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Abstract

　　D uring 1993 ～ 1995 w e conducted an experim en t in w h ich w e removed the dom inan t

species of roden t, R attus n itid us, from a 2 hm 2 p lo t in theW estern Sichuan P lain and set a 115

hm 2 con tro l p lo t in the sam e hab ita t. T he experim en t evaluates the ex ten t to w h ich the dom i2
nan t species influences o ther roden t popu lat ions. M on ito ring w ith live trap s and stat ist ical an2
alyzing w ith paired t2test ing of difference betw een the experim en tal and con tro l p lo ts revealed

that: the removal of R. n itid us (1) resu lted in increases of popu lat ion density (R. nev ig icus

and R. f lev ip ectus) and b iom ass (R. conf ucians) du ring a certa in year o r overall study period;

(2) induced sign ifican t increases in the num ber of species and Shannon indexes of species di2
versity du ring 1995 and overall study period; (3) resu lted in no sign ifican t changes in jo in t

popu lat ion density, b iom ass, evenness of species. T hese resu lts indicate that occu rrence of the

dom inan t species p lays a m ajo r ro le in regu lat ing the num ber of species and determ in ing the o r2
gan izat ion of crop land roden t comm un it ies. Competit ion betw een the dom inan t species and

o ther roden t popu lat ions fo r resou rces w as lim it ing the num ber of species in the comm unity.

Bu t w e have no t iden tified w h ich componen ts in resou rces w ere w o rk ing in lim it ing the species

num ber and species diversity by ou r rela t ive simp le experim en tal m an ipu lat ions.

Key W ords　Comm unity; C rop land; Experim en t; Popu lat ion; R attus n itid us; Roden t

　　1959 H u tch in son pub lished h is Hom age to San ta Ro sa lia, o r w hy are there so m any

k inds of an im als? A s first guess, H u tch in son ou t lined som e im po rtan t p rocesses tha t

genera te and lim it an im al d iversity. H e had set m uch of the agenda fo r the nex t decades

of comm un ity eco logy. Species d iversity in a comm un ity has becom e a m ajo r top ic in e2
co logy stud ies ever since (B row n, 1994).

　　O b serva t iona l, com para t ive and experim en ta l m ethods are th ree k inds of ones to

detect the pa t tern s of species d iversity and the eco log ica l p rocesses genera t ing the pa t2
tern s. R ecen t ly a t tem p ts to elucida te the facto rs con tro lling species d iversity of a com 2
m un ity have relied increasing ly on field experim en ts. T h is is an app roach fo r test ing the2
o ret ica l p red ict ion s tha t offers im po rtan t advan tages over ob serva t iona l and com para t ive
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stud ies (Gu revitch et a l. , 1994). D esp ite the recen t em phasis on experim en ta l ap2
p roaches to eco logy, there have been few long2term , in ten sive experim en ta l stud ies of

crop land roden t comm un it ies. Such invest iga t ion s can p rovide rigo rou s independen t evi2
dences of species d iversity pa t tern s and eco log ica l p rocesses p roducing the pa t tern s. In

addit ion, experim en ta l m an ipu la t ion s offered u s a perspect ive on w hat are the resu lts of

pest roden t con tro l.

　 　A n exam p le of the typ ica l experim en ta l2comm un ity2eco logy stud ies ab road is

B row n′s experim en ta l m an ipu la t ion of seed2gran ivo re comm un ity in a desert eco system.

B row n and h is co lleagues (1985) added food in d ifferen t2sized part icles and in d ifferen t

tem po ra l pa t tern s, and exclu sed som e o r a ll roden t species and som e o r a ll an t species.

T heir resu lts suggest tha t seed2ea t ing roden ts, an ts and b irds com peted fo r lim ited food

supp ly. A t hom e L iu J ike et a l. (1994) conducted field experim en ta l stud ies on the m u l2
t ifacto ria l hypo thesis of popu la t ion system regu la t ion fo r sm all roden ts. T heir experi2
m en ta l m an ipu la t ion s include addit ion of h igh2quality food and exclu sion of roden t

p reda to rs. T he resu lts show tha t food availab ility and p reda t ion have independen t and

addit ive effects on the vo le popu la t ion.

