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DYNAMI CS OF THE RODENT COMMUNI TY IN
THE CHI HUAHUAN DESERT OF NORTH AMERI CA
V. SIMULATION OF COMMUNI TY VARIABL ES
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Abstract ByMonte Carlomethod computer simulation is conducted to delineate
the overal | , annual and monthly fluctuations, and the statistical character-
istics of 4variables of the rodent conmunity in the Chi huahuanDesert of North
America, including the number of species, biomass, species diversity and even-
ness. The results show that the means of 4 simulated conmunity variables are
8.91, 1.544 kg/ hnf, 1.58 and 0.73. All of the values of the real conmunity vari-
ables are between the 95% conf idence intervals of 4 simulated conmunity vari-
ables. The number of species and biomass of the simulated community show the
similar seasonal fluctuation patterns. The number of species, biomass and di-
versity of the simulated community show the similar interannual fluctuation
patterns. When the null hypothesis is tenable: a variable has a normal distri-
bution, X*values show that the number of species in 962 sanpl es, biomass in 109
samples, species diversity in 5529 samples, species evenness in 6 654 sampl es
are following the normal distribution, i.e.no one of 4 variables is normally
distributedwhile the confidence level is 95%. The results suggest that when
sample size is small, we cannot estimate the confidence intervals of these
variables by mean +1.96s (s is the standard deviation of avariable).
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Mark-recapture is amajor way for studying ecology of small mamal s.
Mark-recapture in thewild is actually a random process. Captures or re-
captures of individuals of a certain species population in a conmunity
are random events, while the number of captured or recaptured individu-
als of each species population and their body mass are random variables.
On the other hand, we characterize a community of ten by its community pa-
rameters, for example, the number of species, biomass, species diversity
and evenness. But we can only obtain the estimates of these conmunity pa-

rameters by sampling a coonmunity, rather than their real values. The com-
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munity variables are functions of the number of captured or recaptured
individuals and their body mass. So these conmunity variables are also
random variables. We estimate the community parameters of ten by sampling
the community. Even though the values of community variables by one sam-
pling are the estimates of the corresponding community parameters, the
resulting error is significant because of the serious changes of the
physical environment and population densities of component species a-
long the time dimension, and f requent movement of animals aswell. So the
estimates are biased!!!. The typical way should be that we first identify
the theoretical distributions of each coomunity variables. If avariable
isnormally distributed, and the mean and standard deviation are known,
we can estimate theoretically the confidence interval of this variable
by percentile (95% or 99% is of ten used) values for t-distribution when
we have got at least two units of a sample. If the sample size is quite
larger, for example we have got 50 sample units or more, the percentile
values for normal distribution can be used to estimate the intervals of
the variable with the mean and standard deviation and we do not need to
know the frequency distribution of the variable in advance ?,

By a long-termmonitoring of the Chihuahuan Desert rodent community
we identified that 1) Biomass, and evenness were normally distributed
variables; 2) frequency distribution of the number of species and diver-
sity was skewed to the right and no common theoretical probability dis-
tributioncouldfit their fluctuations. we got these results just based
on a 92month mark-recapture data base, we cannot make sure what are the
confidence intervals of the community parameters and what types the real
frequency distribution of the conmunity parameters are. For this purpose
we can simulate mark-recapture process of the rodent community in the
Chi huahuan Desert. |If only we make simulation of mark-recapture process
to generate a large number of samples, canwe draw conclusions on the sta-
tistical characteristics of the community variables.

This paper is to simulate by Monte Carlo method the mark-recapture
process of the rodent community in the Chihuahuan Desert and character -
ize the overall , annual and monthly fluctuationpatterns of the number of
species, biomass, species diversity, and species evenness, and their
probability distribution of the 4 coomunity variables.

