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lighting environment and content of heavy metals in soils in Guizhou
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Abstract: We investigated the community diversity of cave animals in different light zones of the Guizhou
Zhijin Cave in August, 2011. We used principal components analysis (PCA) to examine the relationships
between animal community diversity and environment factors. We assessed the potential ecological risk de-
gree of heavy metals in the cave based on the Hakanson potential ecological risk index. We identified 1,080
specimens, which belong to three phyla, five classes, 26 families and 41 species or groups of species, which
could be divided into five communities. The highest community diversity, richness index, evenness index,
and dominance index were light zone of exit (2.7996), light zone of entrance (4.5399), light zone of exit
(0.9196) and weak-light zone of exit (0.1868), respectively. Index of similarity between light zone of en-
trance and light zone of exit (0.6248) was highest. The richness and dominance indices of the communities
were low, but community diversity and richness tended to decrease based on the order of the light intensity
(i.e., light zone>weak-light zone>dark zone). Dominant species included Hemiphaedusa pluviatilis and H.
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moellendorffiana. Organic matter of soil, content of CO, in the air, cave humidity, cave temperature, and
heavy metal contamination of soil were the dominant factors to affect animal community diversity in the
cave. Although Cu, Zn, Ni, Cr, As in soils were at ecologically low levels, Hg pollution was relatively high in
the whole cave and at especially severe level of ecological risk (E,=256.000) in the light zone of cave en-
trance. As far as the average potential ecological risk level (R[=192.714) of six heavy metals were concerned,
the cave was contaminated at a certain degree with heavy metals.

Key words: diversity of animal communities, environmental factors, ecological risk appraisal, principal

components analysis, Zhijin Cave
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Table 1 Animal species (group) composition and relative individual numbers in Zhijin Cave, Guizhou Province
FhECSHE NROE Y BB NRO55EH RO edy  BEY Eark
Species or group Light zone Light zone of Weak-light zone of Weak-light zone Dark  Percentage
of entrance exit entrance of exit zone (%)

IR18EL Cyclophoridae

KB RIER Lagochilus longipilus 6 3 2.0

s PR R Cyclophorus martensianus 4 1 1.2
i3 088L Subulinidae

&R Tortaxis mandarinuse 15 1.4

£ YRR Opeas striatissimum 13 7 5 2 25
JHEIER] Clausiliidae

RIEWE Euphaedusa aculus 7 9 8 4 3 2.9

HAEWREREM Euphaedusa sp. 21 17 35

WILE 8 Hemiphaedusa pluviatilis 101 38 12.9

2 IRIUEWE H. moellendorffiana 120 25 134
AR 35 F iR Ariophantidae

S ENGEGYG Macrochlamys rejecta 14 15 11 9 5 5.0

Wi EMRIRIG M. resinacea 8 7 4 5 2 2.4

i EG IS M. planula 3 0.3

A I J& A 2 F Macrochlamys sp. 11 33 4.1
USSR, Pupilidae

W W\ JE A e Boysidia sp. 13 8 1.9
IX Y52 R Camaenidae

i FBWAL: Trichochloritis submissa 4 0.4
/1%l Bradybaenidae

SEIR A4 Bradybaena strictotaenia 45 9 5.0

KB B. ravida 6 19 23

HER AL B. acustina 2 02

B 2EJE AR EM Bradybaena sp. 6 3 0.8

NS Chalepotaxis infantilis 6 4 3 2 1.4

INIREEARER Plectotropis sp. 4 1.0
] HUR Oniscidae

KRS B U Pocellio scaber 3 0.3
K E Rl Phalangiidae 3 15 12 40 6.5
EEWEEl Heteropodidae

YU BB Thelecticopis severa 2 02
BRWRA} Theridiidae

WL E Rk Parasteatoda tepidariorum 2 1 1 0.4
5k Rl Amaurobiidae

JeBikJ& AR &M Draconarius sp. 1 2 2 0.5

SRk JE A & P Platocoelotes sp. 2 1 03
bk A} Hahniidae

WMk JE A 5& M Hahnia sp. 2 02
MBIk %} Thomisidae

WAL W Xysticus croceus 3 1 7 1.0
iR} Scutigelidae

KWL Thereuopoda clunifera 1 0.1
KL HBRA R Mecistocephalidae

KL MR R AR e Tl Mecistocephalus sp. 1 0.1
ZF 4R} Paradoxosomatidae

Bz Z5 i Jg A & F - Kronopolites sp. 2 0.2
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%1 (%) Table 1 (continued)
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Species or group Light zone of  Light zone of Weak-light zone of Weak-light zone Dark  Percentage
entrance exit entrance of exit zone (%)

