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KEE XEE B %

(PEM2REALHIREDHER, BT)

w =

AXMNUT IS EENBTESRAEESPE0FRNIERARRANELREAS: (D)
. ERSIBHERES: QO AFRAEMMEER;: Q) EYFANEHSEE; 1) &
GHATR (5) REMBEE; (6 REMm#k; (1) REW “W” HHAMAT, @) HE5BRHE
B 9) REBE— “ERARFLESE” BiEE.

XA £E5F%; KRR W58, #k

BREBRGAESFRAMETHUARBERNFTNFR, BEHNEHRERLRE
RKeyB ek RAME TR T E. FXNRILBREEL & EEER,

HERRESHFRMRESRENESNH., . SR RAMEEAMRE, B, &
FREOAREBREAERXILER LT,

1. &4

EERENGHWELEAR AR Lindemen FIE LM EETE, HBRERSWMEA
B 3 FIhREHESS . AHAFEEMHER. EHKENDERE ZE R HEESEH
OKF#) MEYBRS — BEFREH (EEBD) WRIERRAN —SREFERB%
FROMBZEH. BEREWNITEHEETYNBEREHN. %, B2, K. TRER
¥ (EH % (Pimm, 1982; Cohen, 1990) . #4h, R 48 A /A4 R #9215 (Allen and Hoek-
stra, 1992) RA M — 1 R G M A By
1992) MEMREBRELEHWHEEAR.

H A /N FR G (eco-system, ] ﬂgrgensenet et al. ,

s ANHERTHESEESRAFNEREXESHHIE,
AIF 1997 £ 10 F 5 B H.
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2. ThekE

EBREMESEHNEDNAEL. REEESREMAEHANIKER, —EPF
BB I F BT AR T RAE . X FE X LW RN ZARE. (1) £EEINE, W
BER. MRRGEEMEER, () fTHYE, SR, MEHRMREFOEID
(3) BEHR¥EE, MM REEME, SYREREYRNFHELBERE XM INE
BT B Bob. (L) BERITHAE, EBRGEN T AFMEMLHENHFFORFHRER, K
., Conrad (1983) EHBAHXWAMEE GEME) FLMNERTX—EE; (5) #
I, REERRAY RN ELSHRBRREESIFRKTF ENASMRBIZL. T
BRI EEEREREANER, EEXRIRENEEEMFRE.

3. g8

BRESRGEMHIRARTIMILARK “F7. “F” WBEESMITERBRT —F
ERERMEAN FERFN. SRTEERAANERTAIEMTH, BZEEHY
MM S ZRAMEXRMO RS, SHERKIEMEMN., EEEMAM, HEMEE®E
BROREMEL, —BEMBERE, MEEQHRIBEE . AT 0 A b5 ik
FREZE®L.

A% RRZEETUSHERALEN, ERARREMER LATHFSLR. WK
WARGHN “BE” RGEFETHWEH AN A ERNOFRMEXTE, XHHLRR
ARERHR, B4 FREERER, HEEOTEREAMEROLE. BN
BB EENTBES Tl RAER. EEEHLNERPE. FHAPOEL, &
B, BENHERRENEH BN AELRE (Kirsta, 1992) H%,

— M REZH -MRILAIROME, XH ARME” BESIBHENKA
P, BRGHAE SR —FER. RENBBANKR S REIBORRBEDHX,
EAROERER/ B EETEARE, SHHHANEERET RENREEN

2SR GE R M 45 1k S5

EYBASRE—TEFEESE. EHHRONEG, AMMNERITEZRRHLE
FE, FEAASSBEMNER, A5¥NEQEEMMEMEEMMEMFHAR. Aa
Rl BRI RYBEMATHY R, Bl TXRERERINBEE (path). £FXR
GRS EHRAMAOBESEAME. TXARENEDHAR. #ELOH GO #®
P& RV IR R, BT TR AR i i 25 00 R Y, D 5 R 2 ) e B — 2 RUBE B AR
FAXEME. $REZNESREEZMNNE, R, VERGEEHERNSESRFLR
KF LA FEHER, BH, BRT -PEENENREK, EEREESEERT XM
W £ 45 g 5 3 86 69 41 AR AL T SE IR R 29 Bk, UL, MBBMERESRENE
AHEZ— (KBEE, 1995),

RMeHREHAPAFRGLE K. -RREEZY EXARMEMT). ENRME
FERBGSL (MAHESH), KEKFEE, BAENARMBENETHTE, 2
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ﬁf&ﬁ‘@;‘éﬁﬁﬂ?a HEERESI I TAEEREFR TG, FEFBRN EEERDEL
TN BIRAR . TR WS B R A . DA Bh 4K Y FF 4 AL B BUER 4 B R B
A—BE M. XBERSFELARFE TR, KN RVIES &M, MBS ER
TR BISH—BEREAKER, IBELEE - SHMENSYMBFERAMR. B,
EEBFERUTL “R7 M “Y” EHE-EER, HTEL - THARREHY FEAGE
BERFATMEREESHFERMMEMEY, HERENENEREEEAREL,
T gEEBE, R MTUERASA.

