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Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

Managing natural grasslands in a changing world : grazing ecology insights to accomplish re‐
oriented management expectations
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ͱͲʹͿͮͱͮͶͼͻ ͼͳ ͻͮͿͮ ͿͲͼͿͰͲ ̻ ͛ͲͲͿ͵ͲͲ ̹ ͵Ͳ ͱͲͯͮͲ ͮͻͱ ͮ΄ͮͿͲͻͲ ͼͳ ͵ͼ΄ ͵ͲͲ ͻͮͿͮ ͿͲͼͿͰͲ ͮͿͲ ͯͲͶͻʹ ͺͶͲͱ ͶͶͻͰͿͲͮͶͻʹ ̵ ͛ͮͯͶͻʹͲͿ ̳ ͮ͠ͻ摧͎ ͻͻͮ ̹ ２００７̶ ̹ ͮͻͱ ͺͮΆͯͲ Ͷ ΄Ͷ ͻͼ ͯͲ ͻͲͰͲͮͿΆ ͼ ͿͲͮͰ͵ ͮͻ ͮͺͼ ͰͼͺͽͲͲ ͱͲͲͿͶͼͿͮͶͼͻ ͼͳ ͵ͲͲͰͼΆͲͺ ͯͲͳͼͿͲ ͶͺͽͼͿͮͻ ͶͲ ͶͲ ͲͻͶͿͼͻͺͲͻͮ ͽͼͶͼͻ ͮͻͱ ͱͲʹͿͮͱͮͶͼͻ ̹ ͯͶͼͱͶͲͿͶΆ ͮͻͱ Ͳ΅ͲͻͶͳͶͰͮͶͼͻ ͮͿ ͼ ͯͲͲͿͶͼΆ ͮͱͱͿͲͲͱ ̵ ͙ͲͺͮͶͿͲ Ͳ ͮ ̻ ̹ ２００５ ̶ ̻ ͖ͻ ͵Ͷ ͰͼͻͲ΅ ̹ ͻͼ΄ͲͱʹͲ ͼͳ ͵Ͳ ͽͮͻ‐ͮͻͶͺͮ ͿͲͮͶͼͻ Ͷͻ Ͱ͵ ͰͼͺͽͲ΅ͲͻͶͿͼͻͺͲͻ Ͷ ͶͺͽͼͿͮͻ ͼ ͱͲͰͿͶͯͲ ͵Ͳ ͻͮͿͲ ͼͳ ͮͻͱ ʹͲͻͲͿͮͲ ͶͻͲͿͲ Ͷͻ ͵Ͳ ͶͻͲͿͮͰͶͻʹ ͽͿͼͰͲͲ ͻͱͲͿ ͵ͼͲ ͰͼͻͱͶͶͼͻ ̻͡͵Ͷ ΄ͼͱ ͳͮͰͶͶͮͲ ͰͼͺͺͻͶͰͮͶͼͻ ͮͻͱ ʹͲͶͻʹ ͽͲͼͽͲ ͮ΄ͮͿͲ ͼͳ ͵ͼ΄ ͱͲͽͲͻͱͲͻ ͵ͲΆ ͮͿͲ ͼͻ ͵Ͳ ͰͼͻͲͿͮͶͼͻ ͼͳ ͵ͼͲ ͿͲͼͿͰͲ ̻͖ͻ ͽͶͲ ͼͳ ͵Ͳ ͱͶͳͳͶͰͶͲ ͼͳ ͱͲͯͮͶͻʹ ͶͲ ͶͲ ͵Ͷ Ͷͻ ͱͲͲͼͽͶͻʹ ͰͼͻͿͶͲ ̹ Ͷ Ͷ ͲͲͻͶͮ ͼ ͲͻͰͼͿͮʹͲ ͽͯͶͰ ͽͼͶͰͶͲ ͮͻͱͺͮͻͮʹͲͺͲͻ ͮͰͶͼͻ ͮͶͺͲͱ ͮ ͿͶͶͻʹ ͮͻ ͮͱͲ;ͮͲ ͯͮͮͻͰͲ ͯͲ΄ͲͲͻ ͵Ͳ ͰͼͻͳͶͰͶͻʹ ͼͯͷͲͰͶͲ ͼͳ ͽͿͼͱͰͶͼͻ ͮͻͱ ͰͼͻͲͿͮͶͼͻ̵ ͐ͮͿͮ͵ͼ ̳ ͏ͮͲͼ ̹ ２００８ ̶ ̻ ͖ͻ ͠ͼ͵ ͏Ϳͮ·Ͷ ̹ ͽͿͲͲͿͮͶͼͻ ͼͳ ͮ͝ͺͽͮ Ͱͮͻͻͼ ͯͲ ͲͽͮͿͮͲͱ ͼͳ ͵ͲͶͿ ͻͮͿͮ ͼͰͮͶͼͻ ̹ Ͷ ̻Ͳ ̻ ͵ͲͲͰͼͻͼͺͶͰͮ Ͳ΅ͽͼͶͮͶͼͻ ͼͳ ͱͼͺͲͶͰ ͵ͲͿͯͶͼͿͲ ̻ ͎ ͮ ͿͲ ̹ ͲͰͼͼʹͶͰͮ ͮͿʹͺͲͻ ͵ͼͱ ͻͼ ͯͲ ͰͼͻͶͱͲͿͲͱ ΄Ͷ͵ͼ ͮͶͻʹ ͶͻͼͮͰͰͼͻ ͵Ͳ ͻͲͲͱ ͼ ͮͰ͵ͶͲͲ ͮͶͳͮͰͼͿΆ ͮͻͶͺͮ ͽͿͼͱͰͶͶΆ ̻ ͕ͼ΄ͲͲͿ ̹ ͵ͲͿͲ Ͷ ͮͻ ͼͽͽͼͿͻͶΆ ͼ ͶͻͰͼͿͽͼͿͮͲ ͲͰͼͼʹͶͰͮͮͿͶͮͯͲ Ͷͻͼ ͵Ͳ ͽͼͼ ͼͳ ͽͿͼͱͰͶͲ̯ ͮͿͶͮͯͲ Ͳͱ ͼ ʹͶͱͲ ͵Ͳ ͮͰͮ Ͳ ͮͻͱ ͺͮͻͮʹͲͺͲͻ ͼͳ Ͱ͵ ͲͰͼΆͲͺ ̹ ͵ͮ ͯͲͶͻʹ ͵ͲͽͿͽͼͲ ͼͳ ͵Ͷ ͽͮͽͲͿ ̻
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͖ ͺͮΆ ͲͲͺ ͼʹͶͰͮ ͵ͮ ͵Ͳ ͻͲͰͲͮͿΆ Ͱ͵ͮͿͮͰͲͿͶͶͰ ͳͼͿ ͽͮͻ ͼ ͿͶͲ Ͷͻ ͱͲͲͿ ͵ͮͯͶͮ ͮͿͲ ͻͼ ͵Ͳ ͮͺͲ ͮ ͵ͼͲ ͿͲ;ͶͿͲͱͳͼͿ ͵ͺͶͱ ͿͼͽͶͰ̼ͮ  ‐ͯͿͼͽͶͰͮ ͵ͮͯͶͮ ̻ ͡͵Ͷ ͶͺͽͶͶͰ ͼͯͲͿͮͶͼͻ ͶͺͽͶͲ ͵ͮ ͲͮͰ͵ ͵ͮͯͶͮ ͱͲͲͿͺͶͻͲ ͮͱͮͽͶͲͰ͵ͮͿͮͰͲͿͶͶͰ ͼ ͽͮͻ ͵ͮ ΄ͼͱ ͮͼ΄ ͵Ͳͺ ͼ Ͳ΅Ͷ ̻ ͡͵Ͳ Ͳͱͮͽ͵ͶͰ ͮͻͱ ͰͶͺͮͶͰ ͽͼͲͻͶͮ ͼͳ ͵Ͳ ͲͻͶͿͼͻͺͲͻ Ͷͻ ͮͼͰͶͮͶͼͻ΄Ͷ͵ ͵Ͳ ͼͰͮ ͳͼͿͶͶͰ ͱͶͲͿͶΆ ͮͻͱ Ͷ ͲͼͶͼͻ ͵ͶͼͿΆ ΄Ͷ͵ ʹͿͮ·Ͷͻʹ ͮͻͱ ͳͶͿͲ ̹ ͳͼͿ Ͳ΅ͮͺͽͲ ̹ ͱͲͲͿͺͶͻͲ ͵Ͳ ΆͽͲ ͼͳ ͲʹͲͮͶͼͻͽͼͲͻͶͮΆ ͰͮͽͮͯͲ ͼͳ Ͳ΅ͶͶͻʹ Ͷͻ ͮ ʹͶͲͻ ͵ͮͯͶͮ ̻ ͒Ͳͻ ͵ͼʹ͵ ͵ͲͿͲ Ͷ ͮ ΄ͶͱͲ ͿͮͻʹͲ ͼͳ ͽͼͶͯͲ ͲʹͲͮͶͼͻ ΆͽͲ ̹ Ͷ Ͷ ͵ͲͰͿͿͲͻ Ͱ͵ͮͿͮͰͲͿͶͶͰ ͼͳ ͵Ͳ ͵ͮͯͶͮ ͵ͮ ΄Ͷ ͱͲͳͶͻͲ ͵Ͳ ΆͽͲ ͮͻͱ ͿͰͿͲ ͼͳ ͵Ͳ Ͳ΅ͶͶͻʹ ͲʹͲͮͶͼͻ ̻ ͡͵Ͳ ͳͮͰ ͵ͮ ͲͰͼΆͲͺ͵ͼ΄ ͮͿͶͮͯͲ ͽͮͲͿͻ ͼͳ ͺͮͶͻʹ ͻͿͶͲͻ ͮͮͶͮͯͲ ͼ ͽͮͻ ̹ ͮ ΄Ͳ ͮ ͵Ͳ ͮͺͼͻ ͮͻͱ ΆͽͲ ͼͳ ͽͿͲͱͮͼͿ Ͷͻ͵ͮͯͶͶͻʹ ͵Ͳͺ ̹ͮͼ΄ ͳͼͿ ͵Ͳ Ͳ΅ͶͲͻͰͲ ͼͳ ͰͼͻͿͮͶͻʹ ͿͮͲʹͶͲ ͼͳ ʹͿͼ΄ ͵ ͮͻͱ ͿͲͶͮͻͰͲ ̵ Ͳ ̻ʹ ̻ ̹ ͽͿͼͿͮͲ ΄ͮͿͱ ͳͼͿͺͶͻʹ ͼͿ ͮ‐ͳ Ͳͱ ͽͲͰͶͲ ̹͵ͼͿ ͮͻͱ ͼͻʹ ͶͳͲ ͰΆͰͲ ̹ ͳͮ ͮͻͱ ͼ΄ ʹͿͼ΄Ͷͻʹ ͽͮͻ ̹ ͲͰ ̶̻ ̻ ͓Ϳ͵ͲͿ ̹ ΄͵Ͳͻ ʹͿͮ·Ͷͻʹ ͮͻͱ ͼ͵ͲͿ ͺͮͻͮʹͲͺͲͻ ͶͻͲͿͲͻͶͼͻ ͮͿͲͰͼͻͶͱͲͿͲͱ ̹ ͵ͲͿͲ Ͷ ͵Ͳ ͱͲͳͶͻͶͶͼͻ ͼͳ ͮ ͲʹͲͮͶͼͻ ͿͰͿͲ ͵ͮ ͿͲͳͲͰ ̹ ͮ ͮ ʹͶͲͻ ͽͼͶͻ Ͷͻ ͶͺͲ ̹ ͵Ͳ ͿͲ ͼͳ ͮ ͼͰͮͲͲͰͶͼͻ̯ ͽͿͼͰͲ ̵ ͐ͮͿͮ͵ͼ Ͳ ͮ ̻ ̹ ２００７̶ ̻
͟ͲͰͲͻΆ ̹ ͵ͲͿͲ ͵ͮ ͯͲͲͻ ͶͻͰͿͲͮͶͻʹ ͶͻͲͿͲ Ͷͻ ͮ ͳͻͰͶͼͻͮ ͮͽͽͿͼͮͰ͵ ͳͼͿ ͶͻͲͿͽͿͲͶͻʹ ͽͮͻ ͿͮͲʹͶͲ ͮͻͱ ͵ͲͶͿ ͶͺͽͮͰ ͼͻͲͰͼΆͲͺ ͱΆͻͮͺͶͰ ̵ ͔ͮͿͻͶͲͿ Ͳ ͮ ̻ ̹ ２００４̶ ̻ ͡͵Ͳ ͱͲͰͿͶͽͶͼͻ ͼͳ ͵Ͳ ͳͼͿͶͶͰ ͰͼͺͽͼͶͶͼͻ ͮͻͱ ͶͱͲͻͶͳͶͰͮͶͼͻ ͼͳ ͶͻͱͶͶͱͮ Ͷ ͲͶͺͽͼͿͮͻ ̵ ͠ͼͶͻͶ ͗ͻͶͼͿ ̳ ͝ͶͮͿ ̹ ２００４̶ ͵ͮͻ ͶͱͲͻͶͳΆͶͻʹ ʹͿͼͽ ͼͳ ͽͮͻ ΄Ͷ͵ ͶͺͶͮͿ ͳͻͰͶͼͻ Ͷͻ ͵Ͳ ͲͰͼΆͲͺ ̵͔ͶͮΆ ̳͛ͼͯͲ ̹ １９９７̶ ̻ ͡͵Ͳ ͯͮͶͰ ͮͺͽͶͼͻ Ͷ ͵ͮ ͵Ͳ ͽͿͲͮͶͶͻʹ ͰͼͻͱͶͶͼͻ Ͷͻ ͮ ʹͶͲͻ ͲͰͼΆͲͺ ΄Ͷ ͲͲͰ ͵Ͳ ͽͼͼ ͼͳ ͺͮͿͲͿ̵ ͳͻͰͶͼͻͮ ΆͽͲ̶ ͺͼͿͲ ͰͼͿͿͲͮͲͱ ΄Ͷ͵ ͵Ͳ Ͷͮ ͳͻͰͶͼͻ ͼͳ ͵Ͳ ͽͲͰͶͲ ̵ ͯ ͲͲ ͤͿͶʹ͵ Ͳ ͮ ̻ ̹ ２００４ ̶ ̻ ͖ͻ ͵Ͷ ͰͼͻͲ΅ ̹ͺͮͿͲͿ ͮͿͲ ͱͲͳͶͻͲͱ ͮ ͺͲͮͿͮͯͲ ͺͼͿͽ͵ͼͼʹͶͰͮ ̹ ͽ͵ΆͶͼͼʹͶͰͮ ͮͻͱ̼ ͼͿ ͽͿͼͽͮʹͮͶͼͻ ͿͮͶ ̹ ͮͻͱ Ͱͮͻ ͯͲ ͰͮͶͳͶͲͱ ͮ ͿͲͽͼͻͲͿͮͶ̯ ̹ ΄͵Ͳͻ ͵ͲΆ ͶͻͱͶͰͮͲ ͿͲͽͼͻͲ ͼͳ ͽͮͻ ͰͼͺͺͻͶͶͲ ͼ ͮͿͶͮͶͼͻ Ͷͻ ͵ͲͶͿ ͲͻͶͿͼͻͺͲͻ ̹ ͼͿ ͮ ͲͳͳͲͰ ͿͮͶ̯ ̹ ΄͵Ͳͻ ͵ͲΆͶͻͱͶͰͮͲ ͵Ͳ ͲͳͳͲͰ ͼͳ ͽͮͻ ͰͼͺͺͻͶͶͲ ͽͼͻ ͵ͼ΄ ͵Ͳ ͲͰͼΆͲͺ ΄ͼͿ ̵ ͙ͮͼͿͲ ̳ ͔ͮͿͻͶͲͿ ̹ ２００２̶ ̻ ͎ Ͷ ͼͳ ͺͮͿͲͿ ͵ͮ ͯͲͲͻͲͮͮͲͱ ͯΆ ͲͲͿͮ ͮ͵ͼͿ ̵ Ͳ ̻ʹ ̻ ̹ ͝ͼͻͲ ̹ ２００６̶ ͮ ͮ ͺͲͮͻ ͼͳ ͱΆͶͻʹ ͽͮͻ ͰͼͺͺͻͶͶͲ Ͷͻ ͱͶͳͳͲͿͲͻ ͼͯͲͿͮͶͼͻͮ ͰͮͲ ̻͖ ͵ͮ ͯͲͲͻ ͱͲͺͼͻͿͮͲͱ ͵ͮ ͼͻͰͲ ͲͳͳͶͰͶͲͻ ͺͮͿͲͿ ͳͼͿ ͳͻͰͶͼͻͮ ͿͮͲʹͶͲ ͼͳ ͽͮͻ ͵ͮͲ ͯͲͲͻ ͶͱͲͻͶͳͶͲͱ ̹ ͵ͲΆ ΄Ͷ ͯͲͰͼͺͲͶͺͽͼͿͮͻ ͳͼͿ ͱͶͮʹͻͼͶͻʹ ͮͻͱ ͺͮͻͮʹͶͻʹ ʹͿͮͮͻͱ ̵ ͐Ϳ· Ͳ ͮ ̻ ̹ ２００２ ̶ ̻ ͓ͼͿ Ͳ΅ͮͺͽͲ ̹ ͿͲͽͼͻͲ ͿͮͶ ͿͲͮͲͱ ͼ ͵Ͷʹ͵ ͼͶͳͲͿͶͶΆ ͮͿͲ ͵Ͷʹ͵ ͽͲͰͶͳͶͰ Ͳͮͳ ͮͿͲͮ ̵ ̶͙͎͠ ̹ ͵Ͷʹ͵ ͻͿͶͲͻ ͰͼͻͰͲͻͿͮͶͼͻ ̵ ͽͮͿͶͰͮͿΆ ͛ ̶ ̹ ͼ΄ Ͳͮͳ ͱͿΆ ͺͮͲͿ ͰͼͻͲͻ ̵ ̶͙͚͑͐ ̹͵ͼͿ Ͳͮͳ ͶͳͲͽͮͻ ̵ ͙͙͠ ̶ ̹ ͮͻͱ ͵Ͷʹ͵ ͿͮͲ ͼͳ ͽ͵ͼͼΆͻ͵ͲͶ ͮͻͱ ͿͲͽͶͿͮͶͼͻ ̵ ͤͿͶʹ͵ Ͳ ͮ ̻ ̹ ２００５ ̶ ̻ ͠ͽͲͰͶͲ ͮͱͮͽͲͱ ͼ Ͱ͵ͲͻͶͿͼͻͺͲͻͮ ͰͼͻͱͶͶͼͻ ͮΆ ͵ͼ΄ ͵Ͷʹ͵ ͿͮͲ ͼͳ ʹͿͼ΄ ͵ ͮͻͱ ͿͻͼͲͿ ͼͳ ͽͮͻ ͼͿʹͮͻ ̻ ͎ ͮ ͿͲ ̹ ͲͮͲ ͮͿͲ ͵ͼͿ ͶͲͱ ͮͻͱ
