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The impacts of tourism disturbance on the ecological niches and interspecific

associations of herbaceous communities along trails in Tianmu Mountain
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Abstract: This study, with Tianmu Mountain National Nature Reserve in Zhejiang Province selected as the study field, is
aimed to reveal the impacts of different tourism disturbances on niche characteristics and interspecific associations of
herbaceous plant communities along trails. To be specific, based on visitor volume (100% : high; 30% : low) and distance
from the trail (0—10 m; 10—20 m) , disturbance intensities were first classified before a total of 38 quadrats ( disturbance
zones) from 19 sample sites were surveyed. Then an analysis was conducted of the composition and species diversity of

herbaceous plant communities, as well as niche characteristics, and interspecific associations of the dominant herb species
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ranked by importance value in each disturbed area. Results showed that; (a) the herbaceous plant communities along the
trails of Tianmu Mountain are comprised of 89 species which belong to 65 genera and 38 families respectively; (b) visitor
volume imposed significant impact on plant height (P<0.05), trail proximity significantly affected plant coverage ( P<
0.05) while species diversity showed no significant differences among disturbance zones (P > 0.05); (c) Cayratia
albifolia exhibited the highest important value and niche width in quadrats with high visitor volume, whereas Ophiopogon
Japonicus played a dominant role in areas with low visitor volume; (d) the mean niche overlap among dominant species was
relatively low across all disturbance zones (0.20—0.36) whereas overall interspecific relationships were predominantly
negative (variance ratio, VR<1.00) , a finding which remained consistent across both X* and Spearman’s rank correlation
tests; (e) most dominant species pairs showed weak interspecific associations and relatively independent niche distributions
and (f) important value was significantly positively correlated with niche width (P<0.001), and niche overlap was
significantly positively correlated with the Spearman’s rank correlation coefficient (P<0.001). In conclusion, to further
promote the efficiency of ecological management, it is suggested by the current study that devoted efforts should be made in
the following aspects; (a) priority should be given to the targeted conservation of key dominant species; (b) non-
engineering measures such as visitor guidance and the designation of buffer zones should be implemented; (c¢) moderate
habitat heterogeneity should be maintained and (d) special attention should be paid to the mitigation of potential adverse

impacts of intensified tourism disturbances on individual species and community structures.
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species diversity

FEARE & v YR 8] A B DG 2R 3 20 3 A 5 L ARR [RIR2 PER BE  Horp AR 25 S8 BE AN AR A5 0 T &
JEE A A AL Y PR AR S SERE SR T AR B IR ) B2 T A A T B BE B /s T W 2
[BIZEBEUR ] AP s 4 0 2R 12 ol ] R 2 AN A AT L) A 0 A A 2 (8] 43 A B AH B ORI | T EL IS
SRR LAY ORI B RER S DR, WSS AE AR VE 10 A 25 (30 FR 8] 5G 22 7T LA A WU B R, 1 Ak )
Rl 5 DR I RE 7 R DA LA OGRS A o A PR AR B

UTARSR , BEFE IRl ) PO R, AR SRR AR AP S 2 T R SR Z BB F i H fi 3, A REYE 5 A SR
FEAE A MR HE ALY G 2R | P 2 IR S AT (9 A ELAE P BB AN 1O ) DRI, ARL 0 B8 AR i P A SR Al ik
WP A ASFREE R R B SCBEAR AR . IR T PILIE R AR IR WP S ok B9 R SR, QKR S =S 1T G
HBGRAE A AP0 LU R AR A R GRS 45 F ARG IR RS I AL, 7= 2 1 J DR G 5 U 2 R B L %5 1 it
B AR AR B EE S RIRE TN TR EE R S G — bR, AR T
P F R SR BR AR A REVE 1 A i RN e . 78 AR RS b, e 1412 1 3 B R0 o3 e R 2808 J N
BRI DR R WA s AR bR, Hrh B S O B e LU T AR R, X s A
S AR i VN B, T 00 sl 2 B WA S 2R A R AT O, o sl D - 9 B AL 2, e ¢ S S0l v T il
UK R AL, TKPESE T R R T i L M8 S A R R T U O E A OGP R S U A
i MR R MR P, W A AN DU A e ik T 22 8 SR EE BRI DR U O A
SREERY RN R

