♩ 1000 ה Ⱡ♇♩꞉כ◒☿fi♃כ  

 ≢│⁸ ≤ ה ה ─ ─ ⌐≈™≡⁸ ⌐ ⅔

╟┘ ─ ה ╩ ♃כ♦≡⇔ ╩ ∫√⁹ ◘▬♩─ │⁸

◘▬♩╩ ∆╢ ╛ ⅔╟┘ ₁─ ⅜ ∫≡™╢⅜⁸

⅜ ⌐№╢↓≤⌂≥─ ⅛╠ ╩ ∫≡™⌂™ ╙№╢⁹∕↓≢⁸

≢│⁸ ⌂ ╩╙∫√ ╩♃כ♦ ™≡ ╩ ℮√╘⌐⁸ ⅜ ⇔

≡™╢ ─▪ⱷ♄☻─♦כ♃ http://www.jma.go.jp/jma/menu/report.html ⁸

⅔╟┘⁸ ⅜ ⇔≡™╢ ─ ⱷ♇◦ꜙ♦כ♃

http://nlftp.mlit.go.jp/ksj/gml/datalist/KsjTmplt -G02.html ╩ ⌐⇔√ ╩♃כ♦

⌐ ⇔√⁹ ─ ⌐ ∂≡⁸◘▬♩ ≢─ ≤ ─ ╩ ∆╢

⌐│▪ⱷ♄☻╩ ⌐⇔√ ╩♃כ♦ ⇔⁸◘▬♩ ≢─ ⌂ ─ ™≤ ─

╩ ∆╢ ⌐│ ⱷ♇◦ꜙ♦כ♃╩ ⇔√⁹ 

 ▪ⱷ♄☻♦כ♃╩ ∆╢ │⁸ ≤▪ⱷ♄☻ ─ ⌐ ⅜№

╢√╘⁸ 0.55ϴ 100m ╩ ™≡⁸ ╩ ⇔√⁹╕√⁸↓─▪ⱷ♄☻♦כ

♃⌐ ≠™√ ⁸⅜♃כ♦ ─ ╩≥─ ⇔ↄ ≢⅝≡™╢⅛≥℮⅛

⌐≈™≡ ∆╢√╘⌐⁸ ╩ ∫≡™╢◘▬♩─ ⌐☻♄ⱷ▪≥♃כ♦ ≠ↄ

─♃כ♦ ╩ ═√⁹ ⅜ ∆╢◘▬♩─ ⁸│♃כ♦

LTFHR ⅜☻כⱬ♃כ♦ ⇔≡™╢ ☻כⱬ♃כ♦

http://forcen01.forest.kyushu -u.ac.jp/Kenkyu/ltfhr/ LTFHR ♦

☻כⱬ♃כ ╛ ⅜ ╩♃כ♦╢™≡⇔ ⇔√⁹∕─ ⁸™∏╣─

◘▬♩≢╙ ─ ⅜ 0.99 ≤ ™ ╩ ⇔⁸ ♃כ♦ ⌐ ™ ⅜№╢

↓≤⅜ ↕╣√⁹ ⁸ ─ ⅝╛ ─ ⅛╠⁸▪ⱷ♄☻─ ╩♃כ♦ ⇔

≡ ∆╢ │⁸ ─ ≤─ ⌐ ⌂ↄ≤╙ ─ ⅜ ∂╢↓≤⁸∕─

│ ─ ╟╡╙ ⌐ ה ↕╣╢ ⅜№╢↓≤⅜ ↕╣√ ⁹

↓╣╠─↓≤⅛╠⁸ ⌐⅔™≡⁸▪ⱷ♄☻⌐ ≠ↄ ╩♃כ♦ ⇔√

≢ ↕╣≡™╢ │ ≢│⌂™↓≤⌐ ∆╢ ⅜№╢⁹ ⁸™∏╣

─◘▬♩≢╙ ≤ ─ │ ™↓≤⅛╠⁸▪ⱷ♄☻⌐ ≠ↄ │♃כ♦

≢─ ─ ╩ ⌡ ⌐ ⇔≡⅔╡⁸ ≢─

≤ ─ ╩ ⇔√ │∕─ ה ╩ ⇔ↄ ⇔≡™╢≤ ⅎ╠╣╢⁹ 

 ⁸ⱷ♇◦ꜙ │⁸ 30 ─ ╩ ⌐⁸ ╛▪ⱷ♄☻ ─ ™

≢╙ ⌂≥─ ╩ ⇔≡ km ⱷ♇◦ꜙ ⱷ♇◦ꜙ ≢ ⅜♃כ♦ ה

↕╣≡™╢⁹∕─√╘⁸ ╩ ╗ km ⱷ♇◦ꜙ─ ╩♃כ♦ ⇔√

│⁸∕─ ─ ╩ ⌐ ⇔≡™╢≤ ⅎ╠╣╢⁹ 
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1 (m)

(km)  

80 6 10
435 100 18
870 58 15
125 2 14
635 16

1200 232 25
1090 232 24
335 75 10
490 11 19
175 9 14
250 232 11
335 255 13
360 90 7
340 90 4

1495 571 11
1730 1223 13
825 240 10
560 60 12
750 200 17
140 41 7

1425 232 25
330 3 6
120 39 4  

 

 

A 2001 1 2011 12 B 2004 2007 12 C

2004 2007 12 D 2004 2007 12  
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Ẽ◖ꜝⱶ3- 2 ─ ─ꜝ▬fi☿fi◘☻ ≤☻ⱳ♇♩☿fi◘☻ ─  

  ⸗♬♃ꜞfi◓◘▬♩ 1000 ה  

─ꜝ▬fi☿fi◘☻≢│ ⌐ km ─ ╩ ⇔⁸∕↓╩ km

≢ ⇔⌂⅜╠ ∆╢ ─ ≤ ╩ ⇔√⁹ ⅛╠ 50 ─ 100 ─ ╩

≤⇔⁸ ⌐ ↑≡ ⇔√⁹⇔⅛⇔⁸ꜝ▬fi☿fi◘☻≢│ ⅜ ⇔

™ ⅜№∫√↓≤╛⁸ ⌐ ⅜ ⅝ↄ ∂╢≤™℮ ⅜╦⅛∫√⁹∕

↓≢⁸ ⅛╠│⁸ ─ ≤─ ⅜ ≢№╢↓≤⁸ ─ ╩

↕ↄ≢⅝╢⁸ ⇔⌂⅜╠─ ⅜ ⌂ ╛ ─ ╙≢♩כꜟ™ ≢№╢

☻ⱳ♇♩☿fi◘☻ ⌐ ∆╢↓≤≢⁸↓─ ╩ ⁸ ⇔√⁹ 

⌐№√╡⁸ꜝ▬fi☿fi◘☻ ≤☻ⱳ♇♩☿fi◘☻ ╩ ⌐ ⌂℮↓≤≢

⅔╟┘ ─ ╩ ⇔√ ╒⅛ 2009⁸ ╒⅛ 2009 ⁹ ─ ⁸☻ⱳ

♇♩☿fi◘☻─ ⅜ꜝ▬fi☿fi◘☻╟╡╙ ↄ─ ╩ ∆╢↓≤⅜≢⅝⁸ ─ ≢

│╒╓ ⇔√ ⁹╕√⁸ ⌐≈™≡╙☻ⱳ♇♩☿fi◘☻≤ꜝ▬fi☿fi

◘☻─ ≢│ ─ ⅜ ╘╠╣⁸ꜝ▬fi☿fi◘☻ ≢ √ ─ ≤ ╕⅛⌂

│ ≢№╢↓≤⅜ ≢⅝√⁹↕╠⌐⁸ꜝ▬fi☿fi◘☻─ ⁸ꜝ▬fi ⌐ ₁⌂

⅜ ╕╣╢◘▬♩⅜№╢⅜⁸☻ⱳ♇♩☿fi◘☻┼─ ⌐╟∫≡⁸ ◘▬♩≢│

─╖⁸ ◘▬♩≢│ ─╖─ ≤∆╢↓≤≤⁸ ≤ ─ ╩

≢ ↕∑╢↓≤⅜ ⌐⌂∫√⁹ 

 

  

 

ừ ☻ⱳ♇♩☿fi◘☻ 

ủ ꜝ▬fi☿fi◘☻ 
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ה ה ה ה ה ה ה ה

ה 2009  ─ ─⸗♬♃ꜞfi◓⌐⅔↑╢☻ⱳ♇♩☿fi◘☻ ─  ʄꜝ

▬fi☿fi◘☻ ≤─ ─ ─ ʄ . Bird Research 5: T23-T32. 

ה ה ה ה ה ה 2009 ⌐⅔

↑╢☻ⱳ♇♩☿fi◘☻≤ꜝ▬fi☿fi◘☻⌐╟╢ ─ ─ . Bird Research 5 : 

T1-T13. 
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ה ─ ≤ ─  

 

─ ≈─ ≤⸗♬♃ꜞfi◓◘▬♩ 1000 

─ ≈─  

 ─ │ ─ ╩ ≢ ╦╣≡⅔╡⁸ ≢╙ ⌂╒≥ ⌐ ╕╣√ ≢№╢⁹

√∟│ ⅛╠ ↄ─ ─ ╖╩ ↑≡ ⇔≡⅝√⁹ │ ⌂ ─ ╦╡ ℮

≢№╡⁸ ⌐╟∫≡ ⅎ╠╣≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ─ ≢│

⅜ ⅝ ↓⇔√ ⌐╟∫≡ ⅜ ⌐ ⇔≡⅔╡⁸ ↄ─ ⅜ ⌂ ⌐№╢

≤ ⅎ╠╣≡™╢⁹2013 25 ⌐ ↕╣√ 2012-2020 ≢│⁸

─ ─ ╩∕─ ⅔╟┘ ⅛╠⁸ ─ ≈⌐ ⇔≡™╢⁹ 

 ─ │⁸ ╛ ⌂≥ ⅜ ⅝ ↓∆ ─ ⌐╟╢ ┼─ ≢№╢⁹

─ ╛ ┼─ ⅔╟┘ ─ ⁸ ⁸ ⌂ ⌂≥ ⌂ ─ ⅜

╕╣╢⁹ ⌂ ─ ≤⇔≡⁸ ⌐⁸ ─ ⌐ ∆╢♩◌◕⸗♪◐ ⌂≥─

╛ⱴꜟⱣⱠ◒꞉●♃ ⌂≥─ ≢│ ╛ ╩ ≤⇔√ ≢⁸╕√⁸ ─

™ꜝfi ╛◌fi▪○▬ ⁸♥fi♫fi◦ꜛ► ⌂≥─ ≢│ ה ╩ ≤⇔√

⌂ ⌐╟∫≡ ה ⅜ ⇔≡™╢ ⅜№╢⁹ 

 ─ │⁸ ─ ≤│ ⌐⁸ ⌐ ∆╢ ─ ⅝⅛↑⅜ ∆╢↓≤⌐╟╢

≢№╢⁹ ─ ╛ ⌂≥─ ⁸ ⌂≥─ │⁸ │

⌐ ⌂╙─≤⇔≡ ↕╣≡⅝√⁹⇔⅛⇔⁸↓℮⇔√ ╛ ⅜ ↕╣⌂ↄ⌂∫√ ⁸

∕─ ⌐ ─ ⅜ ⌐ ⇔≡™╢⁹ ≢⁸♬ⱱfi☺◌╛▬ⱡ◦◦⌂≥─ ⅜

⇔⁸ ⅜ ∆╢↓≤≢⁸ ⌂ ╛ ┼─ ⅜ ⇔≡™╢⁹ 

 ─ │ ⌂≥ ⌐╟╡ ∟ ╕╣√╙─⌐╟╢ ≢№╢⁹ ─ ─ ⅛╠

∟ ╕╣√╙─╩ ╘⁸Ⱪꜝ♇◒Ᵽ☻╛ⱴfi◓כ☻⌂≥─ │⁸∕─ ⌐╙≤⅛╠™√

╩ ═√╡⁸ ה ╛ ╩ ∫√╡⁸ ⇔≡ ⌂ ╩╙√╠∆⌂≥⁸

─ ╩ ⅛⇔≡™╢⁹ 

 ─ │ ⌂≥⁸ ─ ⌐╟╢ ┼─ ≢№╢⁹

─╒⅛⁸ ™ ─ ⅜ ∆↓≤╛ ─ ⌂≥─ ⁸ ─ ─ ⅔╟

┘ ⌂≥─ ─ │⁸ ⌐ ⌂ ╩ ⅎ╢ ⅜№╡⁸∕─ │

⌐ ↑╢↓≤│≢⅝⌂™≤ ⅎ╠╣≡™╢⁹ 

 50 ─ ─ ─ ╩ ⇔√ 2010

⌐╟╢≤⁸ ⌐⅔↑╢ ─ │ ─╟℮⌐ ↕╣≡™╢⁹ 

 

─ │ 1950 ⅛╠ ⌐ ╢ ⌐⅔™≡ ⌂╦╣≡⅔╡⁸

⌐│ ∆╢ ≢ ⇔≡™╢⁹ 

ủ ─ ⌐ ⅝⌂ │╖╠╣⌂™⅜⁸ ┼─ ⌐╟∫≡ ─ ™ ⅜

⇔√⁹ ─ ╙ ⇔≡™╢ₒ ─ ₓ 

ủ ╩ ⇔≡⁸ ─ ™ ─ │ ⇔√╙──⁸ ╛ ─



 

24 

 

─ ⅜ ∆╢ ⌐№╢ₒ ─ ₓ 

ủ ⁸◦◌─ ─ ⁸ ─ ⌐╟╢ ╛ ⌐ ∆╢ ⅜ ⇔≡™╢⁹

╕√⁸ ⌐╟╢≤ ╦╣╢ ┼─ ⅜ ↕╣≡™╢o ה ─  x

ủ ⁸ ─ ⌐╟∫≡⁸ ⌐⅔↑╢ ╛ ─ │ ⇔≡™╢⅜

⌂ ⅜ ↕╣╢⁹ 

 

⸗♬♃ꜞfi◓◘▬♩ 1000─  

 ⸗♬♃ꜞfi◓◘▬♩ 1000│ 2002 14 ⌐ ↕╣√ ה ⌐⅔™≡

─ ╩ ⌐ ⇔⁸ ╩ ∆╢⌂≥ ⌂ ─ ⌐ ∆╢╟╡ ─

╩♃כ♦™ ⌐ ∆╢√╘⁸1973 48 ⅛╠ ⅜ ⇔≡⅝√

─ √⌂ ≤⇔≡⁸2003 15 ╟╡ ⇔√⁹ │╦⅜ ─

⌂ ⌐ 1000 ─◘▬♩╩ ↑⁸ ⅔╟┘∕╣╠─ ה ⌐ ∆╢

╩ ⌐⸗♬♃ꜞfi◓∆╢╙─≢№╢⁹ 

 

⌂ ⌐╟╢ ה ה ─  

 ⸗♬♃ꜞfi◓◘▬♩ 1000 ≢─ ה │ 2003 15 ⅛╠⁸ ⌂ ⌐╟

╡ ─ 50 ﬞ ⌐ ha ─ ◘▬♩╩ ⇔⁸ ╙⇔ↄ│ ⌐ ─ ╩⁸

™≤↓╤≢│ ⌐ 10 ⇔≡⅔╡⁸ ╙ 100 ⌐ ∫≡ ∆╢↓≤╩ ⇔≡™

╢⁹ ⅜ ≤∆╢ ─ ⌐ ∆╢ ─ ╩♃כ♦™ ⌐ ∆╢⁹ ⌂

⌐╟╡ ה ה ≢ ╩ ℮ ⌐≈™≡ ⌐ ∆⁹ 

ᵑ ─ │ ∆╢ ─ │ ╟╡╙ ↄ⁸ ⅜ ↄ⁸ ─

⌐ ∂≡ ─ ⌐ ╛ ה ⅜ ↓╡⁸ ⌐│ ⇔√ ≢№╢⁹ ≢⁸

⌐ │ ⌐╟∫≡ ╛ ╡⅜ ∂√╡⁸↔ↄ ⌐ ≢ ╛ ╡⅜ ∂√

╡⁸ ⅜ ⇔≡ ⅜ ⌐ ⅎ√╡⁸◘▬☼⁸ ⁸ ─ ⌂╢ ₁⌂ ⅜

↓╢⁹╕√ ─ ≢ ⌐ ⅜№╡⁸ ↔≤─ ⌐╟∫≡ ╛ ─ ⌐☼꜠

⅜ ∂╢⁹∕─√╘⁸ ─ ≢│⁸ ⇔√ ⅜ ⌂╙─⅛⁸╟╡ ⌐ ∆╢

≢№╢─⅛╩ ≢⅝⌂™⁹ ⅜≥─╟℮⌂ ⌐№╢─⅛╩ ⇔ↄ ∆╢√╘⌐

│ ⌐ ╩ ℮ ⅜№╢⁹ 

ᵒ ─ ─ ⌐│ ≤ ┌╣⁸ ⅜ ↄ⁸≥↓⌐≢╙ ∆╢ ╙

№╢⅜⁸↔ↄ ≢╕╣⌐⇔⅛ ╠╣⌂™ ╙ ™⁹╕√ ↄ─ ⅜⁸ ╛ ─ ─

─ ⌐ ∫≡ ∆╢⁹↕╠⌐ ⌐ ™ ≢№∫≡╙ ₁⌂ ⌐╟∫≡

∂╢ ◑ꜗ♇ⱪ⅜ ⌐ ⇔⁸ ₁─◑ꜗ♇ⱪ⅜ ─ ⌐╟∫≡ ↕╣╢ ⌂

─ ⌐№╢√╘⁸ ─ ⌂╢ ⅜Ɽ♇♅ ⌐ ╖ ╦↕∫≡™╢⁹∕─√╘⁸

─ ╩ ∆╢⌐│ ─ ≢│ ≢⁸№╢ ─ ™ ╩ ≤⇔√ ⅜

≢№╢⁹ 

ᵓ ─ ─ │ ⌐ ↄ⁸ ⅛╠ ╕≢ ⌂╢ ⌐╕√

⅜╡⁸ ╛ ─ ─ ╙ ⌐╟∫≡ ₁≢№╢⁹ ⌐ ─ ╩ ⅎ≡⅔

╡ ⅛╠ ╕≢ ⌐ ∫√ ─ ╙ ≢№╢⁹ ⌐│ ⌐∕─ ─
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⌐ ⇔√ ⁸ ⁸ ⁸ ₁⌂♃▬ⱪ─ ⅜ ⇔≡™╢⁹

