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Abstract

The frequency distributions of the & ecological variables of the rodent community in the
Chihuahuan Desert of southwestern North America ware verified using the chi-square test and
Kormorgorov test. And moving averages and exponential smoothing methods were employed
to predict dynamics of the 6§ community variables. The results reveal that, 1) joint population
density, biomass, species evenness and biomassevenness had a normal distribution; 2) fre-
quency distribution of number and diversity of species was skewed to the right {skewness <
), no common theoretical probability distributions could describe these two variables;y 3) sin-
gle moving averages was a better model for predicting fluctuations of species diversity and dou-
ble moving averages for that of species evenness; 4) Single exponential smoothing fitted dy-
namics of the other variables well.
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Community variables are often used to characterize a community. In this sense. the
values of the community variables in a sampling are regarded as the estimates of the cor-
. responding parameters of the community. But responding to {luctuations of its biotic
and abiotic environment, population densities of the species in a community vary along
the time dimension. The variations of population densities are integrated with to form
the fluctuations of parameters of the community which is consisted of the species. So the
values of the community variables in a sampling are just the values of random variables.
We should be careful when we study a community statistically using ecological vari-
ables, e. g. species compesition, diversity, or space patterns, just by a sampling from
the community (Zeng. 1994). Even though a sample which includes only a unit can be
used to draw the estimates of the community parameters, the estimates are biased (Sokal
et al. » 1981). But if we identify the probability distributions of the community vari-

ables, we can obtain not only the expectations of the community parameters, but alse
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the standard deviations of the corresponding variables. Furthermore, if a variable is dis-
tributed normally, we can obtain their means, which are the unbiased estimates of the
corresponding parameters, and confidence intervals from a sample which contain more
than two sample-units theoretically . In this paper the chi-square test and Kormorgorov
test of hypotheses of frequency distribution are applied to identify frequency distribution
of the & community variables, including numher of species, joint population density.
biomass, Shannon index of species diversity, and evenness of species diversity and
biomass-allocation evenness. After that moving average and exponential smoothing
models (Sullivan et al. , 1977, Legendre et al. , 1983, Jasshy et al. , 1990) is used to

predict dynatnics of the 6 variables.
METHODS

1. The data base

The field data were collected by mark-recapture, for details of the study site and
rodents see Brown et al. (1985) and Zeng (1987a, b). In this paper we considered &
main community variables, i. e. number of species, joint population density. biomass,
Shannon index of species diversity, and evenness of species diversity and biomass-alloca-
tion evenness among the 17 species (Zeng et al. , 1994). The 6 variables are defined as
the follows (in this section, i represents the ith month);

1) Number of species (S,): numher of species of rodents {unit: no. of species/
month).

2} Joint population density (N;): the sum of population densities of the 17 species
of rodents (unit; individuals/ha). Note: in Zeng et al. , {1994) this variable was named
“number of individuals”.

3) Biomass (B,): the sum of biomass of the 17 species of rodents (unit; g/ha).

4} Shannon index of species diversity (H,).

5) Species evenness (E,).

¢) Biomass-allocation evenness {(BE:): was calculated by

BE.=HB\/ (log S} (D ]

here, HB was Shannon index of biomass-allocation among 17 species in the ith month,

17
HB,—— 2 pilog i (2 .

in which p;; is the propottion of biomass of the jth species in the community biomass B
in the ith month.

For more details of the § community variables see Zeng €1994).
2. The chi-square test and kormorgoroy test

Because all of the 6 variahles fluctuated, it is not appropriate to determine parame-
ters of a rodent community by a unique census. We should know at first frequency dis-
tributions of the 6 community variables, Here the chi-square test and Kormorgorov test
are employed to identify frequency distributions of the & variables.
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The Chi-square test is a common method to verify if a random variable has a certain
theoretical distribution or not. The null hypothesis for testing is that a random variable
has a normal distribution. First, the data of each variable were pooled to obtain the ob-
served frequency. Here, O, represents observed frequency of the ith group of the pooled
data. Second, the mean and corrected standard deviation of each variable were calculat-
ed and regarded as the two parameters of a normal distribution, by which the corre-
sponding theoretical probability of the ith group can be drawn and multiplied then by the
total sampling number of months to give the theoretical frequency T; of each group.

