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EXPERM ENTAL MANIPULATIONSOF A CROPLAND
RODENT COMM UNITY IN THEW ESTERN SICHUAN PLAIN:
DOM INANT SPECIES REBM OVAL
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Abstract

During 1993 1995 we conducted an experiment in which we removed the dom inant
gecies of rodent, Rattus nitidus, from a2 hm?plot in theW estern Sichuan Plain and set a 1. 5
hm? control plot in the sane habitat The experiment evaluates the extent to w hich the dom i-
nant gecies influencesother rodent populations M onitoringw ith live trgps and statistical an-
alyzingw ith paired t-testing of difference betw een the experimental and control plots revealed
that: the ranoval of R. nitidus (1) resulted in increases of population density (R. nevigicus
and R. flevipectus) and biomass (R. conf ucians) during a certain year or overall study period,
(2) induced significant increases in the number of gpecies and Shannon indexes of ecies di-
versity during 1995 and overall study period;, (3) resulted in no significant changes in joint
population density, biomass, evennessof ecies These results indicate that occurrence of the
dom inant eciesplaysamajor role in regulating the number of gpeciesand detem ining theor-
ganization of cropland rodent communities Competition betw een the dominant gecies and
other rodent populations for reurcesw as Imiting the number of gecies in the community.
But w e have not identified w hich components in resourcesw ereworking in limiting the ecies
nunmber and ecies diversity by our relative smple experimental manipulations
KeyW ords Community; Cropland; Experiment; Population; Rattus nitidus Rodent

1959 Hutchinson published hisHom age to Santa Rosalia, orw hy are there 0o many
kinds of animals? A s first guess, Hutchinson outlined ssme mportant processes that
generate and limit animal diversity. He had set much of the agenda for the next decades
of community ecology. Species diversity in a community has become amajor topic in e
owlogy studies ever since (Brown, 1994).

Observational, comparative and experimental methods are three kinds of ones to
detect the patterns of gecies diversity and the ecological processes generating the pat-
terns Recently attenpts to elucidate the factors controlling gecies diversity of a com-
munity have relied increasingly on field experiments Thisisan gpproach for testing the-
oretical predictions that offers mportant advantagesover observational and comparative
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studies (Gurevitch et al , 1994). Degite the recent emphasis on experimental ap-
proaches to eclogy, there have been fav long-tem, intensive experimental studies of
cropland rodent communities Such investigations can provide rigorous independent evi-
dences of gecies diversity patterns and ecological processes producing the patterns In
addition, experimental manipulationsoffered us apergectiveonw hat are the results of
pest rodent control

An exanple of the typical experimental-community-ecology studies abroad is
B rown's experimental manipulation of seed-granivore community in a desert eco sy stem.
Brown and his colleagues (1985) added food in different-sized particles and in different
temporal patterns, and exclused someor all rodent geciesand some or all ant Pecies
Their results suggest that seed-eating rodents, antsand birds competed for Iimited food
supply. A thomel iuJikeet al (1994) conducted field experimental studieson themul-
tifactorial hypothesis of population system regulation for snall rodents T heir experi-
mental manipulations include addition of high-quality food and exclusion of rodent
predators The results show that food availability and predation have independent and
additive effectson the vole population

The cropland rodent community at our study siteswas composed of 8 gceies, 4
genera (Rattus, Apodenus, M icranys, M us), 1family (M uridae). They areR. nitidus,
R. conf icians, R. norvegicus, R. flavipectus, R. edw ardsi, A. agarius, M icranysm in-
utus andM usmusculus, anongw hich R. nitidus is the dominant gecies in the cropland
rodent community. Thepurposeof thepresent paper is to detect the effectsof removing
the dom inant geciespopulation of the community on dynam icsof other populations and
organization of the community in theW estern Sichuan Plain

M ETHOD

1 Study site

The study site is located on thew est edge of theW estern Sichuan Plain, Q ionglai
County, Sichuan Province, 103°4' E and 30°12' N, at an elevation of about 600m. The
terrain is relatively flat except w here snall hills stand The typical subtropical agricul-
tural plants here include ricew heat, rice-rgpe seeds of rotation in the paddy field,
maize, potato, swveet potato and carrot in nonirrigated land, and vegetables, tangerine
and peach treesaround villagers houses Both a 1.5 hm? control plot and a 2 hm? exper-
mental plot are near by a reservoir and enclosed by snall hillsof 50 100m high The
distance betw een the two plots isover 1 000 m.