R H U ZR G AR AR DXt Ak SV Al 2 S X, S = B R A AR ) B SR o 14 e AR T 3,
RRRER IR A M 2R R AR S R G55 DhRe P A AR R E I SR AESRe , G DR LR e I %
T KT Sl AR , S B AR R e A S R R AR U R Y R, D TR TR
XTIV R R TS 224 o T Wb 2 R AR R v A5 AR IE A5 07 T, e o e A 25 80 B o ] R 45 F) T
G RD ) HET U ARSI LR B L E YA SRR DX 2D T8 55 1 T A R R R TS0 42 A e % i
iy 20 B HE R A D 05 B2 AR b, BRFEAN DRI P B (L ie 20 18 AR R 0 b 2 R AR S
7 KA IRIREE RN , 5 7Ef s AU P01 T REAS I 1) 3 B SR s 55 A VEAERF B, O AR IR IX AR

http ; //www.ecologica.cn



46 %

&t
H
=4

1966 o SO

BB AR BRI S
1 ARKBEHARGE

1.1 BT XA
KHEWMEZRE AR XA T WA BN TG % X, AR X AL 4284hm?, A6 75 7E £119°24 11—
119°28'21” N30°18'30"—30°24'55"3i5 il N , M 445 & Ry 300—1556m (& 1), AP X AL T #4355 L T
A I SRR IE VLIS AW I 1 23 K U |t R A A IR BN B A AR i < AR RS E S X, o LA AR
?%LEWFWE” o

XO01—XO08F & BRI FE
YOI—Y 115 B e

Bl 1 FELEMSH
Fig.1 Distribution of transects and quadrats
XO1—XO08 e IR A REH 5 YO1—Y 11 3 %5 42k 12 (Rl

1.2 HEHRE IR E S A

MG K H I FE R E AR X AR L) 2005—2024 437 7 1) 5201 60 25 A ] A i 50t 0 S b e s 9 4, o)

DX R Wb B X W 7 100% , _F IR E R 2 30% PRI, 43 SR KB B X (Y FEZR) Al

AT (X R DRI, SRR B 33 1) 25 ST M SR A BE AR — S0 Tl B A T 2D T — 1 R B RS A
RN Smx20m, SR MR B AR FEHL R 2 R 2 AN ESER Smx 10m B (B [ BE S A9 T4
X)), R AL T8 B B B 0 2 0—10m (TR S ) A 10—20m (GmEEES) 10 itk 19 AMREH 38 NFETT (&
1), AR A R IR 2 BB AT o, TR 20k A B i 20 38 I ™ 2B B ARG 0 LA S 247 o (AN
YISRA ) . ASHEGEARIE e % B A AP T BE B Rl oy TR0 B, b i 5 i 40 = (100% ) MK (30% ) PAS7KF-,
Ui A6 TE 1 B A (0—10m) FTZE (10—20m) P ZKSE X PUFP K-S REALAL A A 4 Fp P28, X6 Ry A [m] 1 5
HIREDT R (100%, V) + I 0 FE B (0—10m, D,y ) 5 W& i (100%, V,, ) +3 i A0 38 BE B (10—
20m,D,,) ; W H AR (30%,V,) +IT A B (0—10m, D) ; W R B (30%, V, ) +ic i 8 1R (10—
20m,D,,) . ABFFEAIRA 21k 2023 4F 10 7 (i FerE 2= AR T ) A Hh B 55 A VR 3 B R 300—1200m
P N A EE AR R AR RS B I TSR LA REH TR B R LR B B B R
IS A S A58 N A
1.3 G500
131 HE(H

B YRR o A AR R A28 B B A8 b, Al VR i AR i AT L TR AR IR R

http ; //www.ecologica.cn



434 NV PN RN F 25751503 e W =R 7 2 e S L LR 2 D AL 1967

{H = CREXT 55 B2 + AR 22 BE AL ) /3, W AN IR 20 G 0 B AS A ) S (B A7 HE I O 2k o) B 208 = 5% HL i
BARE T =2 BOAR P s A T SR A Bt o e ) S S R IR IR SR
132 AEEN
Levins £ 07 58 BEFEEL (B, ) Al Pianka 4= 3507 & FEHEE( 0,,) 2oL A S AL WA S BEE A5 , B HLY il
FEAEAE R PR SE, AN RFE VR R B R AL THREARIT .
B, =1/ Z,\] (T;)