N LI e

BY MBI TR RRE BT Eldon (1927), Pimm (1982, 1991) ¥ &M 4 & 12
K&, W THMGEHEBRHIE . FREMHSEHRD: SKE, E24ERPHRYS
REM IFIME: MEN, BREARBANZAMAHESXRREITESELEHERK
B EZEKYE. Cohen (1990) WET KERWMITR, MPRoWH 5 &35S FHK .
OEVHENBEFRFELN, ORPHEEHN, KRHERK 2~35%, —BFA&E 5%, G
BYHENTA ., P REAHBOHAREEN. ORMREShMFRNLARE, ®
WES FM () 4 R —E B He . '

PL Fretwell (1977, 1987) #1 Oksannen (1981, 1988) Wt @ik /R 2 R
RHTEFTREHAAW “BUHESDTHR”, AAMBFENRLET HOHM, WS KM
ZHhn, A E YRR R B BN A R R R R

Pahl-Wostl (1993) E— A HMHBREEH THHIEERE I EBE—- I EE RS
BAHNMATERFRBGN-ZRE LEYNEHNEEERNSEEY (modular), %
i# ¥k . Higashi fl Burns (1991) #l Teramoto (1993) iZ S M B FHEARB R THES
FEMSERMBER . XEFRBAIBRESEASHRNBRETRFOTE,

RESE 4

RAETHINAAEIBEETEREHSEAMMNAR L BERE B IRBE L.
ERBVERRAMBRBEE=MAER . FRMNBEE ST 2ENERSREFRR.

L. RfREESE R4

RHBEREEZINATRG, BREMMEFFHRE —BotE, K5
[ 2 F-# & . Elton (1958) M1 EAEEE LW, BELMNELBREFE. MacArthur
(1955) WBERKASAYMN EHFEEZORBR L, M ABREEERS T
RFWEN, RASHERENRENER SYMALE KWEL, R, May (1972) FF
PRGBS LN, MILEANBEANASRTHEE. ARABNEESR
SRl E Rt B iR (block) AR, R N LR Bl R M EE I ES B L HE McNaughton
(1978) . Rejmanek il Stary (1979) K Moore Fl Hunt (1988) iF3: T & 4R BE & 2 th 21l
FTEFA (guild) BF B (block) HR; REFMEMFHEALEBBRTLE, BV %
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R R A BN I R, AT IR T X —RIR.

DeAngelis (1975) 7T —HAAEREHWNHERERH RS, AIBEERRKRZ
5 7V Y B R Rk B 2 P A 4 584 A 1B SR TR B T 2 9 388 T R AR SR 7T , Pimm
Ml Lawton (1977) RBELMNABN RSP, HAREWHAKEHREH, HFHEERR
WEAMN, RENBEHEBEERE.

FREEETHANEEEN T ERLER, MAREEEN LA ERSERARN, I
LERGERRAREERSE . HEE & E 0 )6 A Routh-Hurwitzde fRHERIEMETEH
BER® (Gantmacher, 1959), B EHET AR D-BEH. SRER. FS-BERR
EEETHSEILMEE (Kawasaki et al., 1991), ZEBEHZENBELEZEH
Svirezhev #l Logofet (1978) ititid.

2. ERBEMHSE RN

LHBEHRE, Y-REEZEMTHRIEEERNDEREMER., XMHERE
Al — ¥ % 19 Lotka-Volterra B8 ¥ 437 . — 77 MacArthur fl Levins (1967) #E 24
VEFF % -3 4 (exploitative -competition) FHFEBEA K. KRB, RFLRBET
1 5 0 R GefE T4 SRR B T R IR A PR AR IR 2 R BN . HEME RER
WETERHESHZARE-FREENBEREN, RRZEERIIFHN. FEEEL
il 77 4L 760 4 R B PR T 0 R R S A B AN AT BRAE UMY 43 4T o . 55— 5T, Shigesada %5
(1984, 1989) #f Lotka-Volterra 4 /E# B T (interference) WyTEFHR AR AL, 1]
BEHEEREEPNEGA S TER T AMEBREFEAEFROFRM, Foth THAER
$ ) 7 A B 7 B T A B S AY BE IR R R4

3. W-MRRESE

- B R4 E R Pimm (1979) & A9, M4 —FEEs HIEBRE R, BTA B R F R
BERBEETEHES. ERERENMRETENIRTE ., BEXNAERRE.

AEBRGR W BRI

EARASFEMNBLESESENEWEHEHNRMIE., RRM (Odum and Biever,
1984) A EiEhA (Fretwell, 1987; Oksannen, 1988) #EHM MM AL GKRES,
1996), f& i Xt R G T HE “P” M H S YRR H T H WA . Matsuno (1995) 2
HAEXRZSGEH RPN ERDSLTF XA IRRZE . TN FRTNEL
W REEY ., EESBENERATH 5%, WS R G T B R T — S
BHHEATEASAI RS E BB =R E W, FHRDS8EFE T HOBEED R
*; B—FH, ERSHBEATH %, BMELREHRBE-RANRMBHBET
ik, EX—-RAMNESZEAN, TENERISEFEEREFATH N, BIFHK
# BHEFE R, EXFE P AT RS, FaER ke SR . Bk, Matsuno
(1995) 8. HHRFWNESHE TEHHALES PSR,

WHRBAH A —BZAREEORE, HHEOEBAAAREERIENERFR
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HEHRES H, AVLELAHEXEY R RE AT EEIIEERR LN EE. X
ERERNAEBREKRG, WEREBRIM AL EARAFAERRZEHE, EETE. Schulze
(1995) A F X a i T SMRAHBEENAYEBAEHMZL ., AR EADEKF
EHMEFRREREX EREMNAY, THREEREMAVRE I EMILEFER L
w .

