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W, 8B TARAATER#EE EENEMEREE. HFASREY: RESEEGERBLER
HERR. ESZETE. #FEYRARRLS. BEPSDEROLAREDTL. OHESHEEREK. B
CEBMHTFARKETFE, MWARRNERE-FERE, HRERRES EFRLEBYBRALE
WTEE, RAREYNARBRETHORS AR, BREEBTHRL B —DHERKELTAT
EHTEAHE; 2HXRE, YR ERERRSIEREERBFEMRE(P <0.01), 5HF
FEEEBEEMR(P <0.05). FRTBRARHZLHT, EHEZMAHEMUERBOELERY, BoE
WL ZENETE, REMRABREZL WA RS ATERES FBARE T LR,
RAW: + AR MR IESH; MM E R THARRE:; ARl
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2 HMHPFiE Pielou ¥ 57 BE #5
BT R T 20044 7~8 0, ERBMAHE Sprensen A L 7 £

BRS N7 ABAEBEEATH LA HAER
ZETHYBE, GF T 1998 FEXHATHE %
FEBEMATL. ¥ ATESMEEBLEM, I
PL1998 4F 7] & 3 B oK 1B b 09 JR 4 o B 5 ) fE X
B, e H: HEMEEREEEEMAYF).
BEBEEE+IAHBRR2: DA TEMHB), #
AREETE L ATEYDBB), St ples
FZATLE#MDBF), HEARKENWEERMLE
W(NR), K & E KB ALEH#(SDL). K+ 344
BAOHATHEBEEMOATES, 2MLBIHE
BREE, IMEBARREERENERERLE
. BAABEFEINMEERAINS, HAEARE
#E, T B R 50 mx 50 m B #F b S W 22 0 3 69 [ E
B

AT R g HE: o 5% EER B8 —H,
R V5 FH I 2 40 40 B 3 3, P D R A ()R
AHBE FHARMEAKLECEEMN. BEHE. ¥
ATEMEME: A TEMEAIRPESUA
HERSORE—E, HaBFHE. fEEtE
EFEN375kg/hm?, BBLENELEZBAER
& 20 kg/hm?, ¥ #b B ORIE #h & H7 15 kg/hm?, #&
Wi~dem. ATHEMBHEEIMENETFHE
St 2R, IS 4 Ak B X AT AR A U

2.2 WYREAE

EEALEAER, 2715 & 24K 500 cm, R
50 cm MR, RIEHH RIS H 101 FHF, 81
TR B E AN 50 cmx 50 cm. AT R B
FRBEE, MY REY R R AR &
BRMAHE). HERREGEHEYEILNE 208
WEHRARE). AES2%). 2KEEH, #it201
FHR.

2.3 HELE

HEEIV)=H 3t 2 F+H X & B+ X5
#)/3.

VRHERERAYDMHEEES). TS
¥ (Shannon-Wiener index) . 3% & # #( Pielou in-
dex)it .

