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Ecological influence of tourism disturbance on the characteristics of different

communities in Baili Rhododendron forest
JTA Zhenzhen, LI Weijie * , TIAN Ao, WANG Jiaguo

Research Institute of Mountain Resource of Guizhouw Province, Guiyang 550001, China

Abstract: In order to reveal the influence of tourism disturbance on characteristics of Rhododendron community in Baili
Rhododendron Scenic Area, two Rhododendron communities of pure Rhododendron forest and mixed Rhododendron forest
were selected to analyze the impact of disturbance on community structure and species diversity. The tourism influence index
was applied to explore the impact of different tourism disturbance degrees and disturbance approaches on the Azalea
communities’ characteristics by using typical sampling method. The results showed that 1) there were 130 species azalea of
102 genera and 67 families in the Baili Rhododendron forest. The pure forests included 97 species with the dominant species
of rhododendron delavayi, fargesia and rhododendron irroratum. The mixed forests included 115 species with the dominant
species of rhododendron delavayi, rhododendron irroratum and rhododendron simsii. 2) The two Rhododendron communities
had the highest Berger-Parker richness index and Shannon diversity index at moderate disturbance level. Moderate
disturbance promoted the increase of species diversity of Rhododendron community to a certain extent. The difference was

that the Shannon index of the two communities changed. The variation trend in the pure forests is moderate disturbance >
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light disturbance > severe disturbance, while that is moderate disturbance > severe disturbance>light disturbance in mixed
forests. The communities are more abundant and stable with strong resistance under tourism disturbance in mixed
Rhododendron forests than that in pure Rhododendron forests. 3) The garbage index and trample index have no obvious
correlation with the species diversity index and community growth structure of the mixed Rhododendron forests, while the
garbage index is significantly negatively correlated with the Shannon diversity index, species number and herb mean height
in the pure Rhododendron forests. The trample index shows a very significant negative correlation with the height and
coverage of the shrub layers of the pure forests, which is positively correlated with herb mean height. 4) Each
Rhododendron community responds differently to tourism disturbances. In order to maintain the stability of Rhododendron
community, it necessary to divert the tourist during the flowering season and the severe disturbance of pure Rhododendron

forests should be strictly controlled.

Key Words:; Baili Rhododendron Scenic Area; tourism disturbance; community characteristics; species diversity
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FEATIGE iR ) 2R BOR FH A B =X (R 2) TS 0. TIL =€, + €+ C + C, , Hof € W EAR
PR R B, P AR 2 55 30K |, 35 B AR SRR B /0N 5 C ok i 3G ) R 500, 3 SRCBR R 22 | iR Ui 07 2 5% T
TR 5 C oA SR 52 1) 22 550, ) PR ¥ J2 D5 P 10 B R B A RS B, 5 W R B A /N 5 € A MO B i i) 3R %
FIFAR ARG B FR A2, AR B AR, RS WA /N e i R i DR IR L 3% 2, e it 5 i PR
FEZS MG B W(C, )= 0.0752,W(C,)=0.2653,W(C,) =0.5083, W(C,)=0.1512, ¥ i# L ik
Jil I i 2R R o0 R T (<0.33) R EETE(0.33-0.67) SEIE THE(>0.67) =455,