On the top of hillswoodsmake our experimental and control plots discrete and sim-
ilar cropland habitat patches, between which frequent digpersal of some ecies oc-
curred W hen the dom inant gpeciesw as being ranoved, better food or den sitesmaybe
becane available Individuals of the rodentsmight digerse into the expermental plot
from the other patches nearby, w hich made it possible for us to monitor w hat w ere the
changesof the community composition after renmoving the dom inant gpecies and to assess
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to w hat extent the dom inant gpeciesw as regponsible for the gecies diversity of the crop-
land rodent community in theW estern Sichuan Plain
2 Exper mental manipulations

M ark-recegpture study of the rodent community on the control plot was conducted
from January 1989 through D ecenber 1995 The expermental plotw as set up for study-
ing the changes of structure and dynamics of the cropland rodent community after re-
moving Rattus nitidus in 1993

On the control plot rodentsw ere trapped for five nights per month (from January
1989 through D ecember 1991) or per two months (From January 1992 through D ecam-
ber 1995). Baited w ith corn, potato or sweet potato, 150 live trgps (12x 12x 24 an)
w ere set at pemanent grid stakes gpaced at 10m intervalsper night Each individual of
rodentswasmarked by toe-clippingw hen first cgptured At each cepture, identification
number, body mass, hind-foot length and tail length were recorded W e al® collected
standardized data on reproduction for each individual For more details of themark-re-
capture study, see Zeng et al (1996a, b).

On the experimental plot 400 live traps at pemanent grid stakes spaced at 5m in-
tervals were baited for fifteen successive nights and every individual of R. nitidus
trapped w as dissected after measuring body mass, hind-foot length and tail length in
M arch of both 1993 and 1994 During the other trapping period, we used a monthly
(1993 1994) or bimonthly (1995) regime to assess changes in the densities and
biomass of other gecies of rodents in reponse to our experimental manipulations At
pemanent grid stakes 200 live trgps gaced at 10m intervalsw ere baited
3 Statistical analyses

(1) Comparison of densities and biom ass of populations betw een the experimental
and control plot The number of individuals and body mass of each gecies and the plot
areaw as used to calculate the population density and biomass time series For prevent-
ing the affectsof other factorson population densitiesw e selected only the trapping peri-
ods during w hich mark-recapturew as conducted simultaneously on both kinds of plots
from 1993 through 1995 For each kind of plot we have attained an overall time series
and threemonth-to-month time series W e tested the difference of population densities
and biom ass betw een the experimental and control plot by paired t-testing for detecting
the changes of population densities and biom ass of other gecies after ranoving R. ni-
tidus

(2) Comparison of community variables betw een the experimental and control plot
Five community variablesw ere estinated for the rodent community during each trapping
period, including number of ecies, joint population density, Shannon index of gecies
diversity, evennessof gecies Joint population density is the sum of population densi-
ties of all pecies Biomassw as assessed by summ ing up body massof all individualsfor

all gpecies Thefomulafor calculating Shannon index of eciesdiversity isHi= z - Pii
Inpi; Here, Hiis gecies diversity index during the ith trapping period and pi the pro-
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portion of individualsof the j pecies to the total number of individualsof all peciesdur-
ing the ith trapping period Evennessof gecies is Ei= Hi/Hma (Pielou, 1985). Then
w e attain threemonth-to-month time series and an overall time seriesof five community
variablesfor both the experimental and control plot W e al® used only data of the trap-
ping periods during w hich mark-recapture w as conducted simultaneously on both kinds
of plots from 1993 through 1995

