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Abstract: The Qinghai-Tibet Plateau is one of the richest areas in terms of biodiversity in China. The alpine meadow is the
most widespread vegetation type on this Plateau and plays an important role in the carbon cycle, conservation of

biodiversity, and livestock husbandry. However, climate change and human activities have greatly affected this already
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fragile ecosystem. Although exclosure, one of the effective measures, has been widely applied in grassland restoration, the
impact of exclosure duration on community structure and species diversity is of particular interest. Therefore, determining
the influence of exclosure duration on the alpine meadow is important for the development of sustainable livestock
husbandry. We examined the community structure and species diversity in patches of Kobresia humilis alpine meadow, which
had been enclosed for 2, 7, or 17 years. We have discussed possible reasons for the changes in community structure and
species diversity. The results indicated the following: 1) With increase in exclosure duration, the percentage of grass
species in the upper community increased significantly, especially of Stipa aliena. The percent change was 13.87% for 2-
year, 21.76% for 7-year, and 23.95% for 17-year exclosure. The percent change of leguminous species significantly
decreased, whereas sedge and forbs species exhibited no obvious change in exclosure duration. 2) The a-biodiversity,
Patrick index, and Margalef index of the plant communities indicated no significant changes in exclosure duration. In
contrast, the Simpson index, Shannon-Wiener index, probability of interspecific encounter index, Alatalo index, and
Pielou index decreased in exclosure duration (2-year > 7-year > 17-year enclosures) ; there were significant differences
between the 2-year and 7-year exclosures and between the 2-year and 17-year exclosures (P < 0.05). 3) The B-
biodiversity, Cody index, and Morisita-Horn similarity index indicated that differences inspecies were greater between 2-
year and 7-year exclosures, as well as 2-year and 17-year exclosures, than that between 7-year and 17-year exclosures. 4)
The amount of plant litter decreased in exclosure duration, but differences were not significant. Litter coverage time
appeared to be one of the reasons for the decrease in species diversity because the litter layer could prevent the seeds from
falling to the ground. 5) Soil organic carbon (SOC) , soil total nitrogen (STN) , and soil total phosphorus ( STP) increased
in exclosure duration due to litter decomposition, but we observed no effect on species diversity. We found that the ratio of
soil carbon to nitrogen ( C/N) showed significantly negative correlation with the Alatalo index, Simpson index, and
probability of interspecific encounter index (P < 0.05), indicating that the coupling relationship between soil carbon and
nitrogen was possibly the most important factor influencing species diversity. Our results suggested that species diversity
decreased in exclosure duration because of the effects of litter accumulation, litter decomposition, and plant competition for
light. The influence of exclosure on species diversity in the early stage was greater than that in the later stage, and thus,
long-term exclosure was unnecessary for species diversity in this alpine meadow. We hope that our study will provide a

scientific basis for biodiversity protection, sustainable utilization, and management of alpine meadow ecosystems.
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O R AR T A MRS RIRE A SRR E R X 2 — R IR E A Y 2R
(1 T AP S, vl i T ) S d R B A RS A, AR S R G X A AR A I e R S U e TR
A B Ol AT R & e 5 A 0 TE BT 17 ELAE DB DK IR R LR Z R R I R
WD R R PR AT RARIOPE ™ ORI, th T J5U A A5 BT I G 55 1 , 78 A8 1k B U ORI AR
BEIRBIAN & BT R R HIAE (AR AN IR Z0A T S 300 € mfa) 3R 1k, 5 | L T v 2 70 A0 4 Ao 22 e P )
AL R AT ) R R RS RS JRGETE w29 0.45x10° hm® Rl B TSR R EE IR 4K,
96 1o i ST AR 13, %k v E R A 38 R G TR S R R R T M L R, R A e JE )
AP AR IE AR A R GRS E T S IR S5 D REE 5 D SOMIBUR i iR BE T

R B B VR AR B S R G B i — B V2 R Y B A AURT D ks 5 b 7% 1 7
W AR SRR R IR O T A RSN AR RE MR 2R R TP B B AL
RPVE AR R 8 T B E AT ORGSR, SR A R S Y A — g ] AR USRS, A 2R A
YIRS EWTIRZ " AR B R K S B P A AR B — T, R A AR B R — A T, TR
T RBLE R Y0 R R BRI , VI T B R S AN AR S RS RE R S S e i Y, R, 4R



