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The establishment of the indication on environmental health of butterfly and of

the environmental monitoring evaluation system in Chongqing

DENG Heli*, MA Qi, LI Aimin
Chongqing Museum of Natural History, Beibei, Chongqing 400700, China

Abstract . This is the second paper about the study of biodiversity and biological indication of butterfly in Chongqing, the
purpose of this article is to set up the indication on environmental health of butterfly and of the environmental monitoring
evaluation system. Basing on the previously study of the diversity parameters of butterfly in different ecological function
divisions, this article focus on the research of the similarity analysis of different fauna. It has been selected 22 different
diversity parameters of butterfly and 5 major environmental factors. In order to probe the selection of the monitoring index,
the species and groups of indictor and to establish the evaluation system of environment, we have been analyzed them by
means of regression analysis and principal component analysis. The result shows that, when observing on the region class,
the diversity and evenness index of the species, genera and families in the 22 parameters could be neglected ; in the 5 main
environmental factors, the influence of the population pressure (X,,) is more than the other four factors which respectively
are the region ratio ( X, ), the population density (X, ), the proportion of woodland ( X,,) and the amount of land

containing (X,,). From the analysis of the diversity parameters, there are 10 factors that can be chosen for evaluating the
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environmental health of the ecological function divisions of Chongqing, the parameters are correspondingly the number of
species (X, ), the genera of butterfly (X, ), the number of families (X, ), the dominance index of species (X, ), the
contribution rate of different levels of the species number (X,,—X,;), the population pressure (X,,) and the synthetical
score of the four principal component values. We also select 24 species and 12 groups of butterfly to monitor the
environment, to probe the evaluating method. By means of the method above, we would anticipate that an environmental
monitoring and evaluating system of ecological function areas in Chongqing might be established. Basing on the analyzing
above and the assessment of the environmental health condition of various function areas, it can be discovered that the
environmental health state of the first ecological function area is extremely healthy; the fifth, the ninth, the tenth of the
function region is healthy; the ecological function area of the second, the third, the sixth, the seventh, the fourteenth is
sub-healthy area; the healthy condition of the fourth, the eighth, the eleventh, the twelfth and thirteenth function region is
unhealthy. However, the thirteenth and the fourteenth ecological function areas are urbanization areas, and the scores of
both of them are not the lowest, this indicates that the relations of the urbanization and the environmental quality are
incompletion causal relationship, it also recommends that the environmental of the cities and towns could be improved well
through greening and environment protection. It can be expected that the monitoring and evaluating system could be further

perfection in practice.

Key Words: ecological function divisions; butterfly; environmental health; biodiversity and biological indication;

monitoring and evaluating system
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FRAARRS 22 B 52 DD BE R AR 2 B 1) 11 70 B RoR ) | X5 (LA DURP G ARRS 22 52 5 i D fig X B S AR X 22 2
BE RN ) X o (AR ILRP A AR X 22 B 92 D BE X 2R AR X 22 B A 0 B3R ), X, (AR 3B A AR 2
JE 7 IZ T RE DX AT 22 B 0 E A B ) DAL X, (45 DI RE X IS R 2 2 B ) | X (45D B DX M M Tl 2 A PE R
B X (B T REIX WIERP G B 5 FEFR A | HEATEAME BIA 3B A5 1 s [l 5 72

Y, =-196.724+2.232X,+2. 639X, -60. 769X, +284. 402X, +197. 819X, -2. 134X, +4. 997X, +0. 742X ,

+1. 045X ,+26. 466X, —1.538X,,-0. 689X, -0. 180X,

[l ) R %k 95% Bl {5 X ] & . —2915. 605—2522. 156, [ A M [0l 4 R B0 B2 7E XL,

Pearson #H ¢ 2 5035 MR/ IMK YR 4351124 :0. 989 (X, ) >0. 965 (X, ) >0. 853 (X, ) >0. 800( X, ) >0.771(X,,) >
0.730(X,,)>0.713(X;)>0.523(X,,) >0.323(X,)>0.290( X, ) >=0.755(X,)>-0.818(X,,)>-0.843(X,;) .