ⅎ≡⁸ ⌂ ╙ ─ ⌐ ⇔≡™╢⁹∕─√╘⁸ ─ ─ ╩ ∆

╢√╘⌐│⁸ ─ ⌂ ♃▬ⱪ╩ ∆╢╟℮⌐ ╩ ∆╢ ⅜№╢⁹ 

↕╠⌐ ≈─ ≢ ─ ⅜ ↕╣√ ⌐⁸∕─ ─ ≢№╢─⅛⁸

≢╙ ∂╟℮⌐ ↕╣╢╙─⅛⁸№╢™│ ⌐ ∆╢ ≢№╢─⅛ ╩ ∆

╢ ╙№╢⁹↓─╟℮⌂ ≤ ─ ╩ ℮⌐│⁸ ─ ─ כ♦

♃≢│ ⌂√╘⁸ ⌐ ─ ╩ ↑╢↓≤⅜ ≢№╢⁹ 

ᵔ ─ ─ ╩ ∆╢√╘─ │ ⅝ↄ⁸ ╩ ─ ≢

∆╢ ⅜ ™⁹╕√ ─ ⅜ ⌐ ≢⅝╢ │ ╠╣╢√╘⁸⸗♬♃ꜞfi◓─

⅜ ↄ⌂╣┌ ╩ ⌐ ⌡╢ ⅜ ∂╢⁹╙⇔⁸ ─ ╛ ─ ─ ≢

⅜ ⌂╣┌⁸ ╩♃כ♦√╣╠ ⇔≡╙⁸◘▬♩ ╛ ─♃כ♦⌂ ⅜⁸ ─

≢№╢─⅛⁸ ─ ⌐╟╢ ™≢№╢─⅛ ⅜≢⅝⌂™⁹╕√◘▬♩ ╩ ∆╢

⌐╙⁸ ─ ≢ ⁸┌╣№≢♃כ♦√╣╠ ╛ ─ ™╩ ╩♃כ♦⌐∏∑ ⇔≡⁸

◘▬♩ ─ ™╩ ╠⅛⌐∆╢↓≤⅜≢⅝╢⁹∕─√╘⁸ ה ה ⸗♬♃ꜞfi◓─

⌐│⁸™ↄ╠⅛─♩꜠כ♬fi◓╩ ╘┌ ╙⅜ ⌂ ↕╣√ ╩ ─

─ ≢ ⇔⁸∕╣╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

 

─ ה ─  

─ ⌐╟╢ ─ ─  

│⁸ ⌂ↄ≤╙ ⁸ ⇔≡ ─ ─ ≤⌂∫≡⅔╡⁸

╠╣╢ ─ ⅜ ─ ╩ ↄ ↑≡™╢  2011 ⁹ │ ╛ ≤∆

╢ ⁸ ─ ≤∆╢ ⁸ ─ ≤∆╢ ⁸ ≤⌂╢ ╛ ⁸◐ⱡ◖ ╩

╢√╘ ╩ ⇔≡⅝√⁹⅛≈≡│ ─╒≤╪≥⅜ ≢№∫√≤ ⅎ╠╣╢⅜⁸

⁸ ╙ ⅜ ↕╣≡∕─√┘⌐ ⌂ ⅜№╢ ∆╢≤™℮↓

≤╩ ╡ ⇔√⁹⇔⅛⇔⌂⅜╠ ⅔╟┘ ─ ≤ ∆╢ ⌐≤╙⌂

∫≡ │ ╕≢ ⌐ ╩ ╠⇔√  2011 ⁹ 

Totman 1989 ⌐╟╢≤⁸ ─ ⌐⅔™≡ ⌂ ⅜ ╠╣√ ⅜

№∫√≤↕╣╢⁹ ─ ⅜ ⇔√ 600 850 ⌐│⁸ ╛ ⁸

─ Ⱪכⱶ⅜ ⅝ ↓╡⁸ ⌐ ⇔√ ⌐№∫≡▪◒☿☻≢⅝╢ ─

│ ≡ ↕╣√⁹╕√ ⌐ ⅜ ╩ ⇔⁸ ─ ⌐ ⅜ ╩

™√ 1570 1670 ⌐│⁸ ⌂ ⁸ ⁸ ─ ≤∕─ ⁸╕

√ ∆╢ ╩ ℮√╘ ─ ⅜ ≤⌂╡⁸ ⅛╠ ⌐⅛↑≡ ⌂

⅜ ⅜╡⁸ ⌂ ╩ ™√⁹ 

↓─ ─ ╩ ≤⇔≡ ╩ ╘≤∆╢ ⁸⅔╟┘ ⅜ ╪⌐⌂

╡⁸ ─ │ ↕╣╢⁹⇔⅛⇔ ≤∕─ ─ ⌐╙ ⅜ ⇔⁸

─ ⅜ ⌐ ↕╣√⁹ ─ 1950 ⁸ ─ │ ≤ ╩

╦∑≡ 70 ha ╩ ⅎ≡⅔╡⁸ ─ % ─ ╩ ⇔≡™√ 4-1 ⁹╕√

⌐ ⅜ ╕╡⁸1950 1970 ⌐⅛↑≡ ⌐ ⅛╠⌂╢ ╩ ⇔√
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⌐⁸☻◑╛ⱥⱡ◐⁸◌ꜝⱴ♠⁸▪◌ⱴ♠ ─ ╩ ∆╢ ⅜ ╦╣√⁹1950

1970 ╕≢─ │ 30 ha ≢⁸ ⌐│ 40 ha ⌐ ⇔≡⅔╡⁸

─ ─ ≢ ╩ ∫≡™√ 4-2 ⁹ 
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2005  
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4- 2 1950  

 

 

⌐╟╢≤⁸ ─ ⌐⅔™≡ ≤ │ 71.2 ─ ╩ ╘

≡⅔╡⁸∕─℮∟ ⅜ 1.1 ⁸ ⅜ 17.9 ≢⁸ ה ה ╩ ╦∑√

│ 52.3 ≢№╢ 4-3 ▪☺▪ה  1999 ⁹╕√⁸ ─ ─

⁸ ─ ─ │ 1000 ha ╩ ⅎ≡⅔╡⁸ ─ 24.8 ╩ ╘≡™╢ 4-3 ⁹ 
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 ⌐╟╢╙℮ ≈─ ┼─ ≤

⇔≡⁸∕─ ─ ⅜№╢⁹ ─

─ │ ─ ≤ ╩ →╢√╘⁸

┼─ ⅜ ↕╣≡™╢⁹ ⁸

╛ ⌂≥─ ⌐ ∫≡

─ ™ ⅜№╡⁸ ⁸

≤™∫√ ─ ╛ ⌂≥⌐╟╡

↕╣√ ⅜↓╣╩ ╡ ™≡™╢⁹

⁸ ⁸ ≢│ ─ ™⅜ ↄ⁸

⁸ ⁸ ≢│ ⅜ ™

⅜╖╠╣╢

 2010 ⁹ 
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4- 3  
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1. 

10

1 AIC

 

AIC 

km  

km  

Ẽ◖ꜝⱶ ─ ╛ ─ ┼─  

   

─ ♩▬◘◓fiꜞ♃♬⸗⁸≥♃כ♦─♩▬◘ 1000 ─ ╩№╦∑⁸ ╛

⌐╟╢ ─ ⅜ ─ ⌐ ⅎ╢ ╩ ⇔√⁹↓─ │⁸ ╒⅛ 2013

≤⇔≡⁸ ≢ ⇔√╙─≢№╢⁹ 

ủ ─ ⌐ ⅎ╢ ─ꜟכ◔☻─  

⸗♦ꜟ╩ ™⁸꜠♇♪ꜞ☻♩ ≤

─ ⌐ ∆╢ ╩ꜟכ◔☻ ⇔√⁹ 

ה  

─⸗♦ꜟ─₈ ₉─ ╩ꜟכ◔☻ ⅛╠ km

─ ה ⁸ ⁸ ⁸10

≤ ╡╕│≡№─ꜟ♦⸗─ꜟכ◔☻─≤⁸∑↕

⅜ ™⅛╩ AIC ⌐╟╡⸗♦ꜟ ⇔√⁹ 

꜠♇♪ꜞ☻♩ ─꜠♇♪ꜞ☻♩ ⌐ ⅎ⁸

─꜠♇♪ꜞ☻♩≢ 20 №╢™│ 10 ─

ꜞ☻♩⌐ ↕╣≡™╢╙─ ─ │ 10

№╢™│ 20 ─ ꜞ☻♩⌐ ↕╣≡™╢

╙─≢╙⁸ 10 ≤™℮ ™ ─ ╩ ╣√⸗♦

ꜟ─ AIC ⅜ ↕⅛∫√⅜⁸ ≢│ km ─

─⸗♦ꜟ⅜ ╙ AIC ⅜ ↕⅛∫√⁹╕√⁸꜠♇♪ꜞ☻♩

⌐│ 10km ─ ⅜ ⌐ ⇔≡™√⁹↓

─↓≤⅛╠⁸꜠ ♇♪ꜞ☻♩ │ ≤ ═≡ ≢─

╛ ─ ⅜ ∆╢≤ ⅎ╠╣√⁹ 

ủ ─ ⌐ ∆╢  

⅜ ─ ⌐ ⇔≡⁸ ⌐ ↄ⅛⁸ ⌐ ↄ⅛⁸∕╣≤╙ ≢ ↄ⌂╢⅛

╩ ∆╢≤⁸꜠♇♪ꜞ☻♩ │⁸ ⅛ ⅛≥∟╠⅛⅜ ↄ⁸ ╛ ⌐ ─ ™ ⅜

™≤ ⅎ╠╣√⁹ 

ה ה ה ה ה ה  (2013) ─

─ ⅜ ∆╢ ─ꜟכ◔☻ . 60  
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Ẽ◖ꜝⱶ ⌐ √ ─  

ה    ⸗♬♃ꜞfi◓◘▬♩ 1000 ה  

╩ ∆≤⁸ ─ ⅜↓─ ─№™∞⌐ ↕╣√╡ ⅝ↄ ⌂╦╣

√╡⇔√ World Resources Institute ⁸♄▬▪⸗fi♪ 2005 ⁹ ≤│⁸ ▪☺▪≢

⅜ ⌐ ⇔⁸ ▪☺▪≢▪꞉ ╛ ╩ ℮ ⅜ ⇔√ ⌐ ∆╢

 1995 ⁹√∞⇔⁸ ─ ─ │ 50 ⌐ ⇔√╙─∞ ♄▬▪⸗fi♪ 2005 ⁹

─ ↓↓≢│⁸ ╛ ≢⁸ ─ ─ ⌂ↄ≤╙ 40%⅜ m╟╡╙

™ ≢ ╦╣≡™╢ ╩ ∆╢ ─ │ 30 ─ ⌐ 1/2⌐ ⇔√⁹ │ 25

⅛ ⌐⅔™≡ ⇔⁸29 ⅛ ≢│ 90% ─ ⅜ ╦╣√ Millennium Ecosystem 

Assessment  2007 ⁹Global Biodiversity Outlook 3 ⌐╟╢≤⁸ ─ │⁸1990

─ 830 ha ⅛╠ 2000 2010 ⌐│ 500 ha ≤ ⌐ ⇔≡™╢⁹↓╣│ ⌐

⌐⅔↑╢ ⌂ ≤ ⌂ ─ ⌐╟╢╙─≢№╢⁹⇔⅛⇔⁸ ─

⌐ ─ ⅜│™∫≡™⌂™╙─ │ 2000 2010 ─ ⌐ 4000 ha ╙ ⇔≡⅔╡⁸

↓╣│ ─ 3800 ha ╟╡╙ ™⁹ ─╟℮⌐⁸ ≢│ ─

⅜ ⇔√√╘⁸ ─ │╒≤╪≥⌂ↄ⌂╡⁸ ⌂ │ ₁ ⇔≡™╢⁹∕─

≢⁸ ─ ─ │ ⇔≡⅔╡⁸ ─ ⅜ ─ ⌐ ─ ╩

ⅎ≡™╢↓≤⅜ ↕╣≡™╢ ⌐⅔↑╢ ─  2009 ⁹ 

 

 

─ ⅝⅛↑─ ה ⌐╟╢ ה ─ ─  

╛ ⌂≥⅜ ⅝ ↓∆ ≤│ ⌐⁸ │ ─ ╛ ─ ⌐╟

╡∕─ ⅝⅛↑⅜ ה ∆╢↓≤≢ ╛ ⌐ ╩ ╓⇔≡™╢⁹

─ ⌐ ∂√ ─ ╩ ↑ 1960 ⌐ ⅜ ↕╣╢≤⁸

⅛╠ ↕╣╢ ╛ ⁸ ⌂≥╩ ╗ ─ ⅜ ⇔⁸1970 ⌐│

⌐ ⇔√⁹∕─ ⁸ ╩ ╡ ⇔⁸1990 ⌐│ ≤⌂∫√ ⁸2000 │

∆╢ ⌐№╢⁹ ⁸ ─ │ 1960 ⌐ №∫√⅜⁸ ─

⌐≤╙⌂∫≡ 1970 ⅛╠ ⇔⁸2000 │ ≢ ⇔≡™╢ 4-4 ⁹ 

╕√⁸1980 ╩Ⱨכ◒≤⇔≡ ─ │ ∟ ↑⁸ ─ │ ╩≤╢─⅜

⇔™ ≤⌂∫√⁹ ─ ─ │ 1960 ⅛╠ ╩ ↑≡⅔╡⁸ │ 70

ha ╩ ⅎ≡™√╙─⅜⁸1990 ⌐│ 10 ha ╩ ╡⁸2004 ╕≢ ⅜ ⇔≡™

√ 4-1 ⁹ ─ ⅜ 2005 ╙№╕╡ ⇔≡™⌂™↓≤⅛╠ 4-4 ⁸ ╕

≢ ⌐ ⅝⌂ │⌂™≤ ⅎ╠╣╢⁹↓─╟℮⌂ ≢⁸ ≤⇔≡ ⌐ ≤

⌂╢ 50 ─ ⅜ ↕╣∏⌐⁸ ₁ ⇔≈≈№╢⁹ ─ │⁸2007

≢ ─ 35%╩ ╘≡™╢⅜⁸ ─╕╕ ⇔√ ⁸2017 ⌐│ ⌐

∆╢≤ ╕╣≡™╢  2012 ⁹ 
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4- 4  

  

 

1960 │⁸ ⅜ ╛ ⅛╠ ┼ ╡ ╦╢ ≤ ⌂∫≡ ─

─ ⌂ ⅜ ╦╣√ ≢╙№╢⁹╙≤╙≤ ─ ─ │ ╩│∂╘⁸

ה ─ ≤⇔≡╙ ─ ⌐ ⅛∑⌂™ ≢№╡⁸╕√ ⌐ ╛ ╩

∆╢ ⌂ ≢№∫√ ה ⱱכⱶⱭכ☺ ⁹⇔⅛⇔⁸1950 ⌐◄Ⱡꜟ◑כ

─ ⅜ ╗⌐≤╙⌂∫≡⁸ ─ ╛ ─ Ᵽ▬○ⱴ☻ ─ │ ⌐ ⇔

√ 4-5 ⁹ ⌂≥╩ ⇔√↓╣╠─ │⁸1950 ⅛╠ ⇔⁸1970 ⌐│

╒≤╪≥╖╠╣⌂ↄ⌂∫√  2007 ⁹ 
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4- 5 1950  

http://www.stat.go.jp/data/chouki/07.htm  
1) 1959 1960

1981 1,000  
2) 1960 1961 1954 1955
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─⌂ↄ⌂∫√ ─ │ ↕╣ ╛ ≤⌂╡⁸ ╩ ╣√◖♫ꜝ╛Ⱶ☼♫

ꜝ⁸▪◌ⱴ♠⁸◦▬ ⁸◌◦ ─ │ ╩ ↕╣√⁹ ─ ╛

─ ⁸ ≤∆╢ ╩ ∆╢√╘⌐ ↕╣≡⅝√ ⁸ ⅝ ⌐ ↕╣≡⅝√ │

⌐ ⇔⁸ │ ⇔≡™╢  2011⁸  2012 ⁹↕╠⌐⁸1970 ⌐ⱴ

♠ ⌐╟╢ⱴ♠ ╣⅜ ⇔⁸1980 ⅛╠│♫ꜝ ╣≤ ┌╣╢Ⱪ♫ ⌐

╟╢♫ꜝ ─ ⅜ ⌐ ה ⇔≡⅔╡⁸ ⌂ ─ ⅜ ╩ ↑≡™╢

4-1⁸ 4-2  2008 ⁹♫ꜝ ╣ ╩ ↑√ │◖♫ꜝ≤Ⱶ☼♫ꜝ ⁸ ↄ─

╩ ™⁸ ⅜ ⌂ ≢ ─ ⅜ ⅎ╠╣≡™╢√╘⁸ ─╕┌╠⌂ ⅜

ↄ ∆╢≤ ↕╣≡™╢ ╒⅛ 2008⁸ ה  2012 ⁹ 

 

4- 1  

1977 1979 1982 1987 1992 1997 2006 2007 2008 2010 2011

809 2433 1467 1140 1126 811 644 619 626 594 582
3)  

4- 2  

 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

19 78 51 71 92 59 116 133 230 325

3)  

⅛≈≡─ ⌐│ ≤│ ⌐⌂╠⌂™╒≥ ⌂ ⅜ ⅜∫≡™√≤ ⅎ╠╣≡™╢⁹

│ ⌐ ╣╢ ╛ ─ ≤∆╢ ⁸ ─ ≤⌂╢ ╩ ╢√╘─ ⅔

╟┘ ≤⇔≡ ₁─ ⌐≤∫≡⌂ↄ≡│⌂╠⌂™╙─≢№∫√⁹ ⁸ ─ ⅔╟

┘ ╛ ⌐ ⇔√ ─ ⅛╠⁸ ─↕╕↨╕⌂ ⌐⅔™≡⁸ ⅛╠

⌐╟╢ ⅛╠ ┼─ ⅜ ╦╣⁸ ⌐ ∫≡ ╩ ∫√ ⌂ ─ ה

⅜ ╦╣≡⅝√↓≤⅜ ╠⅛⌐⌂∫≡™╢  2009⁸  2009 ⁹20 ─ ⌐│⁸

⅔∕╠ↄ 500 ha ─ ↓↓≢│⁸ ─ ™ ⁸ ⁸◘◘⌂≥⅛╠⌂╢

╩ ∆╢ ⅜ ⌐ ⇔≡™√  2012 ⁹∕╣╟╡ ─ ⌐│⁸

─ │ ≢№╢⅜⁸∕╣╟╡╙∏∫≤ ™ ─ ⅜№╡⁸ ─ ⁸

╩ ↄ ─ ─ 5 ⅛╠ 7 ⁸№╢™│∕╣ ⅜ ≢№∫√ ⅜ ⅎ╠╣╢  

2012 ⁹ 

 ⇔⅛⇔⁸ ─ ╛ ─ ⌐╟╡⁸ ⌐ ─ │ ⅝ↄ ⇔

≡⅔╡⁸ ☿fi◘☻ ⌐╟╢≤ ─ ⌐ ╘╢ │ %≢№╢⁹1960

─ ─ ─ ≤ ↕╣╢ ─ │ 120 ha≢№∫√⅜⁸

∕─ ─ 20 ⌐ ─ ┼ ⇔⁸1980 ⌐│ 40 ha⌐╕≢ ⇔√ 4-6 ⁹ ≢

⅜ ⅝ↄ ⇔√ │⁸ ⅜ ─√╘ ╣─ ≤ ╩ ∫√↓≤⁸ ─

≤⇔≡ ⁸ ⁸ ⅜ ⇔√↓≤⁸ ╛ ≤⇔≡─ ⅔╟┘ ─
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─ ⅜⌂ↄ⌂∫√↓≤⁸ ┬⅝ ⅜ ╣√↓≤⌐╟∫≡⁸ ↄ─ ≢ ─ ╣⁸

