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Abs t r a c t 　By Mon t e Ca r l o me t hod c omp u t e r s imu l a t i on i s c onduc t e d t o de l i ne a t e

t he ove r a l l , a nnua l a nd mon t h l y f l uc t ua t i ons , a nd t he s t a t i s t i c a l c ha r a c t e r2
i s t i c s of 4 va r i a b l e s of t he r ode n t c ommun i t y i n t he Ch i hua hua n De s e r t of No r t h

Ame r i c a , i nc l ud i ng t he numbe r of s p e c i e s , b i oma s s , s p e c i e s d i ve r s i t y a nd e ve n2
ne s s . The r e s u l t s s how t ha t t he me a ns of 4 s imu l a t e d c ommun i t y va r i a b l e s a r e

8191 , 11544 kg/ hm2 , 1158 a nd 0173. Al l of t he va l ue s of t he r e a l c ommun i t y va r i 2
a b l e s a r e be twe e n t he 95 % c onf i de nc e i n t e r va l s of 4 s imu l a t e d c ommun i t y va r i 2
a b l e s . The numbe r of s p e c i e s a nd b i oma s s of t he s imu l a t e d c ommun i t y s how t he

s imi l a r s e a s ona l f l uc t ua t i on p a t t e r ns . The numbe r of s p e c i e s , b i oma s s a nd d i 2
ve r s i t y of t he s imu l a t e d c ommun i t y s how t he s imi l a r i n t e r a nnua l f l uc t ua t i on

p a t t e r ns . Whe n t he nu l l hyp o t he s i s i s t e na b l e : a va r i a b l e ha s a no rma l d i s t r i 2
bu t i on , X2 va l ue s s how t ha t t he numbe r of s p e c i e s i n 962 s amp l e s , b i oma s s i n 109

s amp l e s , s p e c i e s d i ve r s i t y i n 5 529 s amp l e s , s p e c i e s e ve nne s s i n 6 654 s amp l e s

a r e f o l l owi ng t he no rma l d i s t r i bu t i on , i 1e1no one of 4 va r i a b l e s i s no rma l l y

d i s t r i bu t e d wh i l e t he c onf i de nc e l e ve l i s 95 %. The r e s u l t s s ugge s t t ha t whe n

s amp l e s i z e i s sma l l , we c a nno t e s t ima t e t he c onf i de nc e i n t e r va l s of t he s e

va r i a b l e s by me a n ±1196 s ( s i s t he s t a nda r d de v i a t i on of a va r i a b l e ) .

Ke y wo r ds : B i oma s s ; Commun i t y dynami c s ; Comp u t e r s imu l a t i on ; Mon t e Ca r l o

me t hod ; Numbe r of s p e c i e s ; P r oba b i l i t y d i s t r i bu t i on
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　　Ma r k2r e c ap t u r e i s a ma j o r wa y f o r s t udy i ng e c o l ogy of sma l l mamma l s .

Ma r k2r e c ap t u r e i n t he wi l d i s a c t ua l l y a r a ndom p r oc e s s . Cap t u r e s o r r e 2
c ap t u r e s of i nd i v i dua l s o f a c e r t a i n s p e c i e s p op u l a t i on i n a c ommun i t y

a r e r a ndom e ve n t s , wh i l e t he numbe r of c ap t u r e d o r r e c ap t u r e d i nd i v i du 2
a l s o f e a c h s p e c i e s p op u l a t i on a nd t he i r body ma s s a r e r a ndom va r i a b l e s .

On t he o t he r ha nd , we c ha r a c t e r i z e a c ommun i t y of t e n by i t s c ommun i t y p a 2
r ame t e r s , f o r e xamp l e , t he numbe r of s p e c i e s , b i oma s s , s p e c i e s d i ve r s i t y

a nd e ve nne s s . Bu t we c a n on l y ob t a i n t he e s t ima t e s of t he s e c ommun i t y p a 2
r ame t e r s by s amp l i ng a c ommun i t y , r a t he r t ha n t he i r r e a l va l ue s . The c om2
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mun i t y va r i a b l e s a r e f unc t i ons of t he numbe r of c ap t u r e d o r r e c ap t u r e d

i nd i v i dua l s a nd t he i r body ma s s . S o t he s e c ommun i t y va r i a b l e s a r e a l s o

r a ndom va r i a b l e s . We e s t ima t e t he c ommun i t y p a r ame t e r s of t e n by s amp l i ng

t he c ommun i t y . Eve n t hough t he va l ue s of c ommun i t y va r i a b l e s by one s am2
p l i ng a r e t he e s t ima t e s of t he c o r r e s p ond i ng c ommun i t y p a r ame t e r s , t he

