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Stability and diversity of plant communities and their
biomass in grassland before and after grazing in the
Habahe region of Altai Mountains
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Abstract ;[ Objective ] The aims of this study are to examine the community characteristics of grassland plants
in the Habahe region of Altai Mountains, changes in plant diversity, aboveground biomass in relation to
community stability, and to provide data support for the development of a rational grazing system in Habahe
region. [ Methods] From 2020 to 2022, 18 representative fixed sample plots were selected in the summer
pasture of Habahe in Altai Mountains to do surveys to investigate the number of species in the sample plots,
cover and height, etc., and to determine the aboveground biomass, B-diversity (S¢rensen B-diversity index
and Jaccard B-diversity index), species diversity (Margalef richness index, Simpson dominance index,
Shannon-Wiener diversity index and Alatalo evenness index) and M. Godron community stability. The

relationship between community stability and plant diversity and its biomass before and after grazing was
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analyzed. [Results] (1) 30 species of grassland communities were distributed in the Habahe region of Altai
Mountains, belonging to 14 families, with Asteraceae, Rosaceae and Gramineae in the majority. (2) The
diversity index, cover, plant height and above-ground biomass of grasslands in the Habahe region showed a
significant downward trend after grazing. (3) The stability of grassland communities in the Habahe region
before grazing was positively correlated with the Margalef richness index, the Simpson dominance index, and
the Shannon-Wiener index diversity index in a highly significant way (p <C0.01); and the stability of
grassland communities in the Habahe region after grazing was positively correlated with the Simpson
dominance index in a significant way (»p<C0.05). (4) The relationship between grassland community stability
and aboveground biomass in the Habahe region before grazing showed a significant positive correlation (p<<0.05),
and the relationship between grassland community stability and aboveground biomass in the Habahe region after
grazing showed no correlation. [ Conclusion ] The relationship between grassland community stability and
diversity and biomass changed significantly after grazing, and grazing had a greater impact on community

stability and reduced the stability of the community to a certain extent, but the community was generally in

a stable state.

Keywords: Habahe region; community stability; species diversity; biomass

AR S R G bl b R R A R R
FREROL M &R K, PR EMAESREREEL
L ZREVE R 2 ) R R R A S R B R E A
FEE X, REEG ). 2 392 75 km® {H5Z
FARHEREAA THAZm AR RGNS H 250
JE, SR R 2 R R MR e M T R AR i — P
w2 A AR S TR AR e . RE R AR E S RS
fet I e 1) G, Y A0 B et 2R S R SRR
L AT RE ST | R DI e 5 450 i el s , R BORE PSS
EEAZIRA, BoEtEE — AR YE R AR bR, Y
Pl AR B B R UE R R I L WA T T
A R SRR E ML . — RS R
Fo B B R VR A T W R O DL R e
PE. T AR B ANV S5 R ) Fh RO 2 R T
TR YN W BAS T 1 AR W B VR N A
PRI S0 3 i, DT 4 e BV AR E L TR
FE PR AERF B T S A 52 00 ) 1) S8 2 AR A MR
WL 22 8 YR B W) i1 MacArthur 1 Elton
P 2E B A TR AR T 8 KRG K BA
SREWMFERAERZEMZ R, M AR5 TEH
FE ., TERLEMPFSE T, Tilman™  Naeem™ 45 i 5
WEE T iX — 458, JF i — o f Tz, ENE
T 2 R R RURE 78 2 R L B ) Fh 2 R
PETT DL o B 8 e k. oK S BRCAE O Bl v M BRI
3 A A 7 v OB R e 25 A B R E Y 4
W AN L B 4 R R ) R IR &
B, Wb 22 REE e RV A B n R e M. SR, G
T2 REEXR ARNESERAH TES
L8, Campbell "™ 45 & HLBE ¥ Fa o 1 5 W Fh

ZREPE 3 ) B DE AR OCRSUR G 6 R L BER B AEY 11y
WIFFE IR e BRAE 7% B 1 15 W) b 22 B 1A ] 08 ) AR
Kbk, WAEIND ZHZ AR R R RR,
MR IR R L 2 BB 5T 3k —
LY Z R R R RE R R R A E E N
B AH AR 2R B S E M K R AETE
U AT — BRI .

