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Figure 1 (Color online) Distribution of plant patches under different grazing intensities in four grasslands. Pictures showed typical areas under
different grazing intensities in four grassland types, with an area of about 40 mx50 m.The typical areas in each entire study area were showed in the
figures. The purpose is to show the spatial distribution pattern of different vegetation patches. It does not represent the distribution dominance of each
plant patch in the overall vegetation
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Table 1 Information of four grassland sites
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Table 2 Information of drone images acquisition
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Table 3 Interpretation accuracy information of for four types of grassland
B A Kappa % £{ BEHLZ R RS RE il R R B2
INAERRE 0.86 0.91
Sl g 0.84 TEAR SRHEAR 0.90 0.86
s 0.91 0.91
A 0.78 0.90
SR 0.2 ED 0.90 0.90
FeRH 0.88 0.80
B 0.93 0.86
FH 0.89 0.90
BRI 0.79 0.77
F ) i 0.74 FAHL 0.80 0.67
ol SE R 0.77 0.83
Bk 0.73 0.76
P 0.78 0.93
. SEEE 0.92 0.88
SR 0.81 )
JRAETT 0.90 0.80
B 0.83 0.91

A 3~4 omps B 1 AR A /MR ) Rl — 26— AR
AR, ZRBESRAE G 1 SRR B b, At
1L SEiE e S RiR N R B R S RN 7 B NS
HRUHI B RUARTEIRA, F R R R EH E{H80%
P R4l 2E 5 (Leymus  chinensis)BEHL.  KEF 3 (Stipa
grandis) Ry [CET (Stipa  krylovii) A £ RIBEHR I Ky —
K, ENEF. QREIRN R L2 R R N E,
PEA RIS, B R A v [RE P & B
Y, B TR B, A B2 W — AR A oA,
LN (Artemisia scoparia); )R R 08 R A4,
TRCERD . CHEAJEE | CJRRR . BT
¥’ (Cleistogenes squarrosa)~ IR 4538, X H 2EHD
AL T DX IRUE AR ARV 0 0 S R BRI S R+ A2
TR BESR, H B RO R R BE L[]
B, P ZIA] A R O AT B e T A

SETRIUBOR A A ) AR AR JR R R, 5 RS
FBREHAT SE R R X ), LAZEBE K J® (Potentilla  sp.)fE
YIRl— AR AR RO 3, U A S (Taraxacum  mon-
golicum). %-Wij(Plantago asiatica)~ ¢ # (Artemisia
tanacetifolia) M k5 (Pulsatilla turczaninovii)%
R BES. TRAE T8 AR AR B TR TR P AR A R
PREDAGBES, B AR 5 . (Carex  korshins-
kyi) i EH. G FERAR ) 430 R E 5 (Kobresia  humi-
lis)s ‘4% (Stipa aliena)ll N iBALAY R AE
IU’(Gentiana straminea) F1 B 4FH.

14 7R )R 54

AR AR Y L SR SR BT SRR M ) i
BB AR/ NEEOR A, B4 A EAT SR A
SRMNATE LB 2SI SRy, R 1 e R B il 2 ik 26

1555



M % b & 2025548 H70% F11H

THLBES, JUHIE AN TH5 R A e X e A B xsf
FEL B 225 [T SR el 7= A 8O0y PR, — 5 TSR 1A F:
T BAG AT AR rA% R, Blan4aE . s TR s0R
/MR N R E R SR E %, ) — i,
TSP o ALk BN DX 2 g BRI T H fe 43 L2 TRl A
Jai, VAT B3 /0N DX 300 2% B K /INIX. v ] 38 1 4 X6 A
BAE ey L B S

X 53 R AR AT B P S R R B 22 () 7 i
RS (A A A SR CROAE B0 1. B et — &5
Bl 22, anzs ) Hl(clip)s THBR (eliminate) /)
SYEEATTREE(0.02 m* LI A IFHIARBER (dissolve)
B TERONACOE b, TR T R B SRR
ZREE(FR4). AR AV B T, AR SCERE T2
D MEtR: &R E  (contagion index, CI)FIR TR
%l (aggregation index, Al). /4 ik T HFBEELA >
FIZ A BEH AT, X HLEEHE T DIVISIONHISPLIT
FREL, 2 HRBCE T oW AR B, X
ANBESEUBE AR, 15 T PT A R B B AR bR
{Cop e B AN e e 2 = S G AN W L 1 R N i
WA ZFEPE(SHD R WL 5 FEER #U(SHET). 749
PRI RERERAKOT- b, ARSI T e KBEHE 2 (lar-
gest patch index, LPI)FIZEA 44 54 (integral index
of connectivity, IIC)2FF5%L.