r e s u l t i ng e r r o r i s s i gn i f i c a n t be c a us e of t he s e r i ous c ha nge s of t he

p hys i c a l e nv i r onme n t a nd p op u l a t i on de ns i t i e s o f c omp one n t s p e c i e s a 2
l ong t he t ime d ime ns i on , a nd f r e que n t moveme n t of a n ima l s a s we l l . S o t he

e s t ima t e s a r e b i a s e d [1 ] . The t yp i c a l wa y s hou l d be t ha t we f i r s t i de n t i f y

t he t he o r e t i c a l d i s t r i bu t i ons of e a c h c ommun i t y va r i a b l e s . I f a va r i a b l e

i s no rma l l y d i s t r i bu t e d , a nd t he me a n a nd s t a nda r d de v i a t i on a r e known ,

we c a n e s t ima t e t he o r e t i c a l l y t he c onf i de nc e i n t e r va l o f t h i s va r i a b l e

by p e r c e n t i l e (95 % o r 99 % i s of t e n us e d ) va l ue s f o r t 2d i s t r i bu t i on whe n

we ha ve go t a t l e a s t two un i t s o f a s amp l e . I f t he s amp l e s i z e i s qu i t e

l a r ge r , f o r e xamp l e we ha ve go t 50 s amp l e un i t s o r mo r e , t he p e r c e n t i l e

va l ue s f o r no rma l d i s t r i bu t i on c a n be us e d t o e s t ima t e t he i n t e r va l s o f

t he va r i a b l e wi t h t he me a n a nd s t a nda r d de v i a t i on a nd we do no t ne e d t o

know t he f r e que nc y d i s t r i bu t i on of t he va r i a b l e i n a dva nc e [2 ] .

By a l ong2t e rm mon i t o r i ng of t he Ch i hua hua n De s e r t r ode n t c ommun i t y

we i de n t i f i e d t ha t 1) B i oma s s , a nd e ve nne s s we r e no rma l l y d i s t r i bu t e d

va r i a b l e s ; 2) f r e que nc y d i s t r i bu t i on of t he numbe r of s p e c i e s a nd d i ve r 2
s i t y wa s s kewe d t o t he r i gh t a nd no c ommon t he o r e t i c a l p r oba b i l i t y d i s 2
t r i bu t i on c ou l d f i t t he i r f l uc t ua t i ons [1 ] . We go t t he s e r e s u l t s j us t ba s e d

on a 922mon t h ma r k2r e c ap t u r e da t a ba s e , we c a nno t ma ke s u r e wha t a r e t he

c onf i de nc e i n t e r va l s o f t he c ommun i t y p a r ame t e r s a nd wha t t yp e s t he r e a l

f r e que nc y d i s t r i bu t i on of t he c ommun i t y p a r ame t e r s a r e . Fo r t h i s p u r p os e

we c a n s imu l a t e ma r k2r e c ap t u r e p r oc e s s of t he r ode n t c ommun i t y i n t he

Ch i hua hua n De s e r t . I f on l y we ma ke s imu l a t i on of ma r k 2r e c ap t u r e p r oc e s s

t o ge ne r a t e a l a r ge numbe r of s amp l e s , c a n we d r aw c onc l us i ons on t he s t a 2
t i s t i c a l c ha r a c t e r i s t i c s o f t he c ommun i t y va r i a b l e s .

Th i s p ap e r i s t o s imu l a t e by Mon t e Ca r l o me t hod t he ma r k 2r e c ap t u r e

p r oc e s s of t he r ode n t c ommun i t y i n t he Ch i hua hua n De s e r t a nd c ha r a c t e r 2
i z e t he ove r a l l , a nnua l a nd mon t h l y f l uc t ua t i on p a t t e r ns of t he numbe r of

s p e c i e s , b i oma s s , s p e c i e s d i ve r s i t y , a nd s p e c i e s e ve nne s s , a nd t he i r

p r oba b i l i t y d i s t r i bu t i on of t he 4 c ommun i t y va r i a b l e s .

1 　METHOD

111 　The s imu l a t i on of ma r k2r e c ap t u r e
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The ma r k2r e c ap t u r e s t udy of t he r ode n t c ommun i t y i n t he Ch i hua hua n

De s e r t o f No r t h Ame r i c a f r om Novembe r 1977 t h r ough J une 1985 p r ov i de s a 922
mon t h da t a ba s e f o r 17 s p e c i e s of r ode n t s . Rode n t s we r e c e ns us e d by ma r k 2
r e c ap t u r e wi t h 980 l i ve t r ap s e a c h mon t h a nd t he t o t a l s t udy p e r i od c ove r s

92 mon t hs . Fo r mo r e de t a i l s o f t he ma r k2r e c ap t u r e s t udy s e e Ze ng e t a l [3 ,4 ] .

