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Abstract: The alpine meadow ecosystems of the Qinghai-Tibetan Plateau offer vital ecosystem services to local and
downstream communities. To ensure the pastoral system’ s multifunctionality and sustainability, we conducted a
comprehensive study on grazing intensity, a key factor linking the local social and ecological systems. Using community
participatory GIS and movement ecology approaches, this study calculated grazing intensities at pasture and quadrat scales
and analyzed the socio-economic barriers to effective grazing management. First, we determined the pasture-scale grazing
intensity in winter-spring and summer-autumn for 1994 and 2015 in a specific village, revealing significantly higher
intensity in winter-spring than in summer-autumn for both years ( P<0.05). Our data showed an increase in household
numbers due to population growth, leading to more, smaller pastures in 2015 than in 1994, despite stable livestock
numbers per household. This demographic shift resulted in varied grazing intensities. Systematic path dependence poses
challenges to local pastoralists’ management. Second, measuring grazing intensity at the quadrat scale (2mx2 m) is crucial
for understanding plant diversity. Using GPS and accelerometers, we analyzed yak behavior in a specific pasture, finding
yaks prefer grazing on patches with a slope of 20—30 degrees and significantly higher Normalized Difference Vegetation
Index (P<0.05). The absence of shepherding due land management change could potentially intensify local grazing due to
yak preferences. Our findings emphasize the need to understand socio-ecological drivers influencing grazing intensity for
management strategies, rather than blaming overgrazing on pastoralists. We suggest effective grazing intensity values should
reflect specific pasture conditions. Rangeland managers should integrate field observations with local landscape

characteristics for effective, landscape-specific strategies.

Key Words: sustainable pastoralism; rangeland carrying capacity; social-ecological system; landscape heterogeneity ;

alpine meadow degradation; movement ecology
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Fig.1 Pasture-scale grazing intensities ( sheep unit/hm?) of winter-spring and summer-autumn pastures of Karma in 1994 and 2015
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Table 2 Parameters and model estimates of the random forest classification of yak behaviors
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Fig.4 Density distribution of yak grazing intensity (foraging: green; trampling: blue) along NDVI gradient at (2 mx2 m) resolution,

compared with baseline NDVI distribution of the pasture (red)
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compared with baseline slope distribution of the pasture (red)

FEHO A H R XA T RO R R BCRCR A T SRR R R B E S A A
T4 AR TR BN, LSRR b AR A OO TR 0D, s — 2 ) 1 R 058 J3E 7 25 [ 73 A |
(2251 BRI ERRIT O RUBE TSR BE X AT SR O 8 BRI S MR I, 62050 3% HE A et X1 5K 3 e
Pl AR B AR RO 1) 2 HE SR = AN LR RRWIN R Rl BFE 5 I F B AT AL 2 (2T
NSO AR A5 22 i PR 38 3 I 2R 0 B AR x40 R IO A B P S s
3.2 AEJ7 RUBE AR B T A2 Ol A8 PR A 52 )

Grime ') B SEAR I =R R ) A2 25 AL S W) e 1 AR R T 1 2R W R I S G SRBE A AN AR S T
P, ML TR C-S-R ABTAL 00 R A0 A R ALk B b R T AR T () A A SR W < S 4 B A )
(C) & N TFARIASE B0 AL ST L5, I it 52 ZUARAY) (S) i LT i PABE ikl AIRAE A5 T3R8, LA
BB (R) S IO o A A5 T AIRER ISt i 3R 8E ), ARG Grime 19 C—S—R BHIE  FE T RUBE (19 00 B S
IR AL ZS T UM A, B 1 b 2l A S 2 S

