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Effects of anthropogenic disturbance on forest community structure in Wutai
Mountain, China*
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A{iﬁm; To understand the effects of anthropogenic disturbance on a forest community structure, some quadrats and
ecological samples were analyzed in a disturbed tourism region and an undisturbed region in the Wutai mountains. The
samples, describing the plant species, families, genera, flora, life forms, ecological forms, and community structures, were
investigated to study the ecological differences of the forest community. The results showed that: (1) The number of plant
genera and species found in the disturbed region was higher than that in the undisturbed region. (2) The plant genera and
species of temperate distribution types were abundant in both the disturbed and undisturbed region, and the flora was more
complex in the disturbed region. (3) The phanerophytes were dominant in the undisturbed region, with a maximum proportion
of 75%; however, in the disturbed region, chamaephytes, hemicryptophytes, and therophytes displayed ecological dominance.
The mesophytes were distinctly dominant in both regions. (4) From community [ to community VI, the habitat gradually
improved, and shrub layers appeared. From community IX to community XIII, the variation in shrub layers was very low,
contrary to the disturbed regions, where forest communities reached a maximum in variation. Twenty-one ecologically
dominant species showed the characteristics of cluster distribution in both regions. (5) The ecological differences of the
communities were significant between different regions. In summary, the habitat of community declined under excessive
tourism action. However, moderate tourism disturbance was beneficial to the increase in plant species richness.
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Fig. 1 The number of genera and plant species in the disturbed and undisturbed region, respectively. The numbers on horizontal axis denote different
families and genera in figure a: 1-Fagaceae (Quercus), 2-Aceraceae (Acer), 3-Ulmaceae (Ulmus), 4-Cornaceae (Swida), 5-Oleaceae (Syringa), 6-Ericaceae
(Rhododendron), 7-Celastraceae (Euonymus), 8- Rhamnaceae (Rhamnus), 9-Cyperaceae (Carex), 10-Rubiaceae (Galium), 11-Labiatae (Phlomis), 12-Violaceae (Viola),
13-Dioscoreaceae (Dioscorea), 14-Crassulaceae (Sedum), 15-Polygonaceae (Polygonum), 16-Orchidaceae (Listera), 17-Plantaginaceae (Plantago), 18-Primulaceae
(Cortusa), 19-Onagraceae (Epilobium), 20-Pyrolaceae (Pyrola), 21-Athyriaceae (Cystopteris), 22-Equisetaceae (Equisetum), 23-Caryophyllaceae (Cerastium
and Stellaria), 24-Umbelliferae (Anthriscus and Bupleurum), 25-Gramineae (Bromus and Cleistogenes), 26-Saxifragaceae (Ribes and Deutzia), 27-Leguminosae
(Campylotropis and Vicia), 28-Betulaceae (Betula and Corylus), 29-Salicaceae (Populus and Salix), 30-Pinaceae (Larix, Abies and Picea), 31-Caprifoliaceae
(Viburnum, Abelia and Lonicera), 32-Liliaceae (Polygonatum, Maianthemum, Allium, Veratrum and Convallaria), 33-Ranunculaceae (Thalictrum, Aconitum,
Anemone, Paeonia, Ranunculus and Cimicifuga), 34-Rosaceae (Rosa, Spiraea, Sorbaria, Cotoneaster, Sanguisorba, Agrimonia and Fragaria), 35-Compositae
(Artemisia, Saussurea, Dendranthema, Carpesium, Gerbera, Ligularia and Aster); The number on horizontal axis denotes different families and genera in figure b:
1-Aceraceae (Acer), 2-Salicaceae (Populus), 3-Ulmaceae (Ulmus), 4-Caprifoliaceae (Lonicera), 5-Cornaceae (Swida), 6-Ericaceae (Rhododendron), 7-Cyperaceae
(Carex), 8-Violaceae (Viola), 9-Dioscoreaceae (Dioscorea), 10-Crassulaceae (Sedum), 11-Polygonaceae (Polygonum), 12-Plantaginaceae (Plantago), 13-Elacagnaceae
(Hippophae), 14-Berberidaceae (Berberis), 15-Polygalaceae (Polygala), 16-Scrophulariaceae (Pedicularis), 17-Geraniaceae (Geranium), 18-Dipsacaceae
(Scabiosa),19- Gentianaceae (Gentiana), 20-Bignoniaceae (Incarvillea), 21-Campanulaceae (Adenophora), 22-Linaceae (Linum), 23-Verbenaceae (Caryopteris),
24-Betulaceae (Betula and Ostryopsis), 25-Rubiaceae (Galium and Rubia), 26-Caryophyllaceae (Dianthus and Silene), 27-Pinaceae (Larix, Picea and Pinus),
28-Labiatae (Phlomis, Scutellaria and Elsholtzia), 29-Liliaceae (Allium, Veratrum, Asparagus and Lilium), 30-Umbelliferae (Saposhnikovia, Bupleurum, Carum
and Daucus), 31-Leguminosae (Vicia, Lespedeza, Oxytropis, Gueldenstaedtia, Melilotus and Medicago), 32-Ranunculaceae (Thalictrum, Aconitum, Anemone,
Ranunculus, Clematis and Aquilegia), 33-Rosaceae (Rosa, Spiraea, Cotoneaster, Sanguisorba, Fragaria, Armeniaca, Potentilla and Rubus), 34-Compositae
(Artemisia, Saussurea, Dendranthema, Echinops, Atractylodes, Anaphalis, Gnaphalium, Heteropappus, Inula and Taraxacum), 35-Gramineae (Stipa, Cleistogenes,
Festuca, Poa, Agropyron, Puccinellia, Roegneria, Bothriochloa, Deyeuxia, Setaria, Eragrostis, Phragmites, Eriophorum and Melica).
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Fig. 2 The proportions of the genera and plant species in the disturbed and undisturbed region, respectively. The items of horizontal axis in figure a and