We us e t he s imu l a t i on me t hod f o r ma r k2r e c ap t u r e [5 ] t o s imu l a t e t he dy2
nami c s of t he r ode n t c ommun i t y i n t he Ch i hua hua n De s e r t . S upp os e t ha t t he

numbe r of c ap t u r e d i nd i v i dua l s o f t he j t h s p e c i e s p e r hm2 i n t he i t h mon t h

i s n i j a nd 980 i s t he t o t a l numbe r of l i ve t r ap s s e t e a c h mon t h . The n t he

c ap t u r i ng p r op o r t i on of t he i nd i v i dua l s o f t he j t h s p e c i e s i s p i j = n i j /

980 , i n wh i c h i = 1 , 2 , . . . , 92 ; j = 1 , 2 , . . . , 17. He r e p i j i s t he e s t ima t e of

t he p r oba b i l i t y t ha t a n i nd i v i dua l o f t he j t h s p e c i e s i s c ap t u r e d i n t he

i t h mon t h . We c umu l a t e t he c ap t u r i ng o r r e c ap t u r i ng p r oba b i l i t y of 17

s p e c i e s i n t he i t h mon t h t o g i ve a s e r i e s of s ub i n t e r va l s : [ 0 , p i 1) , [ p i 1 ,

Σ
2

j = 1
p i j ) , [ Σ

2

j = 1
p i j , Σ

3

j = 1
p i j ) , ⋯⋯, [ Σ

16

j = 1
p i j , Σ

17

j = 1
p i j ) . Σ

17

j = 1
p i j i s ge ne r a l l y l e s s

t ha n o r e qua l t o 1. The n t he c omp u t e r ge ne r a t e d p s e udo r a ndom numbe r s .

S upp os e p i 0 = 0 , i f a r a ndom numbe r R i s i n t he i n t e r va l [ Σ
m

j = 1
p i j , Σ

m + 1

j = 1
p i j ,

a c ap t u r e d i nd i v i dua l o f t he j t h s p e c i e s i n t he mt h mon t h a nd i t s me a n

body ma s s i s , r e s p e c t i ve l y , a dde d t o t he r e c o r d of t he i nd i v i dua l numbe r s

a nd b i oma s s of i t s p op u l a t i on . I n t h i s wa y 980 r a ndom numbe r s r ep r e s e n t

980 l i ve t r ap s s e t p e r mon t h . The s imu l a t i on r e s u l t s i n 922mon t h c ons i s t a

s amp l e . By t h i s wa y 10 000 s amp l e s a r e ge ne r a t e d .

112 　The ove r a l l , a nnua l a nd mon t h l y me a n t ime s e r i e s of 4 s imu l a t e d c om2
mun i t y va r i a b l e s

Di v i d i ng t he numbe r of c ap t u r e d i nd i v i dua l s a nd t o t a l b i oma s s of e a c h

s p e c i e s by s t udy p l o t a r e a f o r e a c h s p e c i e s p r oduc e s t he p op u l a t i on de n 2
s i t y a nd b i oma s s ( un i t : kg/ hm2) . F r om t he p op u l a t i on de ns i t y a nd b i oma s s

of e a c h s p e c i e s i n e a c h mon t h ge ne r a t e d by s imu l a t i on we a t t a i ne me a n

t ime s e r i e s of t he numbe r of s p e c i e s , b i oma s s , s p e c i e s a nd e ve nne s s ( Fo r

mo r e de t a i l s o f t he de f i n i t i ons of t he c ommun i t y va r i a b l e s , s e e Ze ng πs r e2
p o r t [4 ]) . An ove r a l l me a n t ime s e r i e s of e a c h va r i a b l e i s c ons i s t e d of 92

va l ue s f o r one s amp l e , wh i c h de s c r i be s t he ove r a l l f l uc t ua t i on p a t t e r ns

of t he c ommun i t y va r i a b l e s du r i ng t he 922mon t h t r app i ng p e r i od . F r om t he

ove r a l l me a n t ime s e r i e s we c omp u t e ye a r 2t o2ye a r a nd mon t h2t o2mon t h s e2
r i e s t o de s c r i be t he a nnua l a nd mon t h l y f l uc t ua t i on p a t t e r ns of c ommun i 2
t y va r i a b l e s . We a l s o c omp u t e t he 95 % c onf i de nc e i n t e r va l s o f 4 s imu l a t e d

c ommun i t y va r i a b l e s by me a n ±1196 s , he r e s i s t he s t a nda r d de v i a t i on of
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va r i a b l e s .