16 1 XUBESE 2 3 7 A BROGH v S ) e 20 70 R o 22 A 1 R 52 ) 3

A 7 o e Ml A 25 AR STV A R R b 2 R R 2 ) £ JSR 3T AR AT SRR, TR T A DA 4 7 4R FRASCR
R TR SR AT R

BT AR PR B M A 7 2 o R b 22 A A A A F DR N A N AR T R A T ST AR
R AR TR A A2 e A SRR %3 R S T R B B AR R Y
JER R A S R I 3 (EAT B TSR 1, Wb 2 R B 77 4 B A S 4 2 < B — B — 1
e FEAR— B I — AR AR 1O 1 R YD A A BIF ST 45 SR SR I Bt P AR R A3 0 R A DLUR VD
P B M (Y REVE S R B T3 B, 00 R B R S S MR R S I A R R IO U A R Y
W 2 REPERR BN B B R E A 2 R PR A, BN E AR TR SRR ARy L R, B AR R RS
FOLA S R G S A A Z BRI R AR T S 2%, AR BEAE AN [R] S B 5l 2 ] f) 22 5, RIVst o [ — 2
R AR Y25

A 25 DR S P SR RS S o P e A S AR G 55, b A AR A A T AR H U L SR
S B A RN 1 TR ) B 7 2L 43 R b 22 R 52 T O BIF AR B 2 R AR I A AT — 8 O T ] X vy S R e T
VESZRIAGE " AR 2 U & o 2, 95 780 S DAL R , R R L e | 2 SRS R A
[5] , B e/ S 7 o v S e ) AR W) SRR PR RS R OIS . AR S A0 T B s S R A 8 v [ o o o
AR RGUENI  XEE 2 4F T AR 1T AR SE R BER A R 2R VSN R SF AT T
PRSI, LT EH B 1) Frn A R E AR IR 09 w28 A IS 410 SR Z RO 2) SR B i 4R
IR X v SR8 i) ) o Z2 A P PSR M B 2 D IR S O P i S e 7 A B o R b AR 2 R LA I R
Ol A ] 3582 K AR BERH2 U

1 MRS T®

1.1 BRI

SEEGHIAN T A Rk et b 2 FE A A S R GE e v ( TRIFRIEEIL Sl ) |, MBS B 37°29'—37°45'N, 101°
12'—101°23'E , ¥4k 3200—3600 m, HAh 7 6 5 J52 AR AU B AR 326 111 b S v T 2 B B Ml 1) G E VTl 4 1%
DXASE S A i N, Jes 9 S 9% o i A i P A0, R i 2 XU B VP R 2 AU 55 32 e VR AR SR RS2 el 2 DX
9, SR, TC R 2 o AE R IR Z ], TR, AR -1.7 °C L BKE S 560 mm, HfE
KA 80% LA AE M FER A E K TR 5—9 AR SIBR H BRI 2467.7 b, AT R H RIS A0k 4434.7 1

S X i AT RS-, R B SR o JE R i ) IR A ) e A E— e ERRET,
JEAFE ARG 2 v I AFI A 5 (Stipa aliena) IR ZAR (Poa orinosa) \“E-5F ( Festuca ovina)
8 N R ARV RSB IR 5| 0 3Fh R 5% 75 5 ( Kobresia humilis) JRAETL ( Gentiana straminea) 55, +-38 R
L FERAEIE £ (Mat—Cryic Cambisols) .
1.2 BRI

FEMRIL 3l 2y FE R B R A e X 3 B M T B, 28 2013 AR, HEAERR 3008 2 4F 7 4E R 17 4R,
1 AR50 8 650 m* 6000 m* 1 900 m* , b [AIAHFRZY 300 m, T 2013 4F 8 HJK, 7EAS )£ 5 4 PR AR M A 0
DX A BEHLIZEEL 5 4~ 50 em x 50 em BRETT HEHE 74320 100 4~ 5 em x 5 em /NJ5A& SR FHEFHIVE I &2 4E 7
A HE A e BE RN B PR D7 AR 53 b S M D 59 41, ST WCER AL DT N IR TR, 43 A R4S A (] S
FHAFRE, SIS YA Y, REIERFE T NRIZ L AR 1.5 em 28550 56 A [R5 5 A FR A M
0—10 em T EFATHURE (BN FEHL 5 ANEER) A A B OAE i IR SE 30 = K, 43R H 45 R B0 5 B 1k
2 ff e P IR 2RI MR R - v s R VS AT S T3 BILA (SOC) A &((STN) M4 (STP) 5 #t
1.3 R

RSO E PP ELE o F1 B ZHEME, b o 2T BIEE 2R BRI S IR, B 24
P41 FE Whittaker 841 . Cody F8E0 A Morisita—Horn AHRIFEEL, HAATE AW .



