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i B (B8] FAXEEBRLUARLERREBRRIPRKREDIHN, RETHTEZMARRITZ R
3 MARRIEE N RS S M REFREMNHE [F53E] ERIPEKPRORELMM, REFHTREZM
FRIGITRARAR 3 MBS FIIRE 3 REEHE | SREZEIFEATIEER > 100 m ; F 2012 & 78 XA
KTEEEAR BB REBEITA |, FXS 3 MBS BB TSRS AR, SHMREHILRST. (SR
WPABILERKREARIFX 3 FIMRBLHREESIRA 6 090 R, RE 23 & 221 1 , HpESHAYREFD
MEEEREZ B 41 #1217 R, 55 S EFPEFIEMASIR] 18.6%F0 20.0%, WAEEEM BRMELATEEEE
BRERKRE | RETHMARIRITZ RSB EZS TIRESRRIZM ( 2-0.001 , £-0.006 ), X
ELTHMR S RIAT RGP HER R RE ( 2-0.080 ), WHIESDHIREMISLERKE |, 3 Mkt
HSAP-Z EIY ORI EESAREL ( £2>0.050 ), X 3 MMBLIRESMTTERER. SHE. IYEMa- 55T
ITTUEMDHT , EREFR  BERFEOESAE8—8 , SSHHEHA . NSHEMEEEKRE,
IRELAMMERS (2.971), IREFHFHRIZMIRZ (2.958 ), [RIQIIRIFAR/N (2472 ) ; BIREZAER
FEE  BIMESREERYIEE. N I58RE  ABSSTTEUR EL MM RIS R IR IR ESTTEIR
3K, KA Jaccard AE{IAZELF] Bray-Curtis Measure ZEUEIFFM S B TRESABMMELLE | RERAE
IEEESRREEERA—ERM. (5] FMEREMERFESSREIETD | HRAOMBAEEE. YR
BRI e —8 | BERSHURE  mEMEL | WBTHETWRE. BEMRRHERES
EERREHFLSEEHERBNEIERR. BREFEEMRT SEBEMREXIN  ESHERIERTE
REEETNXER.
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Moth diversity in different forest successional stages in Lishan
National Nature Reserve, Shanxi
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Abstract [Objectives] To reveal moth diversity and community structure characteristics in the three forest types:

secondary red birch forest, secondary conifer and broad-leaved mixed forest and original liaodong oak forest in Lishan
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National Nature Reserve, Shanxi Province, China. [Metheds] The three sample plots were set up > 100 m from the forest
edge in each of the three forest types. Moths were collected by light trapping in each plot in July and August 2012, and their
community composition and diversity index analyzed. [Results] A total of 6 090 moth specimens were collected and 221
species from 23 families were identified. The Tortricoidae were the dominant family, with the most species (41) and
individuals (1 217), comprising 18.6% of all species and 20.0% of all individual moths. Moth community composition and
species abundance were both significantly higher (2=0.001, 2 =0.006, respectively) in the secondary red birch and original
Liaodong oak forest than in secondary conifer and broad-leaved mixed forest, but moth species number did not differ
significantly between secondary red birch and original Liaodong oak forest (/=0.080). The species-abundance curves of moths
conformed to the lognormal distribution in all three forest types (£ >0.050). Species abundance, diversity, evenness and alpha
index of moths in the three forest types were calculated and analyzed. The results show that moth community evenness and
alpha index were consistent and contrary to the diversity index. The diversity index was highest in the secondary red birch
forest (2.971), followed by the secondary conifer and broad-leaved mixed forest (2.958) and lowest in the original Liaodong
oak forest (2.472), however, only the last difference was statistically significant. The Alpha index indicates that rare species
were highest in secondary red birch forest followed by original Liaodong oak forest and least in secondary conifer and
broad-leaved mixed forest. The Jaccard similarity coefficient and Bray-Curtis Measure coefficient matrix were used to
compare moth community structure in the different forest types. The results show that moth community structure is not
necessarily similar in each forest type. [Conclusion] Dominant taxa, species and rare species differed in forest of different

successional stages. Moth diversity decreased, rare species decreased, and the number of dominant species Change

significantly from early successional to climax forest, presumably reflecting changes in habitat suitability. Moth community
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structure is related to forest successional stage and has a close relationship to forest vegetation conditions.

