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PARADIGM SHIFT IN ECOLOGY: AN OVERVIEW
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Abstract Paradigm refers to the world view and a system of concepts. theories and methods
shared and used by a scientific community. Scientific advances are usually accompanied by shift
in paradigms. A common assumption historically in ecology is evident in the term "balance of
nature”. The phrase usually implies that undisturbed nature is ordered and harmomous, and
that ecological systems return to a previous equilibrium after disturbances. The more recet con-
cepts of point equilibrium and static stability, which characterize the classical equilibrium
paradigm in ecology. are traceable to the assumptions implicit in "balance of nature”. How-
ever, the classical equilibrium view failed not only because equilibrium conditions are rare in na-
ture, but also because of our past inability to incorporate heterogeneity and scale multiplicity in
our guantitative expressions for stability. The theories and models built around these equilib-
riumn and stability principles have misrepresented the foundations of resource management, na-
ture conservation, and environmental protection.

This paper synthesize recent developments that advance our understanding of equilibrium
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vs. non-equilibrium. homogeneity vs. heterogeneity . determinism vs. stochasticity., and sin-
gle-scale phenomenon vs. hierarchical linkages in ecological systems. The integration of patch
dynamics with hierarchy theory has led to new perspectives in spatial and temporal dynamics
with explicit linkage between scale and heterogeneity. The major elements of the hierarchical
patch dynamics paradigm include the idea of nested hierarchies of patch mosaics, ecosystem
dynamics as a composite of patch changes in time and space, the pattern-process-cale perspec-
tive, the non-equilibrium perspective. and the concepts of incroporation and metastability.
Both environmental stochasticities and biotic feedback interactions can cause instability and
contribute to the dynamics observed at various scales. Stabilizing mechanisms that dampen
these destabilizing forces often involve spatial and ternporal incorporation. In contrast to the
stability that derives from an assumed self-fregulation-in a closed system. the concepts of incor-
poration and metastability deal explicitly with multiple-scale processes and the consequences of
heterogeneity. The most important contribution of hierarchical patch dymﬁﬁcs lies in the
framework provided for incorporating heterogeneity and scale explicitly, and for integrating

equilibrium » multiple eguilibrium , and non-equilibrium perspectives.

Key words: Ecological theory. paradigm shift, equilibrium, stability and instability,
metastability » hierarchy theory. scale, patch dynamics, patterni an process, modeling , hierar-

chical patch dynamics paradigm (HPDP ).

2R (Paradigm )R B (L B HIFE R — 1 A EE M 20% Thomas Kubn ) — EFIHXFE %4
MERMIEMERETERER . EAR— TR REMIANERMN, B RR,. BIFE5 (Be-
lief system) B— RFI & . FEMEEARMSE: REFRE, —1HERSRHEHFLFAARN 48
B, BEFNERARTERBKBELENFEXHHRLEAE. HIREER. BT E I ERRME
TREAE. TAZNmAEREFIEHEFEEASEY Y. FHEEM B INRHEL. FoEDR. 2
iR TEEAR LI, AARREI R~ EAEA, Flef, £—ER8 L i, B2 BETTER
“EOCHEE e, B, CEA TR W RSHREENY, NTISREREREA R SR,

FEREEBRE S, HEAMIMNFRTRINEA AR R FAEA SR 008580085 A BR
AL, X — I FRED B M1 AR (Paradigm shifvy, HUE, A F TR EHEMN, R H LB
., Y—FFEEAHEN, HAF. A RBRERSRFEHTR, SHEU'REHER LN, HEERM
FEENFRTFRERBEIRIBERFH ARG RRREEROBERS NG SW.