0,=X" PP/ (X P) (2 P)
[ N R ERETTR T o R i FERE Ty j R SR AR T EERESRZ . P(P,) R
(k) TEREDT j BIEZE, 0, NP i 5 k (SN EE(E,
1.3.3  SURBRES TRk I
K H Schluter 2 H 1975 22 L 3R 0 A6 56 FEAS AR PRV PR 8] ) R DGR JF FHGE T W ok AG 36 B AR I
gikammE" AT,

VR =S/ &7

1 o n
Si=y X, (T -0
2 s _ni
6T_2[:1N(1 N)
W=VR x N

A N SRR TR DT j IR IRRECE e S RE DT T R TR, S S BT AR B n S G
PR ECE S AT T R T 25 87 BT A AR R 5 2% . A VR =1, B B BE R TE G K VR> 1,
o ] R 2 T OGHK s #5 VR< L, FhIRLEMAR R GOCHE , WIS VR BB HETEEL, 2 W< XG o5 yTK W>XG o5 v, WA
Fb AR SCEE i 3 (P<0.05) , 2, WA 3% (P>0.05)
1.3.4 XK

T YRR EEERE R HESE 0, 1 o0 BE X R 56 T LSt ol Xof 1] 14 B 245 1k b 8 B A 7 e M oM, R T
JE AR R PEURE | N R 75 2R Yates FOFELEAS TE A IHEXE .

. N(lad=be!-0.5N )’
(a+b) (b+d) (a+c) (d+c)

ol N R REETTE o 2 AL R IR AORE TR, b, e A 1 NI IR RE TR, d R 2 NI RN R
HWBLEIREEL, 24 ad>be B, B A] SCBCME N 1E SC K s 24 ad <be B R 6 SCHE Rl 0] SC B (0 i & PR 55, 24
X2<3.841 , FA] EIEMEA .35 (P>0.05) 524 3.841<X%<6.635, Fl ] S IEME .35 (0.01<P<0.05) 5 25X*>6.635 i,
] SR {2 35 (P<0.01)
1.3.5 FCHARE

Spearman FRAH AT K (r)) JB T AESEAG I , XY 1) 73 A 1 XA 2R, USE o i, AT A 0 H T H
SRAMATIRZS T IORETE 2 L ABFgE b REASRZ: Shapiro-Wilk IFZSTER IS G , A FFE IESSM G . I, AHF5E
HRHT Spearman FRAHSCHE IS 51, A AN FEA [RIAE T3 B VS 2800, o o B WLy o [l 38 R DG I 5
P AR,

6% (o =5)" (oy = %)
) N - N
N R ERETT B T, 20 S PR Rk AERERL j R B x, S, o0 B R 0 F kA LAY
FHEIE,

r.=1

http ; //www.ecologica.cn



&t
H

1968 H Bl 46 1

1.3.6 YR ZFM
YR Z R (o Z2HE0E) J2& SO T 2540 RN D RERRAE A9 F FHAE bR , % H Margalef =F & FEE 54X (R) Shannon-
Wiener ZFEPEFEEL(H) | Simpson MEHEFEEL(D) Pielou ¥IAJBEFEEL(J) A THRAE
R=(S~-1)/InN

H=- 3
p=1-3" P
J = H/InS
K, N A EAEECR  P oA R EEAE S SR Y B AN EL
1.3.7 Hb i SR
B o ZFEPE AR RSO RN RS 0 AT 7E R 4.2.0 SR rb 52 a, b AR 2507 56 BE A8 40 A 38
IS 2 Gawillis| spaa filH ) “ niche.width” “ niche. overlap” PR TI MARIE S5 X246 56 .Spearman Fk
AHIE R BRI 25 43 0 1 spaa £ 7Y “ sp.assoc” “ sp.pair” BRI A, Spearman Bk AH & 2R 201 ik 35 PEAS 56 2R
corrplot PREELIEATIZ R ANER], SR Origin 2024 HAF 58 AAME R34 . ArcGIS 10.8.1 AFHRIVERFFEIX
LS

