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2012 to April 2013 by line transect method. We used ArcGIS 10.0 to classify the patches

within the urban parks by visual interpretation. Based on the classification, 34 patch

variables including patch number, patch density, patch area and patch total edge was

set to analyze the relationship between bird communities and patch variables. We used

Chi-square test to analyze whether the bird species and abundance in various urban parks

differed significantly. Multiple statistical analyses were required to measure how the patch

variables affected the bird community composition. Results indicated that there was

significant difference among bird richness, bird abundance, the number of patches in 5

urban parks. Multiple linear regression models confirmed that there was significant positive

correlation between bird species and the number of Number of Water patches (WNP)

and Grassland patches shape index (GSI ). There was significant negative correlation

between bird species and the largest patch index (LPI ). Bird abundance was significant

positive correlation with size of Plant patches (PPS), mean size of patches (MPS) and

was significant negative correlation with total edge of Plant patches (PTE ). In addition,

suggestions in relation to the construction of urban parks and vegetation configuration

were put forward according to the above results.

Key words: urban parks; patch structure; bird community; multiple linear regression
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¯�¢½z��)Ôõ�5Ô�Ú+á(�UC´)�Æ+�ïÄ9:��[1]. �o

¢½)Ôõ�5�¿Â3u: �¢½´NõèÍÔ«½ö[âÔ«�k�ÑE/[2-3]; �)

Ôõ�5´¢½)�XÚèx�­�|¤Ü©[4]; �¢½)Ôõ�5éu¢½Ø¬)¹�þ

ÚÓ·Ý�JpkXØ�O���^[5-6]. ja��)Ôõ�5­�|¤Ü©, ´¢½)�

XÚèx�­��Ia+[7]. Ó�, jaÏÙ´u*	Ú2Ùu�«ØÓa.)¸�A:¤

�¢½)�ÆÚµ*)�Æ+�­��ïÄé�[8-9].

¢½ú	É/´¢½ja�Ì�ÑE/, �ja��½m��Jø Ô. IS	Æ

ö3ØÓºÝþé¢½ja�ÑE/ÀJ?1
&?. 3¢½zºÝþ, Sandström[10]Ú

McKinney[3]�ïÄL², ¢½z��g,�/¥~�� Ája!Ó/¡�½äÉ�ja

÷¢½zFÝ«aÚêþÑ¥~�ª³. 3µ*ºÝþ, �Yu�é¢½ja+á|¤�ï

ÄL², 	�ja+á¥yÑØ���i@�Û, ©ÙuÔ«ê���	�¥�Ô«õê�

©Ù3Ô«ê�õ�	�¥[11]. Wang �ïÄ�y¢
É² 20 ¬É/¥ 60 «��jÚ�Á

jawÍÎÜi@(�[12]. 
 Shanahan 3e�|æÙpd�½�ïÄL², �¬ëÏ5é

ja´LÝäk­�K�, 
�¬¡ÈÚ�¬ëÏ5éjaõÝäk­�K�[13]. 3�)¸

ºÝþ, Fontana[14]Ú Yang[15]�ïÄ?�ÚL², ¢½É/��(�, cÙ´z7!/7(

�E,Ý�ja´LÝÚõ�5¥wÍ��'.
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, &?ú	SÜ�¬ºÝéja+áK��ïÄÿØõ�. ú	SÜ�¬(�Q�

N
ú	��+á�oN�¤�E,§Ý, q�NÑ�/�¬!ú/�¬!ïÓ�¬ÚY

N�¬��a.�¬���'~Ú�p'X, Ù��!(��ëÏ5´K�ú	SÜja

+á(�Ú©Ù�'�Ïf.
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	!TôÜ�ú	Ú°�Ü�ú	��ïÄ/:, ÏLþz©Ûú	SÜ�¬(��ja

+á|¤�'X, ïÄ�.¢½ú	�¬(�éja+á�K�. éd�Æ¯K�&?, k

Ïu
)�)ÄÔé¢½zL§�·AÅ�±9�¢½�)ja�oüÑJønØÄ:Ú

ïÆ.