⁸ ≤™∫√ ₁─ ╖⅜ ╦╣√√╘≢№╢  2011⁸  2012 ⁹ 

⁸ ↕╣√ ⌐│∕─ ⌐ ╛ ≤⇔≡─ ⅜ ╘╠╣≡™╢╙─

╙ ⌂ↄ⌂™⁹╕√⁸ ─♅ꜛ► ╛ ─ ─ ⌂ ה ≤⌂∫≡™╢⁹

↓╣╠─↓≤⅛╠⁸ ה╣ ה ╡⌂≥╩≤╙⌂℮ ⅜ ≢ ╦╣≡™╢

╒⅛ 2012 ⁹ 
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  35 22  

 

30 ─ ⌐⁸♬ⱱfi☺◌ ⁸◦◌≤ ┬ ─ ⅜ ⌐ ⌐ ⇔≡

⅔╡⁸◦◌─ ⅜ ⌐⌂∫√↓≤⌐╟∫≡⁸ ⌐ ™ ╩ ⅎ≡™╢↓≤⅜

↕╣≡™╢⁹ ─ │ 1970 ╘⌐│ 50 ≢№∫√⅜⁸1970 ┌⅛╠

⌐ ⇔⁸ ≢│ 20 ╩ ╢╕≢⌐⌂∫≡™╢⁹∕─ ≢◦◌─ │ 1970

╕≢ ≢№∫√╙─⅜⁸1980 ⌐ ╢≤ ⌐ ⇔≡ 1990 ⌐

│ 12 14 ⌐ ⇔ ╙ ╩ ∫≡™╢⁹ ⅜ ∆╢ ≢─◦◌

─ │⁸∕─ ─ ⇔™ ╩ ⇔≡™╢╙─≤ ⅎ╠╣╢  2006 ⁹↓─╟℮

⌂ ⌂◦◌─ ─ ╩ ⇔≡ ╙ ⇔≡⅔╡⁸1980 ─│∂╘≤

⇔≡ │ ⁸ ╙ ╒≥⌐ ⅎ≡™╢  2006 ⁹ 

│⁸2009 2010 ⌐◦◌⌐╟╢ ┼─ ⌐≈™≡ ≢ ╩ ⌐

∆╢√╘₈◦◌ ▪fi◔כ♩ ₉╩ ⇔√  2011 ⁹∕─ ⁸◦

◌╛∕─ ─ ⌐⅛⅛╦╠∏ ─ ⅛╠╒╓ ⌂ↄ◘fiⱪꜞfi◓↕╣√ ─

1/5≢⁸ ה ⅜ ⇔ↄ ⇔√╡⁸ ⅜ ⇔√╡∆╢⌂≥⁸◦◌⌐╟∫≡ ⌐

⌂ ⅜ ∂≡™╢↓≤⅜ ↕╣√⁹ ╛ ⌂ ╩ ↄ ∆╢ ≢

╙ │ ≢№╢⁹ ─ ─  ─ ⌐│◦◌⅜ ⌐ ⇔⁸ ≢│

╙ ה ╙ ⌐№╢⁹◦◌─ ⇔⅔╟┘ ╩ ™√ יִ 24 ─

─℮∟ │ יִ 13 54 ⅛╠⁸ │ יִ 19 79 ⅛╠  
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↕╣≡™╢6 4-3  ☿fi♃2012 כ ⁹ 

◦◌│ ─ ≢№╢⅜⁸∕─ ꜠ⱬꜟ⅜ ⇔ↄ ⇔√ ⌐│ ─

╩ ↕∑╢⁹∕─ │ ⌐ ─ ™ ─ ╛ ה ⁸ ─ ™

╛ ─ ⌐ ╣╢⁹ ╛ ─ ה │ ─ ה ╩ ⇔⁸

─ ╛ ─ ⌐≈⌂⅜╢⁹╕√ ⅞⌐╟╡⁸ ─ ╛ ⅜ ∂╢⁹

↓─ ⅜ ⌐╦√╡ ⇔√ ⌐│⁸™∏╣│ ─ ≤ ⅜ ⅝╢≤↕

╣╢  1999 ⁹ ⌐ ⇔≡╙ ─ ⅜ ⇔⁸∕─ ꜠ⱬꜟ⅜ ™ ⌐│⁸

                                                   
6 2012 3 ⌐ ⅛╠ ╩ ⇔⁸∕╣∙╣ ≤

≤⌂∫√⁹╕√⁸2014 3 ⌐ ⅜ │♃כ♦⁸╘√─⧵⁹√╣↕ ╩ ⇔√

2011 ─╙─≢№╡⁸ ─ ─ │ 31≢№╢↓≤⁸ ≤ │

─ ⁸≥↓╢№≢♃כ♦─≡⇔≥ │♃כ♦─ ╕⌂™↓≤⌐ ⅜

⁹ 
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⅜ ╦╣⁸ ─ ⅜ ╦╢↓≤⌐╟╡⁸ ╛ ⌐╟∫≡ ⅜ ∂╢⁹

↓╣╠─ │ ─ ╢№≢☻ⱦכ◘ ─ ⁸ ─ ╩ ↕∑╢⁹ 

≤ ═≡⁸◦◌≤ ─ ⌐ ∆╢ │ ↄ⌂™⁹⇔⅛⇔⁸ ꜠ⱬꜟ⅜ ™

⌐│ ╛ ─ ╩ ∂≡ ╩ ─ ≤⇔≡™╢Ⱡ☼Ⱶ Suda et al . 2003 ⁸

♅ꜛ►  2010 ⁸ ╒⅛ 2009⁸  2012 ⁸ ╒⅛ 

2012 ⁸♬ⱱfi◌⸗◦◌─ Koganezawa 1999 ╩ ↕∑╢ ⅜ ↕╣≡™╢⁹◦

◌─ ™ ⅜ ⇔√ ⌐│⁸ ─ ⌐ ∫≡ ─ ≤ │≤╙

⌐ ∆╢≤ ⅎ╠╣╢ ה  2002 ⁹ 

 

─ ⌐╟╢ ─  

 ≤│ ⁸№╢™│ ─ ⌐ ⌐╟∫≡ ה ⌐ ↕╣√

⁸ ⌂≥─ ╩ ╗ ╩ ∆╢⁹ ⁸ ≢ ⇔ↄ ⅜ ↕╣≡

⅔╡⁸ ∆╢ ⅜ ⌐ ⇔≡™╢⁹ │ ⁸ ⁸ ╩ ∂≡⁸№╢™│

─ ─ ╩ ∂≡⁸ ≢─ ─ ─ ╩ ↕∑╢⁹

⅜ ⌐ ⅎ╢ │ ≢№╡⁸ ⌐ ╣┌ ─ ╟╡ ≢№

╢↓≤⅜ ↕╣≈≈№╢ ה  2002 ⁹ 

─ ⌐≈™≡ ╢≤⁸ ─ ⅜ ⌐ ⇔ ⅜ ≡™╢ │ ╕≢─≤

↓╤⁸№╕╡ ╠╣≡™⌂™⁹⇔⅛⇔⁸ ⌐ ─ ╩ ↑╛∆™≤↕╣╢ ⌐≈™≡

╢≤⁸ ≢│▪◌◑⅜ ╩ ╘√ ╩ ⇔≡⅔╡  2009 ⁸ ─

≢│ ⌐◐Ᵽfi☺꜡►⅜ ⇔≡™╢  2012 ⁹╕√ ─ ≢│▪

Ⱪꜝ◑ꜞ⅜ ⇔≡™╢⁹ ─ ≢│⁸ ─√╘⌐ ↕╣√♬☿▪◌◦▪⅜

─ ╛ ≢ ⇔⁸ ⌐ ⅝⌂ ╩ ⅎ≡™╢  2009 ⁹↓╣╠─

─ │ ─ ─ ╩ ⇔⁸ ╛ ╩ ℮↓≤╩ ⇔≡⁸

⌐ ╩ ╓∆⁹ 

╕√ ≢│⁸ ─♁►◦♅ꜛ►≤●ⱦ♅ꜛ►⅜ 1980 ⌐ ╩ ⇔≡⅔╡

 2004 ⁸♁►◦♅ꜛ►│ ─ ⌂ ─ ⌐╟╡ ─ ⌐ ╩ ⅎ

≡™╢ ⅜№╢ ☻כⱬ♃כ♦ ⁹ ≢│⁸▪ꜝ▬◓ⱴ⅜╒╓

⌐ ╩ →≡⅔╡⁸ ≤─ ⁸ ┼─ ה ⁸ ─

─ ⅜ ⅎ╠╣╢ ☻כⱬ♃כ♦ ⁹∕─ ⁸ ─ ⌐

⇔ ⌂ ╩ ─ ⌐ ╣≡™╢ ─ ⌂ ≤⇔≡⁸ ≤ ⌐

⇔√ⱴfi◓כ☻ ╒⅛ 2000 ⁸ ╢№⅜≤⌂ꜟכfi▪ⱡכꜞ◓─  2013 ⁹ 

 

⌐╟╢ ┼─ ─  

2013 ⌐ ↕╣√ ⌐ ∆╢ ⱤⱠꜟ IPCC ─ ⌐╟╢

≤⁸ ◦☻♥ⱶ─ │ ℮ ⅜⌂ↄ⁸1880 2012 ⌐⅔™≡ ─ │

0.85ϴ ⇔√⁹╕√ ╕≢⌐⁸╒≤╪≥ ≢╒╓ ⌐ ™ ╛ ™ ─ ≤

⅜ ↓╡⁸ ⌂ ─ ╛ ⅜ ∆╢ ⅜ ⌐ ™⁹ ⌐

⇔≡│⁸ ─ ─╒≤╪≥≤ ⌂ ≢⁸ ─ ⁸ ⁸ ─ ⅜
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∆╢ ⅜ ⌐ ↄ⁸ ≢ ┌≈─ ╛ ⅜ ⅛╠ ≢ ∆╢

⅜ ™↓≤╩ ⇔√ IPCC 2013 ⁹ 

─ │⁸ ⌐ ⇔≡ ─ ה ┼─ ⁸∕╣╠─ ה

─ ⁸ ─ ה ─ ╩ ╓∆⁹╕√ ⌂ ─ │⁸

≢ ╛ ╡⅜ ∂╢ ╛ ╩ ↕∑⁸ ─ ╛ ⅜ ⇔ ─

╩ ⅎ╢ ╣⅜№╢⁹ ╛Ɽ♇꜡כꜜ⌐ ≢│⁸ ─ ⁸ ─ ⁸

─ ↑─ ─ ⌐ ℮ ─Ⱨכ◒ ─ ⁸ ╛ ─ ⌂≥ ⌐

⌐ ℮ ─ ⅜ ↄ ↕╣√ Rosenzweig et al . 2008 ⁹╕√ ─

≤⇔≡⁸ ─▬ⱬfi♩ ╛ ⁸ ⁸⅔╟┘ ─ ⅜ ∂╢ ─ ⁸

─ ⁸ ─ ⅜ ↕╣≡™√ Rosenzweig et al . 2008 ⁹ 

≢╙ │ ⌐№╢↓≤⅜ ↕╣≡™╢⁹ ꜠ⱳכ♩  

2012 ⌐╟╢≤⁸ ─ │ 100 №√╡ 1.15ϴ─ ≢ ⇔≡⅔╡⁸ ⌐ 1990

⁸ ≤⌂╢ ⅜ ⇔≡™╢ 4-7 ⁹ ╩ ⇔√ 2003 │∕╣ ≤

⇔≡ ─ ™ ⅜ ™≡™╢⁹╕√⁸1931 2012 ⌐ ⅜ 35ϴ

─ │ ⇔⁸ ⅜ ϴ ─ │ ⇔≡™╢⁹1901 2012 ─

⌐↑╢ ─ │ ⇔≡⅔╡⁸ ─ │ ⇔≡™╢⁹ 

 

 

4- 7 1898 2012  

5  

1981 2010 30  

http://www.data.kishou.go.jp/climate/cpdinfo/temp/an_jpn.html 

 

─ 1898 2012 ─ ─ ╩╖╢≤⁸1920 ┌╕≢≤ 1950 ⌐ ⅜╖

╠╣⁸1970 │ ↔≤─ ⅜ ⅝ↄ⌂∫≡⅔╡⁸ ⌂ ה ─ ⅜ ⅎ≡™╢≤

↕╣╢ 4-8  2012 ⁹ 10 ╩╖╢≤ 2004 ⅛╠ 2006 ╕≢ ⅜ ╟╡

™ ≤ ⌂™ ╩ ╡ ⇔⁸2007 2009│╛╛ ⌂ↄ⁸2010 │╛╛ ™ ⅜ ™≡™

√⁹ 
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╕√⁸ ⅜ 100mm ─ │ 1901 2012 ─ 112 ≢ ⌂ ⌐№╡⁸

200mm ─ ⌐≈™≡╙ ≢ ⅜ ⌐ ╣≡™╢⁹ ⁸

1.0mm ─ │ ⇔⁸ ─ ⅜ ⅎ╢ ⁸ ™ ╩ ╘√ ─ │ ⇔≡

™√  2012 ⁹ 
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4- 8 1898 2012  

http://www.data.kishou.go.jp/climate/cpdinfo/temp/list/an_jpn_r.html 

(mm) 5  

 

⌐ ⇔≡│⁸1950 ⌐ ⁸⅔╟┘ ⌐ ⇔√ ⌐ ⌂ │╖

╠╣≡™⌂™ 4-9 ⁹∕─ ⁸ ─ ─ ⅜♃כ♦ ∫≡™╢ 1977 ⌐

≈™≡⁸₈ ™₉ ─ ≤⌂∫√ ─ ⁸⅔╟┘ ⌐ ∆╢ ⌐╙ │

╠╣⌂™  2012 ⁹ 

0
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1950 1960 1970 1980 1990 2000 2010  

0

10

20

30

40

1950 1960 1970 1980 1990 2000 2010  

4- 9 1951 2012  

5 1951 2012  

http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/  

300km  

 

 ╕√ ╩ 13 ⌐ ↑⁸1951 ⌐ ⌐ ⇔√ ╩ ⅎ√ ⌐╙

│ ╠╣⌂™ http://www.data.jma.go.jp/fcd/yoho/typhoon/statistics/accession/index.html ⁹ 

⌐ ─ ─ ╩ ╢√╘⁸ ╩ ⌐ ↑≡ 1946 ─

⌐≈™≡ 1981 2010 ≤─ ╩ ⇔√≤↓╤⁸ ≤╙⌐ ⅜ ≢№∫√ ™

∏╣╙ ⌐ P < 0.001 4-10 ⁹ ─ │ ≢ 10 √╡ 0.15ϴ⁸

  
1

9
8
1

2
0
1
0

⅛
╠
─

m
m

 



 

37 

 

≤ ≢ 0.19ϴ⁸ ה ≢ 0.13ϴ≢№∫≡⁸ ≤ ≢ ⅜╟╡

≢ ה ≢ ╛⅛≢№∫√⁹≥─ ≢╙ 1990 ⌐ ─ ⅜ ⌐ ╣╢╟℮

⌐⌂╡⁸2006 2010 │ ╩ ╢ ⅜ ⇔⁸2011 ≤ 2012 │ ╩ ⅝╛╛ ≢

№∫√⁹ 

 

 

4- 10 ─ 4 ⌐⅔↑╢ 1946 ─ ─ ⁹ 

™ │ 5 ⁸ │ ─ ╩ ∆ 

≤ ⁸ ה ╩ ╗ ⁸ 

╩ ↄ ה ה ה ה ⁸ ה ה  

http://www.data.jma.go.jp/gmd/cpd/cgi- bin/view/index.php  

 

 ∂╟℮⌐ ─ ─ ╩ ∆╢≤⁸ ⇔≡ 1960 ╕≢⌐ ⅜№╡⁸1970

⌐ ↔≤─ ⅜ ⅝ↄ⌂∫≡™╢ 4-11 ⁹√∞⇔⁸ │ ה ⁸

─ ≢ ⅝ↄ⁸ ≤ ≢ ↕™ ⅜№╢⁹ ─ │ ≢│ 1980

─ ↔╤⁸ ≤ ה ≢│ 1990 ─ ⌐ ╠╣√⁹ 10 ─ ≤⇔≡

│ ≤ ─ │ ⇔≡⅔╡⁸ ≤ ה ≢│ │ ⁸

│ ─ ⅜ ╠╣√⁹ 

 

1
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4- 11 4 1946 1981- 2010 100  

5  

≤ ⁸ ה ╩ ╗ ⁸ 

╩ ↄ ה ה ה ה ⁸ ה ה  

http://www.data.jma.go.jp/gmd/cpd/cgi- bin/view/index.php  

 

 ─ ⌐⅔↑╢ ─ ╩ ╢≤⁸ ⇔≡ 1980 ≤ ⇔≡ 1990

│ ⅝ↄ ⇔≡™√ 4-12 ⁹ ≤╙ ─ │ ≢№╡ ™∏╣╙

⌐ ⁹ ≤ ≢ P < 0.001⁸ ≢ P < 0.01 ⁸ │ ≢ 10

№√╡ 6.4%⁸ ≢ 19.9 ⁸ ≢ 29.7 ≢№∫√⁹ 10 ╩ ╢

≤ 2011 ⌐ ≢ 151%≢№∫√ │⁸ ≤╙ ⌐ ™ ⅛∕╣ ─

≢ ⇔≡™√⁹ 

╩1
0
0

≤
⇔
√

─

m
m
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√
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y = -0.6428x + 122.45

R² = 0.2801
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y = -1.9941x + 171.58

R² = 0.2611
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y = -2.9731x + 208.87
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─╟℮⌐ ≢│ ─ ╛ ─ ⌂≥─ ⅜ ⌐ ↕╣≡⅔╡⁸

─ ⌐ ╩ ⅎ≡™╢ ⅜ ↕╣≡™╢⁹ ⌐╟╢≤⁸1953 ⁸ ─

─◘◒ꜝ─ │ ↄ⌂∫≡⅔╡⁸ │ 10 №√╡ 0.9 ≢№∫√⁹╕√⁸◌◄♦─

│ ↄ⌂∫≡⅔╡⁸ │ 10 №√╡ 3.2 ≢№∫√  2012 ⁹ ─

ↄ─ ≢│◖ⱶ◒♪ꜞ─ │ ₁ ⌐ ╕╢ ⅜№╡⁸28 ≢ 15.3

ↄ⌂∫√⁹ ─♁ⱷ▬ꜜ◦ⱡ─ │ ₁ ⌐ ╕╢ ⅜№╡⁸28 ≢ 8.46

╕∫≡™√⁹◖ⱶ◒♪ꜞ─ ≤♁ⱷ▬ꜜ◦ⱡ─ ≤ ─ ─ ≤│

⌂ ⅜№╡⁸ ⅜ ™ ⌐ ↄ⌂╢ ⅜№∫√ ה  2006 ⁹ 

 

