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Butterfly diversity and evaluation of forest eco-system health in important

ecological areas of Zhejiang Province
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Abstract; A systematic study of butterfly species and dynamics has been conducted in the important ecological areas of
Zhejiang including the mountains of Longwang, Tianmu, Gutian, Wuyanling and Baishanzu, with sampling plots set and
net capture adopted there. Microsoft Excel was used to list the butterfly species and number collected, followed by
calculation and graphing to analyze species-abundance curves, diversity index, evenness and dominant degree. The category
of butterfly was then used as an indicator to evaluate forest environmental health of these areas. The resulis reveal that in
these areas distribution of butterfly category fitted a logarithmic normal distribution, but the number of each butterfly
category was in conformity with the rule of a logarithmic series. The Tianmu and Wuyanling Mountains had a nationally
protected Grade II Luehdorfia chinensis and a nationally protected Grade 1 Ornithoptera alexandrae, 4 and 3 protected
species within China, and 25 and 11 species native to China, with a diversity index of 0.9757 and 1.7570, respectively,
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which indicated that the environmental quality of these two areas was excellent. The mountains of Gutian and Baishanzu had
no nationally protected species found and only had 2 and 3 protected species within China and 5 and 15 species native to
China, with a diversity index of 1.3492 and 1. 1593, respectively, which also indicated a good environmental quality. The
Longwang Mountain had no nationally protected species found and only had one protected species within China, 11 species
native to China, with a diversity index of 0. 8491, which meant that the environmental quality there was relatively poor or
the environmental quality there tended to deteriorate. In recent years, such natural climates as acidic rain and typhoon and
human disturbance have a different impact on forest environmental health. In the Longwang Mountain, forest environment
has been unstable and deteriorated severely, part of which has not been suitable for survival of such insects as butterfly

protected species.
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Table 1 The natural general situation of the important ecological areas in Zhejiang Province

B ¥ E=3
R W E BER %ﬁ?@ﬁ ' SR MEmﬁ
Sample Go i s Total (h?) The altitude of tiptop The annual average  The ratio of forest
locations ograpuic postion ot area { (m) temperature (°C) bestrow (% )
FEEI 30°21’ ~26'N,
Longwang Mountain 119°20’ ~24'E 1223 1587.4 2% 88%
XEW 30°18'30” ~30°24'55"N
Tianmu Mountain 119°23'47" ~ 119°28"27"E 4284 1560 11.8% u%
HHIL 45°42' ~47'N,
Gutian Mountain 126°35" ~39'F 1333 1587.4m 13.3%C 95%
=% o] 27°40'38" ~27°43'42"N,
Wuyanling 119°38'29" ~ 119°41'27"E 1495 16111 14.8%C 8%
Bf 27°40'54" ~27°50'13"N,
Baishanm 119°3'53" ~ 119°6'44"E 8107 1856.7 14.3% 5%

®2 IERESERIES
Table 2 The vegetation of the important ecological areas in Zhejiang Province

£ XA Hil
AR - . i B il
Vegetati i Longwang Tianmu Gutian W, i Baish
egetation community Mountain Mountain Mountain uyanling aishanzu
AR BE¥E Bambusoideae spp. community + + + + + + +
EXﬁﬁﬂ*ﬁﬁ% T'axodlacea'e spp. and - - - . -
Cryptomeria fortunei community
THHEBEE Castanopsis eyrei community + + + + + + + + + + + +
HXAEEFE Cyclobalanopsis glauca community ++ + ++ + ++ + ++ + ++ +
A A A ; i
DR \ﬁ%ﬁﬁﬂﬁﬂ.{&ﬁ% Pl_nm massomiana, + + + + ++ 4+ + + +
Pseudolarix amabilis and Pinus taiwanensis community
B RBEFE Castanopsis sclerophylla community + ++ + + + +
KRIFHEIE Schima superba community + 4+ + + 4+ + 4+ + + 4+ + + 4+ +
HEREABEIE Cyclobalanopsis glauca community + + + + + + + + + + + +
AR E RS Altingia gracilipes community + + + + + + +
issima Carruth
FRARFNAIB SR Quercus acutissima Carmu - . . . -

and Platycladus orientalis (L. )
+ + +:>50%;+ + :10% ~50% ; + : < 10%

2 MRAE
2.1 EAEFE

PR EEES MR . RAFELRE, MR BEm OE LR B KB EE#IER) 5
ML A, R\ BIREE SRR RIEE AR XA ERCIRE X %0 B R S BEEREAE D
XK 8 km 2241 15 S/HELR, T 2005 ~2007 SERI B EE R EHAZE, BH 1K, B8R3N, BA1 W,
FAMETT Th, LI/ 2 2000 m BT, 2 ke’ ERRGRETLE , B4 RE 15 K, AEEBRBRBHEX,
K& EIFIC TP BB AR 28 BB E PR KA S, E R KB, JAAE AT 9 9: 00 ~ 13 00,
15: 00 ~18; 00; B4 B IS, AR AT A ZEBR B TS S 19 10: 00 ~17; 00, LUBHIHECA £%, IEEST
BRI BB BHS A T IR R R B IAE . BREN BN B S A I E S EREAN =/
AW, EENFETIRRGUE . FLREE, BIRASRLEELEREES R 1994 ~2001 428 P24 5845
R RuEHEE P
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2.2 HHRSTE
2.2.1 ZHEHEST

