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Species coexistence mechanism of plant communities on different slopes of Gannan

sub-alpine meadows

ZHANG Xin, LIU Minxia“, CHEN Xuejiao, ZHANG Yingying, CHEN Youyan
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract: The study of phylogeny and functional trait structure of plant communities is crucial for understanding
mechanisms of species coexistence and biodiversity maintenance. The gradient of slope positions compresses factors such as
elevation and topography within a limited vertical geographic space, thereby influencing the distribution, structure, and
functionality of plants. This study focuses on the plant communities at different slope positions in the subalpine meadows of
Gannan. By integrating environmental factors, community surveys, and functional trait measurements, we calculated the Net
Relatedness Index (NRI), Nearest Taxon Index ( NTI), and standardized effect size of the Mean Pairwise Trait Distance
(SESMPD) to analyze changes in phylogenetic and functional trait structures along the slope gradient, revealing species
coexistence mechanisms in Gannan's subalpine meadows. The results showed that; (1) Species richness, Shannon-Wiener

index, and phylogenetic alpha diversity significantly decreased with increasing slope position ( P<0.05), while species
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evenness did not show a significant change (P>0.05); (2) The overall phylogenetic structure was aggregated ( NRI>O0,
NTI>0), and the coexistence of community species was mainly dominated by habitat filtration, and the NTI index showed a
*V’ -shaped change, indicating that habitat filtration weakened and then strengthened with the increasing of slope position ,
and the degree of aggregation of community phylogenetic structure likewise weakened first and then strengthened; (3)
Functional trait structure shifted from a dispersed state (SESMPD<O0) in the flat and lower slope position to an aggregated
state (SESMPD>0) in the middle and upper slope position, with pronounced species interactions from flat to lower slope
position and a predominance of environmental habitat filtering from middle to upper slope position; (4) Of the seven plant
functional traits examined, only leaf carbon content and leaf phosphorus content showed significant but weak phylogenetic
signals (P<0.05), suggesting that evolutionary history had a minor influence on the plant communities in the study area,
and that phylogenetic and functional trait patterns were not entirely consistent. In summary, niche determinism was the
primary mechanism for species coexistence along the slope gradient in Gannan’s subalpine meadows. Soil moisture was a
relatively important environmental factor regulating the functional trait structure of plants at different slope positions. As soil

moisture decreased, the functional trait structure shifted from divergence to aggregation. This study provides a more

substantial theoretical basis for the mechanisms of species coexistence in the subalpine meadows of Gannan Prefecture.

Key Words: species diversity; phylogenetic structure ; functional trait structure; slope position; phylogenetic signaling
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Table 1 Basic conditions of different slopes
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Fig.2 Phylogenetic tree of different slope positions in subalpine meadows
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Table 2 Effects of environmental factors on phylogenetic and functional trait structure

RGKE /PIReEii R/ BERTFAE (P<0.05) BERF
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T 35 %% 56 223880 Nearest taxon index (NTI) 2.7 1 EC

Yl 75 [ A R e P i

@T(’EchaJ"lﬁj{EB’J?"mﬂ T@Jﬂ(ﬂﬁﬁ. o SP_SWC. pH.STN .STP . SOC. SR
Standardized effect size of mean pairwise trait distances 71 8

PD EC
(SESMPD) N

SP: i/ Slope position; STP; 4341 i soil total phosphorus; SWC. + 34 7K i Soil water content pH: R soil pH; STN. 413
24 Soil total nitrogen; SOC B MR Soil organic carbon; EC. + 32 5K Electrical conductivity; SR: LYIIENY S Species richness; PD: X

KB R ZAEE Phylogenetic diversity
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Table 3 Linear mixed effect model of community functional structure and ecological factors

FEMLIT M FEHL ; R? conditional =0.75; R? marginal =0.67

AR 1
\);aibles 4 ddf F r lj]i‘t?ILi
i Slope position (SP) 1 20.36 69.05 <0.001 0.05
YIS Species richness (SR) 1 23.84 1.87 0.183 -0.02
% R ZFEME Phylogenetic diversity (PD) 1 24.77 0.45 0.510 0.09
3285 1 Soil total phosphorus content (STP) 1 20.42 6.72 0.017 0.23
+ 35 7K im Soil water content (SWC) 1 21.66 22.08 <0.001 -0.96
Y xFpFFE Slope positionxSpecies richness ( SPXSR) 1 24.55 2.28 0.144 -0.23
Wil xil R LR Slope positionxPhylogenetic diversity ( SPXPD) 1 24.35 0.21 0.656 -0.01
Wi x A B
1501; i&fiﬁoﬁ E‘tital phosphorus content ( SPXSTP) ! 2451 0.33 0.571 0.2
e firx £ 7K B Slope positionxSoil water content ( SPXSWC.) 1 23.37 0.18 0.895 0.35
I x S Al < K
Slope position XSoil total phosphorus contentXSoil water content ( SPX 1 22.12 6.80 0.016 0.97
STPXSWC)

df(rTFAME) ddf( B EHRE)  F(2EE) ,P(BEYE PAE) ; R* marginal JFE E H T B9 22 ; R® conditional F [F 72 00 11 Fifi L7 At
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Fig.4 Trends in phylogenetic and functional structural indices with different slope positions
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hieracioides) 1 5t 58 b — 2%, H Ak ) i (8] 5 76 249 A
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Fig.6 Mechanisms of influence of ecological factors on diversity and functional structure of plant communities
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Table 4 Phylogenetic signaling of plant functional traits

YIFEMEIR Functional traits K P
FERETFE Plant height( Height) 0.31 0.158
I F- ik & & Leaf organic content( LOC) 0.52 0.041*
I F W 5 H Leaf phosphorus content( LPC) 0.54 0.043"
I F- %07 8 Leaf nitrogen content( LNC) 0.32 0.156
eI AR Specific leaf area( SLA) 0.43 0.065
T4 B & & Leaf dry matter content( LDMC) 0.34 0.143
AHXF 4% Soil and plant analyzer development( SPAD) 0.26 0.102

* FNHA W E P<0.05
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Fig.7 Visualization of systemic development signals
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