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Quantification of Spatial Heterogeneity in Old Growth
Forests of Korean Pine’

Spatial Ilctcroscncit?(Sti).  &ich is gcncrally  d&cd as
the  cotnplcsicy  and variabiiit:.  of a systctn propcrty(c.g..
\&.ctation type. population density.  plant biomass. soil
nttlricnls)  in space. is of grcal  intcrcst  lo ccologisls
studying litnctions  and proccsscs of ecological  S~SICIIIS
a( various scales (Risscr ct al 19X-l.  Tttrncr 19X7. Turner
ct al 1031.  Kolasa CI al  1091).  Howcvcr.  qumtitativc
analysis of spatial hclcrogcncily  is a VCQ inipoccncc iii

ecological  systnt  and landscape  studics(  Li CI al 1995.
Wcinc IOOZ).  From  the scttdics of spatial hck.rogcncicy.
w  can ~CI the dcgrccs and changes  of spatial hctcrogc-
ncity  in dilkrcnt  scales. and understand  ~hc  coniplcs
proccsscs and Iixdback  in ccos~s~ctta  and . hd-
scapcs(c.g  . Moloiw~~  cl al 100 I ).

LI ct all  1905)  d$ncd  two  approa&cs  for awl\  Attg
hctcrogcncil~  in landscnpcs: spalial  chttraclcriir;llio~  and
spalial comparison Spalinl  choractcrktiion invqlv&  the
USC of n~alhcnxttical  ddscriptors.  cg..  scnktciognna.
in~orntalion  indicts.  aiid  lieclal.  lo qttanlilj.  lhc s&da1
variabilil>  or Soinc propctlics  o f  Imdncapcs.  !+$&I
characlcrization  is useful  IO dctcct  puttcrns.  i.c..  dcgrccs
ol’spalial  hclcrogcncit!  and changes  in spatial hclcrcgc-
wit?. o\cr \ all\iny.  spatial scales. This inlbmation. cou-
pled willt  obscr\a(ions  and ccosystcn~ models  , can bc
useful  to intcrprct  obscrvcd  pa~krus  and lhcir  cllkc~s on
rumtons  and proccsscs or ecological  S~~CIW.  Spatial

comparison. on the other  hand. ittvol\cs  the  USC of
ntaO~ctnntical  dcscrip1ors  IO qttantilk  and compare  the
smc  variabilily  or landscape  propcrtics  in the  rollowing

ways: I )bctmcn the smc  yariablc  PI difkrcnt  sampling
titncs IO dctcct changs in tt systctn.2)bctwccn  ~hc  saw
variable  a1  dilTcrcn1  sites to contrasl  dilTcrcnl  systctns,
and 3)bctwcn dilkrcnt  varioblcs  a~  the  snmc  silt to
establish  relationships.

Korean  pinc(/‘itm  hmimvis).  which  oficn miscd
with hardwods. typical old growth  hrcst ccosystcn~.  is

a main  important spccics in Northcast  pati of China.
Korean  pint rorcsts  is high  dcgrccs of spatial hctcrogc-
ncity  in landscape.  which  controlled  I~C fhction  and
proccsscs or ccosys~cro in spatial and lcnq~rttl. In this
paper w  USC the quanlilalivc  tncthod  0r sciiiivariograni

analysis. bolh  spatial charactorimntion  and spaktl  com-
parison. L O  discuss the spatial  hcicrogcnctiy  of old
gro\\lh forcsls  or korcan  pint

Scmivariogram  analysis is based  on the  thco~~  01
rcgionhcd  variables.  and it csamincs  spatial  wriatioa
and correlation  of’ nacttrtil photma (hl~hcrot~  I Ni.
Jourtsl  ct al. 1078.  Wcbcr IOXC.  Crcssic 1091).  While
rcccnt  applicalions  or SCniivariogrittn  anttl?  sis in cco-
logical rcscttrch  have

dcmonstratcd  its clkctivcncss  to sttnwttri~c spatial

data(  Robertson  1987.  Robcr~son  CI a l  198X .  Palntcr
I‘MI.  Fortin  CI al l%O. Lcg.cndrc  CI al 19X9.  Lcvin  CI al
19x9.  Rossi ct al. 1902).ln  this study.  wc  propose  som
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principles  for ecological interpretations  of scmivari-

ograms (i.c., spatial characterization ) and a method  to
compare hvo  spatially autocorelated variables  (i.e., spa-
tial comparison) through the esamplc old growth forests
of Korean  pine.