Third, the Chi-square test was applied to test the null hypothesis that frequency of a

K
variable had a normal distribution. The statistics being calculated was X*= ; (0, —
Ti)*/T:+ here k is the number of groups. Comparison between and the critical value X3 4
gave if the null hypothesis could be accepted, 0. 05 is the level of significance. If accept-
ed, frequency of the variable had a normal distribution at the 0. 05 level of significance
{Sokal et al. , 1981).

The Kormorgorov test is another method to verify frequency distribution of a ran-
dom variable. If a random variable is approaching a certain theoretical distribution, the
difference between its observed and theoretical frequency must be less enough to accept
the null hypothesis. Here, the null hypothesis is still that the frequency distribution of a
certain community variable was normal. The statistics for testing is D..=su.p F, (x) —
F(x)], in which F,{x) is the cumulative frequency of the sample and obtained by cumu-
latively adding O;, F (x) the theoretical cumulative frequency and obtained by cumula-
tively adding Ti. The comparison of F. (x) and F (x) of each pooled group gives D,.
which is the maximum one of all [F. (x) —F (x)], n is the number of raw data points
and x is the median value of each pooled group. F. (x) — F (x) reflects the difference

between the observed frequency and the theoretical frequency. We have the statistics A

=+ n D,, which distribution is near @ (). The density function of Q (A} is hE {—

= —ca
e

1> € (when A>0) or 0 (when A <{0). If 1—Q (&) has a probability which is less
than 0. 05, the null hypothesis that the variable has a normal distribution should Lbe re-
jected. Because F, (x) —F (x) is too large. The larger D, leads to larger +/ n D,, which
leads to a larger Q@ (A) and a smaller 1 — Q (). Otherwise the null hypotheses should
be accepted. The Kormorgorov test compares the difference between each observed fre-
quency of the pooled groups and the corresponding theoretical frequency. so it is more
accurate than the chi-square test (Sckal et al. » 1981).
3. Prediction of the 6 community variables

In time series data there is generally series correlation between successive data
points. In this case the greater errors resulting from regression analysis make regression
equations unbelievable. So the moving average or exponential smoothing, which are two
methods of the time series analysis, are better choices for fitting the time series data
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(Sullivan et al. , 19773,

Here, 6 mathematical models, i. e. simple linear regression, single- and double
moving averages, and single-, double- and triple- exponential smoothing method, were
applied to predict the temporal variation of the 6 variables.

Suppose X; is the value of a time series at time i, N is the number of moving data
points each time, then the predicted value of the time series at time t is

T—1
Yo=i 21X (3
|=1—M
So we must have at least N raw data points for predicting the value of the time series at

time t. This is the single moving average method. Tt is suited to those time series in
-

which there is no trends. ’
If there are trends in a time series, the double moving averages are suitable. Sup-
pose .
MP =% 2 X 4
MV is the first moving average based on which the second moving average is
P2 M (%)
Then we get the two parameters of the function for predicting:
a,=2 M —-M® (6
b= [MP—M®1 (@
The function for predicting is
Yei=a,+bT (&)
here, T is the predicting time from t, Y., r is the predicted value at time t+ T based on
the ZN raw data points. We must have at least 2N raw data points for predicting the val-
ue at time t+T. This is the double moving average method which is suited to those time
series in which there is a linear trend. The double moving averages need more raw data
than the single moving averages.
.

The basic model of the exponential smoothing is
Yiai=aXi+ (1—a) Y.y (92
here, Y., is the last predicted value and when t=2, Y,=X,. ais the smoothing con-
stant which is between 1 and 0. Y., the predicted value at time t+1. This is the single
exponential smoothing. From the above equation we know a is an empirical constant
which tells that we put how much weight on the historical data and new data.

