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Abstract
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Spatial heterogenetty is a very important issue in studving functions and processes of ecological systems at

various scales. Semivariogram analysis is an eflective technigue to summarize spatial data. and quantification of spatial het-

erogencity. In this paper, we propose some principles (o use semivariograms to characterize and compare spatial heterogene-
ity of ccological systems and use an example of old growth forests of Korcan pine to demonstrate these principles and to dis-

cuss its characteristics of spatial heterogeneity.
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Introduction

Spatial hetcrogencity(SH), which is generally defined as
the complexity and variability of a syvsicm propertyv(c.g..
\cgetation type. population density, plant biomass. soil
nutrients) in space. is of great inierest lo ccologists
studying functions and proccsscs of ccological systems
al various scales (Risscr ct al 1984, Turncr 1987. Turner
ot al 1991, Kolasa ¢t al 1991). However. quantitative
analysis of spatial hetcrogencily is a very impotence i
ccological system and landscape studies( Li ct al 1993,
Wcinc 1992). From the studics of spatial helerogencity.
we can et the degrees and  changes of spatial hetcroge-
neity in different scales. and understand the complex
proccsscs and fcedback in ccosystems and . land-
scapes(e.g . Moloney cl al [991).

Li ct alt 1995) defined two approaches for analy ing
heteragencity in landscnpes: spatial characterizatiog and
spalial comparison Spatial characterization involvts (he
usc of mathcmatical déscriptnrs. c.g. sunivm:ioggams.
information indiccs. and (ractal. lo quantify: Ihc spatial
variability of some propertics o f
charactcrization is uscful 10 deteet patterns. i.c.. degroes
of spatial hetcrogencity and changes in spatial heleroge-
ncity. over 1 arving spatial scales. This information. cou-
pled with gbscrvations and ccosystem models , can be
uscful to interpret obscrved patterns and their cffects on
functions and proccsscs of ccological systems. Spatial
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landscapes. Spatial

comparison. on the other hand. involves the usc of
mathematical descriptors 1o quantily and compare the
same vartability of landscape propertics in the following
ways: | Jbetween the same variable at difTerent sampling
titncs 10 detect changes in & system.2)bctween the same
variable at different sites to contrast diflerent sysiems,
and 3)between different vanables at the same sitc to
cstablish rclationships.

Korcan pinc(Pinus koraiensis). which often mixcd
with hardwoods. typical old growth forest ccosystem, is
a main important specics in Northcast part of China.
Korcan pinc forests is high dcgrees of spatial hetcroge-
ncity in landscape. which controlled the function and
proccsscs of ccosystem in spatial and temporal. In this
paper we usc the quantitative method of semivariogram
analysis. both spatial characterization and spatial com-
parison. to discuss the spatial hetcrogencity of old
growth forests of Korcan pine

Scmivariogram analysis is based on the theorny of
regionlizacd variables. and it cxamincs spatial variation
and corrclation of natural phenomena (Mtheron 1 963,
Journct ¢f al. 1978, Webner 1983, Cressic 1991). While
rccent applications of scmivariogram anal\ sis in cco-
logical rescarch have

demonstrated its cffectivencss to summarize spatial
data( Roberison 1987, Robertson ct al 198X. Palmer
1988, Fortin ct al 1989, Legendre ct al 1989, Levin et al
1989, Rossi et al. 1992).In this study, we proposc some
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principles for ecological inferpretations of scmivari-
ograms (i.¢., spatial characterization ) and a method to
compare two spatially autocorelated variables (i.e., spa-
tial comparison) through the esamplc old growth forests
of Korean pine.

Study Site and Data

The study sitc is the old growth forests of Korcan pinc,
at the Liangshui Natural Rcscrvc of Xaosingan Moun-
tains, in Northcast parts of China. It is a typical forest
vegetation and landscape in this rcgion{ Wang et al 1996,
Li et al 1993). The total arca of Liangshui natural re-
serve is about 6394 hm>, most stands arc mixture be-
tween conifer( eg.. pine. spruce, and fir) and hardwoods
(e.g., ash. birch, oak, aspen. maplc. basswoods, walnuts).
There are twelve forest stand types(Li ct al. 1993),
which age range distribute from 200 10.300 years. based
on the composition of dominant species.

The size for this study is 144 hm’, located in undis-
turbed old growth stand of Korean .pinc. We established
12 transects from south direction to north. and set up 12
plots in each transccts. The total numbers of plots is 144
and each plot size is 30 x 30m. The sampling interval
between transcets, between plots arc 100m (Fig. 1). In
each plots, we measured and named each trees, height,
DBH. base area, age, cover ratc. dcnsilics, soil, and
plants
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Fig.l. Diaram of plot locutions sumpled in the old growth

forests of Korean pine

In datasheet from 144 plots, we US¢ both base area
and age to bc as variables to analysis variation of korcan
pine in apace, and use geostatistics(Journal et al [978,
Weberst 1985. Isaaks ct al 1989) to established scmiva-
tiogram models and make data analysis. Semivariogram
analysis is the effectiveness to summarize spatial data.
For the characterization of spatial hetcrogencily. the

paranicters of seniivariograni. range(a). Si“(C"‘CO)_.
nugget vanance(Co), and fractal dimension(D) arc use-
ful tool for quantification of spatial hctcrogencity and
can bc derived from semivariograms. The first three
paramclcrs are traditionally used in semivariogram
analysis (e.g., Journal et al 1978, Weberst 1983). Using
the concept of scale and semivariogram (e.g.. Trangmar
cl al 1985. Burrough ]987), we may decomposc the
spatial helerogeneity of numeric vaniable into two quan-
titiablc components:

SH=SH(autocorr)+SH(random)(Fig. 2).