gL T A P LS R R R T R X
WK H b, 26 R B L XN ERBEIE S . T 10 4F 2K,
T AL T 3 B9 500 B R B AR o L S e A
AR R G AR E NS . i T M X R TR
SHEE AT 7% % 10 L 2R bR R DA 2R T RE X i SR A Al
RIEFEMZ —, ZHX 70% L EEE FEIRIER
SRR X B O N T R g R IR A
W ERT 2 D BT R A L YA XY
WFsE 2 8 e iR R AL 5 PR 7 AR SR B 2 K
P LR AT RR bR A 25 2R G4 BT A S T T G T R M
REK TR EVE S WA Z A SR8 SE R TR D
FEMCE 5N S BFTEHRF S8 0O ey B 70T il DX b A )
AR ENE S SR LA R OC AR L RERE D BT R S
A HIA A PRBCRE B ) 2 R A R X e [ ]
R M HTEA BRI R S 30 X B 22 o A X R
JRAE S RGN B R L

AR 256 LABAT 7R 28 1L ey L 9]t DX T S )
TR R IFTE N 5 ok T EF AN A R KA 56 o A,
SEMYIRE A ENE  FE SRR L RIE A
APyt . ASCHEFE R F B - (1) 23 B O8O B 3
TR AR B B2 IR 5 (2) PR IST T PRI J e i v AR E
5 Z R bt BRI R AL,



84 Ve o O S 1 32 %
. YIFh Z ke DT A AR F
1 ARXWRAEHARH;
5 X ER SRS & Margalef(S):S=(S—1)/InN D
1.1 HRX#HHR Simpson(D):D=1—2P? (2)
I EL ] a7 T o R BR) /R 28 LR 30 B PR B O AR & Shannon-Wiener(H):H=—2>P,;InP, (3)
85°33"—87°18" ,db & 47°37'—49°07" SR AFAE N Z Alatalo(E,):E,=H/InS 4

L1 Hb DS J5L 4R 800~2 200 m, 1% HE X Y S A% IE
T KBl FE Ve S A R 5.3 °C L e AR
ik 30 CL RS —19 C BRI 2 K 4R 1 1
KA 205.6 mm, REKFRE A, 28 K HER, H BB E 4,
Mg, BIRRANERT B2 X, 223 mm R
R I IE, X RIEREK,
86°40'E

86°20'E 87°00'E

48°20'N
48°20'N

48°00'N
48°00'N

Ny P L3
L A Z‘?\/\w \Tﬁ\\ //
86°20'E 86°40'E 87°00'E

* R o WLBBRHEA 0 10 20km
A KEFHRBRER -~ WAHR B

B1 HERERE
Fig. 1 Overview of the research area

1.2 g E

Sy T DX M DA IX R 4K b R
F AT RO . B R ROt 1) S AR 7 A
I1H—9H 10 H.&ERZL 50 Tk, FEEMA L.
FLH AR, O R RR SR OO B R v Y R e, T
2020 4F 2021 4FF1 2022 478 W BT HE X 1Y 2 2R W
HEATRE bR A, SR AR B4R 6 H 15 H—6 H 21
H GERmnH A 9 A 10 H—9 A 11 B GERBUR) . ARk
5 (A RF b 35 Ay 28 A b FE B R /Nl 20 mX 20 m, BEAS
FEHLPIFERLIER 3 > 1 m X1 m A REHLRE J7 , WS
W E R, — A 18 AN EEH, 3t 54 ARE T
TEH 10 5% 25 J7 9 BRI 22 R BB DA KOG I ) TR 3R
LG AR R D 5t B AR 0% i B2 L o B SE AR A, W
S5 S MRS FE T I P AT R R FR ECRE A ) A
B AR R G AR R GR D
1.3 MRAE
1.3.1 #hHr % Hi

(1) o ZHEM. % Margalef & EHEE(S) .
Simpson i # £ #8 %L (D) |, Shannon-Wiener £ ¢ I
e (H) K Alatalo ¥ 5] BEHE B (E D) R RAEREIE N

A S AR ISR N R R S A
Py O MRS AECS S AECE B

(2) B ZHEME, MR PW B 2RSS,
A LAV B AR S A 7 () ) b R Y 2 S v R S M T
PRSI o 8 R, AR5 %8 B Serensen g £
FEVEFE B (e) F Jaccard B ZREVEFE BN (G) R FAEFEVE
i AH S