BRESRFZQWET —4IIEER (L. BFEH. BRFRIME), B1%4%
A A A (switch point) , BHH B SEENYEARAESROBEREEERE
ERSFRB R ELE, — ik, AR XEFROERNEY . EEEDRAHK
Wi, RMANTRB R RIEEHRL . SAHEHLEWHER, EEIMSER, 1
REFEEABHKFRNE, REXANSEEFXNLE. Bk, EEHNETEHE
MEshZBEAHEER (MEBREENAMEER MAKFHEAR (NEFEHNS
¥O MNEMY. EXHHFAT, REAMNARATRIAN:. OTMEEESRENARE. @
HEEAMSTERNESEMATRENIATF. OS5 RGP LR AHEIIERSE Y
. EERETHRZEMERLE, EMNUBKRNTRES, CEYNREDENRE
BERMYERATEARENMLE, AEXHEENKTIOHEERHESARLERLEHE
96 i ¥ .

Schulze (1995) {E4ifE. ALK SEELERE. #FH. AR ESRGEET
HB. $2 AT LASERR T . MRS R T M o R AR R R B9 E 3D S R T AL R R R
MEHIER. RO EEERY T -MENOWRE. A 7 38— xR e
i, EAE RAEER ST RERMAEESREEN “K” BH.

WELBOUHAGEHNRELIR, EXNRENEWEFREEER. £— KR E
LEIRGRTHIE, B PRS0 A, FRARIERO R L. — R AREI A
HERBRBETENFAR, Sl - RAFHARGRBETHRENSH., BHEdE
Wi 7R 6 B RS RE T O AR E I 2h B

1. REMNHER

Odum (1969) FEMBIAERGEM KT RN E T RSN 3 MR,

(1D EERBEEN —-EHNARENEFLE, HIHRTLRNE.

@) BRYHERRRETHENBR. HERAK S, EREQTTEY RN
38,
(3) "B ARk A= 82 03 8 5 G Bk A B3 T ) A 9k 30 O A 0 44 45 5 L 4k il
el

A5, MR TREREHE P AR, EWE. WPRE2 6 O X TS LA
ERUESBEEXR. HEADSRANBELAEBINRMASHE, RENAR
HLAR o R0 WOR T 1], BT A SRR 16 o W L 45 4

* 166 -



2. REHH &K

Kawasaki (Higashi and Buren, 1991) £ HEZE A F I E: ARMESETL. A
BHEBEEE—FHREABRZRAEMKRENZE, RELEFEHRE., HHAEILEA
RGN, ZAGHNMBEERENERROCEBRATEANRE (BEHMH) HIAFE
REZHHBEE, EXFHRET, YARHNMKREANA, ZHAEKT, AR
S, BHEBEAE;, H—H, SARMERERKN, ZFECVBEETRA, WH
BHBFEIFMARRI . £ T AMBEEEEES¥EREHR, REENTT
B, BAERHHTFRREI -FHRENTRRE, 85, REURABIEMFE
AERAKRE —THRRE.

3. BEMRERKERE

EORNFFEBELYEACEN AT EIBRABEANEARIRPBERANE M.
HHBE A5RGAHEEMBLEAENEY S RERENFERITHATELRE, X
Fob 2 0 AR (B B4R B (extremal principle) . REMEXRES¥THEREH—F, &
MacArthur (1970) WA ERSER TN EA AR BEMEEIBHELEME M. Lotka
BN, T ERENEERBLINE (SHAHL FETRENEREBEEEHEA . H
T. Odum (1971) WBEIHE (HAMFMHREBD ME AL, Margalef (1968) RIHRET
HERARYMEEFEPNEEMERTEROSAYERY “2E” HES L E 8 nm
# 4, Ulanowicz (1986) 48 “RHE” (E—RIME P ERBESLRFIKRED FH
RGEENHE. ‘

Nakajima (1985) ## FI¥# A (quasi-stationary) 8 CERIT RO FH FRIEEH
IEREFE) RBEFREHMKOFTFHE, UHEEREFHATRRELSE.

EERGAES¥BYEBRTHERE, SF2ENUREBMERY RS “ER” 0
EMBESHRBFXACRHBEFEZAERRERNER . EFRESFXNER
FREFMNENFEEMBESE FHHELTR BACE2RIARERFBHLLZ—.
SRWFBERNER “F—ME" KT LEHSRTERT ORERELRTRMRFT
R FTHEHIERMA SIS E KB ERE LY EFAR WM E X — R

1. BRI L

BRTHMBEET 3THEARN . OAREFERRAFIEZFAELT, Ni5E
MEERMEL., QAREBRFAFEEFREEMYBT ., OF VKRR
WX EMROES, FEMRHESHR. BAREFBEREENMER R BER, BT
DIt b BB, MERRAEESRNEL, BE#HLRE, BETRREAREEY
BT, fl, BrEENEZKLEENEREN MR- LS ERMBER. EFE
HAERREN ARNEERESFERRARANEERY . HE, EWFRMNARE
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AMERBTEREREEEAARBEREENE T, IHEEEENNE,

HMTBRIXEXR—-FEIIRY “F—fE” B, BlthE (ORHER)
g EAFEMIONSREIFHSTEZRS L, — AL EEMBTAIERLMEE
RENBEES, WORBAOEBRIHMER. EREZEMNEBENF, BRERFEEN
BRI EMESUPRRFNERE. EERENHES, XEFERFENERBLE
s LR, EREABRPHEERBEZN T HEEAT, BESLERNEBENIL
ML (3] B Higashi # Burns, 1991), B, KR X EXANEAR LR R I HiM
EYFEER K.