YR EEEHRS) BT RYFE

Shannon-Wiener & %

H'=—ZP,-1nP,-.
1=1

Se = 2¢/(A + B) x 100.
HpShHBEMTYRBER PR DML
HRRMNEEME AABEATHRNE, BAH
% B RIRE, cABETE A, BRI RFEL

3 B#R545%
3.1 ARALHAASHTADEEME, Het
BEARRESRBENEN

TEMEELAEREYN, R LbF HEE
THYBEMBAREEBEFEARMER. 61
ARG HEXIEHA T o4afpE Y. HhRAEEBTH
BFERM(YF) R B &= E R5%, M4 FEYdA
B, & B R 64.06%. PLEFP N L E(Kobr-
esia pygmaea), F B4 F A BRIE A ( Gentianastra-
minea) . 5K O 48 ( Gueldenstaedtis diversifolia).
#H W T 2 Pleurospermum pulszkyi ) . ¥ b B R
(Poa crymophila) . & ¥ (Carez sp). H L EEME
(Thalictrum alpinum var. elatum)F XU 40 #3 ¥
(Ptilagrostis dichotoma)%; 1B #& A T. 5 #i(HB)#
B EEEE RT9%, B2 EYAER, KEHIE
% (Elymus sibiricus)f % b B BR, F B4R
B EL B B (Ajuga lupuliva) . ¥ LU FE R B ( Thali-
ctrum alpinum) . BH(Viola sp.)%; MFABAE LA
T % 31 (DBB)#H 8 5B 35 BE 8 70%, H 28 FPHE YA
B, hBmhhEEE, FEFRER AL HERBR,
Bk ¥ 8 (Aconitum szechangianum). ELBEFEME |
H # o 5 # (Pedicularis kansuensis) . BEXKFE(Car-
damine tangutorum); Bt A3 A T2 #(DBF) 44
B EREEFERN63%, B ISFHEYAR, REMAE
Tk, FESAEF AL B ERBKR. K& (Artemi-
sia sieversiana). T8 AR 52 # #§(Androsace mariae).
FEEBETH BAESLHFTAERKENR) HHE
BEEE NN, A6 HY AR, KB KX
¥ &, TEMLLE RN E(Artemisia desertorum) .
BHE A B8 % B (Lagotis brachystachya) . B 7F
3 E (Ligularia virgaurea) . T T 9 5 (Elymus nu-
tans); B iR fb 5 3 (SDL) 81 & 8 = F 4 41%,
h20MEYAR, AEHHARBEENAHE, 8
PR R TR F 5 . B E 5 3k (Aconitum gymna-
ndrum). S, V&, RFEE.
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EKEARHEY), PERTEREY), —F4EH
B.EFARE AAABEETENBEHNEER
HinE 1.
HEL1TA, REXWERBEEATER DL
4 %3 5 (50%~80%), 3 B R A A BIK Z.(20.45%),
BUHEMHETFARKELEMEERLEL &
(<5.83%). BEXBEEEHNEFRELHAE DL
B B #(31.65%), TEMEYNERLMERET
HRKE AP A DR H(093%), HEATLHE
wAMEERABPERER —FERKEER
AR E B RKE A & B R $(43.16%),
H AR L MUK 22 (20.82%), Hofth 4% b 3 o — 4 A 4
KERNP(A%~10%). ZEERBEEEEHATEER
Ak b 55 55 (78.12%), R (L B b H F B RK AL B A
JE A A E 4 IR 2(50.08%, 43.74%), A T b
o A X B AR (18 %~37%).
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Fig. 1 Importance value of each functional group in
different treatments

MRER, PEX, —FELE. SFEERE
2 oh e B BT, @it TR R AR Ik R A A
HEHEMAOLAA5:8:1:11, EEBAEHRM L
Bl A1:0:21:78, EEBLEHH EFIRE F b L5
H6:1:43:50, EEFBAER EBEMATERE
HERBE A LB M 10:0:1:3. WX AT LAE i,
FEHBER LA AT T RAE B E
SV SEEQEBBLREUTESR
LY 5E 2 ¥ 5k M4 K ZBORABHE Y 3 5 N R 1E.
EFEBAEMHTFARKE TER, WERRHE
— A RE, REXMAEMN, SEEBLERR
HERMMRE %, ARERAHE. EEER
HERBERAIATERTER, REMEYNHRRZ
BHEPHRALELHE R, REEFEERFEAY
PREATIRER D EREYBRAEATES
W RIEFREN)—F F LS HE PRI,
BEE B AR B b o) B 9K B9 B IR T RB (A s K Th

BEEEFEENMEM. U, EREAEER
EBREPHREM-—RUEREHERRED
MiZRGEWIEE LB ERWA. BT A R KRR
EREGNIRANERERBENSEAFRE
BEHESR, UAARAZEMNENER, FENE
I8 W% M B T R BE £ R MR SR N TR 3 K, RA BB
BELTCNRBRBFERENER.

3.2 AEATHARAEHTHRREEMSEY
AR HF AT EY R EY AR
W 1.

®1 TRALEBETHWHEWHFEERN, W#
EHMERY S EEY

Tab. 1 Richness index, species diversity index
and evenness index in different treat-

ments

EREY —FAY DR ER
mrEE AmExm T9E pay
YF 35 6 0.864 3.210
HB 17 5 0.587 1.810
DBB 21 7 0.692 2.305
DBF 13 5 0.548 1.585
NR 19 7 0.780 2.542
SDL 17 3 0.898 2.689

HRLUH, AR LBAPRG TR EEE
EPR R FAE B E R (YF, 41 #) > a8
B4 A\ TH#(DBB, 28F%)>EF B EHH FiK
E(NR, 26 F)>B# A TH #h(HB, 227, EER
4k 25 #(SDL, 20 #)> % #§ A T % #1(DBF, 18F#).
HEERUMHEIAHE, REBRHATE/TE
B, YFEFEHEY 18~28, BRAEMBE YR
B D 31.72%~56.10%. H AT W, R A R BT
HiRkE, TR RASFARKAREEATLE
W, B TEHREEATEAARETRREEAYIE
MYRHETE K, EFRLEMHTARKE
MEMEFRAESHEARRET —FELHEY D
B 7R R0 3R, TEE N 43.16%, 20.82%; TE3F
AT EATHE#h —FEEYRES~TH, HE
HEEMNAN4N%~951%; FAEBEH TR b —
FEMPACR, EEMEIN416% —FLEHEY
BAmRH: FATEBBREY SRS
HHET, ~FEHMYPVEEMEKZIAHEY
R AMBARNER, BEAR. HRANE
&, BAREN EEAG. MEERLESHTFK
ERESIBREATELRHAFEUEEEH. A
AAGEERMARSERBHEENRN &, &
THERR, —FEEYR X EBRENEED
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W AR. B B, FRNBEENREH,
MERRESTHEERERES, BTFHIFERE.
THESMMTFEREIRE, —FLEEDAR
FEN B8,

