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Spatial heterogeneity in ecological systems
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Abstract; Spatial heterogeneity in ecological systems is a common understanding of ecologists. The
importance of spatial heterogeneity in ecology lies in its ubiquity as a feature of ecosystemns and in the
ecological effects it raises. Spatial heterogeneity. the complexity and /or variability of ecological systems in
space, associates with scale. The degree to which heterogeneity is expressed depends on scale. The
hierarchical theory throws light on understanding spatial heterogeneity in ecological systems. Ecological
systems can be seen as multi-scale hierarchical mosaic patches. Many quantitative methods, such as nested
quadrat analysis, semivariograms, fractals, trend-surface analysis. spectral analysis, etc. provide
powerful tools to describe spatial heterogeneity. Spatial heterogeneity has very important influences on
both abiotic and biotic processes. Most organisms are beneflited from environmental heterogeneity.
Modeling and experimental studies over landscape scale is a new challenge to ecologists in studies of
dynamics of spatial heterogeneity. Experimental studies on striding across boundaries between landscape
patches of some clonal plants can link researches on behaviors of plant individuals and dynamics of patches
and landscapes. In the future, defining a system appropriately within which heterogeneity is analyzed and
identification of appropriate null models for studies of the effects of heterogeneity are important issues.
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Wy AT LA REREN. ELEND S, REH (Heterogeneity) EA B RFF A HRIENE
EHCOBRERE. R REEEEEFFHRRE—ITHHEE. 188 19 #HARBMYERNEMES
HER AR RAMIEATE L EARREST SRR, ERBAREESFNERRRESY.NT
Faa AR e, AT AT E RN E NS R EABE EERRRERERE—
AMERAE, BR.FEESEEABE—N RAORELEN R LR RIENER RO ZHE
Pl RFRBE A BEME S AT L TG KUR T R A8 RO B % R A B0 R, A FE R GAE R R R
xR AE SR AL R, EtEn 20 B ENASFEFNARSNARREH THHAA
BRERR HESERHEHAMARE FRUGCRHES¥EFMNMFIRA TFSHOER ER, F0H
WM Z TR BERAH R THEM— 4. UEATEARGTERD THAEKERNIIAXESH R

PE 8 5 0 BT BUR RN A&

1 THARRERNEN
e, SHRFREHEESETRESH AN ENEZE . RAMESEEAHRIENS

W R AL, Li & Reynolds!V## i — - E RN . B TFRANEANZRBPHELEHRE B SH P HE
EXNFHROESGHESE FHERER/RTRE”. BRNESERAARAR T EEN=E R K
ERE. RN, ERTHMNAE. AERFHSEBEDREYMRAREEARR MO SERATFR
MRS HRE, XMEREEREBR THERBEHESEDERR LTRSS HHORAER. Hik, 465
REHAERENRE, LAFHTHARNRAFERG A AP ANMAETEER T A ZTRYSELR
GHWEHBR I BEAFESERIN—ITR—ERARE DHBEE PHESER. LIRFTA R, FF 02
MRFEEREFFRANREXREKET L ARARAKANSRAREENBER AANMERS R 2
[l 9 .

HF - RN AAESHRES NREREAAZTRRASNHRIARNENAZRLR. &
X AT SR RERS . 2 R M/ 7 (Measured heterogeneity) ” 88 “ 45 #) ) B & #£ (Structural
heterogeneity)”[g'm];*Efivﬂuﬁﬂﬁiﬁiﬁzﬁg(E%’F‘%a#ﬁ\%ﬁ%)mﬁﬁiﬂﬁs%%@]ﬁﬂfﬁﬁﬁ%
B AR, AR 2 % “ThEE Y B IR # (Functional heterogeneity) "'V, “S 0 5 FitE " H 1R K KBl &1k,
AREF SRR AEMHEERBRRAR IR . XN TEEEAFRENEDHEXHE. "TIENRR
HETHMFBAARNMRE, SEYRESFHIRBUEXL, "B REE"RAREES AT T
A—3R PR T REmAR N R R "R R RK.

