N A A 20114E2 0 228 28
Chinese Journal of Applied Ecology, Feb. 2011,22(2) : 295-302

ARl TN T LB X = XEY 2 ER R0

&KW

WL BEAN EuHE EZFFE

(" WL RO 5 4 i AR 24 B, WRTLI 22 311300 2 Hhde R RS A A S8R 24 5%, AL 100081)

 E 2007 F£5 A—2008 F 6 F ,HR T ikiET 0T ML F L KR K AR 4 B & B R L.

GREV . HERBETREENE W IR EEEZTEZEF TE LRSI EM L AREARN
é%ﬁ%%fw EAWNEEEA T, M ENERBE . £ 8 EHB(D) LR H
(AN FETHS>SBETH>EE TR, ATEEH ()N FETH>EZTH>BRET
. FE B — B KB, R R Ak A A AR AR S AR M 4R (S, 1B 34 <0. 500. % F Tt
XEAT AR Y S F R K, D H A J AR, T E 500 1,188 1056 A1 0.697; F E T4
Xt PE AR AR E R EROA L, EE RN D A (2.013) K, B AT AR B H B (1.286) 1 ]
fE(0.807) K P ETHRNEH T M SR, FH TAARAGENWET LE. KK
MY HESENEZNERSLAZE —ERM, RREREE L ER R M BEL I K
iz N

KEW RIFTIC MEEBEESEN YHSEE AKE FLHNAEKX
XEHS 1001-9332(2011)02-0295-08 HESDFES (Q948. 12 XHEEFRIREG A

Effects of tourism disturbance on plant diversity in Qingshan Lake scenic area of Zhejiang
Province. LU Qing-bin', YOU Wei-yun', ZHAO Chang-jie’, WANG Xiang-wei’, MENG Xiu-
xiang” ('School of Forestry and Bio-Technology, Zhejiang Agriculture & Forestry University, Linan
311300, Zhejiang, China; *College of Life and Environmental Sciences, Minzu University of China,
Beijing 100081, China). -Chin. J. Appl. Ecol. ,2011,22(2) . 295-302.

Abstract; From May 2007 to June 2008, an investigation was made on the changes of plant com-
munity in Qingshan Lake scenic area of Zhejiang Province under the effects of tourism disturbance.
With the increase of tourism disturbance, the importance value of the plants was mainly fastened on
a few species such as Pinus hwangshanensis, apt to decrease for tree and shrub species and to in-
crease for herb species, and the individuals of the plants increased. The values of richness index
(D) and diversity index ( H) were in the order of medium disturbance > slight disturbance > severe
disturbance, while the evenness index (J) value was in the order of medium disturbance > severe
disturbance > slight disturbance. At the same vegetation layers, only a few species such as Cinna-
momum camphora existed under different disturbances, and thereby, the similarity index values
were smaller than 0. 500. Slight disturbance affected coniferous forest most, with the average values
of D, H, and J being the lowest (1.188, 1.056, and 0. 697, respectively) ; severe disturbance
affected broadleaf forest and shrub-herbage most, with the D value (2.013) of shrub-herbage and
the H value (1.286) and J value (0. 807) of broadleaf forest being the lowest; while medium dis-
turbance was favorable to the increase of plant diversity and to the normal exertion of ecosystem
function. The eco-safety of the structural elements of plant community in the scenic area was threat-
ened to some extent, resulting in the reduction of indigenous species such as Sinocalycanthus
chinensis and the incursion of exotic species as Setaria viridis.

Key words: tourism disturbance; vegetation community structure; species diversity; growth form;
Qingshan Lake scenic area.
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KA BIRRAR, BRAR T2 05%, S Y 0 054 . Fe AR B Fh
FEA WIS ( Pinus hwangshanensis) M2 ( Crypto-
meria fortuneii ) . W 4% ( Taxodium ascendens) | %

(Morella rubra) 55, W 5 28 £ 84 &k R ( Rhus
chinensis) 15 " ( Mallotus apeltus) . 111 22 2& ( Mille-
ttia reticulatata) WF4VV ( Spora lygodii) 55, iS4 1T iy
F I ALY AR ( Ginkgo biloba ) | JE 8 — AR
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2) Shannon ZHEMFEEL(H) .
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K. C MR A B W FI B A R B 5350 R
BATE AHA WYL

TeAR ERFEANY) YA EE(E RN
XN EEH = (HXERE + MR + X5
Y /3.
1.3 Hdlab

B B YR SPSS 15. 0 1 Excel 2003 #f4:
AT RIS L. SR 3R TR 25 5 3
V£, B3R R P<0. 05, # i 3EK 1l P<
0.01.