2. MERXEN RN

BMBERAXEXRURERBEEMEHE RN AR EENES NFEN. BEE
RAE T BRI E B EHLHIFIE R R IE. L Fisher, Haldane § Wright 2 (/K E M F
HBEFFAREFDHEREERREZEMHBABRERS (Provine, 1982). AT, £
EXMERADSIMEBERRENEEL DHBR BES, REWNSFENEE. B
REGRORRNBEBNEFES LI ENEN KT L, IF 2%EHRHEHLE
BRAHAAZRHLEMASOEME. WSS NAEEZ —, Mayr (1980) 4
SFRERIULEL R “HURREHEL, — T RIFRELREERGE N —E5) %
BAMEIL AR E TR EGERAY .,

3. MEHEEARNEL

UG EHCTHIEARERARESRERR MHEEARSEHMNENEL, I
th R#FEA OFBRERES F R (escalation) BB BER. ¥ B Ehrich # Raven
(1960 E—RWATHRSEYZEOHEERN L CHEL THRBANES, FUE
Van Valen (1973) #2415 H il (Red queen hypothesis ) B TR, 2 /5B AN
—MHRENBMERELECH, SHAEBRNELBREXR., LNEZAXAEE®E
BT — O 8 AR M 5 — Y PR SR AL, 6 S — R A0 i 4 AL R H
= Bit, BERMA-AFSE0ESHERKE - TR ELETERBR ‘95
FVRXFLBTREE: RDMAEF A FEHE, ARG EERE ! BEM Y Fh 2R
B A EECD, DENAHEAAHTE, BURSEKL, SEBEE8T —/1EEHN
BREBESENZE-HA (zero-sum) HE (Van Valen, 1980), AN HLik A £ K 4 5t 2
e EEsHH.

Vermeij T 1987 F R BT —H ERBBERGHELEENERE — (HEhE5ESF
R EERBMBEL TR (escalation) BHRBTRE —HEE. S EZRERNHE
HERBNVAEREEMNEFESNAE ., £84F (Phanerozoic) B ¥, HTEN KR, &
EARANEES ., EB¥RTHEEFERREHN S LGE, B TELEETR
MEEIER, Bit, Z2ARERA A EEE RS “THHET” (top-down) HEALEY
AL EL (Vermeij, 1994),
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4. (BB @A FE WA

EEREREMBRABENL, AERELZES R 3 FELRBREESLZES L Viba M El-
dredge (1984), Gould (1980, 1985) %% HF ARG E ML FIRAAHA , ZFREE
HEREEWER EOAEIIGEE, i EREFROMABLBMBEEE_EN
HEEMEDEEEREHGOE -FEIH~ETHEE. TR, iIFHREELEe
7[5 25 [ A i (E] R BE _E A9 S O [ — F e A&, SRR ARKY Lk
BEBAFENLESIES. MR FEEPE MM AP e kREL, B
i, MEAEMAR-FEAHEEXHHELETSE N,

EREB T EREF AR ENBBAGCRPUEI GRS ERN TS
¥, EHBEEFTAMEKPE LA CNERFARNER FARLERM, Gould £3K, B
REBENEKT LOERAMENEABRENTREFRANNREANEL, TFF5—
ERAREBNEZENH . HRMEOHEL, REPYHERMEEHRKENETANS
HREELX, MAEENMHKRYZEAPRERE FEL AR EFHEW . HW, Margulis
(1991) AU F FTERANE EABZRPERARE ML ELR, EILTE
WRTEENEREFEHFATLPIEZRRESA. 55, oA —L2HANHELRE
MESKE. KMWERRMIBELERN, TMARAINEESGS EH.

5. RN EFRE

ERBAES¥FAPVHEEFASERELNHRAIE, BHELBEERTLETEHR
GHAHATRE —F T ERE, ABREESE. IHBERENSHERXLEN—
FEZ R EM (Allen, 1981; Csanyi, 1982; Jantsch, 1981). 7= 4 3 Fh W 5 A9 35 £ E 48 3k
B ik KN & 4 (Eigen, 1971; Haken, 1977; Prigogine; 1980), A& (Fox and
Dose, 1972). #pitf£ &% (Ho and Saunders, 1979; 1984) ., 4 Mg iy #tfk (Schwemmler,
1984) B4 4B (Margulis and Lovelock, 1974) i M5 . by dtm ek, #
WEEZETHEAENWARAATh. ZELER T HANTREEERNHEEHRE
P 4 S P 3R 2 — 3 R B 32 0E B R A R 24 . O T SR B R R S K F L Y (R BEIR VR
BXEMENEGESEFRMNLERESY., MHELY. BEESZERASRELES
S G —7E — R R IE S R LB R R 2 4% b T BL (Allen and Starr, 1982; O’ Neill
et al. , 1986; Higashi and Burns, 1991), Bk, & B MHLEW ¥ RIIC I 5 AR 2]
EARSEMEARN-SREFNEAENES, EELSAIRXUBHLIBROEE
(Stanley, 1975; Wade, 1977; Wilson, 1980; Gould, 1982).