Key words forest type, moths diversity, community structure, Lishan National Natural Reserves, succession stages

BARIPXETEMENS . HEEXHE
R, BlIIRBEARIPFERMESRE PSR
BEANID  IHRMERE. FIHURERES
08Uk, FNEBFINEIRRVERMNS
AR BEEEMFIZ MY (Siemann ez al. , 1999
Koivula ez @/. , 2002 ; Fiedler and Schulze , 2004 ;
Waltz and Covington , 2004 ; ;A& |, 2010 ),
B BREHMEZNR IR, B58E 250
BRIVEENHREZ— HEFURUSIER
KB EEMAE. EREBEEHEEEX
( Koivula ez a/. , 2002 ; Yu ez a/. , 2008 ; Choi
etal., 2009 ; BEELZE , 2009 ), Bar, AER
HIEHRMESRFENESTRE (BEZHRS
EEMREEERNYTAMMAEES T
EF M AENRREENN RINITFNEERE
( Moon ezal. , 1999 ),

AP EILRERAIWLFAR LLEZREK B AR
PXIRET 1983 &, 1985 FEANERKBR
RIPX., RIPXABERKS Panthera pardus, &
B Aguila chrysaetos. BES Ciconia nigra FIKES
Oris trda 4 MER —RRIFDYW , BIXE
Pucrasia macrolopha . KUR Andrias davidianus
F¥FHE Macaca mulatra F 34 7 _RIRIFHHD,
SR, AEAFETESXIRIPFRAEY A
EMXR. YRR, EEEEENSHTETRE
TEE. RN ( ZA3BEFEKE , 2000 ;5K
EERE 2002 ; #8FF 2003 ; KIEFIKEE,
2003 ; F5F, 2013 ), MXHRIFX ARG
RIWRE. I ESA DTS T MEmaoH
R IEABAAZHREDRZHTRIFKAS
HESHYDUNERNE . ADIEEHAT TIAR ( EREMNEE
ENSE , 1997 ; XUZREE |, 2002 ; 5KAE3ESS | 2003),
SRBRFRKBRESEZEFBXNHARELRL
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THEHERE,

E£TI ERELABLERKEARPX
ERFFNEM L LEBES B BB RIMRS
R, EEDIT T BREEENRMEEMSH
B HFMNEBNMRFERZBERR  HRAR
ISR SRR AP RA RIS E R
RIS , AIFIRERATIE R 2 R AT
EAFRMES RN R XAEXEREE
IR RFRMEZRIR F IR,

1 #oitbitn

LLFEM WL EZR R B AR Xt LIPS F
ZWZRER , 111°51'10"~112°05"35"E , 35°16'30"~
3592720"N, {THXMEEEME. iL7KE. [E
WEMBREEE FIE GEELT ik 2358 m,
BXEE 2 058 m, AREHFAFMESIR , BF
KRS, FEFSTIR  BITAltX ; 51y
SR 12.3°C , TSFEHA 180~200 d , FEKE
600~800 mm ( SKIFFSKE™E , 2003 ), HEEL
BEHEL  TEXRBEEEKEE. . KE
IKSZFIERSEELRIZRME | R LLTREI L EMOR AL
WEEL. IREHML. WbMEEFLME
+ (ZSZBAFNEKIE , 2000 ; Z=ZZ | 2013 ),

RIFXA TR EH Rt S
FKRARFFE  ERERTY  ETEERE
W ¥ ( Platvciadus orientalis ). KN ( Pinus
tabuliformis ), ¥eRZ¥k ( Quercus variabilis ), &
W ( Pinus armandii ). 1T R ¥k ( Quercus

wutaishanica ). BWE ( Betula platyphylla ). £I¥E

( Betula albo-sinensis ), H)5& ( Vitex negundo var.
heterophylla ) . B8 B ( Ziziphus jujube var.
spinosa ). & ( Forsythia suspensa ). 758K
( Abelia biflora ). = B EXREF ( Spiraca
trilobata ). BEE (Bothriochloa ischaemum )
BE (Carerspp.) MAEE (KERS, 2002;
IKIEFNSKE ™ , 2003 ),