113 　S t a t i s t i c a l hyp o t he s i s t e s t i ng of t he f r e que nc y d i s t r i bu t i on of t he

c ommun i t y va r i a b l e s

We c a l c u l a t e 7 s t a t i s t i c s : me a n , s t a nda r d de v i a t i on , c oe f f i c i e n t o f

va r i a t i on , s kewne s s , ku r t os i s , ma x imum , mi n imum t ha t c ha r a c t e r i z e t he

f r e que nc y d i s t r i bu t i on of e a c h va r i a b l e . F r om t he me a ns a nd s t a nda r d de 2
v i a t i on we a l s o e s t ima t e t he 95 % c onf i de nc e i n t e r va l s f o r e a c h va r i 2
a b l e s . Af t e r t ha t we t e s t e t he nu l l hyp o t he s i s t ha t a va r i a b l e ha d a no r 2
ma l d i s t r i bu t i on by X2 t e s t .

2 　RESUL TS

211 　The ove r a l l , a nnua l a nd mon t h l y me a n t ime s e r i e s of t he s imu l a t e d

c ommun i t y va r i a b l e s

The ove r a l l me a n t ime s e r i e s of t he s imu l a t e d c ommun i t y va r i a b l e s , i n

wh i c h e ve r y va l ue i s t he me a n of 10 000 va l ue s i n t he s ame mon t h of a s ame

ye a r , r e ve a l s t he mos t p os s i b l e f l uc t ua t i on p a t t e r ns of t he c ommun i t y

va r i a b l e s . We c omp u t e me a ns a nd s t a nda r d de v i a t i ons of 4 c ommun i t y va r i 2
a b l e s of 10 000 s amp l e s t o ob t a i n t he i r ove r a l l me a n a nd 95 % c onf i de nc e2i n2
t e r va l t ime s e r i e s ( F i g . 1) .

　　The 95 % c onf i de nc e i n t e r va l s o f t he ove r a l l me a n t ime s e r i e s of t he 4

s imu l a t e d c ommun i t y va r i a b l e s a r e t oo na r r ow t o be d i s t i ngu i s ha b l e f r om

e a c h o t he r . Ma ybe i t i s be c a us e t he s amp l e s i z e i s l a r ge ( n = 10 000) . Bo t h

t he numbe r of s p e c i e s a nd s p e c i e s d i ve r s i t y s how c ons p i c uous i nc r e a s i ng

t r e nds . The ma x imum of t he me a n numbe r of s p e c i e s oc c u r s i n Ap r i l a nd Ma y

of 1982 a nd t he mi n imum i n Novembe r of 1977 , Augus t a nd S ep t embe r of 1984.

Be f o r e Oc t obe r of 1982 , t he numbe r of s p e c i e s i n mo r e t ha n ha l f o f t he

mon t hs i s l e s s t ha n 9. Af t e r t ha t t ime t he numbe r of s p e c i e s i s a lmos t a l 2
wa ys g r e a t e r t ha n 9. The me a n b i oma s s a nd e ve nne s s s e r i e s of t he s imu l a t e d

c ommun i t y do no t s how a ny t r e nd . B i oma s s i s t he ma x imum i n Ap r i l o f 1981 ,

wh i l e mi n imum i n S ep t embe r of 1981. Sp e c i e s d i ve r s i t y i nc r e a s e s f r om J a n2
ua r y of 1979 t h r ough J u l y of 1984. Af t e r J u l y of 1979 i t i s a lwa ys g r e a t e r

t ha n 112 a nd ge t s i t s ma x imum i n Ap r i l o f 1982 a nd t he mi n imum i n J a nua r y of

1978. Sp e c i e s e ve nne s s ge t s i t s ma x imum i n Ap r i l o f 1984 a nd t he mi n imum

Ap r i l o f 1981.
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Fi g . 1 　The ove r a l l me a n t i me s e r i e s of me a ns , upp e r a nd l owe r

l i mi t s of 95 % c onf i de nc e i n t e r va l s of 4 s i mu l a t e d c ommun i t y va r i a b l e s

　　The upp e r a nd l owe r l imi t s o f t he 95 % c onf i de nc e i n t e r va l s o f t he

ye a r2t o2ye a r me a n t ime s e r i e s of t he 4 s imu l a t e d c ommun i t y va r i a b l e s a r e

d i s t i nc t ( F i g . 2) . Bo t h t he numbe r of s p e c i e s a nd b i oma s s a r e t he mi n imum

i n 1979 , wh i l e t he ma x imum i n 1982. Af t e r 1982 , t he y a r e de c r e a s i ng . Bo t h

1112 期 　　曾宗永等 : 北美 CHIHUAHUAN荒漠啮齿动物群落动态 IV. 群落变量的模拟 　　　

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



Fi g . 2 　The ye a r2t o2ye a r me a n t i me s e r i e s of me a ns , upp e r a nd

l owe r l i mi t s of 95 % c onf i de nc e i n t e r va l s of 4 s i mu l a t e d c ommun i t y va r i a b l e s
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s p e c i e s a nd e ve nne s s ge t t he i r mi n imum i n 1978 , bu t s p e c i e s d i ve r s i t y ge t s

i t s ma x imum i n 1982 , wh i l e e ve nne s s i n 1984.