ͽͮͻ ͵ͮͲ ͵Ͷʹ͵ ͻͿͶͲͻ ͿͲ;ͶͿͲͺͲͻ ̻ ͜ͻ ͵Ͳ ͼ͵ͲͿ ͵ͮͻͱ ̹ ͿͲͽͼͻͲ ͿͮͶ ͿͲͮͲͱ ͼ ͼ΄ ͼͶ ͳͲͿͶͶΆ ͮͿͲ ͼ΄ ͙͎͠ ̹ ͼ΄ ͛ͰͼͻͲͻ ̹ ͵Ͷʹ͵ ͙͚͑͐ ̹ ͵Ͷʹ͵ ͽͿͼͽͼͿͶͼͻ ͼͳ ͰͲ ΄ͮ ͰͼͻͶͲͻ ͮͻͱ ͵Ͷʹ͵ ͙͙͠ ̵ͤͲͼͯΆ Ͳ ͮ ̻ ̹ ２００２̶ ̻
͡͵Ͳ ͮͱͮͽͶͲ ͿͮͲʹͶͲ ͼͳ ͽͮͻ ͼ ͵Ͷʹ͵ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶͶͲ ͲͲͽ ͶͺͶͮͿͶͶͲ ͼ ͵ͼͲ ͿͲͮͲͱ ͼ ͵Ͷʹ͵ ͼͶ ͳͲͿͶͶΆ ̵ ͐Ϳ· Ͳ ͮ ̻ ̹
２００２̶ ̻ ͖ͻ ͳͮͰ ̹ ͿͮͲʹͶͲ ͳͼͿ ͵Ͷʹ͵ ͼͶ ͳͲͿͶͶΆ ͰͼͻͱͶͶͼͻ Ͱͮͻ ͯͲ ͰͼͻͶͱͲͿͲͱ ͮ ͼͲͿͮͻͰͲ ͺͲͰ͵ͮͻͶͺ ͼ ʹͿͮ·Ͷͻʹ ̹ ͶͻͰͲ ͵ͲΆͶͻͼͲ ͿͲͽͼͻͲ ͿͲͮͲͱ ͼ ͵Ͷʹ͵ ͿͮͲ ͼͳ ͽͮͻ ʹͿͼ΄ ͵ ̵ ͑Ͷͮ· Ͳ ͮ ̻ ̹ ２００１ ̶ ̻ ͐ͼͻͲͿͲΆ ̹ ͵Ͳ Ͱ͵ͮͿͮͰͲͿͶͶͰ ͵ͮ ͳͮͼͿͮͱͮͽͮͶͼͻ ͼͳ ͽͮͻ ͼ ͼ΄ ͼͶ ͳͲͿͶͶΆ ͰͼͻͱͶͶͼͻ ͮͿͲ ͮͼͰͶͮͲͱ ΄Ͷ͵ ͼ΄ ͵ͲͿͯͮʹͲ ;ͮͶΆ ͮͻͱ ̹ ͰͼͻͲ;ͲͻΆ ̹ ͼ΄ ͶͻͮͲ ̻ ͙͎͠Ͷ ͻͲʹͮͶͲΆ ͰͼͿͿͲͮͲͱ ΄Ͷ͵ ͙͙͠ ̵ͤͲͼͯΆ Ͳ ͮ ̻ ̹ ２００２̶ ͵ͮ ̹ Ͷͻ Ϳͻ ̹ Ͷ ͻͲʹͮͶͲΆ ͰͼͿͿͲͮͲͱ ΄Ͷ͵ ͻͿͶͶͲ ͮͲ ̻ ͎ͰͰͼͿͱͶͻʹͼ ͝ͼͻͲ Ͳ ͮ ̻ ̵ ２００７ ̶ ̹ ͵ͲͿͯͮʹͲ ͱͿΆ ͺͮͲͿ ͱͶʹͲͶͯͶͶΆ ͵ͮ ͻͲʹͮͶͲ ͰͼͿͿͲͮͶͼͻ ΄Ͷ͵ ͙͚͑͐ ͮͻͱ ͽͼͶͶͲ ͰͼͿͿͲͮͶͼͻ ΄Ͷ͵͙͎͠ ̹ ͰͼͿͿͼͯͼͿͮͶͻʹ ͵Ͳ ͽͿͼͽͼͶͶͼͻ ͼͳ ͔ͮͿͻͶͲͿ Ͳ ͮ ̻ ̵２００４̶ ̹ ΄͵ͶͰ͵ ͶͻͱͶͰͮͲ ͵ͮ ͙͎͠ ͮͻͱ ͙͚͑͐ ͰͼͿͿͲͽͼͻͱ ͼ ͰͲͻͿͮ ͿͮͶͼ ͱͶͮʹͻͼͲ ͲʹͲͮͶͼͻ ΆͽͲ ̻ ͡͵Ͳ ͮͽͽͶͰͮͶͼͻ ͼͳ ͵ͲͲ ͺͮͿͲͿ Ͷͻ ͽͮͼͿͮ ͲͻͶͿͼͻͺͲͻ ΄ͼͱ ͮͼ΄ Ͱ͵ͮͿͮͰͲͿͶͮͶͼͻ ͮͻͱͰͮͶͳͶͰͮͶͼͻ ͼͳ ͵Ͳ Ͳ΅ͶͶͻʹ ͲʹͲͮͶͼͻ Ͷͻ ͲͿͺ ͼͳ ͽͼͲͻͶͮ ͽͿͼͱͰͶͶΆ ͮͻͱ ͻͿͶͶͲ ͮͲ ̵ ͐Ϳ· Ͳ ͮ ̻ ̹ ２００２̶ ̻
͡͵Ͳ ͽͿͼͽͼͶͶͼͻ ͼͳ ͮͲͶͻʹ ʹͿͮͮͻͱ ͵Ϳͼʹ͵ ͵ͲͶͿ ͽͿͲͮͶͶͻʹ ͽͮͻ ͳͻͰͶͼͻͮ ΆͽͲ ΄ͮ ͲͲͱ ͯΆ ͮ͞ͱͿͼ Ͳ ͮ ̻ ̵２００６̶ ͼͻͮ ͻͮͿͮ ͽͮͿͲ Ͷͻ ͠ͼ͵ ͏Ϳͮ·Ͷ ̻ ͡͵Ͳ Ͳ΅ͶͶͻʹ ͲʹͲͮͶͼͻ ͵ͮͱ ͯͲͲͻ ͯͷͲͰͲͱ ͼ ͰͼͻͿͮͶͻʹ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶͶͲ ̵ ͱͮͶΆ ͵ͲͿͯͮʹͲͮͼ΄ͮͻͰͲ ͼͳ ４ ̹ ８ ̹ １２ ͮͻͱ １６ ʹ ͚͑ ̼１００ ʹ ̶͙ͤ ͱͿͶͻʹ １７ ΆͲͮͿ ̵ ͐ͮͿͮ͵ͼ Ͳ ͮ ̻ ̹ ２００７̶ ̹ ͮͻͱ ͵ͲͶͿ ͶͻͲͿͮͰͶͼͻ ΄Ͷ͵ ͱͶͳͳͲͿͲͻͰͼͻͱͶͶͼͻ ͼͳ ͻͮͿͮ ͼͶ ͳͲͿͶͶΆ ʹͲͻͲͿͮͲͱ ͳͼͿ ͮͿʹͲ ͳͻͰͶͼͻͮ ʹͿͼͽ ͱͶͶͻʹͶ͵Ͳͱ ͯΆ ͙͚͑͐ ͮͻͱ ͙͎͠ ͼͳ ͵Ͳ ͲͲͿͮ ͽͮͻͽͲͰͶͲ Ͷͻ ͲͮͰ͵ ʹͿͼͽ ̵ ͮͯ͡Ͳ １̶ ̻
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Table 1 ͔Ϳͼͽ ͼ ͳ ͽ ͮͻ ͳ ͻͰͶͼͻͮ Ά ͽͲ ͯͮͲͱ ͼͻ Ͳͮ ͳ ͮͿͰͮ ̵ ͙͎͠ ̶ Ͷͻ ͮ ͻͮͿͮ ͽͮͿͲ ͯͷͲͲͲͱ ͼ ͰͼͻͿͮͶͻʹ ʹͿͮͶͻʹ ͶͻͲͿ
ͶͻͲ ʹ΄ ͿͶͻʹ １７ ͽͲͮͿ̵ͮ͞ͱͿͼ Ͳ ͮ ̻ ̹ ２００６ ̶