2 WRABE
21 PEFE

R EBDR A LT, IR EHEIRISMFNR
RITARAFM9REMY MR — N IR ERIR T A TR
RIEFRETERHEEEERY, EEMEER
IR3Z 100 mx100 m HRRMERIEMIEARAR
EENED , SEEDRIIE 1,

2012 F 7—8 B , RN EEEREME S
REWEIFAR, B2 dFE—R HBEFRXS,
IFE—H . ESMEUSIRE 3 et |, SiE
HZIMRSAVEEES 2100 m , LUMRIER A2 880
S LAR R LEEABMRE R TFH. (FRZSISIHARE
Hl (HS1000IS ) &EE , JERABE 160 W BE
xRIT ,BEA 210 cmx150 em BEEF R |, JTE
AIE)/9 20:00—24:00, FIZZRIBBMRIETIEENT
[E7%9 15 cm & ,iBREAIUE 4~5 m SEEIRAY
FE | REMBEETEM LNEE., ATHES
T KNNEEDFERE ABURLFR=AEE,
hEUERERAASIERE INEREFER/NSIE

R1 HREMER

Table 1 General situation of the forest plots

PREY Bk (m) 7
Forest type Altitude Aspect

FEFAER

Tree composition

[ReatEH

Primary vegetation
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LTHE Betula albo-sinensis.

B Betula platyphylla.

IRAELTHERR | 500-1 900 PRI, W#F Populus davidiana. AT AR
- 17\ L/ NN
Sgﬁfcrllld?g ez‘:d E =k A8 Platyciadus orientalis. a
SRS Acer davidii,
TCENE Acer truncatum =&
e L \UKR Pinus armandii,
REFHBRIM . o
: RH3 . SN Pinus tabuliformis.
Secondary conifer 1.500-1 750 RIRTELIFAPR
and broad-leaved ESshiv 8. *&RZHR Ouercus variabilis.,
mixed forest I¥E. BSEMR Carpinus turczaninowii %
AT IR | 700-1 860 PR3 . TRKR Quercus wutaishanica., BT AT
Original Liaodong - NP SN SR N e RIDILIRNE
inal Liao IR el B, R, BEFS

FE  IXRBRAZBRIERS AR RERIEE | FIpEt
fEtns , TIREETERIFAENR  FEERE
B, MREREA | &Rl REEG RSN E
H—PERE,

MELEFEFERKIERIAESF (1964 ). [F—
0 (1985, 1999 ). FRLIEHFEFAE (1999 ) 73
G (12000 ), EELEMFZAESE (2003, 2010 )
BXfPE (2003 ) XUREFIEELE (2006 ) .,
FTEEETNIRFERKAFERERITAZEN,
22 HERSHH
221 ZEMSH

ZHMDITRAIUTSEL

YIFhEZFE ( Specific richness , §) : B ME
MR IR RS

%Z[E ( Individual number , V) : MRS,

Z1FEIEE BIR A Shannon-Wiener 154§
(H)

Shannon-Wiener I8Z{ T :