1 ïÄ�{

1.1 ïÄ/:

þ°(31◦14′N, 121◦29′E)áæ9�Gºíÿ, 2013 c�¢½zÇ� 90%, ~4<� 2 415

�, ´¥I�²LÚó�¥%. 2000 c±5, þ°�¢½É/ï�Øä\¯, <þÉ/¡È

l 2000 c� 3.62 m2O�� 2013 c� 13.38 m2, ú	êþÚ¡Èl 2000 c� 122 �Ú 4 812

haO\� 2013 c� 158 �Ú 17 142 ha. lú	��þw, þ° 91% �ú	¡È3 80 ha ±

e. 
�L 80 ha ��.ú	k 13 �. �â��)�ÆnØ[16], �¬¡È��, Ùja+á

(���­½; 
�¬ål��, �¬SÜÔ«��qÝ�$. Uìú	¡È�u 80 ha�ú

	må�u 5 km ��K, �ïÄÀJ¢½zY²ØÓ� 5 ��.ú	��ïÄ/:, ©O

´þ°�Ô	!­Vú	!��Ü�ú	!TôÜ�ú	Ú°�Ü�ú	.

þ°�Ô	 uþ°½M®«, ±>±ïÓ!�´!YN�Ì, �É/�¬é�, »�

z©Ù, ¢½zY²ép. ­Vú	 uþ°½ËÀ#«, ±>±ïÓ!�´�Ì, �É/o

¡È���»�zî­, ±>«��N¢½zY²�p. ��Ü�ú	 uþ°½
Ë«,

ú	±>±ïÓ!�´!YN�Ì, �É/�¬z©Ù, ±>¢½zY²�p. TôÜ�ú

	 uþ°½ËÀ#«, ú	±>±ïÓ!àX!�É/�Ì, �É/!àX�¬z©Ù,

±>¢½zY²�$. °�I[Ü�ú	 uþ°½Áp«, ú	±>±àX!YN!�É

/�Ì, �É/!àX�¬z©Ù, ±>¢½zY²�$. 5�ú	�/n ��ã1.

1.2 ����

3ú	S�Å���:, �:m�>100 m. ò��� 2 ��:é�, é��´���ú

	jaN����, ��BLú	�«)¸a., Ä�rÝØ�uú	¡È� 15%, ���

Ý9Ä�rÝ�L 1.

LLL 1 5 ���úúú			���¡¡¡ÈÈÈ!!!���������ÝÝÝ!!!������{{{NNN���¡¡¡ÈÈÈ999ÄÄÄ���rrrÝÝÝ

Tab. 1 Size, line transect length, survey area and sampling intensity in 5 parks
ú	¶¡ ú	¡È(SP )/ha ���Ý(L)/km ��{N�¡È(SA)/ha Ä�rÝSI

þ°�Ô	 80 3.5 17.6 22%

­Vú	 120 4.5 22.3 19%

��Ü�ú	 120 5.1 25.5 21%

TôÜ�ú	 120 4.8 24.0 20%

°�Ü�ú	 400 12.6 63.0 16%

5: SA= 2LW, L����Ý, W�üý��°Ý 25 m; SI= SA/SP

1.3 jaN�

jaN�3 2012 c 5 �� 2013 c 4 �?1, z� 1 g. jaN�ÀJ�K�º�ó�F

?1, �m��ÀJþÌ 06µ00*10µ00 ÚeÌ 15µ00*18µ00. �
��<
Cz¤�5�Ø

�, zgN�<
�½. zgN�m©�:�Å. N�öæ^��{?1jaN�, P¹��ü

ý 25 m Sf�!w��ja«aÚêþ, ±dO�jaCþêâXe.

j«ê(Spicies, S ), N�¤P¹��jaÔ«ê;
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jaêþ(Abundance of birds, A), N�¤P¹��ja�Nê, ü ��g;

ja�Ý(Density of birds, D), N����ja�Ý, úª�D = N/2LW , ��üý°Ý

� 25 m. N ���jaêþ, L����Ý, W �üý��°Ý.

jaõ�5�ê(Diversity index of birds)æ^�à%B�ê(Shannon-Wiener index, H),

úª�

H = −

∑
Pi lnPi, (1)

Pi�ja+á¥1i«�NêþÓja+áoê�'~.