　　The 95 % c onf i de nc e i n t e r va l s o f t he mon t h2t o2mon t h me a n t ime s e r i e s

of 4 s imu l a t e d c ommun i t y va r i a b l e s a r e a l s o d i s t i nc t ( F i g . 3) . F r om Ap r i l

t h r ough J une , t he numbe r of s p e c i e s i s a lwa ys g r e a t e r t ha n 10 a nd ge t s i t s

Fi g . 3 　The mon t h2t o2mon t h s e r i e s of me a ns , upp e r a nd l owe r

l i mi t s of 95 % c onf i de nc e i n t e r va l s of 4 s i mu l a t e d c ommun i t y va r i a b l e s
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ma x imum i n J une , wh i l e i t i s l e s s t ha n 8 f r om De c embe r t h r ough t he ne x t

J a nua r y a nd Fe b r ua r y . J us t l i ke t he numbe r of s p e c i e s , b i oma s s ge t s i t s

ma x imum i n Ap r i l , bu t i t i s l e s s i n Fe b r ua r y , Augus t , S ep t embe r a nd De c em2
be r . Sp e c i e s d i ve r s i t y i s g r e a t e r f r om J une t h r ough Novembe r t ha n i n o t h 2
e r mon t hs , a nd ge t s i t s ma x imum i n J u l y , wh i l e t he mi n imum i n J a nua r y .

Sp e c i e s e ve nne s s s hows a lmos t t he s ame p a t t e r n a s t ha t o f s p e c i e s d i ve r 2
s i t y. I t i s g r e a t e r f r om J une t h r ough Oc t obe r t ha n i n o t he r mon t hs . I t

ge t s t he ma x imum i n S ep t embe r , wh i l e t he mi n imum i n J a nua r y .

Ta b l e 1 　The me a ns of 7 s t a t i s t i c s of t he numbe r of s p e c i e s ,

b i oma s s , s p e c i e s d i ve r s i t y a nd e ve nne s s

S t a t i2
s t i c s

Me a n
S t a nda r d

de v i a2
t i on

Coe f f i c i e n t
of va r i a2

t i on

Skew2
ne s s

Ku r t2
os i s

Ma x i 2
mum

Mi n i 2
mum

Numbe r of
s p e c i e s

8191 2112 0124 - 0160 3163 12181 2137

B i oma s s
( kg/ hm2)

11544 01785 0151 2112 6132 51463 01423

Sp e c i e s
d i ve r s i t y

1158 0127 0117 - 0160 - 01028 2108 0181

Eve nne s s 0173 0108 0110 - 0147 - 0117 0188 0153

Ta b l e 2 　The 95 % c onf i de nc e i n t e r va l s of 7 s t a t i s t i c s

of t he va r i a b l e s c ha r a c t e r i z i ng t he c ommun i t y

S t a t i2
s t i c s

Me a n
S t a nda r d

de v i a2
t i on

Coe f f i
c i e n t of

va r i a t i on

Skew2
ne s s

Ku r t2
os i s

Ma x i 2
mum

Mi n2
i mum

Numbe r of
s p e c i e s

8176 , 9107 1190 , 2123 0122 , 0125 - 0178 , - 0141 - 0150 , 0121 12 , 13 2 , 4

B i oma s s
( kg/ hm2)

11510 , 11577 01742 , 01831 0147 , 0154 115 , 215 318 , 917 4197 , 5197 01275 , 01554

Sp e c i e s
d i ve r s i t y

1153 , 1159 0125 , 0131 0116 , 0119 - 0190 , - 0135 - 0170 , 1130 1196 , 2118 0160 , 0195

Eve nne s s 0158 , 0162 0106 , 0108 0109 , 0112 - 0190 , 0110 - 0170 , 0155 0183 , 0195 0143 , 0159

　　No t e : The numbe r s be f o r e a nd be h i nd t he c omma i n e a c h c e l l r ep r e s e n t , r e s p e c t i ve l y , t he l owe r

a nd upp e r l i mi t

212 　S t a t i s t i c s o f 4 s imu l a t e d c ommun i t y va r i a b l e s f r om 10 000 s amp l e s

　　Ta b l e 1 s hows t he me a ns of 7 s t a t i s t i c s o f t he numbe r of s p e c i e s ,

b i oma s s , s p e c i e s d i ve r s i t y a nd e ve nne s s ge ne r a t e d by s imu l a t i on , wh i c h

i nd i c a t e s t he mos t p os s i b l e va l ue s of 4 s imu l a t e d c ommun i t y va r i a b l e s .

