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Abstract: Chaos widely exist in nature and shows also exist in biological system by the iterations of
biological models since 707 of 20™ century. For decades ecologists have been searching for evidences of
existence of chaos in natural populations but got limited catches. This puzzled them. Is it the reality in
nature or because of the bad data and method? The detection of chaos in natural population is a significant
and difficult issue. Based on the introduction of concept and theory of chaos, the methods of detecting
chaos in natural population are summarized in this paper. These include analysis of power spectrum, time
series autocorrelation function (ACF). estimate of model parameter, Poincaré section. estimation of
global and local Lyapunov exponents, measure of the dimension of the attractor and nonlinear forecasting.
Advantages . disadvantages and data requirements of each method are discussed. Though there are limited
examples of chaos in natural population, its existence is undoubted. The more important questions are in
what kind of system and in what condition the chaos comes up. From this point of view the estimation of
local 1.yapunov exponent is recommended which can be used to analyze this kind of questions. It has been
proved that structure of food chain, immigration and emigration, environment noise can influence the
pattern of complex population dynamics. Chaotic dynamics may contribute to generation of diversity and
hence adaptability. Chaotic systems are also more robust than stochastic ones for externally imposed
perturbation. The sustainability and chaos are combined together in nature so as to maintain the system
and made it ongoing. The study of chaos and complex dynamics can provide guidance for the rational pest
management. The theory and method of chaos control will lead to new pest control tactics and methods, In
isolated populations chaos will increase the probability of extinction while in a meta-population situation
the decorrelating effect of chaatic oscillations would reduce the degree of synchrony among local
populations and thus the likelihood that all are simultaneously extinguished. The relationship between
spatial structure and population extinction is an important aspect in conservation biology. More effort
should be made in the study of complex and chaotic dynamics from population, community and ecosystem
levels by means of remote sensing and GIS so as to understand more about how the chaos exist in nature
and what is the role of it.
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BEMHREATRET 19 HEMXENFHHE, BMHE]. H. Poincare) EHFFR = K[ Mt XK
KR AEMBR=ZFNHEAMENSAEFE_KEERR, EREERHMRAML ., T 1003 £EMk
EMAHESFE — B PhRBENRER, HH=Z&REP. £ ENBEA, XEARNY, TR L
R-WRIFLEFHEML. R—TE2EMR 1963 ER L E Lorenz) REMNB X MEHIERBR" EK
BEZFHEAARTEN SNECETENAN.RARATH TR HIREANE - A, 5
XERT—RAEKRA B RBEESH N MENEEE ERTHEERS T FEATRHREHNY
BEOREM. Az K 20 e 0 FRBMRREFSERTHRET KRMFRAR. 1975 FREEAE
KEMBENER] Yorke BRNELZL L AM 3 B0k % B M (Period three implies chaos)”, ¥ # #§ 5=
TREREMMRASE, XRP AN —AEERAR LT ERBREMSELF, 1976 £ R,
May ZE“AR"FHER BN RERR HES B S AR E RS0, Hidxt F L0 BRI H
(Logistic) FEMPAE, RRLMBREMESE U HREAANS L. PBRE—RA X RITHH
WL B EMABARTEMRETROGFENTRE. ABDE BHUEMART RALGRERELES
FESTHHARFT, NEHABE. FESFLEDERLE B SAAERR . ARMBRABESER N
BAEY . EABMANYAHBNL ESEXEFRIRARIEBEFEMNTER. B—FE. @x4a
Rk REDEHERAMEL. DESREIENERENLAEBERNMBAHEZS.
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HEEM M S ek S s ARSE URY Ly HHME SRE. TRE E¥ . SFE.
HEESALANSHE MR, SXEERNEEERER TEXRMEH, BE T A HAKATE
WA SR MR M M G — B F PR T ERI AR RENRLERAR
FHER BERNENE RENFRECTUAIRENSER XRBELBNREMNERIE 3£
BATAAE, B REWIDHRERT KA RN RERNENE, EESKRKBEEES
FOEHLTENRAEE XM FEEEY AR B2 B R GERIT S A AR AN EES TH
AL RN B T 0 SRR DA IR B S BT R AR BRI AL, TR 21 iR R AT B R R