MR LEEFR Cambalidae

DB R ERM Podoglyiulus sp. 2 16 12 21 4.7
iRl Corydiidae

R E S Eupolyphaga sinensis 5 0.5
¥ &kl Rhaphidophoridae

PR F /A Diestrammena sp. 3 15 8 21 19 6.1
4R Myrmeleontidae

IS Myrmeleon formicarius 22 13 3.2
P HIEL Carabidae

HHPATHRIEAREF Sinaphaenops sp. 2 2 6 0.9

AT HEAREF Uenotrechus sp. 0.2
PR Noctuidae

NI B A E R Sypna sp. 15 5 21 7 3 4.7
KRl Tipulidae

KSR AL Tipula sp. 8 4 11
% J<UE R} Rhinolophidae

/NGl Rhinolophus blythi 28 26
FEH Muridae

MNBER Rattus edwardsi 18 1.7
Fh2 Rt Total species 29 21 18 16 15
YR B Toatl individuals 477 263 107 113 120 1000

FUUE R [ % s Je8 K o Bl (Macrochlamys sp.), 7%
T AT %A S IR 14.5%A112.6%.

BEVEC: M ATAE NI 55670, PLARREA N
M & R E Fh (Sypna sp.)« fA HE H Bl 8 R & Fh
(Podoglyiulus sp.)~ I 5 Wk B RIS G 05 055 b
(Macrochlamys rejecta), 43 51 LV 22T
19.6%-+ 15.0%. 11.2%%1110.3%.

BEVED: A e il H 59506407, ILHRRIA K
o H AL Bk &R JE R € Pl (Diestrammena sp.)
FFESS I, 70 AR AR E35.4%. 18.6%
F110.6%.

R2 AR YR RS A IEEHE

TEVRE: 70 An A 2R ImE At DA /4 kg
(Rhinolophus blythi). 13¢5 BRAE &AL E R
(Rattus edwardsi), 73 % RE& SREL)23.3%.
27.5%- 15.8%F115.0%.

222 BESHEMEHE

M2 0] %, #E 7% Shannon-Wiener % F¥ P fif £
HEZUMG T Ay H A 6 (BY> N H A Y (A)> A
T 1596417 (C)> BRI A7 (B)> R 1 556 17(D), £ &
JFEEFEHC R N VA 6 (A)> A 59645 (C)> Hi i
FIA GAr (B)> Hl 11 55 647 (D)>FR g A7 (E), R R A
ZRVEIREON F= 5 B AREe Aol . 990, BRI

Table 2 Diversity, richness, evenness and dominance indices of five animal communities in Zhijin Cave

ek ZHRMAR ) FEERHRLD) B IR SR (O)
Community Shannon-Wiener diversity index Margalef richness index Pielou evenness index Simpson dominance index
A 2.6009 4.5399 0.7724 0.1280
B 2.7996 3.5893 0.9196 0.0696
C 2.5193 3.6381 0.8716 0.1037
D 2.0978 3.1730 0.7566 0.1868
E 2.2061 2.9243 0.8146 0.1428
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Table 3  Similarity index of five animal communities in Zhijin
Cave

pisa A B C D
Community
B 0.6248
C 0.1803 0.3308
D 0.1670 0.3155 0.6230
E 0.0962 0.1594 0.4054 0.4244

KRB R G S5 ERR BT A H R
A A BY> AN 1155 671 (C)> 22 g (Ey> Nl 17
Jeas (A)> I 55645 (D), 110 35 H8 00 4 H
T 1 58 671 (DY> 5 A1 (B)y> A 145 671 (A)> A
1556745 (C)> il A 67 (B)

3TN, AFIBRE I 0 A 7E A s, AR
PEFRER 91(0.6248), AR CHID(0.6230),
I ATAESS AT, PR A BEVE DRIE(0.4244) RIETA C
FIE(0.4054), #4245 AHAR 6y (55 Y671 5 FR I 4 ) (1
TEVR o T AFARL P 8 £ MK 1R R B 75 AFITE(0.0962),
I A AR AE A Yy FR IS A o R AE T A — Ay
AHABIGHT P RE AR =, Ak T AN )ty B AH
R 32E STy TR A T A AL PR A A1 o
23 TEEZHMESHERTFHXER