b are uniform as those in Fig. 1 a and b, respectively.
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Table 1 The plant families and genera both in the undisturbed and

disturbed region
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P ARE G A, (B R Mt N R s, p R A A
TEREE R S B i, i820% 28475 5 TR XA AR 2, X L
AR A AR AE TP X CRES TX-XTID) W g 2D, Aok
B, T XA Y A A B 2 24, R TP X X BUE Y
ol 24 285 5 ) A X B —

24 BEEHSMWEE

A 4RI, TE AR T4 X, BIAEESSE -V, FoA 255
FB R AR, VR TR NG s o 2, Fe AR 2 3%
FE AR, AU — TR P ——F ) (Populus cathayana) .
DBEVE -V, v K )2 5 3 R B, A 40 o 0 7 3 3 44
Jn, g, B st B TR dEYE WS (Larix principis-
rupprechtii) . H¥F (Picea meyeri) FlILITY ( Armeniaca
vulgaris) 3A-Fe AP, BEVE VIFP U 8L TS5 FRAFP. DAIE AR
2RSSR, 5 m AL, FERR RIS, LT
MILREA R, (BN AR F, AR5 IRk
5 i eI 2 0 s 55 AE T A R, (e G B T25% 48 A7

(BEFEVID) . AR 2 0L 5 T AR FIHE AR JZ 20, HE 55 B Y A8
A At 2 Pl AR ) (R 8 B RGN VR A R AIE 13X A A
R R E NI TG S 055, BV AR 35 o R K
b, EERRGFEEIEE . AR 7 10 & .