Ẽ◖ꜝⱶ ─  

  ⸗♬♃ꜞfi◓◘▬♩ 1000 ה  

 ╩ ─ ≢ ⅎ╢≤⁸ ↄ ∂ ⅜ ™≡⅝√─≢│⌂ↄ⁸ ─

⌐ ─ ⌐№╦∑≡⁸ │∕─ ╩ ⅎ≡⅝√⁹ ─ ⌐ ⅜ ↕╣ ╘√

─│ 2000 ≢№╡⁸ ─ ≤ ─ ⌐ ↄ⌂∫√─│⁸200 ≤ ⅎ╠╣≡

™╢  1998 ⁹ 258 ⅛╠ ╕≢ ↄ │⁸∕╣ ─ ⌂

≤│ ⌂╡⁸ ™ ≤ ™ ⅜ ╡ ↕╣√⁹ ─ ≢№╢ ►ꜟⱶ

│ ⅛╠ ╕╡⁸ 1700 ⌐ ╦╡⁸7000 5000 ─

╩ ≡ ⌐ ∫≡™╢ ╒⅛ 2011 ⁹ ─ ╙ ─ ⌐ ∂≡ ⇔≡⅝

√↓≤⅜⁸ ╩ ™√ ⌐╟∫≡ ╠⅛⌐↕╣≡™╢⁹ ─ ≢ ╙ ≢№∫

4- 12 1962

1981- 2010 100  

5  

 

 

 

 

http://www.data.jma.go.jp/gmd/cpd/cgi- bin/view/i nde

x.php  

╩1
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≤
⇔
√

─

 

╩1
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√

─
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─
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√ 4000 ─ │ ≤ ⇔≡⅛⌂╡ ╕√│ ⇔≡™

√≤ ⅎ╠╣≡™╢⁹ │ ─ ⅛╠ ⌐│♠fi♪ꜝ╛ ♠fi♪ꜝ⅜⁸

─ ─ ⌂ ⌐│ ⅜⁸ ה ≤ ⅝─ ⌐│

⅜ ⇔≡™√⁹╕√ ≢│ │ ╟╡╙ 1200 1400m ╒≥

⌐ ⇔≡™√⁹∕─ ⁸ │ ₁⌐ ≤⌂╡⁸ ╙ ⅛⅛∫√ │ ╟╡╙

ϴ ⅜ ↄ⁸ ≢│ ─ ⅜ ╟╡╙ 300 400m ⇔≡

⅔╡⁸ ▪ꜟⱪ☻─Ⱪ♫ ─ │ 500m ≢№∫√ ╒⅛ 2011 ⁹ ⁸ ─ ≤

⇔≡ ╩ ╢≤⁸ 2.5 ⌐│◖♫ꜝ ⅜ ⇔⁸ 2.2 ╩ ≤⇔≡⁸◖♫

ꜝ ⅜ ⇔⁸ ™≢◦♫ⱡ◐ ⅜ ⌂ ╩ ⇔√ ⁸ 1.7 ⌐⅛↑≡ⱴ♠ ⁸

♩►ⱥ ─ ∆╢ ⅜ ⇔√⁹8000 ⌐⌂╢≤ │ ╠╣⌂™Ⱪ♫ ─ ⅜

™ ≢ ⇔≡⅔╡⁸ 4000 ⌐│☻◑⁸⸗Ⱶ⁸♠● ╩ ╪∞ ⅜ ⇔≡

™√⁹⌂⅔ 4600 ⌐♁Ᵽ─ ⅜ ∆╢↓≤⅛╠ ─ ⅜ ↕╣⁸ 2200

⌐│ ─▬Ⱡ ⅜ ↕╣╢↓≤⅛╠ ─ ⅜ ↕╣╢  1998 ⁹ 

 

 

─  

 ⁸ ₁⌂ ─ ⌐ ↕╣≡™╢ ─ ─ ≤∕─ ╩ ∆╢√╘⁸

⌐ ↕╣╢ ─ ╩ ⇔⁸ ─ ≈─ ≤─ ╩ ⇔√ ≢⁸

∕╣∙╣─ ⌐≈™≡ ─ ╩ ∫√ 4-4 ⁹ 

 ⌂⅔⁸ ╛ ⌂≥ ─ ⅜ ≤⌂╢ ─ ⌐≈™≡│⁸ ─≤⅔╡ 1950

⅛╠ ╕≢ ─ ⌐ ⅝⌂ │⌂™╙──⁸ ─ ™ ─ ⅔╟┘

─ ─ ⅜ ∂≡™╢⁹⇔⅛⇔⁸ ─ ◘▬♩│ ╛ ⌂≥ ─ ╩ ↑

⌐ↄ™ ↕╣√ ─ ⁸ ─ ╩ ⌐ ⇔≡™

╢√╘⁸ ╠⅛♃כ♦√╣╠ ─ ⌐╟╢ ╩ ∆╢↓≤│ ⇔™⁹∕─√╘⁸

⌐⅔™≡│ 1─ ≤ ∆╢ │ ⌂∫≡™⌂™⁹ 

 ─ ≢│⁸╕∏ 20 ⅛╠ ⌐╟╡ ≢ ⇔⁸ ─ ≡─

≤ ⌐ ╩ ╓∆ ─№╢ ⌐╟╡ ∂╢ ⌐≈™≡ ╩ ∫√ ─

⁹ ⌐ 1960 ⌐ ∂√ ≤∕╣⌐ ℮ ─ ⅛╠⁸ ╩ ≡

─ ≢ ⇔≡™╢ ─ ┼─ ⅝⅛↑─ ⌐╟╢ ─

⌐≈™≡ ⇔√⁹ ⌐⁸ ⌐⌂∫≡ ⇔≡ ⌐ ╩ ∆╢ ⅜ ↕╣╢ ⁸

∕─ ⅜ ⇔≡™╢ ⌐╟╢ ─ ╩⁸ ┼─ ⌐ ⇔≡

⇔√⁹ 
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4- 4  
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 ─  

─ ה ┼─ ⁸ ה  

 ─ ⌐≤╙⌂™ ─ ⅜ ה ┼ ∆╢ ⅜№╢⁹ ⌐

─ ⌐ ™ ≢│⁸ ─ ⅜ ∂╢↓≤╙ ⅎ╠╣╢⁹ ≤╡╕≤╘ ≢│⁸

─ⱬכ☻ꜝ▬fi╩ ∆╢√╘⁸ Ɽ♃כfi╩ ⅔╟┘ ╩ ™≡ ⇔√⁹

∕─ ⁸ ≢│ ⅛™ ╒≥ ⅜ ↄ⁸ ≢│ ™ ╒≥ ⅜ ↄ⌂∫√⁹╕√⁸

─ │ ⅛™ ╒≥ ⅜ ™ ⅜ ╠╣⁸ ─ ─ ™│ ♃▬ⱪ⌐

⅜№╢↓≤╩ ⇔√⁹ ◘▬♩─ ≤⇔≡⁸ ◘▬♩≢ ⌐ ⇔√ │

≈⌐⁸ ⌐ ⇔√ │ ≈⌐ ↕╣⁸∕─ ₁─ │ ╛ ⌐╟╡

∆╢↓≤⅜≢⅝√⁹╕√ ₁─ ╩ ↑╢ ≤⇔≡ ─ ╩ →⁸↓╣╠─

─ ⅜ ⌐╟╡ ∆╢ ⅜№╡⁸ ⇔≡⸗♬♃ꜞfi◓∆╢ ╩ ⇔√⁹ 

─≤╡╕≤╘≢│⁸ ◘▬♩⌐⅔↑╢ ─ ≤ ─ ⁸⅔╟┘∕╣╠≤

─ ╩ ♃▬ⱪ╙ ⇔√ ≢ ⇔√⁹ ⅎ≡⁸ ─ ─ ─√╘

√⌐ ⇔√ ╛ ⇔√ ─♃▬ⱪ─ ╡╩ ⇔√⁹╕√ ─

⌐≈™≡│⁸ ─ ─ ─ ≤ ≢─ ╩ ═√⁹ 

 

─ ⁸ ה ─  

IPCC ─ ≢ ↕╣√ ─ │⁸ ─ ⁸ ╛ ╩ ↕

∑⁸ ─ ⅜ ↕∑╢ ⅜№╢⁹╕√ ⌂ ─ │⁸ ≢

╛ ╡⅜ ∂╢ ╛ ╩ ↕∑⁸ ─ ╩ ⅎ╢ ╣⅜№╢⁹ 

≤╡╕≤╘ ≢│⁸ ╩ ∆╢ ─ ⁸ ⌂≥─ⱬכ☻ꜝ▬fi─

╩ ∫√ ⁸ ◘▬♩│ ─ ⅛╠ │ ≈⁸○◘ⱶ◦ │ ⌐ⱪכꜟ◓─≈ ⅛

╣╢↓≤╩ ⇔√⁹ 

─≤╡╕≤╘≢│⁸ ─◘▬☼⌐ ∂√ ≤ ≤─ ⁸

⅔╟┘ ⌂ ─ ─☻Ᵽ▬○ⱴה ╛ ─ ⌐ ∆╢ ╩

⇔√⁹ ⌐≈™≡│⁸∕─ ה ╩ ≤ ∆╢↓≤≢ ─ ╩ ∫√⁹ 

 

─  

 ─ ⁸ ⁸ ⌐│ ─ ─ ⅜ ⅎ╠╣≡™╢⁹1990 ⌐

─ ⅜ ≢ ⇔√ │ 26 ♩fi≤ ↕╣≡⅔╡ Ciais et al . 2013 ⁸ ╩│

∂╘≤∆╢ ─ │ ─ ⌐ ⌂ ╩ √⇔≡™╢⁹╕√ ⌐│⁸

╛ ⁸ ≤⇔≡⁸ ─ ─ ⅜ ⅎ╠╣≡™╢  2004 ⁹ ⌐ ⅜

⇔√ ⁸ ⌐ ─ ⌐╟╡ ─ ⅜ ↓╢∞↑≢⌂ↄ⁸ ─ ⌐╟

╢ ≤ ─ ╛ ─ ⌐ ℮ ─Ᵽꜝfi☻⅜ ⇔⁸

⅜ ∆╢ ⅜ ⅎ╠╣╢⁹ 

≤╡╕≤╘ ≢│⁸ ─ ╩≤╠ⅎ╢√╘─ⱬכ☻ꜝ▬fi ≤⇔≡⁸ ─

⁸ ⌐╟╢ ─ ⁸ ─ ⁸ ─ ─ ╩

╘⁸↓╣╠─ ╩ ⁸ ╛ ─ ─ ⌂╢ ≢ ⇔√⁹∕─ ⁸
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⌐ ⇔≡™╢ │ 100 500MgCהha-1 ≢ ≤ ─ ≢ ⅜⌂⅛∫√⁹ ─

⌂ ╒≥ ⌐ ↄ─ ⅜ ⇔≡⅔╡⁸ ─ ⌂ ≢│ ⌐ ↄ ⇔≡™

√⁹ ⌐ ⇔≡™╢ ─ │ ⌂ ≢ ⅛∫√⁹╕√ ╙

⌂ ≢ ™ ⅜ ╠╣√⁹ 

─≤╡╕≤╘≢│⁸ ─ ≤ ⁸⅔╟┘ ≤ ─

╩ ⇔⁸ ─ ≤ ≤─ ⁸⅔╟┘ ─ ⁸⅔╟┘

C ≤ N ≤ ≤─ ╩ ⇔√⁹ 

 

─ ה ─  

 ─ │ ─ ╡ ╦╡⌐╟╡ ≢ ∆╢⅜⁸ ↔≤─ ─ │

ↄ ∂≢│⌂™⁹∕─ ─ ─ ╣╛ ╖ ⌐ ∂≡⁸ ─ ╛ ⁸ ─ ⁸

⅝ ─ │ ↔≤⌐ ↄ⌂∫√╡ ↄ⌂∫√╡∆╢⁹∕─√╘⁸ ─

⅜ ⅝ↄ⌂╣┌⁸↓╣╠─ ╙ ∆╢↓≤⅜ ↕╣╢⁹ ⁸ ─◘◒ꜝ─

│ ↄ⌂╡⁸◌◄♦─ │ ↄ⌂╡  2012 ⁸◖ⱶ◒♪ꜞ─ │ ↄ⌂∫≡

™╢ ה  2006 ⁹ 

 ≤╡╕≤╘ ≢│ ≤ ≤─ ╩ ═⁸ ⌐╟╢ ─ ™

╩ ⇔√⁹ ≤ ≢│ ─ ⅜ ϴ ↄ⌂╢↔≤⌐⁸ ⅜ ⅛

∫√⁹ ≢│ ─ ≤ ⌐ ⇔⁸∕─ │ ─ ⅜ ϴ ↄ⌂╢≤

⅛∫√⁹↓─↓≤⅛╠⁸ ϴ ⅜ ∆╢≤ ⅜ ╦╢ ╩ ⇔√⁹ 

─≤╡╕≤╘≢│ ≤ ─ Ⱨכ◒ ⅔╟┘ ─ ≤─ ╩

⇔√⁹ 

 

─  

ↄ─ ≢│⁸ ⅜ ↄ⌂╢ ≤ ⌂™ ⅜№╡⁸ ⌐╟∫≡ ⅜

╦╢⁹↓─ │ ≤ ┌╣╢⁹ ⅎ┌⁸◦ꜝ◌fiⱣ│ ⌡ ⅔⅝⌐⁸Ⱪ♫│

⅔⅝⌐ ⌐⌂╢⁹ ─ ה ╛ │⁸ ה ─ ╛ ⌐

╩ ↑╢⁹∕─√╘⁸ ⌂≥─ ⌐╟╡⁸ ⅜ ∆╢↓≤⅜ ↕

╣╢⁹↕╠⌐⁸ │ ה ╩ ═╢ ⌂≥─ ─ ⌐╙ ╩ ⅎ⁸

╛ ╩ ∆╢⁹╕√ ⌐⁸ ╛ │ ₁⌂ ─ ≤⌂∫≡⅔╡⁸

─ ⅜ ≢≈⌂⅜∫≡™╢ ↄ─ ⌐╙ ╩ ╓∆⁹∕─√╘⁸ ⌐ ℮

─ │⁸ ─ ╛ ⁸ ─ ∞↑≢⌂ↄ⁸ ─ ─

⌐╙ ╩ ⅎ╢≤ ⅎ╠╣╢⁹ 

 ≤╡╕≤╘ ≢│⁸ ╩♃כ♦─ ™≡⁸ ─ ≤∕─

╩ ∫√⁹∕─ ⁸ ↄ─ ─ ⌐│ ≤ ≤™℮ ⅜ ╠╣√⁹╕√⁸

◦♦ ⁸Ⱪ♫⁸◦▬ ⌐ ⇔√≤↓╤⁸◦♦ ─ ⅜ ≢ ∂ ⌐ ⅜ ↄ⌂∫√↓

≤⁸Ⱪ♫─ ─ │ ⅜ ↄ⌂╢╒≥ ↄ⌂╢ ⅜№╢⅜⁸ ⌐ ╦╠∏╒

≤╪≥─ ⅜ ⌂◘▬♩⅜№╢↓≤⁸◦▬ │ ⁸ ⁸ ─◘▬♩≢ ⅜

⇔⌂™↓≤⌂≥╩ ⇔√⁹╕√▬♯Ⱪ♫ ≢│⁸ ∟℮─כ♃ꜞ⌐ ⅜ ⅎ⁸
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⅜ ⇔ כ♃ꜞ │ 1.2 1.3 ⌐⌂∫√⁹ 

 

⌐ ∆╢ ─ ⅝⅛↑─ ה ⌐╟╢ ─ ─  

─ ─  

 │ ─ ⌐╟╢ ─ ⁸ ⁸ ╩ ⅎ╢≤ ↕╣≡™╢⁹

≢ ⌐ ┬ ─ ⅜ ↕╣≡⅔╡⁸ ─ │ ╛ ⌂≥

─ ─ ⌐ ╩ ⅎ⁸ ─ ⌐╙ ╩ ⅎ╢ ⅜№╢⁹∕─√╘⁸

◘▬♩⅔╟┘∕─ ─ ⌐⅔↑╢ⱴ♠ ╣╛♫ꜝ ╣⁸∕─ ─ ─ ─ ╩

═⁸ ⌂ ─ ╩ ⇔√⁹ 

 1 ≤╡╕≤╘ ≢│⁸ ⌐⅔™≡ 2006 2007 ⌐ⱴ♠ ⅜ ⇔⁸▪

◌ⱴ♠⅜ ⇔⁸ ─ ⅜ ⇔√⁹╕√ 2006 ⌐│ ─ ╛

⌐ ⅜╖╠╣√⁹↓╣╠⌐│ 2005 ─ ⅔╟┘ⱴ♠ ╣ ⌐╟╢ ─ ≤─

⅜ ⅎ╠╣√⁹♫ꜝ ╣│ ≢ 2000 ⌐⁸ ≢ 2002 ⁸ ≢ 2006 ⌐

≢ ⅜ ╠╣√⁹ 

 

◦◌─  

 ─ ╡⁸◦◌│ ⁸ ⌐ ↄ ∆╢ ≢№╢⅜⁸∕─ ⅜ ⇔ↄ ⇔

√ ⌐│⁸ ─ ⌂≥⌐╟╡ ⅔╟┘ ⌐ ╩ ╓⇔ ↕∑╢⁹∕─√╘⁸

◘▬♩─◦◌⌐╟╢ ─№∫√ ─ ⁸◦◌ ─ ≤ ─ ─ ⁸

◦◌─ ∆╢ ─ ╩ ═√⁹ 

 

─  

 ◘▬♩⌐⅔™≡⁸ ─ ⌐╟╢ ─ ⅜ ⌐ ╓∆ ╩ ⇔√⁹ 

 

─  

 ⁸ ─ ⅜ ╩ ⅛∆ ⌂ ≢№╢↓≤⅜ ↄ ↕╣╢╟℮⌐⌂∫

√⁹ 1 ─≤╡╕≤╘╕≢⌐⁸ ◘▬♩─ ≢◖☺ꜙ◔▬⁸●ⱦ♅ꜛ►⁸♁►◦♅ꜛ

►⅜ ↕╣√⁹◖☺ꜙ◔▬│ ─ ⅜ ⌂™ ⌐ ↄ ⇔⁸●ⱦ♅ꜛ►≤♁►◦

♅ꜛ►⌐≈™≡│⁸ ─♁►◦♅ꜛ►╩ ⅝⁸ │ ≢№∫√⁹ 
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ה ─   

 