͔Ϳͼͽ ͙͚͑͐
̵ ͺʹ ̻ʹ － １ ̶

͙͎͠
̵ ͺ２ Ḥ̻ʹ － １ ̶ ͠ͽͲͰͶͲ

͎ ２３０ ΅２４ ͎ ΅ͼͻͼͽ  ͮ ͳ ͳ ͶͻͶ ̹ ͮ͝ͻͶͰͺ ͮͯͼͿͺ ̹ ͮ͝ͽ ͮͺ ͽ ͮͰͶ ͳ ͼͶͺ

͏ ３１０ ΅１６ ͎ ͻͱͿͼͽͼʹͼͻ ͮͲͿͮͶ ͔ 倡 ̹ ͐ͼͲͼͿͮͰ͵Ͷ Ͳͼͮͻͮ ̹ ͮ͝ͽ ͮͺ ͽ ͮͰͶ ͳ ͼͶͺ ̹ ͮ͝ͽ ͮͺ
ͻͼͮͺ

͐ ３８０ ΅８ ʣ͎ ͻͱͿͼͽͼʹͼͻ ͮͲͿͮͶ ͡ 倡 ̹ ͝Ͷͽ ͼͰ͵ͮͲͶͺ ͺͼͻͲ ͶͱͲͻͲ ̹ ͠ ͽͼͿͼͯͼ ͶͻͱͶͰ
͑ ５００ ΅６ ʣ͎ ͿͶͶͱͮ ͽ ͽ ̵ ͎ ̻ ͮͲ Ͷ ̹ ͎ ̻ ͽ ͵Ά Ͷ ͳ ͼͶͮ ̹ ͎ ̻  Ͳͻ̶ͮ