H'= —i/?ln(/?) (1)
Kb A RS APRAMALLG] |, BD o - % , Ni=

B/ FEI MRS | V=2 ERIFP RS MRS 2L ( JCF
FOZ=/E58 , 2006 ),

5 E ( Evenness , /') & Pielou 203, :
J'=HllnS (2)
=& #/7/9 Shannon-Wiener ZHF1E3558 , S HEF
EPREL ( FEANZEfEER |, 2006 ),
222 MPIESEBSHMH T
XEUES D MIREA
Sry =S exp(—asz) (3)
I SEH £ EMEPAIFMEE | SHEXNE
I[ESD RIREZINIENE , aRSDHEX
NS (BB XFISEEYE , 2006 ),
223 FHEMEMOMEER
BFE Z ) ( Coefficient of community , C )3
8 Sorensen By, Zekanovski & , EAI
C=22 Wi(atb) (4)
NP CHEEEREL, AR 410 s BRI
FEY , o IEE 4 2 ERFPEY | &0 Pt B2
BBFEL ( SCFANZFEER | 2006 ),
Bray-Curtis Measure }E 53 Z #{ ( Bray-Curtis
Measure distance coefficient , 2), A :
8= =/ + (5)
Steh 5 WIEEERE S 1 RAMISE o
T JIREAS /FIREAS A HRES 7 FPYDFRRSMAZL (1B
2 XFOBEE5E |, 2006 ),
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3 ERS9H B, B2/ 1747, BESTRESDRS
- st b SEH L N NS

1 AR B ( P-0.001 ), HebBERIAIS | REEHTE

7E 3 MBI SRR 6 090 R, R
B 23 & 221 #, EHehEHER ( Tortricoidae ) 4
MEFINMAERSZ 4181217 R, 9RlGER
FHANSMAZIRY 18.6%70 20.0% ; EURAKRIEHR
( Noctuidae ), 28 #1919 R, AratLfl o5 A
12.7%%0 15.1% ; SRRl ( Pyralidae ) 7P EI{Y
RFRIEERL, B 208 771 R, REERL 18 681
R EERK Crambidae FIFHERN Notodontidae)
WA 1M, BREMEET TS TEE T

Rl ( Noctuidae ) B 14 Fh 250 R, E{tbR45h

FRT 10 F , AR} ( Thyrididae ) FOHES

Bl ( Zygaenidae ) (RE 1 # (F2 )

MEBSERIRFEERKE IRELHMRFFPSE
22 IMHENHEXYMFEESSE

Table 2 Richness and abundance of moths in three forest types

B 19 & 129 fh  SEBRIFIRBR S8
HRBRIER R RFMPE 23 Bl 159 7,
LASEHRAE  mIERIRZ | MY EEST
IRAEETERATHR ( 2=0.006 ), RALIHISIRIA
IRIFERFBERARBE ( £=0.080 ),
MBHRINTTRE | 3 FRELR4Fh R0 MK
HESAIAGEHE B | IRETHNRFEE
RIFERS , 5377384 R, REHIFRH
i, B 25 295 R IRAREE  RiA
LR P IRIERIFISE RS (257 ), IRESTHE
AR ER> (157 ), 55 3 MR | FREON
MIEERZ IR EEFRIM |, B 22 7 280
R REER EIRERL AHERIFISIERN Plutellidae )

H P Tl Properten
Family

Ky % s N s N Ky % Ky N
HIHER} Tortricoidae 37 384 25 295 32 488 41 1217 18.6 20.0
RIEE} Noctuidae 23 350 15 280 25 289 28 919 12.7 15.1
IREER] Pyralidae 20 255 22 280 15 286 22 771 10.0 12.7
RIERl Geometridae 12 294 14 255 9 132 18 681 8.1 11.2
EHIER] Crambidae 13 168 8 165 9 202 15 535 6.8 8.8
FHER] Notodontidae 10 91 5 77 8 143 15 311 6.8 5.1
SR} Plutellidae 12 85 6 70 7 95 14 250 6.3 4.1
JTHERL Arctiidae 6 58 6 65 8 89 10 212 4.5 3.5
R Lasiocampidae 5 54 4 60 7 68 9 182 4.1 3.0
AR} Pterophoridae 3 27 3 15 5 32 7 74 3.2 1.2
KRl Sphingidae 4 55 3 78 5 72 5 205 2.3 3.4
SRl Lymantriidae 4 41 4 45 4 44 5 130 23 2.1
ZHEl Gelechiidae 3 22 2 36 4 33 5 91 2.3 1.5
YHEHFR] Gracilariidae 4 25 3 25 5 45 5 95 23 1.6
FIHER} Limacodidae 3 27 3 20 4 31 4 78 1.8 1.3
AZE=HFRl Saturniidae 4 40 1 33 1 49 4 122 1.8 2.0
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ZIHER Bombycidae 2 30 3 30 2 23 3 83 1.4 1.4