Sgrensen fB(e):C,=1—2c/(a+b) (5

Jaccard  B(j):C;=1—c/(a+b+c) (6
Ao WA RES T BT A W) R BG ¢ S BE TS TR
AT R P R ECR .
1.3.2 BERIHE AR M.Godron #2 1)
DT RS A, DAPEA e L 7] b DX R T 09 B T
U R R TR I8 b BT 1 R ) b i BROIRE )N
AT HERE o HEFP 5 TH 5 b 08 AR X 30 R O SRR R
{5 B RIAF R 30 B 94T R 5 B S AL b 480 B ) R 3t
3 BORURR R A3 E 1 3R BRE 43 B — — X g O i AT M
LAlG MHZH y=100—a tHEE, HAZ S (2 ) RN
TRETES % i A2 5 AL BR 5 83 (20, 80) A RS Fk O BR
FCRE B 2 /)N U8 WY A ) A B R 8 )
ARG, Ao R e e T R T
o AR B WL 6. ANBEE YR, W 5 B AT LA
TE G b, S5 e 1 R ) o 26 22 ) 8 R EL AR T OG &R L DT 42
o e P U B A R L TR, R BIE O R FH B
HEJ5 1 M.Godron A2 € PN 2 Bk TR S e e 1k .
Z A S R M U vk L AR F 5 R =X
B BB VE 8 ML Godron 38 50 LL 36 iF V% B3 e IR
S EITEMT

LRSSy o F
y=ax’+bx+c D)
H& T
y=100—=x (8)

B (DOIRAS) 5.

—(b+D)+/(b+1)*—4a(c—100)
x= %0 9

J5 R4 B A A RS S BRSO & SRR AU . 15
BN FARR (2 sy o
1.4 HESH

K H Microsoft Excel 2019 #E47#) 25 U ¥ig 5% P AN Fy
WEDR AL B, SR FH SPSS 26.0 X HUHCHT 5 5 b i P e




%13

06 258 5 JICHBORT BT 2 28 1 ey B2 9 Ml DX i A 00 R 9 R R 45 20 AR R L AR W e 5 R 5 T 85

PEEAT AL AEAS T Ki 55, R one-way analysis of vari-
ance F Least-significant difference 43 # 5BCHT 5 AR 9%
TEFRIEFN A Fh Z2 R M8 B0 22 57, B Pearson #HC &
BRI IRT YA 53 B 8 705 AT i e b RV A 1k 5 2 R
AW 2 TR R 2t 06 R (p<<0.01 il B F K-, p<<
0.05 B #/K¥) ., 18 H ArcGIS10.8 £ il B 5 X A 1L
P HAR R Origin 2021 $ET23 18]

T 5 AP A 1 Al b A PR b A B AR AR e
5 rhx BT R 28 1L B A AR A0 SR L ok S5 E A R A L
TR RN A B2 A L SR S A ST A 5 DX R A ) O R 44
FGR D AR b Y RV FoUE MR B R 24
PEAE HOMURE 7 R AR X 6 ] = 4R AP fEDR R .

2 HRE5SMH

2.1 YT IE NG B i X 4B 4 BE TR AR AE

BT 71 2% L iy U 90) s DX 23 A AR ) 32 AT 30 b,
$IE 14 B LR MBI OR AR 2, EEE
BERP R ET 5 (Stipa capillata) . P AK 5 (Alchemilla
japonica) KR (Poa annua) | 3 2N % (Tarazxa-
cum mongolicum) . T M & (Achillea millefolium) ,

*1
Table 1

T EAEAFE B (Geranium wilfordii) | B B
(Thalictrum aquilegiifolium ). ki & (Polygonum
aviculare) & (Artemisia carvifolia )55 , W I3 H#
DA ) T 2 SR OG5 R L& 2,

THCHACHT I e LT M DX Y 22 R P 5 50 b A
R LA T BENAEA, HHET Margalel 45 800
0.81,Simpson #5844 1.16, Shannon-Wiener $§4( % 0.59,
Alatalo 50 0.72. 4 FAE Y REIA T 216,66 ¢/ m” A BE
Tl 88 JAHBRE JE N 27.73 em, JHAR )G Margalef
80k 0.48, Simpson ¥8 A 0.91, Shannon- Wiener #5 %X
4 0.55, Alatalo 55 0.80, 3 FAH 4Ky 98.81 g/m’,
MERAT W5 N 32,7200 M Ak R 22 7.04 cm, Margalef
T Simpson T84 w5 B AE PR = B2 R Hb T A= ) 6 H i
TR CHOE AR 8  R B . Alatalo 8 %50 i 0T 21 ik
Wom W32 BT AR 2) . TR R T TR M DX A
Yii Z R B R R A A R R T
ANTRIRR B A A2 A . DA B 8BS S Margalef 48
. Simpson F6 50 Mo [ A= Wy 7 35 R RRE AR 5 R AR
AAEF WA T R M Alatalo 5 %50 Tk 4 Hi
FHUE R BB &SR 2,