(T B e AR T B e S ) RS TR A T RO AR R 7 T JRE B LS B0 W s AL ) W b 2 R TR AR B0A
5 B SYE P I AR b BT EALRIAT OC L BRI, LR RURE A OO FEE AR I — i Y T A R
S LI i, 2 P EUX — F MBS A Y R R A FE (B R, 24k e A AR 4 LN ] AR

http ; //www.ecologica.cn



8 xR 45 %

D TR R BB ERIEOL T X PR B 7% 09 28 A4 38 1 5K 7 75 Rl — 50 N Al B S5 R i B
HuBEHR b 3G A0 HC S AR B 5 B T I — b B SR AR R Y 2R G N BB AE S it 2 1T T BE T SO BRI 11
EFE DT REEY KRB R . AR R ZE R BoR PB4 TE (2 mx2 m) 25 [ R 2 R 4715 £ NDVI
(B PR B, SR, ZE. (10 mx 10 m) RUEF X A &F 22154 .35 . X T e th TAEBOR = (A R T | B 3E
Py S BRI, S 30 NDVLH Y 22 o 940, X — R BRI T 78 B A 25 (8] 5 B P 9 5o 00 v 36 495 Y
2 ) RS SR B AR A 25 T 0N A o R s 2 i )

BT FIRR ARSI R SR R R RO B A s O T VR 2 Ol 2 - AR AR R G T A8 B G B
EbR o LABTIR 5T b X F) B 208 Ry 461 53R M )~ % HE A 1) 3 0 A8 B0 B A 0 vy %, LR
158 FH IR o) 4 3 s v AL 4 DX e FH 1R 8 0 2R 5 paddock system) 0T X E S R A A BE % AR SO 41 A IR R A
23 B RUBE T PRFE OB BE B DR 2 3 R W AR 28 TR S 7 RUBE T i A= i K ml 0 FHAHCRE i) L AR B 0, A
W5 1R R 7 3 BE AR TR B A T A py R b AT T/ INRUEE T SR e MO G i Ak . AR ST E— AR
TETT I JEUROI R G, ) T RO BE 125 8] 3 AT 19, 5 R0 G TE (2 mx2 m) RUBE TR R w7 1) 2 1) 22 5
P, X — REAUZ R AT 06816 sl A B 2 [ A, W A AR AN [R] C-S—R SR #4756 50 4 5
FROPSE PR AAN B OC R A A A RUEE . PR — 28 [A) RUBE T AT T5OHO0 B2 9 48 B, X T 4P B0l A 25 R G i
WA Z A, B 1 FE R AR B B L, S MO YOI A B2 G, A A A BT U8 Je R e g 4
HELR 0 =5 5 00 A AR 0 i 5 1O SIS 81 5 8 A TC 0, A R T | sl /N RUBE ao BT, RO, A > i35 ki
B Z AR OUT | BOBOE B 5 B T Sl 0 R AE A AT LS R i) 2 7 2 3 ARG 3t B 3 ¢ 35 15 B I (] 4
KA REHE  EAIUR N B i o R 1 USR5 B 8 oy 3 A LA b, G b oy B A5 ) R A R A R 4
WA . BT BT LEEAE R IR L 28 S TG G 1) e A A T R 9, AR RORE S ISR BCR
IR HEA T /NS AR 55
3.3 R EREH SSRGS AES RGNS

N T SO TSR R B R B BIRE ST Iz e S e O BUE OBGR R EBR R T
FSAESE  JF R P A TUBR T 1 AR BRI . A S B RGN EAR T, T RS
Xt 20 A A IS5 D RE I AT RREE LSS | T SR AR P AN 2R G AR AR F Ak B FE B IR S (coupling) 12 RUHILZR
B ETE ] T S GRS IR AR B EORAE S RGUR R LS B AE B R GF 5 (i B
L) | RS TRTT R B, DA O GG AR T R ) 9 AR 7 D) AT DAk B R BREE B M AR 4% ) 1Y A
W B A DTy T s — 2 A S R G BE AT R I AR 7 7 R kL2 R G A 8 I 8 8 3 O 2R B
BT

B R A8 X — AR AR IR AT AT Y (B 7E S PR 0L A S e 8 7 FH A T I 2 Dk AR R
filo W TAEREKE T | ISR L R OO B P s AN s DR 2R I 22 S, R B A 7 A s ) AR
P B S T R KRR (B S ) I 8 R R R T v, A A BB TR AR R
P BRI 5 TEBOH T | RO BE B 2 A2 BBO- B0l A P SR R 52 38 52 31— R A2 |
SR RHA, AFRBOL - AEBRGE D AR E RN AFHREMER T A EZROEESBAXE
Bk FREAH JBCRCE R RS T ORI ST RS 5 A A R G b DGR B s ) S T
b 7R T 00 S AT R ELAA SR i 1) 25 TR B TEAT , AR AR DR O AT 4R S i O B S R 1 A
B,