T L St SR 0 R O L AR AR AR R ISR ATHY . E R AR AR MERRT . E
EANL AARPHERNWHBENMA FERAR UM AR BPREFERNE - AFESD.
REALEBMNMNELRESF RSB THXCHAE. FEENERBEERNBESEPHEH AR
ZRX DR T AR B0 E e v B RO PR M AT A AR UM AR R e e B AL B B ST A —
oA RN URE R MR R EEMP R,

1 RAMELERFRD
1.1 BEMfEX

BEEREARBEREBEARE RIVFHRT FEPDRAMSSANNBRRASHN AR, AR
MEHREZHEXRBRE AR LA U IE RN R, TR MMM RUNE HEREEER
H(EGR ARERNEABARRRTERRDBANT HIERLE . EBREZAREEUNED
“YLTE ) A B (The Essence of Chaos)”— BB R M 4 0 52 2 8 I (full chaos) A4 B R i (Jimited
cheos) B H RE—-THHREPAESRV B E R HBEBEE-SERE T REP RLBFHANERE
A ER SSRGS ER LY. B0 RSB R T R WA S AR BN — A
FohghgAtky— AR RE— THE. -THA
SlEAHK—HRARY. a0 EERER 1
RYKRZEM ZZTE”, 107

B M (chaos theory )R X THE L3 A oskl
FRERBAHTIFR. —FxHE MR R R I
WRXF X (disorder) K # ¢, 3 Fr - 18 3 58 16 BF 58 -
)R B (order) . BAABMBI AN PAME 04}
LRl R psh, EREATT RN E L WA IR (L
B MELTREEAFFHAURKENBET R, & :
BAIR P 0 B 5 B R B R S0 0 PR L B TR 7 4 2
WRTHNE, MEREFHEF. AURKEHSET

}J[ﬂ
Fig. 1 Bifurcation diagram for the logistic map

12 ERRETHRAKLRD , XG4 p B 1000 B AFRMIT 400 P RER
RERERDEDRARNERARARENREE Wuem | mogu it RRFHHSHER, (DB

W, EREPREENBERGEDRERIN Lo o womus wo a e T
Uogistic) BB : X,y = pX. 00 — X)) May BREERT g myg 3 9350 EW 4, (CIMM For each p value, the
EHRRRTRMECL # 0<<X<l, 0<{p<a, HE o i map was iterated one thousand times, and the final four
FLFAEYNE.EAHNARKEEIHIET I ) g hundred iterations are plotted vertically. A few
<A RBETLE . =374 THOME WEY parameter regions where various behaviours occur are
SR REAEHEFTSL HFEEH 0. R 2" KSR, B labeled: stable equilibrium(1), stable period two orbit
B oo B A X AT QT AN R i {2). period four(4}, chaos({) and a periodic window
A AE 3 5TH L EMBE— R, X AL within the chaotic region where period three orbits can
ETREGY, AR A HRESS %N & be seen (3} (Lloyd. A L and Lloyd, D 1995)
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g o B R R AT RO, R AT RS R UE MR AEE R AT EEREN TR K
R AL EMAARERET, AMTANMERARET . RR A ARSETHKFEN. XMNERR
M FREE RN EMAERF REUFEREARNELES, HENRSIGA TRILH A
SWERE R,

B logistic R LI AL, H & R R F FHREEHPHRMETH . WHEK A sh VLB (celluar automata,
CA). 18 £ 3% 8 47 # 4 B (coupling logistic model,CLM) 1 B #3 3 38 {f #& & (threshold autoregressive
model TAR) U, Sra 08 % A 4 S i AL A0 B 0 BSR4 T 2200,

2 EAMMRRAENEN R

B May 558 B ST A0 MR B G AL B R B P
MLk EEERE A sInaneeee . (D4
WM ERE ATE E NN LA RB N EREEE T ol » @