From each method we get a predicted series Y;, then the residual square is

RS =2 (Xi— Yo ao
We prefer to the method which gives the minimum residual squares.
According to the criterion that the residual square was minimum, different meth-
ods, different number of data p;:rints was used to calculated moving averages, and differ-
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ent exponentials was subjected to computation [{or the details of the 6 mathematical

models see Sullivan et al. (1877) or Legendre et al. (1983)].

RESULTS

1. Frequency distributions of the § variables
Figure 1 shows the frequency distribution of the 6 variables, The abscissa repre-
sents pooled data groups and the ordinate the frequency {unit; number of month) of the

6 variables.
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Fig. 1 The frequency distrbutions of the § community variables

The basic statistics reveal the characteristics of the 6 variables clearly (Table 1).
The mode of number of species was 10 which means that there were 10 or more species
in the community in most of 92 months. Joint population density were skewed to the left
and the number of species and species diversity to the right, which implicates that num-
ber of individuals of rodents was less than 20 while the number of species greater than 8
and species diversity greater than 1.5 in most of months. Biomass and species evenness
were symmetrically distributed with the least skewness. Species diversity had the great-
est kurtosis 2. 005, which suggests that its most values were between a narrow interval.
In fact the Shannon indexes of species diversity in 53 months were bhetween 1. 7-—2. 1,
even though the minimum and maximum of this variable were respectively 0.79 and
2. 70, which is a quite wide interval.
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Community No. of Joint density Biomasa Species Species Biomass
wariable species (no. /hal (g/ha} diversity EVENRRESS eVENNEss
Maximuom 13 38. 06 2564 2. 71 1. 00 0. 63
Minimum » 3 5. 42 402 0. 79 0. 63 0. 27
Mean = 9. 67 21.04 1368 1. 83 0. B4 0. 43
Standard
deviation » 2.19 7.5 475 0.32 0. 08 0. DB
Mode 10 17 1200 2.00 . 85 0. 55
Median 10 19 1200 1.80 0. 84 0. 47
Skewness —1.029 0. 538 0. 385 —i. 880 —{. 320 —{0. 453
Kurtosis 0. 892 —0. 406 —0. §17 2. 005 —0.103 —0. 527
23.30% 5- 389 8. 600 5. BO5 # 4. 168 8. 635
Crivical
value 12. 5% T.415 11. 07 7.81% 9.488 11. 07
D;egz’m"f 3 5 5 3 4 5

* ; From Zeng 1984.
# ; The null hypothesis that frequency of 1he variable had a2 normal distribution was rejected at a 0- 05 level of sig-
nifi cance.

The results of the chi-square test suggest that frequency of join population density,
biomass, species evenness and biomass-allocation evenness had a normal distribution
{Table 1). Their smaller values were originating from the insignificant difference be-
tween the observed and theoretical frequency and resulted in accepting the null hypothe-
ses. Frequency of the number of species and epecies diversity was not normally dis-
tributed. The Kormorgorov test gives the same results. Both their skewness and kurto-
sis were greater than those of the other 4 varigbles. We also tested the frequency distri-
butions of the two variables when the null hypothesis is that they had a Poisson distribu-
tion. The null hypothesis was also rejected. Maybe it is impossible to describe the two
variables by common theoretical probability distributions.

2. Prediction of the 6 variables

The results suggest that prediction of species diversity by single moving averages
and species evenness by double moving averages gave the minimum residual square. The
other 4 variables were fitted appropriated by single exponential smoothing (Table 22.