　　On t he o t he r ha nd , we a r e mo r e c onc e r ne d a bou t t he c onf i de nc e i n t e r 2
va l s of 7 s t a t i s t i c s o f t he s e va r i a b l e s , be c a us e t he y g i ve us a n ove r a l l

v i ew on t he s t a t i s t i c a l c ha r a c t e r i s t i c s o f c ommun i t y p a r ame t e r s c ha r a c 2
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t e r i z i ng t he r ode n t c ommun i t y . He r e we l i s t t he 95 % c onf i de nc e i n t e r va l s

o f 7 s t a t i s t i c s o f t he 4 s imu l a t e d c ommun i t y va r i a b l e s of 9 500 s amp l e s

( Ta b l e 2) .

　　The numbe r of s p e c i e s i s one of t he ba s i c p a r ame t e r s t ha t s how t he o r 2
ga n i z a t i on of a c ommun i t y . Of 10 000 s amp l e s , t he ma x imum i s 13 (1 877 s am2
p l e s ) o r 12 (8 123 s amp l e s ) . The mi n imum numbe r of s p e c i e s i s 2 (6 403 s am2
p l e s ) , 3 (3 475 s amp l e s ) o r 4 (122 s amp l e s ) . I t me a ns a l l o f t he s p e c i e s ne v2
e r oc c u r r e d s imu l t a ne ous l y i n t he c ommun i t y du r i ng t he s ame t r app i ng p e 2
r i od. The mode r a t e c oe f f i c i e n t s o f va r i a t i on of t he numbe r of s p e c i e s

( Ta b l e 2) s how t ha t t h i s c ommun i t y va r i a b l e i s r e l a t i ve l y s t a b l e c omp a r 2
i ng wi t h b i oma s s .

The me a n b i oma s s i s 11544 kg/ hm2 . Th i s va r i a b l e s hows t he g r e a t e s t

f l uc t ua t i ng c omp a r i ng wi t h a l l o t he r 3 va r i a b l e s . The ma x imum i s be twe e n

41338 a nd 61642 kg/ hm2 , a nd t he mi n imum be twe e n 01145 a nd 01645 kg/ hm2 .

Sp e c i e s d i ve r s i t y s howe d l e s s va r i a t i on . I t s ma x imum i s be twe e n 1192 a nd

2129 , wh i l e mi n imum be twe e n 0120 a nd 1105. Eve nne s s f l uc t ua t e s t he l e a s t i n

a l l o f 4 va r i a b l e s , wh i c h s ugge s t s t ha t i t i s t he mos t s t a b l e . I t s ma x imum

i s be twe e n 01825 a nd 1 , wh i l e t he mi n imum be twe e n 0125 a nd 0161.

213 　F r e que nc y d i s t r i bu t i on of t he s imu l a t e d c ommun i t y va r i a b l e s

Whe n t he nu l l hyp o t he s i s wa s t ha t a va r i a b l e ha d a no rma l p r oba b i l i t y

d i s t r i bu t i on , we c onduc t e d X2 t e s t . We p oo l e d t he da t a i n t o 5 g r oup s . Be2
c a us e t he r e a r e 2 p a r ame t e r s f o r c a l c u l a t i ng t he t he o r e t i c a l f r e que nc y of

a no rma l d i s t r i bu t i on , t he de g r e e of f r e e dom i s 3. At c onf i de nc e l e ve l o f

0190 , 0195 , 0199 a nd 01999 , we c oun t e d t he numbe r of s amp l e s i n wh i c h va r i 2
a b l e s a r e s i gn i f i c a n t l y no rma l l y d i s t r i bu t e d ( Ta b l e 3) .