─ ≢ ⌂≥⅜ ∆╢↓≤≢⁸ ─ │ ה ה

─ ⌐⅔™≡ ⅜ ∂╢≤ ↕╣≡™╢⁹↓─ 10 ─ ─ ⅛╠│⁸

─ Ɽꜝⱷכ♃≢№╢ ⌐ ⅝⌂ ╩ ⅎ√ │⁸ ─ ╟╡╙⁸

─ ≢№╢↓≤⅜ ↕╣√⁹╕√⁸↓─ 10 ─ ─ ─ ≤⇔≡⁸

≤ ─ ≢⁸ ⌐ ⅜

⇔ ⅜ ∆╢ ⅜ ╠╣√⅜⁸ ─ ≢№╢⅛ ⅛│⁸ ≢│

≢⌂⅛∫√⁹ 

─ ╛ ┼─ ┼─ ⌐≈™≡│⁸ ⌐ ∆╢ ⌐≈

™≡ ≤ ─ ─ ╩ ⇔√ ⁸ ⌐╟∫≡│

⌐ ⅛™ ╒≥ ⅜ ⅝™ ⅜ ↕╣√⁹↓─↓≤⅛╠⁸ ⅜ ∆

╢ ⁸↓╣╠─ ─ │ ∆╢ ⅜ ↕╣╢⁹ │ ↄ─

≢ ⅛╠ ╕≢ ∆╢ ⌐№∫√⅜⁸ ─ ─

≤ ─ ─ ╩ ⇔√ ⁸ ↄ─ ≢│ ⌂ │

╠╣⌂⅛∫√⁹ ⁸ ≈⅛─ ≢│ ⌂ ─ ⅜№╡⁸↓╣╠─ ≢│

∆╢↓≤≢ ⅜ ∆╢ ⅜ ↕╣╢⁹╕√⁸ ─

≢│⁸ ─ ה ⅜ ™ ╒≥⁸ ─ ⅜ ™ ⅜ ╠╣√⁹

↓╣│ ↑─ ╣⌐╟∫≡ ⅜ ╣╢√╘≤ ↕╣⁸ Ɽ♃כfi─ ⅜ ─

⌐ ╩ ╓∆ ⅜ ↕╣√⁹ 

 ╕√⁸ ─ ≤⇔≡⁸ ⌐╟∫≡ ─ ╛ ─ ⅜ ↄ⌂

╡⁸ ≢│ ─ ה ⅜ ╕╢ ⅜ ↕╣√⁹ 

 ♃▬ⱪ⌐╟∫≡ ─ │ ⅝ↄ ⌂╡⁸ ⌐╟∫≡│

⌂≥─ ⌐╟∫≡ ⅜ ⅝ↄ⌂∫≡™√⁹╕√⁸ ≤ ⅔╟

┘ ─ ≤─ ⌐│⁸™∏╣─ ≢╙ ⌂ │ ↕╣⌂⅛∫√⁹ 

 ◌Ᵽⱡ◐ ◒ⱴ◦♦ ─ ─ ─ ─ │⁸ ─ ≢ ⇔≡™

╢ ⅜№╢↓≤⅜ ↕╣√⁹ ⌂ ⌐≈™≡│⁸◒ⱴ◦♦ ≢─

─ │⁸ ⌐ ⇔≡™╢ ⅜№╢╙──⁸ ⌐ ≢ ⇔≡™╢╦↑≢│⌂

™↓≤⅜ ↕╣√⁹ 

 ─ ⌐≈™≡⁸ ─ ─ ╩ ⇔⁸

⌐ ℮ ─ ⌂ ≢─ ⁸ ⌂ ≢─

⅜ ╠╣╢⅛╩ ⇔√⁹∕─ ⁸ ─ ╙ ⌂ ≢ ─ ⅜

╠╣√ │⌂ↄ⁸ ╙ ⌂ ≢─ │ ○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦ ≢

─╖ ╠╣√⁹ 

─ ⌐≈™≡⁸ ─ ≤∕─ ─ ≤─ ╩
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⇔⁸ ⌂ ⅜ ↓∫√ ⌐ ─ ─ ⅜ ⅎ╛∆™≤ ╦╣╢

╩ ⇔√⁹∕─ ⁸ ─ ╙ ⌂ ⌐⅔™≡⁸ ⅜ ™ ╒≥ ─

⅜ ⌂™ ╩ ∆ ⅜ ◐♃◒꜡♫●○◘ⱶ◦⁸◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦⁸

☿fi♅◖●Ⱡ ≈⅛∫√⁹↓╣╠─ ≢│⁸ ⌂ ⅜ ↓∫√ ⌐⁸

⌂ ≢─ ⅜ ⅎ╛∆™≤ ⅎ╠╣╢⁹ ⁸ ─ ╙ ⌂ ≢⁸

⅜ ™ ╒≥ ─ ⅜ ™⁸∆⌂╦∟ ⌐ ⇔≡ ⌂ ≢─

╩ ⅎ╛∆™≤ ╦╣╢ ⅜ ○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦ ≈⅛∫√⁹ 

─ ⅔╟┘ ⌂ ─ ─ │⁸ ╛

⌐╟∫≡ ⌂∫≡™√⁹ ⁸ ≢│⁸ ⌂ ≢

─ ⅜ ⌐№∫√⅜⁸ ⌂ ≢│ ─ ⅜ ╠╣⌂⅛∫√⁹

─ ╩ ╢≤⁸ ≢│ ⌐○◘ⱶ◦ Carabus ≤ Pterostichus

 ⅜ ⌐№╡⁸ ⌂ ─ ≢│ Synuchus ⅜ ⌐№∫√⁹ ⌂

╩ ≤∆╢Synuchus ─ │⁸ ─ ╛ ─ ⅜ ⇔≡™╢

↓≤⅜ ↕╣√⁹ 

⁸ ⁸ ≢│⁸ ⌐ ─ ⅜ ∆

╢ ╩ ⇔⁸≤ↄ⌐○◘ⱶ◦ ≤Synuchus ⅜ ⌐№∫√⁹ ⌐⅔↑╢

─ │⁸ ─ ⌐ ℮ ─ ⌐╟∫≡╙√╠↕╣√

⅜ ↕╣√⁹ 

◖▪◘▬♩─ ⌐≈™≡│⁸ ⁸ ≤╙⌐⁸ ⌂ ─ ⅜ ╠╣√

│ ↕╣⌂⅛∫√⁹ ⌐≈™≡│⁸ ─ ≢│ ≢ ∆╢ ⅜ ⇔≡⅔

╡⁸ ─ │ ⅔╟┘ ╩ ∆╢ ⅜ ⇔≡™√⁹ ⌐≈™≡│

─ ⅜ ⅝ↄ⁸ ⌐ ⇔≡™╢─⅛≥℮⅛│ ─♃כ♦─ ⅜ ≢№

╢⁹╕√⁸ ─ ╩⸗♬♃ꜞfi◓∆╢√╘⌐⁸IC ╡∏ⅎ↕≡™∟╙╩♄כ◖꜠

╩ ∆╢ ╩ ⇔√⁹ 

◘▬♩≢│⁸ ⌐╟╢ ╩⁸ 1 ⁸ 2 ─ ≤ ─ ─

≢ ∫√⁹ ≢│⁸ ─ ⅝⌂ │ ╘╠╣⌂⅛∫√⁹⌂⅔⁸ ─

≢ ╩ ⌂ ≤∆╢Ⱶ♁◘◙▬≢ ⌐ ⅜ ⅎ≡⅔╡⁸ ─

─ ─ ─ ⅜ ↕╣√⁹ 

 

─ ה ┼─ ⁸ ה  

─ ⁸ ⅔╟┘ ≤ ≤─  

 ⌐ ™⁸ ─ ╛ ⌂≥ ⌐≤∫≡ ⅜ ╙⇔ↄ│ ⌐

∆╢↓≤⌐╟╡⁸ ╩ ∆╢ ─ ╕≢⌐ ⇔≡ ≤⌂

∫√ ─ ⁸ ─ ⅛╠ ╕≢⌐ ⇔√ ─ ⅔╟┘

⅜ ∆╢⌂≥⁸ ─ ─ ⌐ ⅜ ∂╢ ⅜ ⅎ╠╣╢⁹ ⅎ┌⁸

Ɽ♇꜡כꜜ ╛ ─ ≢│⁸ ⌐╟∫≡ ⅜ ╖⁸ ─ ⅜ ₁
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⇔≡™╢↓≤⅜ ↕╣≡™╢ van Mantgem et al . 2009⁸Carnicer et al . 2011 ⁹

∕↓≢⁸ ╩♃כ♦ ™≡⁸ ╩ ∆╢ ─ ה ה ─ ≤

⌂≥─ ─ ╩ ═╢↓≤≢⁸ ⌐ ℮ ─ ⌐≈™

≡ ⇔√⁹╕√⁸ ⌐ ∆╢ ─ │⁸ ♃▬ⱪ ה

ה ≤™∫√ ─ ─ ™⁸ ╛ ≤™∫√ ─

─ ™ ⌐╟∫≡ ⌂╢ ⅜ ⅎ╠╣╢√╘⁸ ה ─ ♃▬ⱪ

⌐╟╢ ™╩ ⇔√⁹ 

─ ⌐⅔™≡⁸ ─ │ ⌂≥─ ⌐ ⌐╟

╢ ⌂≥─ ─ ╩ ↄ ↑╢↓≤⅜ ⅎ╠╣╢⁹∕↓≢⁸ ≢│

15.7cm ─ ╩ ⇔≡™╢⅜⁸ ⌂≥─ ─ ╩≢

⅝╢∞↑ ⇔≡ ∆╢√╘⌐⁸ 10 31.4cm ─ ⇔√

─ ╩╖─♃כ♦ ™≡ ⇔√⁹ ה │ ─ ≢ ╘√⁹ 

 

-1 = ln( No Ns) ×(1 t )×100 

-1 = ln( N f Ns) × (1 t )×100 

 

No ─ ─  

Ns ⅛╠ ─ ╕≢ ⅝ ∫√  

N f ─ ─ ⅝ ∫√ ≤ ⇔ↄ ⅜31.4cm ⌐⌂∫√ ─  

t ⅛╠ ╕≢─ ⁹ 

  

 ≢ ה ─ ╩ ♃▬ⱪ ≢ ∆╢≤≤╙⌐⁸

≤─ ╩ ⇔√⁹ 

 ⌂ ≤⇔≡⁸ │ ≢№╡⁸ ↄ─ ≢│

─ ≢№∫√ 5-1-1 ⁹ ⁸ │ ↄ─ ≢ ≢№╢⅜⁸ ≈

⅛─ ≢│ 2005 ─ ⁸2012 ─ ╛♫ꜝ ╣ 2011 ─

╩ ≤™∫√ ⅜ ∂√ ⌐│ ⅜

≤ ╟╡╙ ™ ╩ ⇔≡™√⁹ ≤─ ╩╖╢≤⁸

─ ⅛╠2012 ╕≢─ ה ─∕╣∙╣─ ≤

─ ⌐│™∏╣╙ ⌂ │ ╠╣∏ ™∏╣╙ P > 0.05 5-1-2 ⁸ ⌂

≥─ ─ ⌐╙ ⌂ │ ↕╣⌂⅛∫√ ™∏╣╙ P > 0.05 ⁹╕√⁸

♃▬ⱪ ─ ≢│⁸ │ ╛ ─ ⌂╢ ♃▬ⱪ ≢ ⌂ ™│

╠╣⌂⅛∫√ P > 0.05 5-1-1a ⁹ ⁸ │⁸ ⅜ ─

♃▬ⱪ╟╡╙╛╛ ™ ≢№∫√⅜ ⌂ ™≢│⌂ↄ⁸ ⅜ ⌂╢ ♃▬

ⱪ ≢╙ ⌂ ™│ ╠╣⌂⅛∫√ 5-1-1b ⁹ 

 ↓╣╠─↓≤⅛╠⁸ ╛ ≤™∫√ ╩ ∆╢Ɽꜝⱷכ♃─
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⌐│⁸ ╛♫ꜝ ╣≤™∫√ ⅜ ↄ ⇔≡⅔╡⁸ ≢│ ⌂ ─

│ ╣≡™⌂™↓≤⅜ ↕╣╢⁹ ↕╣╢ ─ ≈≤⇔≡⁸ ─

⌐╟╡⁸ ⌂≥─ ─ ⅜ ↄ⌂╢↓≤⅜ ↕╣≡™╢ Oouchi et al. 

2006⁸Knutson et al . 2010 ⁹ ─ ⌐⅔™≡ ⌐╟╢ ╩ ═

√ ≢│⁸ ─ ⌐╟∫≡ ╡╛ ╣⌂≥─ ⌐ ≢ ™⅜ ∂╢

↓≤⁸ ─ ה ⌐╟∫≡ ◘▬♩ ≢ ⅜ ⌂╢↓≤⌂≥⅜ ↕╣≡

™╢ ה  2007⁸ ╠ 2008 ⁹ ⁸ ⌂≥⌐╟╢ ⌐│ ⌐ ╩ ⅎ

╢≤™℮ⱴ▬♫☻─ ∞↑≢│⌂ↄ⁸ ─ ─ ⌐ ∆╢≤™℮ⱪꜝ☻─

╙№╢  2011 ⁹ ⌂≥─ │ ≢ ∂≡⅔╡⁸ ⌐ ↕╣√

≢ ⸗♬♃ꜞfi◓╩ ∆╢↓≤≢⁸ ⌐╟╢ ╛ ⅜

♃▬ⱪ╛ ⌐╟∫≡ ⌂╢─⅛≥℮⅛ ∆╢↓≤⅜ ≢№╢ ⌐╟╢ ⌐≈

™≡│◖ꜝⱶ ₈ ⌐╟╢ ─ ה ≤ ₉╩⁸ ⌐≈™≡│◖

ꜝⱶ ₈ ⅜ ⌐ ⅎ╢ ₉╩ ⁹ 
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5- 1- 1 

2011 2012

2005 2012  
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5- 1- 2  

5- 1- 1  
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Ẽ◖ꜝⱶ  ⌐╟╢ ─ ה ≤  

 

  ◘▬♩  

 

│ ─ ⌐☻כ◖ ⇔≡⅔╡⁸ ─ ⅜ ⌐ ה ⇔≡™╢⁹

│ ─ ⌐⅔™≡ ⌂ ─└≤≈≢№╡⁸ ╛ ⌐

⅝⌂ ╩╙≈⁹ ≢│ ≤™℮ ─ ⅛╠─╖ ─ ⅜ ↕╣╢─⌐

⇔⁸ ⌐⅔™≡│ ₁⌂ ⌐≤∫≡ ─ ⅜≢⅝╢≤™℮ ─√╘

─ ─ ─ ╙ ≤⌂╢⁹↓╣╕≢ ─ ⅜ ™─⌐ ═ ─

ה ⌐ ∆╢ ה │№╕╡ ↄ⌂™⁹ │ ─ ─ ≢№╢

≢№╢⅜⁸ ה ⌐ ⇔≡│ ─ ⌐⅔╟┬ ⅜ ≢№╢

↓≤⅜ ≢№╤℮⁹ ─ ╛ ה ─ ⌐╟∫≡ ─ ╩

∂√ ╙№╢⁹⇔⅛⇔⁸Ⱪ♫ ─ ─╟℮⌐⁸ ─ ⌂ ─ ⅜ ∏

⇔╙ ─ ─ ⌐ ⅜∫≡™⌂™ ╙╖╠╣╢⁹╛│╡ ─ ╩⇔

∫⅛╡ ∆╢⌐│ ─⸗♬♃ꜞfi◓│ ≢№╢⁹ 

─ ⌂ ה ╩ ∆╢℮ⅎ≢ ⸗♬♃ꜞfi◓◘▬♩ 1000 │

≢№╢⁹∕─⌂⅛─└≤≈≢№╢ ─ ◘▬♩ ≢│ ─ 1989

⅛╠⸗♬♃ꜞfi◓ ⇔≡™╢⁹ ◘▬♩│ 1993 ⌐ ⅝⌂ ╩ ↑⁸∕─

20 ⅜♃כ♦─ ↕╣≡⅝√⁹1993 ─ │ ╡─ ≢

≤⌂╢ ╩ ⇔⁸↓─ ⌐≤∫≡ ≢№∫√≤ ⅎ╠╣╢⁹⇔

⅛⇔⁸ ◘▬♩≢│ cm ─ ≢ %⁸ ≢ 20%⅜ ⇔√

≢ ─╟℮⌂ ⌂ ≢│⌂⅛∫√⁹↓─ │ ⌐╙ ⇔√⅜⁸

─ ─ ╙ ↕⅛∫√≤™℮ ╙№╢⁹ ╛ ⌂≥─ ⅜

⌐ ≢ ╩ ↑╢─⌐ ═⁸ ⇔√ ≢∕─╟℮⌂ ⌂ │№╕

╡ ↕╣≡™⌂™⁹ ⌐ ⇔≡™╢ │ ⌐ ⇔≡ ╩

≈≤ ⅎ╠╣╢⁹╛│╡ ─ ™ ╛Ɫꜞ◔כfi ─ ─ ⌐⅔™

≡╙ ─↓≤⅜ ↕╣≡™╢⁹ 

─ ꜟכ◊ⱨכ♃ꜞ⁸≥╢╖╩ │⁸ ─ ⌐ ⌐ ⇔⁸∕─

│ ⌂ↄ⁸∕╣ │ ⅜ ⅝™╙── ≤ ⌐ ∫≡™√⁹╕

√⁸ cm ─ │ 10 ⌐│╒╓ ─꜠ⱬꜟ⌐ ∫≡⅔╡⁸∕╣

╙ ⅜ ™≡™╢⁹1993 ─ │↓─ ⌐≤∫≡ ─ ≢№

ꜟכ◊ⱨכ♃ꜞ⁸⅜√∫ ╛ ⅛╠╖╢≤ ™ ≤™ⅎ╢⁹⇔⅛⇔⁸

─ │ ⌐ ╛⅛≢ 10 ╩ ≡╙ ─ ⌐ ⇔≡™⌂™⁹╕√⁸

⅜ ⅝ↄ ⌂∫√ ╙╖╠╣╢⁹ ≢№╢Ⱪ♫ ╛♃Ⱪⱡ◐│

ה ≤╙ ⌐ ═ │ ↄ⁸ │ ∟√╕╕ ⇔≡™⌂
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™⁹ ╦∫≡ꜘⱩ♬♇◔▬⌂≥─◒☻ⱡ◐ ─ ⅜ ─ ≤⌂∫≡™╢⁹

≢ √ ◑ꜗ♇ⱪ╙ ∞ ↕╣∏⁸ ─ ⌐│ ∫≡™⌂™⁹

│∕─ 20 ╩ ≡╙∕─ │ ∫≡™╢⁹ 

 ╩ ⇔≡ ─ ⁸ ⁸Ᵽ▬○ⱴ☻⅔╟┘ ⅜↓─ ≥℮

─╟℮⌐ ⇔≡™ↄ⅛╩ ╠⅛⌐∆╢√╘⌐╙⁸↓╣⅛╠╙ ⌂⸗♬♃ꜞfi◓│

≢№╤℮⁹ 

 

 

Ẽ◖ꜝⱶ  ⅜ ⌐ ⅎ╢  

 

  ◌♯ⱴ ◘▬♩  

 