F1 MEXFFHBEER

Table 1 Basic situation of the study sites

EE WA i mawm o Q0GR
No- Community coordinates Site Altitude direction grade species
1 UREEEIR N E105°56'10.56" ,N27°12'05.83" 2 1688 (B[ 13 R RALHY
2 ARELEY YN E105°55'33.26",N27°1153.93" ) 1638 3] 5 R R HY
3 RRGEELIY N E105°55'30.21",N27°11'49.83" ) 1633 (i 3 R R RS
4 RREELIR N E105°57'54.91" ,N27°10'47.29" ) 1592 i 3 LA Y
5 ARGEELY N E105°57'55.22" ,N27°10'48.05" ) 1563 i 7 LA Y
6 ZANCELIY 2N £105°57'55.90" ,N27°1048.59" Lk 1457 it 3 h LR
7 ARCEEZIVE £105°51'58.31",N27°14'36.78" S 1766 B[4 5 T AL HE
8 FRREEZIR N E105°51'52.94" N27°14'16.85" R 1733 it 5 LA Y
9 JARCEEZIVE E105°51'52.86",N27°1418.21" LK 1723 It 5 o 2L HE
10 FRREELIY N E106°03'44.77" ,N27°15'42.68" R 1476 it 5 ARt
11 B A bk E106°03'59.02" ,N27°15'23.54" R 1453 i 2 Th2R Kt RY
12 FRREELR N E106°03'56.47" ,N27°15'31.00" W 1435 1t 7 LAY
13 FEESIRACHK E105°56'50.17",N27°11'19.73" ) 1634 it 6 N
14 RS IRACHK £105°56'50.56",N27°11'20.17" ke 1623 i 6 R R Y
15 FERSTRACHK £105°56'51.16",N27°11'19.08" &bk 1582 it 5 R R HY
16 RS IRACHK £105°51'51.33",N27°1346.40" RS 1678 it 3 FaLRAL Y
17 FEESIRACHK E105°51'51.30",N27°1352.04" R 1693 7] 3 h2HE R
18 FRREHEET N E105°51'50.56" ,N27°13'51.49" F3d 1692 it 3 TS
19 RS IRACHK E106°03'42.47" \N27°15'43.79" R 1456 [i] 5 LAY
20 RS IR SR E106°03'41.50",N27°15'47.80" B 1463 it 6 E AR
21 FEESIRACHK E106°04'04.45" /N27°15'22.56" R 1393 it 3 LAY
22 FERSIR SR E106°03'44.95" ,N27°15'43.21" R 1475 i) 3 E AR
23 FEEGTR 3SR £105°51'52.11",N27°14'17.90" LA 1727 it 3 R AR
24 FERSIR SR E105°51'51.77",N27°14'19.33" T 1678 B[4 3 E AR
25 RS IRACHK E105°51'57.34",N27°1436.89" RS 1765 it 3 EE i

1.3 FLASHE ST

(1) FZAH (Importance value. fRIFR IV) JE VT HE A P FP 2 BEME A B 4 A0 U8 3588 (O B ZLHE A1 TR
B2
22 -+ X G (81

3

A AR 2 (%) = 100x (A YIRIIRREL FTA IR S0 s AHX U (% ) = 100X (AP FIESE T RE
77 b BB A W B S ) s AR D3R (9% ) = 100 ( FEAS T HE A b i) i g B il AR BT A3 7
THE Ay %) J6 i DRI TR EEURID ) B 100 ( SEASREAY T i) 53 B2/ BT B A W) b 0 S5 FE AN

(2) VIRhZ 41 (Species diversity, fiiFR SD) , B ALHH 425 B X&) BRI ZAENE =N T7 i, B2 R EK 45
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Table 2 The class values of tourism influencing factors

B 2 5 4y TR
Quantity of garbage Litter thickness Seedlings Herb layer coverage
FifE( Num.) T AE FRiE/ em T AE FRIE( Num.) ne(e] FRiE/ % T AEL
0—5 0.1 0—1.0 1.0 0 1.0 0—10 1.0
6—10 0.2 1.1—2.0 0.9 1—10 0.9 11—20 0.9
11—15 0.3 2.1—3.0 0.8 11—20 0.8 21—30 0.8
16—20 0.4 3.1—4.0 0.7 21—30 0.7 31—40 0.7
21—25 0.5 4.1—5.0 0.6 31—40 0.6 41—50 0.6
26—30 0.6 5.1—6.0 0.5 41—50 0.5 51—60 0.5
31—35 0.7 6.1—7.0 0.4 51—60 0.4 61—70 0.4
36—40 0.8 7.1—8.0 0.3 61—70 0.3 71—80 0.3
41—45 0.9 8.1—9.0 0.2 71—80 0.2 81—90 0.2
>45 1.0 >9.0 0.1 >80 0.1 91—100 0.1
n_. .
Berger-Parker E’E'E%E_,’Eif’lé‘ﬁ(D) . D=1/ ]H\I;A
Shannon ZAEMHFEE(H) . H=- Z PInP, P, = %
i=1
. % H H
Pielou ¥2JFEEHR () - ==