Ta b l e 3 　The c umu l a t i ve numbe r of t he s amp l e s i n wh i c h va r i a b l e s

a r e s i gn i f i c a n t l y no rma l l y d i s t r i bu t e d a t 019 , 0195 , 0199 a nd 01999

Conf i de nc e l e ve l 0190 0195 0199 01999 01999 9

X2 < 61251 < 71815 < 111345 < 161266 > 161266

Numbe r of s p e c i e s 438 15 2 907 6 127 10 000

B i oma s s 56 109 291 510 10 000

Sp e c i e s d i ve r s i t y 4 355 5 529 8 627 8 895 10 000

Eve nne s s 5 157 6 654 8 753 9 753 10 000

　　Bo t h s kewne s s a nd ku r t os i s o f t he no rma l p r oba b i l i t y d i s t r i bu t i on

a r e e qua l t o 01 I n wha t e x t e n t t he va l ue s of t he s e two s t a t i s t i c s a r e ne a r

t o 0 c a n be a c r i t e r i on f o r j udg i ng i f a r a ndom va r i a b l e ha s a no rma l d i s 2
t r i bu t i on o r no t . On t he o t he r ha nd , t ha t t he va l ue s of t he s e two va r i 2
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a b l e s a r e g r e a t e r t ha n 0 o r l e s s t ha n 0 t e l l s us t he d i s t r i bu t i on i s c e n2
t r a l i z e d a nd e ve n o r no t .

The s kewne s s of t he numbe r of s p e c i e s i s a lwa ys l e s s t ha n 0 , a s me a ns

i t s f r e que nc y d i s t r i bu t i on s kews t o t he l a r ge r numbe r of s p e c i e s . The

ku r t os i s o f 95 % of s amp l e s i s be twe e n - 0150 a nd 0121. Tha t i s ne a r t he ku r 2
t os i s o f t he no rma l d i s t r i bu t i on , wh i c h me a ns t ha t f r e que nc y d i s t r i bu 2
t i on s hows mode r a t e e ve n l i ke t he no rma l d i s t r i bu t i on . The r e s u l t s o f

s imu l a t i on s how t ha t t he numbe r of s p e c i e s i n on l y one t e n t h of s amp l e s

ha s a no rma l d i s t r i bu t i on a t t he c onf i de nc e of 95 % a nd i n t h r e e t e n t h of

s amp l e s a t t he c onf i de nc e l e ve l o f 99 %.

Comp a r i ng t o t he numbe r of s p e c i e s , b i oma s s ha s a s t r onge r t r e nd t ha t

t he va l ue s of t he va r i a b l e t e nd t o be l e s s t ha n t he me a n a nd mo r e p e a ke d .

The f r e que nc y d i s t r i bu t i on of t h i s va r i a b l e i n on l y 291 ou t of 10 000 s am2
p l e s i s no rma l a t t he c onf i de nc e l e ve l o f 99 %. F r e que nc y d i s t r i bu t i ons

of s p e c i e s d i ve r s i t y , e ve nne s s a nd b i oma s s s how r a t he r t he s ame p a t t e r n .

Bo t h s kewne s s a nd ku r t os i s a r e ne a r 0. At t he c onf i de nc e l e ve l o f 0199 mo r e

t ha n 85 % of t he s amp l e s ha ve t he no rma l d i s t r i bu t i on .

3 　DI SCCUS ION

Whe n we a r e s amp l i ng a c ommun i t y , we ge t on l y a s i ng l e va l ue of c ommu 2
n i t y va r i a b l e s . I f we e s t ima t e t he c o r r e s p ond i ng p a r ame t e r s of t he s e

va r i a b l e s , t he e r r o r i s s o l a r ge t ha t we ge t a wr ong imp r e s s i on of a c ommu 2
n i t y s ome t ime s . On t he o t he r ha nd , s amp l i ng a c ommun i t y i s a t ime 2a nd2mon2
e y c ons umi ng j ob , wh i c h l imi t s t he s amp l e s i z e . Bu t we c a n s imu l a t e ma ny

t ime s of s amp l i ng a c ommun i t y by c omp u t e r t o ob t a i n l a r ge r 2s i z e s amp l e s .

F r om a l a r ge r2s i z e s amp l e we c a n know mo r e s t a t i s t i c a l c ha r a c t e r i s t i c s o f

t he s imu l a t e d c ommun i t y va r i a b l e s .

Comp a r i ng t he r e a l c ommun i t y va r i a b l e s a nd t he s imu l a t e d c ommun i t y

va r i a b l e s , we c a n s e e : 1) Al l o f t he va l ue s of t he r e a l c ommun i t y va r i 2
a b l e s ( s e e Ta b l e 2) [6 ] a r e be twe e n t he upp e r a nd l owe r l imi t s o f t he 95 %

c onf i de nc e i n t e r va l s o f ou r s imu l a t e d c ommun i t y va r i a b l e s ( Ta b l e 3) ; 2)

Bo t h t he numbe r of s p e c i e s a nd s p e c i e s d i ve r s i t y s howe d c ons p i c uous i n 2
c r e a s i ng t r e nds .