　　T he crop land roden t comm un ity a t ou r study sites w as com po sed of 8 spceies, 4

genera (R a ttus, A p od em us, M icrom y s, M us) , 1 fam ily (M u ridae). T hey are R. n itid us,

R. conf icians, R. norveg icus, R. f lav ip ectus, R. edw a rd si, A . ag a rius, M icrom y s m in2
u tus and M us m uscu lus, am ong w h ich R. n itid us is the dom inan t species in the crop land

roden t comm un ity. T he pu rpo se of the p resen t paper is to detect the effects of rem oving

the dom inan t species popu la t ion of the comm un ity on dynam ics of o ther popu la t ion s and

o rgan iza t ion of the comm un ity in the W estern Sichuan P la in.

M ETHOD

1. Study site

　　T he study site is loca ted on the w est edge of the W estern Sichuan P la in, Q iongla i

Coun ty, Sichuan P rovince, 103°4′E and 30°12′N , at an eleva t ion of abou t 600 m. T he

terra in is rela t ively fla t excep t w here sm all h ills stand. T he typ ica l sub trop ica l agricu l2
tu ra l p lan ts here include rice2w heat, rice2rape seeds of ro ta t ion in the paddy field,

m aize, po ta to , sw eet po ta to and carro t in non irriga ted land, and vegetab les , tangerine

and peach trees around villagers′hou ses. Bo th a 115 hm 2 con tro l p lo t and a 2 hm 2 exper2
im en ta l p lo t a re near by a reservo ir and enclo sed by sm all h ills of 50～ 100 m h igh. T he

distance betw een the tw o p lo ts is over 1 000 m.

　　O n the top of h ills w oods m ake ou r experim en ta l and con tro l p lo ts d iscrete and sim 2
ila r crop land hab ita t pa tches, betw een w h ich frequen t d ispersa l of som e species oc2
cu rred. W hen the dom inan t species w as being rem oved, bet ter food o r den sites m aybe

becam e availab le. Ind ividua ls of the roden ts m igh t d isperse in to the experim en ta l p lo t

from the o ther pa tches nearby, w h ich m ade it po ssib le fo r u s to m on ito r w hat w ere the

changes of the comm un ity com po sit ion after rem oving the dom inan t species and to assess
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to w hat ex ten t the dom inan t species w as respon sib le fo r the species d iversity of the crop2
land roden t comm un ity in the W estern Sichuan P la in.

2. Exper im en ta l man ipula tion s

　　M ark2recap tu re study of the roden t comm un ity on the con tro l p lo t w as conducted

from January 1989 th rough D ecem ber 1995. T he experim en ta l p lo t w as set up fo r study2
ing the changes of st ructu re and dynam ics of the crop land roden t comm un ity after re2
m oving R a ttus n itid us in 1993.

　　O n the con tro l p lo t roden ts w ere trapped fo r five n igh ts per m on th (from January

1989 th rough D ecem ber 1991) o r per tw o m on th s (F rom January 1992 th rough D ecem 2
ber 1995). Baited w ith co rn, po ta to o r sw eet po ta to , 150 live trap s (12×12×24 cm )

w ere set a t perm anen t grid stakes spaced a t 10 m in terva ls per n igh t. Each ind ividua l of

roden ts w as m arked by toe2clipp ing w hen first cap tu red. A t each cap tu re, iden t if ica t ion

num ber, body m ass, h ind2foo t leng th and ta il leng th w ere reco rded. W e also co llected

standard ized data on rep roduct ion fo r each ind ividua l. Fo r m o re deta ils of the m ark2re2
cap tu re study, see Zeng et a l. (1996a, b).

　　O n the experim en ta l p lo t 400 live trap s a t perm anen t grid stakes spaced a t 5 m in2
terva ls w ere ba ited fo r fif teen successive n igh ts and every ind ividua l of R. n itid us

t rapped w as dissected after m easu ring body m ass, h ind2foo t leng th and ta il leng th in

M arch of bo th 1993 and 1994. D u ring the o ther t rapp ing period, w e u sed a m on th ly

( 1993～ 1994) o r b im on th ly ( 1995) reg im e to assess changes in the den sit ies and

b iom ass of o ther species of roden ts in respon se to ou r experim en ta l m an ipu la t ion s. A t

perm anen t grid stakes 200 live trap s spaced a t 10 m in terva ls w ere ba ited.