SRR RAU TS

YifbFEE B (specific richness, S) FIMAE B H (individual number, N) ,7E 2P0 HIRABRH B R
X4 (In S Al In N),

FRASFREZHMIEEH( S6) = H( G) + H( S) ,XB H( 6) H( S) AN BRMFPpL ) ZHHEIEE,
ZHEHER ] Shannon-Wiener ZHEWAEH H= - Y, PilnPi P55 i F MR SR BBR HART 40

FhialFEEHLE( PIE) KA Hurlbert AR PIE= Y, (N/N) ((N-N,)/(N-1)) ,=XH N, K% i F
FIANRE S N R BEEE o B R

5] ( Evenness, J') X Pielou AF,:J' = H'/In S, H ¥ H' ¥ Shannon-Wiener ZEEMIEET,S HHEE S
YIFp .

2 E 84 ( Dominance indice, D) : X HHELEFFHPEAL R Berger-Parker M {EHEIRECHT T :D =
N/Np B N oARER R EEEE , N AR 2T M RS E .
2.2.2 FEEMLMERR

BEY% Z B Coefficient of community, C) ;3K Sorensen BY, Zekanovski Z2%¥(,C = 2W/( a + b) , AP CH
BEVE R W ONREHL A T B LA FIEORI S o WREHD A B FSRREL b kML B B2 HRE
3 MRERESW
3.1 BEAESHXEFEERERER KIS

% 3a MR SR BS , KL E AR RHXCR RS 12 B 545 J§ 951 #p(K 3) . HokEIA 117
91 J& 153 # ,F 11 A ERA R 1 A ERP R X B WA 12 B 104 J§ 204 F,F 24 Fh ERE RS
A E R T H LA 8 B 71 J& 203 #,75 5 Frrb ERCA R 2 Rreb BRI R SA0F 9 7 49 B 66 7,
A 1 FpepERA R 3 Fpep BRSNS B ILAEA 11 R 131 J§ 253 7,8 15 Fh BRI 4 R E R
AR ER A MRS 4,

£3 WIEEESHRIEXREHRNER
Table 3 The genus and species of butterfly insect from important ecological areas in Zhejiang Province

REWL ZAL L s FLE &

B Groups Longwang Mountain Tianmu Mountain  Gutian Mountain Wuyanling Baishanzu Total
= h = h = h = h = h = h

Genus Species  Genus Species  Genus Species  Genus Species  Genus Species  Genus Species

FIEFl Hesperidae 21 26 26 40 11 12 6 6 29 40 109 147
AP Papilionidae 6 15 10 26 6 13 4 7 11 30 4 107
B98P} Parnassiidae 1 1 1 1 0 0 0 0 0 0 2 2
¥ 48P Pieridae 5 9 5 9 4 7 3 4 8 14 32 57
AR4EAL Satyridae 9 25 11 32 11 19 5 8 12 44 57 151
PPl Danaidae 0 1 1 0 0 0 2 3 4 6
FIEPE Amathusiidae 1 1 2 1 2 2 4 9 13
U4} Nymphalidae 28 50 28 57 22 34 15 25 33 74 153 275
PRl Acracidae 1 1 1 1 0 0 0 0 1 1 4 4
IR} Libythaeidae 1 1 1 1 0 0 1 1 1 1 5 5
YRR} Riodinidae 2 2 1 3 2 2 1 1 4 6 11 16
JRIEFL Lycaenidae 16 21 28 34 14 14 12 12 27 36 115 138
471 The total 91 153 104 204 71 103 49 66 131 253 545 951
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Table 4 The butterfly insect species from important ecological areas in Zhejiang
EEEFhE Tmportant species
HiX Areas P R PEGR
Endemic species of China Protected species of China
BEWL BL R Lethe syrcis Hewitson, ZEPE SR I Lethe gemina Leech, EHF EER IR  £73Ful

