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.���/012
34�5�
678	9*�67,9:;
<=>�?=>
@�A�B�
CDEFG2�HI.J
�� '�KLM
34��J*NO�PQR�*+,-

JS�DTU=�V&
W
���
�=��XYZ�[ 8\]^_1`a
b*
�[ A�%�
cde^_1')f*
���g=h)=i
=gJ��*+,-

j ��NO�%�`a V& �� kl

mn copyruight�o 1999 1996

ii 4 �p qr nature
��s�pt)sqrt
�34 +,

1 2 qu qr

4 qu qr

10 rp qr

21 qu qr

5 25 sv;t swxt(match)

7 4 ...yz�w{ |}~��Ji9���... ...yz�w{ }~��Ji9�I��|...

9 %1.1���� ���O� 
++ ����O� 
++

10 23 Wagener (1915) Wegener (1915)

12 15 ��� ��

16 %1.5��� 280 320

21 %1.8�cde^_11�� ���
���
O�.... �����
���
O�...

26 %1.11 �MNs��� ¡¢8��� ¡£At s��� ¡¢8��� ¡£A8¤9y
¥Atg �%
�¦§
¨�©ª

27 3 «�¬* 
 «��«g 


30 �[ 1.4.1 �­® ¯ °T± ��²�g � biome
��)
s¯ °T±t�34 +,

16 �­®8¯ °T± biomeA ¯ °T±(biomeA

16 �­® ¯ °T±

17 �­® ¯ °T±

23 �­® ¯ °T±

24 �­® ¯ °T± ³
�
2´µgW

25 �­® ¯ °T±

26 �­® ¯ °T±

31 %1.13�cde^_1 �­® ¯ °T±

32 %1.14�cde^_1 �­® ¯ °T±

33 %1.15�cde^_1 �­® ¯ °T±

34 3, 5, 6, 18, 24, 25 �­® ¯ °T±

38 %1.17�cde^_1 ��T^F¶· ��T¶·

44 �1.3�6�� �¸¹ ]E º¸¹ ]E

2 Andonovics Antonovics

49 %1.21�»¼�
½¾/MN s59 1¿t
�#)À�6ÁÂ©ª

%1.21�»¼�
½¾/ ½¾/§
ÃÄ)1ÁÂ�Å9

%1.21�Æ¼�
½¾/ ½¾/§
ÃÄ)0.5ÁÂ�Å9

54 16 ...�ÇM|ÈÉÊËM... ...�ÇM|SÌÍÈÉÊËM...

56 5 �Î,9 Ï+9 ³
�
2´µgW

6 �Î,9 Ï+9

26 ...¤ÐI[ �*9ÑÏ*ÒÓ... ...¤ÐI[ �*9ÑÔÕ�Ï*ÒÓ...

58 %2.3 (a)

58 %2.3 (c)

65 �2.1�cde^_1 Ö×Ø ÙØ 3´µgW²�
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67 4 ÚÓ.25Û-25Ü�3Ý ÚÓ.25QÞ-25Ü�ß�

4¤�
àá âã)��
21��
��©ª

69 %2.7(b)��äå æçèr èær

70 %2.8�cde^_14�� scudderiana éê scudderiana 
éê

75 23 ëìí ë[í

78 %2.13��M� äå
�
îï)ðf �Ü7a)MÅ9

83 2¤�
àá âã)��11��
��

3¤�
àá âã)��17��
��

84 %2.17 À§¨
+7a)ðf

86 %2.18�MN
�� ñò ñÏ

ñó ñß

87 18 ...KL �*9Ñôõ... ...KL �*9³
öÒ§÷
øùg*«úû��ôõ...

20 ...Jü.³
öÒ§÷
øùg*«úû��ý+
R...

...Jü.ý+R...

22-23 þ��� ���

91 2 catastrophes catastrophe

15 2�1� ��

101 %2.26

104 15 ...�)�	,9Q�Ì��|... ...�Q)�	,9³g�|...

106 %3.2

107 %3.3 �[ 
s1
�Õts2
�Õt �R�R�s
�Õts
�Õt

3 �
û�Ì��3Ý��ÞR� +«... �
û�Ì��3Ý � +«...

108 1 ...��
���÷
�­�... ...��
����w,9�­�...

