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Abstract

Numerous caves have recently been investigated in Xiangxi Tujia & Miao Nationality Autonomous
Prefecture (Hunan Province) to clarify the impact of Human tourism activity on Karst cave envi-
ronment and cave-dwelling creatures. Based on the previous investigation, we selected two dif-
ferent caves in tourism intensity but with similar complex tunnel structure as the objective, and
focused on the response of air temperature, relative humidity, CO, concentration and cave-dwelling
creatures in the caves to tourism activity. The main results were as follows: 1) The meterological
factors in the caves and the population size & distribution of cave-dwelling creatures were not on-
ly of spatial-temporal heterogeneity, but also showed different-degree response to intensity of
tourism activity; 2) There existed significantly difference (P < 0.05) in the air temperature and
relative humidity of the caves between the slack and peak tourist season, and the CO, concentra-
tion rose abruptly in some relative-close tunnel sections in the peak tourist season; 3) Long-time
intense Human tourism interference and light illumination led to scanty species and less amount
of animals, as well as caused lampenflora in the tourist-attraction Qiliang cave; 4) By contrast,
there were relatively more species and amount of animals but lack lampenflora in the tour-
ism-abandoned Tangle cave.
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1. 5|8

E TR IR AR (Karst cave), T8 A A 1E R A AR BERS E N R AR M N 25 8], 2 i 4F
NERE T FIEEA XBIFRFHNER BATE . BT AR B RAES RS, HAME
D SZ BN AN FUR R B2, TR AP O H 2 BUR 7S B A2 AR P S R AE e FL B R E A AL 55 07 T
FIBE T 2 B Z KA 1] [2] [3] [4]e IRIREEST IR 7RI R B B O XA 5T A B B 2 A 2R [5] [6]
[7] 18]

NSRRI 7R it 17 h 0t 7 B P i A A7 FVES AT AT RE AR TR (W 2 e, I AT R BUR N AT O
(Lampenflora) 3442, T KT SCAEA I A Ak iy 2 (R A3 SO N A B 1) e, DASEh FLA AR (o Bl 3, i
T 7CEIR[9] [10]e A, H T8 Z XSRS 51 70 Rl 2 IR 0 R VPAY, AL ipE S B IR G
IR FE o T4 R 70 IR VTR e it 4 R 22 1) =8 2SR R AR A P B A 7 IR e e R AT VIR
TR IETT K5 PR B B Al A

IR FUH I B GE F SIR AEP T NIRRT e iE sh i S N, 3 4 28 4 eh i G b S v ik E
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T6 M (FRTRR I T )8 P A 22 NI EAT 1R 2, R P A By AR PR il 4 i /S5 IR FE A O T e 17/
I WL COy WREZ S AR EIRLIN . A AIECRL, DU IR ORI T 5 B S /R SR U AR 7 A 5% )
ARTRABT SRS %

2. fARGE
2.1. PEXE B RBRSHERIERE

HPEM(109°10'~110°22.5'E, 27°44.5'~29°38'N)AL T~ 50k LK AR5, J& 2= 5t i J5 1) 2R 308 e 8~ ot pr )t
X, HAbFRE R, ER. TR = A X SIS RS B PR A X, N7 BT, A
AL 1.5 x 10% ke T2 B K W oK. oK SRS KR, 5558 gebiH 2 17
i G, EE VAR RBES . IR PR R KGR R U, B BRI KR SRR, — AP
BIRIRZA N 4.4°C, TFEW 271~294 d, FHEM & 1200~1600 mm, {HAZHEH . HOE . 35 70 25 R & 52,
PNEE P /NG AR AE B S ) 2 ELANKCSP 0 Ai kg SR, A Bk HRL JERE IRSE AU IR I /N X 22 S
BE . MIBNRIRE) 6, HEHIAE BRI, WRRZ[11],

AR T 2H F 3T 2 B S RAS 145 B[ 12], JEEORE 2544 2 IR % S 240 BB AR AL iRz LA L

i S R ERGRA F R AR A R
22. ARFAZE

K BETFHLI GPS Thfg it F i i b AL R g4k, R UT391+-E0E I FE A (AR 60 m, A5Hf 5
1.5 mm) EIFIE IR, HE 20 Gl (Kestrel 4500 Pocket Weather Tracker)(FEHfE: TEE+3%, I
JE£1°C)FIFRELM ISR W MA(THHY-5-A) (CO, KL : £0.07%0) i 7E KT ELAME A & B # 2 4k 5 3))
WS AR B CO RS FEAZH T, RN RE T RELESSBLE . KE
A G B B B0 AR BE BE N 30 B 60 FP o TR bR W A i B 1 S0 sw it i) 18] B
B R e B 5 el AR T WG SR A 2 A A0 1 O T AR TR 2 IR IR, NAT Y
NG, RS 5 708 B3l 5 — IR B T HE B RS S i % TR T8 P 32 B R AT R A O