Longwang Mountain

XHEWL

Tianmu Mountain

Lethe lanaris(Butler ) , £ 38 SR W Lethe christophi (Leech) , i 3EB5 R 4 Neope
bremeri Felder, 52 5£F5 R M Neope muirheadi Felder, i B2 BR 4 Ypthima conjuncta
(Leeth) , i ki Helcyra superba(Leeth) , 43 ki Helcyra subalba( Poujade) ,
N4 KM Chrysozephyrus scintillans Leeth , 70 FF 4k Scobura coniata Hering

BB T W Coladenia shelia Evans, 4% & KM Luehdorfia chinensis, 75 BB R\ i
Agehene elwesi Leech , 1 B2 HR 4 Lethe satyrina (Butler) , S EHR 4k L syrcis
Hewitson , ZEBE B R it L. gemina Leech, EH SR U L. lanaris (Butler) , B3 SR
48t Lethe butleri Leech, Y12 EEHR MY Lethe marginalis ( Motschulsky) , 4745 SR 48t L.
christophi( Leech ) , 77 SEGH HR W N. bremeri Felder, 22455 HR Mt N. muirheadi
Felder, ¥ 3 1F AR 3 Mandarinia regalis (Leech) , iy HR 4 Palaeonympha opalina
(Butler) , fijE BRI Ypthima praenubilia Leech , ki BEERIE Y. conjuncta( Leech) ,
AR Athyma fortuna (Leech) , 48 k4 H. subalba ( Poujade ) , 1 | Ik 4t
H. superba (Leech) ,¥33RUg 4 Neptis antilope Leech, YT IRUg 4t Neptis beroe Leech,
2R gt Euthalia pratti Leech, BB R Uk 4k Euthalia kosempoma Fruhstorfer, 3] JK
3 Cordelia comes Leech, 75 I4E JK Mt Orthomiella rantaizana( Wileman )

Stichophthalma howqua( Westwood )

W4 g8 R Luehdorfia chinensis, &
% R Troides aeacus(Felder) , Fa 2
R

A. elwesi Leech , 57304 S. howqua

( Westwood )

HHI RER M A elwesi Leech, 15 PETE R 3 M. regalis (Leeth) , ZR&EBHER M V. TR A. elwesi Leech, 4> 3 R\ 4
Gutian Mountain muirheadi Felde, 1 HR 4 P. opalina(Butler) , 48 U4t H. subalba( Poujade) T. aeacus( Felder)
BA0% KRR Y. conjuncta( Leeth) , 3535 BB M L. christophi( Leech) , fiSEREERME V. 4388 Rk Teinopalpus aureus,
Wuyanling bremeri Felder, Z255E5R M N. muirheadi Felder, #{ k4 H. superba(Leeth) ,32 & 3R T. geacus(Felder) ,
EH gt A, fortuna (Leech), 4B [k Mk H. subalba (Poujade) , ¥ FIRUR IR N.  HiFFUE S. howqua( Westwood )
antilope Leech, YTIRUEYE N. beroe Leech, §HZRUR R E. prasti Leech , TRk E.
kosempoma Fruhstorfer
B TERUE A, elwesi Leech, it BER 4 L. satyrina (Butler) ,ZE SR L. syrcis &3 R I T. aeacus (Felder) , & 2
Baishanzu Hewitson , ZESE B AR it L. gemina Leech, BH EEAR MY L. lanaris( Butler) , $Z#R MR R A. elwesi Leech, Bl S.

4t 1. christophi( Leech) , [B] 3 BEHR W45 5 W # L. butleri periscelis ( Fruhstorfer) , &
FHERRYR L laodamia ( Leeth) , 7i SERHER M N. bremeri Felder, Z25EBH AR ME N. .

muirheadi Felder, ¥ IR AR U M. regalis( Leeth) , irER 4 P. opalina ( Butler) , Bj &
BRI Y. praenubilia Leeth, WEBERRIE Y. conjuncta (Leeth) ,43 QUi H. subalba
(Poujade) , B 4eugt i Sasakia funebris( Leeth)

JSunebris( Leeth) , A5 ie 48 £ ¥ 57 74
Kallima

Jormosana Fruhstorfer

inachus

T ERR TR RS IR 2000 FEZAOL R CEIRFP A RN, REAERLF FHERAMENEF ESHYER)  Endemic and

protected species of China based on national forestry bureau data in 2000

3.2 FBELAESHXEERKE BT
3.2.1 M-ZBEXAR

FERAESHX K -2 AR I 2, HE2 THS NE RS X B E X BOES 10 , 8§
RAE AR R REIEN . BXE WA SE G KRHAFRRENRL, AR EH
FREX HILERBRER RSP HERRIR, 7 S5 IRE KA RE R —RRI SSRGS, KBk H
BPIAL A T X RIS R R U T B L ATE IE R LSRR AR B, A B 2 Ab AR A X B3R5
REBSH. BEWRARL, MEML, KA ZAETBXNHEREAXNRERIZAESB X W EREIERE
RSB, B4R, I EN BRI B R RERMA PR R, ARSI E TR XM
BY R BR B RAE A AL SR UL, ZE AR R b BRI WA EIRAY o5 — R0 T B 58 1 R DU SRR
5% i GV FRBTIREY —E TR 2>, 55 2 MBI ORBFh S o5 SRR TIRI —E TR0, RIS HE . XS AR R R
KR YA TR A EES, (RERERES X B B R+ R=
3.2.2 BERHERMZHEMY S