AR AR M DF BT DUE Y, X, Xy X X Xy X, X X X W0 RN RO T 7] STk, Horp X (350 5
TR X (PR EE) TTIREE K X, X, X5 KXo X SERIRECR T8 STk, Herp X, ( ZREMESR R0 STk k.
3.2.2 FhRERE

& DRE X RIS (R B R IR TR 2 R &) & WA R Y, s SRR i X, , XS, XS, XS,
Xo X0, X0 X0 X, X X X X A TR RN 408, A QR [l E 5

Y, =—-49.277+0.211X,+0. 478X, -15. 884X, +60. 113X, +26. 706X, ~0.295X,,+1. 137X, +0. 467X ,

+0. 384X ,,+6.261X,,-0.324X,,-0. 156X,,-0. 025X,

8] - 20 95% (9 A] {5 X JA] 2% . —713. 953—615. 400 , A A K [0l )4 R E0h B35 XL,

HIRNSEE B M AT AR X, X, X Xy X, X, X X SRS A T [ Bk, Hoh X, (3950
FEHO) X, (FhISIRIEE ) TTHRECK X, X X5 KXo X, XTIRNECR G Sk, o X, ( ZREMEEE0) Tk,

PR ESORIRR 28 = B A Ay PR AR B 3 2 PR [T U (R 25 R AR J— B0, A 5 T B R A5 1 SR A3 ik
YIRS,
3.3 FMA i

AR X, —X,, , 3822 ANE T MER THT L , N FEEARE Rl ZREE DTk X 2 5T
MR TR N R R LB | b AR R A R T 9 A B AT 4T
3.3.1 A AORRIE(E A 32 A TR R

2 00 4 DRI, BRTTHCRIA R 85% LU L ARG T RIS, IR 4 4~ F sy F, |
F, Fy F BRIV SEARACE JFK 22 AM4645 .

R2 EMRSHFEERENS THE

Table 2 The eigenvalue and contributive rate of component

% FRIE(H TR/ % BRETTERE % 5y FRIEMH TR/ % BRTIHCR %
Component Eigen value  Contributive rate Cumulative rate  Component Eigen value  Contributive rate Cumulative rate
YIREL(X)) 12.557 57.079 35.908 FILR (X)) 0.024

BHE(X,) 3.827 74.475 57.667 PEFFh(X,5)° 0.010

JBE(X3) 2.073 83. 898 79.271 O (X )" 4.96x1071

FFRE(X,) 1.287 89.750 89.750 DIFR(X5)" 3.47x1071¢

Tt Z RS (X)) 0.668 B (X )P 2.81x107'0

Ja Y S REEAR R X)) 0.561 PRI (X" 1.60x107'

BHYOZ R B (X;) 0.412 HIFR L (X ) 7.28x10716

¥I5) BERREL(X) 0.366 NHEHEE (X)) 7.65%107'0

FhSALIBE (X)) 0.092 PR (X, ) 1.65x1071

FEWF (X )" 0.077 T (X,,) 3.58x10710

DR (X, )" 0.045 AR (Xy) 4.58x107'0

X, =X, W8 SR 15 X, TARILHI(% ) - & DIRE XTI/ TS iR SRR X : AL (N km?) o N/ 25 DI RE X AL TR 5 Xy « PR
Hu B (% ) - 45 DHRE XA T AR 45 D B X TR X, « 33 1 (Fih/km?® ) « 25 T RE DR 50/ 45 D il X B 0L T A X, - WESORSZ I N AR A
(A/F) & DIRE XN FLEU/ 4 G X b 45
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3.3.2  EMST A

B—FEWS FTE X, X, X Xy X Xy X X, & 980 L RYEr R (>0.9) , 3R F, S8R A R m 1Y
AHOCHE , S B T IR R FRE AR B SR R FLTE X X X X R X Sedg b 22 R 8 A
BB ST REFR B R ;. FOFE X X, X, BT K, B R g A s, FO7E X, X, X, IR,
BURYIF TR R R (R 3) .