 ─ ╡ ∟╛ ╡ ╦╡│ ₁─ ⌐╟∫≡ ↕╣╢≤™℮ ⅜ ≡

⅛╠╒╓ 25 ⌐⌂╢⁹↓─ ⁸ ≢ ⅜ ╣≡ ∂╢ ◑ꜗ♇ⱪ─ ⌐≈™≡

ↄ─ ⅜ ╕∫≡™╢⁹№╢ ≢≥╪⌂ ⅜≥─ ─ ה ≢ ⅝╢─⅛⁸

↓╣╩ ≢₈ ₉≤ ┬⅜⁸ ™─ ≢│ ◑ꜗ♇ⱪ─ ⌐ ╙

↓╢⁹⸗♬ 1000─ ה ≢│ ⁸ ╩ ∫≡™╢─≢⁸ ≤∕

─ ─ ─ ╩ ↑╢↓≤⅜ ╢⇔⁸ ↕╣√ ⌂─≢ ≢

─ ╩ ∆╢↓≤╙ ╢⁹ ⁸ ╛ │⁸∕─ ╛ 1 №√╡─

─ ⅜◘▬♩ ↔≤⌐ ⅝ↄ ⌂╢─⅜ ≢⁸ ₁─◘▬♩≢ ⇔≡

╩ ∆╢ ⅜№╢⁹ 

 ─ ⌐ ∆╢◌♯ⱴ ◘▬♩⌐│⁸◌♠ꜝ⁸♩♅ⱡ◐⁸◘꞉◓ꜟⱵ⌂≥

⅜ ∆╢ ⇔√ ≤⁸ ╩ ╗ ה Ⱪ♫⁸Ⱶ☼♫ꜝ⅜ ⅜№

 ◌♯ⱴ ◘▬♩─ 4.71 ha ⁹ ─ ™│ ─ ╩ ⇔⁸ ™ ⅜ ─

⅜ ⁹ │ ≤ ─ ╡ ⇔≢ ⌂ ⅜№╢⁹ 
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1 ◌♯ⱴ ◘▬♩⌐⅔↑╢ ─ ╡

⌐ ™

⁷◘꞉◓ꜟⱵ⁸○ⱥꜛ►⁸▬♃ꜘ◌◄♦⁸◔ꜘ◐

◑ꜗ♇ⱪ⌐ ™

⁷◌♠ꜝ⁸♩♅ⱡ◐⁸ꜘⱴ⸗Ⱶ☺⁸▪○♄⸗⁸Ɫ►♅꞉◌◄♦

≥∟╠≤╙ ⅎ⌂™

⁷Ⱪ♫⁸Ⱶ☼◐⁸ⱱ○ⱡ◐⁸Ᵽ♇◖ꜘ♫◑

╢ ⁹ ─ │Ⱪ♫ ≤ ═≡ ─ ⅜ ™≤™℮ ⅜№╢⅜⁸↓╣

│ ⌐ ⇔√ ╩ ≈ ⅜№╢⅛╠≢│⌂™⅛≤⁸ √∟│ ⅎ≡™╢⁹◌

♯ⱴ ◘▬♩≢│⁸1988 ≤ 2007 ⌐ 1,295 m2⁸144 m2 ⅜⁸╕√ 1998

⌐│ ─ 125 m2 ⅜ ⇔√ ⁹ ─ ⌐│ ↄ─ ♃Ⱡ

⅛╠ ⇔√ ⅎ ╛ ⅜ ⅝ↄ⌂∫√╙─ ⅜ ↕╣⁸ ─ ⁸

─ ⌐ ⅜№╢ ╖ ↑─╟℮⌂Ɽ♃כfi ↓≤⅜ ⇔√ ⁹ 

 ↓╣╠─ ─ │ ╙⸗♬♃ꜞfi◓ ≢⁸∕─ │╕╙⌂ↄ⁸ ─

≤⌂╢ cm⌐ ∆╢⁹↓℮⇔√ ה ─ ⅝≤ ─ ⅝╩≈⌂™≢

─ ╡ ∟╛ ╡ ╦╡⅜ ≢⅝╢╟℮⌐⌂╣┌⁸⸗♬♃ꜞfi◓ ⌐ ⅝╢≤

™ⅎ╢∞╤℮⁹ 

 

a)     b)   

c)  

2 (a, b 2007

c 1988 ) 1 2007 1988
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◘▬♩↔≤─ ה ─  

 

 ─ ™⌐╟∫≡⁸ ╩ ∆╢ ≤ ♃▬ⱪ│ ╦╢   

1995 ⁹ │ ™ ⁸ ⁸ ⁸ ╩ ⇔≡⅔╡⁸

⁸ ⁸ ⁸ ⌂≥⅜ ⌂ ♃▬ⱪ≢№╢

 1995⁸ ה  2002 ⁹∕⇔≡⁸ ─ ⌐⅔↑╢ ⌂ ≤⇔≡⁸ ⌐

∫≡⁸ ─ ⅛╠ ─ ⌐⅛↑≡ ╛ ⅜ ⁸

─ ⅛╠ ⌐⅛↑≡ ⅜ ⇔⁸ ─ ≢↓╣╠─ ♃▬ⱪ

⅜ ⌐ ⇔≡™╢ ה  2002 ⁹↓─╟℮⌐ ⌐ ♃▬ⱪ─

⅜ ∂╢─│⁸ ⁸ ╛ ≤™∫√∕╣∙╣─ ─ ⌐

≤∫≡⁸ ⌐ ⇔√ ⌂≥─ ⅜ ⌂╢√╘≢№╢  1995 ⁹∕─√╘⁸

⌐ ∫≡ ⅜ ⇔⁸ ⅜ ⌐≤∫≡ ╙⇔ↄ│ ⌐ ∆

╢↓≤≢⁸ ╩ ∆╢ ─ ╛ ♃▬ⱪ─ ה ⌐

⅜ ∂╢ ⅜ ⅎ╠╣╢⁹ 

 ∕↓≢⁸ ─ ⌐⅔™≡⁸ ─ ⅜ ≥─╟℮⌐ ⇔≡™╢⅛⁸╕√⁸

⌐╟∫≡ ≥─╟℮⌐ ∆╢⅛╩ ─ ╩ ™≡ ⇔√⁹╕∏⁸⸗

♬♃ꜞfi◓ ⅛╠ 2012 ╕≢⌐ ─ ╩ ∆╢ ה ה

─ ─ ─ ⌐ ⅜ ∂≡™╢⅛≥℮⅛⁸ ⌐⁸∕─

─ ≤ ⅔╟┘ ─ ⌐ ⅜№╢⅛╩ ═√⁹∕─ ⁸ 10

15ϴ⁸ 34 38 ⌐ ∆╢ ≢│⁸ ─ ─ ⅜ ⇔⁸

─ ─ ⅜ ∆╢ ⅜ ↕╣√ 5-1-3 ⁹ ⌐⁸ ╩

∫≡™╢◖▪◘▬♩⌐⅔™≡⁸ ה ה ─ ∕

╣∙╣─ ─ ╩ ═√⁹∕─ ⁸ 5-1-4⌐ ∆╟℮⌐⁸ ≤

─ ─ ─ │ ─ ≈─♃▬ⱪ⌐ ↑╠╣╢↓≤⅜ ⇔√⁹ᵑ

─ ⅜ ⇔⁸ ─ ⅜ ⁸ᵒ ─ ⅜ ⇔⁸

─ │ ⌂⇔⁸ᵓ ─ │ ⌂⇔⁸ ─ ⅜ ⁹ᵑ─

│⁸ ≢№╢ ⌂≥≢ ∂≡™╢√╘⁸ ─ ⌐⅔↑╢

 2011 ⌐╟╢╙─≤ ⅎ╠╣╢⁹∕╣⌐ ⅎ≡⁸ ─ │♫ꜝ ╣⌐╟╢◖♫

ꜝ ─ ╙ ≢№╢≤ ⅎ╠╣╢ ᵑ╩ ⁹o ─ │⁸

⌂≥ ⌐ ∂√♫ꜝ ╣─ ⌂≥⅜ ⅎ╠╣╢⁹ᵓ─ │⁸ ╛ ⌂≥

─ ⌐⅔™≡ ⅜ ∆╢ ─ ─ ⅜ ⅎ╠╣╢⁹ ⁸ ╛

ⱡ ≤™∫√ ≢╙ ─ ⅜ ⇔≡™╢⁹ ≢│ꜘⱩ♬♇◔▬─

⅜ 230 2004 ⅛╠ 345 2012 ⌐ ⅝ↄ ⇔≡™╢⅜⁸∕╣⌐│ ⌐

╟╢ ⅜ ⇔≡™╢≤ ⅎ╠╣╢ ◖ꜝⱶ ₈ ⌐╟╢ ─ ה ≤

₉╩ ⁹ 

 ↓─╟℮⌐ ⅜ ⌐ ₁⌐ ⅝ ╦∫≡™╢◘▬♩╙№╢⅜⁸↓╣╠
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─ ─ ⌐│ ─ ⌂ │ ↕╣⌂⅛∫√⁹⇔⅛⇔⌂⅜╠⁸

⌐≤╙⌂™ ─ ⌐ ⇔≡™╢ ⁸ ⅜ ∆╢↓≤≢⁸ ─

≢│ ─ ⅜ ∆╢↓≤⅜ ─ ≢ ↕╣≡⅔╡ Iverson and Prasad 

1998⁸Bakkenes et al . 2002⁸ ╠ 2008 ⁸ ⌐ ⅜ ┼ ⇔≡™╢

⅜ ™╢↓≤╙ ↕╣≡™╢ Parmesan  and Yohe 2003 ⁹∕⇔≡⁸ ≢

─ ™ ⌐⅔™≡ ⅜ ∆╣┌⁸∕─ ─ ╛ ⅜ ∆╢ ⅜№╢

≤ ⅎ╠╣≡™╢⁹ ≢│⁸ ⌐≤╙⌂℮ ─ ─ ⅜Ⱪ♫ ╠ 2006⁸

╠ 2008 ⁸▪◌●◦ Nakao  et al . 2011 ⁸ ╠ 2009 ⌂≥⌐⅔™≡

↕╣≡™╢⁹Ⱪ♫ │ ⁸ ⁸ ╩ ⌐ ↄ ⇔≡⅔╡⁸

─ ≤⇔≡╙ ⌂ ≢№╢⁹ ◦♫ꜞ○⌐ ≠™√Ⱪ♫─ ⸗

♦ꜟ⌐╟╢≤⁸↓╣╠─Ⱪ♫ │ ⌐╟∫≡ ⅝ↄ ⇔⁸ ─ ⅜ ∆╢

⌐ ∆╢≤ ↕╣≡™╢ ╠ 2008 ⁹ ─Ⱪ♫ ≢│⁸ ⅛╠

╕≢─Ⱪ♫─ 15.7cm ─ │⁸◌ꜘ─ ≢│ 257 ⅛╠

250 ┼ ⁸ ≢│ 143 ⅛╠ 151 ┼ ⁸ ≢│ 192 ⅛╠ 217 ┼ ≤

™℮ ≢№╢⁹↓─╟℮⌐ 2004 ⅛╠ ╕≢│Ⱪ♫─ ⌐ ⅝⌂ │ ╠

╣≡™⌂™⅜⁸ ⌐≤╙⌂∫≡ ╩ ∆╢ ─ ⅜≥─╟℮⌐ ⇔≡™

ↄ⅛ ╙⸗♬♃ꜞfi◓⌐╟∫≡ ⇔ ↑╢ ⅜№╢⁹ 

 

ϴ
 

 

5- 1- 3  
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5- 1- 4 

15.7cm  
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√⌐ ⇔√ ╛ ⇔√ ─  

 

 ⌐⅔↑╢ ─ ⅔╟┘ ╛ │⁸ ─ ╛ ⌐ ╩

╙√╠⇔⁸ ─ ╩ ↕∑╢↓≤⅜№╢≤ ⅎ╠╣≡™╢⁹ ─ ╛ │

─╟℮⌂ ≢ ∂╢∞↑≢⌂ↄ⁸ ⌂≥─ ─ ⌐╟╡

⅜ ∆╢↓≤≢╙ ∂╢↓≤⅜ ↕╣≡™╢ Parmesan and Yohe 2003 ⁹∕─√

╘⁸ ⌐⅔™≡ ─ ⅔╟┘ ─ ≤ ≤─ ╩ ╢↓≤

│⁸ ─ ⌐ ℮ ─ ╩ ∆╢ ≢ ≢№╢⁹∕↓≢⁸

≢≥─╟℮⌂ ⅜ №╢™│ ⇔≡™╢⅛╩ ╢√╘⁸╕√⁸≥─╟℮⌂ ≢

─ ╛ ⅜ ™─⅛╩ ∆╢√╘⁸⸗♬♃ꜞfi◓ ⅛╠ 2012 ╕≢⌐

╩ ⇔≡™╢ ⌐⅔™≡⁸ ⇔√ ה ⇔√ ─ ╩ ═

√⁹ 

 ∕─ ⁸ ≤⌂∫√ 21 ─ ≢⁸13 ⌐⅔™≡ ⅜ ⇔≡

⅔╡⁸ ⌐ 13 ⌐⅔™≡ ⅜ ⇔≡™√ 5-1-2 ⁹↓╣╠─℮∟⁸2012

╕≢⌐ ─ ⅜№∫√╙─≤⇔≡⁸ ≢│♥♠◌◄♦ ⅜ ⇔

≡™√⁹ ⁸ ⅛╠ ⇔√ ≤⇔≡⁸ Ⱪ♫ה▬♯Ⱪ♫ ≢│ ⇔≡™√

◘fi◦ꜛ► ⅜ ⁸◌ꜘ─ ≢│♃ꜝⱡ◐ ⅜ ⁸ ≢│◒꜡⸗☺

⅜ ⇔≡™√⁹↓─╟℮⌐ ↄ─ ≢ ─ ≤ ⅜ ↕╣√⅜⁸

⅔╟┘ ≤ ─ ⌐│ ⌂ │ ↕╣⌂⅛∫√⁹ ⁸

⌐⅔↑╢◒꜡⸗☺─ ⌂≥⁸ ≢─ ─ ⌐≈™≡│◦◌─

⌐ ∫√ ─ ─ ⅜ ⅝™≤ ⅎ╠╣⁸∕─ ⌐ ∆╢ ⅜№╢

ᵑ╩ ⁹ 
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─ ─  

 

 ⌐ ℮≤ ╠╣╢ ─ ─ ◦Ɽ─○◘ⱶ♇꜡כꜜ⁸│

≢™ↄ≈⅛─ ⅜ ╠╣≡™╢⁹ ≢│⁸20 ┌⅛╠⁸ ╛▬◑ꜞ☻≢─

─ ⅜ ↕╣ Drees et al . 2011 ⁸ ─ ™ ≢╙⁸ ─

⌐⁸ ─ 50 100km ╒≥─ Hickling et al . 2006⁸Drees et al . 2011 ⁸

┼─ ⌐╟╢ ─ m ╒≥─ Gobbi et al . 2006⁸ Gobbi et al . 

2007 ⅜ ↕╣≡™╢⁹ ─ ≢╙ ↓─╟℮⌂ ─ ⅜ ∂

╢ ⅜№╢⁹ ─╖≢│ ⅜ ⌂™√╘⁸ ─ ⌂ ─ ╩

╢↓≤│≢⅝⌂™⅜⁸ ◘▬♩ ⌐ ⌂ ─ ╕√│ ╩ ╗ ≢

│⁸ ─ ⌐ ⇔√ ─ ≤™℮ ≢⁸ ─ ─ ⅜ ⅎ╠╣╢

⅜№╢⁹∕↓≢╕∏⁸ ─ ─ ⌂Ɽ♃כfi⌐≈™≡ ⌂

≤⇔≡⁸ ⅜ ↄ ⌐ ∆╢ ╩ ⇔√⁹ ⌐⁸∕╣╠─ ⌐≈™≡⁸

◘▬♩ ⌐ ⌂ ─ ╕√│ ╩ ╗⅛╩⁸ ─ ╛⁸

─ ≤ ─ ≤─ ╩ ⌐ ⇔√⁹↕╠⌐⁸ ─ ◘▬♩⌐

⅔↑╢ ╩ ∂√ ⌐⁸ ─ ⅜ ╠╣╢⅛ ⅛╩ ⇔√⁹ 

Ⱨ♇♩ⱨ◊כꜟ♩ꜝ♇ⱪ ≢│⁸ ╕≢⌐ 316 ⁸ 56,627 ⁸

3,142 ⅜ ↕╣√⁹∕─ ⁸ ─ ≤⇔√ ○◘ⱶ◦ ⁸

◦♦ⱶ◦ ⁸ⱢⱠ◌◒◦ ─ ⁸☿fi♅◖●Ⱡ ─ │⁸153 ⁸49,018

≢№∫√⁹↕╠⌐∕─ ⅛╠⁸₈ 20 ⅜ ↕╣≡™╢ ⅜⁸ ◘▬

♩ ⌐╕√⅜╢ ₉╩ ≤⇔≡⁸ ⌐ ∆╢ ╩ ⇔√≤↓╤

⅜ ⇔√⁹ ─ ─ ≤ ⁸ ⌐⅔↑╢ ╩⁸ 5-1-3⁸ 5-1-5

13 ⌐ ∆⁹™∏╣─ ╙ ▪☺▪⌐ ⅜ ╠╣⁸∕─ ─ │ ≢№

∫√⁹ ≢│ ╕√│ ⌐ ∆╢ ─╖≢⁸ ╛ ⌂ ╩

⌐ ∆╢ │ ╕╣⌂⅛∫√⁹ ╛ ⌂ ≢│ ⌐ ─ ⅜

⌂ↄ⁸ ─◘▬♩≢ ⌂ ⅜ ╠╣√ ⅜™⌂⅛∫√√╘≢№╢⁹ꜜꜞ♩⸗♫●

◗Ⱶⱶ◦⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│ ─ ⌐ ◘▬♩⅜⌂ↄ⁸◒꜡♫●○

◘ⱶ◦╙ ⅔╟┘ ─ ≢ ◘▬♩⅜⌂™⅜⁸∕─ ─ │ ◘▬♩─

⅜ ─ ─ ╩ ⌡ ⇔≡™╢≤™ⅎ╢⁹ 

 

ᵑ ≤ ≤─ ─  

№╢ ⅜ ⌂ ─ ⌐ ™ ≢│⁸ ⅜ ─ ה ╩

ↄ ∆╢ ≤⌂∫≡™╢ ⅜ ↄ⁸ ≢│ ⌐╟╢ ─

⅜⁸ ≢│ ⌐╟╢ ─ ⅜ ↓╡╛∆™≤ ↕╣╢⁹ ⁸

⌂ ─ ≢│⁸ ≤ ≤─ ⌂ │╟╡ ╠╣⌐ↄ™

≤ ⅎ╠╣╢⁹▬◑ꜞ☻⌐⅔↑╢○◘ⱶ◦ ─⸗♬♃ꜞfi◓ ≢│⁸ ⌐ ⌂ ה
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⅜╖╠╣√ ─ ⌐™ↄ≈⅛─ ≢ ─ ⅜╖╠╣√⅜⁸∕─ ↄ│ ה