Miller (1978) # “4 G A% Bt AL ERERMNHWERATESESR TR —F
ik, EEREGL, FRAPEABNELRNENTRE (NEEEMFRE), A
o 35 R i S 5 B B 2 () AT AR B - R B £ B B e i A i 7 R 4K MacMahon 2§
(1978) NAT—AUBAINEAFTLHEASREAE, TN FHLEEREE. RE
K4, EHEARER-YREHSFERLZE KRB,

HEY ERAUFERESFMN-ZREMNESFERGES , 36 EAG E 2 bR EEK
B1#% . Patten % (1976, 1982) M A THEMEN —RAFER. R BEEESERHE
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AMBHARRES S E - BEAESRREECHEFT B — BT (environ) #HE,
MY TYHEREN B EAR T, EABRESFMENERBEF. B1EBRTRE
RERWEENEENEEEEERRFRN, RAMAMBHXRN-TH#EEST. H
RELE, BRNEH “F (node)”, BRI BHFMFIEHAR. “W” ZHMELZRERE
SEMMEXRAMALRREE. ZMNETUERRRRIBERSE. AEUHFRIRR
RESRETHF B, ARERETE “W” MIREWITEEMEM, BEERFE. &
MEAMERAEWMERFEME W LR E, THRENAESRS. RE- YR LY
o2 I B AR B 38 8 89 BF 5 O O fish B 3% =) B A% JF 48

Bl RREHTHBAANSHESF~EE (3] 4 Higashi and Burns, 1991)

Fig.1 A diagram showing the input and output environs of node H; of a system (After Higashi and Burns, 1991).

Burns % (1991) 7€ Patten Bt A LM T HREFRR M L5 FHER
A MEAESTLEFEANEAREME M SRS TE. mIT0%ER.

(1) HRCH “Fh—FBE" KPR ERERFE RS A THRERRGE KT
MR, BEEEYELRNESFNALEYEIANBERATEROQETESHMH
MERHEETEARFRERRGE. A4S RN EIR ] DL 8 4R 5y R if 1a) 19 4=
YIRAE YL RN 5 — R SK R L A M . X R R R Gt A IR Ak h B T
M, ERHEFRRY.

(OBALEA TN RE NN TSGR T LR E S 2R h EET.
MEXTEIESFEEMANHRERLE, BX, ERANES, B LERARN
BIE (A —FED BREMFAE. KK, RETRAEFEE TREATENEEST R
fEREEES.

(3) EBEEEMEMAE-IHLEERE, RAGREHEREZSENREESFRY
FREHMEE L, Y—MAESFNEREBEEREN, £X2EFHTREMNEEE. 0
REBFEGET SHMENSRITOHEER, BA—ITHEERZNTRESSHN
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—%k (EEF) BEFE.

(4 HEELREHAERBENERNE S, NESRGE., #EMETHHAEY
] RE R by 7] 2 46 #Y FE 40 T 46 2 6 2R 4 .

(5) Mo S PR Rl O A A5 2 M 4 v 5 0 A 0% 89 52 0K 19 A L 1 R O i L ARG A
fo, B fER B A RER. IALESRAEFEMNE LY “EH” FROBREN) &
R#&Riedl 19 4 f “F” B, ®REVE—F, TRAXMNEEE, BERENAEENL
WA R — R AR T XL,

1. 4. BEE

AV RFTAER FERAESEYRIE EREE LRI RE, Xk EPRE
— o AT, MARSSURERSHRERNEFDOE B LE. JUEHATED
MEEM AmAE, EXMARAEE, ¥TAE—1TR%, REANFEHE, 3.

W =T, —T,)/T, (D

KPP WRRRAEFBO KA dME, QREAEBEUMWERR, T T, 7HER
FEFRRMERNGEE. R T.=08, W=Q, B2 REEMA T, HEXHFER
ERIEPREAFEN. & (1D /3.

W=Q— (@Q/T)T, (2)

RIVEEY Q/T) HAZRKKNM (entropy), BHA S 7R, ERE-THKE
BARE. EES—TRABTFORERE, ERABREH#THTE. BANTF—
THAMRERR, BAIBRAFEZREMEN MO THARE. BRENFERSE
AR B 5 R B A Bk B T 8 6 BT E B9 B K T FR 9 K% (exorgy) . (IR GBI RKRER ,
MH#E®, BH=Q, Hit, (2) XTEM

W=F=H—S8T (€D

AP THREREEDGHIRE. M. BEBNEESIAAF, AS, AH RFE.
HXFEAKXN.

AF(E AG) =AH —T -+ AS, (4)

() AHEHEHBENEL (AF) FTROEL (AH) BET B ZEL T
* AS), RIBHAFERE ER, DA RBETHOMER S EEE B bR R, B
FEHATR DA LR B mEE. AmEREERS, REZTOES ARBL, REET
pEgEE. A W) REFL, bEIARTL BB FAREARX RN B H
fedEdb, BHEMEMELERBEELD, HEXT EKH. £HLEWLT, B
B, AF ARESAHEMESE. AR, RABKEERLTURK, B3AH, X8
BALAUN SR B R . B e BE A () 9 56 AR AT DABR A O R A R B i BB RO Ak RO
AR R#HT, RUBTHED NS A HENFREERBERL. Bk, —9HEFASE A bR
PRBEEE .