(1) ZHdE HSERNE SIS XS E RS A B REHE N SRR ) R BEILR
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Fig. 2 The curve of species-abundance for butterfly insect from the important ecological areas in Zhejiang

(PIE) M5 (E) R FEEE (In S) FAMEE(In N) 7R SR UE 3. WEHRE  BERENZH
PRSI A B LR A B AR — 3, B B X 5 B, 7 L, ] Shannon-Wiener 214
PSSR BRR AR S E N B, MRS, A4 AME 9 Ay, SAKKERL kR, B
BOARIS . BEIWMK B INERR SRR, BBk, MXSERE IAMSAEZE4 A KB
79 RBmst, SR B iR. B AN Al Ab T HITL B rE#E, 4 B v s Ko B Y
FREIFIE, I B 2 X A5 B35 — U3 P AL, Ui A8 T I dAE s B/ BRI, SRR BRI 5L
w, B RRRE ;s B E AR B I B 4 AJFaikiE AZZE 800, LA RBRFR SR H 250 8., Sl , Wik k%
AR R, BRshBIR ;9 AMrER B RS —ARBREPL R R e , Bemt SRR % E Y By Bk, i
TERRM R KRB X BONRE . N2EXRE WEE( E) WHEEE(In S) MM (In N) 545
e > RE W >F WA >HEL > X, TR EABNR( PIE) MEESHEER( ) MOYEILME > X
Hili> BEIL > BAu> HEIl, TRXHE I, SARFE ILHEREN SHEB R, £ RE RN
W ERERR AT

(2) R SRR RMT LB S, SRR MRS HNIETTE 6.7 A4, it B4k
FEEYEONER, BT B, BRE&E QAN X GERTEE K 2R A POR U RS R 4R
W, 3 HArEl 11 A4 g oA SARE T2 R180K, a0 E AR B LA T3 L8 ALHS , A5 B A X
BAR ; T B LLIARLA B 5 T L AR B 8 , SRR B AR X 5 e £ LI DA =5 R, BRI , (B3
FEANEZ ARy TIEE, UEMEF TP FER AT A FHFERN BEEL. FHit, A FEH
B ERER MG EFEE = E T &R HRE R ZHES R R ZF NS HS R P A —2(E 3),
— 77 T LA A5 A A X SNSRI o O B Ak b, 75— 07 T R B R IS N S B R M AR R R e R B
R EEES

PPN ( PIE) RHARREASUKFLTRERME LR RN NHAKXE, ES Simpson ZH
AR RO FEA , A T #LA R A S X BE2KH) PIE I Shannon-Wiener ZAEMAE4( H') , 5 RWH
R—8, BHEX2ERE (K 3), B, A Shammon-Wiener £ M5 Hili R SR TEE LR E N
B,

WA E RS KRN ZHAER SRS EA S BRERAF MK (KRB, S5EEE—3
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Fig. 3 The butterfly pattern of the diversity indices (H') , probability of interspecific encounter ( PIE) , evenness (E) , specific richness (In S) and
individual number (In N)

£5 FERESMRGEFERHHEBSE
Table 5 Quantity indexes of butterfly community in important ecological areas

545 index
e mnter Toe e SRR SR T
[X K Areas . . The number The number Diversity index ”
of endemic of species o i Evenness Dominance
L of individual of richness i K
species in  conservated (In 5) (In N , , , index index
China in China " " H'(GS) H'(G) H'(S)
REL . 11 1 6.7105 5.0304 0. 8491 0.5765 0.2726 0.1265 0.4839
Longwang Mountain
XHEW
. . 24 5 6.9334 5.3181 0.9757 0.4334 0.5423 0.1407 0.3452
Tianmu Mountain
w EH th . 5 2 6.6477 4.6347 1.3492 0.7863 0.5629 0.2030 0.8946
Gutian Mountain
J 18}
QEM 11 3 5.8230 4.1897 1.7570 0.4827 1.2743 0.3017 0.7826
Wuyanling
_ﬁﬂﬁﬁ 15 4 7.1476 5.5334 1.1593 0.7625 0.3968 0.1622 0.5728
Baishanzu