2 HRE5SH

2.1 BV T Z AV ERRIE

HHE 19 ANFEHL R A GE 1T AT 459 REARE AT 89 A SRR T 38 Bl 65 J& . b, Sl s Aof i 1) R A A )
FEVE AL 27 B 37 J& 44 T (IR0 B AF L A0 REARE U RE 75 4055 26 B 40 Jg 55 Fb, sk 1 R 76 VALY,
H, D B A B RHE TR B R 22T D,y 5 UK, 48 40 DX B R A AR ) 00 b 22 4 1 24 T (2 35 25 %
(P>0.05) , W& SOV, A V,) X EAKEY) 36 5 TC 8 & 5200 0V Dy AV, D, B REAKE Y 25 38 B 2 =
T VD HV -Dygo V=D Fl VD, I FEAKE Y 55 FE Y & KTV D F1 V=D, RERE 5 5 30 20 T8 R 2
(D, I D,y EREXR,

1 PIn P,

F1 TRTFREBEMNERENEHZMFHER YT S HERIT

Table 1 Effects of different interference types on species composition and species diversity of herbaceous plant communities

JokT W% H R High visitor volume( V) 7% #K Low visitor volume (V)
Index JLHEES Close distance(D,y)  ZEHIE Long distance(Dyy)  ILHEES Close distance( D) WL B Long distance( Dy, )
Bl Family 24 16 22 19

J& Genus 29 22 32 25

T Species 32 27 43 31
Shannon 1.46£0.51a 1.44£0.48a 1.54£0.58a 1.14£0.43a
Simpson 0.68+0.15a 0.69+0.17a 0.66+0.26a 0.58+0.20a
Pielou 0.84+0.12a 0.86+0.13a 0.77+0.26a 0.78+0.21a
Margalef 1.6020.81a 1.3420.58a 1.7720.58a 1.1920.50a
# Coverage 0.34+0.65b 0.82+1.13a 0.37+1.08b 0.62+1.12a
Bk Plant height 17.15+11.60a 14.04£9.77a 9.48+7.60b 10.73+8.81b

[FIFTAN IR ING SR 3R R R F AT 2 [ 77 7 35 25 5Pk (P<0.05) 5 36 B LU 43 He 3o, 6 Pl /OB 285 Wk B0 em
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Table 2 The important value ranking of dominant herbaceous plants in different interference types
HE(EHEF Importance value ranking

Wy ES3ii} ¢ w7 High visitor volume( V) W = AIK Low visitor volume( 'V, )

Species Type IHE R THEES ITEEEY EEEES
Close distance(Dyy) Long distance(D,,) Close distance(D,;) Long distance(D,,)

YT &% Arisaema bockii A= At 4 0.165(3)

LSS Achyranthes bidentata i AR 4 0.125(4)

M5 8% Cayratia albifolia 1A ) 0.310(1) 0.385(1)

TFERE L Carex breviculmis A= A 4 0.306(2)

S5 Carex doniana B A 0.128(3)

R HE Corydalis incisa BAAE AR 0.106(3)

INFHIE Dysosma pleiantha BAA=AE ) 0.067(7)

P4 Galium bungei BAA=AE ) 0.126(4)

M Galium hoffmeisteri BAA=AE ) 0.119(4)

Wi lLFY Glechoma longituba B A: At 4 0.082(4)

LW Gynostemma pentaphyllum B A= AE 0.075(6)

/NS Iris proantha i AR ) 0.098(5) 0.476(2)

W # 4 Liriope spicata Tt BH AE 4 0.247(2) 0.121(3)

# 4 Ophiopogon japonicus Tt BH A 4 0.207(2) 0.892(1) 0.594(1)

LR Persicaria filiformis i BAFE 4 0.099(6)

5 BB HBR Polystichum pseudomakinoi B R 0.078(5) 0.092(7)

=B IR Potentilla freyniana it S 4 0.095(6)

HESEILERR Pseudocyclosorus subochthodes BA A A 0.090(6)

THHEEL Reineckea carnea BAA:= 84 0.103(5)

FR A Selaginella uncinata BAA:= A8 0.105(5)