HBAERFAWEESH B, WMEE“HED % £ " (Paradigm hierarchies, M R %k
B-BERER-TEEHAAS), BB TIAARENS . #R CEMY I (Materialism) . H £ (Cavsali-
wy 1. 4 1 2 (Reductionism ) & % 6 i (Holism ), ¥ B 31 B 1 4 25 2 908 4 8 L F % # & (Equilibrium
paradigm) . JEV-## =, (Nonequilibrium paradigm } % % -8 75 #2 =, (Multiple equilibrium paradigm %5, 7j
EEEFPREZHAES, MHEETZEANEEERETELR. UABEBENTE, EXMWAERAR
BoM, B TTEEA M. ML EEARTIMNMENL I X —EREENERATEMR BN
ZEAHREAIBEHEXC, AAMAESEFILEERARETEIE-HESL. HERBNFES
ERZFM—TESEHAaR. DERERFEHEP,

1 FEE
marprit, AAFEHERTEVSHEESFHIRAAKTFL. S TFTHLEATHRRAN SRR L8


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

5 #A SREE. EEPRATIER 451

R, HEAEXERMN 2T -ENEME. FXNTRESERILIARBCACAFRERA
MR, P (SERE SRR ETHER. STFHEER, UABREEME T28ER—
ARESOUANEEZEREEN. FFYEEANEERA . REEMEKRE. REATTERNETER XS
SRR LA 8 R AT S i BT T . LU 811,

H 8 4 #5 W (Balance of nature VR A X LIEEN—F . EEFE AT EREEER AR
HITHE. ARNERAESETHEREA, EHET . RAITH 75 W5 FRW 2 17 (Metaphor) .
ZE L. BRAMEEELSETHEBL, ERRETZAETFREATOARLTRELERE, EHF
BEEEEAMFEAMERYE. AMEETMEERHERE Y. A REHOSED, X-BHBEr S8
AFEEFAETIE, BERTESPHEAEATTHESR. fm, ERFELSPP, SEBRBEL+
FEH) 8 F X Density-dependeny B B B S W ARBA T et ), EEMNBEBEFHBIERET
FHEY. RAZF. MANACSAEVHEBIER, FBRTHEAEXKTELMERYEERE. Am,
Clements" B H R REMIEARYERE A EHD L BREW RS, BEFFRAN . HHDREARE
i F TEEREMAR R BEEVE R R . Marglef"fl Odum (19694 X — W EH —FH R
IFEHRAERESREESENRRZ.LU, EEWHEE Y, Bi5EHah 278580 M EEE
60 E TOFRNBERET " EMtE"Eth, HERESZRESFFEAFET., ELHRREL, "Xk
F " (Gata hypothesis ik 30« AW B B H ST 884 i B S B A BT A9 B 55, BEASRH I & Ff T 4 &y
M AEARD | S EI AU T B 685 4 B 3F 2 (Ecophilosophy B Deep ecology ) (B E &N,

ALl FHELEFIEESEAEIFESAN. AEATFERI Q. TS L 2o WY
(Deterministic), HIlt, THLABHEEREN T HAUBESE, LB, XE M CEERRESP2 SR RL
FHLBE, —BWE. PTREXESAZTEFLIEAENHBKERRREALEHHERE, B
HEESERREA—, FRFZIBHAFNOON Pinm) . 51, TREHF 4 #2574 F 19 8
XFRTE: (1) fTTHEEHE 5 (Resistance), I EGHEMIF FHRAOGE . HLUKE -—TRETFHREREFE
WRMBEAER: (2) HREENEE S (Resitience), I ERZEZ THEHENIAXMTHESGES, ¥/
FraEntmEE R (3) S RNIFE T (Persistence), BIETHRIER TEXRASTILERE —ES M{ER
BERFEFEQRES, ¥URGEFERNEREER; (1) TR (Variability) B 4HZ 4 (Conistancy), ~H W F
MAEEERESE —EMNTRELFFANFEENTREE. FHAEEERAF, FEMBRER
BRI TEEANEREE, —EFHETREEFHAFENREZ L. MFEERNERAEEE) X
g, HET®BRLR, RS ATELLEY THELZ .