MABEEFRUXR, Y-RELTHRAFTFERSH, WREHNREFTEF. OF
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RMETE, WEREREAN —UEEFL, KRMHERRR; RZ, BEEED.
MEMRETE, REER—REAFHNERS, BENEMBARLBENERF.
B, REMBOTRENT, BREFLR; MASKHHENE LREBRETRE. Bt
WAGE - MNHERKFNBRES, ENXENGEERERRNAFARE, BEXMK.

2. M, RERSETRENALR

WAMBEARAFARNBAENER. EEM—-TRET, REREE -HENH
kg, —ITREENFRLS, EHOMEMM. BB, W—IHAMRERE, R
FRESMEME, ARRAERNHEST. RERLANCERIARLEZRGAA IR E

Sk HiE () P rgensenet et al. , 1992), 4 f RGEMHIE R4 T LM B REH T, B
HARREBARBENBNLEL. RRETEEAFLNEE, COKRENELH
O, BERRE, RZHAR, AEELES, RENARKER. RENBARST
K

1§ rgensenct % (1992) I RET 772 B9 {3 B R4 125 10 55 — 55 B A0 MR B8 T 4
RO G AL, RN E SR IR 1 AEx REREER, IR A RES
B2 W, FHRENEAE T, WAL ETRER.

AEx =T W /T, — 1/T,) (5

KA, Ex R TNS REX, Kb T, RFHIBE, NS B E5FHAE LB R GEH R
Wi, Bl Ez RREZERERBESEMARAERMWE M. AEx, RALBEAMEL, RET
SEMARAXRYEHENEL, DM TEAARENHEINNLELEERENLR
B —ABDRETEEMRELH SR,

RIS RGO W ILRSHATIEM, BTN REMNSFHE LS ERIEENSR
HTHBW AT . MERNE -REFASOR, LEXEEMRES S RERBA ) @
AR, BREREUNGEERE - LSBREEANET, RERIRLIE kA
AR REARATRERPERENTREIARER. XEANGAERBO®BREE, &
REEMXBRER T S8 B PhVFERARMME, 1997),

EEMRRTPCENATYHEE, h¥EREYENEE, BRENS5TEYE. 85
F. B, BE¥RAARNEALRELAMETEN A ZBREY. HTEFMIA
WEEREEARME RN, BENE., 8. KEMNENE, TETENFRILIRR
BRFROFTATEURRT NG E. AREREWELEMEMAAR, EHRME
R E&H~#ﬁéﬂ%ﬁﬁﬁﬁﬂﬂ$%§§ﬁ&ﬁ#ﬂiﬁﬂﬂiﬁxﬁfﬁﬁ&ﬁ- HAEERY
-XE%,RX%ﬁk,ﬁMt&mmgﬂMﬁﬂﬂxﬁEﬁ%ﬁT&ﬁ&ﬁﬂmﬁoX
S HATH] § rgensen, Patten I Straékraba(]992)Eﬁ%#fﬁ&ﬁmﬁﬁﬂéﬂ—nﬁﬁmsr
FAEEE- ST 5 TR # R %, (e EVE. EWE, th% EE¥

ﬁﬁ%&ﬁ%ﬁﬁ%ﬁﬁ%&—ﬂ%%ﬁﬁ%ﬂ%“E%%%iﬁ%”
<172 -

(ECOIOgy of com-



plex systems) BIFHERER, RESRALESENFTERRBY.

CHAESH¥  RERZUTRE. A5RENARAERERLAN? ARALAR
AR A? BRASOTANEL RV AQEMMB RE, SRk, HRAMTFEEL
MRMBES . SESHEIER (synergism), BH R EMRZEAAFNTFHEANRAR
EHEBEEN? ASEHRIESREPARYFIEDR Do RE R E, #FFHRALGE
EREBDREOES PO E, RYBRERENORABE KA EELEREY
o, MEMEHARNESY RERBREIEIBMNRESHBECNERES. NEW
EARN—HABAFENERMTERIRE, TUBR, —HEE8H. E—HNERE
SREESFHEER. FEBETIMMLEZEREL.

2 % x &

PAFEC. RifEfE, 1997, = (Exergy) B —4AEREMNNMF L. £E¥EE, 16: 32~37.

KBER, 1995, AERAERDEMBBEREL, EEFRE, 14 (5): 36~42

Hpe®, MHB, 1996, EEREMEALNER. AVLEIAREEEELE-BHIE, SHP¥EHHR, 17, 429~436.

Allen, P. M., 1981, The evolutionary paradigm of disspative structures. In the Evolution Vision. AAAS Selected
Symp. No. 61. ed. E. Jantsch, pp. 25~72. Boulder: Westview Press.

Allen, T. F. H., T. B. Starr, 1982, hierarchy ; Perspectives for Ecologic~! Complexity. University of Chicago Press,
Chicago, IL.

Allen, T. F. H., T. W. Hoekstra, 1992, Toward a Unified Ecology. Columbia University Press.