HRU EARESER P EEHAREATES l l?l‘?@?
s

WA ERAMHERAMBRETIYNAREEY
HR BAROFTEEFERERR U FEOTR B
EHEE RFHAFAHRN T ERRNT.
2.1 ThEREE -

LT L TES S E ST ECLE O LT
AR R EE S ERRBREMRANLEEE
2016 R Y D0 4 00 4 2 1 0 M Ao
MRS, TR, T AR A ERA R d
A EUREUERABRES G- AT K B2 NG (AR (B A T e i B
MRAEMEETHEFBRES. th TFTHRFHI N TR Fig. 2 Power specirum of guasi-periodicity and chaos
ik EmMUAEEHRAR L&A NBE", Cheke a:fe-f1 bi3f1-f2 c:/i+f: d:3fi e:5A-f g
and Hot W R XM FEFRYLHM b ) MBtksh 30+ hSf 7S wSHitS
&0,
2.2 F#shE e A A

AT LA 2 F i U] P 50 B B #4835 8 3 C Autocorrelation function ACF) 467 R BRI B Ze BB 509, i
A RERIT NS SN N Le=logNt . BEAHE Lt 5 Li-r MHARXRRYPERMSHANXE
P E P E ce=1,2, ) AW Z RIFE FEIERR. RGN - vREHEXREAER,

BH*EH ACF MEBBERT U RMEASHFRENANYE. RPN BHXRREHEE
O, FERA—M.ERMPEN MHNERTEN. FFEHORRADSHILHER, S5 ACFFET
O.MBRLEEMREELE 0 L FH.UAHASEENEN. ANEEERRENTANENELSHT
Bl , MR A HITIZE W (phase-remembering quasi-cycles Y151 2 RS 25 0 M T 2h . F B
FRFHEMEN HREOEDTEAREAENRE . XEHREHE LR BF " (phase forgerring quasi-
cycles), KR RFLACF HBT o pymAN s X AHERREHIIRNERMENFRELS ACF 14
METFOE D, FMFETUAMGHENEHRERL AR THEE AR FRELRERELTR
WK, HHERAEHN, REH FRAMBAHES, — ST SHEERERVN T ELESEETT. M
Turchin and Taylor 42 & # % 4> 7 5 W4 R i #7 & (response surface method RSM Y& 42 3 247 Fh B2 09 B ¢
ttajﬁ[m]n
2.3 RESHMH

38 i O 1 36 B B R 0 B OB AT A AR U A T e SR xR R 6 3 5 3 AT BUIEL, T LA Y
B BTH LR E RIS SMKKR, I Hassel 3 R FIN 8 59 250 % l5 1) logistic BURIRS 24 BR W
AR R MAS B T, REAGHORABETEIA. IR TEREE LRSS
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Bl A WA KRS, R TRERHATSE @ . @
PR A ST Y T LR 3% N
2.4 EINERE S ¢ G 0 IAG

BHEMEBETLMERS FOSMER.R A
FRPRIF . ENRBE LA -TAEREAREL . © . ®
B 3R3E 5 ¢ DA 7R AR 5 1A ehooxd 0 UL 4k R MR M L A
BEMERE L% LA A 05 2 R BB 30 okv%ﬁvgeov%a%
BEMES THEmMFE LN HE.EMUTF s FHRE _‘
WA MBEMRI THRENABR R E=SH =41
Lt Ee AR AL ANER UETHRARS B3 AEXEHAREA
WAHAREFRENX., AEEmERS, UM RE Fig. 3 Theoretical shapes of autocorrelations
TR R — SRR — W& N5 %, Schalfer MWEHEFRFAMITR: B EEBTYERES:
EHEMEREE SN T HBERT. 83 (Thrip N BRM BB R, R HIB £, (DA
simaginis) F 1% 18 (Canada lynsx) i B [l F 5 3 FREMEGNBESR. RS CHEEMER (A)a
ﬁ»ﬁﬂﬁjﬁﬁmﬂ‘][mn process with nonstationary mean and no periodicity;
2.5 EWEFERFEHRRE