2 THAREERESER

R ¥ (Scale) %518 B vk 0 M U, S [A R M HE R B IR E T ¥ BB AR XD, W F—1%
A¥ LB RENTHRTHRSSBRBEEMNHEANNER™., RESHERHNRSLERHIXAE -E
W A SREMABHARIBZHNSRENTRREE, THRRAHEFRARELRFAFRKEE.
HAEPRAESEIBENSARFERNRINEZEERFNFEHRE L,

RERSHEHRERHEN -1 BEHFEH. KB TFTRENEMX. TAREEMEAHEXE-THRIHA
£, FEEASRENSHREEBRRIBERARBENEAMER " ASREBREETRARER
(Domains of scale) FARARMAELER, IMERERRAEKBTAESREANSRRTE"  BRAEERF
PAREGBHABMHESSIR. ARRBRBEANIERNERFTUSI TR EBFEIENF N
#0) Fix s KBERERATFEASRARE . OTR AAP T EECHRBERMBAT A TRAKTR
EXREFHER SRRBEEERTERENS:&YHE4LIBRA - ENEBED - BYHASK
WG EAEE— K= R BE L 05908 29 1 AL 58 B R R R D U AN R B AR
B UBRREEPBX N EHENSERENRE AT HasEREN S, £3A083ALESE . UR
AERBEMNXMERET A REE.

% 4% B 1 (Hierarchical theory) B B R —HEAFANEER L  SEHALRETUHIRAEA T
ARRELHNERL . SEHBAN BRARENT - FR LBE KA KR, A ¥ K (Emergent
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properties } 8% 7 B f& 1k i 4% 1F (Non-reducible properties) B M , A X ZFR KA LHEBRET R
Gl EREEXSERESE RLTMEE 2 HEANHBSR S, ERESBBREK . BEBHR
BUWBEHEEN—ITESEY, M ERARBE/NRESRHEHNAREH AU EERRERFELSGH
W4 ARRELHEGRHERZAREE XN, KA RL TZEIMHEER=ERERATHIHE.
MEARTHEEBETEERHAERAY SRELERERN -SSR ECIURNEXE-TMTEERKELE
MEAERERARANMESZHEANEERE, SERRNERFRET MRS FARA,
TR URTRBEBDESH,WHEERAHFEE* B4 HRE,

BRESY¥EGE —MHERESRFERBERE AFRNEHZE XEHEL XK, B AETFURRMN
BEBERENBA . AEEXBENESF¥RER ARBELNSERRERATUIRRELNESE®
BRSTEEENARTFEAREY, B4 BT FENMERRAE . KRELHBREMLREDIRE L
KSR E & —RE, Bk /PR E L E 5B vEE R & sh &% KRS8 BAR 4 Al s &
BRMREFLER.,

3 pEREEAERRE

FREERUERHERARE LHTLREARRAHBRUKREHESEETFIBLHBEFERHBAT
B, RESEREENERECEFTEMINGAR . BEFRFERERENREAEE . RHEARNES
FEPLIMAEA KBRS, ERZERAT T EERREHER AZEBEEANKT E.EFR
HEATHRRANBE FREENREAEATHERRMOEESBHEARE cRBERERERN
SEUHNME-TMEHARNOHRIE. HRBRUREHERER MEAERNEREEIHFRARENR
., —BBREFREERTUEZRARAMNREAR. UREBRAE B ROHLE, £ R L. A FHA
XM K A & B T,