The mon t h2t o2mon t h me a n t ime s e r i e s of 4 s imu l a t e d c ommun i t y va r i 2
a b l e s s how obv i ous l y s imi l a r i n t e r a nnua l a nd mon t h l y f l uc t ua t i on p a t 2
t e r ns t o t he c ha nge s of p hys i c a l e nv i r onme n t i n t he Ch i hua hua n De s e r t [7 ] .

I n s p r i ng a nd f a l l , t he t emp e r a t u r e i s mode r a t e a nd i t i s t he e nd of t he

r a i n s e a s on . P l a n t s g r ow ve r y we l l . The numbe r of s p e c i e s a nd b i oma s s a r e
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g r e a t e r t ha n i n o t he r s e a s ons . Wh i l e mo r e i nd i v i dua l s o f mo r e s p e c i e s oc 2
c u r r e d i n t he c ommun i t y i n s umme r , s p e c i e s d i ve r s i t y a nd e ve nne s s i s

g r e a t e r t ha n i n o t he r s e a s ons .

The s t udy of f r e que nc y d i s t r i bu t i on of r ode n t c ommun i t y va r i a b l e s i n

t he Ch i hua hua n De s e r t s hows t ha t b i oma s s , s p e c i e s d i ve r s i t y a nd e ve nne s s

ha d a no rma l d i s t r i bu t i on [1 ] , wh i c h i s d i f f e r e n t f r om t he r e s u l t s o f s imu 2
l a t i on . The s imu l a t i on r e s u l t s s how t ha t t he p r oba b i l i t y of no rma l l y d i s 2
t r i bu t e d s amp l e s of b i oma s s i s qu i t e sma l l .

Bu t Ta b l e s 3 r e ve a l s t ha t no one of 4 c ommun i t y va r i a b l e s s hows no r 2
ma l l y d i s t r i bu t e d a t t he c onf i de nc e l e ve l o f 95 %. We go t no rma l l y d i s 2
t r i bu t e d s amp l e s of t hem j us t by c ha nc e i n t he f i e l d . Eve n t hough we c a n

ob t a i n a p o i n t e s t ima t e of a c ommun i t y p a r ame t e r c ha r a c t e r i z i ng a c ommu 2
n i t y . Bu t i t i s mo r e d i f f i c u l t t o e s t ima t e t he c onf i de nc e i n t e r va l o f a

va r i a b l e , be c a us e we do no t know i t s e xa c t f r e que nc y d i s t r i bu t i on . Whe n

s amp l e s i z e i s sma l l , we c a nno t e s t ima t e t he c onf i e nc e i n t e r va l s o f 4 c om2
mun i t y p a r ame t e r s by me a n ±1196 s , he r e s i s t he s t a nda r d de v i a t i on of a

va r i a b l e . I n o r de r t o e s t ima t e t he c onf i de nc e i n t e r va l o f a va r i a b l e , a

l a r ge r s amp l e s i z e i s ne e de d ( e1g1 n > 50) .
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中 　文 　摘 　要

北美 CHI HUAHUAN 荒漠啮齿动物群落动态
IV. 群落变量的模拟

曾宗永
(四川大学生物系 , 成都 , 610064)

　　利用Mon t e Ca r l o 方法模拟了北美 CHI HUAHUAN 荒漠啮齿动物群落变量的总和、月间和年间变

动情况及统计学特征 , 这些变量是 : 物种数、生物量、物种多样性和均匀性。模拟产生的 10 000 个样

本显示这 4 个变量的平均值是 8191 , 11544 kg/ hm2 , 1158 和 0173。真实群落 4 个变量的所有值均在模

拟群落变量的 95 %置信区间内。模拟群落物种数、生物量和物种多样性有相同的年间变动规律。物种

数和生物量有相同的季节变动规律。当零假设为这些变量均服从正态分布时 , X2 检验及偏度和峭度

说明 , 在 95 %的显著性水平上 , 物种数有 962 个样本 , 生物量有 109 个样本 , 物种多样性有 5 529 个

样本 , 均匀性有 6 654 个样本服从正态分布 , 即在 95 %的显著性水平上 , 没有一个变量是服从正态分

布的。结果说明 , 当样本含量较小时 , 我们不能用 (平均数 + 1196 ×标准误) 的公式来计算。

关键词 : 计算机模拟 ; 生物量 ; 群落动态 ; 物种数 ; 概率分布 ; Mon t e Ca r l o 法

811　　　　　　　　　　　　　　　　　　　　　　兽 　类 　学 　报 　　　　　　　　　　　　　　　　　19 卷

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.