(RZRS5) , RN FEE R EREARR . 2SCANEEIAMR B IR H R BAZ S EE
WA, J2 ph T2 B R R A T AR A5 5 SR UL, MAE B X ER R FTE. RPEEIFRKE L
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BEMARE , BE SRR, A LHMA KR WG KEER . R RN -2 iR 2 EOESRS 5
B, —RIE L T R SRS E -, MAXE, 7 IHEAS B IILSEHF- 2 5 ik BREXNPOESS
i BEHEEEA SHHEA -3, AR E TH-2 Bl m 22 mE, AEER/DN%ER. BIRETRE
M RANZHEE, NIRRT £, -2 R X R BRI HREER, SE WA & B IR 5 R
4, BE MR E S, BELNERENEHEERSHSERINFHEX, REETEEREETR R
B RIS B RS T, AT E , BUF R AR R RE
3.3 BERHIERBE K
3.3.1 BEMREST

KB WSEEINGERHREAEL R &R, MDA R, REFETXE L S5EEINHERE, Hd
FAKEL, , EEAAPERE RIS | S ERMFNTAR, T 5 B AW HBERGR , Mt 22 780K 73 4h, K B 1L B BB T
RIa N AR R K, DA WHS B LR TRYREZ AR TIHED . i HILFE IS Hibh & X g2k
AR RO AR, H R ZLATHRE R AR AT JRARAE RO 1, T 55 085 oA 4% XU A SR SR e v A DL R Y
BiR, SAEWERERAK, BHETL2EENHEYEE, XRBS WRER, By . & AEY b
BEZ(WFR2), GAWRA MA) i P AR I AR, o TR LU 4% J5 R R SR , v 38T 13
WM 5 ESEMBERAE , BB {0 KW Bretschneidera sinensis Hemsl , & 524 Emmenopterys henryi FIBEEH
Fokienia hodginsii (Dunn. ) Henry et Thomas ZF[E R _ R GARITEY) 16 FF, 5 ARG HEXELHAEY 56 #
9 28.57% o X EZRT X HALHT BEIZZFAL , BEILRRE, ABFE R, I EOLERE 5 AR MBLE M R L
T BB ERE, IRERMESHERY . Flt, SR RERE A B O AE(R6) .

F6 HEREDSMRERGBUERE
Table 6 The similarity coefficient of butterfly in important ecological areas

BHEDMIX BEL XA HH LA B

Ecological areas Longwang Mountain ~ Tianmu Mountain Gutian Mountain Wuyanling Baishanzu

. Ll Longwang Mountain 0.5098 0.4300 0.0365 0.5961

X B i Tianmu Mountain 0.4688 0.1259 0.5470

# B 1] Gutian Mountain 0.2012 0.4326

58214 Wuyanling 0.1567
4 i

BMREERZREME ME PR SIS SRU K ZRZFHEREMR, Wik AR RER LT BRSNS
BR, U RS KR KRFARRS B RER, BARBIRER I T SR U g X &
i X SRR LA R RN A T
4.1 JATH

N TR R SRR £ IV RAIGE, X5 HATT R E X R SRR L E
R RMAAELE R B TR R R, SRR EOE . BREELMEE ISR S AESBRX
BN E AR, RAERTE 5 ~30 A/h ZJH], SR MAKE B A 5 B 5 T A 075 shi B e £ LA
KB AR, BRI TR KRR Z A, BN TUHXB/NIEL T, A Tk
N SR R O
4.2 ASRREMERER

ASRREMENE R RRRL SN EZERAER, ERF RSV RESREEYZHERL
SRMERERR, SHEFRERERRE, SWEEZH/MEFR/NUREM, Ll R EL RA AR AE
MR PIF TR, NI SEREYIFP I . PR ™ AR IR E SN E RN R, A [F A 78 2R A= 3
FEREDR YRR T E B LSO, AN T A SRR AR . AR R AT RN
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WFF¥ R RE W > Sg0¢ > i EIL > F WA > BEIL, ER BB 5K P —3. 45Kk
B RS, VIR R IR E O B AR IR R R M B O SN, W, SRR RFEESR
5 PR 5 R S IR A 2%, X S RISCHES N Kremen Y2510 — 3K, UAHA R RIS N IR AR TR A~ AR )R ]
;R
5 NG