ã 1 þ° 5 ��.¢½ú	 �ã

Fig. 1 Location of 5 large urban parks in Shanghai

1.4 �aK�êâ¼�

�ïÄ¥(ã��g4¥ 2 Ò¥((FORMOSAT-2)2011 c 12 ���aK�, ©EÇ�

2 m × 2 m. 8À)È��
 5 �ïÄ/:��¬a.êâ, )Èêâ°Ý� 93%. CX 5

�ïÄ/:��aK�1�ÒÚ��©O�: TôÜ�ú	(138507, 20111210)!��Ü�ú

	(138507, 20111210)!°�Ü�ú	(138523, 20111210)!þ°�Ô	(138511, 20111210)Ú­

Vú	(138509, 20111210). ¤k¥(K�²L
AÛ��!Ë���Ú��?n.

1.5 ú	�¬©a�Cþ��

±ú	AÛ¥%�¥%, ±> 5 km× 5 km «���ïÄ«�, ¦^ ArcGIS10.0 )È�

�
 5 �ïÄ/:��¬a.êâ. /Ï ArcGIS10.0 é 5 �ïÄ/:�)È9)È°Ý��

y, 3 ArcGIS10.0 ¥éØÓa.�¬¡È?1
©Û. �ïÄòú	©� 6 «ØÓ��¬a
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., ©O´ïÓ�¬(Building)!ú/�¬(Grassland)!�/�¬(Plant)!�´�¬(Road)!

àX�¬(Farmland)ÚYN�¬(Water). 3þã©Û�Ä:þ, ïÄ<
òÏL¢/N���

{é�¬©a?1Ø¢Ú��. /Ï ArcGIS10.0 é 5 �ïÄ/:�)È9)È°Ý��y, 3

ArcGIS10.0 ¥éØÓa.�¬¡È?1
©Û. �ïÄ�9±e 6 «ØÓ��¬a..

(1) ïÓ�¬(Building): K�±ù�7�ÚNØõ, AÛ/GA�²w, >.�ß;

(2) àX�¬(Farmland): K�±f�Ú�Ì, ôÚþ�;

(3) ú/�¬(Grassland): K�±fÉÚ�Ì, ôÚþ�;

(4) �/�¬(Plant): K�ôÚ�$É!�ÉÚ, >.�ß, /GØ5K;

(5) �´�¬(Road): K�ôÚ��Ú!k�Ú, ^G, >.²w;

(6) YN�¬(Water): K�ôÚ�çÚ.

�ïÄ��±e34��¬(�Cþ.

�¬êCþ: �)o�¬ê(NP)!ïÓ�¬ê(BNP)!ú/�¬ê(GNP)!�/�¬

ê(PNP)!�´�¬ê(RNP)ÚYN�¬ê(WNP).

�¬�ÝCþ: z²�Z���¬ê�)o�¬�Ý(PD)!ïÓ�¬�Ý(BPD)!ú/

�¬�Ý(GPD)!�/�¬�Ý(PPD)!�´�¬�Ý(RPD) ÚYN�¬�Ý(WPD).

�¬¡ÈCþ: �)��ú	�¬o¡È(PS )!ïÓ�¬o¡È(BPS )!ú/�¬o¡

È(GPS )!�/�¬o¡È(PPS )!�´�¬o¡È(RPS )ÚYN�¬o¡È(WPS ).

�¬>.�ÝCþ: �)ú	�¬>.o�Ý(TE)!ïÓ�¬>.o�Ý(BTE)!ú/

�¬>.o�Ý(GTE)!�/�¬>.o�Ý(PTE )!�´�¬>.o�Ý(RTE )ÚYN�¬

>.o�Ý(WTE).

�¬¡È±�'Cþ: �)��ú	�¬¡È±�'(SI )!ïÓ�¬¡È±�'(BSI )!

ú/�¬¡È±�'(GSI )!�/�¬¡È±�'(PSI )!�´�¬¡È±�'(RSI )ÚYN�

¬¡È±�'(WSI ).

�¬õ�5�ê(SHDI ): O�úª�SHDI = −

∑m

i=1 Pi lnPi, PiL«z��¬a.¤Ó

¡È�ú	�¬o¡È�'�.