This decomposition can help us to understand the true
of spatial heterogeneity by mcan of semivariograms(Li
ct al 1995). The fourth paramcler, fractal dimension is
dctennined {rom the relationship between semivariance
and lag distance(h) (Burrough 1983.1986). In addition,
W¢ also can use anisotropy ratio K(h)to characterize
anisotropic  structur¢ of variation in space. For the com-
parison of spatial hetcrogcncit_\'_, standardized semivari-
ograms SS(h) can be used to compare different variables
in landscapes. Finally, we usc Kriging maps( Issaks et al
1989) to show. the spatial pattern of korean pine in S$am-
pled area.

Results and Discussion

Results

The variables of base area and age of korean pin¢ were
examined by semivariogram analysis. Values of the four
semivariogram parameters and ﬁtting models arc given
in Table I. For each variable, the isotropic semivari-
ogram( Fig.3), two anisotropic segni\'ariogram's were
constructed(Fig.4a and 4b). The two perpendicular di-
rcctions used in anisotropic semivariograms coincide
with the major environmental gradients: 61=0 (west to
cast. i.e., ¢levation is commonly the same) and 0 2=90
(south to north,i.e., elevation is from 320m to 360m).
The anisotropy ratio is illustrated in Fig.dc, ‘and the
standardized semivariograms Of the two maps are dis-
played in Fig.5 The Kriging maps of bases area and age
are illustrated in Fig.6.

Table |I: Parameters of semivariogrums and lifting models
for hase area and age of Korean pine forests.

Varighles Mode* C 0 0+ CoCo*C 3 DRSS R’

35.9 7475 .0.480 468 | . 887 233.49 0.768
4800 0.980

Bases arca S
Age L 54930 11750 0467 993 1.857
# :S=spherical model: | =linear model.

Discussion K
In an “idcal" semivariogram,: r(h) increase with h; the
sill is an approximation of the maximum variance of the
variables. The curve shapes of semivariograms(Fig‘3)
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show that spatial heterogencity varics significantly in
Korean pinc stands. The ranges of bases arca and age
arc 468 m and 993 m respectively. lts represcnls the
distancc beyvond which the stands of Korcan pinc arc no

longer corrclated i n space The nugget variance. non-
zcro valucs. cxpresses the discontinuous variations of a
stands at small scalc.

Semivariance

Fig. 2. Semivaiograms and their
parameters(a), decomposition of

spatial  heterogencity  over  scales
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Fig. 3 The isotropic semivariograms Of hass area(a)and
age(b) of korean pine
There arc a stronger anisotropic structure beyend lag
distance 400m (Fig.4a and 4b). and significant spatial
heterogencity between the two directions. Anisotropy
ratio is above the isotropic line over 400 of the
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and Ls

for mediumscale,
scale(h)

large

scales(Fig.4c). This tncans that spatial variation of the
stands is anisotropy beyond 400111. and it is isotropic
variations front zero lo 400m.

The degrees of spatial heterogencity changed when
dificrent components arc examined(Table 1). High sill
tncans high degrees of spatial hetcrogencity. The nugget
variance lo sill ratio (Co/Co+c)show that Ihc spatial
heterogencity of random arc 48% and 46.7%. and of
autocorrclation arc 52% and 53.3% . respectivels. for
both vartablcs in stands.

SH(autocorr) is the autocorrclated variation and csists
at medium scales and is defined by scmivariograms
w ithin the range of spatial corrclation. I is random. but
spatially corrclated and change with ‘scale.
SH{random) usually occur at small scalcs, and inde-
pcndent and unknown. We deline it as ghe sum of varia-
lions within the scale less than the minimum resolution
of obscnations. Thus. SH(random) can bc rcprescnted
!)}' the nuggel variance High nugget variance to sill ratio
tncans high degrecs of SH(random). Fractal valucs arc
1.887 and 1.857 indifference duc 10 the Co/Co+C samc-
ncss. On the other hand. the isotropic standardized
scmivariograms (Fig.5). using 10 compare diffcrent vari-
ablcs. display the spatial gutocorrclations. Thesc results
indicatc that SH(aulocorr) is dominant in stands of ko-
rcan pine.

Spatial heterogencity determine the charactenistics of
spatial pattern in ccological systems. In the block kriging
maps bascd on the scmivariogram modcls(Tablc 1 ). ‘we
can scc clear spatial pattern of Korcan pine(Fig.6a) and
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its age( Fig.0b).
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Fig. 6. Kringing maps of basc arca(a) and age (b) of old
growth forest of korean pine

In south sile stands. thcre arc few Korcan pine trecs
with small age. and thcrc arc mMOrc Korean pinc {rees
with high age in the north sitc stands. Comparin'g both
kriging maps. the paticrns of basc arca and age arc closc
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on each other. Spatial &ability was high and control
the ecological functions and proccsses of stands. These
patterns are quantitatiuc. The size and shape demon-
stratcd that spatial heterogencity in old growth forests of
Korean pine is very important in forest ccosystems.

Conclusion

Spatial hcterogencity is of a very imponam.issucs and of
great interest to ccologists studying functions and proc-
esses of ecological Syslems at various scalcs. Quantita-
tive approaches arc vital to further development of spa-
tial heterogencity(Wiens 1992). In this paper, we cm-
phasize quantitative analysis of spatial hctcrogencity and
usc method of semivariogram analysis. which is effcc-
tiveness tool, to study spatial hctcrogencity in old gromh
forest of Korean pinc. The results show that there arc
high dcgrecs of spatial heterogeneity in - Korean pinc
forests. which ‘changed with scales and directions. The
need to establish relationships between landscape struc-
turc, processes and ecosystcm management of Korcan
pine forests merits more quantitative studics of spatial
heterogeneity.
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