ARB TR PRI E A S IR 2K 12 B,951 #F, KB 7 fE R R FF, R WL X Y
B, BEFERPHE , LHERETLER T BER —R R S-S RG R, 750, R LA
W B, ARk , B T8 BRFR L & KU 23 4 S B0 £ ILF SRR B M SRS R T 54
WA HILL, I SA G 3 Frrh ER SR, 11 B ERE R, ZHEIRECY 1. 7570, B %404 3 X ) #
BREUCE; T HILEA ER GRS, hER A 2 R, P ERER S f, ZHMAREE0Y 13492, di%
HA A AR 753 X B ER SE BR B A0F 5 Je E LA E R R AR 3, P E RS 1 #F, PERARS 11 7, B
FRHCH 0. 8491, BE R AR S X I FR E R B A X A 2 s AR M X I S R B E7E fa ) Bk, (EIFE AR
T, SR IR RO S, X R P ETIRUE” . SR, EREFRENMEEEUREEERE,
T FH L 0 g A 35 S P PO 8 S A X o, DR, R 0 3 ) R R A R IR B A 3

TR A B B R e U , SRR IR VI R R, R T BRI 451 TR &
Rt BB e, 2 T el 70 S B VLA B AR S X PR IR BRSO , A T RE A —N 7 TR 24 S B T 4F
FRUBEAMNA TR RAARES IR, S ER R A R SRS X A S0 , DU kil e e B
Bz i 2 NEG IR R I AR X B R, 4E 4 IR G645 38 s 7 R AE AKX R ER FIBR L F 25RS M B B iR
T3 B BRI SN RS 5

PMEBRER N ERNARG , HRERBEEEAB AT, ERHERARES REERBRRE
A2, A BLENRGEN B RSFE T EEAEMLUIAR, RERAERR RERIEITM RS
PAE Y RAE KBRS, (B RE L FEIE B A EIHE SR, AR RIS R LR ERE
RBLRAGERRDL , EFAEEZWBIBIE . 7550, W BAL T8 R SRS Fh R 09 2 FE MR84S Rk
R (fRR AR FRAAERR) AR R IR E R RABIS

References:

[ 1] Constanza R. The value of the world’s ecosystem services and natural capital. Nature, 1997, 386 253 —260.

[2] XiaoFJ, Ouyang H, Cheng S L, Zhang Q. Forest health ecological risk assessment in China. Chinese Journal of Applied Ecology, 2004, 15 (2) :
349 —353.

[3] Chen G, Deng HB, Wang Q L, Dai L M, Hao Z Q. Approaches for assessing forest ecosystem health. Chinese Journal of Applied Ecology, 2003,
14 (6): 995 —999.

[4] ChenG,DaiL M, JiLZ, Deng HB, Hao Z Q, Wang Q L. Assessing forest ecosystem health I. Model , method and index system. Chinese Journal
of Applied Ecology, 2004, 15 (10); 1743 —1749.

[5] MaKM, Kong HM, Guan W B, Fu B J. Ecosystem health assessment; Methods and directions. Acta Ecologica Sinica, 2001, 21 (12) ; 2106 —
2116.

[ 6] Lawton J H. Abstracts of International Congress of Entomology. Londrina; Embrapa Soja, 2000. 1 — 107.

[7] Brown JK S.Diversity, disturbance, and sustainable use of Neotropical forests; Insects as indicators for conservation monitoring. Journal of Insect
Conservation, 1997, 1, 25 —42.

[ 8] BrownJK S.and Andr’e Victor L. Freitas butterfly communities of urban forest fragments in Campinas, Sao Paulo, Brazil; Structure, instability,
environmental correlates, and conservation. Journal of Insect Conservation, 2002, 6. 217 —231.

[ 9] Frouz J. Use of soil dwelling Diptera ( Insecta, Diptera) as bioindicators: a review of ecological requirements and response to disturbance.
Agriculture Ecosystematics and Enviroment, 1999, 74 167 —186.

[10] Kitching R, Orr AG, Thalib L, Mitchell H, Hopkins M S, Graham A W. Moth assemblages as indicators of environmental quality in remnants of
upland Australian rain forest. Journal of Applied Ecology, 2000, 37. 284 —297.

[11] Akutsu K, Khen C V, Toda M J. Assessment of higher insect taxa as bioindicators for different logging-disturbance regimes in lowland tropical rain
forest in Sabah, Malaysia. Ecology Research, 2006, 26, 542 — 551.

hitp : //www. ecologica. cn



5268 £ K5 % K 28 %

[12]
[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]
[27]

[28]

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]
[43]

[44]
[45]

[46]

[47]
[48]

Chen Z N, Zeng Y. The butterfly diversity of different habitat types in Qilian, Qinghai Province. Biodiversity Science, 2001, 9 (2) . 109 —114.
Liu G L, Pang H, Zhou C Q, Wen R Z, Chen HL, Jia F L, Mo Z Q. Diversity of butterflies in Lianhua Mountain Nature Reserve of Dongguan
City, Guangdong Province. Chinese Journal of Applied Ecology, 2004, 15 (4) ;: 571 —574.