1 METHOD
1.1 The simulation of mark-recapture
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The mark-recapture study of the rodent community in the Chihuahuan
Desert of North America f romNovember 1977 through June 1985 provi des a 92-
month data base for 17 species of rodents. Rodents were censused by mark-
recapturewith 980 live traps eachmonth and the total study period covers
92 months. For more details of themark-recapture study see Zeng et al [3.41

We use the simulationmethod for mark-recapture[S] to simulate the dy-
nami cs of the rodent conmunity in the Chi huahuan Desert. Suppose that the
number of captured individuals of the jth species per hm?in the i thmonth
isnij and 980 is the total number of Iive traps set each month. Then the
capturingproportion of the individuals of the jth species is pij; =n;j/
980, inwhich i =1, 2,..., 92; j =1, 2,..., 17. Here pij is the estimate of
the probability that an individual of the jth species is captured in the
ith month. We cumulate the capturing or recapturing probability of 17

species in the ithmonth to give a series of subintervals: [0, pi1) ., [pPi1,
17

2 2 3 16 17 )
2Py [Z pij Zpig), ,[Zpij, 2 pij). Z pijis generally less

than or equal to 1. Then the computer generated pseudo random numbers.
m+1

Suppose pio=0, if a random number Ris in the interval [er:nlpij, jz:1pij,
a captured individual of the jth species in the mth month and its mean
body mass is, respectively, added to the record of the individual numbers
and biomass of its population. In this way 980 random numbers represent
980 live traps set per month. The simulation results in 92month consist a
sample. By thisway 10 000 sanpl es are generated.
1.2 The overall, annual and monthly mean time series of 4 simulated conr
munity variables

Dividing the number of captured individuals and total biomass of each
species by study plot area for each species produces the population den-
sity and biomass (unit: kg/ hm?) . From the population density and bi omass
of each species in each month generated by simulation we attaine mean
time series of the number of species, biomass, species and evenness (For
more details of the definitions of the conmunity variables, see Zeng's re-
port[4]). An overal |l mean time series of each variable is consisted of 92
values for one sample, which describes the overall fluctuation patterns
of the community variables during the 92month trapping period. From the
overal |l mean time series we compute year-to-year and month-to-month se-
ries to describe the annual and monthly fluctuation patterns of conmuni -
ty variables. We also compute the 95% confidence intervals of 4 simul ated
community variables by mean +1.96 s, here s is the standard deviation of
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variables.
1.3 Statistical hypothesis testing of the frequency distribution of the
communi ty variables

We calculate 7 statistics: mean, standard deviation, coefficient of
variation, skewness, kurtosis, maximum, minimum that characterize the
frequency distribution of each variable. From the means and standard de-
viation we also estimate the 95% confidence intervals for each vari-
ables. After that we teste the null hypothesis that a variable had a nor -
mal distribution by X% test.

2 RESULTS

2.1 The overall, annual and monthly mean time series of the simulated
communi ty variables

The overall mean time series of the simulated community variables, in
which every value is the mean of 10 000 values in the same month of a same
year, reveals the most possible fluctuation patterns of the conmunity
variables. We compute means and standard deviations of 4 conmunity vari-
ables of 10000 samples to obtain their overall mean and 95% confidence-in-
terval time series (Fig. 1).

The 95% confidence intervals of the overall mean time series of the 4
simul ated conmuni ty variables are too narrow to be distinguishable from
each other. Maybe it is because the sanple size is large (n=10000). Both
the number of species and species diversity show conspicuous increasing
trends. The maximum of the mean number of species occurs inApril and May
of 1982 and the minimum in November of 1977, August and September of 1984.
Before October of 1982, the number of species in more than half of the
months is less than 9. After that time the number of species is almost al -
ways greater than 9. The mean bi omass and evenness series of the simul ated
communi ty do not show any trend. Biomass is the maximum in April of 1981,
while minimum in September of 1981. Species diversity increases fromJan-
uary of 1979 through July of 1984. After July of 1979 it is always greater
than 1.2 and gets itsmaximuminApril of 1982 and the minimum in January of
1978. Species evenness gets its maximum in April of 1984 and the mi nimum
April of 1981.
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Fig. 1 The overal |l mean time series of means, upper and | ower

limits of 95% confidence intervals of 4 simulated conmunity variables
The upper and lower Iimits of the 95% confidence intervals of the
year-to-year mean time series of the 4 simulated coomunity variables are

distinct (Fig. 2). Both the number of species and biomass are the mi nimum
in 1979, while the maximum in 1982. After 1982, they are decreasing. Both
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species and evenness get their minimumin 1978, but species diversity gets

its maximum in 1982, whi |l e evenness in 1984.