倡 ͔ ＝ ʹͿͮ·Ͳͱ ͈ ͡ ＝ ͼͰ

͡͵ͲͿͲ ΄ͮ ͮͻ ͶͻͲͿͲ ͿͲͮͶͼͻ͵Ͷͽ ͯͲ΄ͲͲͻ ͙͚͑͐ ͮͻͱ ͙͎͠ ̻ ͮ͝ͻ ͽͲͰͶͲ ΄Ͷ͵ ͵Ͷʹ͵ ͙͎͠ ͮͻͱ ͼ΄ ͙͚͑͐ Ͱͼͱ ͯͲ ͶͱͲͻͶͳͶͲͱ ͮ
ͽͮͻ ͵ͮ ͱͲͲͼͽͲͱ ͮ ͿͲͼͿͰͲ ͰͮͽͿͲ ͿͮͲʹΆ ̵ ʹͿͼͽ ͎ ͮͻͱ ͏̶ ̹ ΄Ͷ͵ ͮͯͶͶΆ ͼ ͰͼͺͽͲͲ ͳͼͿ ͻͿͶͲͻ ̹ ͵ͼ΄Ͷͻʹ ͵Ͷʹ͵ ͿͮͲͼͳ ͵ͲͿͯͮʹͲ ͮͰͰͺͮͶͼͻ ͮͻͱ ͼ΄ ͙͙͠ ̻ ͝͵ΆͼͰ͵Ϳͼͻ ͮͲ ͼͳ ͝ ̻ ͻͼͮͺ ͮͻͱ ͐ ̻ Ͳͼͮͻͮ ̵ ʹͿͼͽ ͏̶ ΄ͲͿͲ ͼ΄ͲͿ ̵ ͒ʹʹͲͿ Ͳͮ ̻ ̹ ２００４̶ ͵ͮͻ ͵ͼͲ ͼͳ ͎ ̻ ͮͲͿͮͶ ̵ ͡ ̶ ͮͻͱ ͝ ̻ ͺͼͻͲ ͶͱͲͻͲ ̵ ʹͿͼͽ ̶͐ ̻ ͮ͝ͻ ͼͳ ͵Ͳ ͳͶͿ ʹͿͼͽ ΄ͲͿͲ Ͱ͵ͮͿͮͰͲͿͶͲͱ ͯΆ ͮͼͼͻͶͳͲͿͼ ʹͿͼ΄ ͵ ͵ͮͯͶ ̻ ͔Ϳͼͽ ͐ ͮͻͱ ͑ ΄ͲͿͲ Ͱ͵ͮͿͮͰͲͿͶͲͱ ͯΆ ͼ΄ ͙͎͠ ͮͻͱ ͵Ͷʹ͵ ͙͚͑͐ ̹ʹʹͲͶͻʹ ͽͮͻ ΄Ͷ͵ ͮ ͿͮͲʹΆͳͼͿ ͿͲͼͿͰͲ ͰͼͻͲͿͮͶͼͻ ̹ ΄Ͷ͵ ͼ΄ ͿͮͲ ͼͳ ͵ͲͿͯͮʹͲ ͮͰͰͺͮͶͼͻ ͮͻͱ ͵Ͷʹ͵ ͙͙͠ ̻ ͡͵ͲͲ ͮͿͲ ͽͲͰͶͲ ͵ͮ ͵ͮͲ ̹ Ͷͻ ͵ͲͶͿ ͮͿʹͲͺͮͷͼͿͶΆ ̹ ͮ ͮ‐ͳ Ͳͱ ʹͿͼ΄ ͵ ͵ͮͯͶ ͵ͮ ̹ ͮͰͰͼͿͱͶͻʹ ͼ ͏ͿͶͲ ̳ ͑ͲͿͻͲͿ ̵１９９８̶ ̹ ͽͲͿͺͶ ͽͮͻ ͼ Ͳ΅ͽͼͿͲ ͮͻͱ ͰͮͽͿͲ ͻͿͶͲͻͶͻ ͮ ͱͶͮͺͲͲͿ ͮͿʹͲͿ ͵ͮͻ ͵ͮ Ͳͱ ͼ ͿͲͲͮͲ ͵Ͳͺ ̹ ͿͲͶͻʹ Ͷͻ ͻͿͶͲͻ ͮͰͰͺͮͶͼͻ ͿͶʹ͵ ͻͱͲͿ ͵Ͳ ͲͿͶͰͮ ͽͿͼͷͲͰͶͼͻ ͼͳ ͵ͲͲͮͳ ͰͮͻͼͽΆ ̹ ͮ ͿͮͲʹΆ ͰͮͲͱͿͲͼͿͰͲ ͺͼͻͼͽͼͶ·ͮͶͼͻ̯ ̻ ͮ͞ͱͿͼ Ͳ ͮ ̻ ̵２００６̶ ͱͲͺͼͻͿͮͲͱ ͵ͮ ͽͮͻ ΆͽͲ ͮͼͰͶͮͲͱ ΄Ͷ͵ͿͮͲʹͶͲ ͼͳ ͻͿͶͲͻ ͰͼͻͲͿͮͶͼͻ ͼͰͰͿͿͲͱ ͼͻ ͮͿͲͮ ΄͵ͲͿͲ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶΆ ΄ͮ ͼ΄ ̻ ͐ͼͻͲͿͲΆ ̹ ͽͮͻ ΆͽͲ ͮͼͰͶͮͲͱ ΄Ͷ͵ͿͮͲʹͶͲ ͼͳ ͻͿͶͲͻ ͰͮͽͿͲ ͼͰͰͿͿͲͱ ͼͻ ͮͿͲͮ ΄͵ͲͿͲ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶΆ ΄ͮ ͵Ͷʹ͵ ̻ ͡͵Ͳ ͮ͵ͼͿ ͰͼͻͰͱͲͱ ͵ͮ ͵Ͳ ͽͿͲͮͶͶͻʹ
ͽͮͻ ͳͻͰͶͼͻͮ ΆͽͲ ΄ͮ ͰͼͲΆ ͿͲͮͲͱ ͼ ʹͿͮ·Ͷͻʹ ͺͮͻͮʹͲͺͲͻ ̻ ͕ͮͳͼͿͱ Ͳ ͮ ̻ ̵２００８̶ ͱͶͲͱ ͵Ͳ ͮͺͲ ͲʹͲͮͶͼͻ ͯͷͲͰͲͱ ͼͰͼͻͿͮͶͻʹ ͶͻͲͻͶͶͲ ͼͳ ʹͿͮ·Ͷͻʹ ͵Ϳͼʹ͵ͼ ͮ ２０ ΆͲͮͿ ͽͲͿͶͼͱ ͮͻͱ ͰͼͻͳͶͿͺͲͱ ͵ͮ ͵Ͷʹ͵ ͼͻʹ‐ͲͿͺ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶΆ ͶʹͻͶͳͶͰͮͻΆͺͼͱͶͳͶͲͱ ʹͿͮͮͻͱ ͰͼͺͽͼͶͶͼͻ ̹ ͳͼͿͺͶͻʹ ͵ͼͺͼʹͲͻͲͼ ͼͲͿʹͿͮ·Ͳͱ ͽͮͿͲ Ͱ͵ͮͿͮͰͲͿͶͲͱ ͯΆ ͮ ͽͲͰͶͳͶͰ ͽͲͰͶͲ ͮͲͺͯͮʹͲ ̻ ͜ͻ͵Ͳ ͼ͵ͲͿ ͵ͮͻͱ ̹ ͼ΄ͲͿ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶͶͲ ͰͿͲͮͲͱ ͺͼͿͲ ͵ͲͲͿͼʹͲͻͲͼ ͲʹͲͮͶͼͻ ΄Ͷ͵ ʹͿͮ·Ͳͱ ͮͻͱ ͻʹͿͮ·Ͳͱ ͮͿͲͮ ̹ ͯ ͵ͮͱ ͺͮͶͺͽͮͰ ͼͻ ͳͼͿͶͶͰ ͰͼͺͽͼͶͶͼͻ ͼͳ ʹͿͮ·Ͳͱ ͮͿͲͮ ̻ ͚ͲͱͶͺ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶͶͲ ͶͻͰͿͲͮͲͱ ͲʹͲͮͶͼͻ ͵ͲͲͿͼʹͲͻͲͶΆ ͯΆ Ͳͻ͵ͮͻͰͶͻʹͽͲͰͶͲ ͿͶͰ͵ͻͲ ̵ ͔ͼͿͲ ̹ ２００５ ̶ ͮͻͱ ͰͿͲͮͶͻʹ ͱͶͶͻͰ ʹͿͮ·Ͳͱ ͮͻͱ ͻʹͿͮ·Ͳͱ ͮͿͲͮ ̵ ͕ͮͳͼͿͱ Ͳ ͮ ̻ ̹ ２００８̶ ̹ Ͳͻ͵ͮͻͰͶͻʹ ͽͿͶͺͮͿΆ ͮͻͱͲͰͼͻͱͮͿΆ ͽͿͼͱͰͶͶΆ ̹ ΄͵ͶͲ ͲͿΆ ͵Ͷʹ͵ ͼͿ ͲͿΆ ͼ΄ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶͶͲ ͿͲͱͰͲͱ ͲʹͲͮͶͼͻ ͱͶͲͿͶΆ ͮͻͱ ͽͿͼͺͼͲͱ ͮͯͻͱͮͻͰͲ ͼͳͮ ͳͲ΄ ͮͱͮͽͲͱ ͽͲͰͶͲ ̵ ͠ͼͮͿͲ Ͳ ͮ ̻ ̹ ２００３ ̶ ̻
͡͵Ͳ ͮͮͶͮͯͲ ͿͲ ͮͼ΄ ͮͻ ͶͻͳͲͿͲͻͰͲ ͼ ͯͲ ͺͮͱͲ ͵ͮ ͮͲͺͲͻ ͼͳ ͽͮͻ ͳͻͰͶͼͻͮ ΆͽͲ Ͷͻ ͮ ʹͶͲͻ ͽͮͼͿͮ ͲͻͶͿͼͻͺͲͻͺͶʹ͵ ͯͲ Ͳͱ ͼ ͻͱͲͿͮͻͱ ͮͻͱ ͶͻͲͿͽͿͲ ͵Ͳ Ͳ΅ͶͶͻʹ ͱͿͶͶͻʹ ͳͼͿͰͲ ͮͻͱ ΄͵ͮ ͵ͲͶͿ ͶͻͳͲͻͰͲ ͼͻ ͵Ͳ ͼͰͮ ͲʹͲͮͶͼͻͰͼͺͽͼͶͶͼͻ ͮͿͲ ̻ ͏ͮͲͱ ͼͻ ͵ͲͲ ̹ ͺͮͻͮʹͲͺͲͻ ͮͰͶͼͻ Ͱͮͻ ͯͲ ͵ͼʹ͵ ͽ ΄͵ͶͰ͵ ͮͶͺ ͮ ͮͰ͵ͶͲͶͻʹ ͮ ͽͿͲ‐ͱͲͲͿͺͶͻͲͱ ͲʹͲͮͶͼͻΆͽͲ ͮͻͱ ͿͰͿͲ ͻͲͰͲͮͿΆ ͳͼͿ ͽͿͼͽͲͿ ͮͻͶͺͮ ͶͶͮͶͼͻ Ͷͻ ͵ͮͿͺͼͻΆ ΄Ͷ͵ ͵Ͳ ͼͯͷͲͰͶͲ ͽͮͻͻͲͱ ͳͼͿ ͵ͮ ͲͻͶͿͼͻͺͲͻ ̻
Plant‐animal relations in heterogeneous environments : focus on animal strategies