⌂ ╩ ⌐ ∆╢ ≢№∫√ Morecroft et al . 2002 ⁹ 

╕√⁸ ╟╡╙ ─ ≤ ≤─ ─ ⅜⁸ ⌐ ∆╢

─ ╩ ⇔≡™╢ ⅜№╢⁹⌂−⌂╠⁸○◘ⱶ◦ ≢│⁸ ⌂ ─

≢│⌂ↄ ⌐ ─ ─ ⅜╖╠╣√≤™℮ ⅜№╡ Kiritani 2013 ⁸

⌂ ─ ⅜№∫√ ╛ ─ ⌂≥ ─ ╩ ↑╛∆™ ≢│⁸ ─

╛ ─ ⌐ ⅜ ↄ ⇔⁸ ╣≡ ─ ⌐ ⅜ ╣╢

⅜№╢⅛╠≢№╢⁹↕╠⌐⁸ ─ │⁸ ╛ ─ ─ ┼─

╩ ⇔≡ ─ ⌐ ∆╢≤ ⅎ╠╣╢╙──⁸∕─ ≢ ─ ╛

┼─ ╩ ⇔≡╙ ─ ⌐ ⇔≡⇔╕℮ ⅜№╢⁹╟∫≡⁸ ─

≤ ─ │ ⌐ ∆╢ ─ ╩ ⇔≡⌂™ ⅜№╢≤ ⅎ╠╣╢⁹ 

⌐≈™≡⁸ 7≤ ╕√│ ─ ≤─ 8─ ╩⁸

5-1-14 ⌐ ∆⁹ ⌂ ─ ╠╣√ ◘▬♩─ ≢╙∫≤╙ ⌂◘▬♩≢⁸

─ ⅜ ™╒≥ ⌐ ⅜ ⌂™ ╩ ⇔√ │⁸◐♃◒꜡♫●○◘ⱶ◦⁸◒꜡

♠ꜘⱥꜝ♃◗Ⱶⱶ◦⁸☿fi♅◖●Ⱡ≢№∫√ 5-1-14 ⁹↓╣╠─ │⁸ ◘▬♩─

⌐ ⌂ ─ ╩ ╪≢™╢≤ ↕╣⁸ ⁸ ⌂

⅜ ⇔√ ⌐⁸ ⌂ ⌐⅔↑╢ ─ ≤⇔≡⁸ ⌂◘▬♩≢─

⅜ ╠╣╢ ⅜№╢⁹ ─ │⁸ ─ ⌂ ⌐ ◘▬♩⅜⌂™⅛⁸

─╟╡ ⌂ ⌂≥ ⌐ ⇔≡™╢↓≤⅜ ╠╣≡™╢ 5-1-3 ⁹ 

⁸ ⌂ ─ ╠╣√ ◘▬♩ ─╙∫≤╙ ⌂◘▬♩≢⁸ ─ ⅜

™╒≥ ⌐ ⅜ ™ ╩ ⇔⁸∕─ ⅜ ─ ⌂◘▬♩≤ ⌐ ⌂∫≡

™√ │⁸○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦─╖≢№∫√ 5-1-14 ⁹ ─ │⁸ ⌂◘▬

♩≢ ╩ ≢⅝╢╒≥─ ⌂ ⅜ ╠╣≡™⌂™⁸№╢™│ ◘▬♩≢№╢

⅔√─ ∆ ╟╡↕╠⌐ ⌂ 2000 ─ ה ⁸◦ⱬꜞ▪⌂≥

⌐╕≢ ∆╢↓≤⅜ ╠╣≡™╢ 5-1-3 ⁹√∞⇔⁸◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸

⌂ ◘▬♩≢ ─ ≤ ─ ⌐ ⅜ ╠╣⌂™╙──⁸ ─ ≤│

─ ⅜╖╠╣≡⅔╡⁸ ⌐ ∆╢ ─ ⅜ ╠╣╢ ⅜№╢⅛≥℮

⅛│⁸ ↕╠⌐ ╩ ∆╢⁹™∏╣⌐⇔≡╙⁸ │ ╙ ↄ─◘▬♩≢ ⇔⁸⅛

≈ ╙ ⌐ ™ ⌐⁸ ⌂◘▬♩≢─ ┼─ ⅜ ⅝™↓≤⅛╠⁸

─ ╩ ⅎ╢─⌐ ╙ ⇔√ ≢№╢ ⅜№╢⁹○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ

◦│⁸ ⅜ ⌂ ─ ≢№╢ ⅜№╡⁸ ⁸ ⌂

⅜ ⇔√ ⌐│ ─ ⅜ ╠╣╢ ⅜№╢⁹↕╠⌐⁸ ─ ≢╙⁸

≢ ─ ⌂™ ◘▬♩≢ ⌐ ℮ ⅜ ╠╣╢ ╛⁸

                                                   
7 ─ ⌐⅔↑╢ ─ ⁹ 
8 ↔≤ ↔≤⌐⁸ ⌐≈™≡⁸ ╕√│ ─ ╩ ⁸◘Ⱪⱪ꜡♇♩

╩ ≤∆╢ ⸗♦ꜟ GLMM ┼─ ≡│╘╩ ™⁸ ⌐╟∫≡

─ ╩ ⇔√ ɖ= 0.05 ⁹ │ⱳ▪♁fi ⌐ ℮≤ ⇔√⁹ 
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─ ◘▬♩≢ √⌐ ↕╣╢ ⅜№╢⁹√∞⇔⁸☿fi♅◖●Ⱡ╩ ↄ │∆

═≡ ⅜⌂™≤ ╦╣╢√╘⁸ ─ ⌐│ ⅜⅛⅛╡⁸ ⅝⌂ ╛ ╩

ⅎ≡ ╩ ∆╢↓≤│ ≤ ⅎ╠╣╢⁹ 

 

ᵒ ╩ ∂√ ─ ה  

⅔╟┘∕─ ⌂ ⌐≈™≡⁸ ╩ ⇔√ ─ ה

9─ ╩⁸ 5-1-15⌐ ∆⁹ ≢│⁸ ─ ≢─ ⁸

╕√│ ≢─ ≤™℮ ─ ╩ ∆ │⁸○○◒꜡♠ꜘⱥꜝ♃◗Ⱶ

ⱶ◦─╖≢№∫√ ⌂ ≢ ⁸ ─◘▬♩≢│ ⅝⌂ ⌂⇔ ⁹↓╣│⁸

─ ⌐ ⌂◘▬♩≢ ⅜ ∆╢ ⅜№∫√√╘≤ ⅎ╠╣╢

5-1-16 ⁹ ⁸ ⌂◘▬♩≢│ ─ ⅜ ╠╣≡⅔╡ 5-1-16 ⁸∕─

ↄ─ ≢ ─ ⅜ ╠╣⌂⅛∫√╙─≤ ⅎ╠╣╢⁹⇔⅛⇔⁸ │ ─╖

≢ ↕╣≡™╢≤│ ╠⌂™↓≤╛⁸ ─ ⅜ ∏⇔╙ ─ ╩

⇔⌂™↓≤⌐╙ ∆═⅝≢№╢⁹ ⅎ┌⁸ꜜכ꜡♇Ɽ⅛╠ ⌐ ∆╢ Agonum 

viridicupreum ≢│⁸ ─ ⌐ ℮ ─ ⅜ ╠╣╢╙──⁸ ⌐ ─ ⇔

≡™╢ ≢│ ─ ⅜ ╠╣∏⁸ ≢│ ⅜ ─ ≢№╢

⅜ ↕╣≡™╢ Drees et al . 2011 ⁹▬◑ꜞ☻≢─○◘ⱶ◦ ─⸗♬♃ꜞfi◓

≢│⁸1992 2008 ─ ≢ Pterostichus madinus ─ ⌐│ ⌂ ⅜ ╠╣

⌂™╙──⁸ ⁸ Ⱨכ◒ ⁸Ⱨכ◒ ─ ≤™∫√ ⌐ ⌂

⅜ ╠╣≡™╢ Pozgai and Littlewood 2011 ⁹ ≢│⁸ ─

⌐╦√╢ ⌂◘fiⱪꜞfi◓│ ∫≡™⌂™─≢⁸↓─╟℮⌂ ─ ⌐╟∫≡╙⁸

─ ⌐♃כ♦ ⅜ ╣╢ ⅜№╢↓≤⌐ ∆╢ ⅜№╢⁹ 

 

ᵓ ↔≤─  

◦ⱶ◘○꜡◒ה ○◘ⱶ◦ ○◘ⱶ◦ ○◘ⱶ◦ ○○○◘ⱶ◦  

○○○◘ⱶ◦ Ohomopterus │ ─ ≢⁸ ⅛╠ 17 ⅜

╠╣≡™╢  2005 ⁹ │⁸ ≢╙∫≤╙ ⌐ ∆╢ ≢⁸ ⌐

ↄ ⇔⁸ ↔≤⌐ 12─ ⌐ ↑╠╣≡™╢ Takami and Ishikawa 1997 ⁸  

2005 ⁹ 

≢│ ה ה ─ ◘▬♩⅛╠ ⅜ ╠╣⁸ ◘▬♩─ │

─ ╩ ⌡ ⇔≡™╢ 5-1-5 ⁹ ─ ⌐ ⌂ │

╠╣∏⁸ ⌂◘▬♩≢─ ⁸ ⌂◘▬♩≢─ ≤™∫√ ─ ╙ ╠╣

≡™⌂™ 5-1-15 ⁹ ─ ≢│ ⌂ ◐☿fi ⁸ ≢│⁸

                                                   
9 ↔≤ ↔≤⌐⁸ ⌐≈™≡⁸ ╩ ⁸◘Ⱪⱪ꜡♇♩ ╩

≤∆╢ ⸗♦ꜟ GLMM ┼─ ≡│╘╩ ™⁸ ⌐╟∫≡ ─ ╩

⇔√ ɖ= 0.05 ⁹ ─ ╩₈ ₉≤⇔⁸ ⅜ ─ ╩ ⁸ ─

╩ ≤⇔√⁹ │ⱳ▪♁fi ⌐ ℮≤ ⇔√⁹ 
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⌂ ╒≥ ⅜ ⌂™ ⅜ ╠╣√ 5-1-14 ⁹⇔⅛⇔⁸ ⌂ ≢│ ≤

⌐ ⌂ ⅜ ╠╣⌂™⅛ ↄ⁸ ≢│ ⌐╟∫≡ ⅜ ⇔⌂⅛∫

√⁹ ⌐│⁸ ╛ ⌂≥─ ⌐ ∆╢ ⱴꜟⱣⱠ○◘ⱶ◦⁸

○◒◄♂◒꜡○◘ⱶ◦ ╙ ⇔≡⅔╡ Takami and Ishikawa 1997 ⁸ ╛

─ ≢│⁸ ∕─╙─⅜ ─ ™ ≤│⌂∫≡™⌂™─⅛╙⇔╣⌂™⁹

╟∫≡ ⌂ ⅜ ⇔√ ⌐│⁸ ⌂ ╛ ≢─ ─ ⅜

ⅎ╠╣╛∆™≤ ↕╣╢⁹╕√⁸ ╟╡ ─ ™◌ꜘ─ ≢│⁸↓╣╕≢

│ ↕╣≡™⌂™⅜⁸ ─╛╛ ─ ™ ≢│ ⅜№╢↓≤⅛╠ Takami 

and Ishika wa 1997 ⁸ ─ ⌐ ∫≡ ⅜ ⇔√ ⁸◌ꜘ─ ≢ ↕╣╢╟

℮⌐⌂╢↓≤╙ ⅎ╠╣╢⁹ 

 

◦ⱶ◦⁸◒꜡♫●○◘ⱶ◘○●♫꜡◒♃◐ה ○◘ⱶ◦ ○◘ⱶ◦ ○◘ⱶ◦ ◒꜡♫

●○◘ⱶ◦  

◒꜡♫●○◘ⱶ◦ Leptocarabus │ ▪☺▪⌐ ∆╢ ≢⁸ ⅛╠│

⅜ ╠╣  2005 ⁸ ─○○○◘ⱶ◦ ╟╡╙ ⌐ ⇔√ ╩╙

∫≡™╢  2000 ⁹◐♃◒꜡♫●○◘ⱶ◦│◘Ɫꜞfi⅛╠ ⁸◒꜡♫●○◘ⱶ

◦│ ⅛╠ ╕≢ ↄ ∆╢ ≢⁸∕╣∙╣ ↔≤⌐ 20 ⁸ ⌐ ↑╠

╣≡™╢ Ishikawa 1992 ⁸  2005 ⁹ │ ≢ ╩ ↕∑≈≈⁸◐♃◒

꜡♫●○◘ⱶ◦─ ⅜╟╡ ⁸ ⌂ ⌐ ─ ╩╙∟⁸╟╡

⌐ ⇔√ ╩╙∫≡™╢↓≤⅜ ╠╣≡™╢  2000 ⁹ 

≢│⁸◐♃◒꜡♫●○◘ⱶ◦│ ה ─ ◘▬♩⅛╠ ⅜ ╠╣⁸

⌂≥─ ╩ ↑┌⁸ ◘▬♩─ ⅜ ─ ╩ ⌡ ⇔≡™╢

5-1-6 ⁹◒꜡♫●○◘ⱶ◦│ ─ ◘▬♩⅛╠ ⅜ ╠╣≡™╢⅜⁸ ╛ ─

⁸ ⌂ ⅜ ╕╣≡™⌂™ 5-1-7 ⁹ 

◒꜡♫●○◘ⱶ◦│⁸ ⇔√ ◘▬♩ ◘▬♩≢ ⅜ ╠╣⁸ ⌂◘▬♩

╒≥∕─ ⅜ ⅛∫√ 5-1-15 ⁹◐♃◒꜡♫●○◘ⱶ◦│⁸ ⌂ ╩ ↕⌂

™◘▬♩⅜ ↄ⁸ ⌐ ∫√ ╙ ≢№∫√ 5-1-15 ⁹◐♃◒꜡♫●○◘

ⱶ◦─ ≢│ ⌂ ≢⁸ ⅜ ≢№╢╒≥ ─ ⅜ ⌂™

⅜№∫√ 5-1-14 ⁹╕√⁸↓─ │⁸ ─ ⌐ ∂≡ ◘▬☼╛

⅜ ∆╢↓≤⅜ ╠╣≡™╢  2000 ⁹ ⌐│⁸ ⌐ ∫≡⁸ ⌂

◘▬♩≢─ ─ ─ ╛⁸ ◘▬☼─ ⌂≥⅜ ╠╣╢ ╙№╢⁹ 

 

◦Ⱶⱶ◗●♫⸗♩ꜞꜜה ○◘ⱶ◦ ◗⸗◒ⱶ◦ Pterostichus Lyrothorax  

 Lyrothorax ☻◘◌כ◖⁸│ ⅛╠ ⁸ ה ה ⅛╠ ⅜ ╠╣ Löbl 

and Smetana 2003⁸Sasakawa 2009 ⁸ ≢│ꜜꜞ♩⸗♫●◗Ⱶⱶ◦─╖⅜ ╠╣≡

™╢⁹ │⁸ ה ⌐ ⇔≡™╢ ╠ 1985 ⁹ 
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 ≢│⁸ ה ─ ◘▬♩⅛╠ ╠╣≡™╢⅜⁸ ─ ⅛╠│╒≤╪

≥ ╠╣≡™⌂™ 5-1-8 ⁹ ⌂ ╩ ↕⌂™◘▬♩⅜ ↄ⁸ ⌐ ∫

√ ╙ ╠╣≡™⌂™ 5-1-15 ⁹ ─ ≤ ─ ╙⁸

⌐ ∫√ ⌂Ɽ♃כfi│ ╠╣⌂⅛∫√ 5-1-14 ⁹ ⅜ ⇔√ ⁸

⌂ ⁸ ─◘▬♩≢│⁸ ─ ⅜ ∂╢⅛╙⇔╣⌂™⁹ 

 

◦ⱥꜝ♃◗Ⱶⱶ◦⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦⁸○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶꜘ♠꜡◒ה ○

◘ⱶ◦ ◗⸗◒ⱶ◦ Synuchus Synuchus  

 Synuchus │ ▪☺▪╩ ⌐ ∆╢ ≢⁸75 ⅜ ╠╣⁸∕─ 72 ⅜ Synuchus

⌐ ⇔≡™╢ Löbl and Smetana 2003 ⁹↓─ │⁸™∏╣╙ ⌐ ↄ

⇔⁸ ≢│ ⁸ ⌐ ⇔≡™╢ Habu 1978⁸ ╠ 1985 ⁹ ─

│⁸ ⌐╟∫≡ ™│№╢╙── ⇔≡○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦⅜ ⌂

⁸ ⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦⅜ ⌂ ⁸ ⌐ ─

╩ ∟⁸◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│ ⅛╠ ╕≢ ↄ ∆╢╟℮≢№╢

╠ 1962⁸Katakura and Fukuda 1975 ⁸Higashi et al . 1984⁸Kuranishi et al . 1986⁸

Martin 1992 ⁸Hosoda et al . 1996⁸Suttiprapan et al . 2006⁸Fujita et al . 2008 5-1-13 ⁹ 

 ≢│⁸◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸ ─ 19◘▬♩⅛╠ ╠╣⁸

─ ≢ │ ⌐⁸ ◘▬♩ │╙∫≤╙ ⅛∫√ 5-1-9 ⁹○

○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│ ─ 13◘▬♩⅛╠⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│

─ 12 ◘▬♩⅛╠ ╠╣√ 5-1-10⁸11 ⁹◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦⅜

─ ⅛╠ ╠╣≡™⌂™⅜⁸ ─ │ ◘▬♩─ ⅜ ─ ╩

⌡ ⇔≡™╢⁹ 

◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸ ⌂ ⁸ ≢│⁸ ⅔╟┘ ─ ⅜ ™╒≥

⅜ ⌂™ ⅜№╡⁸ ⌂ ≢│ ─ ≤│ ⅜ ╠╣⌂™╙──⁸

─ ⅜ ™╒≥ ⅜ ™ ⅜№∫√ 5-1-14 ⁹ │ ─ 2000

─ ⌐╕≢ ∆╢↓≤⅜ ╠╣≡™╢⅜ Martin 1992 ⁸Suttiprapan et al . 