VIEE R AR, @ 3~5 AMM— @ EESRAT I, SKBET R G AT A AL (RIE 2 2 1
LR N B REE 3 N B /K B d i I FL P HR o] A P %Ak, EE SR IR AT B AR AR S S
SRS XTI, WA S @S AT 2E,  [FI A SR AT A T 00T 32 A R L B 30 b T R
BE LT RERRIR B0, HREVEREE . 103, AR SR AT BT AR A KT AR, IR /N JTETECGER /N
OIRHE— SRR BONR R T, T, WEEN, KIEE RN TREBRSHECHER[13] [14] [15] [16] [17],
WL SRAH G L S B AT P 45 8

Table 1. Basic information of the two sample Karstic caves

F 1 AMHENERER

A LI Bk T Type TR BE T SR
Name Longitude & latitude Altitude (m) = P Depth (m) Complexity
IR 28°18'9"N

+++
Tangle cave 109°392"E 337 F 442
e 27°59'19"N
+++
Qiliang cave 109°35'25"E 372 L >80

s F—IP ARG R MR ;. LRI s +—IFIEHE, S50 5 ++—RIERC, SMBONE A +H+—IRTERKC By 3072 - (Notes:
F—abandoned Karst cave after unconscionable development; L—hotspot Karst cave for tourism; +—short cave tunnel with simple structure;
++—little long cave tunnel with slightly complex structure; +++—longer cave tunnel with multilayered and branching structure)
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To v 2 TRV 78 A R TR X, A R IR WG B B N B E FR AR, A ZE R R, A
fET A AT, FRAT TR S W8 5 &5 1) 7 BN 5 BB 3 AT R e S B P 475 190 448 8 25 I ) K1) 43 DA e e % 3
RURMFHER . XHFA R, IR AE— R IR ANBOON S E N, IR 28 50T N, s
—BEHI 7 KT R, R R — R A ERE ISR Dl LA JLASCE LA, TR
R EIERE I A B, EE AN, R R Z = R E B

AR 2 S5 S A BN A R R R TR R E R o o TR, SRE B RG-S E Bl
LSRR M S COL IR o #2AT HEBR oK 25 R 1) 2 BR BRI 0 R s A-IR D PRB i B-R
Frani— FR K . C- IR KA — R . D-A1E—1 W KT B B i — % A A . F-
FRBRAT > ERK . G-EEARHIES R H-MES FE -0, i ->a R0 %, J- N TRE—
R 5X . K-RE X e L-EfeE — H R M-E IR R 55X N- U KA - 5
O-F VLB i - 11, Hrh E-1 4 “ BB SX 7 MB . [FRIRE, %47 HE % Zeb B IR 1) 32 2290 B &
IR a7 bR T>HE . - HE-E)LHE. d-EILES=AH, e =W N80T,
ET-oMHE. e MmE-MNE, -/ NA-URE. URE-=FH, = H->—4R, k4%
RoABEKER -ABEK R m-f R TR 23 n-7] S8 1 o- 701 11— 7 URIR b
p-TANIRE L - g-Z R H>HH B> . s-AHH->a 28, -7 M- AR, u-
ERIT->—%RK, vv—ERoE)LFE. w-EIILESTET. x-UE T,

K Excel Spss22.0 FAFHEAT H4 401, FIFHH A B 2 ANOVA X /NER 1S R0 1017 75
FEG T

3. ZRE S
3.1. feilrk. EMANEERSE. BER CO,REMINTEL

TEVR AL R R IR MY, A3 BRI AN & SRR IR TE P A UR(TP) R E(RH) Az CO, W EEHIAF A 22 57
W FENA(E 1~6), EWEA I FERSHE. fEAREFR . T, PSRRI e VRS TR L, B
FAATERRARN, AIZET T RE, AR . A S IR R AR (B MR- S (G B 1), BIR
TR U HRAE =20 1 -—Z R G Be (K 4). M, AN b 23 S B AR L AR 11 PR, BB VR TE AR A
MR EIBIE R, FEWE . HESYIT, 73 YR 70 5 E 1 HL IR - 24 SRR AT (B) AN - F B (L) Bk 21 K
B 2), BRI 23 590 5 20 % 11 - 5 4 38 () M ) 2 8- R 1T ()il ik 3 s KAEL(E 5) 33 CO, WK EZ