109 %3.4�cde^_15�� ...¡��^�... ...¡��^8�E�±A�...

111 9 ��Ò��1�]�1C8stomatal.... ��Ò���Ø8�1�]�1CA8stomatal....

19 ôõ��ÞR�,* ôõ��Þ�R�,*

113 5  ;º!Ø " ;º8 ;º!ØA8gross photosynthesis)

%3.5�cde^_1 # ;º!Ø
$%&' # ;º
$%&'

114 1 ...48())9³g.�*J*�*9 ...48()+��*9

115 14 ,;-û./ ,0-û./

116 %3.6�cde^_1 ,;-û./ ,0-û./

117 9 ³
12 ³
C412

118 %3.7�(b)%
�å Ô
345� Ô
"34�

121 7 \]�6F£ \]�6F¢

8 �^_G£ �^_G¢

9 8�7£A 8�7£\18¢A

11-12 ...ó�ÐJ��9*|+
:�Ì�� ...ß� �9*|:�Ì��

122 5 ...Öp.Ú;ç;�ÚO<
... ...Öp.|Ú;ç;�Ì��ÚO<
...

124 12 ...�=�>� � +«g.... ...�=�>� � +«Ì«J4?�h)W¤@�Ag....

126 3 B�CD�; B�CD;

4 E�CD�; E�CD;

131 2 �­FG;&H�8biological O2 demand... �­Ý�FG;&H�8biological oxygen demand...

10 
I|IJ!Ø)... 
I|+
	9:;��IJ!Ø)...

132 5 ...K��gJ9|�L
... ...K��gJ9Ì«J|�L
...

28 BMr8polyphagousA BMr8polyphagyA
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134 %3.15�(a)

135 %3.16��� °°/¾Á1N8Phoenicapeterus ruber ) OP �/¾Á1N8Phoenicopeterus ruber )

136 %3.17��� FQF^]¿R2SG±^8Otiorrhynchus
clavipes A

FQF^]¿R2SG±^8Otiorhynchus clavipes A

c  ¿NFR¾±^ c ¿NFR¾±^

SG±^
�: c1Tc]R2SG±^¢
�:

139 3 Ï*
�|UV|W¥|�N
 Ï*
�|UV�|W¥g�N


140 26 XY�¤*�� XY�¤*�
"Zg ��

145 21  ¿¡1U¿_G �[\¿_G£
°° ¿¡1U

147 11 T1ÁU1�
�: °8�T1ÁU1�

151 4 ��
]��|^_�v`... ��
]��|ab^_�v`...

153 2 (Lagopus lagopas lagopas) (Lagopus lagopas)

%3.23�%§�7 cd� ed� 2´µgW

%3.23�cde^_1 (Lagopus lagopas lagopas) (Lagopus lagopas)

163 %4.3 (b)��å
À¦
=f ...9�11�128gA ...9�10�118gA

169 %4.9 (b) h
=
i`w=f8�m2) h
=8�m2)
i`w=f
188 12 j
ò�ç@ �kç@8�C[l1½|mnA masting
��)s�kç@t�3

4 +,

13 ò�ç@ �kç@

14 ò�ç@ ò��ç@

16 j
ò�ç@ �kç@

192 �[ 4.7.2 3= o¾7T�

205 19 ...üpÞQAq)rs,9... ...üpÞQAq�tI¤Ð...

207 9 ...u:´�gvÐ�*9³g�... ...u:´�
vÐ�*9³g�...

208 12 ò�ç@
 �kç@


15 ò�ç@
 �kç@
 2´µgW

%5.2

213 %5.4

214 18 ...w��hg
��|�%
xy... ...w��hg
��W|�%
xy...

215 %5.5�cde^_12�� z�
.{ Lonchocarpus pentaphylla z�
�7£
.{ Lonchocarpus pentaphylla

218 %5.7�cde^_12-3�� ...|}R
�8¾¢Quercus 
~�... ...|}R
8¾¢Quercus 
�1½Â

220 4-5 ...���
J*³gW	9
��ÞQ... ...���
J*³g��ÞQ...