P24 254 U BE R 1 (R 4) #EATKMO
K46 A Bartletth 56, FAE{E> 110 B S A7 44,
DTk 1L 83.1%, s T 7S PRI I AR
WEE GG R, QRIS A ESR, S0ES
WA XA T (R 5) e S5 1L I DTk 2 26.5%,
MERAE 10 B, 325 (0.807) M1 (0.704) ) 4 Wi

F4 AERRFEATEIMEEFRIFHE

W S, RO SR COL 5 (-0.635) . L,
T80 5 RO (1 37 12 49 1E AL, COL 13 far 2 4 7141
2 O TR R 425.5%, MEFAE M B E, 1
T B4 JE Cr(—0.965) Cu(—0.857) )£ % {2 B i
P e, PR IR B 1) O S o B3 A3 (R DTk e
H18.1%, MWAFIE M =&, HIEP AR &=
(0.753) Fl 5 4 JB Ni 25 £ (~0.696) 24 5 (K BH 1 b =1,
o, A MU AT 5 1R AR, Niff 2y &4 7148
4 E A TTERF 9 13.0%, R T R KT
13.0%, BB Z 3 5o AR R PEAIK,  HVRFAE 7]
A, R ) BT B4R 5 (0.396).

INEE K10 o o R, ARG, TR
JURE. . COyy . HIEPIE YR E
& &8 RS W S BT 2 R T BT
X I (P 2L RN o A A OSBRI VE T
24 SARTEEEEEBAEESRE

&6 1 Cuy Zn, Ni. Cr. AsHH
TR A A e R BUE) IR T 40, KAEMRSE 4SS
fEE AT TIHg R /e A A% R EENHERA
iy I TR0, Ho i O A e . §9haY
S RS A A 801602 ], Ab 7 45 7 AR 2 fi 5 K
S, NI A 6 AN 596 A T 160-320 22 1],
AbAE TR A S fE K

My IR oR E 4 R v Y B e A S e
FLEATREURD A W, A A5 60 FLR RS 7 1)
HER OB NS FEE G T RS ESESE
AP NTIAT 6 N 1 55505 R0 HR 1 555
W IR AT 150-3002 1], 4bT-r B AR A K
F(F6)o AN E L B AL H L AR
HOPBIMEA192.714, B AERS G FHRIEIE S

Table 4 Average value of environmental factors in each zone of Zhijin Cave

Jali Light zone oY 1B 5 AL A A EAR [ 4 )8 1 5 (mg/kg)
Temperature Humidity Ca  Organic matter O, N, CO, Heavy metal concentration in soil
) %) (%) (%) %) (%) (W) weooF B B Ok Tt
Cu  Zn Ni Cr Hg As

N IRk 15 90 12.52 3.41 2069 7792 046 597 106 73.8 468 0.64 9.92

Light zone of entrance

Il OB e 16 85 15.35 433 20.87 78.01 0.19 567 182 76.6 39.7 028 10.30

Light zone of exit

NGRS 12 92 20.73 431 20.70 7796 041 762 174 765 305 049 5.81

Weak-light zone of entrance

HR F1 55647 16 85 14.70 2.24 2085 77.99 022 752 398 83.7 298 037 9.10

Weak-light zone of exit
%Y Dark zone 12 90 12.38 2.19

20.69 77.84 054 534 231 834 439 020 8.73
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*5 LEEMERFERSWEFRETE. FFEESTIKE
Table 5 Loading scores, eigenvalue and contribution of prin-
cipal component of environmental factors in Zhijin Cave

AT T4 Principal component
Environmental factors 1 2 3 4
W% Temperature 0.704 0.142 0.498 0.396
WEE Humidity 0.807 -0206 —0.353 —0.084
5 Ca 0.531 0.743  0.156  0.190
HHUK Organic matter 0.502 0.083  0.753 —0.156
HA O, —0.343 0209 0234 -0.262
AE N, -0237 0303  0.085  0.228
ZHEAMHKR CO, -0.635 -0.544 -0.523  0.202
il Cu 0295 0857  0.014 -0.178
£ Zn —0.497 0468 —0.467 —0312
BLONi -0.504 0286 -0.696  0.379
% Cr -0.074 —0.965  0.071  0.208
& Hg 0478 -0.011 0463  0.226
fifl As -0.515 —0.545 0369 —0.364
HEEA Eigenvalue 3.448 3315 2356  1.684
DIHRZE Contribution (%) 26.5 25.5 18.1 13.0
BT 26.5 52.0 70.1 83.1
Accumulate

contribution (%)