SRR NEEBRRETHRERYN ARHBERXVEREMNHERIES ., X TFRBARA
(Categorical maps), 25 Bl R /HHE O] BB AR MENN T AR R, NBRLEWHRB S LA, ke
AR KA BEAESPESE (Dominance) , ¥ £ & & (Relative richness) | B K (Fragmentation) \ I
& BF (Contagion) , 3 1 B (Affinity )% £ #3550, 0t F HAAE (Numerical maps) S RIS i ¥ ik W
BAR BEH 4> 7 (Nested quadrat analysis ) *7 2 77 2% & (Semivariograms ) 8§, #f 3% B (Correlograms )~ ¢! 43
7 # 3k (Fractals Y741 #5380 i 43 47 ( Trend ~surface analysis Y1*%1 ., #4F §7 (Spectral analysis)SUS21 22 a] 2L H
RERMAEREWE AR XEFEESRHRERENERRARTBAT I ERRAD T,

BEL BTN AL, O HIEBE 2 H (Direct gradient analysis) 8% [l 13 43 #7 (Regression analysis),
i) 4 B B 4 B (Indirect gradient analysis ) 88 Hf ¥ (Ordination), Pf & 4 %& (Classification ) 3% 3§ 28 4 th
(Cluster analysiDEHATERRRANERAFY., EXRMHATEIETEXLBERK . 2HEY
HEIHARREFENREEAMENZANHBELZERETE AN TE. M 20 42 50 FLEK.X
WEAFERTRKEER.
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o B A TR A RS R T SRR B RIEREE . B R AN RRNERSESF
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ﬁﬂﬁﬁﬁﬁ‘]fbﬂi—’?fﬁ]ﬁ%ﬁﬂ:Eﬁ%ﬁ/ﬂi)\ﬁﬂ@?ﬁﬂfﬁﬁs:Fﬁ([)isturbance)ﬁmiﬁﬁﬁxﬁ*
ﬁﬁﬁﬁ%ﬁﬂ&ﬁ@ﬁﬁﬁ&ﬁﬁfﬂfﬂﬁﬁﬁ%%ﬁ&?ﬁ:fﬁfﬁﬂﬂlﬂti‘ﬁiﬁ?ﬁﬁﬁB’ﬂgf*[ﬁ”a THRER
WREAE T EERE, L EENRAESESR, FRTLE S RERRESFHREKE W EY
HENERNSHE AMERREHRENEFESER. A TAXEFEREEHATHRTHREENA
& FFURRARFE LR TREIBREAAE&RXE., WhEILHFRRE TR T8 XKW RATOW S o Rl
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M. XS THRERTES AR E BRI E N R RA T LR A 7 A B K6 ] F i A A S R
_HHASNMBRERT, ETRE~3TRK . RW PR RBETNBIUILK TR Fp 4 B YRR
&, EEHYMNMET IR LR ER B ARER RS,

25 A 5 R PE 00 S A AR AL ST BR b 2 ey B 0N 4 3R 2 18] o AR 4 A TR Y BF 2 B v AR 4R 4R R [R] )
A UEXMREERNAERERLIR. SHA IR BERESRENEHNSIRNERES
2HRERRARNTL B RARMPM R Flux)”, EXHE ARBEH - FERD RO,
By AEBRARFORARERARRRE s, AXBEBARPOB FEBNID RN
WOERERCHBEFR AP BR. B4 —EEERIRELWEEHAY (EERRGT REEE
AERAEKIBREREI I RE L -BLESHNAES ER T RBERZ M EROEY T VBEBLIRANERS
LB ERERS BN HERPBARCHEE . HEERERNPHERTERREFEZN.
6 /K

HEASEENSHBERECRIESEENAR. EFETFTASERERENETALKFHAR KR Z
BRE.CNTARANEYEANEEYSIBFEENEERNER. AN ESERENTEFREN
RABBBLSTHEEXERANTEARERERFARRE. RURE LARYALBRHFIERZ IR R
HASHRPEEFFEEN—THEILER.

REETEMN 200 B, FXSHBAUNNPTRBI TR CEH#NEAR BRERZNRAERERLER
—BEY., - EEENEE NEEEHTRAEATARINERXRPRAE, URERBE XMW IER
i v 3R B9 2B I A (Null models) B RM KA XS H R AL ST BHMHRF 0 MRED.
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