WERFRBEXMR LRATRBERNE periodic force, or phase -remenbering quasi-cycle; (D)
1838 (Lyapunov exponent)A L W W6 & At T — 1 a stationary process with endogenously generated
WG AR 6K TR L 2 LR A B 1 periodicity, or phase-forgetting quasi-cycle. ( Turchin
¥, FMARZEBMEREENE. T A HAMRE a0d Tayler, 1992)

O RENMRRB M,

B AN AR SR H R RS ENRIE MRS RSERE A EPERKRER (L 000kh
WRBIOMEET A EHBR RS T RE W R HH KR 10 Wolf 7 3% . Jacobian J7
.- HEES, ERFFIBEARIEGO~500 MEBARET FIMHEETARTNRERES
5 W ¥ T 75 #F (response surface method RSM ), # % # (thin-plate splines TPS) M1 iE [\ ## & R % (feed
forward neural network FNN), 3 20~ 50 HE A M HFARSM RHER . SROBE RN RENELE
FaE, i RSM 3R NEROESHEEFT RIT. FNN B4 TH 50~500 FHANEE R FERT
WA SRR REL YR KRN SR RED, £ FX 3 FiE . Sole M Bascompte RR T —MHRAEM
HERMBEN T RERENERESA RARBRFETUAARN S EREERGELEN A
(spatiotemporal Lyapunov exponent), il 5 %% B4R 51 B9 AT 18] B 9 (#4910 B [ O, X B R E 18 %
LRTHARNA.

ORBERFLREY LRTHRELSRAR AR R E AR EHRBN S FIME, TR
EFREEXRHRERTRHIN . MRAM—FEAPH - ENERET - ENAEHREHES. BF
ELRAR RGBT NN, Noyoo- VB SRS, TERREBT AL ERE. & MNEHE
BB R A0 . BB N, MR NS =N+ S5 BIntia (+M 0 8 RIIEEC, .

At) = lim rlog (| N — Nyvwl/e]

SREBEZREY I E—FHEATRMEDRBHETHRE AREHHASOMRS HHER
HH UL REREEREHEARBT RN ARBIPEN. AREREERER LEETH
RABENFEESEAFEBEARY . EHBSISHFRF . TRAAKETHRBRORE L RA K
EHTHRAERTARMNENREAGAL EEN SEREARNBHEHARA-LRB TR,
BERRERYLLHEBTULREG AN EREERBERENENRENRE SRS LGN, 8
BRRNERSREFRRLERBEN AN RAFEREEREREE 0 LT HS HEERR— DR TR

(B) a stationary process with exponential return 1o

equilibrium; () a process driven by an exogenous
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IR R 0 2 3T DA E O B b gl ) i LB XTI 37 96 R W B R R S0 5
BP0 2 L K S ] LA B TR IR P VR
2.6 WIlFARBRAENRE 02
r—mprE T enagm atneaen 2 "N AN A M A AN
RXBEN R TR I AR, NREK 5 01 \’V\/VV vV

o

B EMEARN R BTER K. ERRIT 3 o
A ML H R 5 A 2 — T EL RS TaR :g;
FRBEEEASREMREG WM TRUEAL, XB W Time
ML RPIE AL TR AL, IR T EREE B4 o %0k R F RS RME CES %Y 0, lE
HERAEFRET 260 SyutEFEFL YR TCAH % 0. 001 M BBER S LB
S 06 2 R (P S AR T L £ O T L A Fig. 4 Local Lyyapunov Exponent of MPC genteration
WA MEE RSB MR AMEEMIERR time series with noise {mean €, variency 0.001) in
HHBABESDIIENERFERN., A540RENER jinsishan Forest Farm Dongzhi County Anhui
HEBRZGHHREFEHSROERE. 5 ¥
G B30 (R 8
2.7 WNE

