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Population Density and Its Correlations

to Environmental Variables
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[ Summary ]

Yuhina brunneiceps, an endemic Taiwanese bird species, is commonly found in regions of
mid to high elevations. In order to better understand the spatial and environmental characteristics
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of its inhabitation, spatially distinctive populations were surveyed and examined from 141 sites in
northern Taiwan. We analyzed the spatial correlation and structure of Yuhina brunneiceps popula-
tion densities, and identified specific environmental variables important and attributable to the
population. Yuhina brunneiceps populations were shown to have a clumped distribution. Moreover,
a spatial correlogram revealed that the closer sites were to one another, the higher were the simi-
larities of the densities themselves. A gradient profile was implied by this spatial structure. Of the
environmental variables measured, the maximum elevation within 1 X 1-km grid, the total precipi-
tation from November to March, the human population density, and a naturalness index were most
important and commonly shared in the spatial structure. Interestingly, the latter 2 variables that are
representative of human disturbance appeared to have stronger relations with the magnitude of the
density than the other 2. By contrast, biological processes might be less influential in this aspect.
Key words: spatial structure, climate, disturbance, variance partitioning, Yuhina brunneiceps.
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Fig. 1. Map of the sampling locations in northern Taiwan using the TM2 coordinate system.

Each dot represents a sampling site.
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Table 1. Codes and definitions of environmental variables

Variab]¢

Definition

Climate

T MEAN

T MIN

T MAX

T CV

T RANGE
Warmth

T PC1

T PC2

T _PC3

P _TOTAL
P MEAN

P CV

P HOT

P COLD
P_RATIO

P WETH

P WETP

P _PC1

P PC2

P PC3
Landscape
ELEV
ELEVMEAN
ELEVMIN
ELEVMAX
ELEV_CV
SLOPE
ASPECT
HUMIDITY
NATURALNESS

URBAN

POPN
D2 RIVER
D2_SEA
D2 3000
D2_ROADI
D2 ROAD2
D2_CITY

Average of 12 months’ mean temperature

Monthly mean temperature in January

Monthly mean temperature in July

Coefficient of variation of 12 months’ mean temperature

T MAX-T MIN

Warmth index

1st axis of PCA based on 12 months’ mean temperature
2nd axis of PCA based on 12 months’ mean temperature
3rd axis of PCA based on 12 months’ mean temperature
Total annual precipitation

Mean monthly precipitation

Coefficient of variation of 12 monthly precipitation values
Total precipitation from May to September

Total precipitation from November to March

P COLD/P_TOTAL

Total precipitation for the relatively humid period

Total precipitation for the relatively superhumid period

Ist axis of PCA based on 12 monthly precipitations values
2nd axis of PCA based on 12 monthly precipitations values
3rd axis of PCA based on 12 monthly precipitations values

Mean elevation of bird survey stations in a site

Mean elevation within 1 X 1-km grid

Minimum elevation within 1 X 1-km grid

Maximum elevation within 1 X 1-km grid

Coefficient of variation of elevation within 1 X 1-km grid

Estimated from ELEVMEAN by IDRISI

Estimated from ELEVMEAN by IDRISI

Relative humidity based on 16 categorized aspects

Mean naturalness index within 1X 1-km grid. Ten classes of naturalness
indices were based on land use or land cover.

Urbanization index base on ratio of 2nd and 3rd level business population to
Ist to 3rd level business population

Population density, no. km”

Shortest distance to a river

Shortest distance to a sea

Shortest distance to areas at 3000 m elevation and higher

Shortest distance to major roads of national or provincial level

Shortest distance to major roads of national or county level

Shortest distance to a major city
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Fig. 2. Histogram of Yuhina brunneiceps
densities of 141 survey sites in northern
Taiwan.
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Fig. 3. Spatial correlogram for log-trans-
formed Yuhina brunneiceps densities (p <
0.01). Black dots represent significant val-
ues of Moran’s I (p < 0.001). The overall
correlogram significance was tested using
Bonferroni’s correction for multiple com-
parisons.

Table 2. Corresponding variables, coefficients of determination, and p values for the 3 mod-

els in the study

Model
Space Y
XZ
XY
Y2
X3
XY
Y3
Environment POPN
ELEVMAX
P COLD
NATURALNESS
SpacetEnvironment Y
XZ
XY
Yl
X3
XY
Y3
POPN
ELEVMAX
P COLD
NATURALNESS

Independent variables

Coefficient of determination P B
r’=0.559 <0.001
r=0.597 <0.001
r =0.620 <0.001
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Fig. 4. Variation partitioning of Yuhina brunneiceps densities.
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