HifE R

Plot Information

RS WA

B Fh
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14 12 T-M-E Achillea millefolium JE¥ Setaria viridis AR Poa annua Y3 Artemisia frigida

15 12 YRR Setaria viridis it 5 Stipa capillata \FWE Achillea millefolium V3 Artemisia frigida

16 12 TR H Setaria viridis T ME Achillea millefolium Y3 Artemisia frigida R Poa annua Jji & Polygonum aviculare
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18 14 B Poa annua FEEE Geranium wilfordii \ZEB 3 Potentilla chinensis
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Table 2 Plant species and related information in Habahe region
i i il A
1 Tl Achillea millefolium 35Kl Compositae AR Herb
2 WA Taraxacum mongolicum %j B} Compositae # R Herb
3 K 24EG Carpesium abrotanoides 2Rl Compositae ELA Herb
4 B8 Artemisia frigida % Bl Compositae ER Herb
5 43923 Coreopsis basalis Rl Compositae LA Herb
6 HE#K Poa annua KAF} Poaceae ® A Herb
7 V& B Koeleria macrantha KAR Poaceae EA Herb
8 VK¥E Agropyron cristatum ARAE} Poaceae FR Herb
9 2% Stipa capillata RKAF} Poaceae LA Herb
10 BB Setaria viridis ARAR Poaceae KA Herb
11 PIK B Alchemilla japonica Rl Rosaceae B Herb
12 P 9K Fragaria vesca FFl Rosaceae AR Herb
13 T Geum alep picum R Rosaceae KL Herb
14 LW Potentilla chinensis 1 Bl Rosaceae KA Herb
15 b5 PrPiE Galium boreale P BB} Rubiaceae ELAN Herb
16 ¥ T3¢ Galium verum 74 5.8} Rubiaceae KA Herb
17 EWEL Galium odoratum 75 3B} Rubiaceae ELAS Herb
18 HHR % Prunella vulgaris JEIFL Lamiaceae AR Herb
19 K& 7 Phlomoides umbrosa EBIE Rl Lamiaceae BN Herb
20 JEMNBE Thalictrum aquilegiifolium £ H Bl Ranunculaceae B R Herb
21 H ¥ BB Ranunculus repens F H A} Ranunculaceae B R Herb
22 D) IR Myosotis al pestris 2 ¥Rl Boraginaceae FA Herb
23 Fids w Cynoglossum furcatum 2 H Bl Boraginaceae A Herb
24 Wi Thlaspi arvense +F 4 Fl Brassicaceae B R Herb
25 B Geranium wilfordii Pe 4 )L Bl Geraniaceae HR Herb
26 A AL Erythronium japonicum B4 #F Liliaceae R Herb
27 W 223 Oreomecon nudicaulis BATERL Papaveraceae B Herb
28 B Stellaria dichotoma 778l Caryophyllaceae B Herb
29 L Veratrum nigrum #i PRl Melanthiaceae BN Herb
30 & Polygonum aviculare B} Polygonaceae HAR Herb
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Fig. 2 Changes of community characteristics before and after grazing
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Table 3 Jaccard P diversity and Sorensen B diversity of

grassland communities in different grazing years

A 2020 2021 2022
2020 0.743 0.782
2021 0.310 0.740
2022 0.443 0.299

T LLEEF R Serensen B ZREHEE BEAKF N Jaccard B ZHEM:
EiR 08
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Table 4 The stability of grassland community in Habahe region before and after grazing
AT S LG 46 R* SRR AR W= I g
T AT Y=—0.01072%+1.52432 +48.779 0.9172 (22.42,77.58) 3.42
R Y=—0.01472*+2.1371x +26.448 0.9576 (26.82,73.18) 9.64
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Fig. 3 The fitting curve of M.Godron community stability before and after grazing in Habahe region
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Fig. 4 Relationship between stability and diversity of grassland communities in Habahe region before grazing
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Fig. 5 The relationship between stability and diversity of grassland community in Habahe region after grazing
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Fig. 6 The relationship between stability and biomass in Habahe region before and after grazing
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