max

Horpr .S S AR B I IR ER, n, RS © DN IRRASERE N R T IR AR BB, A ERECR S 2 YRR Y
N
1.4 HdRabH

AR5 Canoco5.0 XA X FREG AR £ 5 ) Fh 22 FE M AEBE S5 HE B X5 B 26 R BEATTUAR 730 (RDA)  TETTAR
SIHTHCRREER SR S AL BRIFHE AR B AR B O PR AR R BT SRR R B
U, o6 2, B3R 35 X3 ] LS SR 3R B3k 1) 4 BR 450 e £, LA IEIE hy 00 R B 5 1) Jiédie 53R 8
AR, DB FRon 5590 1 FoRded 2 FOoRRA, 3 FoRvEduYE 4 TR AR, S RRTaYE,6 KRR
Y, 7 TRV, 8 FRFAE , BT, F R [y ) P BRI A5 S Br 3E HIOR R I R ) R A
W R AL, FFiEL SPSS19.0 4T Pearson A&/ M HF K 0 45 R AE 0.05 7K 1) 1 35, I e 2241 R H
Excel 2010 5E % .

2 EREHS

2.1 A[FEA:RSHEIE AP A AL

TEVA B A FERS AR b S 35 BL 57 J8 78 FORAKEY) 32 Bl 45 J& 52 FhEi Ay, Horh 12 S F A4l
MEEHATTA 14 B FEAR 51 Fp FEA 32 Flt 3k 97 B 14 AL RSIRSSAREE LA TR K 19 B BER 56 F HEA 40
Bl A 115 Bl DRUR: RS RIS AVEARAR 8 2 A s P R ) AN EC O 35 S | A RS VR S ARAE s Py S B850 I v T
MRS AR (WL 1) .

RS SRR RS TR SR B S UL 3580, BRI A — 2 RAR R (3% 3) o A RS AR B E A 1T — 17
R ELZERERY BT RN ER R AL Y, S AL Y 5 VR L XL L A 3715 ; At A TR AC MR BB T — A R 2
FEES FRER AL RS ANme L 2T, T B B EE N 31,11,
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2.2 OR[EPLER B X AL B A TR P Rh 2 A Y 5 )

H % 4 AT LAE ) AS[RIFE RS A 9 7R AN [R] i i B 1
T, Berger-Parker =& FE 45 % Shannon Z2FEEFE LA
K Pielou ¥I5]EEAE 422 R U . 70 SREV AL A Ak
HEE T AU AR RO 4.643  ZREMETEBON 3.041
B e % 0777, W s TR TR S T,
SO TR S R TS FEE T AL RS TR AR
TEHETIT F 5 B 8 2R A S 5 TR B0
B0 4.688.2.992.0.743 , I8 T TR L L,
AR BT P> TSR T,

IR ZRTF , FERGAAR D TP 425 B8 ZO
ZREMR B, 3 1.772 F01.333, T 50 BEHR 8
HUEAL TP Fe i o 0.750 5 FF B E 32 bR ) 2 52 5+
Uit BEAR B 2RI R A Y S e R s, o R

PR gR
Species number/ A4~

60 1

O H:RS 4k
L R LR N
50
40
30 b ]
20 |
10 | |_‘I
0
FeA HEA L.¥:N
Arbor Shrub Herb

E1 Rt EST L E

Fig.1 Species quantity comparison of sample plots

2.515.1.941.,0.736, TEHEARIZH MRS LA & BE 18 O &) FEF8 B8 b T PR BE R i FEAIX, 3 5 FE 8 4k
i 6.333 [ % 5.279 F3 1.165, 5] 48501 0.948 F& = 0.816 H-3] 0.241, [RIE K, MAERAZE g, M a8 4l
AR B TP = 5 B SO AR M B s, A R TR SR =5 & FE R BUM A PEFR B4 Bl T AR BE i 38 hn i
Hahn, R T HRA FEE BE R R =, 430 3.790 F12.589,

®3 MBAMNMMHERSHAEZEHAIHHAREY

Table 3 The top plants ten rank of important value of the Rhododendron in pure forests and mixed forests