27
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---@--- 7% ] slack tourist season ~ —a— HEIY] peak tourist season
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Figure 1. Changes of air temperature in the different tunnel sections of Qiliang cave in slack
and peak tourist season
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Figure 2. Changes of air relative humidity in the different tunnel sections of Qiliang cave
in slack and peak tourist season
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Figure 3. Changes of air CO, content in the different tunnel sections of Qiliang cave in
slack and peak tourist season
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Figure 4. Changes of air relative humidity in the different tunnel sections of Tangle cave in slack

and peak tourist season
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Figure 5. Changes of air temperature in the different tunnel sections of Tangle cave in slack and peak
tourist season
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Figure 6. Changes of air CO, concentration in the different tunnel sections of Tangle cave in slack and
peak tourist season

B 6. FEiRiEX. BHERREARIRERZSF CO,RENTL

(UEAELE VR « HE 35 T BRI R 55 X A AR 5 i - PV (HD) VR B S B, e/ IME U AE T 1 B 3), T 3 AR
] I AE IR 7 R iR Ak - 7 % 11 (p) R B ik B WA, e/ ME U 53 9 AE I 11 -3 %% T (a) PR 25 T -3 1 (x) 31 B 2 30
(K 6)o BRI E, 732 B R 5 IX (B-D A MR BCN T2, {5 CO, MR AR AL ARR5 JEI 51
(1 1~3)s PRANTETA R 1 B bl T 52 BIAM SRR - 1 g2, R AN IR SR 1B PRI 1 B A AE B R 1
ZE5H(P <0.05),  HATRET B AR T35 R I A AL, TR B AR

3.2. WINBRZEIREER CO, RERELE

B R R R AR A N AR BEE N CO IR FEAETRIF R « FEHIRI(BAR)TE . CPIME LA B2
A ZE AR L LA 2. AP BRI R . COL IRIE, PARELRIF MR JRIEAM CO, IREAETR . HEIIAR
FAEREMEZESR, & R AR AR E R PINER AR SREER CO, K A RE 1)
FEERZENESR, EBAERNEEAMAEREEER.
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Table 2. Comparison of air temperature, relative humidity, CO, concentration between Qiliang and Tangle caves in slack
and peak tourist season

=2 FREMEREER SR, BER CO,REMELIL

4 ;gfit TP (°C) RH (%) Content of CO; (%)

Name season Y range YJ{E average Ji5 il range M average J [ range Y{H average

W slack  19.20~24.33  20.77+1.41 75.93~88.61 85.60+£3.28  0.475~0.495  0.482=0.006

iﬁﬁz M peak  20.80~25.76  22.15+1.55 74.12~89.32  85.87+3.98  0.699~5582 1907 +1.563
P{E P <0.05 P >0.05 P<0.05

W slack  12.52~16.75 14.62 +1.38 81.30~91.63 87.08+2.89  0.500~0.886  0.651 =0.097

%;zl'j L3 peak 18.02~21.23 1959+1.02  73.90~8430  79.67+3.62  0.752~1.378  0.881+0.181
P1E P <0.05 P <0.05 P <0.05
] e ¥R slack P<0.05 P>0.05 P <0.05
comparison g peak P<0.05 P<0.05 P<0.05

3.3. EANMERFAU RN EZEMAR

FEX PN, EICWESC KBS0 18 B 25 B, ST 3 BL 7 Ffr, b IR P o5 %
it 4 B 11 ARCR 3). AETTRERAN, LB 9 BHO A, HbuiE 4 B4 b, BUORERIE . B 4GSR
SRS AT B AR ML s ARSI YIE A k. BEAE S R, RURAURE IR . ERUIREAN, WEREY
17 Bt 24 7, Horbiii 3 8 10 A, BIpARsg skl SE59 08, BOIRASkIE . KRB IR, SN SkIE. K
B4R 0E . KB 7o R REE S, IE LB MEE R R IRk, Bk, SR, dhie LR E L
BP0 FFHER 15 SRFE RCREE TG h C % e 7 MR, 55 2 FhE B0 A Frdeg « Rk
hESE BB, RER. A REW, UULTIARRE 3 MAGHE 1 F. 725 K HEERZ R
590 RO AR, 1A B R AT e AT AR S, S A MR BCR AR