2 HRE5HM
2.1 AR T LS X YR 2
MR AR IR SRR A

2.1.1 HEME R ATLUE I, BEE R T
i, BN ( Liquidambar formosana) ¥ ( Cinnamo-
mum camphora ) %5 4 B (1) T B B W3 0 A, HoAl
TeARYy R B AR T 8D IMARCR B AL T .
Horp B2 TP T 22 5 B W DR
R T A M S 4

HEARFEY) b, B W B, a0k R OR ( Rhus
chinensis ) W) BB A Z A BN, AEMEI A ( Ormosia henr-
yi) AR ( Symplocos caudate ) %5 W) B EAH Y6 5 4K,
HARAE ) ) BB T FER B B A0 T R
(R 1), Hop v YU B T 22 2 B R X
d A 22 32 i i T I Ay 5 i B

FARFEY h, B IL 22 4 | — 4 ( Erigeron ann-
wus ) S5 () EEEAE B DG N A1, S S5 AR ) 4 i) ik 6
FE K ( Dryopteris championii) \ Ji & (Albizzia julibris-
sin) A5 B EAE e i 5 A (B R AR ) 1) B i 8 2D
B Hor R AR b R A 25 S 0

F1 RETRTENEENEEZE
Table 1 Importance value of representative plant layers
under tourism disturbance ( %)

2 it % FEH Importance value
Plant Species name
layer I Il m
FiviN B IIFS Pinus hwangshanensis 94.66 89.45 44.52
Tree LA Cryptomeria fortunei 92.66 89.99 12.36
WA Liquidambar formosana 28.16  28.27 32.19
Wk Castanopsis sclerophylla 60.60 59.71  22.50
& Cinnamomum camphora 60.37 57.51 122.05
I Dalbergia hupeana 44.27 43.82  28.04
AT llex purpurea 53.27  54.00 35.40
FI8k Quercus fabri 46.84  46.09 16.89
ABEHE Rhus succedanea 53.22  50.76  24.97
G Quercus glandulife 72.35  68.21 16.94
HIWN TERA Ormosia henryi 9.74  10.30 6.38
Shrub KA Rhus chinensis 9.75 42.38 77.16
FHM Mallotus apeltus 83.22  36.79 24.47
L Symplocos caudate 10.92  88.81 10.19
HAETE Styrax confusa 48.40 3552 5.02
TR Eurya hebeclados 53.12  38.07 15.29
sk Callicarpa cathayana 25.55 20.61 6.38
HIKMTFEE Phyllanthus glaucus 9.76 24.83 22.52
3 Smilax china 40.86  30.85 31.86
AKBEE Cocculus orbiculatus 14.78 25.68 14.24
B [ EBR Dryopteris championii  21.04  27.63  21.27
Herb P8 EBR Dryopteris setosa 25.89  33.41 12.44
T4 Albizzia julibrissin 24.50  59.95 16.80
FHZ Symplocos setchuensis 39.75  45.97  16.43
W4 Millettia reticulata 18.18 10.46  59.12
W40 Spora lygodii 33.62  41.98  40.37
EE3 Paraprenanthes sororia 5.14 9.80 5.08
—AEY Erigeron annuus 5.14 4.90 38.43
%% Solanum nigrum 10.97 5.05 37.32
13 Morinda umbellata 6.58  22.43 8.25

I . ®JET L Slight disturbance; II; H BT Medium disturbance
. TR T4 Severe disturbance. [ The same below.

2. 1.2 YRhE FEAREE THLRAMF T IR 2 4 A
A 23 B, T REHB IR BN 17.2 %, IR
A BN FIIINAZ 45 s BER IZ RN A 74 Fh, 5 Wy Fh
MY 55.2% , B EE AR A HE M FE 2R
(Lindera aggregata) F1 K7 ( Symplocos caudata) 5 ;
TR Y R 37 B, AR HL Y A B
27. 6% ,E%ﬁi&j{ﬂ’g?ﬁﬂ(’r’r( Cunninghamia lanceo-
lata) %ﬂﬁﬂfm%ﬁl( Spora Lygodii) %‘( Al 1 ).