R3 ERSHG
Table 3 The component load

K+ S EAT The component load S F 853 A The component load
Factors 1 2 3 4 Factors 1 2 3 4
YIFEC(X)) 0.916 -0.332 0.049 0.041 HILA (X)) 0.736 0.308 -0.272 -0.479
BH(X,) 0.799 -0.055 0.121 0.224  fRH#HAFN(X;5)" -0.932  -0.015 0.078 0.269
JRE(X,) 0.930 -0.274  -0.005  -0.029  FEWLF(X,)" 0.753  -0.269 0.119  0.442
FEE(X,) 0.938 -0.318  -0.021 0.031  DWAN(X;5)" 0.766  -0.314 0.328 0.175
Py ZRE MR (X)) 0.603 0.771 0.016 0.091 HLA (X)) 0.865  -0.027 -0.007 -0.354
JE B Z AR (X)) 0.634 0.755 0.030 0.04 B (X)) -0.908 0.125 -0.099  0.197
FHYZ RS EL(X,) 0.586 0.795 0.068 0.074  THARLHI(Xg) 0.046  -0.412 -0.781  -0.133
B RERRR( Xy ) -0.005 0.900 -0.128 0.332 AH#EE(X),) -0.387 0.154 0.691  -0.353
FhEOLHAEE (X)) -0.909 -0.089 0.322  -0.066  ARARILHEI(X,,) 0.708  -0.088 -0.442 0.002
WA (Xo)* 0.763 -0.306 0.152 0.457  FHIEA (X)) 0.071 -0.029 0.616 -0.235
A ULRR(X ) 0.901 -0.305 0.133  -0.051  AHKEIJI(Xy) -0.846  -0.502 0.121 0.055

X, — Xy BB S 1 5 X g — Xy BT LT 2 0 WV RIBCO R S0 b AN 2 B MO 2

3.3.3 FRUME

& 3 BdEBR LA 3R R X L AR AR P MR ARAS DU A T2 B 43 2 B3 F8 b T 4 I 1) 2R 88, B 5 75 21
TR, AR B RRAE ) i S hR A S 8O AH 3fe , BRI A 3Rk X B 4 A F R FLOF2 F3 FA 1Y
257,

AR 2 5040 IR I A AR AL o T B 2 B0 S A A A 22 AR L 9] 4 kg AR B R 75 38 2 Al 2 25 5 A
B ZX,,ZX, e 2K, R SRR AR e 2 bR AL A B A, A SCHR I B bR HE AR 48 7 AnifEfk .

F=0.137ZX,+0. 159ZX,+0. 137ZX,+0. 137ZX,+0. 191 ZX+0. 193ZX,+0. 193 ZX,+0. 098 ZX, —

0. 152ZX,+0. 144ZX ,,+0. 138 ZX , +0. 115ZX,,-0. 148ZX ,,+0. 142ZX ,+0. 140ZX  +
0. 1327X,,—0. 146 ZX ,-0. 197ZX ;0. 024 ZX ,, +0. 086 ZX,,+0. 156 ZX,, -0. 190ZX,,

FREE o 25 A R B T TR A A, FER AR 256 o EHET , BT & b X AT 27 5 7P
Pt h R A E S BE X LA (£ 4)

DIRE X IE] , 4% E T8 i o S 195 A A E I B X2 5 . A0 HEP RIIHEX 1>10>9>5
>2>7>6>14 A B TR M IE ; IAEIX 3>4>11>13>8>12 4353 1A, 4T 10 Ak 2570 A5 S BBk 0 A
KEAESINEEX 1 B —J7 BRIX 9 JTHE—ZEITIX 10 4755, X Fl 23 A5 25 34 5 28 B 10 IX 4 2% S A 25 3 43
P45 HEAR — | S e T 205 A 25 DR 257 T DR T S T) X Bt A 28543 12 R34 7 T T ) B EEAE
4 HMBRERERIENEZR