Study Site and Data

The study site  is the old growth forests of Korean  pint.
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 rc-
serve  is about 6394 hn?,  most stands arc misturc  bc-
twvccn  conifcr(  e.g.. pine. spruce, and fir) and hardwoods

(e.g., ash. birch, oak, aspen. maple basswoods, walnuts).
There are twclvc  forest stand types(Li ct al. 1993),
which age  range distribute  from 200 io.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
I2 transects from south direction to north. and set up I2

plots in each transects.  The total numbers of plots is I44
and each plot size is 30 x 30m. The sampling interval
bctwecn  transects,  bctwvecn  plots arc IOOm  (Fig. I). In
each plots, wc  measured and named each trees, height,
DBH. base area, age, cover  rate.  dcnsitics,  soil, and
plants
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Fig.1. Diwam  of plot locutions aamplcd  in the old growth

fur&s  of Korwn  pine

In datasheet from 144  plots, we use both base area
and age to bc as variables to analysis variation of korcan
pine in apace  and use geostatistics(Joumal  et al 1978.

Weberst 1985. lsaaks  ct al 1989) to established scmiva-
tiogram  models  and make data analysis. Scmivarioyam
analysis is the etkctivcness  to summarize  spatial data.
For the characterization of spatial heterogeneity.  the

paranicters of seniivariograni. range(a). sill(C+Co).
nugget  variancc(Co),  and fractal dimension(D) arc usc-
ful  tool for quantification of spatial hctcrogcncity and
can bc derived  from semivariograms. The first three
paramctcrs  are traditionally used in scmivariogram

analysis (e.g., Journal et al 1978,  Weberst 1985).  Using
the concept  of scale and semivariogram (e.g.. Trangmar
cl al 1985. Burrough 1987)  we may decompose  the
spatial hctcrogeneity  of numeric variable  into two quan-
titiablc components:
SH=SH(autocorr)+SH(random)(Fig.  2).

This decomposition can help us to understand the true ‘ .
of spatial heterogcncity  by mean  of scmivariograms(Li
ct al 1995). The fourth paramctcr,  fractal dimension  is

dctcnnined from  the relationship betwvccn  scmivariance
and lag distance(h)  (Burrough 1983.1986). In addition,
wc  also can use anisotropy ratio K(h)to  characterize
anisotropic structure  of variation in space. For the com-
parison of spatial heterogeneity,  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 sam-
pled  area.

Results and Discussion

Results
The variables of base area and age of korean pint were
examined by semivariogram analysis. Values  of the four
semivariogram parameters  and lilting models arc given
in Table I. For each variable,  the isotropic semivari-
ogram(  Fig.3), two anisotropic semivariogranis  were
constructed(Fig.4a  and 4b). The two’  perpendicular di-
rcctions used in anisotropic semivariograms coincide
with the major environmental gradients: 8 I=0 (west to

cast. i.e., elevation  is commonly the same) and 0 2=30

(south to north,i.e., elevation is from 32thn  to 3GOm).
The anisotropy ratio is illustrated  in Fig.4c,  ‘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.
Tahlc I: Parameters of srmivuriogramr  and  lifting models

for hare  area  and age of Korean  pine forests.

Vmirhla  Ma&’  C o cwc  cdc-O*C  a D USS  R2

B.w~ar  S 3 5 . 9  1.~75  .0.480  468 I . 8 8 7  2 3 3 . 4 9  0 . 7 6 8

A* L  $193.0  11750 0.467 993 I.857 J800 0.9~0

I :Sqhwiiwl m&l:  l.=linur  modSI.

Discussion ‘.
In an “idcal”  semivarioyam,. r(h) increase with  h; the
sill is an approximation of the masimunl  variance of the
variables. The curve shapes of semivarhwams(Fig.3)
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show that spatial  hctcrogcncily  varies  si9nificanll~  in
Korean pino  stands. The ranScs  of bases arca and a@
arc 468 nt  and 993  tn  rcspcctivcly.  Its rcprcscnls lhc
distance  &yond  vvhich  the  stands of Korean  pint arc no

longer  corrclatcd  i n  space  The nugget  variance.  non-
zero  values.  ctiprcsscs  IIIC  discontinuous variations of a
stands at small scale.
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scalcs(Fig.-lc).  This tncans that spatial variation of the
stands is anisotropy beyond 400111. and it is isotropic
variations front zero  lo 4OOni.
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The dqrccs of spatial hctcrogcncity  changed  when
dillkrcnt  cotnponcnts  arc csamincd(Tablc I). High sill
tncans high  dcgrccs  of spatial hctcrogcncity.  The nugget
variance  lo sill ratio (Co/Co+c)show  that lhc spalial
hctcro~cncity  of random arc 48% and 46.7%. and oT
autocorrclation  arc 52% and 53.3% . rcspcctivcl~.  for
both variables  in stands.
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Fig.  3 The isutrepic  acmivwriqytrmr  of hvrr  urcrc(u)  vnd

age(h)  of korcun pint

SH(autocorr)  is the  autocorrclatcd  variation and csists
at tncdiunt  scales and is dcftncd  by scntivariograms