ST — e e 4 B0 B PR B L E A AR BT LG 3R A 9 28 P T B A 7 o e K SR ek % P 1) ) ) — BB
SRR AT R RGBT M A i PR B 1T B L X R R R AR TR TG A B S e ) A 4 B
{5 AT 9 (A ) 46 55 ¥4 15 18 6 B8 M 5 7 A S I D P B R W T 0% L T R R L AR HERE R . (BR R
EREMRE MBS X MBRENHE, 55— F TNk R B R ORISR BE R4
BT 4T TN L M O 4 SR B0 O R HE A R B4R A R o o R 0 SR ) PR R R A O
MR EANRETATEN, DRAARE  RAMNBAKIEAREANEHENG R, DRAMEFIRE
HRENE RN SBE . FRSRBIF", Sugihara FRAFEETMESH T 1948 E 1966 448
B A S NIE S RN G b AT ) OB T RET, AR SRR AL RE M,

B UL HFEEARAMASSHEERE AR S ERERENSERARENSEFFTENT
RENTESMTESESRELN.
1 BRWERRMAXH

X3 W RSN AT i IR TR W BT 5T . Hassell 2501 24 R G RMRERIT R B85 22 oA
3% M, (monotonic damping) .1 # % ¥, & ¥ 31 (damped oscillations) , 1 # 7 8 B 2 (limited cycle), B H &
MBBHEMHEDY. SARUANIRENZHARALARDY e ZHEHAMN WM, Turchin and
Taylor FIi(E] 7 5 A9 BB 3 42047 CACF) B R 0 J 3k (51 A T & BT 20 p0 e B 280 X4 14 R BL o of 3% 3
T TRM, 1 A IEA T (unregulated) . 3 F % 1§ #4852 (exponentially stable), 6 i 3 % 9 3 & (damped
oscillation). 1 # Jy 8 BB 3 (limited cycles). 2 # 2y ¥ JA M B 8 (quasi-periodic oscillations), 1 # 3B M
(chaos )1, Ellner # Turchin 4 %5 F % 5 B & 15 (response surface method RSM), ¥ & # (thin-plate
splines TPS)#1JE ] 7 £ R # (feed forward neural network FNN)H R4 H BERD SR REEITE
T KN R 30 ML R E ARSI D 20 MOFSA R MR T TN, HERABET AWM ERE
BHBRATHAEHBBESSEEATRLR A, LR ENQE S RNE 1M RARREE
Bl RAER MARNHUBHNHES S AFRMAAT RN TEREEERENEE 0.

Dennis %)l Costantino SR T ER KA T EH P R (Triboliom) W zh &, RR B RMIE CE LR
WK NS T, B I & (recruitment rate) #EBOW TN, MBI AN FHEE N LA REST, BE
AR, AHEERBAAMANENEFARMNE—EFERE.

BT E RS RIT NS AMERKDE Y REHED B RALEN SR AP EETER
BT AERMIMRTY, Cheke M Holt Xt 66a ¥l s & 4 B BURRETT T 2047 » BLAS X5 10 1008 ot Py 1Y I

JAM, LE Local LE
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R BR TR K AT fett: . WK B 77 3% (response surface method RSM) B9 — By 50 4 S0 By &5 R |1
#H¥RaE", SREERMBERLRY BESRTEAET TEAARMRES.
M 1 Ellner # Turchin MR
Table 1 Results of Ellner and Turchin detection

A9 18 ph# BE Laboratory data sers B 41180 # B Field data sets
W L I O i man Ef W R W R T A AR iE [} 0 45 B 4%
RSM TPS FNN RS5M TPS FNN