4 GIREEEIEN FEAE(IV) HE4 FLHEGIR AR LA (IV)
Rank Pure Rhododendron forests Importance value Rank Mixed Rhododendron forests Importance value
1 Y YaR: 37.15 1 Th 2R HY 31.11
2 i 19.93 2 e PRkt RY 12.91
3 FRERAL 11.82 3 QITEIN 11.67
4 [U3ITEaN 5.08 4 LY NGIN: L] 7.02
5 /N R el 3.16 5 A 4.04
6 YNGR 2.79 6 JiRAR 3.11
7 FIFR 2.36 7 A AL 2.89
8 T B Ak 1.70 8 /N 2.81
9 LR 1.23 9 ey 2.52
10 XS A 1.20 10 % 2.47
F4 FEKETREETORMLREEHZ MM S
Table 4 Species diversity of two azaleas communities under different tourism disturbance levels
FRBERE D SRR H YIS EEREL T
igcE S Berger-Parker index Shannon index Pielou index
Community
| Il i} 1 I} Iir I | |
R Alik AL 1.500 1.772 1.098 0.824 1.333 0.392 0.750 0.520 0.283
Pure Rhododendron forests SL 6.333 5.279 1.165 2.502 2.749 0.786 0.948 0.816 0.241
HL 1.275 3.735 3.280 0.926 2.096 2.020 0.402 0.740 0.766
TC 1.505 4.613 1.494 1.604 3.041 1.551 0.492 0.777 0.415
R ER AL 2.515 1.581 2.154 1.941 1.189 1.502 0.736 0.611 0.684
Mixed Rhododendron SL 3.469 4.219 2.663 2.544 2.669 1.702 0.668 0.759 0.614
forests HL 2.057 2.862 3.790 1.890 1.744 2.589 0.621 0.573 0.864
TC 3.519 4.688 3.985 2.537 2.992 2.878 0.703 0.743 0.694

Har. T ,%P;“Fﬁc Mild interference; Il , H1 & T3 Moderate interference; lll ,Eﬁq:ﬁ: Severe interference ; AL, T*ARJZ Arbor layer;SL,‘fﬁ?k}?&

Shrub layer; HL, ®4 2 Herb layer; TC, BFETE Total community

http ; //www.ecologica.cn
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2.3 MEEAR G S RSHEE ZFEER RDA 08T

XA B Vi A L P o 2 AP RN S5 R0 508 A T BB 38 XF 13 43 A1 ( Detrended Correspondence Analysis, DCA) ,
LEIR S B lengths of gradient 4324 0.61 F1 1.33, ¥/hF 3, EIAKMEE T84T RDA 43#r, it RDA
SR (LI 2) 6 AFREE R F X MR Z AR B R O 39.9% , 55 — Bl BE 1 39.5% Y78 o[58, FE RS BETE )
FhZREPEREEL (D JH ) 55 A8 5 BRI B0 SePE S IEAHSC HOC R %Y, S (Pos) K (ELE) 2 f A
K RERSHETR WA A (N) 15 BRI T8 BOC R AR 3005 0T 6 A 31858 PR 00 A8 B R 7% 1 9k 285 40 ) ik B R A h
32.84% i — Ml BN 18.76% , 45 M B3R N 10.87% , Horh b RFEH ( Gar) 5 4E B RETE B0 AS 12 25 Jir 54 B
A BAHOE , BRIEFE A (Tra) 5 AR 34 8 5 U 8 A AR G , S5 A Z5 A P AR TR A I i AR S

1.0 0.6 C-H
H-A
HH Tra
C-A s H-S Slo
ELE Asp
Gar
ELE Pos
-04 -0.8
-0.8 0.8 -0.8 0.8

B2 HEHERETESYHESHEME BREEHTRIHT(RDA)
Fig.2 Redundancy analysis (RDA) ordination of environmental variables and species diversity and vegetation structure of Rhododendron
communities
Asp,3%11] Slope Direction;Slo,3%J% Slope Grade;Pos, 31\ Slope position; ELE, 4% Altitude ; Gar, 37 3% $5 54 ( Br 5% i 2 %L) Garbage index;
Tra, BRESFEEC(BRIESZ M 22 50) Trample index, N ¥)FP %= Species number; H-A |, Tt K2 Average height of Arbor layer; C-A, 7+ K )2 35 &
Coverage of Arbor layer; H-S, #E AJZ Y] Average height of Shrub layer; C-S, # AKJZ 35 Coverage of Shrub layer; H-H, BLAJZ I Average height
of Herb layer; C-H, RLAJZ 35 & Coverage of Herb layer