H3Z Viola verecunda A= A 4 0.059(7) 0.069(7)

£3 TRFREBARBERFEMHESMUEEAF

Table 3 Niche breadth ranking of dominant herbaceous plants in different interference types

P FER AR Pyl A% AL TE
Interference type Distance type Species Code Niche breadth value
iy I BE S PRI 158085 Cayratia albifolia Ca 2.945(1)
High visitor volume (V) Close distance( D) F & Ophiopogon japonicus 0j 2.153(2)

BB ELHR Polystichum pseudomakinoi Pp 2.000(3)

W IFY Glechoma longituba Gl 1.960(4)

FNFE Dysosma pleiantha Dp 1.800(5)

LREWE Gynostemma pentaphyllum Gp 1.600(6)

ZM-252 Corydalis incisa Ci 1.180(7)

I PRI 5 80%E Cayratia albifolia Ca 3.259(1)

SR Persicaria filiformis Pf 2.000(2)

Long distance( Dyg) KI5 Arisaema bockii Ab 1.800(3)

BB ELHR Polystichum pseudomakinoi Pp 1.600(4)

4 Achyranthes bidentata Ai 1.424(5)

TEE T Carex breviculmis Cb 1.142(6)

T FELL Reineckea carnea Re 1.000(7)

2 A% TR S 4 Ophiopogon japonicus 0j 4.056(1)
Low visitor volume (V) Close distance(D) 11 # 4 Liriope spicata Ls 3.090(2)
ZMZEE3E Potentilla freyniana Pr 2.462(3)
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T PR gAY Yl el AL LA
Interference type Distance type Species Code Niche breadth value
VU2 Galium bungei Gb 1.882(4)
H3E Viola verecunda Vo 1.600(5)
ZEL Carex doniana Cd 1.000(6)
pmiiEry INE R Iris proantha Ip 1.000(7)
Long distance (D, ) NS Iris proantha Ip 2.193(1)
F & Ophiopogon japonicus 0j 1.927(2)
11 # 4 Liriope spicata Ls 1.754(3)
M Viola verecunda W 1.324(4)
SRR Selaginella uncinata Su 1.000(5)
AR EIR Pseudocyclosorus subochthodes Ps 1.000(6)
INMFE Galium hoffmeisteri Gh 1.000(7)

23 EBNEZE

WE 2 Fia & TR b 7 RS FIAR 4L 21 AR, 4 A4 PGSR G A 25 07 T 728 i 41
535124 0.26.,0.36,0.22.0.20, V,,-D, 5 4 HAEBN S ESFX (0, =0.50) 242K (0.642) , ZI0 48
BTG MF(0.67) (BB SE HER-2 W5 (0.67) , B ABREEHHR-7S A (0.95) o FE V=D 1 BB EES(E A
XA AR L S - B R (0.62) AR S S - AR 5 (0.57) R 5 8- 2R 55 (0.69 ) BRI 2 Sl -1 R
EHBR (0.51) , BEE RS HER(0.64) , 4 H-BORBEH R (0.73) , W HF R 25 (0.50) , 4 2 F - R i
HFR(0.66) . V,-D Kl 3] 4 21 5 EEFPRT, 22 4114 (0.76) , F4- =M B (0.74) , 1112 4&- DUt