H2FEAESPHRARY, ARFAHFLTHERS SANTFHFEASEEUBBTFENES
FH P, fiin, Hall™ 8 F — SRR R A R, LA SR m ek BT
W (@ FE Logistic f1 Lotka-Volterra M AR B BDHT T FHEM SR, fEH. FEHLHREESSE
HmMERHERE. SHHL. GlhentE X RWFI AN TR URIBETE XTI HF LS4
MR T MR BB, PR ARG TR R ETHERLURETR
ARERMEERMEESS.

: FFEESTEHEER

ETFHEARE EESY ESX N BT EIE{ Transient dynamics) T e L. RSN FE N EFHO/ER . 3
FIIZEFFRAEEBEFFEENER, T PHFRIEABRORFEFEATMRERATE EME AL
FEAEDY B LAY, ¥ E KXY IR (Density-independent theory )R T WAL HER . Tk
FEHEBENENEISEERSHEEFLXNFETL. MO REEL X WNABRERR TN, B
AMEHHD ST LEFRTRMRE, TRRAEERERASHIALSEDHFBETFIE. B, 7
FRX G T EHEAH O IF A% BTN " Density-vague regulation) B, BIFEFSIBHEXRS
mHEZEE T BEH, WAERBASEI, FEAAVEHEERC). BEEFPHINIETEN
HEH B ER AR, Rt asBriETE Tl UAREWHEEE. THES RO ELE,


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

452 * & ¥ Eicd 16 4

MFABTHNBEFRSRATFTAIRSE T K PRI B M A (Pach dynamics perspective) . H{#BHH
e h - RFIRAMEMEIR T, BEE, B TR EEEL ST, RS RERTH, W
TR GEAEOM Marglef-Odum £ E £ F BN FESFHUC KA BEILEH. 2R RERE.
AR E AU R AR RS ESF FHWE R, FRMRUERELERILLEYE
MEAMGAEDAHLT FHATFEES, ERAEZMREE. ANHEATRARUEREAREZRE
rTERAEESEELERMHEEER ). MR NESFSREN SaEAPbHNE, E—FRELE
TR TR AR AR

ERAEFFHUAMLEMBFESYERYBTHEN, TR ENBEEA TR RS EEEFR
Ul b, A A A E S, U B B 5 B (Dissipative structure) £ /9 &1 B EI AR S 2
(Homeorhesis), W RFEEEEBIEHFEHT -, g o2 /L %, FE3EHENETFREM AP EE
BEPMEARETEFINEEETENEMER. M0, Levin™ ™44 5 8- K I¥ 7 # (Diffusion-reaction
equations)TTLIHES", EHEGITRIRELE, ATTAYBRREEETAEARMEEXESNETRESASR
ST — S, X —-Eityh 2k, 8 (K (Spatial patchiness ) B T 2 W TR B R ZHE 8 S5
BREE, MBS EHNEAY—THIFER FRHFEMNTESEAR™ . AT — BEARMEE LIraH
I~ ERERE AR Y EEW AT (Shreshold behavior »EE I AF (Bifurcation) . Hil 2 —E &35 f
3|, (Domains of attraction}iARAE, BHERELFRE EEREMBEATLE. ARERERRKAERIK
MRS, EER LR LEEFEEE XY, JBE P (Chaos theory ) §1 3¢ 38 B #2 (Catastrophe theo-
T ERTAFEZ —IEREAIER. ClEESFIHERCHTEIAASESFITRETHERL
B, XEEPEESEMERERAATANTFHEANENLETHFY EFANER, fm, FRER
MIEATTEESFRES L SN HNHREH. FMAERFNHT. T MAEEHEL 58K
SRS, Ak, R E TR, AR WEEI RS R R — IR, K. B
HB HRMIT AN EHRGZ—. I—FHER S BRS TSN FHEAEEM.