� � � ¬ � ê(LPI ): ú 	 ¥ � � � ¬ � ¡ È Ø ± ú 	 o ¡ È, O � ú ª�LPI =

Max (a1,··· ,an)
A

× 100.

²þ�¬¡È(MPS ): ú	¤k�¬�o¡ÈØ±�¬oê.

�¬´LÝ(PR): ú	¥ØÓ�¬a.�oê.

1.6 êâ?n

^k�u�(Chi-square test)©ÛØÓú	ja«a!êþÚ�¬Cþ´Ä�3wÍ�É.

æ^õ��5£8(Multiple Linear Regression)©Û�¬Cþ�jaêâ�'X, ¤kêâ^ü

��Kolmogorov-Smirnovu�Ù��5. æ^AIC&EOK(Akaike information criterion)é¤

kwÍ�£8�§?1u�, ��ÀÑ�ª�£8�§[17].

¤kêâ©Û3 R-3.2.3 ¥?1.

2 ( J

2.1 �.¢½ú	ja+á(�

5 �ú	�N��ja 107 «, 21 551 �g, ©á 13 8 39 �. Ù¥þ°�Ô	 42 «, 2 787

�g, ­Vú	 42 «, 3 005 �g; TôÜ�ú	 68 «, 3 999 �g; ��Ü�ú	 40 «, 3 932

�g; °�Ü�ú	 81 «, 7 828 �g(�ã 2). ja«aÚêþþ�3wÍ�É, 
�ÝÃwÍ

�É(�L 2).
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LLL 2 5 ���úúú			jjjaaaCCCþþþ999kkk���uuu���(((JJJ

Tab. 2 Bird variables and its chi-square test of five parks

Cþ þ°�Ô	 ­Vú	 ��Ü�ú	 TôÜ�ú	 °�Ü�ú	 k� P �

êþ 2 787 3 005 3 932 3 999 7 828 3 860.258 < 0.001

«ê 42 43 40 68 81 25.234 < 0.001

�Ý 159 135 154 166 124 8.301 0.081

�à%B�ê 2.11 2.37 2.49 2.81 3.09 — —

ã 2 5�ú	j«ê�jaêþ�U\ã

Fig. 2 Combined line chart of bird species and abundance in 5 parks

lØ3.[18]5w, �P¹�3j 28 «, 10 977 �g; Áÿj 35 «, 4 189 �g; gÿj 12

«, 1 114 �g; Àj 29 «, 2 477 �g; <ºj 3 «, 7 �g.

2.2 5 �ú	ØÓa.�¬©Û

5 �ú	�¬oêþ�3wÍ�É(χ2 = 332.00, p < 0.001), °�Ü�ú	�¬êþ�õ,

��Ü�ú	�¬êþ��(�L 3). Ù¥ïÓ�¬°�Ü�ú	�õ, TôÜ�ú	Úþ°

�Ô	��(χ2=43.18, p < 0.001). ú/�¬°�Ü�ú	�õ, þ°�Ô	��(χ2 = 59.56,

p < 0.001). �/�¬°�Ü�ú	�õ, ��Ü�ú	��(χ2 = 228.60, p < 0.001). �´�¬

°�Ü�ú	�õ, ��Ü�ú	��(χ2 = 44.80, p < 0.001). YN�¬°�Ü�ú	�õ, �

�Ü�ú		��(χ2=25.59, p < 0.001).

2.3 ú	�¬(�éja+á�K�

õ��5£8�.w«, j«ê�YN�¬ê!ú/�¬¡È±�'wÍ��', ���

�¬�êwÍK�'. jaêþ��/�¬¡È!²þ�¬¡ÈwÍ��', ��/�¬>.o

�ÝwÍK�'. �/ja��/�¬¡È!YN�¬¡ÈwÍ��', �ú/�¬�Ý¥wÍ

K�'. ����/�¬o¡È¥wÍ���'. i��ú	�¬o¡È¥wÍ��'(�L 4).
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Tab. 3 The number of patches in 5 urban parks

ú	¶¡
�¬©a

o�¬ê
ïÓ�¬ê ú/�¬ê �/�¬ê YN�¬ê �´�¬ê

þ°�Ô	 17 19 16 12 9 73

­Vú	 27 50 40 13 19 149

��Ü�ú	 24 20 8 13 4 69

TôÜ�ú	 17 23 11 18 6 75

°�Ü�ú	 59 68 101 35 33 296

þ�±IOØ(Mean±SD) 28.8±7.80 36.0±9.83 35.2±17.39 18.2±4.33 14.2±5.36 132.4±43.52

LLL 4 jjjaaaCCCþþþÚÚÚ���¬¬¬(((���CCCþþþ���õõõ������555£££888���...