IAIE (it R s DU I A 2R A W A S RS, Wa I i | WD PE F A A 7 i S N2
4.1 WEIIFRIS ISR

i BE A 355 00 A RN B A3A15 B 492 Flgiss v | e s W b 2% 24 A (BEBURE W2 2 R 19 2.7 .
DUFRDE NS B BORfE ), Horp SR EMRRE 8 4>, 48 8 A, INAE 8 A B E 12 4, Hop 1 26 6 B, 112K 6
BE(ZEZRGEVME2) , KPS Lambeck | Brooker i B &7 45 AU L/ — 2/, Lambeck #2442
BEPECR A B0 45 S R 42 0| B A 2 A 5 1R 3 b T e e %) =5 M, ke R T X S e BB A AR S
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il ARG EEAT s 1, IS 2 B AT R 5 AR T LA 20 2 . 2> A s R i) SRAE AR b i Ak 1 8,
AT T , 4 X SRR — RO Y Sl 2 SRR T O B A TR AR A
LIKEIR I R Z B, T 2R A 2R H 22

x4 ZEEEMRSE

Table 4 Synthetic score of component

G 5 b e PR 4o AR
fotmeions e e e T e R G
region component F1 Ordination component F2 Ordination component F3 Ordination component F4 Ordination score Ordination
1 5.23267 1 -2.14031 13 0.14852 6 1.73304 2 3.0416 1
2 1.52999 5 -1.09018 11 -0.95427 12 -1.51657 14 0.5627 7
3 -0.65995 9 -0.63587 10 -2.77273 14 —-1.42783 12 -0.9272 11
4 -1.06507 10 2.06535 2 -0. 14051 8 0.28100 8 -0.2735 9
5 2.16246 4 0.10592 8 -0.60883 10 —1.32545 11 1.2455 4
6 0.78430 7 0.79391 7 -0.76524 11 0.98133 3 0.6363 6
7 0.95780 6 1.35999 4 -1.64482 13 0.47154 6 0.7308 5
8 -4.19360 13 2.31573 1 -0.28381 9 1.79159 1 -2.1312 13
9 3.53915 3 -0.28740 9 1.36705 3 -0.58697 10 2.3004 3
10 4.56224 2 -1.63017 12 1.70430 2 0.49117 5 2.7965 2
11 —-1.54275 11 1.77619 3 0.41737 5 -0.28786 9 -0.6119 10
12 -7.75003 14 -4.81589 14 0.02520 7 0.50889 4 -5.8265 14
13 -3.50099 12 1.12213 5 3.07032 1 —-1.45663 13 -1.7817 12
14 -0.05623 8 1. 06058 6 0.43746 4 0.34277 7 0.2381 8

4.2 WEIPEMAE R
4.2.1 B JBSESHHHIT

FIRHTA 12 RHIE AR S RE X2 1, HREIX. 9 .10 14 7045 11 BF A4 7 FHLA R g2 8 12 13 X, A
100 J& LA FMIERA X 1.5.10,90 J& LA EA 2.9 X AUAH 50 J& LA N2 4 .8.12 13, K hEEIX L J& 43 A Ik
B IFA—B( R 1) . FEFHGE , FITHY 52 R B2 AT S5 B S8 S5 P R b S H00R 5 9 o3 28
PATE, FE MDA S R HETE S5 A AU IREE B Ny b AR R m AR . B R S m R ST Aoy 2R
POTHERGE , WA S R EG I e nT AR R A ) 2 REE B AR M S b s 2288
(ZBhot) FBOCRBE A o0) BT T I WA AR 4 i 5T 277 R e i £ /0 | R AR AR SE
VR R AR A ST T4 R D RE X RBLER X, BOAEOC R B, 16 13 AN e s — 107 E T
JEEL X, 1 F R B AR 22 AR RS A, FEAIESE 1 S g W LU T I W AR R G A AR
4.2.2 YFETTRECR