RNiE LR R T SHERBERR EE
FE B B H(3.210)>H iR L B #(2.689) >1B fL B 1
BB RIS (2.542)> WA FL 3 484 A T B #1(2.305)
SIE#E A TR H1(1.810)> B # 2 48 A T B H1(1.585).

M5 e 505 o, BB e F R A M
BH TS E B F(0.898 0.864), IBILE
W EH AR T F 4 E R (0.780), 3R M AL 2 A
AT E B AR, K MR A T 1#(0.692)>18
A LE#(0.587)>Fr B 4% A T ¥ 1#1(0.548). &
XM RIAE), WA EHEEERSYSER
BEREEEMXP <001), SYMETEER
FEEMX(P <0.05).

*%2 FEE.HIBESEREELNEAISH

Tab. 2 Analysis of correlation on the richness
index, species diversity index and even-

ness index

EX-1: 4
r Sig.
1

0.494
0.772*
0.494
boka);y 1
0.934%*
0.772*
0.934**
1

* XK F K 0.05, **H KK F K 0.01.

HTFEHAEERGEERRERENETEM
Bk, AT EM P AN TFENEYFERE
FEA B, MAEINATEBHEEENE
BEH@EL 4%, BRI EREFH, XEFBALE
HHTERENEHEEE RO EERRRA. ME
ERBAEMHTARKELRY, TEE-F
Y Z TR P RO R, IR E AR
BEPHEEBERNLNY SBEHEHIERK
. FEHESERETYRZEUBRRENT
ZHEFRSHYMEMERNYSE.

3.3 AELHF ARG THYEERHCYE
% Fi Sprensen ® A8 {0 R B0 B, &AL E X
ZEIFMEMUERBINERS HRIALEL, &
STEMEKMELE HERLEGESHER
1L 5 B R Pk B A AE UL PE B W (47.76), IR AR

bl
i34

FHE 0.160

%
N
6
6
0.036 6
6
6
6
6
6
6

0.160

0.003
0.036
0.003

E2:3:4

FRHL R AL 7 (43.48) AR #5 4b $1(38.10), S E B L
B 31(32.79) . BABF I L B (30.51) 2 1] B AR LU 1k B
/I, B IR 4k B M (SDL) 5 L fth JL b Ak 28 i) AH D1
R B H NR(65.22)> DBB(62.50)>DBF(57.89)

>HB(57.14). A T4k 5 % i 4b ¥ 2 8] (4 F A8 ol
# ¥ DBF/DBB(65.22)>NR/DBB(59.26)>DBB/
HB(48.00)>DBF/HB(45.00)>NR/HB(41.67)>NR/
DBF(40.91).

#3 FARLERXZEMHHELERY
Tab. 3 Coeflicient of similarity of species in be-

tween differences treatment

8 YF HB DBB DBF NR SDL
YF 1

HB 38.10 1

DBB 43.48 4800 1

DBF 30.51 45.00 6522 1

NR 47.76 41.67 59.26 40.91 1

SDL 32.79 57.14 6250 57.89 6522 1

BHEZEHPEOERENELRNA, B
BUESLZSZFNEET, SN EEKHE
VIR & A o) R A 7 @ A, B b B HE
O BEERIMATERNEEEAERER
RARETAHE), HIKR HEEERS, LK
REEIR R HEHE, TREENRE.