EFHEER, FAEREFEERY - REER, AIFEETEARCIHRAEZWHAENER
FeEED R T W EARRE . A, Holling™ VR F % B 7K 4 #0440 75 £ 5000V 2 20 4] 1= 6 A 4 - 1l
BRETBE[HMWEFE. BEE, HIWESBEANTH (L UEHNERTEESEZHEN— T K
HHEBRS TS, FEENEPRLRHRTERUEXIHIFHEFEEULI T,

3 BREEEHSEERED -

LML E, EEYHEREREGHE MRECANAN S I FHELRABESSEEERE
et FEESPHEAAMEREFTTEY MO, TERREYSIEESAMNRE LM S,
WREAKELHREMRILHA, ERRABERARENETY EHFE, URAESHEEEYRBAEER.
EEHERESEFEEERES MEARENEN/IRFE. Bk, BRI FETESRERL
o, HEERE A EFEFAE SRS BRI RN En. MESEAEANEREREE
R Rz HaRKER AR, Bk, $EWEIEEEDEREEL — M EEERRT. B2, f

% % 408 UL HGE % B 350 T~ B 5 789 3h BE BT ¢ Functional groups, W% =% W BE A RE K LHE, "
SHBLESPRAAR, AT RKETYHFREACTREMH A B B EEL WRESH K] 2
(PooD LI R R MEE R ERF. A REN TR FFENEZFHESHRATLIN MG XEREXFEH ?

FHENER. TARESENETARETFHESFRANZRRAEIETERNFED.

FRLEFNESRAEEEFAWMAEANEE, TUEBRTAAAAERARESEZRARNLE
#, AEERTERRTELARTRBTHELN. £E5¥HRBHRRN, IMHAEXES TR
BT EBERR, BT, EREIHNYRFEF A HBSIENEDYBENSHLEERRRSY,
MEBEASMBENRBARNECTCDEFELENESRENERMY FEsiREBREE ., B,
EEAEANEFSH TRES I IHENER. RILETPELHTEREEEL. AU ARERNRESTY
BRI RTIE AR Sz —0 00,


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

5 4 SEEF. EEFAATETRE 453

4 WRBEREHEHE

AL EJLE SRR T, E5FF KU EAR TR TFAMEES A RESEM U TANE
FLULTFILHE: (O @XER, ARER DO ATHEAERGEESEIBPERAMNIARNRER
B 3 StZWIZERERNHER, (O FREENEIREM AR, WA kil (Reductionism } 57 B i i
{Holism Y1 X Bl . 55481 ( Probahilism ) 5 51 £ i (Determinism 1§ E B, B Bk i (Individualism) 588 %
LK ID (Supercrganismic doctrine ) f B B4, & F 0 B |8 0 F A 10 8 5 % ik 57,58.10.11, &
ERHRXBARERE, HRDAFRATSHFEENHTERE, URBRNTLIBNREFIEERYES
FEPRBHLAESS, PAERL I PFEEXRETHERSFEURE—TREERFE.RENMEE
WXREBEEREST I A EWHE. Wo il Louchs - #F B AT A THENERM E. S H AW & (Patch
dynemics > fl %48 7 i (Hierarchy cheory ) H#5 &, B4 T 548 S 21 B ¥ &, (Hierarchical patch dynamics
paradigm ) R, A HABRNE T REN I TFEHEX—FHADN —HE,

B 1947, HEEZFR A S Ware WiLINF & &R HRIFF ELE T | £ 0495 5 20 69 G0
e, REMNSERSTHRERBRT XERRNGEERHE. T WANEXRELXETEMETIFEAAAR %
BRI —ICE R —— Skt HTT IR ERWE s L AR IRy a s AT AT ik
B UARMEEN . ETHABRK W, ME-FE-BE- S5 R25 MR T EEHRE. X2H Y,
BHENEAKTHFFER — O & RS E S (Nested hierarchy) , B AR T 8F STa )0 25 1 K 3t &%
SEmRid R, i, SEERETHEEN. FREBEIETSEETLXEE. X -AEEHR
NERBPUASEA, EEREENE. SRASFETSSAAKFHTEEES. PEHFILE.FU
&L Bl 54 BEEIE (Metapopulation theor VIR W E B EN A B AFHARWH T HEE TR
BRI RD, ’