A= N W i W A W s A F SR NS Slsg i T B R R AR A AR S R G R R iR AT
WAL, ZOr R B R A PREE AR R A R L AR A A S RGN 19 S M S T R E
JEU P AR A S RGBT T, LAY R 2 REE R AR S 08 R R, K 2R G v R e R 0 A A A R A
R RS TIRE A Y AIE N WX 52 | — b2 B 4t — AW A S R G AR FRE ) J dR hn—— 2 -
JERFR, MERIESRG T, ZREME- T8 56 R 0] AR BOE 50 A R AE . B Rh oA Y | v 25 32 B (1) ) b o
Z W LB FRRAT B AR g A>3 LB O SE R LAY DB TT R ORI R S R AR R R S
A ULAR CE DL L B T BOE A, R, R T A TR X, WA R A B G TR R
W1,

AN A LRI B, S B T 20 A B 0T S e g R 0 B 5 SR, XA AR SR S B IE h  A
PR X RS R e B BRI A AR LSRR A DL ) R T R R AR (YT KT
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20% , 5 E TG T 45% —60% ) F A & # 1 WA A BT R = (R T 5% ) , RIZ DI RE X IR BE
RS CEMZRE ORI &5 (3 1) 5 AR R EIORI A5 B G Rl STl Z A AR X R |, 1 TR R G0 (g R L T
HERAE,

LG LR BT A, T LATE VR 2R 0 AR B i A G RREA TR T2 (1) R Bl ST ik R 5 AR X 22 B Bk R
AH LA AP R R TTIR (X, —X ;) BIAT, (2) WA g B X, B 2 X R E R R, (3) WA Boa ik &
(X0—Xy3) , () FERIER AR RE b, F & B Z AT SO 5 B BOnT AN, (5) e AR L A7)
(Xyg) NHEEEE (X, ) FRIRELHI (X, ) \HHBA (X,,) AN F RS (X,) 5 5 HASCR R, il 5Bk AN
FEJ1(X,,) 4005 2, 7E 22 Bidsbnrh S8R JE B WA ok N 7 A A Al — B A S 1 B 2R G il B A
FEMIZEA e bR (FEDIRE DX AR I b AR OL 3 X W R R ZAER) .
4.3 TFMTIE

LR ERTIR  FOT TSR G (R 4) ML X X, Xy Xy Xio Xy, Xy X X, VB 9 HE DT AR 2 D RE IX Ag B
ARBEIEH 0 10 DI T, BB LEES 0 A 15 X AEE 0.2; X, X, X,»—X,, FFAEEI N
0. 08 , B ZEF LUK LE R F7E X, AE > AR s, [R5 H A OGR4, HRIKCA 0..989,0. 713 ,0. 853 ,0. 965 0. 523
F1-0. 843 ; X, AL AR R AN FEE T LL X, [BIH A 5C R 50 (-0.755) 5 X, FUALEE(E 0. 0001, HFPIHEX 4%
P F RS- E RS WL S,
5 BERTRESERAERBRLITNER

R SAMELRBL (2 5) , LA 30 43— X TRIE, KT 80 43 PFM A AR # a5, BIThAEIX 15 K F 50 4, /N T
80 43 A EREDIREIX Bl 5.9 .10 X ; KT 20 43, /T 50 A WARFEIIREIX , B 2.3 6.7 .14 X fK T 20 43+ IR
fRFREIIREX Bl 4 8 (11 .12 13 X, TIREIX 13 14 JE3l i b X, AT A E I AT RAR, X R 1L 5 50
B A —E WU LL, Bl i Al BB B A e ] BB SR Ar s iy

DL BRI PR AN RIS (@O OLIEM A8 4R (3R 5) Frky sl i) 3 DR T AR S DI RE X BREE WS I IFA0
RZ, B VE S P, 30 75 ZEAE SC RN H h IE A 5835

®5 ERTEDERFERRRLIENERMITNER

Table 5 The evaluating index and evaluated results of state for environmetal health at ecological function divisions in the Chongqing