223 %5.10�cde^_1 U����±^¢ Zorotypus hubbardi U����±^¢
�: Zorotypus hubbardi

��ÂFR¾±^¢ Aphis pomi ��ÂFR¾±^¢
�: Aphis pomi

225 1 Jhonson & Gaines, 1990 Johnson & Gaines, 1990

228 3 ��´�X �µ´�X8local populationA

229 12-13 ...���g�W... ...���*���...

16 èr ���

236 %5.14�§¨� ���� ���

238 1¤�
àá ...þ:Ì��W�J9 ...þ:�Ì��W�J9

239 4 ...�Ú÷©ª,9Ñ ...�÷©ª,9Ñ

240 7 ...1977�ÊZ�R�... ...1977�+g�ÞR...

13 °°Q¯��¾... ��¾¿_G£
°°Q¯��¾...

241 2 ��@J ��%J

14 ��@J ��%J

242 5 U�E�Â1 �lE�Â1

273 11 3= o¾7T�
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281 %6.27�§¨ �%ÂÁ�2¹ ]E �%�Õ�à limit cycle
���s�Õ�àt�
@� +,

282 27-28 ÂÁ�2¹ ]E �Õ�à

33 ÂFe�/�= ÂFe�/8LyapunovA
�*�=

283 1 ÂFe�/�= ÂFe�/
�*�=

18 ÂÁ�2¹ ]E �Õ�à

285 3 ÂFe�/�= ÂFe�/
�*�=

5 ÂFe�/�= ÂFe�/
�*�=

8 ÂFe�/�= ÂFe�/
�*�=

300 23 :
 ¡� (species boundary line) :
 ¡�8ñB¢ØÄA (species boundary line)

315 2 ...�K£¤�... ...¥*£¤�...

2-3 8Muller, 1971) 8Muller, 1969)

34 Jacson81979A Jackson81979A

316 %7.14�cde^_12�� T. angustiforia T. angustifolia

323 29 G. pumilium G. pumilum

326 �[ 7.5 �WJ*y�QÞ
¦§ ¨tI©¦§

333 8 3= o¾7T�

336 �7.3 �RC�T �RC�T
�:

�� ��
�:

ªMr«¬ ªMr«¬
�:

337 %7.13 8a) � ªMr«¬ ªMr«¬
�:

%7.13 8c) F¹Â c]­E� ¢ 2´µgW

%7.13 cde^_1�5�� F¹Â c]­E� 
�:

6�� F¹Â c]­E� 
�:

7�� F¹Â c]­E� 
�:

339 %7.14�(b)�� ®¯ �°¾ ®¯ ±°¾

%7.14�(c)�� F°Gc]¹¢
�: ¹1^_G¡¢
�: ��
M�)²R³i

¹1^_G¡¢
�: F°Gc]¹¢
�:

342 3 3= o¾7T�

344 13 Abramski Abramsky

345 %7.18 (b) P. califomicus P. c a l i f o r n I c u s

359 6 �� 4´

362 %7.30 @ µ 2´µgW

A ¶ 2´µgW

B · 2´µgW

C ¸

D ¹

E º

378 8 P��»R P��p»R

385 13 j
ò�ç@ �kç@

16 j
ò�ç@ �kç@

18 ò�ç@ �kç@ 2´µgW

386 4 ò�ç@ �kç@

5 ò�ç@ �kç@ 2´µgW

9 ò�ç@ �kç@

11 ò�ç@ �kç@

%8.11�cde^_1 ò�ç@ �kç@

%8.11�(b)äå8MQÞA 120, 80, 40 60, 40, 20

387 10 0.3 0.30

393 17 ¼½¾ ¼¿¾

18 ¼½¾ ¼¿¾

19 ¼½¾ ¼¿¾

426 %9.18�äå ÀÁ�Â ÀÁÂ

451 9 FQ¾ ¿_G Q¾/2¾ ¿_G Logopus logopus scoticus 
��
sQ¾/2¾ ¿_Gtg +,

10 FQ¾ ¿_G Q¾/2¾ ¿_G

12 FQ¾ ¿_G Q¾/2¾ ¿_G 2´µgW

17 FQ¾ ¿_G Q¾/2¾ ¿_G

452 18-19 ÂÁ�2¹ ]E �%�Õ�à

453 %10.10�cde^_13�� ÂÁ�2¹ ]E �%�Õ�à

454 4 ÃR:µ ÃR:µ8Â/�TUA

460 7 ...ÄMÅgÆMÅ
®ÇÉ`g*«ÈÉ... ...ÄMÅgÆMÅ
®ÇÉ`)�9g*«ÈÉ...