2006 ⁸ ≢╙ ⅜ ─ ≤⌂∫≡™╢─⅛╙⇔╣⌂™⁹○○◒꜡♠

ꜘⱥꜝ♃◗Ⱶⱶ◦≢│⁸ ⌂ ≢ ⅔╟┘ ─ ≤ ⌐ ─ ⅜

╠╣√⅜⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦≢│⁸∕─╟℮⌂ ⌐ ∫√ │ ╘╠

╣⌂⅛∫√ 5-1-14 ⁹◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸ ⌐ ∆╢ ─ ⅛╠⁸

◘▬♩─ ⌐⁸ ⌂ ─ ⌐ ™◘▬♩⅜ ╕╣≡™╢↓≤

⅜ ↕╣⁸ ⌐ ™◘▬♩⅜ ╕╣≡™╢ ╙№╢⁹○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ

◦│⁸ ⌐ ∆╢ ─ ⅔╟┘ ⌐╙ ⅜ ╠╣≡™╢↓≤⅛╠ Habu 

1978 ⁸ ◘▬♩⌐│ ⌂ ─ │ ╕╣≡™⌂™≤ ⅎ╠╣╢╙─

─⁸ │ ⌐ ™ ⅜№╢⁹ ⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸ ⌐ ∆

╢ ─ ╛ ─ ⅛╠⁸ ◘▬♩⌐│ ⌂ ─
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│ ╕╣≡™⌂™≤ ↕╣╢⁹╟∫≡ ⌂ ⅜ ⇔√ ⌐│⁸◒꜡♠ꜘ

ⱥꜝ♃◗Ⱶⱶ◦─ ⌂◘▬♩≢─ ⁸○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦─ ⌂◘▬♩≢

─ ⅜ ∂╛∆™≤ ⅎ╠╣⁸ ─ ⌂◘▬♩≢─ ╙ ∂╢⅛╙⇔╣⌂™⁹ 

◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸2012 ⌐ ─ ⅛∫√◘▬♩⅜ ↄ⁸ ⌐

╩ ⇔√ 5-1-15 ⁹○○◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸ ⌂ ≢ ⌐№╡⁸

⌂◘▬♩≢│ ⌂ ⅜⌂™ 5-1-14 ⁹↓╣╠─ │⁸ ─

5-1-16 ╩ ⇔≡™╢ ⅜№╢⁹√∞⇔⁸◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸

⅜ ↕™ ╒≥ ⅜ ↄ⌂╢ ╙№╡⁸ ⅜ ∆╢

╩ ∆ ⅜ ™↓≤⅜ ⌂ ─ ≤⌂∫≡™╢─⅛╙⇔╣⌂™

╩ ⁹ ⌐⁸◖◒꜡♠ꜘⱥꜝ♃◗Ⱶⱶ◦│⁸ ⌂◌ꜘ─ ⁸

⁸ ≢ ╩ ⇔≡™╢ 5-1-15 ⁹∕─ │ ≢№╢⅜⁸ ≢│⁸

─╟℮⌐ ─ ⅜ ⌐№╢√╘⁸ ⌂≥─ ⌐╟∫≡

⇔≡™╢─⅛╙⇔╣⌂™⁹ 

 

fi♅◖●Ⱡ☿ה ☿fi♅◖●Ⱡ Phelotrupes Eogeotrupes  

 │⁸ ⌐ ↄ ⇔⁸ ≢│◦ⱬꜞ▪ ⁸ ⁸ ⌐

⇔≡™╢ ╠ 1985⁸ ╠ 2005 ⁹ 

 ≢│⁸ ─ 15◘▬♩⅛╠ ╠╣√⁸ ◘▬♩─ ⅜ ─

╩ ⌡ ⇔≡™╢ 5-1-12 ⁹↓╣╕≢─ ⌐ ⌂ │ ╠╣∏⁸

⌂◘▬♩≢─ ⁸ ⌂◘▬♩≢─ ≤™∫√ ─ ╙ ╠╣≡™⌂™

5-1-15 ⁹ ◘▬♩ ≢╙∫≤╙ ⌂ ≢│⁸ ─ ─ ⌐ ⅜ ⌂™

⅜ ╘╠╣√ 5-1-14 ⁹╟∫≡ ⌂ ⅜ ⇔√ ⁸ ─ ™

ה ─◘▬♩≢│ ─ ⅜ ∂╢ ⅜ ⅎ╠╣╢⁹╕√⁸ │⁸ ה

ה ≢│ ⅜ ⇔≡ ⅜⌂™⁸╕√│ ─№╢ ≤⌂™

⅜ ⇔≡™╢↓≤⅜ ╠╣≡⅔╡ Ikeda et al . 2008⁸Ohta et al . 2009 ⁸ ≢─

╙↓─ ⌐ ⇔≡™╢⁹↓─ ─ ⅜ ⌂ ⅛⁸ ⌐╟╢

⌂ ⅛│ ≢№╢⅜ Ohta et al . 2009 ⁸ ⅜ ⅝√ ⌐│⁸

─№╢ ⅜ ∆╢⌂≥⁸ ─ ⌐ ⅜ ∂╢ ╙№╢⁹ 
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fi◘☻ ≤ ⌂∫≡™╢√╘⁸ ─ ⅜≢⅝⌂™√╘⁸ ⌐ ╩ ™≡

╩ ™⁸ ⅛╠─ SD ╩ ™√☼꜠ ≢ ⇔√⁹ 

≤⇔≡│⁸ ≤╙⌐ ⌂ ─ │ ╘╠╣⌂⅛∫√⁹ 

 

ᵒ ⌐⅔↑╢ ─  

─ ╩ ╢⌐№√∫≡⁸ ≢│ ⌐╟╢ ─ ⅜ ⅝™↓≤⅛╠⁸

≢ ⌐ ┼ ∆╢↓≤⅜ ╠╣≡™╢ⱷ☺꜡≢ ╩ ∫√ 5-1-19 ⁹ 

 

 

 

2005 2007     2008 2012  

5- 1- 17 ☿fi♄▬ⱶ◦◒▬─ ⁹ 
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2005 2007    2008 2012  

5- 1- 18 ⱥ●ꜝ─ ⁹ 

 

 

2004 2007    2008 2012  

5- 1- 19 ⱷ☺꜡─ ⁹ 
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 ⌂⅔⁸ ≤ ≢│ ─ ≢№╡⁸ ⅜ ™√╘ ⅜ ™∞∑⌂™

⅜№╢↓≤⅛╠⁸ ⌐≈™≡│ 1974 1978

≤ 1997 2002 ╩ ╘≡ ╩ ∫√ 5-1-20 ⁹ 

 ╕√ ⌐≈™≡│ 1988 ≤─ ╙ ∫√

5-1-21 22 ⁹ │⁸ ⌂╦┌╡╩ ╢↓≤─ ╠╣≡™╢◦꜡Ɫꜝ⁸ꜟꜞⱦ♃◐⌐

≈™≡╙ ╩ ∫√⅜⁸™∏╣─ ╙ ⌂ │ ╘╠╣⌂⅛∫√⁹ 

─ ≢│⁸ ⅜ √╢ ≢№╢ ⁸ ⅜ ∆╢⅛≥℮⅛─

╙ ⅎ╠╣╢⁹ ∆╢ ≤⇔≡│◌꞉●ꜝ☻≤Ⱶ♁◘◙▬⅜ ↕╣╢⅜⁸

─ ™Ⱶ♁◘◙▬⌐≈™≡ ╩ ∫√ 5-1-23 ⁹ ≤

∆╢≤⁸ ≢─ ⅜ ↄ⌂∫≡™√⁹ ⁸╠⅛♃כ♦─ ─ 1

─ ⅜ 0ϴ ─ ─ │↓─ 20 ≢ 7 14 ⇔≡⅔╡⁸ ⌐

╟╢ ⌐ ™ ─ ─ ⅜ ⇔≡™╢ ⅜№╢⁹ 
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5- 1- 20 ☿fi♄▬ⱶ◦◒▬─ ⁹ ⁸ ⅜ ╦╣√⅜ ─

⁹ 
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5- 1- 21 ◦꜡Ɫꜝ─ ⁹ ⁸ ⅜ ╦╣√⅜ ─ ⁹ 

 

5- 1- 22 ꜟꜞⱦ♃◐─ ⁹ ⁸ ⅜ ╦╣√⅜ ─ ⁹ 
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5- 1- 23 Ⱶ♁◘◙▬─ ⁹ ⁸ ⅜ ╦╣√⅜ ─ ⁹ 
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Ẽ◖ꜝⱶ ꜞꜙ►◐ꜙ►◘fi◦ꜛ►◒▬─  

  ⸗♬♃ꜞfi◓◘▬♩ 1000 ה  

⁸ ⌂≥⌐ ℮ ─ ─ ≤ ⅜ ↕╣≡™╢⁹ ⌐⅔

™≡╙⁸ ꜞꜙ►◐ꜙ►◘fi◦ꜛ►◒▬( Pericrocotus divaricatus tegimae )≢ ─

⅜ ⅎ℮╢ ⅜№╢ ה  2011 ⁹ꜞꜙ►◐ꜙ►◘fi◦ꜛ►◒▬│ 1970

⌐│⁸ ⅛╠ ⌐ ≤⇔≡ ⇔≡™√⁹ ⁸ ◘fi◦ꜛ►◒▬( P. d. 

divaricatus )│⁸ ≢ ≤⇔≡ ∆╢⁹ 

◘fi◦ꜛ►◒▬│ ≤ ─ ≢⁸

ⱷ♇◦ꜙ ⅜ ⅝ↄ ⇔⁸ ⌐ ↕╣√ ≢№╢⁹⸗♬♃ꜞfi◓◘▬♩

1000≢│⁸ ≤ ╩ ∆╢≤◘fi◦ꜛ►◒▬≢ 59◘▬♩⅛╠ 98◘▬♩⌐⁸ꜞ

ꜙ►◐ꜙ►◘fi◦ꜛ►◒▬≢ ◘▬♩⅛╠ 22◘▬♩≤ ◘▬♩ │ ─

─ ╩ ╪≢╙ ⇔≡™√⁹ 

╕√⁸ ─ ⌐⅔™≡⁸ ꜞꜙ►◐ꜙ►◘fi◦ꜛ►◒▬│⁸ ⁸ ≢

╙ ↕╣≡⅔╡⁸ ─ ⁸ ⅜ ↕╣╢⁹ ⅜№╢ ∞↑≢

⌂ↄ⁸↓╣╠ ה ≤™℮ ─ √⌂ ⅜ ─ ⌐ √╢⅛≥℮⅛

⅜ ⇔™⅜⁸ ⅜ ™≡™╢↓≤⅛╠ ╙ ─ ⅜№╤℮⁹⌂⅔⁸

◘fi◦ꜛ►◒▬─ ─ ⌐│ ꜞꜙ►◐ꜙ►◘fi◦ꜛ►◒▬≤ ⅜≢⅝∏⁸◘fi◦

ꜛ►◒▬≤⇔≡ ↕╣≡™╢╙─⅜ ╕╣╢ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

 

1 ꜞꜙ►◐ꜙ►◘fi◦ꜛ►◒▬─ ⁹ ⁸ ⅜ ╦╣√⅜ ─ ⁹ 

1 2005 2007  2 2008 2012  
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ᵓ ─ ╠╣╢ ─  

 ─ ⌐≈™≡⁸ ⁸ ⌐ ≢ ─ ╦╣≡™╢◘▬♩≢⁸ ─

╩ ™≡ ╩ ⇔ ╩ ∫√⁹ ≤⇔≡│ ─ CɆ ╩

™√⁹ ╠╣√ ─ ╩ 5-1-24⌐ ∆⁹ 

 ─ ™◘▬♩⅜⁸ ⁸ ⁸ ─ ◘▬♩⌐ ⇔≡™╢⁹↓

╣╠─ │⁸ ≢ ≤ ─ ≢№╡⁸⌂╪╠⅛─ ⅜

⅝≡™╢ ⅜№╢≤ ⅎ╠╣╢⁹╕√⁸♫ꜝ ╣─ ─ ≢╙№╡ ⅜ ⅎ

╠╣╢⁹ 

 

5- 1- 24  

 

↓╣╠─◘▬♩≢ ⌐ ⅝⌂ ⅜ ╠╣√ │⁸◐☺Ᵽ♩⁸▪◌◕ꜝ⁸○○ꜟ

ꜞ⅜ ╠╣⌂ↄ⌂╡⁸◖◕ꜝ─ ◘▬♩ ⅜ ⇔≡™√ 5-1-4 ⁹ 

5- 1- 4 ─ ™◘▬♩≢ ⅜ ⌂ ─ ⁹ 

100049 100323 100394 100396 100049 100323 100394 100396

1 6 1 3 3
2 7 6

4 2 2 2
1 3 3 2 1  
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─ ⁸ ה ─  

 

─ №√╡─ ≤ ≤─   

 ─ │ ה ה ה ≤™∫√ ≢ ↕╣╢⁹⇔√⅜∫≡⁸

⌐╟∫≡⁸ ─ ╛ ⅜ ∆╢↓≤≢ ─ ⅜ ∆╢ ⅜

№╢⁹ ⅎ┌⁸ ≢│ ≤ ─ ♫ⱤⱩ♇꜡כꜜ⁸≡∫╟⌐ Fagus 

sylvatica ─ ⅜ ⇔≡™╢↓≤⅜ ↕╣≡™╢ Jump et al . 2006 ⁹∕↓≢⁸

─ ⌐ ↄ ∆╢ ⌂ ⌐⅔™≡⁸ ─ ≤ ─ ╩

⇔√⁹ 

 ≢│ ─ ╩ ⇔≡™╢√╘⁸↓╣╠─ ─ ─

╩⸗♬♃ꜞfi◓≢⅝╢⁹∕↓≢⁸ ─ ╩ ⇔√ ╩ ⌐⁸

≤ ─ ╩ ⇔√⁹ ≤⇔√ │⁸ ≢│▪○♄

⸗ ♦◄◌ꜘ♃▬ה ♦◄◌Ɫ►♅꞉ה 10 ♫Ⱪה ה

ⱱ○ⱡ◐ ─ ⁸ ≢│▬☻ⱡ◐ ◦●♯▬ה ה

►ꜝ☺꜡●◦ ◐◌◘ה 10 ◐Ⱪ♠Ᵽꜘה ─ ≢№╡⁸

∕╣∙╣ ⌐ ⇔ ─ ™ ≢№╢⁹ 

ה  ─ ╩♃כ♦ ™≡⁸∕╣∙╣─ ─ ─ ⅛

╠ ╩ ⇔⁸∕─ ╩ ≤⇔≡ ∫√⁹╕√⁸↓─ ≢│⁸

─ ⌐ ∆╢√╘⁸ ⅜ ╟╡ ╙⇔ↄ│ ⇔≡™

⌂™ ╩♃כ♦─⧵│ ⌐ ⇔⌂⅛∫√⁹ ≤ ◘▬☼─ ⌐│▪꜡ⱷ♩

ꜞ♇◒⌂ ⅜№╢↓≤⅜ ╠╣≡™╢√╘ Muller -Landau et al . 2006⌂≥ ⁸╕∏⁸

↔≤⌐ ≤ ─ ╩ ═√ 5-1-25 ⁹ ⌐⁸∕─ ⅜

⌂╙─⌐≈™≡⁸ ⅔╟┘ ≤ ─ ╩ ⌐⁸

cm10הcm20הcm30הcm40הcm50הcm⌐⅔↑╢ ╩ ⇔√

5-1-26 ⁹∕⇔≡⁸ ◘▬☼─ ≤ ─ ─ ⌐≈™≡⁸

≢ ⇔√⁹↓─ ╩ ⌐⁸∕╣∙╣─ ⅜≥─╟℮⌂ ╟─≤ה☼▬◘

℮⌂ ⌐⅔™≡ ⅜ №╢™│ ∆╢⅛╩ ⇔√⁹ 

 ∕─ ⁸ ≢│⁸▬♃ꜘ◌◄♦≤Ɫ►♅꞉◌◄♦│ cm10הcm ─

⌐ ↕™ ◘▬☼⌐⅔™≡⁸ ≤ ─ ⌐ ⅜№╢↓≤⅜ ⅛∫√

5-1-27 ⁹▬♃ꜘ◌◄♦⌐⅔™≡⁸ ⅝™ ◘▬☼≢│ ≤ ─ ⌐

⌂ │ ↕╣⌂⅛∫√ 5-1-27 ⅜⁸ ⌐⅔™≡ ─ ≤▬♃

ꜘ◌◄♦─ ─ ╩ ═√ ⌐⅔™≡│⁸ ↕™ ╟╡╙ ⅝™ ─

─ ⅜ ⌐ ⇔≡ ⅝ↄ ∆╢↓≤⅜ ↕╣≡™╢ Nabeshima et al . 

2010 ⁹ ≤ ─ ⅜ ◘▬☼⌐╟∫≡ ⌂╢ ⌐≈™≡ ⅜

≢№╢⁹ ⁸Ⱪ♫│ ⅜ ™ ╒≥ ⅜ ∆╢ ⌐№╢↓≤⅜

↕╣ 5-1-27 ⁸ ⅜ ⇔√ ⌐│Ⱪ♫─ │ ∆╢↓≤⅜ ↕╣╢⁹
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╕√⁸ⱱ○ⱡ◐≢│ 10cm20הcm30הcm─ ◘▬☼⌐⅔™≡ ≤ ⌐

─ ⅜№╢↓≤⅛╠ 5-1-27 ⁸ ⅜ ⇔√ ⌐│ⱱ○ⱡ◐─ │

∆╢ ⅜ ↕╣╢⁹ 

─◐Ⱪ♠Ᵽꜘה◐◌◘ה◦●♯▬⁸│≢  ─ ◘▬☼⌐⅔™≡⁸

≤ ─ ⌐ ─ ─ ⅜№∫√ 5-1-28 ⁹◘◌◐╛ꜘⱩ♠Ᵽ◐≢│⁸

cm10הcm ─ ↕™ ◘▬☼⌐⅔™≡⁸ ⅜ ™ ╒≥ ⅜ ↕⅛

∫√⁹ ⅜ ™ ⌐⅔™≡│⁸↓╣╠─ ↕™ │ ─ ⅝™ ⌐╟∫

≡ ↕╣ ⅜ ↕╣≡™╢ ⅜ ⅎ╠╣╢⁹ 

 ≤ ╩ ∆╢≤⁸ ⌐⅔™≡ ≤ ─ ⅜╟

╡ ⌐╖╠╣√↓≤⅛╠⁸ ⅜ ⇔√ ⌐│ ─ ⅜╟╡ ⇔╛

∆™↓≤⅜ ↕╣╢⁹ 

 ╩╙√╠∆ ─ │ ─ ─ ™⌐╟∫≡ ∆╢↓≤

 2008 ⁸ ─ ה │ ≤ ≢ ⌂╡⁸∕╣⌐│

ה ⅜ ∆╢ ⅜№╢↓≤⌂≥⅜ ↕╣≡™╢  1991⁸ ╠ 

1993 ⁹∕─√╘⁸ ─ ≢ ╛ ⌂≥─ ⅜ ⇔√

╩ ⌐│⁸∕─ ≢ ⅜ ∆╢ ⅜ ⅎ╠╣╢⁹

╕√⁸ Nabeshima et al . 2010⁸◖ꜝⱶ ₈ ─ ─ ₉

╩ ╛ ─ ⅛╠⁸ ⌐ ∆╢ ─ ⅜ ⌐╟∫≡ ⌂

╢↓≤╙ ↕╣╢⁹ ∫≡⁸ ⅜ ─ ⌐ ⅎ╢ ╩ ⌐ ∆╢√╘⌐

│⁸ ₁⌂ ╩ ⌐ ≢ ╩ ⇔≡ ℮↓≤⅜ ≢№╢⁹ 

 

 

 

 

5- 1- 25  

 

4.1

10.4
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 5- 1- 27 5cm 10cm 20cm 30cm 40cm

50cm  

 

5- 1- 26  

X (cm) Y (cm2 y- 1)  

Y = ŬXɓ

5cm 10cm 20cm 30cm 40cm 50cm

 