4 £ OF ¥ iR 36 %

(1) YrfpEZfg >
IV=(RB + RC + RH) x 100/3

Hor JRB AR ARy BB MRt b A= Wi o i b B AR ) A LA s RC A RE X 56
RV o 2 o BT A 0 SR BE AN L9 s RH A AR v B2, R BA PR ) A 9K i B2 o5 B 0 b B 9K e B2 R Y
el

(2) o ZFEMERREL ™

1) FHE R

Patrick 5§50 (R) :

R=S
Margalef 54 (Ma) .
Ma = (S" - 1)/In (B)
2) ZREIETREL
Simpson F84((D) :

D=1-3p

i1
Shannon-Wiener 840 (H') .

H =- 2 piln (pi)

FHIT AR LA B (PIE) _

'
s

PIE=Y [(N/N) (N -N,) /(N -1)

3) HLIRETREL
Pielou $5%%(J,, ) :

Jsw = H' / In(S")
Alatalo 854 (Ea)

s

Ea=[(Y p?) ' =11/ [exp (H) - 1]

b SUONREMIRE DT B RNE B 0 EE T BB A i p R R R BRI A N O A R
BHE N NWIRR i FTAERE DT A AR S AR 2 A

(3) B ZFErERE R

1) Whittaker( 1960) 6%k (8,.)
Pws =S/ ma — 1

2) Cody 7644 (1975) (B.)

Be=1[ g(H) +1(H)] /2
3) % Wolda(1983) i) Morisita—Horn 8% (C,,,,)

S

Cuw =2 (ap, Xxbp,)/(da +db) xaS x bS
i=1
da = z (ap,)’/aS$’
i=1

db = 2 (bp)?/ b S
Hrr S A& F A I PIFEEL, ma HASFEITEYREG e (H) R A SRR H midg ey shg, 1



16 1 XUBESE 2 3 7 A BROGH v S ) e 20 70 R o 22 A 1 R 52 ) 5

(H) U RERE H 5 2RI ap, A bp, N a F01 b REHE RS ¢ FhRIA) B9 A XS B BE , oS F1 BS N a A1 b
B b R e A
1.4 HdEar

K SPSS17.0 it -3t Bl b AT 48434, 78 P = 0.05 23 7KK L, One—way ANOVA Al LSD 43#7
Tt T 22 BRI Pearson B dEAT A S ARG

2 HREHS

2.1 A[FEEFERGTEEHTZEL

ANl AR = ZE R ) (A D RE VS A N2 S R A TR 28 (3R 1 AT 1) o B 2 EAE LAY 44 Fib
T, 38T 39 AR 17 ADFEEE 7 A 44 MY, 0 JET 39 ANE 15 DR EE 17 EREHLI 41
Y, o0& T 35 & 15 AR, IWIHRERFA BORE  fEENE 2 4 7 458 17 SERE S )R RARHEY)
( Grass species group) (548X AE Y, MR EAE 50 35.02% 34.23% F140.99% (K 1), HE2HF57F2Z
(] BBV DA ECOR AR W ) T SR R & AR B A2 A B S 30 F 2 4R 7 4EAH L B0 E 17 4EREE YR AL
AT 6.81% , RASEHHYE B/ AN T 17.05% 1 19.75% , (HAFERENIE  FEHT 2 FAFEh ) 24
¥ (Stipa aliena) 5 1L HIFTK (Poa orinosa ) WIEZAE 43918 13.87% F1 10.53% , MAEEE 7 481 17 A
SRS I EEEE AR SN N ] 21.76% (P<0.05) 1 23.95% (P<0.05) , LIy Hy LR ) 43 S A 3] 3.92% (P<
0.05) F15.70% ( P<0.05) , RVBifid} 7747 BRAE K R b 23 8 by S R34 i) S B 550 R Ll 1R SR AR Shy BTG 3
55T