BM 80 SERLIK., SBEREREESFNE TR BN, YERESERESGW. Efa
SN RERET —THAOEIRRE, HEHTHAE FUSH LR RBUo e gy 2o
LEFRAFS THABR (H AT WERES., FRELFAHEFAE . L& W (Nested> T2 F M
(Non-nested ), ZFRANERELER, §—FEENHT TR CH L —BREet. 2—aE&, fW. |
B R MESSRAEHMERATRASEEE. TIFESASRER, FERETHE—EN LR
WBNEE, fiw. BEEDHEHSABHOIFEFXSMHM METE2S APES SRS AW
£%8) . HELLHAETALAL., NTER—TFRER, BETFATERRAT 124, HRESR
FEEFRENAEE, CAELSA. A FEES. SPRAETEREAsASEEE. B2, B%
FRWESEIREEEARE, A, #EF, MESEBZRNIRUERAYIRE, SEE, &
EESY S TEHEERHERSABMERKIBEWAER, MERANSIS X HRBEM B REY
U A EMRE. $RFENTE S —Z N8R “7] 3 84 " (Decomposability) « B 25 5t & S B 1R M 3=,
BEIHHEEZESMEFAS. RETUIBAFETHEMNHEAERNRT. MAMEIHERLKX
MRS, RESREL. BARNESFETREFAMGARE LN IH (OHEERR . EHF LK S
5. shio ik B 216 . THE0 B ) B 132 Fe B 4 AU ¥ 7 ( Discreteness ) 2 B 4 ( Breeking points) A45 iE . 54 R
TREE—EBELBEETR—K 9, ABEEMRE. BR/ANFELAESSHRER FEIR
IREHEENR. SREURLHRBERFUIRLERFRRRMET T~ F M HE ST, O Nl
B, ESHE. SREHICHESENRAAREZ —HARXEHEB T EEXFHNRER", L HFE
WA RE RFESARE R EMERE T H WA, o, SRS 7 A LRk 00 b R
%, ROENHRES foAE,

ETWHEESHEUSAFRE LN RESS., LETAEEETZERIBLBRABMA, Wu i
Loucks" A M SR B AEREDFHFEEERNERPH—TFER. ENESAREUT MY E.
4.1 EEFERELAHBRBREHANUFUSFRES, Mo, —FE#KE—THIPWEEXRITH.
SE WS [ B 3 (Tree gaps VSRR E4F . R RUE, AL BB EFIRE R0 &SRR F BN