3. Sta tist ica l ana lyses

　　 (1) Com parison of den sit ies and b iom ass of popu la t ion s betw een the experim en ta l

and con tro l p lo t　T he num ber of ind ividua ls and body m ass of each species and the p lo t

a rea w as u sed to ca lcu la te the popu la t ion den sity and b iom ass t im e series. Fo r p reven t2
ing the affects of o ther facto rs on popu la t ion den sit ies w e selected on ly the trapp ing peri2
ods du ring w h ich m ark2recap tu re w as conducted sim u ltaneou sly on bo th k inds of p lo ts

from 1993 th rough 1995. Fo r each k ind of p lo t w e have a t ta ined an overa ll t im e series

and th ree m on th2to2m on th t im e series. W e tested the d ifference of popu la t ion den sit ies

and b iom ass betw een the experim en ta l and con tro l p lo t by paired t2test ing fo r detect ing

the changes of popu la t ion den sit ies and b iom ass of o ther species after rem oving R. n i2
tid us.

　　 (2) Com parison of comm un ity variab les betw een the experim en ta l and con tro l p lo t

F ive comm un ity variab les w ere est im ated fo r the roden t comm un ity du ring each trapp ing

period, includ ing num ber of species, jo in t popu la t ion den sity, Shannon index of species

d iversity, evenness of species. Jo in t popu la t ion den sity is the sum of popu la t ion den si2
t ies of a ll species. B iom ass w as assessed by summ ing up body m ass of a ll ind ividua ls fo r

a ll species. T he fo rm u la fo r ca lcu la t ing Shannon index of species d iversity is H i= ∑2p ij

ln p ij. H ere, H i is species d iversity index du ring the ith trapp ing period and p ij the p ro2
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po rt ion of ind ividua ls of the j species to the to ta l num ber of ind ividua ls of a ll species du r2
ing the ith trapp ing period. Evenness of species is E i= H iöHm ax (P ielou, 1985). T hen

w e at ta in th ree m on th2to2m on th t im e series and an overa ll t im e series of five comm un ity

variab les fo r bo th the experim en ta l and con tro l p lo t. W e also u sed on ly da ta of the trap2
p ing periods du ring w h ich m ark2recap tu re w as conducted sim u ltaneou sly on bo th k inds

of p lo ts from 1993 th rough 1995.

RESUL TS

1. Da ta set

　　O n the experim en ta l p lo t w e reco rded 332 cap tu res, 292 ind ividua ls of 8 species in a

to ta l 32 000 trap 2n igh ts, over 25 trapp ing periods, M arch 1993 to D ecem ber 1995. To2
ta lly 131 ind ividua ls of R. n itid us w ere rem oved and dissected. T he m ax im um num ber

of species, 8, w as in M arch 1994 and the m in im um , 2, in M ay and June 1993, A p ril

and M ay 1994.

　　O n the con tro l p lo t w e reco rded 275 cap tu res, 178 ind ividua ls of 8 species (as the

sam e species as on the experim en ta l p lo t) in a to ta l 15 000 trap 2n igh ts , over 20 trapp ing

periods, Feb ruary 1993 to D ecem ber 1995. T he num ber of species, peaked in A ugu st

1994 and w as on ly 5, and the m in im um w as on ly 1 in Ju ly 1993 and M arch 1994. T he

low frequency of cap tu res in su red tha t sufficien t em p ty trap s w ere a lw ays ava ilab le so

tha t t rap com pet it ion shou ld no t have influenced the resu lts.

2. Effects of rem ov ing Ra ttus n itidus on other spec ies

　　O n the experim en ta l p lo t, the popu la t ion den sity of R. n itid us w as less 1188 ind i2
vidua lsöhm 2 than tha t on the con tro l p lo t (see F ig. 1). T he popu la t ion den sit ies of the 6

species, excep t M us m uscu lus, increased m o re o r less. Popu la t ion den sity of R a ttus

norveg icus a t ta ined m o st. B iom ass of R. n itid us on the experim en ta l p lo t w as less 253

göhm 2, abou t 5215% , than tha t on the con tro l p lo t. R a ttus edw a rd si go t m o re increase.

　　O ther roden ts, excep t R. n itid us, a t ta ined popu la t ion den sity and b iom ass in2
crease. Fo r d ist ingu ish ing the sta t ist ica lly sign if ican t resu lts from random fluctua t ion s

of popu la t ion den sit ies and b iom ass, w e conducted paired t2test ing of d ifference of popu2
la t ion den sit ies and b iom ass betw een the experim en ta l and con tro l p lo t fo r 4 species of

R a ttus (T ab le 1).