F M A E FR A A HE X Functional region of ecology in Chongqing

Fators and score 1 2 3 4 5 6 7
F4Y Component 3.0416 0.5627 -0.9272 -0.2735 1.2455 0.6363 0.7308
I3 H Score 3.04 0.56 -0.93 -0.27 1.25 0.64 0.73
il X, 319 177 127 73 211 137 106
43 Score 63.8 35.4 25.4 14.6 42.2 27.4 21.2
& X, 144 90 73 47 104 73 61
A Score 11.39 7.12 5.78 3.72 8.23 5.78 4.83
X, 12 8 8 10 9 9 10
i Score 0.68 0.46 0.46 0.57 0.51 0.51

PRI X, 0.0667 0.1166 0. 1306 0.1296 0. 1404 0.1079 0. 1080
i Score -0.05 -0.09 -0.10 -0.10 -0.11 -0.08 -0.08
T Xy 15.7 2.8 0.0 0.0 2.9 6.6 3.8
I3 H Score 1.07 0.19 0.00 0.00 0.20 0.45 0.26
X, 26.1 18.0 11.0 8.2 17.5 10.9 4.7
43 Score 2.01 1.39 0.85 0.63 1.35 0.84 0.36
WX, 46.9 60. 1 61.4 49.3 63.0 2.2 60.4
I3 H Score 1.96 2.51 2.57 2.06 2.64 1.77 2.53
X5 11.3 19.1 27.6 42.4 16.8 52.4 31.1
S Score -0.76 -1.29 -1.86 -2.86 -1.13 -3.53 -2.10
UNED: DN 7720 36387.5 15581 3691.7 7118.2 10093 53422.9
I3 H Score -0.20 -0.77 -3.64 -1.56 -0.37 -0.71 -1.00
H43 Total 82.94 45.48 28.53 16.79 54.77 33.07 27.30
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T o T pRTTA ST AEIX. Functional region of ecology in Chongqing

Fators and score 8 9 10 11 12 13 14
F 4 Component -2.1312 2.3004 2.7965 -0.6119 -5.8265 -1.7817 0.2381
43 Score -2.13 2.30 2.80 -0.61 -5.83 -1.78 0.24
i X, 34 198 263 58 23 60 125
43 Score 6.8 39.6 52.6 11.6 4.6 12.0 25.0
J& X 19 91 115 39 16 41 74
531 Score 1.50 7.20 9.10 3.09 1.27 3.24 5.85
B X, 11 11 9 7 7 11
4HA Score 0.34 0.63 0.63 0.51 0.40 0.4 0.63
PSS X, 0.2401 0. 1002 0.0945 0.1711 0.3178 0.2925 0.1816
/A Score -0.18 -0.08 -0.07 -0.13 -0.24 -0.22 -0.14
F Xy 0.0 5.1 9.9 0.0 0.0 0.0 6.6
431 Score 0.00 0.35 0.68 0.00 0.00 0.00 0.45
X, 9 21.2 25.6 5.2 0.0 5.0 8.2
S3E Score 0.22 1.64 1.98 0.40 0.0 0.39 0.63
W X, 23.6 56. 1 50.8 48.3 8.7 38.3 55.7
I3 E Score 0.99 2.35 2.13 2.02 0.36 1.60 2.33
X5 73.5 17.7 13.7 46.5 91.3 56.7 29.5
43 Score -4.96 -1.19 -0.92 -3.13 -6.15 -3.82 -1.99
NHFETT Xy, 53422.9 6314.3 8991.8 24062. 5 176733 67816.7 18539
I3 Score -5.34 -0.63 -0.90 -2.41 -17.67 -6.78 -1.85
J53 Total -2.76 52.17 68.03 11.34 -23.26 5.03 31.15

X, —X; , Xg—X 3 BT UL 15 X YT UL 2

Brigt: A PREUT RV PRI ORY A B ZRAL I S HF , R ERAR R 45 T 2207 Tl O3 5 FE IR A AR D) 1R B & = 1
LRI R BN E A S 5PN TARRIEAT P A AR AR B SR A E I IR R I B
IR A Y R IR | B e SR 7 et o A DR AR b B B A R e sl I R U i iR |
SR R AR PROK S PRZEAER] , FE I 08
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