A KT o G LT, S L
B B TR 5

3 itig

31 LEEzEHEZ MRS

55 759N 7 AT G (BRI T, 2007) A L,
LG B R ) T R A Ak
K, DEFASERE A A MR ) 40U 5 0 R 7 AL
g, HI A Aoy, s AR R 73
FRBERRE SR 1 [ R (R VAN B 2%, 2001; B i,

*6 LAERFRAHFLRESRBEETEETIMER

2006a; FALHFEE, 2008; 4RA&ESE, 2009)7E %0 1)
IIATARX D o FEERRAN R (1)1 4 5 44
(REIER 7C, AR MG % 2, HEfra ] mik
2,900 N IR (ESIAXIEEE, 2007), A A 1T
(AN W EORE JROR B (1 CO,, 5 5 150 58 ) IR IR
RAE—EFEEE FROA T S R IS EREE, AT 52
TRy S A3 A IR o (2)1% IR (RIS 5 HAbR
TR EE AR AR o (3) %30 1 J&] [ LA S AT s (1)L
B WBEIEE, AMATAR. RN, A4 L2
K B EE, VR G5 5T S5k 1 P AR 2R A i
TR S RS BRI
32 AFEFMEREZHMSRNINEEFHXER

Tl 7B W i 45 A0 5 FL A A7 I IR B8 %5 DA
Ko ARILHMLPCAHTFH, By T HIEP AR
A CO & &AL, T 7O 8L B J T3 rh
() T 4 B V5 e th 2 S % s RE TR 2 REVE R
BT

— WSO, YR S R A MR s )
V& 22 FEIE B 2R 1, ARG XS e i 2 AE 1k
(RS AS 2 (BRIE VE, 2007). T2 v il Pearson
FH G ZR B0 T8 SR S 7 53 (BRI, 2007) LA J
FHUE I KL (BRIE L, 2006a) 7K 3 (B2
TE Y, 2006b)SANIR TN IS A1 15 0% 2 AE Rk
ATAHRYE ST, 38945 R TR 7SRV 2 FETE I
FER 2 R YA AP CO M & &, 1
WL VRSB Z A EA G I EA B, (A
SRS, IR 7 R e B A 25 1 3 J o o A8 Ay =
I KERS), T LA AL SR G s T 22 FF 1 d
FZRIRA T, BT H R R A B 28T &
B 5 . S IR SANI O B S AR AR . 1T

Table 6 Potential ecological risk evaluation of heavy metals in soil in each zone of Zhijin Cave

B TG 7 A A AR (L) . LA
Single potential ecological risk index (E,") A
Al BE ! & K Tiff Synthetical potential
Cu 7n Ni Cr Hg As ecological risk index
RD

A7 Y64 Light zone of entrance 11.615 1.286 10.95 1.081 256.000 7.459 288.391
HR F1 47 645 Light zone of exit 11.031 2.209 11.365 0.917 112.000 7.744 145.266
AN F15556717 Weak-light zone of entrance 14.825 2.112 11.350 0.704 196.000 4.368 229.359
HIR 155647 Weak-light zone of exit 14.630 4.830 12.418 0.688 148.000 6.842 187.408
HEH Dark zone 10.389 2.803 12.374 1.014 80.000 6.564 113.144
SEYIE Average 12.498 2.648 11.691 0.881 158.400 6.595 192.714
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DAFE AR 2 WS RIIT TR B, g RMIC IR 25 5% mi i
TEN ) 0 BT A Sy A, 1 5 e A Bl ) HE T 4
F o anBRAT TSR R IR By il A5 A =R AN, AR
1-90% LA F 113l B oy An B = 1 %2, 7E90% LA (7R
B A/, MR IR B AR 90%E90% LL T

AT LT HRK A COLMR JE X A1 1
Y 2 B R O R R 2
WAL . G 3 R R G B A% S
T3 ATHLTTI B B EA B A O (B A,
2006; Reynolds et al., 2007; Frouz et al., 2009; 4L
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