2 b FERE T RS, 8 MG BRI BRI 2B 2 R e ™ E i 2 R EE e 5 AR A TR i 25
LA T R R TR (2 RN 2548 8 AL S R alpha ZAREME 45 B3 HT 56 | iR S R B Ak i — 5
ARSI AR K EN y  (EASTE R R, M B i S AR A ) AR A R R A AR Wy A TR AR ELAE TR R
TR, RIMETEO7 R 58 7 1 S B I T Bt R 38007, i T 583 W B0 A7 0 0 D S, POk 38 7R 43037 Y
(1t ] BE S B AN ) B A 11 A0 A IR A 1T /N RUBE T 1 JR i O 4 70 Rt e Dy RUE 1 O HCR

http ; //www.ecologica.cn



10 441 R AF S RETT RUEETT B O P I R G 5 s IR Ol R 5 A B R R 9

BESEATI G IR AN TEA R B s R ) 2 18] 70 AT MU , X T B g i S B 7 X0 i A v 22 A 9 BL AR
SN, DA R 53k o4 By ST £ T 40I0 2R 58 AR ) 22 A 1 0 A A0 s B A 19 4 AR BILAR, R B Hi 2
RS, SR, AR AR 7 RUBE R O i B I o 5 ik, G (8 PR B D7 B A A EAROK B R A O R AR
Bt 2 R P A T 7k 4TS WA 3 1 S B S B P ke D B PR S 3R Ml e, B 2 A b 14 S 3
Mo AR SR B AN R AR SR T S A A4 R T RUBE BCHCSR REI Tk  RR E A R0
O A BESRm BA SERR

4 #ip

T e i e R ) RS R G M R T R T O HE AR AR S . D S B R Ol ) 22 D e

5 AR AT FEAE A R B P 25 ) ] X T i B AT 1 IR T S - AR S R G
HAFRIRR . AWESE B TG B RO AT 2 5 AR 28 R GE N B A58 L OC AR W B < 8 50, R i Ao 32 )
RN R 23 18] o3 AT AL B PEA A7 Bl T HOBCE BB B DR SRS (A 50 A SRR ) S A B ELAT bR 5
LI IO PR 4 P G, L, A DU O DX 2 MR E P A T X sl PR 3, F 5 25 R 0 B 4 T 3l P g ol
AP A0 22 YR 2T i R A RE TR AT B U A TR A BB AN A L R, R R R AR B
i RS REPE AN SRR S REBINES . 5 REHURE T BTSN, HUHGR )
MEETEA BRSS9 R AR )™ ) Z 1AL Y [ BB G & . AR s, R R 007 19 & 31
B 2 PR L TR PO B SE PR A HEAT R 2 Y SE L M S AR TR Ik, 78 B S A BOML S U
TR 1A A8 AT s, DLBOHT B R G0 3K (U0 AR 55 ) S5 R SR 5 AT RIEA 7R
MR X SR E R WA RN AT AT B T MOl AR 7 i RE AT S 0 S PR AR B0 A T A5 SR e s 8] ) A
SRS, DI I A R SR ) A SRS, 2 R A B P ) R A ORI 8T, T 41 50 7 i D A0 ) mTHRR 8 K

£ 2% 3k ( References) :

[ 1] Secretariat of the Convention on Biological Diversity. Global Biodiversity Outlook 4—Summary and Conclusions. Montréal, 2014.

[ 2] Erb KH, Haberl H, Jepsen M R, Kuemmerle T, Lindner M, Miiller D, Verburg P H, Reenberg A. A conceptual framework for analysing and
measuring land-use intensity. Current Opinion in Environmental Sustainability, 2013, 5(5) : 464-470.

[ 3] Birgi M, Li L, Kizos T. Exploring links between culture and biodiversity: studying land use intensity from the plot to the landscape level.
Biodiversity and Conservation, 2015, 24(13) . 3285-3303.