The 95% confidence intervals of the month-to-month mean time series

of 4 simul ated community variables are also distinct (Fig. 3). FromApril

through June, the number of species is always greater than 10 and gets its
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maximum in June, while it is less than 8 f rom December through the next
January and February. Just like the number of species, biomass gets its
maximum inApril, but it is less in February, August, September and Decem-
ber. Species diversity is greater fromJune through November than in oth-
er months, and gets its maximum in July, while the minimum in January.
Species evenness shows almost the same pattern as that of species diver-
sity. It is greater from June through October than in other months. It
gets the maximum in September , while the minimum in January.

Table 1l The means of 7 statistics of the number of species,

bi omass, species diversity and evenness

Standard Coefficient

Stati- - . Skew- Kurt- Maxi - Mi ni-
. Mean devia of varia .
stics A ; ness osis mum mum
tion tion
Number of 8.0l 2.12 0.24 - 0.60 3.63 12.81 2.37
species
Bi omass
(kg/ ) 1.544 0.785 0.51 2.12 6.32 5.463 0.423
Speci es 1.58 0.27 0.17 - 0.60 - 0.028 2.08 0.81
diversity
Evenness 0.73 0.08 0.10 - 0.47 - 0.17 0.88 0.53
Table 2 The 95% confidence intervals of 7 statistics
of the variables characterizing the conmunity
Stati- Standard Qoeffl Skew Kurt- Maxi- Mi n-
: Mean devia cient of .
stics A S ness osis mum imum
tion variation
Number of =g 76 907 100,223 0.22, 0.25 -0.78, - 0.4l - 0.50, 0.2 12, 13 2, 4
species
Biomass

1.510, 1.577 0.742, 0.831 0.47, 0.54 15, 2.5 3.8, 9.7 4.97, 597 0.275, 0.554
(kg/ hm?)

Species

: ) 1.53, .59 0.25, 0.31 0.16, 0.19 -0.90, -0.35 -0.70, 1.30 1.96, 2.18 0.60, 0.95
diversity

Evenness 0.58, 0.62 0.06, 0.08 0.09, 0.12 -0.9, 0.10 -0.70, 0.55 0.83, 0.95 0.43, 0.59

Note: The numbers before and behind the conma in each cell represent, respectively, the | ower

and upper limit
2.2 Statistics of 4 simulated conmunity variables from 10 000 sampl es
Table 1 shows the means of 7 statistics of the number of species,
biomass, species diversity and evenness generated by simulation, which
indicates the most possible values of 4 simulated community variables.
On the other hand, we are more concerned about the confidence inter-
vals of 7 statistics of these variables, because they give us an overall
view on the statistical characteristics of conmunity parameters charac-
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terizing the rodent conmunity. Herewe list the 95% confidence intervals
of 7 statistics of the 4 simulated community variables of 9 500 samples
(Table 2).

The number of species is one of the basic parameters that show the or -
gani zation of a community. Of 10 000 sanples, the maximum is 13 (1 877 sanr
ples) or 12 (8 123 sampl es). The mi nimum number of species is 2 (6 403 sanmr
ples), 3 (3475 sanples) or 4 (122 sanples). It means al | of the species nev-
er occurred simul taneously in the coomunity during the same trapping pe-
riod. The moderate coefficients of variation of the number of species
(Table 2) show that this coonmunity variable is relatively stable compar -
ingwith biomass.

The mean biomass is 1.544 kg/ hn?. This variable shows the greatest
fluctuating comparingwith all other 3 variables. The maximum is between
4.338 and 6.642 kg/ hn?, and the minimum between 0.145 and 0.645 kg/ hnee.
Species diversity showed less variation. Its maximum is between 1.92 and
2.29, whi l e mi nimum between 0.20 and 1.05. Evenness fluctuates the least in
all of 4variables,which suggests that it is themost stable. |ts maximum
is between 0.825 and 1, while the mi nimum between 0.25 and 0. 61.