EAETILIX, BIFEIE IX BV, 77 A2 55 )5 3L A0 A
T0%LA b, FRARBETE AR 04 8 . HEAR A A2 AR fbth 5 7%
ARJZAL, Ban, FEs X, EARZ 552 ®i570%; B VI,
FOR 25 E SR 85% IS AT, ML E R, 1R X AR MR IE AN
VB ) TOUAR By B iR, B DX i B0 TR R A AT e (Betula
platyphylla) . i =4k (Quercus wutaishanica) %5, KT
KZFEH T (Corylus mandshurica) . 75 K (Abelia
biflora) . 44624 (Lonicera chrysantha) . Y5 ¥4 ( Syringa
pubescens subsp. microphylla) SR Y Fh, FAZ T84 $E 5
ZLEY (Carex siderosticta) FIJEFNE ( Thalictrum aquilegifolium
var. sibiricum) 5. 1L AR AMEIRAS, LI HJE—MREE
A P 2SR f 2R T R IT ARBR AR FERETE X, I
TRARMAHIL AR FIHE . WG (Populus davidiana) F14EL
/A VN Sl [/ AU VN TE SN O W N R R B o o e
FIEAR G Rl A2 bV vE RS AR 8] A A 45 1A B B, i
BH 2 TE V% 1 AL AE SORY 2 R R HES B B (AR, BEVE XD, I
AR B AELE AN AL A (Salix pseudotangii) 4%, KT
HEARLE B ILHIE (Rosa davurica) . KT (Cotoneaster
multiflorus) . + JE 452835 (Spiraea pubescens) %5, FLAK)Z |
FZELAPE AR R AT L AEREE XD, TR Bl R E A AR
TSI MEA B, MR EARMEA LIRS 448 . 7Sl RAE,
AR DL EFEE S O AT UL, X SR [ B IE AL T H AR
KRR I A B B, AR BT B R, Al LA AR AE A
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& 80 e ;,;,’ ﬁ ﬁ lﬁ /,43 ?4/ ,224 ﬁ Therophytes
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cEwllEUEEAE I EEKE Q|| _ o
=t L EEEEEEEMEKAEGE|| B wnx
ﬁ 2 50 o B = = = i — Hemicryptophytes
04 H H H H - = || 00 #b 2
E EI=R=NE=N= = Chamaephytes
2 20{H M B
g Phanerophytes
104
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T2 Community type
b
100 ] 7
i £ i Wil
50- 2NN ; R (B
- i b 7] 5 b b 24 Xerophytes
X 801 f o N [ ey [ s
g % % ] ke [ IS
\E/ 70 "é p’q e’y .,’1 Meso-xerophytes
25 60 % ot 5 K Rt
st 2 e L % Xero-mesophytes
vz & 50 <] 4, L i e
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£ 30 o 51 I IER
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HE7£287 Community type
E3 FE#ZEYMAESRMEFRIE.
Fig. 3 The ecotype and life form spectrum of the plant species in different communities.
T4 FTEAHEEELEUBIEER
Table 4 The difference in characteristics of different communities in vertical structure
T 45 AR TV 2 Community type
Characteristics of vertical structure 1 I m 1\% A% Vi VI Vi IX X XI XI XII
=W N = T Coverage (P/%) 15 20 15 20-25 35-40 50-60 50 45 60  50-60 60  65-80 75-85
Herb layer F 4 FP 4L The number of plant species 25 28 9 35 39 33 27 12 11 24 2 10 13
HEARZE T Coverage ( P/%) 5 10 0 10 8-15 1520 20 25 35-40 50-70 40 50 0
Shrub layer ¥ #h %L The number of plant species 1 1 0 2 5 8 10 4 6 17 5 5 0
TEAR)Z & Coverage ( P/%) 45-55 50-60 50  60-70 70-75 75-90 70-80 65-80 70-75 75-85 70  70-75 75-90
Tree layer FEY) Fh#L The number of plant species 1 3 1 4 4 5 3 2 3 6 2 2 4

FEIH—Fh R A AL

BeAN, FEAEFHLX, B9 X HL Bk 0%, i AR A1 4
K, ZREIER NIRRT, FTEARMRAEILE TR FAT. %
¥2 (Abies nephrolepis) ¥ T ( Picea wilsonii) 4 1%, H K3
RAF; SR LI S22 5 pE 3, JLRB T % (Bromus
inermis) | W2 (Anthriscus sylvestris) ZE YR, LKA H
BT — BB ER A Y, W ( Equisetum ramosissimum) 4.
PRISAE P B, TE 7 BRI DX S A B o A B, AR [ i
W, JLPARZ TR