Tab. 4 Multiple linear regression models simulating the relationships between

bird community data and patch structure variables
£8�. í�²�Ú(F ) N��R2 wÍ5 [Ü`Ý(AIC )

j«ê(S) 1.621WNP+1.636GSI -5.194LPI -0.492 6.237×104 1.000 0.003 10.994

jaêþ(A)
0.003PPS -0.032PTE +0.008MPS

3.147×106 1.000 0.000 14.915
+2.406×103

i� 1.913×10−5 PS -4.945 222.408 0.982 0.001 1.357

�� 0.001 PPS -232.606 115.074 0.966 0.002 0.698

�/ja
2.167×10−4PPS -7.046×107GPD

2.195×105 0.999 0.002 12.252
+ 0.002WPS + 4.842×103

5: a �â�gN�(J, i��) 8, ���)ú/8, �/ja�))/8!U/8! /8!î/8!��

8!|/8!Ã{Ý8Ú//8; b AIC=ln(F ) + 2(P + 1) − nln(n), F�í�²�Ú, P�£8�.¥gCþ�ê

þ, n���ê(n = 5); c �¬Cþêâ¥©¶¡� 1.5

3 ? Ø

3.1 �¬(��ja+á�'X

�â£8�., ja«a�YN�¬êÚú/�¬¡È±�'¥wÍ��', ����¬

�ê¥wÍK�'. Ïd, �O\ú	jaÔ«ê, Ø·¨ü���¡È�¬, 
I�O\YN

�¬�êþ, Ó�O\ú/�¬�¡È±�'. 3¢½<ó)¸¥, ü��¡È����¬(Y

N!�/!ú/)  U
Jø�)¸a.'�ü�, UwÍO\,
ja�êþ, 
ØUwÍ

O\jaõ�5[19]. 
YN�¬cÙ´ÑE/åY
/�åléu¢½ja´­����Ï

f[15].

jaêþ��/�¬¡ÈÚ²þ�¬¡È¥wÍ���', ��/�¬±�¥wÍ�K�

'. `²O\�/¡È!~�±�U
k�O\jaêþ. �ja«ê�K�Ïf¤ØÓ, ¢½

jaêþ�O\  ´,
~�Ô«�O\, ��5`, �/�¬¡È��, jaêþ��õ.

éu�/ja, Ù��/�¬¡È!YN�¬¡ÈwÍ��', �ú/�¬�Ý¥wÍK

�'. `²�/¡ÈÚY�¡È´O\�/jaêþ�'�Ï�, 
ü�z�ú¯¿Ø|u�j

êþ�O\. ,	, �õê�)/8ja Ð�/)¸, ïÓ�¬¡ÈL�é)/8jaØ|.

éuú/8ja���, Ù��/�¬o¡È¥wÍ���'. 3N�¥uy, ±ù��

Ì�jaÓ�up�z7½öz7�, Ïdú/8ja��/�¬o¡È¥wÍ���'. 


éu ��i�i�ú	�¬o¡È¥wÍ��', `²� �ja®3��ú	2�©

Ù.

3.2 ¢½ú	ï��jaÑE/EE
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l�)ja��o�Ý5w,3¢½ú	�ï�L§¥, EEØÓ�)¸a., 7,¬�j

aJøØÓ�ÑE/. ÑE/É�z§Ý3�½§Ýþû½
ú	ja�õ�5Y². Ïd, 3

ú	�O5y�, ÒAkOy?1õU«y, Xàf�Ô«(XYë�)!á�,��«(X
ä

�)!~É,��«(X�Ø�)!Y)�Ô«(¨��). 3^�#N��¹e, �3Ñ�½¡È�

g)�õU«¦Ùg,üO.

3J,ú	ja+á�L§¥, Q�o�ja+á�N�«aÚêþ, q�5¿�
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