3 Q 2 0 0 2

4 AHLEBARBNERDEMBRA?
4.1 ARMBEMERNFENRS

M ESRBESTET LR . S ATAT R M 5 k6 M R 0 F e R PSR R . WX E—H
May B 8 22 % 15 1 fth ) 17 9647 #4710 A 1 08 7 P 0 40 BNIEE L, (R b B R o LM R BR L BT LA A AR AT
—HESHIRFEEREEHOFHERE . Costantino 3} L REK P B L RAF MG Z BT AR,
BREEYEREAGT TSR AMTEBIR ., BT ERA RFETFAMRE S LR W& RS
%, BZHTERIELEM ER gtk B PR RBR MR Y KR AF 28 FE 31
HEREE: (1B BAEH F A ARSI R & RER ORI
BEEEUSBEGE, QNTHREME AR PRI OHEERHTRENSK HAHUELTTE
FEMERHMENHE, AR XN EBERKON AT X ENRBEYRERTRER B
B EEYREPHRERE. ARFIHERZENASETHER LT RT R TN E . 554
UENTERARBRPASHASSR, THREE - T EENRA. EALSARKRAESIERATEN
REARFONPRESHLRERAY NN . SEHANANKE SN SREBEFTTNER . ZALEEE
BRYESFERHRBNE, RS EHHANE LM SRS SN EET.

4.2 EEFHAX

AR RANEF AR PRNIABNAATFRL ATRERERASBRERRE, TEEEEHA
%. Ellner fl Turchin iAW M BT . ~ L RBEN REABMEAUE. FELNILHRERALEE
FEUT, B RFRRET R SR AL 7R VR M A G TR R SR R B M £ A BRI A FU e . Upadhyay 1 Rai
BHTHEARYEN NG A EAR RN RAAFETF PN SR EN LSS EHE
FE N HE N RER ER R SR8 8 E R YA RIR M. Kivin McCann B R R B ¥ %8 %
TRE-TRAENNAADSNSE RERERES - RERTEOHRERLASE — e
FRYTMELHAPATLR. SR AKE—FBEWFABEEA TRERE. AWM —FER.RE
HARBH muH kT,

Bz - Fhit 2 GRWRM PSRN P RMAEX N EE A RAEESE - HIARENRFEN . R H
FoZREFTAEXEREKBTEIEFIAEE, 0 May BB R WA B -FHNANN R RARTELR
BEMBEIHAXE, NP R @B L8R H 8. 40 Ellner 1 Turchin, Patten I\ 3R MAE A R
RREMREHE REHFRFHABA RN MANEH AN T 2 HERRM,

5 MAEEWREHTIAE

BWAFRA SR sh & 4 HE R P R M0, ERRE NIRRT SN &8 R
SRS IE BT A RS0 (P A RO AF S B 8 L A B 0 ME B S B AR AR B A ekt R
Mgy M-t HAREETREA S RAEEBEA RN FL? RERFHSE - LREFEEANE
A7 Conrad IANBM AT X ELZHERE VA, TEHFLET  (DERLTEHRMTE
EEHHENFERNMNRIRTRERZEM QELERRP IFHEHNTFRENEH NRAMEH (D
B iR BEAHTRENS RE ST M 200, M0 R 5 A0S N A MR F BN
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BOERTR BRI RESRET T 8 EP0  ETMRESRRE URFNEATEE. B
HEG LR REEH SRR,
6 BESHMNERENE

Zimmer EMAR LRI HBEENE T T HBNAT . ERRETHEAFEAMEHIENETHD,
10 £ 43 Maria Minicich ZHMEH T AREEMAMERE KNSR FBHAIWEEY XA K
AMBENHLAAANYEEL TR G- KGER D FHBRKD 7G5, I 28000 %K. wikEs
WaMEaIEE AanRBESREE(NEFULENERDOETHF RABBEAAANER. X
ErEBRZAIRESEFES LR LA T AENRY, SFEHASABAES ., 0 FE . AERERRR
& (Nature) EH B T Sugihara M May X FREBFESOH T HMHREIMERXS o3k 80, Ei4
SR, AR ARITTRAT RS SR ERBREY
Fik. HRMY Sugihara HEMARERER BRI ESA THOEE AREF T3 EEEWE
F . A ML i A B E 89K Carbulence ) K B B RS,