2.3 Frequency distribution of the simulated community variables

When the nul | hypothesiswas that a variable had a normal probability
distribution, we conducted X*test. We pooled the data into 5 groups. Be-
cause there are 2parameters for calculating the theoretical frequency of
a normal distribution, the degree of freedomis 3. At confidence level of
0.90, 0.95, 0.99 and 0.999, we counted the number of samples in which vari-
ables are significantly normal ly distributed (Table 3).

Table 3 The cumulative number of the sarples inwhich variables

are significantly normal ly distributed at 0.9, 0.95, 0.99 and 0.999

Confidence | evel 0.90 0.95 0.99 0.999 0.999 9
X2 <6.251 <7.815 <11.345 <16.266 > 16. 266
Number of species 438 15 2907 6 127 10 000
Bi omass 56 109 291 510 10 000
Species diversity 4 355 5529 8 627 8 895 10 000
Evenness 5157 6 654 8753 9753 10 000

Both skewness and kurtosis of the normal probability distribution
are equal to 0. Inwhat extent the values of these two statistics are near
toOcanbeacriterionfor judging if a randomvariable has a normal dis-
tribution or not. On the other hand, that the values of these two vari -
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ables are greater than O or less than O tells us the distribution is cen-
tralized and even or not.

The skewness of the number of species is always less than O, as means
its frequency distribution skews to the larger number of species. The
kurtosis of 95% of sanples is between - 0.50 and 0.21. That is near the kur-
tosis of the normal distribution, which means that frequency distribu-
tion shows moderate even |like the normal distribution. The results of
simulation show that the number of species in only one tenth of sanples
has a normal distribution at the confidence of 95% and in three tenth of
samples at the confidence |level of 99 %.

Comparing to the number of species, biomass has a stronger trend that
the values of the variable tend to be | ess than the mean and more peaked.
The frequency distribution of this variable in only 291 out of 10 000 sanr
ples is normal at the confidence level of 99%. Frequency distributions
of species diversity, evenness and bi omass show rather the same pattern.
Both skewness and kurtosis are near 0. At the confidence level of 0.9 more
than 85 % of the sanples have the normal distribution.

3 DISCQUSION

When we are sanpling a conmunity, we get only a single value of commu-
nity variables. If we estimate the corresponding parameters of these
variables, the error is so large that we get awrong impression of a conmu-
nity sometimes. On the other hand, sampling a conmunity is a time-and-mon-
ey consuming job, which |imits the sanple size. But we can simul ate many
times of sampling a conmunity by computer to obtain larger-size samples.
Froma larger-size samplewe can knowmore statistical characteristics of
the simulated conmunity variables.

Comparing the real community variables and the simulated conmunity
variables, we can see: 1) All of the values of the real community vari-
ables (see Table 2)!® are between the upper and lower limits of the 95%
confidence intervals of our simulated community variables (Table 3); 2)
Both the number of species and species diversity showed conspicuous in-
creasing trends.

The month-to-month mean time series of 4 simulated community vari-
ables show obviously similar interannual and monthly fluctuation pat-
terns to the changes of physical environment in the Chihuahuan Desert 1,
Inspring and fall, the temperature is moderate and it is the end of the
rain season. Plants grow very wel|. The number of species and biomass are
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greater than in other seasons. Whilemore individuals of more species oc-
curred in the conmmunity in summer, species diversity and evenness is
greater than in other seasons.

The study of frequency distribution of rodent coonmunity variables in
the Chi huahuan Desert shows that biomass, species diversity and evenness
had a normal distribution!™ whichis different fromthe results of simu-
lation. The simulation results show that the probability of normally dis-
tributed samles of biomass is quite small.

But Tables 3 reveals that no one of 4 conmunity variables shows nor-
mal ly distributed at the confidence level of 95%. We got normal ly dis-
tributed samples of them just by chance in the field. Even though we can
obtain a point estimate of a community parameter characterizing a commu-
nity. But it ismore difficult to estimate the confidence interval of a
variable, because we do not know its exact frequency distribution. When
sanple size is small ,we cannot estimate the confience intervals of 4 conr
munity parameters by mean +1.96 s, here s is the standard deviation of a
variable. In order to estimate the confidence interval of a variable, a

larger sanple size is needed (e.g. n>50).
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