4. g
4.1. BEAPEFESKHEFHR=REY

NN, TR AL T d P R RS, RIE T R R S SRR BT AT R E BUE RS, A
PR 368 5 (AR VI 10 AR B 3l L I AT SR ISR B o ARSI, TR P ¥ O R AL A £ W PR
FREE, AMUFERRIZES, 72— A R B RN B#MAEZER, BRAA HRUBAE
AR, BN OB, FAEE A R AR AR 18], PRI A A e TR SR T
IR A B PP AR R AR B AR I 2 S B N DL g (R A

TR B B 1 S SR AR I SR R 2 7, (R A A S sl EER B, WA 2 RS
Hha R A AT AR B SRR, TR A R SRR A T A AR
19T F3—J7 i, BT ASRAFHES IR, NS TR/ 5 f 52t H as el . 8 B R
NABZHRIREAERT . AR EIAF R 57 i e R S, m Tl B RsE, ik
WeoE BERAR, A2 BN BN, AR T BRI B, KRR, R A
AR R COL WRPERI oA 2 RO (] 4~6 32 2)0 AHIR, BRI I A AU IS, i ot 5
RMIAGSE » WRE NI A RS AL R e, SO PRI FE 1 7 A A BN 5], RO, JF
HAEBRAR, SRAGHHBOCIR & B SRR CO, (K] 130 4 2),
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Table 3. Animals and plants observed in the two sample Karst caves

3. EERIEMEREA YRR M T SEIR A

2k species #F22M Qiliang cave H 'Kl Tangle cave

—. Y
(—) BiEE Hipposideridae
L. K¥#U& Hipposideros armiger + ++

(=) %i3kUEF} Rhinolophidae
2.7 485508 Rhinolophus sinicus T+
3343k Rhinolophus pusillus
4.7 K% 3KUE Rhinolophus pearsoni +
5. K%j3KkUE Rhinolophus luctus
6. KEAGLUE Rhinolophus macrotis
7.5t M 25388 Rhinolophus rex
8.2 kU Rhinolophus sp.

+ 4+ + + + +

(=) MWIEEl Vesperitlionidae

9.5 IR B Myotis altarium +

10. 5 E-IE Myotis sp. + +
M9y B M iE R} Magadermatidae

11.EQ R LS Megaderma lyra +
(Ti) B} Murinae

12/MBEE R Leopoldamys edwardsi T+
~) 5%} Turdidae

13. 258 Myiophoneus caeruleus +
(t) HukEl Atypidae

14304k Atypus sp. ++
(\) FSPEkE} Hexathelidae

15. % IR KYEkk Macrothele raveni +
(L) Vit %F} Liphistiidae

16. LYjk Heptathela sp. + ++
(t) KA & kF Phalangiidae

17. 5% Opilio sp. "
(+—) BE&Fl Rhaphidophoridea

18.58 4+ Diestrammena marmorata + +++
(=) AR} Sciaridae

19. 184 Sciophila sp. + ++
(T=) RMEFEL Geometridae

20. Rk Herochroma sp. + T+
(HVU) MHEIEF} Clausiliidae

210 E 8 Hemiphaedusa sp. + ++
(‘H1) H SRR Polydesmidae

2217 Gl Epannerchodus sp. ++
(+75) Vifi# 5% Cambalopsidae

23 WEE N Glyphiulus sp. ++
(Ht) iR Scutigelidae

24 MhiE Scutigera sp. +
(-F/\) &R} Haemadipsidae

25017 1L8E Haemadipsa sp. +

FhBUN 9 24
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Continued
I T
(‘F/L) #§ERF} Dryopteridaceae
26. 544 Cyrtomium sp. ++
27. 584 Cyrtomium sp. T
28. 514k Cyrtomium sp. —+
29. 2 R EFk Dryopteris fuscipes ++
(=) REHE Pteridaceae
30. AR Pteris cretica ++
315 REBR Pteris deltodon ++
(=1+—) EHME} Selaginellaceae
324540 Selaginella sp. ++
TN 7 0

Er ERIEEED T RONE L BUE T Z (Notes: <+ less; ““++ common; “+++” more) .