　　T he m an ipu la t ion s in the first year resu lted in tha t popu la t ion den sity and b iom ass

of R. n itid us on the experim en ta l p lo t w as less than tha t on the con tro l p lo t. Bu t the de2
crease of popu la t ion den sity and b iom ass in the second and th ird year w as no t sign if i2
can t. Bo th overa ll popu la t ion den sity and b iom ass of R. n itid us decreased con sp icuou s2
ly. W e find increases of popu la t ion den sity of R. f lav ip ectus in the first year, R.

norveg icus in the second year and R. conf ucianus in the th ird year. Bu t on ly overa ll pop2
u la t ion den sity of R. f lav ip ectus sign if ican t ly. O n the o ther hand, on ly b iom ass of R.

conf ucianus increased sign if ican t ly in the second year.

3. Effects of rem ov ing R. n itidus on var iables of the roden t comm un ity
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Table 1　Pa ired t- testing results of difference of population

den sities and biomass between the exper imen ta l and con trol plot for 4 spec ies of Ra ttus

Species 1993 1994 1995 O verall

Population
density

R. n itid us
t= 21579
P< 01053 3

t= 11235
P < 0140

t= 11476
P < 0120

t= 31188
P < 01013 3 3

R. conf ucianus
t= 01411
P < 0170

t= 01680
P < 0160

t= 21026
P < 01103

t= 01954
P < 0140

R. norveg icus
t= 01391
P < 0180

t= 21987
P < 01053 3

t= 01383
P < 0180

t= 01861
P < 0150

R. f lav ip ectus
t= 21648
P < 01053 3

t= 11303
P < 0130

t= 01312
P < 0180

t= 21358
P < 01053 3

B iom ass R. n itid us
t= 61090
P < 010013 3 3

t= 11159
P < 0140

t= 11702
P < 0120

t= 31552
P < 01013 3 3

R. conf ucianus
t= 01768
P < 0150

t= 21752
P < 01053 3

t= 11723
P < 0120

t= 01985
P < 0140

R. norveg icus
t= 01485
P < 0170

t= 11229
P < 0130

t= 01362
P < 0180

t= 01219
P < 0190

R. f lav iP ectus
t= 01958
P < 0140

t= 01314
P < 0180

t= 01499
P < 0170

t= 01698
P < 0150

Samp le size - 7 6 6 19

F ig. 1　Population densit ies of R. n itid us and fluctuations of five comm unity

variab les on bo th the experim ental (—) and contro l p lo t (222) from 1993 to 1995

　　W e analyze five variab les of the crop land roden t comm un ity: num ber of species,
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jo in t popu la t ion den sity, b iom ass, Shannon index of species d iversity, evenness of

species. F igu re 1 illu st ra tes fluctua t ion s of these variab les on the experim en ta l and con2
t ro l p lo t. W e conducted paired t2test ing of d ifference of these variab les betw een the ex2
perim en ta l and con tro l p lo t fo r the roden t comm un ity. T he paired t2test ing resu lts a re

show ed in T ab le 2.
Table 2　Pa ired t- testing results of difference of f ive var iables

between the exper imen ta l and con trol plot

Comm unity variab le 1993 1994 1995 O verall

M ean num ber of species
t= 01892
P < 0150

t= 01760
P < 0150

t= 31953
P < 01023 3

t= 21179
P < 01053 3

Jo in t population density
t= 11321
P < 0130

t= 01410
P < 0170

t= 01253
P < 0190

t= 01458
P < 0170

B iom ass
t= 11252
P < 0130

t= 01529
P < 0170

t= 01044
P < 0190

t= 01980
P < 0140

Shannon index of species diver2
sity

t= 11538
P < 0120

t= 01866
P < 0150

t= 21717
P < 01053 3

t= 21373
P < 01053 3

Evenness of species
t= 21092
P < 01103

t= 01650
P < 0160

t= 01658
P < 0160

t= 11156
P < 0130

Samp le size 7 6 6 19

　　T he m ean num ber of species on the experim en ta l p lo t in the th ird year increased

sign if ican t ly, w h ich resu lted in the increase of num ber of species du ring the overa ll

study period (1993～ 1995). W e see a sam e pat tern in Shannon index of species d iversi2
ty. T he o ther variab les, excep t evenness of species in the first year, no any sign if ican t

changes occu rred.