TR TR T  IARZFSEA —E nHm,
27 B, AR R RON 14. 7% B E{EHBCR Y
A BN FINIAZ 55 HEARZFISEA 85 i, i S8
46. 2% , HEAG R KA 22 ( Lindera aggregata) |

T ANLBLAE A Z A R 72 Fl, i S8
39. 1% , & WA S Z B, R E BRI A
T35 FIF Ay B ( Portulaca oleracea) 55 (1)
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Fig.1 Species number of plant layers under tourism disturbance.
. 8T Slight disturbance; II; H BTt Medium disturbance;;
Il HEZF4E Severe disturbance. T[] The same below. A:FFK Tree;
B:# A Shrub; C:# 7% Herb.

TEE R TIRFAFT  FRARZ RS —E D,

24 R, SRR AN S KA 19. 4% T E{HBCRY
A BN HA ( Sapium sebiferum) 55 ; AR ZFPIEH
47 B, RSB 37. 9% , HEE K A &
( Rubus hirsutus ) FIELRASE ; FAZAE P R 53
it o5 b S E) 42. 7% | B EAEHER A AKAT 1L
A AR A (1),
2. 1. 3 MRS R R & Z M R ARIPESR B3R 2.
LKA VR TUS h BETHEA R Hu [R] AR B P 4
Bk, ik 0. 424 HUOH TR EEF 405 B2 T 0 RE
b, 4y 0. 296 3 5 B2 1045 B2 40 A0 A 3l [R) AR B1 1
FeRER /N, 0. 164, X Ul W BE 25 i 97 - PIe 5 52 19 184
T, R B b A AL AR AV A5 A L BE 2 Bl
A RN T —E YT RAE.

S TEARRRIE T T, &b Y B B 32 %
Perb TR b 22 F R OB P BT,
AIZEYW R EEAE - BCR) T &R B 2R
B T T REE A R A2 A, AR Rl —
JE U AT D B FhA ], B LLRE AL i 0
<0.500( % 2). 1 H., ki3 fik iz T Yook B A9 38 3
HURE b A T AR BORH 22 A8 K, FE AR R A 1y b BORH
22 W1, VLRI T HEXE T AT WA 0N | T %)
NIERS AU N

®2 RFFHTHRAR/ER/ EREYE B LIRS
Table 2  Similarity index values of tree, shrub and herb
layers under tourism disturbance

I I i\

1 - 0.46/0.47/0. 34 0.28/0. 14/0. 14
| 0.25/0.13/0. 10
m —

2.2 AN[ETPaE B L 5 X 4 Fh 22 R 1 5
1|

2. 2.1 YR EE AR R B 2 ATLUE I BT AR
i) P BRI 8 R b 1 ) R = RE i BRI R 5. 052+
0. 595 .5.300+0. 427 F1 6. 506 0. 364 ; 3% jif¢ i T4k
SREE T R TR TR R R AL
MR M. 2.433 £1.826,3.107 £2.099 Fl 3.681 +
2.015. o TR m K.

2.2.2 YR ZREPERE R HRRETR A E R M B
AR 7 i AR ) 22 A PR R B TR Ol 2 2. 692 £0. 062
2.804+0.214 F13.018+0. 103 ; ¥ T4Ls i, FwRE T
£7/ AN 29530 7 L R BT W B £ 2 R QU
1.587+0. 429 1. 650+0. 618 F12.221+0. 423 (K 2).
1M H., H TR A S e 5K o BE T TR T 5
M, B B TR SE A —E 22 57, ZAEPEFR SN
IINBITARIR Sy - Ve by < PR < ] P AR
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Fig.2 Changes of richness, diversity, evenness index in sam-
pling sites under tourism disturbance.

A Bk Coniferous forest; B: [E AR Broadleaf forest; C; 5
1B Shrub-herbage.
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Table 3 Richness index, diversity index and evenness index of plant layers under tourism disturbance
Y Z FHe2E Margalef & & FEEEL D Shannon ZFEMEFEER H Pielou ¥45) JEFR % T
Plant Disturbance
layer type A B C P A B C P A B C P
PN I 1.188  7.971 2.434  0.696 1.056 1.874 1.892  0.001 0.697 0.85 0.957  0.032
Tree I 1.701 8.488 2.734 1.524  2.182  2.033 0.848 0.938 0.95

Il| 1.546  6.995 2.013 1. 405 1.286 1.493 0. 851 0.807  0.853
AR I 1.188  7.971  2.434  0.000 1.056 1.874 1.892  0.000 0. 697 0. 85 0.957  0.003
Shrub I 3.562  4.156  4.686 2.502 2.609 @ 2.645 0.945 0.924 0.896

I 1. 857 1. 853 1.918 1. 694 1.572 1.493 0.884  0.831 0. 746
R I 1.331 1. 906 1.953  0.000 1. 136 1.503 1.513  0.000 0.836 0.903 0.782  0.002
Herb I 2.381 2.353 3.073 2.083 1.994 2.416 0.921  0.924  0.907

I 1. 646 2.11 1.955 1. 641 1. 805 1. 892 0.796  0.795  0.845

A EFARHL Coniferous forest; B: R #KHL Broad-leaved forest; C: TRE Shrub-herbage.