FeAr R IEAR I — U, T X B A AE Y (0 P Fh
B SRR TARTH X, JUHAEREE IV VAIVIT. f kel
A, NEETE -V, G D 2 2 ek 55, 3 T Rt A — >0l 1hT
KU EE TS B Fh S B R,
2.5 BERIKTLEMIFFE

ASTIE 5% R F AL 4 Fh B ZEAH, 8 O XN [ v 3
HEAE S DL E 22 S0 Br, T BV 000 RRAE , AT 2E —

BTSS0S B B Y R S AR AL
MERA L RS L AT AR B S TR BARL NIE R
SR IR B, =552k (Spiraea trilobata) FVH
(Hippophae rhamnoides) 25 FEANFh; FEFAEL | PrEFEEE
it (Sanguisorba officinalis) . 75
Tt ¥ N3 (Dendranthema chanetii) | [13%E
(Artemisia sacrorum) | W AE# 5. (Oxytropis caerulea) . ffi75
(Incarvillea sinensis) MG E ( Roegneria kamoji) 25 ¥ A
.

M3 FE 5 ARG A A SRS SO (3R5) R A&, #
THLIX, Al 2 B0 AR T S0 B R, B L AR ) i 7E —
SERE IR h A S RSB AR B, A D) — LE e AR SR SR
BN SARR 5. filan, wRE I VAV, i A 4G sh
TE T M8 55, AR AR RE Y A AR S B A0 A
SR AERER [ AV eR, Ak s A b B A 245 4 U] B S AR
89, XATBE— S ANEKEINTIMBEEAAC, i —Jrmd

( Phlomis umbrosa) .
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Table 5 The important values of dominant population in different communities

Li-EZE HEV% Community type
Plant species | I 11§ v \ VI VI VIl IX X XI XII Xl
AEALIE NS Larix principis-rupprechtii 0.00 057 000 016 059 014 067 000 0.00 058 079 096 049
FIHE Betula platyphylla 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.93 0.14 0.00 0.04 0.00
H ¥ Picea meyeri 0.00 018 0.00 0.00 0.01 0.00 0.00 000 0.00 000 000 0.00 031
AT Picea wilsonii 0.00 0.00 0.00 0.28 0.08 0.01 0.07 0.00 0.00 0.00 0.00 0.00 0.02
¥ Populus cathayana 1.00 0.00 1.00 0.50 0.32 0.56 0.00 0.78 0.00 0.00 0.00 0.00 0.00
B Corylus mandshurica 0.00 0.00 000 0.00 000 0.00 000 000 027 036 0.00 000 0.00
7Nl K Abelia biflora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.07 0.00 0.17 0.00
G4 Lonicera chrysantha 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.30 0.13 0.00 0.00 0.00
LI Rosa davurica 0.00 0.00 000 0.00 000 0.00 016 0.00 0.00 001 033 0.04 0.00
= 2155283 Spiraea trilobata 0.00 0.00 0.00 0.00 0.00 0.17 0.03 0.13 0.00 0.00 0.00 0.00 0.00
VPR Hippophae rhamnoides 0.00 0.75 0.00 0.25 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JEFARL Thalictrum aquilegifolium var. sibiricum  0.00  0.00  0.00  0.00 0.00 0.00 0.04 0.00 0.15 0.15 0.00  0.05 0.00
P EFEE ¥ Carex siderosticta 0.02 0.08 0.00 0.08 0.07 0.15 0.13 0.00 0.46 0.11 0.86 0.33 0.43
Wity Sanguisorba officinalis 0.10 0.06 0.00 0.14 0.11 0.05 0.09 0.00 0.08 0.01 0.00 0.00 0.00
KSR Phlomis umbrosa 0.00 0.00 000 0.00 000 000 015 023 0.00 003 0.00 005 0.00
T4 Z Bromus inermis 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.21 0.17
/INEL3 Dendranthema chanetii 0.06 0.02 0.00 0.01 0.12 0.04 0.04 0.03 0.02 0.00 0.00 0.00 0.00
HIE#E Artemisia sacrorum 0.01 0.15 0.15 0.12 0.12 004 0.00 000 000 0.00 000 0.00 0.00
WAL Tt & Oxytropis caerulea 0.00 000 000 001 012 006 008 000 000 000 000 000 000
ffi75 Incarvillea sinensis 0.10  0.01 0.00 0.00 0.00 0.01 0.00 0.08 000 0.00 0.00 0.00 0.00
FEWL 5 Roegneria kamoji 0.15 0.19 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I