FEMDENEEEREMBESFERMNMSHAHE T —MNE B XS RN R
HENEEAAARFANITHRE - BETH  AENERTEE  ANBER FREEE LS B EHEE
HOERMENR . BARRABEIRE T - HEFTERGBERTF R MF . A EN XSRS — 5%
WM A BB TR RS] N R, R EOR S RN 3 B AE S b 2 A SR
HE M FEARRTHBRETEREEYN UM AH AT X LS EAARREELE
B, RETHNTISESENAEAHEZANERERSHFENXRRMBE A ERERR
B 5]

6.1 HFEERMKI®ERE

ERENERMARMNETESHAS AN I HREHNT T ENHE HESERXXEBRTRAR
B 1 5 59 5 W4 3% 42 (period doubling route) ; 38 =& 12 B B & 1% 42 (intermittence route) , £ B R 4917
HPESHRRENRMEHE B =% B0EERERIBE & (quasiperiodic route) . WHR1EF FE W S il |
B % 13 (torus-breakdown route), RS WM E MR E T H S0 L HARARB ™. T4 —FE
KEHIE 2 Crisis route), SEERB—#, BHEELRMHKMN,.BERHLRARLIEN. WBRR
FHFABECHYN, ETRALEERERAPHEEEEMNEE HURERERE DT,

6.2 MEFIELARHBAG

Y EHE AR B AR RO RS LR RSB RO S, 8
HEDUMEEIREMEH BB,

BaFNRESERHMEHENMAN ], Kaitala %% & Moran-Ricker 1B N ZEEB N E M A
EHFRRERENERERRRTEHBSATORTE, TFaCREATFERTTHRBGE L
FHAFEREFBARTE. X ARFERT KBRS NS, ZREDIENREE RS
iﬁ*[‘"}n

R R TR RS BB RS AR I 3 30 BE I () ¥ R 4 P A0 S B K X e R
SEGAAREH AN REOFTHMEEEN. EBERREW T AN E8, S8 a0 % o e
(EFTE, TNTE B8 = ak St
6.3 FAMTHMBEHETHGES

CAHBRICAB—I T RENTARTNAESSEAES REANDESEERHBHLROD, LEFR
A 3 I b TR O A R T AR IR R kR, BT IR R R A s O B AR S R
2 X AT 2400 0 IR o 40 2 2 045450 Andujar #1 Perry B — AN JE % /MY EE A GEAE 0. 0B Cavalieri A1
Kocak BWBAY FRERXRBMASHEENBEFNE ), BUHSTHEREE LRI LR RS £
& 4§ (metapopulation) P B IE M A — BT B TS EETAMARENS S EXAAR
B 45 1k o A T AR I JEK A 200 o 20 B o A T A 507
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6.4 REHREFEHNXE
BT 5% 56 S5 AR 70 B B I BB 3% BLAR 25 « 70 00 70 00 6 K067 o T 000 O TR B 7= R B UV A6 F B AR EE A

TAHME, SFEAREREFHR O BRSNS SRR, EBRREFHLEABEARME
TR 4 B I (well-behaved ) , 48 7 B 4 7B 7 Cpoorly-behaved ) BB /R S M B, HRMTE, EH
AL IR R AR R R AT P R R A TIN . F A R ELRUE T RAM SIS RA MM,
EERE IR THAEHNTERAFARETHRARNEEZ ERREKTFTHRETAEF
AR,

BHTUEREEN. TR ERELES ER R R EENED, BEENIFRRESR
Fats, FEHLEAKEANESEDSEARANMNS AEREWIT EREERERBZA ERERER
EABEETREDETRAIBERR. AL EXRNARERERE, At AERGDL
BETEAEDS ZOFAREEARE LTRERERL. Porten B RERUEFTHASLOR. A0
HF R ARES, It SR E M SR A LA 1 4 2 S A BUR) o (TR A 3 1 AL 0 & A0
9 52 B B b R B B IR AT
7 RANENSEREE

BRMBHE L RR T WEELT — L0, HE MR T 76 % kB P17 Rk p ik g0,
FARBERUHENREI TN ERAMEOTMERTESHABKBENET.