\v  ithin  the range of spatial correlation.  II is random. but
i s  spatialI> corrclutcd  and change  w i th  ‘sca le .
SH(random) usually occur at small scales,  and indc-
pcndcnt and unknovvn.  WC dcfinc  it as the  sum of varia-
lions within the scale  less  than the  niittintunt  resolution
of obscnations. Thus. SH(random)  can bc rcprcscntcd

by the nuuct variance  High numct variance  to sill ratio
tncans hi$  dcgrccs  of SH(randont).  Fractal  values  arc
IX97  and I.857 indillkrcncc  due  IO the  Co/Co+C  same-
ncss. On the other  hand. 111~  isotropic standardixd
scntivariqratns  (Fig.S). using IO cotnparc  diffcrcnt  sari-
ablcs. display the spatial autocorrclations.  Thcsc results
indicate  that SH(autocorr) is dominant in stands of ko-
rcan pint.

Thcrc arc a stronger  anisotropic  sttucturc  beyond  lag Spatial hcterecncity dctcnninc  the  characteristics  OF
distance 4OOm (FigAa  and 4b). and si9nifkant  spatial
hctcrogencity  bctwccn  the  two directions. Akotrop>

spatial pattcm  in ccologtcal  systems.  In the  block kriging
maps based 011  111~  sctnivario~ratn  tnodcls(Tablc  I ). ‘kc

ratio is above the  isotropic lint over  40Otn of the can see  clear  spatial pattcm  of Korean  p;trc(Fig.ba)  and
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its agc(  Fig.bb).
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In south site  stands. thcrc arc few  Korcm pint trees i
with small age. and thcrc arc more  Korean pint trees
witI1  high age  in the north site  stands. Comparitig  both
krigins  maps. the pattcms  ofbasc am and asc  arc CIOSC
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on each other. Spatial &ability was high and control
the ecological functions and proccsscs  of stands.Thcsc
pattcms  are quantitatiuc. The six  and shape  dcnlon-
stratcd that spatial hctcrogencity  in old growth  forests 01
Korean pint is wry important in forest  ccosystc~~~s.

Conclusion

Spatial hcterogcncity is of a VC~ importantissucs  and of
great interest to ecologists  studying functions and proc-
esses of ecological sgstc~ns  at various scales. Quantita-
tive approaches  arc vital to further  dcvclopnxnt  of spa-
tial hctcrogencity(Wicns  1992). In this paper.  WC  CIII-
phasize  quantitatiw analysis of spatial hctcrogcncity and
USC method  of scukariograni analysis. which is cfkc-
tivcness tool, to study spatial hctcrogcncity in old gro\\li
forest  of Korean pint.  The results  show that thcrc  arc
high dcgrecs  of’ spatial hcterogcncity  in Korean  pint

rorests. which .changcd  with scales and directions.  The
need to establish  relationships bctwccn  landscape  struc-
turc,  processes and ccosystc111  managcmcnt  of Korean
pine forests nwrits  niorc  quantitative  studies  of spatial
heterogeneity.

References

BUITOU~~I, P.A. 1983.  Mukiscde  .sourw%  oEspti~l  variAnti  in
soil. I. llie rppliwtioii  0T liactal concrpts to nrstd Icvsls  01
soil variation. Joun~;rl  dSoil  Scirucr  31:  577-597

rkfOttpil, PA  I Y86.  Prieciplcs  ol’  gcogmpliicd  iiihniiulion

syslms  ior laud rcso11rws  awxs1uc11l.  Clarmlo11  I’wss,  Os-

f o r d .  U K

Rurf011gh. PA. I Y87. Splial  uspwts  of wologicul  duu I?I~CS

89-125  III K.H.  Jot~guw~  ~1  aI  cxhlors  Ihlir  analysis in WIII-

111uuily  ml  laud.sqx  wolog\‘.  I’udoc  Wugeui11ge11,  TIIC

NeIlwrla11ds.

Forti11,  L. 1988. A ge~rral  IIWIOI ol’  popula~ioas  ‘iy  patd~y  Idi-

tats. Applid  MnIlwulicIics  and  Co111puIariol1  27: 51-66.