Ca

Vi-Dyg Vi-Dyg
0.00 | o

%
Vi-Dyg Vi-Dy
Ip Su
0.00 | 0.00 | pp 0.00 | Ps

0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | ¥v

2 AEFHREBPEREYABHNESNERE
Fig.2 Niche overlap of dominant species of herbaceous plants in different interference types
Ab AT TE Arisaema bockii; Ai: /P Achyranthes bidentata; Ca: B B 8% Cayratia albifolia; Cb: 75 4% % %5 Carex breviculmis; Cd: 275 Carex
doniana; Ci; Z\ 485 Corydalis incisa; Dp: 7~ fii 3% Dysosma pleiantha; Gb; WU 2 Galium bungei; Gh: 75 W Galium hoffmeisteri ; G135 1L/}
Glechoma longituba ; Gp : ZL W Gynostemma pentaphyllum ;Ip . /N85 & Iris proantha; Ls  111324& Liriope spicata ; 0 : 2% Ophiopogon japonicus ; Pf; 4
LR Persicaria filiformis; Pp; 1% M85 5. 5% Polystichum pseudomakinois Pr: = Z2 W8 3% Potentilla freyniana; Ps: % 38 & Bk Pseudocyclosorus
subochthodes ; Re : T #£ 55 Reineckea carnea; Su; % 23 % Selaginella uncinata; Vv =% Viola verecunda
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(0.88) , B H-PUMZE (0.51) oV -D, WG S B 27 4~ 111 22 4 (0.92) , 2 4-H3K (0.99) , /N 23538 1% B ik
(0.95) , INF4-53(0.95) , X LR S HEEE 1.00, AT eSS BRI TEF C R
2.4 BEEYRNSARERS M

ST AW FAS T P A SR 2 (8] BRI (3% 4) T, & TR ALY Oy 22 AR (VR) B/ T 1.00, L3
YIRh2Z B A AR R BB R SEME . VRN Vo RSEEHIEC (V) 2051 8 Al L1, RS IR ZE T W AG I VR (A
B B B EE | V=D IV, -D, BIGE T RE W 4351k 6.24 F1 2.54 2 SIT51EX?(0.95,8) 5 X2(0.05,8) 2 [A] 3
BN FIAN , V, -D  FI1 V| -D, G W 433 4.19 F13.38 , ¥97%4EX*(0.95,11) 5X%(0.05,11) Z A 975 Rl 4b,
VL V=D V=D TV -D 0 PIFRAS VR 1P 3 1] 19 AR 56 22 o0 B 38 S A 56, 1T V=D 1R U] SR A 8 35 £
X,

F4 TETFHREB RGBT ESEBEY

Table 4 The overall association between dominant species in different interference types

TR F R K9G it R 7 A RHIGHE LT e S
Interference type Variance ratio( VR) Statistic ( W) X? threshold (0.95) X? threshold ( 0.05) Results
Vy-Dyy 0.89 6.24 2.73(N=8) 15.51(N=8) UNTE ¥ P
Vii-Dyg 0.36 2.54 B R G
V,.-Dy, 0.52 4.19 4.57(N=11) 19.68(N=11) B R G
V,-Dy 0.38 3.38 E /b P

VDo WEE R (100% , Vyy )+ liE AL B 5 2 (0—10m, Dy ) High visitor volume+close distance; Vyy-Dyg : W% 55 (100% , V4, )+ i 20 18 BE
1 (10—20m,D,,) High visitor volume+long distance;V, -D,, : i & ik (30%, V) +12 720 B HE B (0—10m, D) Low visitor volume+close distance;
V-Do HEH AR (30%, V) +IEJiF25 1B FE B (10—20m, D,y ) Low visitor volume+long distance
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Table 5 The X* and spearman rank correlation test results of dominant species in different interference types
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WikeS ch?fcj’ir%c Positive association( Pa) Negative association( Na) IEfE Ef;i:z
Method wpe  P<001  P<005 P>005 4ifTotal P<001 P<005 P>0.05 #itToal N rate
X2 Vy-Dy 2 0 4 13 4 4 0 8 1.63 47.62
Vy-Dy 1 5 1 7 6 6 2 14 0.50 85.71
V,-Dy, 3 4 2 9 2 3 7 12 0.75 57.14
V,-Dy 0 5 2 7 1 1 12 14 0.50 33.33
Spearman Vu-Dyo 2 0 11 13 0 0 8 8 1.63 9.52
Vi-Dyy 0 0 9 9 0 2 10 12 0.75 9.52
V,-Dy, 0 2 6 8 | 2 10 13 0.62 23.81
Vi-Dy 1 1 6 8 1 1 11 13 0.62 19.05

Pa/Na: IEBREE R B80S 6 I 45 Fh % B 50 1Y ELfH The ratio of the total number of positive association species to the total number of negative

association species
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Fig.3 The ¥ test results of dominant herbaceous species in different interference types
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Fig.4 Spearman rank correlation test results of dominant species of herbs in different interference types
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Fig.5 Linear regression analysis of importance value with niche width and niche overlap value with spearman rank correlation coefficient
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