2.4 AT kAR ZFEE 4 2

He A e AL RS AUAR TRASARA B B BRI TR K0S v AR MR B M B S e i S R Al 36 5
JI7R o AERERSSEART BRI B 5 & 2 REMEFE bR X JC B35 AHOCHE (P>0.05) 5 B IRAE 805 ZHETETE B W Fh AL
S RFENAI(P<0.05) o MIAETRASARH , W3R BN R B 1 4005 5 BV Z FEMEFR U R BOE 1 35 A DG

RS5 MEIEEARTMERSYH SHEEIERMNEXS T

Table 5 The correlation coefficient between disturbance index and diversity index of Rhododendron community

EEED ZHMEH W g YR N
Berger-Parker Shannon Pielou Species number
JRELELIVN B FREL -0.444 -0.586 " -0.399 -0.614*
Pure Rhododendron forests BRI AL 0.422 0.393 0.248 0.331
FRSIRACHK bR EL -0.019 -0.117 0.242 -0.313
Mixed Rhododendron forests BRI REL -0.290 -0.444 -0.150 -0.436

* FANTE 0.05 K EBEHE, * = FIRTE 0.01 KL B MK

R A A SRR B TR ST BR Y 5 SR 5 50 BRI 5 5 S AR v 2B K S A RO DG 20 A, 25 R AR 6 P,
TEAE RS AUAR | B AR RS AR 20 B 8 35 SO (P<0.01) | 5 Al A v A I 45 R 149 10 I 385 A O e BRI
FEBC S AR R B 3 IEAR G SRR o ER TR A 3 T OC . TEAE ST ASHR R R B S A K
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FERRII0 AN, BRI 15 B AR R 1 3 IR ARG

F6 HEEEARRETHIERSEREMHBEXSH
Table 6 The correlation coefficient between disturbance index and growth structure of Rhododendron community

AR TR JE A A AL AR T JE

H-A C-A H-S C-S H-H C-H

aNCCELIYN B AL 0.063 0.135 0.299 0.136 -0.742 " -0.559
Pure Rhododendron forests BRESTE 4L -0.136 -0.106 -0.738** -0.798 ** 0.610* 0.189
R TR A BYR" Tt 0.335 -0.096 0.269 -0.171 0.012 -0.200
Mixed Rhododendron forests BRI FE R -0.145 -0.067 0.013 0.207 0.667 * -0.147

H-A: T AKZHE Average height of Arbor layer; C-A; TEAJZ 5 Coverage of Arbor layer; H-S: J#AJZ 4 Average height of Shrub layer; C-S:
TEAKJZ T Coverage of Shrub layer; H-H: HAZHE Average height of Herb layer; C-H: FAZ 3 Coverage of Herb layer

5 TR B E A OCHY Z R TR bR A A5 DR 70 2 Hh ke | 1 ST AR MR B AR K S M B T4 Hi
W77 7S, anlEl 3 Brzn . iR, A S 24K Shannon Z2REMESE B W) FR AR A2 5 BRI BURERE G &R
TR EAY R EAR ST SRR AU S ANE AR . Shannon Z2FEVESE B A0 R AR I R B B 3
TRECAIE AN TR AL | B BREIS i — N BRIC(0.1) , Shannon ZHEPEHE BUAK 0.29, Wy Elci s> 2.5 4>, 5
AR AR 0. 11m, 4 FEAS FE V& JC B3 T4, Shannon Z2REPEFE BN 2,644, R ECR 23 4, REAR Y A
0.7m,, REASEY oy BRI i Rk SO I 360, R s 5 KR i — A~ B2 (0. 1), FEA PR RN 0.05m s HEARET 55
IR A i B8 U i R P 45 S 088 T i e AR, SR B 18 B i — > 257, AR R 0/ 0.45m , EAK 32 D8 /00,92,
TEALRGIR SSMRRE M rp | REAC S R 5 BRI B2 B A G, BRI BRI — A~ B0, FEAR KT 0.09m

40

y=-91888x+111 o e 02 ~ y=0.4893x + 0.0983

]
| ¥=-4.5579x + 6.6607

30 - 3 - £ 08
< ) % 0.6 :
320 - w5 2 - 5
F=d < FragR= T b
£5 g 2204t
Ny 4 £ )
210k RNE 1+ g
£ =-25.378x+23319 ” . 021
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Fig.3 The response of diversity index and growth structure of pure Rhododendron forests to different disturbances
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