2.2. 3 RIS EEARE HRRFTE A RERL M T et
AR [F8] b ) 34 59 BE 48 B TR R 0. 783 £0. 010
0. 885+0. 038 F10.901+0. 023 ; #& T ¥ 5w B, B JE T
Yo H TR A TR A 25 B AR B O
0. 803+0. 189 .0. 823+0. 111 #10.917+0. 051 (Kl 2).
(1S G a2 v 1 1 R VA T A1 IR 530 v < D 1 T
SO R E TR A —E 25 55 ST EE R BN
INBIRARYR g - VB b < I < o] P K
2.3 AR[REITPuam AT 45 2 A g AR R e
TRARZ Y AS[R] T 58 B2 X A8 ) 22 FF P 1 52 T
Ry R B T S e A R R MR M HE S BU(E A
R s 7B TP M A R % o] P A e R B AT
FRBUE AR e B TP, BRVE R Y 15 BE R 2
EREARAL AR EUE A i 5 (3R 3) . TRl e T
PR, PR Bl 25 Sl i 25 5 B AR AUE
ZSnE M EERIEERARE.
HEARZ Bt bR 2 52 B TP 2 il K, He
BB e (0 R T, R bRl A 8 R b 1 5 4
EABRT AR ; THBE TS8R, = RIGBUE Y e
BEETIET, - bRob i) 3R 5 e S =, A
7.971 , HARWIRh 0 B A 18 B 34 A b B TR iR 3
Heim (3R 3) . AR T sm R Z 8], 35 AR A
PR R 22 R 3 S R B 25 7 o
MWHARJZE  BRE TR oK, 8 T
W5 BE AR B AR (BRUEFLHL AN ) | I 7E Hh B2 T4
Z ], S RKAREUE Y Ik fe . SRRV TR T,
F 5 AR RO 2 FE M HE B0 22 S e 3 Y ST A
HlEZERRE(R3).

3 0 8

3.1 iR FHSR 2 R R R R
A SR — Rl o (AR T, BT

FRBR A FHARLAT T AR . HidE , A PR PR i
SRR 1 M S 5 S A3 L T X LA £ 2 A A
LR AT AT TR AR f AR PRI 20 % 3 T A
Yr o= A —E L.

N T RO T 54 FEE RN N P B e X AR R
AR Z2 T3 TR R, i 45 AR ) A A B 5 A i AL T
AEFAPIRAS. —J7 ar, AATTAY B ol - e 15 B 5
R FEAR 01 2 I ) ZF A4 AR B0 R it 22 %2
SR Bt 2% 5 M AL A T R L B L
ST SRR, 07 7 PR PTG AU 5 B A ol IR A
Yz B0 AR TN A A7 B, B AREHHE 8 n
58, X SEAE ) A RO TR, 55 —Tr i, — 28 AR
TRARCARANAER L2 (AR Y (4 T AE S 45 52 A4 32 B4
s 20 A Y A SR AL R ik T
e — LB 7 L A

SR, BEF AN a8 , — Lo R AT ARRIR
ZROEARLY CIIE FRIROR 122 & 55) /Y80
AW, ORI TR 2. X L2 A A
— LA R A, B AR T R (IR )
B T IGA N (WERIRAS) | 2248 B AR
AREEH A RMGE (i 22 ), Bir L+ 4.
Speight' 3 i X il Ji# b A2 wh i AR 114 A 6 B A
T 5 B AR 22 18] 56 A% BT 5 4 B, Tk B AL
— AT AL A REAR B, A R
P ORARARAE M, i 28 5 1 AR 28 38 A B3R5 Al
AR AR YT, BOR B TR A SR R R T A A
55, IR WS BFERE 158 , AL/ Bl 1/ INTT A FACA
1, BRPRES SR R, BRI g i el R B SR B )
PEAE. AT, — SRR S A SR 45 R BN — 2
3.2 PR TR &AM AT 2 20 A
s EE