EREEP A EBHTARBENFAREHHNTN, UFELR RREROE FIEHRER. &
REREFH RENBETFANRETHREQRTRMNEGERCMRR—#8, ReARERARE
WEMOERE. MEYHIATRME AREEF 28, YREWNEETHESEMDTEETH. 24
FFMBEMER AMERKELORETR . UEEMERBMEREAT, TURLNABEAFHEE
EFa  MERERSHFHEARRRN, R RECTE, M s 38 H F o 8 . 088 i BAm e vk
WU, X TR MRS 5 BT R R T BE A, 48 46 05 M 2 AT B B9 . B LR BT o R R A AT Y
BHAEE, Wilder fIf—MEEMGK AR HSRUFR TERBASHS ERMERS FHEWH
RUSGH R AR Felt T PB4 SR A T A48 A BUR T BT R RAT A M e S
K F g et FRB R M, FREED T — 4 F L G E RS R R A R R
EREBBE AR 1 A HAMMGREE. XPWREDT A£RR S0 0 F R REF RN RE
FEMNTES ARCRA YRGS RN ARSS EASRGERE EEHNTRNEANE
BB QR LMW TR R P X AR A

BMENAERE EWEERRDHT TRIE, GRIFATERPHRERRIRE. Suarez /13
HRTHEASHRARMREDENER. EAXHREFNARBANRES -REMITRESHNE
ZRENE, BT EERERRETEWSHABERANRE  EFIHEEDEPHT G ESD
0 b BT R A A S P R AT M R R T HLATY,

EERAERT—PVABMBELKNAF R Cavalieri #1 Kocak B T, MR TERMWE KK
{European Corn Borer \ECB,Ostrinia nubilalis) R R, AT B H RO HHERBEM2 LR . HB$
CETTHTEHEREEYHRNFENAATERNEATEN, RUARERBRE TR NUR
Rt MEAEE. BARAGEMYERESBRN AREMEBLTENER. ERHEYHGEHA
HENMET HRAEEATR. FREHEFBHRREDTORET , £HEEF T RIS
RO,

8 RASEWSHERY

ERAREAXRMEHBREXZENIR. F-FRUSASHENEEN(GORBERENHNES
BHRMER XHRANENREXHREDNREAREESRERESTX. FXL. REANMIWAMHE
M BRREMMEBOERAREEY. AARA XL EARSZTHBEL TR MR R D X R
FHTFEEER R ERENKES RARPPERANR AN THGERHROSTR A
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WE R EEAR. RSB RRAREBTE. Allen EA BT S £AHBNRRABXEHRS)
BTN 2 AR TR B R R S A L A RO RIR A B K R BB TR S B R T &
R E S MRS EAMBERENRE, FUTEL L BN RETABER RER
BRARZENTH ATEERTHEYSHEGATFRER ERXRLRATSAHSENR AR E
SRR S B F AT WA B . Shulenburger FHHIT G B KR AR A BT RN IR T RAES
Btk 25 TR 20 ob R 0 K 4 B L S 4 R UL, 06 ELUA O oy RO R G SR R R B R AT DL A — DR
5 T AT B O 0 R B AR R 0 A T 4 038 B/ R Bl T A B B AR T BRI S AN RhE A 4R
FREBX. B2 ARAREIENRZLEHTRCREPEPFNEYSHERP P H— P EENH
TAE.

GLEE AEBRNHTERRE.BAEARTPOARHARLEFRERS EE—ERGFTREH
BREHEN.FUHARBRPEREDEORT HTFRATRAENDSAR. EFRRTESER
GER EYEHERAPF FAENHANACASE T FLEN. SEMRANEETH A RMRERE
HEMBMAEMIE A RERRE RSB E NS R RERGE RS ALY . FRNTSE
MR BE EERERBAFARK LR EHEAT A S FELEA FRENFR . REHE
R E UEEF B RRER LR SNREAERIH.
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