B RHF Heliodinidae 1 4 0 0 2 5 2 9 0.9 0.1
FBMEA} Ctenuchidae 2 32 1 8 1 10 2 50 0.9 0.8
AL Lyonetiidae 2 10 0 0 1 4 2 14 0.9 0.2
BEERl Zygaenidae 1 4 0 0 1 3 1 7 0.5 0.1
RIEERL Thyrididae 0 0 0 0 1 4 1 4 0.5 0.1
AREHRl Cossidae 3 21 1 10 3 19 3 50 1.4 0.8

Bt 174 2077 129 1847 159 2166 221 6090  100.0  100.0

EPF 1 JRAELTHERK ; MPF @ JRAESHEIRIIM ; LPF @ [RIGITARIRE ;5 M3 v MEEL, TFRE.
EPF: Secondary birch forest; MPF: Secondary conifer and broad-leaved mixed forest; LPF: Original Liaodong oak forest; .5

Number of species ; /: Number of individuals. The same below.

HSRAPETE 14~18 Z[A) , IRELTHER R EIRRY,
RERMEN =EMHEES T REHER
MFRIBITR I  HESRMETE 3 FME
PSS | (BRERREIERIBI RS 5T
B W E IR R AR A R |, — &
1M,

3.2 ERARFEM-ZEHZ

D BT 3 FME PRI 2 IR TRIEIE
SOMREIERSHmIT SRIZE 3 FE 1.
FAR 3 AR, IRAELTHEMESS ( ~=0.912 ). R&E
R ( £-0.645 ) FIRIBIZRAFMEEE

( P=0.621 ) BRI ANEUESRE , HFRE
THMMERRERINES IRBIX=REFEIINE
S, YMFEEES. Hb |, IRETDHEMRLE
TEENRHNE  WEFEEZKA  MADF
M | T HiEFRs | ZIUEHEHIREL
MEMERE . IREEHEIRIMANRIAIT ARARIR SR
MEZEMBZQN DB A Sp=45exp
(—0.76822%) , MM ALt 9 177 F ; Sw=29%exp

(—0.78824%) , ¥FF{H it 133 Fh ; Sr=46exp
(-0.76122%) , ¥IFpf&it/o 163 7,

3.3 ARIREMBREXSHM

R Z 5 20K B Shannon-Wiener
M52 ( Z7) . BBRYE Shannon-Wiener (553541
ITEHSYSERE (/)  BUSENSEET
8«58, BRUFE 4.

MK 4 7750 |, 3 MM B EE RIS E S o-
B MESHEMEHA ., REDH
M SHMIERERS |, /92971, REHIFRER
MIRZ 792958 JRIGIT IR ERAR /9 2.472,
BIREZBAERAEE  SREBEURFERER
BHEZE. BHOEERM-IERERELI M
HERB 258 6.390 F1 45.207 , [RIRITIRIFHA
RZ 3 6.043 F139.538 JREEHFRIMEBRIE,
79 5.044 §1 31.571 XFMEIRE 3 MMELZE]
RALLREFIRE. RIRT RGNS
. WIEBESEHET  BEFMEURELIH
M [RIAIT IR IREEHFR RN , TEEM
L EIS
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Fig.1 Species-abundance curves for moths in three forest types

EPF. MPF # LPF {RATRE R 2.
EPF, MPF and LPF used in this figure has the same meaning as in the Table 2.