[ 4] LiL, Fassnacht F E, Biirgi M. Using a landscape ecological perspective to analyze regime shifts in social-ecological systems: a case study on
grassland degradation of the Tibetan Plateau. Landscape Ecology, 2021, 36(8) : 2277-2293.

[ 5] Hruska T, Huntsinger L, Brunson M, Li W J, Marshall N, Oviedo J L., Whitcomb H. Rangelands as social-ecological systems // Briske D D eds.
Rangeland Systems. Cham: Springer, 2017 263-302.

[ 6 ] Faostat. FAOSTAT Database. 2016

[ 7] Bengtsson J, Bullock J] M, Egoh B, Everson C, Everson T, O'Connor T, O'Farrell P J, Smith H G, Lindborg R. Grasslands—more important for
ecosystem services than you might think. Ecosphere, 2019, 10(2) : e02582.

[ 8] Petermann J S, Buzhdygan O Y. Grassland biodiversity. Current Biology, 2021, 31(19): R1195-R1201.

[ 9] Ickowicz A, Hubert B, Blanchard M, Blanfort V, Cesaro J D, Diaw A, Lasseur J, Huyen L. T T, Li L, Mauricio R M, Cangussi M, Miiller J,
Mendiola M Q, Roger J Q, Vera T A, Ulambayar T, Wedderburn L. Multifunctionality and diversity of livestock grazing systems for sustainable food
systems throughout the world: Are there learning opportunities for Europe? Grass and Forage Science, 2022, 77(4) ; 282-294.

[10] Bardgett R D, Bullock J M, Lavorel S, Manning P, Schaffner U, Ostle N, Chomel M, Durigan G, Fry E L, Johnson D, Lavallee ] M, Le Provost
G, Luo S, Png K, Sankaran M, Hou X Y, Zhou H K, Ma L., Ren W B, Li X L, Ding Y, Li Y H, Shi H X. Combatting global grassland
degradation. Nature Reviews Earth & Environment, 2021, 2(10) ; 720-735.

[11] Koch B, Edwards P J, Blanckenhorn W U, Walter T, Hofer G. Shrub encroachment affects the diversity of plants, butterflies, and grasshoppers on
two Swiss subalpine pastures. Arctic, Antarctic, and Alpine Research, 2015, 47(2) . 345-357.

[12] Brandt J S, Haynes M A, Kuemmerle T, Waller D M, Radeloff V C. Regime shift on the roof of the world: alpine meadows converting to

shrublands in the southern Himalayas. Biological Conservation, 2013, 158 116-127.

http ; //www.ecologica.cn



10 A FE M 45 4%
[13] Sasaki T, Okubo S, Okayasu T, Jamsran U, Ohkuro T, Takeuchi K. Management applicability of the intermediate disturbance hypothesis across

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

Mongolian rangeland ecosystems. Ecological Applications, 2009, 19(2) ; 423-432.

Connell J H. Diversity in Tropical Rain Forests and Coral Reefs-High Diversity of Trees and Corals Is Maintained Only in a Non-Equilibrium State.
Science, 1978, 199(4335) . 1302-10.

Pickett S T, White P S. The ecology of natural disturbance and patch dynamics. Orlando, Fla.: Academic Press, 1985.

Fox J W. The intermediate disturbance hypothesis should be abandoned. Trends in Ecology & Evolution, 2013, 28(2) : 86-92.

Wilkinson D M. The disturbing history of intermediate disturbance. Oikos, 1999, 84(1) . 145.

Roxburgh S H, Shea K, Wilson J B. The intermediate disturbance hypothesis: Patch dynamics and mechanisms of species coexistence. Ecology,
2004, 85(2): 359-371.

Mackey R L, Currie D J. The diversity-disturbance relationship: Is it generally strong and peaked? Ecology, 2001, 82(12) : 3479.

Grime J P. Competitive exclusion in herbaceous vegetation. Nature, 1973, 242, 344-347.

Grime J P. Plant Strategies and Vegetation Processes. New York, USA: John Wiley & Sons, 1979

Sasaki T, Okayasu T, Jamsran U, Takeuchi K. Threshold changes in vegetation along a grazing gradient in Mongolian rangelands. Journal of
Ecology, 2008, 96(1) . 145-154.