RESUL TS

1 Data set

On the expermental plotw e recorded 332 captures, 292 individualsof 8 geciesin a
total 32 000 trgp-nights, over 25 tragpping periods, M arch 1993 to D ecanber 1995 To-
tally 131 individualsof R. nitidusw ere reanoved and dissected Themaximum number
of ecies, 8, was inM arch 1994 and theminimum, 2, inM ay and June 1993, April
andM ay 1994

On the control plot we recorded 275 captures, 178 individuals of 8 gpecies (as the
sane Peciesason the experimental plot) in a total 15 000 trap-nights, over 20 trapping
periods, February 1993 to Decanber 1995 The number of gecies, peaked in A ugust
1994 andwasonly 5, and theminimum wasonly 1 in July 1993 andM arch 1994 The
low frequency of captures insured that sufficient enpty trapsw ere alw ays available
that trgp competition should not have influenced the results
2 Effectsof removing Rattus nitidus on other species

On the expermental plot, the population density of R. nitidusw as less 1. 88 indi-
viduals/hm? than that on the control plot (see Fig 1). Thepopulation densitiesof the 6
gecies, except M us musculus, increased more or less Population density of Rattus
norvegicus attained most Biomassof R. nitidus on the experimental plot w as less 253
g/hm?, about 52.5%, than that on the control plot Rattus edw ardsi gotmore increase

Other rodents, except R. nitidus, attained population density and biomass in-
crease For distinguishing the statistically significant results from random fluctuations
of population densities and biomass, w e conducted paired t-testing of difference of popu-
lation densities and biomass betw een the expermental and control plot for 4 gecies of
Rattus (Table 1).

Themanipulations in the first year resulted in that population density and biomass
of R. nitiduson the experimental plotw as less than that on the control plot But the de-
crease of population density and biomass in the second and third year w as not signifi-
cant Both overall population density and biomassof R. nitidus decreased congicuous
ly. We find increases of population density of R. flavipectus in the first year, R.
norvegicus in the second year and R. conf ucianus in the third year But only overall pop-
ulation density of R. f lavipectus significantly. On the other hand, only biomass of R.
conf ucianus increased significantly in the second year.

3 Effectsof removing R nitidus on var iables of the rodent cammun ity
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Table1 Paired t-testing results of difference of population

densitiesand biamass between the exper mental and control plot for 4 gecies of Rattus

Species 1993 1994 1995 Overall
Population R nitidus t= 2.579 t= 1.235 t= 1.476 t= 3.188
density : P< 0.05" " P< 0.40 P< 0.20 P<0.01" "
R cof uci = 0.411 t= 0. 680 t= 2.026 t= 0.954
- confucianus 5o 0,70 pP< 0.60 P< 0.10° P< 0.40
R . t= 0.391 t= 2.987 t= 0. 383 t= 0.861
- norvegicus o 0. 80 P<0.05" " P< 0.80 P< 0.50
R flavioect t= 2. 648 t= 1.303 t= 0.312 t= 2. 358
- Havipeelus 5o g, 05" " P< 0.30 P< 0.80 pP< 0.05"*
Bioma e nitid t= 6.090 t= 1. 159 t= 1. 702 t= 3.552
omass - nitidus P<0.001""*  P<0.40 P< 0.20 P<0.01" "
& conf ucian t= 0. 768 t= 2.752 t= 1.723 t= 0.985
- contucianus 5o 0,50 P< 0.05"" P< 0.20 P< 0.40
& norvedi t= 0.485 t= 1.229 t= 0. 362 t= 0.219
- NOVEgIUS 5. 0.70 p< 0.30 P< 0.80 P< 0.90
R flaviPect t= 0. 958 t= 0.314 t= 0. 499 t= 0. 698
- Havireelus 54 0.40 P< 0.80 P< 0.70 P< 0.50
Sample size - 7 6 6 19
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Fig 1 Population densitiesof R. nitidus and fluctuations of five community
variables on both the experimental (—) and control plot (---) from 1993 to 1995
W e analyze five variables of the cropland rodent community: number of gecies,
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joint population density, biomass, Shannon index of gecies diversity, evenness of
gecies Figure 1 illustrates fluctuationsof these variableson the experimental and con-
trol plot W e conducted paired t-testing of difference of these variables betw een the ex-
perimental and control plot for the rodent community. The paired t-testing results are
showed in Table 2