0.02 I

0.74** 0.02 I

0.47 0.26 0.44 v

0.26 0.37 0.24 0.50 Vv

0.55* 0.07 0.48 0.51 0.42 VI

0.01 0.30 0.00 0.17 0.56* 0.19 VI

0.74** 0.00 0.63* 0.43 0.24 0.55% 0.03 VI

0.01 0.02 0.00 0.03 0.02 0.13 0.04 0.00 IX

0.00 0.24 0.00 0.10 0.40 0.12 0.46 0.01 0.22 X

0.00 0.23 0.00 0.10 0.31 0.13 0.44 0.00 0.15 0.32 XI

0.00 0.30 0.00 0.10 0.44 0.11 0.56* 0.01 0.10 0.42 0.65* XII

0.00 0.28 0.00 0.12 0.40 0.13 0.44 0.00 0.12 0.36 0.50 0.48 | X

E4 REBEEZ BREIARE.

Fig. 4 The similarity coefficient among different communities

N=13;* P=0.05; ** P=0.01.

SRR A REA 5. BRIRARFIAN, TETIEIX, BEARFIEY
SERE A AR R L. R = RE LA VD AN, oAb A Fh
TE8A MR 7 AL BB B AR H /N, T X REA R V% 14 73 A1 A T
TIARMBEART, LESDHEVEH, K F ALY A AT
JE oA, HEBE 22 5 A

TEAETHX (RS) , BEE W R IERF 0 IR A AL
v TR o A 2 DS, A A RS A T A AR TR AN
() B BE, (HHRLE 1) TR v AR AL v - RATE VS B, 5 THEIX
ANV, AR P DK HE A Ff 0 34 B2 8 T 19, X -5 2 85
M A AR SC AR AN, REA ) Bl ) O S B A AR
DRI, Bildn, PR AR AR U B A AR A A
FRTEAE TP DT A e 7R 35 AR B, 3 T BE 2 th T I A AT i
R, G EOKT FA Y AR .
2.6 BEREBEEHMEUEE

N T RT3 RIS S bk, R TS AR
DR B AR 2528 S, ARWITSE 38 53 A5G 230 #r, R AR BL 2R B0k
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J2 IR 7 244 A 14 B AR AL

ORI, HETE TS5 VI, VI 22 18] 9 AR B 25 5 e AR AH
XK, R 25 B 1 3 AR OG s (S A R 2
VA AR PR AN B 2. AN, FEvE ISV, VAV, VIS VI, VI
HXI XI5 X ) 2 A 5

© BAREEES

3.1 AATFIMIFHRMRBEZEDRE. REK S BI0T

Bk E, T BHMEMHYHEEHE KT
TR BB MAEYFEE. SmE R, TR
HILHT T H )8 (Campylotropis) MEF Hi 5. )& (Vicia) 32
J&, TR L AR TR (Lespedeza) | B i & . Hi
=& (Oxytropis) . K148 & (Gueldenstaedtia) . B ARG
( Melilotus) 1 T )& ( Medicago) F:6Ja; IEFL, dETHLIX
gk 28 (Anthriscus) F1589 )& ( Bupleurum) 2J& , T4k X



N ELEHH)E . B2 TR (Carum) | Bi AR (Saposhnikovia)