͖ͻ ͻͮͿͮ ʹͿͮͮͻͱ ͯͷͲͰͲͱ ͼ ͵Ͷʹ͵ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶͶͲ ̹ Ͷ Ͷ Ͱͼͺͺͼͻ ͵ͮ ͵Ͳ ͽͿͲͮͶͶͻʹ ͽͮͻ ͽͲͰͶͲ ͵ͮͲ ͿͲͼͿͰͲ ͰͮͽͿͲͿͮͲʹͶͲ ͮͻͱ ͮͼͶͱͮͻͰͲ ͺͲͰ͵ͮͻͶͺ ͼ ͿͲͶ ʹͿͮ·Ͷͻʹ ̻ ͡͵Ͳ Ͷ·Ͳ ͮͻͱ ͿͰͿͲ ͼͳ Ͱ͵ ͽͮͻ ͿͲ Ͷͻ ͶͲ Ͳ΅ͽͼͿͲ̯ ͼͳ ͵ͲͮͰ;ͶͿͲͱ ͰͮͿͯͼͻ ̹ ͺͮͶͻʹ ͺͼͿͲ ͱͶͳͳͶͰ ͵Ͳ ͽͿͼͰͲ ͼͳ ͵ͲͿͯͮʹͲ ͰͮͽͿͲ ͯΆ ͵Ͳ ʹͿͮ·Ͷͻʹ ͮͻͶͺͮ ̻ ͢ͻͱͲͿ ͵ͲͲ ͰͼͻͱͶͶͼͻ ̹ ͱͮͶΆ
ʹͿͮ·Ͷͻʹ ͶͺͲ Ͱͮͻ ͲͮͶΆ Ͳ΅ͰͲͲͱ ６００ ͺͶͻͲ ̵ ͝Ͷͻͼ Ͳ ͮ ̻ ̹ ２００７ ̶ ̻ ͑ͲͽͲͻͱͶͻʹ ͼͻ ͵Ͳ ʹͿͮ·Ͷͻʹ ͺͮͻͮʹͲͺͲͻ ̹ ͮ ΄Ͳ ͮ ͼͻ ͵ͲͳͼͿͶͶͰ ͰͼͺͽͼͶͶͼͻ ͼͳ ͵Ͳ ͲʹͲͮͶͼͻ ̹ ͵Ͷ ͮͿͲͮ ͱͼͺͶͻͮͲͱ ͯΆ ͮ ΄ͮͿͱ ͳͼͿͺͶͻʹ ͲʹͲͮͶͼͻ Ͱͮͻ ͳͼͿͺ ͮ ͺͼͮͶͰ ΄Ͷ͵ ͼͰͮͿΆͶͻʹ Ͷͻ ͳͿͲ;ͲͻͰΆ ̹ ͼͽͼʹͿͮͽ͵ͶͰ ͼͰͮͶͼͻ ͮͻͱ Ͷͻ ͱͲʹͿͲͲ ͼͳ ͽͮͰ͵ͶͻͲ ̵ ͐ͮͿͮ͵ͼ Ͳ ͮ ̻ ̹ ２００７̶ ̻ ͡͵Ͳ ͶͻͳͲͻͰͲ ͼͳ ͱͼͯͲ ͿͮͺͲʹͲͮͶͼͻ ͼͻ ͵Ͳ ʹͿͮ·Ͷͻʹ ͽͿͼͰͲ ΄ͮ ͱͶͰͲͱ ͯΆ ͔ͼͿͱͼͻ ̵２０００̶ ̻ ͡͵Ͳ ͮ͵ͼͿ ͿͲͶͲ΄Ͳͱ ͽͮͻ‐ͮͻͶͺͮ ͿͲͮͶͼͻ Ͷͻ ͰͼͺͺͻͶͶͲͱͼͺͶͻͮͲͱ ͯΆ ͛ͮͿͱ ͿͶͰͮ ͮͻͱ ͵ͼ΄Ͳͱ ͵ͼ΄ ͵Ͳ Ͱ͵ͮͿͮͰͲͿͶͶͰ ͼͳ ͲͮͰ͵ Ϳͮͺ ΄ͲͿͲ ͶͻͲͿ‐ͿͲͮͲͱ ͱͲͲͿͺͶͻͶͻʹ ͶͻͮͲ ͮͻͱ ͱͶͲͲͲͰͶͼͻ ͯΆ ͵Ͳ ʹͿͮ·Ͷͻʹ ͮͻͶͺͮ ̻ ͖ͻ ʹͲͻͲͿͮ ̹ ͵Ͳ ͮͮͶͮͯͶͶΆ ͼͳ ͵Ͳ ͽͿͲͳͲͿͿͲͱ Ϳͮͺ ͮͳͳͲͰ ͵Ͳ ͶͻͲͻͶΆ ΄Ͷ͵ ΄͵ͶͰ͵ Ͷ Ͷ Ͳͱͮ ΄Ͳ ͮ ͵Ͳ ͶͶͮͶͼͻ ͼͳ ͵Ͳ Ͳ ͽͿͲͳͲͿͿͲͱ Ϳͮͺ ̹ ͶͻͱͶͰͮͶͻʹ ͮ ͵Ͷʹ͵ ͱͲʹͿͲͲ ͼͳ ͰͼͺͽͲ΅ͶΆ ͵ͮ ͮΆ ͶͺͶ ͱͲͮͶͲͱͲ΅ͽͲͿͶͺͲͻͮͶͼͻ ͮͻͱ ͻͼ΄ͲͱʹͲ ͿͲʹͮͿͱͶͻʹ Ͱ͵ ͲͰͼΆͲͺ ̻
͖ͻ Ͱ͵ ͵ͲͲͿͼʹͲͻͲͼ ͲͻͶͿͼͻͺͲͻ Ͷ ͵ͮ ͯͲͲͻ ͼͯͲͿͲͱ ͵ͮ ͵Ͳ ʹͿͮ·Ͷͻʹ ͽͿͼͰͲ ̹ ͮ Ͷ ͼ΄Ͳ ͰͮͲ ͼͳ ͱͲͰͶͶͼͻ ̹ Ͷ ͲͲͻͶͮΆ͵Ͳ ͮͺͲ ͮ ͵ͮ Ͷͻ ͼ΄ͻ ͲͺͽͲͿͮͲ ΄ͮͿͱ ̻ ͓ͼͿ Ͳ΅ͮͺͽͲ ̹ ͝Ͷͻͼ Ͳ ͮ ̻ ̵２００７̶ ͱͶͱ ͻͼ ͳͶͻͱ ͰͼͿͿͲͮͶͼͻ ͯͲ΄ͲͲͻ ʹͿͮ·Ͷͻʹ ͶͺͲ ͮͻͱ͵ͲͿͯͮʹͲ ͺͮ Ͷͻ ͻͮͿͮ ʹͿͮͮͻͱ ̹ ΄͵Ͳͻ ͵ͲͿͯͮʹͲ ͺͮ Ͷ ͲͶͺͮͲͱ ͼͻ ͮͲͿͮʹͲ ̻ ͕ͼ΄ͲͲͿ ̹ ΄͵Ͳͻ ͼͻΆ ͵Ͳ ͵ͲͿͯͮʹͲ ͺͮ ͼͳ ͵ͲͶͻͲͿ‐ͼͰ ͲʹͲͮͶͼͻ ΄ͮ ͰͼͻͶͱͲͿͲͱ ̹ ʹͿͮ·Ͷͻʹ ͶͺͲ ͶͻͰͿͲͮͲͱ ６７ ͺͶͻͲ ͳͼͿ ͲͮͰ͵ ͰͲͻͶͺͲͿͲ ͱͲͰͿͲͮͲ Ͷͻ ΄ͮͿͱ ͵ͲͶʹ͵ ̻ ͖ͻ ͮ
ͽͶͼͻͲͲͿ ΄ͼͿ ̹ ͔ͼͻ毕ͮͲ ̵ ２００７ ̶ ͲͮͯͼͿͮͲͱ ͮ ͿͲͱͰͶͼͻͶ ͽͿͼͼͰͼ ͼ ͺͶͺͶͰ ΄ͮͿͱ ͵ͲͶʹ͵ ͼͳ ͵Ͳ ͼ΄ͲͿ Ϳͮͺ ͼͳ ͻͮͿͮʹͿͮͮͻͱ ͯͷͲͰͲͱ ͼ ͱͲͰͿͲͮͶͻʹ ͲͲ ͼͳ ʹͿͮ·Ͷͻʹ ͶͻͲͻͶΆ ̻ ͡͵Ͳ ͮ͵ͼͿ ͰͼͻͳͶͿͺͲͱ ͵ͮ ͵Ͳ ͿͰͿͲ ͼͳ ͵Ͳ ͶͻͲͿ‐ͼͰͲʹͲͮͶͼͻ ͮͳͳͲͰͲͱ ͯͶͲ ͱͶͺͲͻͶͼͻ ͮͻͱ ͶͻͮͲ Ͷͻ ͮ ͶͺͶͮͿ ͺͮͻͻͲͿ ͮ ͿͲͽͼͿͲͱ ͯΆ ͼ΄ͻ ͽͮͿͲ ̻ ͡͵Ͳ ͰͼͺͽͮͿͶͼͻ ͯͲ΄ͲͲͻ ͯͶͲͱͲͽ͵ ͼͳ Ͳ΄Ͳ ͮͻͱ ͵ͲͶͳͲͿ ͿͲͲͮͲͱ ͮ ͶͻͲͮͿ ͿͲͮͶͼͻ͵Ͷͽ ΄Ͷ͵ ΄ͮͿͱ ͵ͲͶʹ͵ ͮͻͱ ͻͼ ͱͶͳͳͲͿͲͻͰͲ ͯͲ΄ͲͲͻ ͮͻͶͺͮ ͽͲͰͶͲ ̵ ͓ͶʹͿͲ １ ̶ ̻