Table 2 Paired t-testing results of difference of five variables

between the exper mental and control plot

Community variable 1993 1994 1995 Overall
" ber of Deci = 0.892 t= 0.760 = 3.953 t= 2.179
€an numMber ot pecies P< 0.50 P< 0.50 P<0.02"" P< 0.05" "
Joint population densit t= 1.321 t= 0.410 t= 0. 253 t= 0. 458
pop y P< 0.30 P< 0.70 P< 0.90 P< 0.70
B iomass t= 1.252 t= 0.529 t= 0. 044 t= 0. 980
: P< 0.30 P< 0.70 P< 0.90 P< 0.40
Shannon index of secies diver- t= 1.538 t= 0. 866 t= 2. 717 t= 2.373
sity P< 0.20 P< 0.50 P< 0.05"" P< 0.05" "
Evenness of Decies t= 2.002 t= 0. 650 t= 0. 658 = 1.156
e P< 0.10° P< 0.60 P< 0.60 P< 0.30
Sanple size 7 6 6 19

The mean number of gecies on the experimental plot in the third year increased
significantly, which resulted in the increase of number of secies during the overall
study period (1993 1995). W e see a sane pattern in Shannon index of gecies diversi-
ty. Theother variables, except evennessof gecies in the first year, no any significant
changesoccurred

D ISCUSSION

At the expense of ranoving dominant eciesR. nitidus, the number of gecies in
this cropland rodent community increased W e see an interesting phenomenon that the
number of Pecies during the third year after initiating the experimental manipulations
increased significantly but not during the first or the second year. Therew asa two-year
time lag betw een the ranoval of R. nitidus and the increase of number of gpecies W e al-
2 observed time lagsof one year to three years beforew e found any noticeable changes
in the other rodent populations The removal of R. nitidus should have made available
more reourcesfor exploitation by other rodents T he individualsof these gpeciesmoved
into the enpty habitat patch

Just likeBrown's (1985) and L iu's (1994) experimental studies, our analysispro-
vides us a strong evidence for a significant competitive interaction between R. nitidus
and other geciesof cropland rodents R. nitidus isone of the larger gecies of the ro-
dent community. Our results support the suggestion that large gecies utilize a digpro-
portionately large share of the resourcesw ithin local ecosysten and large individuals
w ithin gpeciesmonopolize resources, and that resulting selection pressure are reponsi-
ble for the evolutionary trend tow ards increasing body size seen in many phyletic lin-
eages Brown et al , 1986). In otherwords, occurrence of the dominant gpeciesR. ni-
tidus in thiscommunity Iimited the number of gecies OnceR. nitidus isremoved, less
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ened competitive interaction makesmore resources available and more rodents appear.
From thiswe see some possible clues of patterns and processes of Imiting community
gecies diversity.

A Ithough our study provides an good exanple of the valuable insights into gecies
diversity of the cropland rodent community, it isfar from an accurate representation of
the patterns and processes that occur in unmanipulated conmunities The Iimitationsof
our study include at least: (1) The gatial and temporal scale of our manipulationsw ere
arbitrarily limited The experimental plot isjust a tiny habitat patch in a vast sea of un-
manipulated cropland If we had been able to treat much larger areas, we are not sure
thatw ew ill be able to obtain the sane results (2) A Ithough the two plotsare closed by
hills and w ater, we cannot exclude completely effects of digersal of R. nitidus from
other habitat patcheson population density in the expermental plot, because dipersal is
oneof themajor traitsof snallmanmals (Zeng et al , 1987, 1996b). (3) W e could not
identify w hat the components of resourcesw ereworking to Imit the patterns and pro-
cesses of community ecies diversity by such relatively simple expermental manipula-
tion in our study.
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