T4 FMEHHBRRESZEE L

Table 4 The landscape indices selected and their ecological meanings
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Figure 2 (Color online) Changes in the maximum patch index (LPI) of patch types with grazing intensity. (a) Desert steppe; (b) typical steppe; (c)

meadow steppe; and (d) alpine meadow
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Figure 4 Variation of landscape level indices with grazing intensity of four grasslands. The horizontal lines at the top of the figure represent the
differences between different grassland types: *, P<0.05; **, P<0.01; *** P<0.001, and different letters indicate the differences between different
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Different responses of spatial heterogeneity of grassland
vegetation to grazing intensity in northern China
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The northern Chinese grasslands, serving as the cradle of traditional animal husbandry and pivotal ecological bulwarks,
performing crucial ecological roles, including climate regulation, biodiversity conservation, hydrological replenishment,
carbon sequestration, and amelioration of wind and sand erosion. The arid and semi-arid climatic conditions of the northern
grasslands impose inherent limitations on their resilience to disturbances and their capacity for regulatory response. In
recent decades, the escalating livestock load, compounded by the ramifications of global climate change, has precipitated
varying levels of degradation, desertification, and salinization, thereby diminishing the ecosystemic functionality of these
grasslands. The spatial heterogeneity of the grassland flora is a precursory indicator of grassland degradation and
desertification. Consequently, the investigation of the spatial heterogeneity patterns of various grassland vegetation under
the influence of long-term experimental grazing intensities is of paramount importance. Such research is instrumental in
delineating the optimal grazing intensities for diverse grassland types, in the scientific delineation of grassland production
and utilization paradigms, in the formulation of rehabilitation strategies for degraded grasslands, and in the enhancement of
grassland ecosystem services. This, in turn, is essential for safeguarding the ecological security of China’s northern frontier.

The transformation of vegetation spatial patterns profoundly impacts the microclimatic conditions within plant
community patches, affecting both biotic and abiotic processes. This study leverages a long-term controlled grazing
experiment to investigate how varying grazing intensities influence the spatial configuration and response traits of four
distinct types of grassland plant patches in northern China: desert steppe, typical steppe, meadow steppe, and alpine
meadow. High-resolution drone imagery and advanced machine learning algorithms were employed for this analysis.

The findings reveal a two-tiered impact based on the type of grassland and the level of grazing intensity. At the species
level, increased grazing intensity leads to the consistent dominance of perennial tufted grasses in desert steppes, along with
an expansion of bare soil patches and enhanced connectivity between these two elements. In typical steppes, the formerly
dominant Leymus chinensis patches wane in both dominance and connectivity, while perennial bunchgrass and subshrub
patches increase in connectivity. Similarly, in meadow steppes, Leymus chinensis loses dominance, with degenerated forb
patches gaining prominence and connectivity. In alpine meadows, Stipa aliena patches gradually cede dominance to
Kobresia humilis, which also shows increased connectivity.

From a landscape perspective, desert steppe vegetation exhibits diminished spatial heterogeneity with increased grazing
intensity. In contrast, typical steppe vegetation reaches peak spatial heterogeneity under light grazing. Meadow steppe
vegetation heterogeneity tends to increase, while alpine meadow vegetation maintains relatively stable spatial
heterogeneity regardless of grazing intensity. These observations suggest that different grassland types respond variably
to grazing pressures under diverse climatic conditions.

This study underscores the efficacy of high-resolution drone remote sensing and machine learning technologies in
assessing the impact of grazing intensity on grassland spatial heterogeneity. It also highlights the importance of a detailed
plant patch classification system in understanding the pivotal role of grazing in reshaping vegetation spatial patterns. The
insights gained contribute to a better understanding of the complex dynamics between grazing practices and grassland
ecosystems, offering valuable information for developing sustainable grazing management strategies.

grassland in northern China, long-term continuous grazing, grazing intensity, spatial heterogeneity, patch
connectivity, patchness
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