瞯 ]418　　 瞯 　 Multifunctional Grasslands in a Changing World 　 Volume Ⅰ 　

Grasslands/Rangelands Resources and Ecology ——— Soil‐Plant‐Animal Interrelationships

͡͵Ͳ Ͱͼͻͮͻ ͽͿͼͽͼͿͶͼͻͮͶΆ ͼͳ ͵ͲͿͯͮʹͲ ͿͲͺͼͮ ΄ͮ ͼͯͲͿͲͱ ̹ ͮ ͽͿͲͶͼΆ ͱͶͰͲͱ ͯΆ ͕ͼͱʹͼͻ Ͳ ͮ ̻ ̵ １９９４̶ ̻ ͎ ΄ͮͿͱ͵ͲͶʹ͵ ͱͲͰͿͲͮͲͱ ̹ ͯͶͲ ͺͮ ΄ͮ ͺͼͿͲ ͻͲʹͮͶͲΆ ͮͳͳͲͰͲͱ ͳͼͿ ͵ͲͶͳͲͿ ͵ͮͻ ͳͼͿ Ͳ΄Ͳ ̻ ͙ͮͿʹͲ ͮͻͶͺͮ ͮͿͲ ͺͼͿͲ ͵ͮͻͱͶͰͮͽͽͲͱ ͼͻ͵ͼͿ ΄ͮͿͱ ΄͵ͲͿͲ ͯͶͲ ͺͮ ͶͻͰͿͲͮͲ ͺͼͿͲ ͼ΄ Ά ΄Ͷ͵ ͯͼͱΆ ΄ͲͶʹ͵ ͵ͮͻ ͱͼ ͵Ͳ ͲͻͲͿʹͲͶͰ ͿͲ;ͶͿͲͺͲͻ ̻ ͡ͶͺͲ ͽͲͿ ͯͶͲͶͻͰͿͲͮͲͱ ΄Ͷ͵ ͶͻͰͿͲͮͶͻʹ ͯͶͲ ͺͮͲ ̹ ͮͻͱ ͲͲͿ ͳͼͿ ͵ͲͶͳͲͿ ̹ ͮ ͶͲΆ ͰͼͻͲ;ͲͻͰͲ ͼͳ ͵Ͳ ͮͿʹͲͿ ͰͮͽͮͰͶΆ ͼͳ ͰͮͲ ͼ ͽͲͿͳͼͿͺͰͼͺͽͼͻͱ Ͱ͵Ͳ΄‐ͯͶͲ ͷͮ΄ ͺͼͲͺͲͻ Ͷͻ ͶͮͶͼͻ ͼͳ ͮͿʹͲ ͯͶͲ ͺͮ ̵ ͢ͻʹͮͿ Ͳ ͮ ̻ ̹ ２００６̶ ̻ ͏ͶͲ ͺͮ ΄ͮ ͵Ͳ ͺͮͶͻ ͱͲͲͿͺͶͻͮͻͼͳ ͶͻͮͲ ͿͮͲ ̻ ͡͵Ͳ ͿͲͱͰͶͼͻ Ͷͻ ͯͶͲ ͺͮ ͮͻͱ ͶͻͮͲ ͿͮͲ ͳͿͼͺ ͮͿͼͻͱ １０ ０̻ ͮͻͱ １１ ５̻ Ͱͺ ͳͼͿ Ͳ΄Ͳ ͮͻͱ ͵ͲͶͳͲͿ ̹ ͿͲͽͲͰͶͲΆ ̹ͶͻͱͶͰͮͲ ͵ͮ ͐４ ͳͼͿͮʹͲ ͽͲͰͶͲ ͻͲͲͱ ͰͮͿͲͳ ͰͼͻͿͼ ͼͳ ΄ͮͿͱ ͿͰͿͲ Ͷͻ ͼͿͱͲͿ ͼ ͼͽͶͺͶͲ ͵ͲͿͯͮʹͲ ͶͶͮͶͼͻ ̹ ͮ ͽͼͶͻͲͱ ͼͯΆ ͑ͮ ͠Ͷͮ ̳ ͐ͮͿͮ͵ͼ ̵ ２００５̶ ̻
͖ͻ ͽͮͼͿͮ ͲͻͶͿͼͻͺͲͻ ͱͼͺͶͻͮͲͱ ͯΆ ͽͿͼͿͮͲ ͽͲͰͶͲ ΄Ͷ͵ ͿͲͼͿͰͲ ͰͮͽͿͲ ͿͮͲʹͶͲ ̹ ͮͻͶͺͮ ͮͲͿ ͵ͲͶͿ ͱΆͻͮͺͶͰ ͼͳ͵ͲͿͯͮʹͲ ͮͰ;ͶͶͶͼͻ ̹ ͽͮͲͿͻ ͼͳ ͺͼͲͺͲͻ ͮͻͱ Ͳ ͼͳ ͳͲͲͱͶͻʹ ͮͶͼͻ ̵ ̶͓͠ ̻ ͚Ͳ··ͮͶͿͮ ̵ ͻͽͯͶ͵Ͳͱ ͱ̶ͮͮ ͵ͼ΄Ͳͱ ͵ͮ ͻͱͲͿͰ͵ ͰͼͻͱͶͶͼͻ ͮͻͶͺͮ ͶͻͰͿͲͮͲ ͼͮ ʹͿͮ·Ͷͻʹ ͶͺͲ ͿͲͱͰͶͻʹ ͵Ͳ ͻͺͯͲͿ ͼͳ ͺͲͮ ͯ ͶͻͰͿͲͮͶͻʹ ͵Ͳ ͱͿͮͶͼͻ ͼͳ ͲͮͰ͵ ͺͲͮ ̻

Figure 1 ͖ͻʹͲͶͲ ͯͲ͵ͮ ͶͼͿ ͼ ͳ ͵ͲͶ ͳ ͲͿ ̵ ◆ ̶ ͮͻͱ Ͳ΄Ͳ ̵ □ ̶ Ͷͻ ͻͮͿͮ ͽͮͿͲ ̵͔ͼͻ毕ͮͲ ̹ ２００７ ̶ ̻