Isa&s,  E.t l  CI  al.  1989.  An i1urduclio11  to upl)lkU  gwsIaIisI/cs.

Osl’ord  l.?iiv8xsil!  Press. NW  York. NC\\  York, 1JM.

Joun1el.  A d al.  l9S7. Miuinp  gcosIaIisGss.  ACJI&I~IIC l’rcsq.

LO0d011. UK.

Koku,  J. IZI  al I YYI. Ecological I1rIcroguwiIy.  Spri11yr.Vcrlag.

NW  York, Nsw York. II?;/\.

Lqwdrc.  I’.  d  al. I YXY. Splial  pakm  .a11d  rcologicd  rualysis.

Vcas11lillio  80:  IO7-  138.

I,c\.i11.  $.A.  cl al.  IYXY.  I~~wriiical iucdcls  01’  scosyslcu1s  id

cpidcwics.  FuIurc Gs11craIio11  Co11lpulcr  Syshms  5: 2627-l.

1.1.  I I.  cl al. I YY5,  OII  dcliuiliw  atid  qwmlilic~~lio11  ol’IicIsrog~-

udy.  Okos 73(2):2X0-284.

Li.  1.  CI  aI  I YYf. Forests  ol’l  Icilongiiuug.  I:orcsIry  Press.  kiji11g.

Cliiiia.

Malhsro11,  G.  1963.  I’rinc1pks  ol’gcoslalistics.  IGxmx11ic  Gwl-

ogy,  SH:  IZlh-  1266.

Molo~~cy,  K.A. cl  al  IYY I. I11Iqrcliug  c~ological  pitcms  gcu-

eriihxl  lluougl1  siiupls  s@cliastic  prwxws.  Ln11dscalw  Ikol-

og\‘.  5(3):lfd-174.

I’~l111sr.  M .W.  IYXX.  I:racl;d  g~O11wl~:  u lol l  I‘or  &scnhi11g

slwliill  paItcn1s  ol’  plnul co1i1i111111ilics.  Vs~~lalio11.  75,  Y I -

102.

K&x.  I’.(;.  I Y84.  I.rnd.scrlx ecology:  dircclions  arid  upproxh~s.

fIl111ois  Natural I listory Survey  Slk&l  I’uhlic;1Iio11  No.2.  Illi-

11ois  N;~~ural  Iiislory  Survey. Chiut1paigu.  llli11ois.  [ISA.

Kohcns011,  (;.I’.  I YX7.  (iwstiilislics  i11  cuology  iulqxd;rlrr1p

will1 kn0w1 virriauw. Ikology,  6X:744-74X.

Rol-w~sw  (;.I’.  cl al  I YX8.  Spatial v;1riuhiliIy in u succcssio11;tl

pli~ul  co111111ui1it~  lx1llcn1s  ol’  uilropc11  uvuilul~ililg.  licology.

6Y:l51?-1524.

Rossi.  R.II  cl  al  1992.  GeosIalislical  Iools  br  111cdcliiig  uml

i11IqmIi1tg  ecologicsl  slxmal  dclxdeucc. Ilrologicul MOIIO-
praphs  621277.3  14.

l’rmgiii;tr,  l%H.  cl  al.  IYX5.  Appliculio11  ol’  gsoslalislics  lo spil-

lid sludics  of soil prolwlics. Adti~:wrJ  hgrouomy 3X. 4-I-~4

‘l’ururr,  M.G.  I YX7  LmJw~lw  I1cIrrogcuciIy  id  disIurlm1cs.

Spriugw-Vcrlrg, Nsw York, NC\\  York. I JSA.

‘I’urticr.  M.(i.  cl  al.  IYYI  ~u;u1tililliv~  111~ll1ds  i11  lo11dsc;z;q~

c%llOg~.  ‘k  ailrlysis  illId  ii1l~rl”ululio11  01‘  liludsqkl  li~lcro-

ywcily. Sprilqxr-Vdtg,  NCW  York. New  York. I ISA.

\h’chsIcr,  R.  IYXS.  Qumtilrtivc  slwid  uwlysis  ol’  soil 111  IIIC

Ii&l.  Advuicc  in Soil Scicwx. 3: I-70.

WICIIS.  J A. IYYZ.  What  is laudw;qk:  ecology,  really?  Irndscapc

licolo~~.  7(  2):  l4‘J-  I 50.

Kwg. Y CI al. tY%.  Kowr1  I’iiw  I:orcsIs.  NOII~IGISI kimsir?

I Jiiivcrsil\  I’rzss I litrhi11.  Cl1i11a

(Rcrlwnsihlc  E&w.  Chai  Ruilwi,I