Zha Y P, Luo Q G, Wang G X, Wu S B, Huang D Q, Deng C S, Kui Q. Community diversity of butterfly in Houhe National Nature Reserve.
Chinese Journal of Applied Ecology, 2006, 17 (2) ; 265 —268.

Yang P, Deng H L, Qi B. The occupied rate of microhabitats, sampled percentage of species and relative abundance of butterfly community in the
Three Gorge Reservoir Area of Yangtze River. Acta Ecologica Sinica, 2005, 25 (3) ; 2424 —2435.

Wu Z J, Li Y M. Effects of habitat fragmentation on survival of animal populations. Acta Ecologica Sinica, 2003, 23 (11) ; 2424 —2435.
Saarinen K. A comparison of butterfly communities along field margins under traditional and intensive management in SE Finland. Agriculture
Ecosystematics and Enviroment, 2002, 90 . 59 —65.

Nelson S M. The Western Viceroy butterfly ( Nymphalidae; Limenitis archippus) ; an indicator for riparian restoration in the arid southwestern United
States? Ecological Indicators, 2003, 3. 203 —211.

Maes D and van Dyck H. Butterfly diversity loss in Flanders ( north Belgium) : Europe’ s worst case scenario? Biological Conservation, 2001, 99.
263 —276.

Oostermeijer ] G B, van Swaay C A M. The relationship between butterflies and environmental indicator values; a tool for conservation in a changing
landscape. Biological Conservation, 1998, 86 271 —280.

Fleishman E, Austin G T, Brussard P ¥, Murphy D D. A comparison of butterfly communities in native and agricultural riparian habitats in the
Great Basin, USA. Biological Conservation, 1999, 89. 209 —218.

Barlow J, Overal W L, Araujo I S, Gardner T A, Peres C A. The value of primary, secondary and plantation forests for fruit-feeding butterflies in
the Brazilian Amazon. Journal of Applied Ecology, 2007, 44 (5): 1001 —1012.

Hawkins B A, Porter E E. Does herbivore diversity depend on plant diversity? The case of California butterflies. The American Naturalist, 2003,
161 40 —49.

Koh L P. Impacts of land use change on South-east Asian forest butterflies; a review. Journal of Applied Ecology, 2007, 44 (4): 703 —713.
Singer M C, Ehrlich P R. Host specialization of satyrine butterflies, and their responses to habitat fragmentation in Trinidad. Journal of Research on
the Lepidoptera, 1991, 30 248 —256.

Steffan-Dewenter I, Tschamtke T. Butterfly community structure in fragmented habitats. Ecology Letters, 2000, 3. 449 —456.

Uehara-Prado M, Brown K S, Freitas A V L. Species richness, composition and abundance of fruitfeeding butterflies in the Brazilian Atlantic
Forest: comparison between a fragmented and a continuous landscape. Global Ecology and Biogeography, 2007, 16, 43 —54.

Zheng C Z. Geographic distribution of the rare, endangered and protected plants in Zhejiang and their characteristics of flora. Journal of Wuhan
Botanical Research, 1990, 8 (3); 235 —242.

Cai R H. The horizontal and vertical distribution of main forests in Zhejaing Province. Journal of Hangzhou University, 1988, 15 (3) : 344 —350.
Cai R H. Zhang S R, Yao J H. Forst division of Zhejiang Province. Journal of Zhejiang Forstry Science and Technology, 1989, 9 (2) .1 —8.

Li C L, Zhu B Y. Atlas of Chinese Buiterflies. Shanghai: Shanghai Far-Eastern Press, 1992.1 —152.

Tong X S. Butterfly Fauna of Zhejiang. Hangzhou: Zhejiang Science and Technology Press, 1993.1 —87.

Chou I. Monographia Rhopalocerorum Sinensium. Zhengzhou : Henan Science and Technology Press, 1994.1 — 854.

Wu H. Insects of Baishanzu national nature reserve in East of China. Beijing: China Forestry Publishing House, 1995.1 —586.

Wu H. Insects of Longwangshan national nature reserve. Beijing: China Forestry Publishing House, 1997.1 —404.

Wu H and Pan C W. Insects of Tianmushan national nature reserve. Beijing: Science Press, 2001.1 —764.

Wu C S. Fauna Sinica; Insect. Vol. 25 ( Lepidoptera; Papilionidea) . Beijing: Science Press, 2001.1 —367.

Wang M, Fan X L. Butterflies Fauna Sinica; Lycaenidae. Zhengzhou: He'nan Science and Technology Press, 2002.1 —440.

Osada S. An illustrated checklist of the butterflies of Laos. Tokyo: P. D. R. Mokuyosha, 1999.1 —211.

Ma K P, Liu Y M. Measurement of biotic community diversity I. a diversity ( Part 2). Chinese Biodiversity, 1994, 2 (4) : 231 —239.