S NE (Daucus) 4)@; ETHRX R AR AL LR
(Bromus) Mg 75 J& (Cleistogenes) 2J& , T3t X I H B
)8 (Stipa) . R AKRIE (Poa) | 5 (Festuca) | ki
F RS W SR (Roegneria) | VKT (Agropyron) | L
Fi K& (Bothriochloa) . W > )& (Puccinellia) . W& % &
(Deyeuxia) . HJE5LJE ( Eragrostis) . W& & (Setaria) |

B FEE (Eriophorum) | 75 2EJ& ( Phragmites) Fl R ¥ JE
(Melica) J:148. RGP EMY &S0 8, ETFIIX EZBH
RAE Y — L Jg FH o3 2 R AR E R O TR IR, 1T X
MBI R AR B — 2R/, WKZ 5 A4 068 B AH0e. Bk
KE, THX IR AR A 1) B A 25 08 (6 an s
FE ¥ Setaria viridis) , A3 W2 O STiRDRE (40 4 im JE R | B
HXRWBZEDR) , B2, REHAANLTIWIRT. T
YL XA, B R ABHE Y A X LE R AE A1, 25 F) 3% 4 RHR
B BHEYI A 2SR RE S 2 BRI A R R b G A EL
B&FME, 2 R M E SR EEY; BERHEY &2
Fivfb 2 iy, VR 22 2 25 A YD, AT A A fil Bk 5 oA 20,
W, 2GR 8 AR B R R X 3RHME Y R A= A AL, A T
FhAE Y, B, BATTE T4 DR EE P X ] 20 %) 451 %
W, AL, 8 B A T4, B senT IR e £ 5 5. A
2EE VN, 5O & BRAEAECAR G, iR TG Bl — RS
50 B N = B 7 1) 7 SR i P B st |
TP R s B, XA A TR L, RORE% hoE & K7
T, SRR S KCE R THAR L, PR i = B 1
TS S 2 W T 458 R — B0y Bk Ak, THEIX R
WA AR T AR TR X R 8 5 (R AR 4 Fow S 3R 55 1
AR IE 1 RE ST A AR AR B R T HARE B
B BEER FARH, RVRUR AR R KRR, FIL, XA
YR A S Ee e Tz B T AR T X AT B
AN, SR RS BT AE A R ) B L BB R
YRR i U TP X B R RO 25 R A BRI = A S
DIA A 1) i 2 S R A A ), T RE AR A v P AR R 1
FRUSASL A Wy 0 33 07 R AL 6 S R AR Y, IR R, M
W FPRE TP 04 A 258 P R T 0 R /N SR 45 i PR T 25
GUERM SR, R KM, FEAETFIXMTRX,
ol . BAL T i R TR AR R A8 R AR L A R, ik 5 AR L
FhOTREM IR A G, H—, TRe 5/ Mg L AT A
Fe. FETHRIXK, 2 DX il i 1% s AR X A iR Z, T AR EUE
DB EBHIN, MR, T SR TR, P Fh el al
A BT A P22 0 e AR X, IRORE T 4 0 B A Ak 1 el
1520-2 580 m, PRIUH, V4 e B 1) 39 05 3850 A 45 i O ek
FER T BE A 2 (i SRS AR R FE IR P AR 0 W R
IR, BT B LRI G kA T, A O
Wy RIS S BT A ) 1 R A G R e R e A 1
B, — B R — SR A R, HE AR i R ks
— il Ol — S AL 2R R, R AR O 2T R, AR
AR — S HR R A S, DRI, 38 3 0 T R — DX A U v B TR
G, A DU R A A 2R Ak 7 s LR BUR S H = wl g S B
HNECRE R R PR A G AR AL BT Ty, SRS T Dk
T T ABOW VR RN R 56, FF 7 B AR 5 SR A B0 ) 7 B} 24 8
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B, AEACREE S R, T AE T S8 i B R R A A
JEP, SR L R AR AR i AL AR A B

TET PR XFIEE T X, Ay AR A AT A 2 1
PR, XOESFS A R g SR A AR G A, TS A
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