475 23 ­G�E]¾G2 ­GFT]¾G2

490 5 \E�TC \E¾TÊ

15 \E�TC \E¾TÊ

494 24 ËCÂQ8Chironomus lugubris ) ËCÂQ¢
�:8Chironomus lugubris )

519 18 �DÌT�Í Q F^Í

526 29-30 	9Î�´�X
w�Î�... 	9Î�´�X8Î��R�*J*Î�)ýÏA
w�Î�...

530 %12.15�(b) Skrjiabinodon spp. Skrjiabinodon spp.

535 6 FQ¾ ¿_G Q¾/2¾ ¿_G

549 21 FQ¾ ¿_G Q¾/2¾ ¿_G

550 %12.27�cde^_19�� FQ¾ ¿_G Q¾/2¾ ¿_G

556 �[ 12.6.3 FQ¾ ¿_G Q¾/2¾ ¿_G

1 FQ¾ ¿_G Q¾/2¾ ¿_G

%12.31�cde^_11�� FQ¾ ¿_G Q¾/2¾ ¿_G

����   cde^_14�� FQ¾ ¿_G Q¾/2¾ ¿_G

557 %12.32�cde^_11�� FQ¾ ¿_G Q¾/2¾ ¿_G

570 20 Myrmica schenkii Myrmica schenki

571 11 Myrmica scabrinoides Myrmica scabrinodis

12 M. laevonoides M. laevonodis

574 5 ...:<�@)	9Ð�|¤�... ...:<�@)	9Ð�Aq|¤�...
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582 %13.10 (a)
�[ Î��­ Î��­

595 9 ÑÒ�­
¾Í)... ¾Í
ÓÔÕ)...

12 ÕÖ öÖ

627 5 j
ò�ç@ �kç@

631 %14.10  (d)
À%�äå ×Ø
�¸Ä ×Ø
º¸Ä

637 24 ��7�Q��¾ C�7�Q��¾

638 %14.13�cde^_13�� ��7�Q��¾ C�7�Q��¾

11 Renznick Reznick

16 Renzick Reznick

642 %14.17�(b) �å 0.995 0.990

0.99 0.995

646 27 3= o¾7T�

655 àá ¿_G�1ÙG ¿_G�1ÚG

661 %14.27�(b)�å
À¶O -0.5 0.5

-1.0 1.0

670 �15.1�(c) aÛb bÛa

685 %15.8�À� °�] °��

692 %15.12�Z��1�� (Lynx canadensis ) Lynx canadensis

%15.12�Z��4�� FQ¾ ¿_G (Lagopus scotics ) Q¾/2¾ ¿_G Lagopus scotics

694 àá FQ¾ ¿_G Q¾/2¾ ¿_G

4�� FQ¾ ¿_G Q¾/2¾ ¿_G

14�� FQ¾ ¿_G Q¾/2¾ ¿_G

699 35�� b-d b-e

700 9�� ÂÁ�2¹ ]E �%�Õ�à

711 3�� ...Ü&�	9Ñ... ...Ü&�	9 (Ý12Þßà)Ñ

713 3�� áâ: ãâ:

717 %15.22�Z��1�� (Plebejus argus ) Plebejus argus

723 %15.25

732 19�� Pimental Pimentel

733 24�� °¾1�P�äå P��p»Räå

741 %16.3

743 %16.4 (b), (c), (f) Cæ Cl ç6èµ

746 %16.5�Z��2�� ...éêÞR�*J*... ...liÞR�*J*...

749 1�� ¹1ÙÊQ �¾±^ ¹1�ÊQ �¾±^

750 11�� � ��
�:

752 �16.2�Z��2�� ëìêí÷
��r�üpÞW *îR
ìêí÷
��rW

753 10�� Pimental Pimentel

758 %16.8

769 %16.10 (c) ï5ð� ñ5ð� 2èµ

773 23�� ... Yield) g �... ... Yield: ñòòó�ô�g��R9³g.B*) g �...
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774 %16.11�Z��3�� ...
��|õØ�.ü«3Ý,9gÕö�R9Q
)...