#3 3IMHEPHXSENHESHHEELSH AT

Table 3 Parameter estimation of the moth abundance lognormal distribution model in three forest types

B Fhy N S¥a 7 =l PlE
Forest type Species number ~ Number Parameter o
S HE 4T M
IREETHER 174 2077 0.768 1.513 0912

Secondary red birch forest

N N=a N=bry
IREFHEE S 129 1847 0.788 3356 0.645
Secondary conifer and broad-leaved mixed forest

o
FRIST AR 159 2 166 0.761 3.572 0.621
Original Liaodong oak forest

R4 3TME PR SR SE

Table 4 Moth community diversity and evenness in three forest types

e MEL MR g ) wam () odem
Forest type Species Species Diversit Evenness Alpha index
P number estimate y p
Nk i
/AE'I#M( 174 177 2.971+0.35 a 6.390+0.65a 45.207+£5.12 a
Secondary red birch forest
REETTERAIM

129 133 2.958+0.32a  5.044+0.59 ¢ 31.571+4.88 ¢

Secondary conifer and broad-leaved
mixed forest
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[FRIRIT ZRAFHR 159

Original Liaodong oak forest

163 2.472+0.27 b

6.043+1.02b  39.538+3.95b

HEANFHENNER | SFPREERFERTGEBEFAEE (Duncan’s ZELE , £<0.05)

Data are mean+SE, and followed by the same letters in the same column are not significant difference at 0.05 level (Duncan’s

multiple range test, 2<0. 05).

3.4 AREIREH REEFEROIEELR

X B Jaccard 8 Bl & #{ #0 Bray-Curtis
Measure REGEFFRFR AR BB R
B BERIE 5, IRELDHMFRIBIT R
MEEYIESZ |, 8 136 F  IRELLHMFIRE
HiRBRXMEE M EL , B 104 1, Jaccard
ERENERERD REFHFRIIMFRBIZ
IRARMR R R B RSB RS ( /=0.733 ),
RETHERFIRIBIZ RIFMIRZ (7=0.625 ) |
IRELTHARFUREFHTARRZMERIE ( 7=0.056 ) ,
Bray-Curtis Measure ZREFEFFERIEREKE , R4
IR A MANRIBIT RAR P RO SR B & 451018
RS (=0.579) , REFHARZIMIIRA
TRIEMHBEERFEEMEUREERZ

(7=0.436 ) , [RIBITIRARI SIR LT HERR B 36
AREMRLERR/N (~0.002), TR, &
EMRIBERREFEENA—ERI a5
BERBEREEETINXER.

4 itig
41 TEHREEAB ML

B AR R BT A A T
[, ERWESRIRS SRR | it
=, (LAMEAEE, BEEEHT , TER

NERZRRAMMFEERTIRE BRI
MAsETe S BERINAESA  EREB PR
PRSI O W  KERIEETEH  £RYH
BRIXRRERTE FEHEINEN ZERRL
Bl (Hawes ez al. , 2009 ; BEEZE , 2009 )
RRRBIEREAFITFEENRRE SER A
BE 3 ME, B3I FEERE | BEET
HAFOTER B %, AR |, MR 3 FiskEY
FEILLBID BB FTARR . IRAELT MR B FhEE
BB , A SEXILBIAL  REFHTFRRZAM
PEHEAFIRERE SNBMA , RERER
[RIRIT FRARM PSR I B IR ERE
&, SHRMRERMERMNBRER P REET
2R, MRFIMETREY AP RaSREEY
Erh, FCEEEN  EREREEN , e
FHETHABR. WHERFIRIBERESNEE
REPREEIERFEEENN  BPREES

BB SRR  HEESRRIMEER
REBERL , ERXMISRNRER T SFHFM
EEIEEWRET AR EATRERTZE
EZIINRERRITN |, EYEREEARDENK,
HABREFEBZ A NEARE BB LE5RE
SRR  MEMSEEN TS , HPh—Efo
HYIFRE L (Fahy and Gormally , 1998 ; F12%,
2012 ), AEIEWM RSB NIRRT EEE

xS 3R R SEER R LR
Table 5 Moth community similarity coefficient in three forest types

pulad =

Compared sites

HEYR
Shared

Jaccard FE{LLZR L

Jaccard similarity coefficients

Bray-Curtis ZREEFF

Bray-Curtis coefficient matrix
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species HERH LELVESS 3¢ IR AR GELVES ¢