In Fig. 2, dotted lines are predicted values of the 6§ variables, while the solid lines
are the actual values. We can make comparison of residual square between simple re-
gression and moving averages or exponential smoothing to draw a conclusion that time

series method fitted the real data perfectly.
DISCUSSION

Dynamics of the rodent community in the Chihuabuan Desert tell us that it is not
appropriate to determine community parameters by sampling a community just once be-
cause the parameters fluctuated greatly along the time dimension. We should sample a
community randomly and repeatedly to give both expectations of the community vari-
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ables and their confidence intervals.
Table 2 The number of data points being used 1o calculate moving averages and exponentials
when the residual square is minimum in simple regression, maving

averages and exponential smoothing of time series of the § variables

A. Moving sverages and aimple regression

Community Single . .Double . Simple regression
variable Wo. of moving Reaidual Wo. of moving Restdual residual squars
data points square data points aquare
Mo. of species 20 2. 968 24 3.112 3. 377
Joint density 3 25. 93 5 44. B1 45. 87
Biomass [ 1706385 18 250838 2149579
Species diverzity 30% * 0. 0495 + 24 0. 0599 0. 0797
Speciea evenness 48 0. 0422 2= = 0. 0042 # 0. R059
Biomass evenness 2 0. 0030 24 0. 0038 0. 0033
B. Exponential amoothing

Community Single Double Triple
Variable a Residual square a Reridual square o Residual square
MNo. of species 0. 58 2. 912 = 0.2 3. 251 0. 15 3. 427
Joint dennity 0. 75# 21.33 = 0.3 24.03 0.2 24. 92
Biomass 0. 78 129169 0.2 150065 0.2 158684
Species diversity a. 6 0. 0526 0.3 0.05%9 0.2 0. 0797
Species evennese 0.5 0. 0049 0.2 0. 0055 0.2 0. 0058
Biomass Evenness 0.78# G. 0027 = 0.3 0. 6030 0.1 0. 0033

# y The minimum residual aquare
= = | The number of data points being used 1o calculate moving averages when residual square was the minimum
# 1 The exponential smoothing constant when residual square was the minimum

The premise of parameter estimates of small samples is that the random variable in
our guestion has a normal distribution, In this study we make ic sure that joint popula-
tion density, biomass, evenness of species and biomass-interspecific allocation were dis-
tributed normally, which indicating that we can obtain the estimates of means and their
confidenice intervals of the 4 parameters by a small sample (theoretically, the number of
samples unit™>2, see Sokal et al. , 1981),

However, we cannot do it with number of species and species diversity in the same
way because of their skewed frequency distributions. Their skewed frequency distribu-
tion can be found from the absolute values of both their skewness and kurtosis which are
greater than those of other variables and 0 (both skewness and kurtosis of a random
variable that has a normal distribution equal to 0). The negative skewness means that
the frequency of both variables was skewed to the right. It is difficult to identify their
frequency theoretically. Of course we can do it with a large sample if only the number of
sample units is greater than 50. In this study, estimates of the 6 variables are respec-
tively (p=20. 05): 9. 67+ 0. 47 (species), 21. 04+ 1. 59 (individuals /ha) . 1.37+0. 1 (kg/
ha), 1.88+0.07, 0.84 1+ 0. 02 and 0. 48 1 0. 02. Biomass evenness is much less than
species evenness which means uneven biomass allocation among the 17 species popula-
tions and furthermore leads to the conclusion that there is a monopolizing energy alloca-
tion patterns among the species in this desert rodent community {Zeng et al. ,1994). We
can also just calculate their mathematical characteristics, e. g. mean, variance or stan-
dard deviations, mode median, skewness and kurtosis from a small sample if it is hard
to get a large sample. From these mathematical characteristics we can get some informa-
tion on central tendency, dispersion or symmetry of frequency distribution of the vari-
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Fig. 2 The time series (——) of the § variablea and their predicted

series (... ) by moving averagea or eingle exponential smoothing

Moving averages or exponential smoothing are better models for fitting the ecologi-

cal variables of this community because the parameters are changing in predicting every

coming point. They can give much better

resules for prediction of a guite short period

than regressicn method. Thirty and forty-eight data points, respectively, are needed at

least for predicting species diversity and species evenness. It shows that the historical

data points are more important in predicting than new ones. The smoothing constants of
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joint density, biomass and biomass-allocation evenness are 0. 7 or more, that of number
of species is 0. 5. It reveals that current data points of the number of species have been

given less weight in predicting than the other 3 variable.
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