WHBHEY) (Sedge species group ) ISR HE Al 7 48 FRAE R MIFRAIC, B & 2 48 7 45H0 17 4E4E 5351
4 10.32% 10.11%F1 8.36% (& 1) , 1A BE24 . TIZLAPNEE H (Kobresia humilis) I HEZAHEF 2 4F |
7 AEFN 1T AESR IR 6.71% 6.43% 1 7.06% , A KA &AL, RIRZ 3 AEBR A9 5200

S RHEY) ( Leguminous species group ) BY EMA & Z(E 60

(EEHE 24 T 4RI 17 SRS B 5.77% 4.82% T £ o  mumr o 8
5230 1 74 17 S S IICE 7 2 SEREIIE T g 0| D AT
16.46% Fl 44.02% (P<0.05) (& 1) . ﬂmﬂg ;2

ZLASEAEY) (Forbs species group ) AR B 2 £t g 10 a a g 2
B 24 T AT F43 0002 47.96% 51.49% F1 49.53% 0 ﬁ =
(PR 1) A e sl (LRGP 0 JL R 4 6 oty e S sbics Leguminons species Forns apcics
kL T E KA, B, & 50 % & 5% ( Potentilla £rom grouw grom grom
anserina) ) EEAH N EH 2 4F(5.23%) > HH 17 4F 1| AR EEREESABE R

(2.10%) > HEF 7 F (0.51%); B Z ¥ ( Morina  Fig.1 Community functional group for different exclosure

chinensis) B EAE N EHF 17 4F(6.87%) > £ H 7 4F (4.  duration (year) in alpine meadow

03%) > BB 2 4F (2.76%); & 7 5 5 ( Ligularia &l h RN R R 25 57 1 3 (P<0.05)

virgaurea) TEHE 2 SR ) EEAE N 2.71% (BEH

HWEAEEE 7 4 H 17 AERE M 87052 5 (Ligularia sagitta) W T ZAE N EHE 2 4F (3.40%) > HH 7 4F
(2.68%)> HH 17 4£(0.21%) ; Fi{AFIIEZE ( Polygonum sibiricum ) W B EAGAEETE 2 451 17 4EREHE 143 51y
1.87%F1 1.13% , T BCA R ITEENE 7 AEFE Y ; L0044 ( Saussurea pulchra) EEAENESE 7 45(5.22%) > 1t
B 17 4E(2.07%) > HHEF 2 4(0.60% ) ; &M eI ( Gentiana farreri) W HE B H S E T 17 4E(1.94%) > HF 7 4F
(0.62%)> HH 2 4£(0.01%) , ZERE], BRI R Y) SR FE S A RS 7 AE R TR AR B E A
{E 7 0 LR I SRR % 2 S B P AR T IR,



36 &

F1 FARHEERSEEAFHEUHARNEZE (%)

Table 1 Species composition and important values ( %) of the community for different exclosure duration (year) in alpine meadow