...
��Õö�R9õØ�
3Ý��)...

774 %16.11�Z��7�� ´�X¢Ø ¢Ø

774 %16.11�Z��8�� ...¢Ø.ó�*g*��| ...¢Ø.ó�ÐJ9g|

777 %16.13 (b)

779 4�� ÷øùúû

�
... ÷øùúûüã

�
...

780 %16.16�äå ýþ21 �þ21

794 %16.24�§�
½¾/äå ��� ÷ø��

801 Ý17Þ��[ �p qr

802 7�� Tansly Tansley

802 21�� ...�	9Ñ ...�	9 (Ý19Þßà)Ñ

802 28�� �Õ� �Õ�

803 %17.1��� �­® ¯ °T±

803 %17.1�Z��1�� �­® ¯ °T±

803 %17.1�Z��2�� Q�� ¹2GQ��

803 1��|3�� �­® ¯ °T± 2èµ

803 7�� ª�­ E�­

805 30�� H H'

806 %17.3�äå|ÀM|À�|Z��
2��

H H' ç4èµ

806 1�� (h17.3)|3�� (h17.4)|7�
�

H H' ç4èµ

806 2�� ...��9| ...��9Ñ

808 11�� �¨¨tI �¨¨tI¡�E

812 %17.6 (b)���

813 21�� rp qr

816 6�� superorganizm superorganism

819 2`�
àá4�� ���R9:;W	9 ���R9Aq
:;W	9

819 31�� Ï� 	�

821 13�� �µF ��F

823 10�� �µF ��F

824 àá ��2�O�÷©ª

831 3�� �µF ��F

835 àá ]j (836) 2���÷©ª

852 1�� QÂ/0EPF
 Q�¾ 8

852 %18.11���3�� Q�¾ 8
 Q�¾ 8

853 15�� ...
��| ...
��Ñ

859 %18.17 (a) äå�

=f 30000, 25000, 20000, 15000, 10000, 5000 3000, 2500, 2000, 1500, 1000, 500

875 7�� �­® �­® (biota)

878 3�� ³RÞ²�
:;| ³RÞ²�
:;�|

878 8�� �­��Ý� �­��Ý� (biogeochemistry)

881 �19.1�Z��1�� �8¾/ 8¾/

883 14�� NH4 NH3

888 3�� �� ��

891 17�� ...��
�
.... ...��
�....

903 26�� ...�
���Ì��| ...�R)>�,9³g�Ì��|

920 21�� Á^�1 Á^�1


923 22�� �Í ��

923 29-31�� Diamond .�Å
���|... o� �*9W
.B
*Ñ

Diamond .�Å
�9Q�BÐ
���|... o� �*9Ñ

923 31�� �+�+J� �+�+J·

925 �20.1�Z��7�� TP TR

944 3, 4, 6, 9, 32���àá1, 2�� �� !|"�� ! ��Z|"��Z ç9èµ

945 1��  ! Z 2èµ

946 %21.1�Z��1��|äå #$�% #$� 2èµ

949 15�� R¾G­T R¾G­T: browsr

950 14�� &I³i K
&I³i

954 %21.5�Àäå G^�T½¹ G^�T½¹¢

956 %21.8�(a) �å|(c) äå ´�X'â ´�='â 2èµ

959 10-11�� �ÂF()�... Refuges) �ÂF():µ... Refuge)

960 �21.1�M
* P1, m1, c1 Pi , mi , ci

960 �21.1��
*2`�
+1�� ß{
�8, ß{ó��8,

962 29�� ¾Í ¾ÍX

967 %21.13��å
� E�-:µ .Î

969 2�� Eupomacentrus Stegastes

970 �21.3�Z��3�� ...:
/�=)o,Ñ ...:
0(;��1g
/�=)o,Ñ
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970 %21.15�Z��5�� 42 42=

973 �[21.7.3 "�� ! "��Z

973 24�� 34 ("��)  ! 34 ! ("��Z)

976 4�� cTC2T1: cTC2T1: (keystone spieces)