Dissimilarity Similarity Distance Similarity

coefficient coefficient coefficient coefficient
EPF&MPF 104 0.435 0.056 0.422 0.002
EPF&LPF 136 0.375 0.625 0.238 0.436
LPF&MPF 128 0.267 0.733 0.189 0.579

FRK , DRMITHAR | BRI, HE. I
MR MNB MR I IR 1EHIFRSE
S HESIERX AIEMRFEEESR,
PRS2 TSI ER B MAELH
AR,

42 BRFEOM-ZEXRRSHMNS

BEERRVIREE TR E. SFFIMHSEL 15
SESEFRIEREE. —i%  BHEEFEEE
MEEEFEHENR DN  E—UNBMEREE
M EPKEBD EMNRBHFEERT
TEAERSD . LALLSEHE | BIRAAIMREESE
RTRIRNESAIZE  XFEESANE HDR
B ( SLEMZEGHH |, 2006 ), EESZLRES,
MIFMERXEIRERS  SHE-ZEXRER
SEIESD |, ( KL EFIERELLL , 2006 ; BE
B, 2009 ), FERENETEZERSETER
MIFEUES D (May ezal., 1981 ), FFEXIEL
IERST  BZEFE IO BRI, Y
FEES (LFN=E58 , 2006 ; FEFSTEHR
&, 2010 ), ESHEME-ZSEXREME B
SERIENFEE. ZHUEHIIYESE
R FEREBIREESERREERERSEEN
&iE. AN 3 MBS EERENEEER
RYFFEEE , BREHENM-ZEHEENTE
IESS TR iR RIER UM ERAVESEIMELER
T ESEARBRESRT REIEAES.

WY EMSHF ISR SIS MR

HEXHENSH, FTRFERRERT S — &
HEREEEADEDHIESSHMBEAR
—¥ ( BAEFIRRKE |, 1986 ), MEERESR
BRI E S SHIHEHE R RPFEFE
EHIRIRER (BEXE | 1988), HLBRAR
FXAREBMERPEENSHF LIRSS
ERIMA—E, B RRESTHEFFE &M
HN—NEBIER , oK  HEMLLEEMNS,
B, AT EEMLD, RHRRINARKE
TRREESEELRES  REIMNREEIRS,
[FIRITHRMORZ.  IREFHRRRZMERD |, =
SMERER  IRBEEBNYE  EWEEES
B SRR S | TEHEREM. MER
BHUHER MERSAMTINE —SBoFER,
HREHEHR , MUBMEEERIEM , H—2
IR ERE ([RIBTRIE ) BRISEN (H
E2%, 2009), FEERSNHT  SEEEN
R, HSHEMTUIRT SEEREEX) &
S4RAREMEREEEEZEX ( Koivula
etal., 2002 ), SHZXIFARITE ST
FREERIH—SHR,

43 BASEYRENXR

ERERRRIFRESMENERRS 2
PRI X B EFRIEEAIE. FRIEEM REHN
MEFEERNAR  MEFEELRR , N
MXEFAR  ERSREFES | PRI MAEE
Z. BREREAFAEMEBNZHSERRMWE
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IRREEE AN (FERBR |, 2000 ; Yueral,
2006 ), HEESIREMET , EHESHEMERMIESE
BRZEM R thIRABEE B RIS RIS
MR BR , EEEEERNT I RBER B R
RIRIRRIZEIE 1992 ; XUSGEFIBE
2, 1997 ; LFHOZFEER , 2006 ), BFEEE
SMAEFEAI NSRRI ERIRNHR
BRI EHZH B ESTRIPRIFRIZRN Xa]
BERH T BERNERY BUENFEERE—
RBEEHELFHRSMIERD ( Brehm and
Fiedler , 2005 ), iRRBREF EMESHENE
WEEXY  NEERERRIISIREGRI SR
BRE T BN RIZHHEHIIRAER &
BT BN MR ERERS ( LFNES
#, 2006 ), B+, BEELE (2009 ) HHARTE
FRIAEEEE P R LR S M IERIRSMER
BEZEXM LA XIS BRIBEEERIR
BTSRRI TRY,
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