Burns T. P., B. C. Patten, M. Higashi, 1991, Hierarchical evolution in ecological networks. In Theoretical Studies
of Ecosystems: The Networis Perspective. ed by Higashi, M. and Burns T. P. pp. 211~235. Cambridge Univ.
press, Cambridge.

Cohen, J., 1990, GCommunity Food Webs; data and Theory. Springer-Verlag, New York, NY.

Contrad M. ,1983, Adaptability. The significance of variability from molecule to ecosystem,Plenum Press, New York.

Csanyi, V., 1982, General Theory of Evolution. Studia Biol. Acad. Sci. Hungaricae, Vol. 18. Budapest Akademiai
Kiado.

DeAngelis, D. L., 1975, Stability and connectance in food web models, Ecology, 56: 238~243.

Ehrlich P. R., P. H. Raven, 1964, Butterflies and plants: A study in coevolution. Evolution 18: 586~608.

Eigen M. , 1971, Self-organization of matter and the evolution of biological macromolecules. Naturwissenschaften, 58,
465~—~523.

Elton, C., 1958, The ecology of invasion by animals and plants. London: Methuen.

Fretwell 8. D., 1977, The regulation of plant communities by the food chains exploiting them. Perspect. Biol. Med.
20: 169~185.

Fretwell S. D., 1987, Food chain dynamics; the central theory of ecology? Oikos 50; 291~301.

Fox S. W., K. Dose, 1972, Molecular Evolution and the Origin of Life. San Francisco: W. H. Freeman Co.

Gantmacher, F. R., 1959, Applications of the theory of matrices. New York, Lo_ndon. Sydney: John Wiley & Sons.

Gould S. J., 1980, Is a new and general theory of evolution emerging? Paleobiology 6: 119~30.

Gould S. J., 1982, The meaning of punctuated equilibrium and its role in validating a hierarchical approach to
macroevolution. In Perspectives on Evolution. ed. R. Milkman, pp. 83~~104. Sunder land: Sinauer.

Gould S. J., 1985, The paradox of the first tier; an agenda for palecboiology, palecbiology; 11: 2~12.

Haken, H. , 1977, Synergetics: An Introduction. Noneguilibrum Phase Transitions and Self-Organization in Physics,
Chemistry . and Biology. 2nd ed. 1978, Heidelberg: Springer-Verlag.

Higashi, M. , T. P. Burns (Editors), 1991, Theoretical Studies of Ecosystems: The Network Perspective. Cambridge
Univ. Press, Cambridge.

173



Ho M. W., P. T. Saunders, 1979, Beyond neo-Darwinism: an epigenetic approach to evolution. J. Theor. Biol. ,
78::573~91.

Ho M. W., P. T. Saunders, 1984, Beyond neo-Darwinism: London: Academic Press.

Jantsch E., 1981, Unifying principles. In the Evolution Vision. AAAS Selected Symp. No. 61. ed. E. Jantsch,
pp. 83~115. Boulder. Westview Press.

J§rgensen. S. E., B. C. Patten, M. Straskraba, 1992, Ecosystems Emerging : Toward An Ecology of Complex
Systems in Complex Future. Ecol. Modelling, 62: 1~28.

Kawasaki K., H. Nakajima, N. Shigesada, E. Teramoto, 1991, Structure, stability and succession of model competi-
tion systems. In Theoretical Studies of Ecosystems: The Network Perspective. ed. Higashi, M. and Burns, T.
P. pp. 179~208. Cambridge Univ. Press, Cambridge.

Kirsta, Yu. B., 1992, Time-Dynamic quantization of molecular-genetic, photosynthesis and ecosystem hierarchical
levels of the biosphere. Ecol. Modelling, 62: 259~274.

MacArthur, R. H., 1955, Fluctuations of animal populations, and a measure of community stability.” Ecology, 36,
522~526.

MacArthur. R. H., R. Levins, 1967, The limiting similarity, convergence, and divergence of coexistion species.
Am. Nat., 101, 377~385.

MacArthur, R. H., 1970, Species packing and competitive equilibrium for many species. Theor. Popul. Biol., 1,
1~11.

MadMahon, J. A. ,D. L. Phillips, J. V. Robinson , D. J. Schinpe, 1978, Levels of biological organization: anorganism-
centered approach. Bio. Science, 28: 700~704.

Matsuno, K., 1995, Consumer power as the maior evolutionary force. J. theor. Biol., 173, 137~145.

Margalef, R., 1968, Perspectives in ecological theory. Chicago: University of Chicago Press.

Margulis, L., J. E. Lovelock, 1974, Biological modulation of the Earth’s atomosphere. Icarus, 21: 471~489.

Margulis, L. , R. Fester, 1991, Symbiosis as a source of evolutionary innovation; speciation and morphogenesis. Cam-
bridge massL: MIT Press.

Mayr, E. . W. B. Prologue, 1980, IN the evolutioary Synthesised. E. Mayr & W. B. Provine, pp. 1~48. Campridge
MA : Harvard University Press.

May, R. M., R. H. MacArthur, 1972, Niche overlap as a function of environmental varibility. Proc. Natl. Acad.
Sci. USE, 69: 1109~1113.

McNaughton, S. J., 1978, Stability and diversity of ecological communities. Nature, 274, 251~252.

Miller, J. G., 1978, Living Systems. New York: McGraw-Hill.