TEABIFEX IR, i T B A ALY < fe 3
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K BT A IR S, FE N 2R S ) 22 /i 2 B A A
RE IR VE A5 (B 2 K A T BT 1Y
SR RN ZH B M R A R B BRAE R BT AR
T PRI 34 55 P A8 AN [) )AL R 2 28 B A iR 3l T
YL BE SN, 4R AT RA I 3l AR P A )
(RIE RGN, A BT R R R A KL TR R,
TRREARD)Rh 0 BB T b B Y 2
BT I AR SR S B LR IS, TF I Ak E]
2% M A B PR A ) A B Ao 4 5 4 1 0 A B B T
AFIFHA R

T LU XU X ] — AR 2 A /N ER 43 W b A
[F] , 2% 2= B AH AL 8 £ 38 <0. 500, T it 3 14 =
AW EVE Z R S (B[] 3 B2 1) 0 5 e
JEANTR]. Ha 40l , B R % 30 140 B 55 , A R VR
AN L Al ) 1 B AL PSS 0 AR ME B T R
BN TS S Yl 4 5 B YR AR
Pl 5] BE YA 60 THD A 5 2 L (EAS S 45 SR
BEAE T Y0 B R HTIN , = RF8 B Xy B8]« v 7 Bl AR
16, BIE s B 8O L TI <RI THi< P T
P, ZHAERREC T <R T < B TR,
WS IR BN R T < B T < BT i
1A VN3 e 18 Wik ST R SR SN D PG )3
THEAR A T ALY RE S A M 0 5 S ARG E 1.

BRI MR B, PR BRI T LN FE R 2
FEPERY 52 5 b BE T R 1L (intermediate disturb-
ance hypothesis ) 3 W) &, B A &6 F2 B 19 1 040 %
REZERF 2 1 Fh ZREPE . BORARBISE P B T
FE RS E B AR Sy
JE W BAT I E B SR AN A Y 22 eV R T
AR A RN T e O T e R R R
(S S T BE TR

T A SO IR A R RIS A R
AL YRS (10 3 5 TS5 10 7 1) ) R R Ay 22 fiff
ST RIAE ) SR RE ) AR, U A, )RR
ARPVBARSE T MME DL SR, O AR P 4 i 1 A ) 4
BT HLS  SFECGR IR I AR AE G H 2 BUUEA
A AT 98 KR, 458 28 AT JC R IR ik
DN 2 AE ) A0 S M SRR, A 1 — Se R
191 58 SN (A o (19T £ 70k S = S 7 e )
FEL a0 KR 2K ( Phyllanthus glaucus) 753 ( Di-
cranopteris linearis ) 55— YW F M 25 Az K T 58 1)
TG AR AS ] A AREE . R, —285h k)
Ml ML A, WA B B ( Setaria viridis ). & R4
A= 3 T BN ( Pinus massoniana ) Hf 7% W 55 &

W, BIRFEARMEEA BT ZHY), JUH R A

TEFERE TR, o T AATTA S AR A 2 T3
0800 T A PR R A IS TR ST
FHETT, —LERIYIR T R EUEYIRE R
& ZREVERNE S BE DD, TR AU, AT
B SR e ) 25 18] FUROR, DR TR e v (9 T
PN, T AR A A A P Y B B AW AR T (i
Yo s 4 B | 5 23 MUK 23 S5 AT BRI B4 A 7
Foie) BT FR AR B 2R S A U, O
FAERB Y B AR RER L | (IR AR AR 1t
ST PR HRIREAR SRR R -
FESREL WS R B Z R R U A . 25 BT
R TR AR A 25 R GE XA [R] T Pe 5 BE A - A
P 2H B KRR By b = AR AN 5
S5 T BRI, 2 B HH A [ A S SRR T 22 R AR
e, HEETA R TR S AR SR R E S RS
IHRERIE R A, S2Br b 3 B A TN RE RS
PR R GRS A, Bl i A S R A 2R
PEORAP 2 18] AR B G 2, S BUAR AR 7% v B A JRe R
GEURFFEE A 0 RAEPERR Wb B T R s TR
DA M IR 3o T R v i S 2 PE AR E 1
3.3 i FHAIERR R

—LERFSEIN T, W T I 2 P I K= 19 5 B
BEAT RN (B0 AR R AR RS BN W ., 52 7
W e R R EA)Z 20 AR A R S Rk E
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