D ISCUSSION

　　A t the expen se of rem oving dom inan t species R. n itid us, the num ber of species in

th is crop land roden t comm un ity increased. W e see an in terest ing phenom enon tha t the

num ber of species du ring the th ird year after in it ia t ing the experim en ta l m an ipu la t ion s

increased sign if ican t ly bu t no t du ring the first o r the second year. T here w as a tw o2year

t im e lag betw een the rem oval of R. n itid us and the increase of num ber of species. W e al2
so ob served t im e lags of one year to th ree years befo re w e found any no t iceab le changes

in the o ther roden t popu la t ion s. T he rem oval of R. n itid us shou ld have m ade availab le

m o re resou rces fo r exp lo ita t ion by o ther roden ts. T he ind ividua ls of these species m oved

in to the em p ty hab ita t pa tch.

　　Ju st like B row n′s (1985) and L iu′s (1994) experim en ta l stud ies, ou r ana lysis p ro2
vides u s a strong evidence fo r a sign if ican t com pet it ive in teract ion betw een R. n itid us

and o ther species of crop land roden ts. R. n itid us is one of the la rger species of the ro2
den t comm un ity. O u r resu lts suppo rt the suggest ion tha t la rge species u t ilize a d isp ro2
po rt iona tely la rge share of the resou rces w ith in loca l eco system and large ind ividua ls

w ith in species m onopo lize resou rces, and tha t resu lt ing select ion p ressu re are respon si2
b le fo r the evo lu t ionary trend tow ards increasing body size seen in m any phylet ic lin2
eages (B row n et a l. , 1986). In o ther w o rds, occu rrence of the dom inan t species R. n i2
tid us in th is comm un ity lim ited the num ber of species. O nce R. n itid us is rem oved, less2
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ened com pet it ive in teract ion m akes m o re resou rces ava ilab le and m o re roden ts appear.

F rom th is w e see som e po ssib le clues of pa t tern s and p rocesses of lim it ing comm un ity

species d iversity.

　　A lthough ou r study p rovides an good exam p le of the va luab le in sigh ts in to species

d iversity of the crop land roden t comm un ity, it is fa r from an accu ra te rep resen ta t ion of

the pa t tern s and p rocesses tha t occu r in unm an ipu la ted comm un it ies. T he lim ita t ion s of

ou r study include a t least: (1) T he spa t ia l and tem po ra l sca le of ou r m an ipu la t ion s w ere

arb it ra rily lim ited. T he experim en ta l p lo t is ju st a t iny hab ita t pa tch in a vast sea of un2
m an ipu la ted crop land. If w e had been ab le to trea t m uch larger areas, w e are no t su re

tha tw e w ill be ab le to ob ta in the sam e resu lts. (2) A lthough the tw o p lo ts are clo sed by

h ills and w ater, w e canno t exclude com p letely effects of d ispersa l of R. n itid us from

o ther hab ita t pa tches on popu la t ion den sity in the experim en ta l p lo t, becau se d ispersa l is

one of the m ajo r t ra its of sm all m amm als (Zeng et a l. , 1987; 1996b). (3) W e cou ld no t

iden t ify w hat the com ponen ts of resou rces w ere w o rk ing to lim it the pa t tern s and p ro2
cesses of comm un ity species d iversity by such rela t ively sim p le experim en ta l m an ipu la2
t ion in ou r study.
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中　文　摘　要

川西平原农田啮齿动物群落
的试验操作: 去除优势种

曾宗永　罗明澍　杨跃敏　梁俊书

邓小忠　谢荣凯　丁维俊　宋志明
(四川大学生物系, 成都, 610064)

　　1993～ 1995年我们在川西平原面积为2 hm 2的试验样地进行了试验, 内容是去除啮齿动物优势种大

足鼠 (R attus n itid us) , 同时在相同生境中设置了115 hm 2的对照样地。试验估计了优势物种在多大程度

上影响其他啮齿动物种群。用捕鼠笼活捕进行监测后试验样地和对照样地间差异的成对数据 t 检验显

示, 移除大足鼠后: (1) 褐家鼠和黄胸鼠的种群密度、社鼠的生物量在某一年或整个研究期增加; (2)

1995年及整个研究期的物种数和物种多样性 Shannon 指数显著增加; (3) 结合密度、生物量和物种均匀

性无明显改变。这些结果说明, 优势种的存在对农田啮齿群落物种数和组织有重要作用, 它与其它种

群围绕资源的竞争限制了群落的物种数。但本研究相对简单的试验操作尚无法识别资源的什么成分在

限制群落的物种数和物种多样性。

　　关键词　大足鼠; 农田; 种群; 试验; 啮齿动物; 群落
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