Moore, J. C., H. W. Hunt, 1988, Resource compartmentation and the stability of real ecosystems. Nature, 333,
261~263.

Nakajima, H. , 1985, Succession of model competition system. Mem. of the Res. Inst. of Sci. and eng. ritsumeikan
Univ. 44; 1~12.

Odum, H. T., 1971, Environment, Power and Society. New York: Wiley.

Odum, E. P., 1969, The strategy of ecosystem development. Sinence, 164, 262~269.

Odum, E. P., L. ]. Biever, 1984, Resource quality, mutualism, and energy partitioning in food chains. Am. Nat. ,
124. 360~376.

Oksanen L. ,1988, Ecosystem organization: mutualism and cyberneticsor plain Darwinian struggle for existence? AM.
Nat. 118; 240~261.

Oksanen L., S. D. Fretwell, J. Arruda, 1981, Exploitation ecosystems in gradienta of primary productivity. AM.
Nat. , 118: 240~261.

O’Neill, R. V., D. L. deAngelis, J. B. Waide, T. F. H. alllen, 1986,

A hierarchical concept of ecosystems.
Princeton University Press, Princeton, NJ, 253pp.

Pahl- Wosti, C.
* 174 »

+ 1993, Food webs and ecological networks across temporal and spatial scales. Oikos, 666; 415~432.



Patten, B. C., 1982, Environs: relativistic elementary particles for ecology AM. Nat. 119, 179~219.

Patten, B. C., R. W. Bosserman, ]J. T. Finn, W. G. Cale, 1976, Propagation of cause in ecosystems. In systems
Analysis and Simulation in Ecology, Vol. 4, ed.

Patten, B. C., 1978, A systems approach to the concept of environment. Ohio J. Sci., 78, 206~222.

Pimm, S. L., 1979, The structure of food webs. Theor. Popul. Biol., 16, 144~158.

Pimm, S. L., J. H. Lawton, 1977, Number of trophic levels in ecological communities. Nature, 268, 329~331.

Pimm, S. L. . 1982, Food Webs. London: Chapman and Hall.

Pimm, S. L., J. Lawton, J. Cohen, 1991, Food webs patterns and their consequences. Nature, 350: 669~674.

Prigogine, 1., 1967, introduction too thermodynamics of irreversible proceees. New York: Wiley.

Prigogine, 1., 1980, From being to becoming: Tiome and Compexity in Physical Sciences. Adn Francisco: W. H.
Freeman.

Provine, W. B., 1982, Influence of Darwin’s indeas on the study of evolution. BilScience, 32, 501~506.

Rejmanek M. , P. Stary, 1979, Connectance in real biotic communities and critical values for stability of model ecosys-
tems. Nature 280; 311~13.

Schwemmler, W., 1984, Reconstruction of Cell Evolution: A Periodic System. Boca Raton: CRC press, Inc.

Schulze, E. D., 1995, Flux control at the ecosystem level. TREE, 10: 40~43.

Shigesada, N., K. Kawasaki, E. Teramoto, 1984, The effect of interference competition on stability, structure and
invasion of a multi-system. J, Math. Biol., 21; 97~113.

Shigesaday N. , K. Kawasaki, E. Teramoto, 1989, Direct and indirect effects of invasions of predators on a multiple-
species community. Theor. Popul. Biol. 36: 311~38.

Stanley, S. M., 1975, A theory of evolution above the species level. Pros. Natl. Acad. Sci (USA), 72, 646~650.

Svirezhev, Yu. M., D. O. Logofet, 1978, Stability of Biological Communities. Moscow: Mir Publishers.

Wade, M. L., 1977, An experimental study of group selection. Evolution, 31, 134~353.

Wilson, D. S.. 1980, Natural selection of populations and communities. Menlo Park: Benjamin/Cummings.

Vermei. j, G. J., 1994, The evolutionary interaction among species: selection, escalation, and coevolution. Annu,
Rev. Ecol. Syst. 25: 219~236.

Van Valen L., 1973, A new evolutionary law. Evol. Theor. 1: 1~18.

Van Valen, J. M., 1980, Evolution as a zero-sum game for energy. Evo. Theo. 4: 289~300.

Vrba, E. S. ,N. Eldredge, 1984, Individuals, hierarchies and processes: towards a more complete evolutionary theory.
Paleobiology. 10: 146~171.

Ulanowicz R. E., 1986, Growth and Development: Ecosystems Phenomenology. New York: Springer Verkig.

Zobel, M. , 1982, Plant species coexistence the role of historical , evolutionary and ecological factors. -Oikos, 65: 314

~320.

THE NEW ADVANCES OF STUDYING ECOSYSTEMS ECOLOGY

Zhang Xiaoai Liu Zehua Zhao Liang

(Northwest Plateau Institute of Biology, The Chinese Academy of Sciences, Xining, 810001)

Abstract

The new advances of theories and approaches to study structure, function and process of
websystems are introducted here. They contain 9 aspects as following: (1) basic concepts of
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structure, functiqn and process ; (2)food web theories; (3) the network quality of ecosystem;
(4) ecosystem stability; (5) entropy and exergy theories; (6) Flux control at the ecosystem
level; (7)succession of ecosystem; (8) the evolution of ecosystem; (9) the developing tendency

of Ecosystem Ecology.
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