] VR HCH B BAR R S iR XA B S ik (R B B B, JC LA A R TE THE 1 T B Ol b=
PRI RN, AR AR AR G A R R R AR [20], 4T 51 AR 1 BRI A
BRI S

4.2. RS KETI A RIRIEERNR R M

TIRAETE R 2, 3 NS (B =A%) 53 A0 RS AH EE AR A€ (217 ABAE TR TT R A H i 7%
o U KT PR SR AR I A ) A T R R AR A S B, AR E R AR T RS K AR AR AL,
Ui 25 PR AR FACRI I I AR, 22 B2 i T T P9 (1) /N BRSSP ECR W ASUR EE IR LS CO, R T [ 22] [23].

X BRI 11 PR IR B A 22 AN VR SR N AR — AN VAT &, T TE T CO, MR 52 B i i
RN T i, 38 AE IR B0 AN 1Al B B T 1) ik B e KA, 7 SV 94— L 1 B K 5% (X (E-T) T
ERBN TR TEA ), S LA T ARAS, Wi BS54 5 i —— RIS R
K8, BFEEIEEE CO, EHAIE, CO KK RART =, JF Hilf% B2 M 58> B AL,
FEAEREMEZ (P <0.05), fEMRIE S JHE-PU I (H) I B =5 5.582%0, HE2<H CO, & &0 AR S
FRBERZ M TAN T B8 - 2(1%0~3%0) 1 — ZEARHE(3%0~5%0) [24]

ORI OL AR, R ERESE, Hz NSRS S SZ M AR BN, I CO, M BEE IR S
IREUIG, AAEREJARS 75 20 2 I8 AR R A5 B T B (o-r) ik B bRtk . B RIAVR . HEH CO, iR AL
BMAEHEZRCE 2), HS5EFREML, ZRE/D.

4.3. ARSI BRI S B AN KIRFDERNR R N

TIEFRIMABEZ 2 #E, GRS BATI 22 52 B dE, DRI A3 AR TR b s B IR AR 2 o A
PR B A0 OO IR TS H LR TE A MESh Y, 2 W TIRTERIHT B R BON D . T S IR A
VF2 TR HESI (1 50 A 55 W 0 (1 637 S DI AR OC o iR T P A OL St L R R HE S0 2R, (HAN R
Wl RSN T AN R AR B AHRIYIE], BCHE TR AT B kIR 2 TR AR AL, T R 2 A
[A) A M 0 5 %, 2 SR AR B TR I BT B8 B W T (RO T o SR fELAS VR AR, % — At R ot 10 Y
IR 7L S A T 25 P8 PR A v AR X A ) T T ) B

BT RIESRE AT, AT 33 B T B B AR S R BRI HL 32 R i 7 2 LA E
BN T 58 GE PR 1A BRI S ) PR S BE U B3 o BRI AR A 24, P TEMHL iRiFE
FERR, A WAE RIZh YRR KRR S, BATHER K T 400 2 R 55 g SRR AL — i &R,
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LK 300 2 HUOKHiEIRE R E 475

s Xt N 28 T S S R A AU, AR IR R AR BT 1) < A HRATIA " AR R & 2h3n BTl « & 40
W17, sRAUE N O DU 2 (LA W T T 53 S TR S o TR A 2 0 DS S A R S ) T P LA
FRMTA MR AT, UEBNRNES RGN,

4.4. SA7VEMHIRZ SATHEMREEE

IR 7B BB 8 A 43 AT TE T ¥ 38 0 B 1R [25] [26], 7E SIS 1 A A RE R SR A KR BEAT,
PR A AE VA T Y R b 28 S B RAR A o (BB VA TR 0 R MES SR DR T, e i R Rp 0
&, IR A IR e S A B0 P S o A AL, il AR B K BIE 1461, TS BUT e
Ve . AR R R AR E, ARSI SE R, KRR S BUTO MR SEAT, Mk
SRR R TR R T IR . SR A RO N & S AR R A, HRSRZ SRR C I, MR AR
B A AR PR 2 4

N, AT IR A S R G O BN, ROIABIIR[27]. RIS, STOCHEETR A S &
Gih R SA Z TR, TR SIS T AL A 75 A AR A S SUE A IR AR A 7 -

B O

VIR AR E R, BREALGGKA ST E 0T, ABHTFUEIMR, 2 0KE Sl A Bt
PR T AR B, T — IR B AR

e HE

oK B AR 2£42(31560130)
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