o, EEBAEBHTFARKREMAT, ¥
ATEHBESEREAE BT RIEK, #
PENBENEYE, ALEBEL RBRACEE
R R R X R M AR b 1 AR LB M B B IR,
BRFTIRE WY, XEFUROHIE, EHE
FUTHEHBRBI THREMES, FrLlmkEE8E
R MXRAHBERZOANTEM, BT MEE
ERA YRS, B GF LRR— B
BALREE R B KBS E AR, HmiE
MR FESRSY R, KA EFTHES A, FE
EBEADMEKMGTEL B, RBMEESN
Th, M-S EERBFERERA, HYHE
ZH R AR H#T. TovanFI-BIHHRE
B, ERUERESREN, BERMNBEELXREM
ZHelL, WEERRBHBUTERN SRR, £
MERESSEELNESA, AR REREX
REF AR BPFIF RS, BRESE
GERKASANTIHKEREFEEERYMHNE
SRR, WHEWERGHFEFEN
PRI BEVE 0O 1] K . BEE MRS RI in, BEdE 1
BB A YRR B RO R, R g B fo vk
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HhBXEn, KERSRERMRLERES
FHRKAMATEEA G TREFEEBERHN
HBL. Besh, TRENBATH 250510 B 2T 45 i, W
Py Fp L REHE T REE T B R B AT R e B 5
183, fFASMBNER, KR EE®E N TR A
MERERSEBENEETTENER, UR
FAzE M EGER, FEHBERRKHEZH
T B 38 i V4 K, T 96K O O R 25 A 4G 1% B T
W, RGBT, 1B b5 8 d sk,
PP SR OB 35 R, W T KRR,

4 &

Wit TEMRBEAGEREN, RFE LA H
ZETHYBEMEAR AR BIEARRMHE.
6ANAFAEX AL BT 6afbiady. Ko FAEH
BHEEMYF)HAFMEYAR, KL IE L
B R A T B M (HB) B 22 FAE M 4 AR, (8
RETF; AR E A T HE 1 (DBB)H 28 F #E
WA WL, REF H 1%, Bd 5 4% 4 3 (DBF) i
I8P YA, RBMAELE, BUEBHEFR
AWE(NR)H 26 FhAE A K, RBF A KKHE; B
IR LB M (SDL) B 20 Rp I A R, AN RE
ERAHE.

AR HAARGTEIEHNEEMAN:
A TR B 2K 0 (50%~80%) >R A B B 1
(204:%)>EEBAEHSTARKELRMNE

BB LB M A9(<5.83%); RAEMBEH T REB T E
R EBEMBLSR)HILE, BUERH T HRIK
HPABELETEREY T I0.93%); A THH#M
EEBAM PR E AT ELREY. B E S
BEEAREAE P - FERRENEEHE43.16%)
> R 13 £9(20.82%) > Ho At & 4k B A4 (4%~ 10%);
HERAMEEAEFENEEHE(78.12%)>8
EHHETERKENG08%)>SFAEHBHE
#9(43.74%) > & A T ¥ #b Ak B A9 (18%~37%).

A Lo R & T R BRI R: R
A VE B R 19(3.210) > B IR 40 B M A9 (2.689) >R
ILEmHEARKEN2542)>MABAFE L AT
B £9(2.305) > 1R 9% A T 5 b #9(1.810) > B #f o2 4%
AT EHA(1.585). HEEHREN: EEFRALED
MIFAMEHE A5 E R E(0.898, 0.864),
BRI H T HRIKE K EH(0.780), 3R A
TR AL BB B b B AR, KA AR N TR
#1(0.692) >R & N\ TR B9 (0.587)>BF B A T.
B #9(0.548). BRI EY, UR BHEMEIEH
5H5ERBEREEEMXP <001), 59FH
FEEE D FEEMHRP <0.05).
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Effects of changes in land use on plant community structure
and species diversity in alpine meadows

WANG Fa-gang', WANG Wen-ying?, CHEN Zh?, WANG Qi-ji®
(1. Qinghai Animal Veterinarian Occupation College, Huangyuan 812000, Qinghai, China;
2. Key Laboratory of Environment and Resources on Tibetan Plateau of Ministry of Education,
Qinghai Normal University, Xining 810008, China;
3. Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001, China)

Abstract: In this paper, the effect of land degradation on species composition and species diversity has
been studied and the relative influence of various rehabilitation practices (three seeding treatment and a
non-seeded natural recovery treatment) on vegetation in early secondary succession examined. The results
showed that grassland degradation on alpine meadow led to a drop in vegetation cover, change of plant species
composition, loss of species diversity and decrease in the type of functional group (for example sedges and
grasses almost disappeared in severely degraded land). Many annual forbs and a few grasses have invaded
and established themselves during the seven years of natural recovery. After 7 years, grasses are still the
dominant group in all seeding treatments. But sedges that are the dominant group on primary vegetation
have not appeared in any seeding treatment. Correlation analysis showed that species diversity index was of
significantly positive correlation with evenness index (P < 0.01), and was of positive correlation with species
richness (P < 0.05). Similarity index among the treatments showed that natural recovery and harrowing +
seeding treatment accelerated succession to primary vegetation while plowing + seeding treatment secured
succession to degraded grassland.

Key words: change of land use; plant community structure; species diversity; functional group; alpine

meadow