T ZH Important values/%

?i ﬁffml o gf’f EF BRI Exclosure duration ( year)
2 7 17
RAR} SEFSE Stipa aliena 13.87 £1.18 21.76 +1.80 23.9542.17
Grass species group IR BR Poa orinosa 10.53 £1.52 3.9241.02 5.70 +1.17
RPN Elymus nutans 3.70 +£1.04 2.58 £1.01 1.79 #1.00
B Koeleria critata 3.45 +0.96 2.3240.22 3.84 40.93
. Deschampsia caespitosa 1.96 0.2 2.18 10.11 2.32 40.54
3 Festuca ovina 1.51 40.63 1.47 40.72 3.39 £0.41
YRR SR Kobresia humilis 6.71 £0.95 6.43 0.45 7.06 +0.65
Sedge species group HEL Carex spp. 2.79 +1.18 2.88 +1.21 1.30 40.52
THESKIERT Scirpus distigmaticus 0.82 +0.44 0.80 +0.41 -
IR WEZ. Oxytropis spp. 2.06 +0.48 1.62 40.54 1.76 +0.23
Leguminous species group SEMK 48 Gueldenstaedtia diversifolia 1.72 +0.48 1.1540.54 0.63 +0.26
H P Astragalus spp. 1.00 £0.33 0.02 £0.02 0.01 £0.01
WHTE Medicago ruthenica 0.99 +0.63 2.04 40.34 0.84 +0.53
IR Fii % B Saussurea nigrescens 8.34 +0.72 12.21+2.16 8.30 +0.73
Forbs species group Y ZE B 3% Potentilla anserina 5.23 +0.65 0.51 40.26 2.10 40.50
HiM 225 Ligularia sagitta 3.40 £1.58 2.68 £2.68 0.21 £0.21
FEZ:® Morina chinensis 2.76 +0.42 4.03 0.52 6.87 20.76
Wom 8 E Ligularia virgaurea 2.71 +1.68 - -
EE Ranunculus spp. 2.59 +0.39 1.97 0.2 1.3340.19
JRAETL Gentiana straminea 2.47 +1.14 2.44 40.91 1.78 +0.89
=5 LLEAR . Thalictrum alpinum 2.26 +0.25 2.30 £0.51 2.79 0.81
FHREESE Aster flaccidus 2.03 +0.56 3.0240.45 3.12 40.76
PHAFIESE Polygonum sibiricum 1.87 40.32 - 1.13 40.50
TR Potentilla nivea 1.86 £0.51 0.78 £0.33 0.73 40.33
B2k Stellarla spp. 1.8240.14 0.63 +0.29 1.5140.51
BB Thalictrum alpinum var. 1.72 40.35 0.92 0.27 0.76 +0.46
A Taraxacum mongolicum 1.50 +0.16 0.93 +0.48 0.85 +0.26
At F 4 Ajania tenuifolia 1.08 +0.58 1.21 40.43 1.32 40.36
HET3 Galium verum 0.89 +0.38 - 0.45 +0.45
XA H Lancea tibetica 0.83 +0.38 0.09 £0.08 1.31 40.26
3% AE Anemone spp. 0.78 +0.46 - -
FEMT &G Notopterygium forbesii 0.67 +0.42 0.75 +0.23 2.03 £1.71
WEZRAEAE Delphinium caeruleum 0.66 +0.17 0.84 +0.34 1.19 +0.59
/NKE Euphrasia pectinata 0.64 +0.27 0.67 +0.18 1.61 40.15
FWi B2 Saussurea pulchra 0.60 +0.38 5.22 40.64 2.07 40.81
WA 3 Gentianopsis superba 0.37 0.23 0.07 +0.07 0.73 £0.47
WFLE Glaux maritima 0.31 40.18 0.29 +0.17 0.22 +0.22
R IEHE Gentiana aristata 0.22 +0.22 1.47 £0.43 0.79 0.35
A BLBRIEIR Gentianella arenaria 0.17 +0.17 0.58 0.34 0.16 +0.16
Forbs species group RS Iris collettii 0.14 £0.14 1.46 +0.60 -
LT Anaphalis lactea 0.02 #0.02 1.88 +0.65 3.69 +1.69
JWAEAE Lomatogonium rotatum 0.01 +0.01 0.01 +0.01 -
R JEH Gentiana farreri 0.01 £0.01 0.62 +0.62 1.94 +0.84
FH Elsholizia ciliata 0.01 £0.01 - -
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Table 2 Cody index and Morisita-Horn similarity index for different exclosure duration (year) in alpine meadow

Cody 5% (Bc) Cody index

FHAER Morisita-Horn #8542 ( C,y)
Exclosur duration (year)  Morisita-Horn similarity index HME PRI g (H) WA YT TCH) Cody 4R (Be)
Number of increased species Number of lost species Cody index
27 0.85 5 5 5.0
2 17 0.83 3 6 4.5

7 F17 0.94 2 5 3.5
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Table 3 Soil nutrient content and ratio for different exclosure duration (year) in alpine meadow

HHERR + I Soil nutrient content (g/kg) R (C/N) EHURBEIL (NP
23 7
Faclosure THAHB(SOC)  RERALE(SIN) THE(STP) Soil C/N ratio Soil N/P ratio
duration (year) Soil organic carbon Soil total nitrogen Soil total phosphorus
2 54.50+0.90b 4.77+0.13a 0.79+0.03a 11.45+0.25a 6.60+0.19b
7 50.46+1.25b 4.29+0.20b 0.69+0.02b 11.78+0.32a 6.48+0.23b
17 71.34+1.25a 5.95+0.18a 0.80+0.02a 12.01+0.29a 7.89+0.24a

R FREARRIRR 22 5 13 (P<0.05)

202 SR AT AR RS SR AHRIE > ABIF T 5 AT PRAE O R IS A T s g R B, RIVBE AR BR Y
SR vE Y T EEE S (I 3A) (H M T 3 AR AR BRAE ML (8] 6 5 ) e 22 5 0 AN B3 SO AT
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