Yang D R. Studies on the structure of the butterfly community and diversity in the fragmentary tropical rainforest of Xishuangbanna, China. Acta
Entomologica Sinica, 1998, 41 (1) ; 48 —55.

Yang H X, Lu Z Y. Quantitative methods for classification of plant ecology. Beijing: Science Press, 1981.1 —420.

Shahabuddin G, Ponte C A. Frugivorous butterfly species in tropical forest fragments: correlates of vulnerability to extinction. Biodiversity and
Conservation, 2005, 14 1137 —1152.

Wilkinson D M. The disturbing history of intermediate disturbance. Oikos, 1999, 84 . 145 — 147.

Ehrenfeld J G. Microtopography and vegetation in atlantic white cedar swamps: the effects of natural disturbances. Canadian Journal of Botany,
1995, 73. 474 —484.

Nakamura E, Yajima T, Kikuchi S. Structure to geomorphic site conditions and composition of riparian forests with special along the Tokachi River,
norther Japan. Plant Ecology, 1997, 133 209 —219.

Liu W P, Deng H L. The studies on diversity of butterflies in the Muli. Acta Ecologica Sinica, 1997, 17 (3) ; 266 —271.

Kremen C. Assessing the indicator properties of assemblages for natural areas monitoring. Ecological Applications, 1992, 2 (2) . 206 —216.

hitp : //www. ecologica. cn



115 EXF S HILERESHXEREY SRR ERRE S R ERITN 5269

SE 3k :

[2]
[3]
[4]

[5]
[12]
[13]
[14]

[15]
[16]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[40]
[41]
[42]
[47]

M X, kP, B2, K. P E MRS RS, B AAA2#R,2004, 15(2) 349 ~353.

BRme  FBLLE, ERAL, RO R, M 5 K. FAES R BRI W — B R RIRT. R AEALIR,2003,14(6) 1905 ~999.

Bm, AR R, 224, B, M R, EERAL. eSS RAEMEITM [ R GTE FRMEIRER. RAESEIR,2004,15(10)
1743 ~1749.

S, FLL0HE, 550 A7, SRS AERM . 577 M. 2 524R ,2001, 21(12) ;2106 ~2116.

BRIRT , 55 FH. F SRS M R R (7] A SR BRI SRR PERTSY. A6 14,2003,9(2) : 109 ~ 114.

XUEERR, BEAT, B B8, RIS AR, T RE , BURAR. RIS B AR K BT SRR, R ASSIR ,2004,15(4) ;571 ~574.
EEE, o, TEE, 2R, BAS, BPRE, B EHERR B AR X S RHE SRR, BALESEIR,2006,17(2) :265
~268.

e, RS, B . KIT =ik e (X SRR BRI AW IR 3R MRS (A BRI N 4 . AR 5243R ,2005,25(3) 12424 ~2435.
RIEE, 2= L. SR b T sh i R st st i B . AE A 5E3R ,2003,23 (11) ;2424 ~2435

HERE. MR AP EY IR B X RIFE. ROEYEBIS,1990,8(3) 1235 ~242.

BT WA BRI SRESF. PN KE£IR,1988,15 (3) 1344 ~350.

TR, EAT, Pk . WiLAE s X, Wiyl molRHe:,1989,9(2) : 1 ~8.

LR, RED. PEBRENE. L5 LSRR LR, 1992.1 ~152.

EEM. WL, PN W R i ARAL,1993.1 ~87.

FRER. PEERE (LT . M R AR it ,1994. 1 ~854.

R 1. ERE MR . 65 P E Ml R, 1995. 1 ~ 586.

R4 BEILR R, L5 P EM R, 1997.1 ~ 404

R BRCES. K HILE . b5 R R ,2001. 1 ~ 764,

REL PEIYE:BRR (B+1%5) 858 B . AR Jb5 Bl R ,2001. 1 ~367.

T8 TR, P EREER. BN R RE 5 EOR AL ,2002. 1 ~440.

ORY, X RH. A HSSHEENNETE .o SRERRNEFS(T). £2R4E,1994,2(4) 231 ~239.

RS R H Wi R R S 5 SRR, B R%IR,1998,41 (1) : 48 ~55.

P& B, FER. Y ESENEEN LTS b5 Bl MR, 1981, 1 ~420.

XUSCHE, FRA 3. R BB R RIS, A ,1997,17(3) 1266 ~271.

hitp : //www. ecologica. cn



	11a59.pdf
	11a60.pdf
	11a61.pdf
	11a62.pdf
	11a63.pdf
	11a64.pdf
	11a65.pdf
	11a66.pdf
	11a67.pdf
	11a68.pdf
	11a69.pdf