͚ͼͱͶͳͶͰͮͶͼͻ Ͷͻ ͽͮͲͿͻ ͼͳ ͵ͲͿͯͮʹͲ ͮͰ;ͶͶͶͼͻ ΄ͲͿͲ ͮͼ ͮͼͰͶͮͲͱ ΄Ͷ͵ ͿͲͱͰͶͼͻ ͼͳ ͵Ͳ ͻͺͯͲͿ ͼͳ ͶͻͲͿ‐ͺͲͮ ͶͻͲͿͮ ͮͻͱ ͵ͲͮͻʹͲ ͼͳ ͮͻͶͺͮ摧 ͿͮͷͲͰͼͿΆ ͱͿͶͻʹ ʹͿͮ·Ͷͻʹ ̻ ͡͵Ͳ ͶͻͰͿͲͮͲ Ͷͻ ʹͿͮ·Ͷͻʹ ͶͺͲ Ͷ ͮ ͰͮͶͰ ͿͲͽͼͻͲ ͼ ͶͮͶͼͻ ͼͳ ͼ΄ ͵ͲͿͯͮʹͲ ͺͮ ̹΄͵ͶͲ ͵Ͳ ͿͲͱͰͶͼͻ ͼͳ ͿͮͷͲͰͼͿΆ ͮͻʹͲ ͱͿͶͻʹ ʹͿͮ·Ͷͻʹ ͰͮͲ ͮͻͶͺͮ ͼ ͽͲͻͱ Ͳ ͶͺͲ ͼͻ ͮ ͶͺͶͶͻʹ ʹͿͮ·Ͷͻʹ ͶͲ Ͷͻ ͮͻ ͮͲͺͽͼ ͶͻͰͿͲͮͲ ͵Ͳ ͽͿͼͯͮͯͶͶΆ ͼͳ ͳͶͻͱͶͻʹ ͮ ͺͼͿͲ ͮͽͽͿͼͽͿͶͮͲ ͼͻͲ ̵ ͝ͿͮͰ͵Ͳ Ͳ ͮ ̻ ̹ １９９８ ̶ ̻ ͔ͼͻ毕ͮͲ ̵ ２００７ ̶ ͱͶͲͱ ͽͮͲͿͻ ͼͳͮͻͶͺͮ ͺͼͲͺͲͻ ͮͻͱ ͵ͲͿͯͮʹͲ ͲͮͿͰ͵ ͳͼͿ ͰͮͲ ͮͻͱ ͵ͲͲͽ ͼͻ ͮ ͻͮͿͮ ͽͮͿͲ ̻ ͏ͼ͵ ͽͲͰͶͲ ͵ͼ΄Ͳͱ ͵Ͳ ͮͺͲ ͽͮͲͿͻ ͼͳͿͲͽͼͻͲ ̹ ͯ ΄Ͷ͵ ͱͶͳͳͲͿͲͻ ͺͮʹͻͶͱͲ ̵ ͮͯ͡Ͳ ２ ̶ ̻
Table 2 ͓ͲͲͱͶͻʹ ͮͶͼͻ ͯͲ͵ͮ ͶͼͿ ͼ ͳ ͰͮͲ ͮͻͱ Ͳ΄Ͳ Ͷͻ ͻͮͿͮ ͽ ͮͿͲ ̵͔ͼͻ毕ͮͲ ̹ ２００７ ̶ ̻

ͣͮͿͶͮͯͲ ͠΄ͮͿͱ ͵ͲͶʹ͵ ̵ Ͱͺ̶
０４ ０８ Ḥ１２ Ḥ１６ ̰͚ͼͱͲ 倡 ͝ ͟２ ͐ͣ͜ ̵ ％ ̶

͓ͲͲͱͶͻʹ ͮͶͼͻ ͽͲͿ ͺͶͻͲ
͐ͮͲ １３ ฟ７̻ ９ ੩５̻ ７ ྛ０̻ ８ ᓈ７̻ ͞ ＜ ０ ᚣ０̻００１ ０ ፌ８̻７６ １０ ͺ５̻５
͒΄Ͳ １９ ฟ０̻ ７ ੩５̻ ９ ྛ７̻ １１ ᵑ２̻ ͞ ０ ֖０̻００１ ０ ፌ７̻９１ １８ ͺ５̻８

͠Ͳͽ ͽͲͿ ͳͲͲͱͶͻʹ ͮͶͼͻ
͐ͮͲ １ ֖１̻ １ ੩３̻ １ ྛ８̻ １ ᓈ２̻ ͞ ０ ֖０̻０５７ ０ ፌ４̻９８ １９ ͺ１̻８
͒΄Ͳ １ ֖１̻ ２ ੩４̻ １ ྛ６̻ １ ᓈ２̻ ͞ ０ ֖０̻００９ ０ ፌ６̻２０ ２２ ͺ１̻５

͏ͶͲ ͽͲͿ ͳͲͲͱͶͻʹ ͮͶͼͻ
͐ͮͲ ４ ֖８̻ ６ ੩４̻ ７ ྛ８̻ ７ ᓈ２̻ ͞ ０ ֖０̻１８２ ０ ፌ６̻９５ １２ ͺ３̻５
͒΄Ͳ ４ ֖６̻ ８ ੩９̻ ８ ྛ４̻ ７ ᓈ８̻ ͞ ０ ֖０̻００８ ０ ፌ７̻１２ １３ ͺ２̻１
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ͣͮͿͶͮͯͲ ͠΄ͮͿͱ ͵ͲͶʹ͵ ̵ Ͱͺ̶
０４ ０８ Ḥ１２ Ḥ１６ ̰͚ͼͱͲ 倡 ͝ ͟２ ͐ͣ͜ ̵ ％ ̶

͚ͼͲͺͲͻ ͿͮͲ ̵ Ͳͽ ̻ͅ ͶͻͲ － １ ̶
͐ͮͲ １４ ฟ５̻ １３ ይ０̻ １２ ０̻ １０ ᵑ５̻ ͙ ０ ֖０̻０２３ ０ ፌ４̻９７ １２ ͺ５̻０
͒΄Ͳ ２０ ฟ５̻ １７ ይ７̻ １５ ７̻ １４ ᵑ２̻ ͙ ０ ֖０̻００３ ０ ፌ６̻４９ １０ ͺ１̻７

͡ͶͺͲ ͽͲͿ ͳͲͲͱͶͻʹ ͮͶͼͻ ̵ ͲͰͼͻͱ̶
͐ͮͲ ４ ֖３̻ ６ ੩４̻ ８ ྛ７̻ ６ ᓈ９̻ ͞ ０ ֖０̻００６ ０ ፌ７̻８８ １２ ͺ９̻２
͒΄Ͳ ３ ֖１̻ ７ ੩９̻ ６ ྛ４̻ ５ ᓈ４̻ ͞ ０ ֖０̻００２ ０ ፌ７̻０６ １７ ͺ９̻１

倡 ͙ ＝ ͶͻͲͮͿ ͈ ͞ ＝ ;ͮͱͿͮͶͰ
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ͲͮͮͶͼͻ ͮͻͱ ͶͶ· ͮͶͼͻ ̻ ͎ͺͲͿͶͰͮͻ ͠ͼͰͶͲΆ ͼͳ ͎ʹͿͼͻͼͺΆ ̻ ͽ ７̻９６‐８２７ ̻͘Ͳͺͽ ̹ ͑ ̻͟ ̻ ̳ ͚ͶͰ͵ͮ ̹ ͑ ̻͙ ̻ ̵ ２００５ ̶ ̻ ͔Ϳͮͮͻͱ ͳͼͿ ͽͿͼͱͰͶͼͻ ͮͻͱ ͵Ͳ ͲͻͶͿͼͻͺͲͻ ̻ ͖ͻ ͇ ͔Ϳͮͮͻͱ ͇ ͮ ʹͼͯͮ ͿͲͼͿͰͲ ̻ͤͮʹͲͻͶͻʹͲͻ ͎ͰͮͱͲͺͶͰ ͯ͝Ͷ͵ͲͿ ̹ ͽ １̻９３‐２０８ ̻͙ͮͰͮ ̹ ͒ ̻͎ ̻ ̵ ２０００ ̶ ̻ ͚ͼͱͲͶͻʹ ͽͮͶͮ ͮͽͲͰ ͼͳ ͽͮͻ‐ͮͻͶͺͮ ͶͻͲͿͮͰͶͼͻ ̻ ͖ͻ ͇ ͔Ϳͮͮͻͱ ͒Ͱͼͽ͵ΆͶͼͼʹΆ ͮͻͱ ͔Ϳͮ· Ͷͻʹ
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