Todd S W. Gradients in vegetation cover, structure and species richness of Nama-Karoo shrublands in relation to distance from livestock watering
points. Journal of Applied Ecology, 2006, 43(2) ; 293-304.

Landsberg J, James C D, Morton S R, Miiller W J, Stol J. Abundance and composition of plant species along grazing gradients in Australian
rangelands. Journal of Applied Ecology, 2003, 40; 1008-1024.

Miehe G, Schleuss P M, Seeber E, Babel W, Biermann T, Braendle M, Chen F H, Coners H, Foken T, Gerken T, Graf H F, Guggenberger G,
Hafner S, Holzapfel M, Ingrisch J, Kuzyakov Y, Lai Z P, Lehnert L, Leuschner C, Li X G, Liu J Q, Liu S B, Ma Y M, Miche S, Mosbrugger
V, Noltie H J, Schmidt J, Spielvogel S, Unteregelsbacher S, Wang Y, Willinghsfer S, Xu X L, Yang Y P, Zhang S R, Opgenoorth L, Wesche
K. The Kobresia pygmaea ecosystem of the Tibetan highlands - Origin, functioning and degradation of the world’s largest pastoral alpine ecosystem :
Kobresia pastures of Tibet. Science of the Total Environment, 2019, 648. 754-771.

Zhang B P, Chen X D, Li B L, Yao Y H. Biodiversity and conservation in the Tibetan Plateau. Journal of Geographical Sciences, 2002, 12(2) .
135-143.

TEHE, ZE45 30 T 0w A S AR PPkl o i 2k ) AR PEAR P, (2023-04-27) [ 2024-03-30]. hitp://www. npe. gov. en/npe/c2/kgfb/
202304/120230427_429084.html.

A N RSN [ R A RNk ¥ 2 0 2. Al /R 25 R G PR3P R A2 B R TR B A ML (2021- 2035 4F ). (2020-05) [ 2024-03-30].
https : //www.ndre.gov.cn/xxgk/zefb/12/202006/P020200611354032680531. pdf.

rhre N RN ] [ 5K R AR 2 4. 0 = VLI AR SO A i T TR LK. (2013-12) [2024-03-30]. https ://www.ndre.gov.cn/
fzegw/jesi/ njs/sjdL/201404/W020191101564621097541 . pdf.

Li L, Fassnacht F E, Storch I, Biirgi M. Land-use regime shift triggered the recent degradation of alpine pastures in Nyanpo Yutse of the eastern
Qinghai-Tibetan Plateau. Landscape Ecology, 2017, 32(11) ; 2187-2203.

Li L, Tietze D T, Fritz A, Lii Z, Biirgi M, Storch I. Rewilding cultural landscape potentially puts both avian diversity and endemism at risk: a
Tibetan Plateau case study. Biological Conservation, 2018, 224. 75-86.

Li L, Tietze D T, Fritz A, Basile M, Lii Z, Storch I. Beta diversities of grassland birds indicate the importance of pastoralism for nature
conservation of the Qinghai-Tibetan plateau. Frontiers in Conservation Science, 2022, 3; 902887.

AR EERER A2 AREE. 1% =F i, 2005.

Brown G, Kytti M. Key issues and research priorities for public participation GIS (PPGIS): A synthesis based on empirical research. Applied
Geography, 2014, 46 122-136.

Fagerholm N, Kiyhko N, Ndumbaro F, Khamis M. Community stakeholders’ knowledge in landscape assessments-Mapping indicators for landscape
services. Ecological Indicators, 2012, 18; 421-433.

Fritz A, Li L, Storch I, Koch B. UAV-derived habitat predictors contribute strongly to understanding avian species-habitat relationships on the
Eastern Qinghai-Tibetan Plateau. Remote Sensing in Ecology and Conservation, 2018, 4(1) ; 53-65.

Homburger H, Schneider M K, Hilfiker S, Liischer A. Inferring behavioral states of grazing livestock from high-frequency position data alone. PLoS
One, 2014, 9(12) : e114522.

Bailey D W, Trotter M G, Knight C W, Thomas M G. Use of GPS tracking collars and accelerometers for rangeland livestock production research.
Translational Animal Science, 2018, 2(1) : 81- 88.