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

454 =5 A= =2 i 16 #

i, RHRE. A FAAEFEMFRAANERTR — P EEFHERA MR, X — EER #iE
RTERAZR . RERE. UEKERE. Y%, ERAEANETEET. BENEXFLEABALT
BEGEETFRa=, Gim, ERFHERAIEREEE A= ENXANNEEH TR B,
HEAWHEEYARMEBES AEMNJIOTFEHRETELHERT. X —EEO5EETUNUTH
HH A EEPRE. i SRMREHECSRTMERINFSEBEE£EP, SEEK . EF.
B Bk SR 2t B R ER T AT AR, (TE4AHE R TFAR FREW- -7, Bk
B T R AR T B A SS BB g e
4.2 ERHEFER, CHBEALNSHEERM. ERESHENNESEREY. RHEMHER IR
EHREMAREMEETHINSERAL. EREREA B, @, BASDEVTEEEATHS
DESBEAARELSTRASBEKRIEXNENMEESDIBREINEERR. A, RUSIERE
HARRS EFEAERUNESEONTEAHENAEZRESEEMBE Y S ERRREN. HES
S, REFERETERRKN LR, WHFEAERKBMHEERMNMEERTNR . Bt mEHEW
PR B B R 4% L RE (Focal scale) LIS SE R EEEHEL BN, IEAEEEIAMEHESP
— A Y EENES — REEZ (Scaling). FFBRERS. BB AR —RELREEMFEIRN
EEAMHLTRELOAR. BEEIEERELOFTNRTHRILBOFS. RERSEEKREL
$fE(Scaling up) FIR B F1f (Scaling down) . EH A BEARRAHFRUEFEE TR0,
3.3 BE-AR-REUE. FRBESESEARMNLEREESEHNPRCREZ -, 4B ™4 %
. BRERTHR. FECHERERSIEBMEE, RLFIGRBIHERTRENEA. TieRD
EEREMEDE EARE. KRENERESHUHE:. B, FREFHNETESIRNER. HRTIR
HANERBERNER. TEVWRERINABRR _HFnx . WEERRERE2N),
WEEBERRESRRERFFAT, HRIA L WA DEES R EH" (Domains of
scale), EH TR MFTE . SHEE-ERRELRALNHERTEL. DAESREETAESERENSH
AHMPFEEYTY, BRNFARERARRERM AR IR FEEEREN. ENEERRT FEA
S BREFRARELIEEISER. MNEHTHERSNIBHFRESE &, FEmAMHEHE
FERMER, Kot ER-REHSY. g TaR4ENE, RERFAR. HANREE. RUERGE
B MYERELrREREN, BTARALABEFAARELEER. MXEHRERAER. RESESN M
Bk, ERESBMIEFEZLHABRE. AL . ARRTHELI MW ST L.
4.4 FEFHWYE. HSEHEFEARIR, SERENEHEALCHFFENENIRFYERERKERESE
RIS, — ki, EFERETEARBERESON. EPAEEYEEOENE, DURES TR
fERCLE DU, —BHE, BTAHAREARBEZRNERTH. S THRMFARETZERELED
RigERERET, AEYRAHEFHET. 5 -0, EHFEFANZREN. HUE SEM#HLE
ZENrgeAn AREEFRFALEERABENSHE. EXZEL MM 5ETFRFE L AR ERTRAR
B2 BEFE. IREEFITHBAME S E FEULE AT S R IEE 10,1,
4.5 FH dncorporation) HLA I & B e (Metastability 5. BREME SR EH _FHEREEYH
Ko, HEESESERLNETESROETX. FEXF . BHEERETELIEHESHEER "
BEdEMAR, TEANEIFERBR LRAN E " THSHERITF SRS (R RE Meta™ Y
“EE "BERICRECHRRIABRE MG, MIARNFEAL). HeREREMT —FFFE%
BERECOWRE. M. BRPARET. AHE. OFEA ER. REETESHREER. RESE
AT -BAREIRE. MYERFETEREFRTHTOEA T, LA EMEABEEIRESH
HHE. B EHEFRELERRLETIETFHEN(EEARERLERILTE). AW, £5E%S 1T
BHA RS EN, ARHPEEERTESE = 0" (Spatial filtering ) fE AT " F# " (Smoothing) . M\ {E 48
srHHSSEAEEEEE . HARIEA b S R %5 " (Shifting mosaic steady state 10" —f
Hifl, A THEFEHETRAEMETHTEL. HAEHESKRARE L, FHEERESNAIRY


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

5 3 RRES. EEFBALIEHFL 455

L3 J%. 13 E1E ¥
Piatic instabilicy

SR EMEAND
Increasing disruption from
REVES Dlotic fecabacks
Stable equilibrm - pll
quilirnm '“l‘" "’
il
L
i Mgy, RHLE A SRR
h'ﬂq” Stochastic inatability
h“""‘n -
Il

REHL1E 0 ”‘wh

Increasing disTuption
from stochastlety

L ey A Deocresging sLability

>

H1 £EResREsERxgRio g

Fig.1 A schematic representation of different types of instability in ecological systemsliT-11]
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