978 22�� ª­X �­X

979 9�� ¢Ø²� ²��

983 %22.3��å 1986-90 Sep.86

983 11�� ËCÂQéê P\ËCÂQ¢
�:

996 �22.2�Z��1, 2�� H H' 2èµ

997 %22.9��å|Z��2�� H H' 2èµ

999 32�� 21 25

1002 2-3�� ËCÂQ
5: ±�ËCÂQ¢
�:

1012 �22.3��
*1+�2�� ./�­�� 6/�­��

1018 %23.4�Z��2�� QÂ/0EPF QÂ/0EPF


1018 %23.4�Z��3�� �8¾¢ 8¾¢

1019 2`�
àá4�� ��1�O�÷©ª

1032 18-19�� 78 98

1036 3�� 2ÂC�1Y�Y]1\· 2ÂC�1Y�Y]TP�·

1038 2�� Drosophia Drosophila

1038 %23.20�Z��8�� Hoolloway Holloway

1041 13�� :ü �;

1041 20�� ­ F34
� ­ F34
¨Ø

1044 20-21�� %24.1b %24.1d

1048 %24.4 (h)

1049 %24.5 (c)��å
=f 100, 100, 100, 100 100, 1000, 10000, 100000

1050 13�� :=� :=

1051 6�� �<> <>

1055 %24.11 (a)�5É
=f 5 0

1056 %24.12 (b)��å
=f 0 )â M÷©ª |5É
=f�

1057 32�� ():µ Â/�TUF (():µ)

1058 19�� =>?ª­ �ô=>?ª­

1061 2�� �ÞÝ3.1Z 1051j

1062 %24.15�3`�
½¾/ÀM �@ A@

1062 %24.16��� <�B|»�þB <�C|»�þC

1062 %24.16��å DàQÞ
@Ø
E
I @Ø

1062 3-4�� ():µ (refugia) Â/�TUF (():µ)

1064 %24.17 (c)��å
=f 0 1

1070 33�� <FþB <FþC

1076 2�� GH IJ

1078 21�� �	�*J* �K�	�x�ÞJ*

1082 �25.2�M
*
§�
�Ä�s�
 FOðL�-:µ
MtgsòL
N*t
�|sòLO*tgsóL
N*t
�

�Ä)P&R��9

1083 %25.3�äå
=f 2.00, 1.30, 0.60, -0.10, -0.80, -1.05 2.0, 1.3, 0.6, -0.1, -0.8, -1.5

1083 9�� 
�20QR 
�2QR

1087 20�� �SJYT
ò*� YT
�SJò*�

1091 6�� quasi extinction quasi-extinction

1092 %25.6�Z��1�� ��´�X �µ´�X

1093 %25.8 (b)��� 30-50, 50-100 31-50, 51-100

1093 àá�1�� UOÝ VWÝ

1095 1`�
àá�1�� UOÝ VWÝ

1096 %25.11�Z��3�� UO� VW

1097 %25.12�äå ´�X¹ � ´�X
ò*�

1097 1-2�� �SJYT
ò*� YT
�SJò*�

1097 9�� >p qr

1104 9, 20�� 3= o¾7T� 2èµ

1106 3�� 3= o¾7T�

1107 23, 31�� �©X �%Y

1108 %25.16�Z��1�� �©X �%Y

1108 9�� Z[\]Å H[Å

1112 29�� ��´�X �µ´�X

1113 2, 5, 6, 10�� �©X �%Y 4èµ

1114 4�� �©X �%Y

1118 25�� ^&J ^&�

1140 À1�� Bíèr Bí��r

1148 À4�� ¢Ø"_õr ¢Ø`�r

1151 12�� aÅ ù�Å

1152 19-20�� ...b�cxL)4�,9³gW�*9Ad«Ñ ...b�cxLW4��*9Ad«Ñ



��������	

1152 24�� aÅ ù�Å

1152 29-30�� C�T2¾ 1 OTC¾ 1

1153 21�� ef �­f

1154 2�� ...ghf�¤*�|ijò�... ...ghf�¤*�|ýûk�§�l­m
noNpqlr��\ÊÍ

|ijò�...

1155 �[ s`�t�� s`�t�� (ë�t
uv
=#�|�
�t)s` 
��§
Þ
)o,)

1211 �6�� D. Nelson G. Nelson