Li G M, Chai L L. AnimalAccML: An open-source graphical user interface for automated behavior analytics of individual animals using triaxial

http ; //www.ecologica.cn



10 4] R AF S RETT RUEETT B O P I R G 5 s IR Ol R 5 A B R R 11

[40]
[41]

[42]
[43]
[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]

accelerometers and machine learning. Computers and Electronics in Agriculture, 2023, 209 107835.

Van Rossum G. Python Tutorial. (2016-02-24) [2024-03-30]. https://dev.rbeafe.com/python/python-3.5.1-pdf/ tutorial. pdf.

Xiao L 'Y, Zhao X, Mei S, Mishra C, Alexander J S, Weckworth B, Liu W, Li L, Wang H, Zhu Z Y, Lu Z. When money meets tradition: How
new cash incomes could be risky for a vulnerable ecosystem. Biological Conservation, 2022, 272. 109575.

Wiener G, Han J L, Long R J. The Yak. 2nd ed. Bangkok: FAO Regional Office for Asia and the Pacific, 2003.

Xie Y N, Li W J. Why do herders insist on Otor? maintaining mobility in inner Mongolia. Nomadic Peoples, 2008, 12(2) . 35-52.

Humphrey C, Sneath D. The end of Nomadism? Society, state, and the environment in Inner Asia. Durham: Duke University Press, 1999.
Wilson G A. Community resilience: path dependency, lock-in effects and transitional ruptures. Journal of Environmental Planning and Management,
2014, 57(1) . 1-26.

Grime ] P. Vegetation classification by reference to strategies. Nature, 1974, 250 26-31.

Grime ] P. Plant Strategies, Vegetation Processes, and Ecosystem Properties. 2nd ed. Chichester, UK: John Wiley & Sons, 2002.

Grime ] P. Evidence for the existence of three primary strategies in plants and its relevance to ecological and evolutionary theory. The American
Naturalist, 1977, 111(982) : 1169-1194.

Gao J J, Carmel Y. Can the intermediate disturbance hypothesis explain grazing-diversity relations at a global scale? Oikos, 2020, 129(4) .
493-502.

BLW. Direktzahlungen an Sommerungs- und Gemeinschaftsweidebetriebe. (2024-11) [2024-12-05]. https://backend.blw.admin.ch/fileservice/
sdweb-docs-prod-blwch-files/files/2024/11/05/840aael5- 8b7c-4192-885{-49e15d1640d3. pdf.

Zhang Y J, Zhang X Q, Wang X Y, Liu N, Kan H. Establishing the carrying capacity of the grasslands of China: a review. Rangeland Journal ,
2014, 36: 1-9.

Liu J G, Dietz T, Carpenter S R, Alberti M, Folke C, Moran E, Pell A N, Deadman P, Kratz T, Lubchenco J, Ostrom E, Ouyang Z Y,
Provencher W, Redman C L, Schneider S H, Taylor W W. Complexity of coupled human and natural systems. Science, 2007, 317 (5844 ) .
1513-1516.

GReeHa, fLHF, K%, WIHES, 80, SRS RGURBIMES, ik LOCHEMDEL. rp AR 250k 24, 2022, 30(8) : 1228-1237
Gillson L, Hoffman M T. Rangeland ecology in a changing world. Science, 2007, 315(5808) : 53-54.

BRAT, TKFIE, EAR, MWHE, 2E0EAE, TREZE. 2005-2017 AF i ifE VLR X B0 5 A IR ECD I ZS MR IS, SR, 2021, 29(6) .7
Rudmann-Maurer K, Weyand A, Fischer M, Stocklin J. The role of landuse and natural determinants for grassland vegetation composition in the
Swiss Alps. Basic and Applied Ecology, 2008, 9(5) : 494-503.

Scheffer M, Carpenter S, Foley J A, Folke C, Walker B. Catastrophic shifts in ecosystems. Nature, 2001, 413(6856) : 591-596.

Homburger H, Liischer A, Scherer-Lorenzen M, Schneider M K. Patterns of livestock activity on heterogeneous subalpine pastures reveal distinct

responses to spatial autocorrelation, environment and management. Movement Ecology, 2015, 3. 35.

http ; //www.ecologica.cn



