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Abstract: Studying the altitude distribution pattern and driving factors of plant community diversity in subalpine
meadow is helpful to reveal the mechanism of plant community species coexistence and diversity maintenance under
the background of coastal elevation gradient. In this study, the plant community in Gongnaisi mountain area was
taken as the research object, and the distribution law of plant community diversity along the elevation gradient and
environmental influencing factors were discussed to reveal the plant community construction mechanism in this area.
The results showed that: (1) With increasing the altitude, Pielou index, Simpson index, Shannon-Wiener index,
Functional Evenness Index (FEVE) , Functional Divergence Index (FDIS) and Rao’ s second entropy index all
showed a single-peak change pattern, and the system development structure changed from divergence to aggrega-
tion; (2) PD index was significantly positively correlated with species richness and Margalef index, and positively
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correlated with Pielou index and Rao second entropy index. In addition, except FDis, there was a positive correlation
between species richness index and functional diversity index; (3) Community diversity was mainly affected by

environmental factors such as soil organic matter, total nitrogen, pH, average annual temperature, average annual pre-

cipitation and soil moisture. The plant community diversity in Gongnaisi subalpine meadow changed regularly along

the elevation gradient, and its distribution pattern was mainly driven by environmental factors such as soil organic
matter, total nitrogen, pH, annual average temperature, soil moisture content and annual average precipitation.
Key words: Functional diversity; Phylogenetic diversity; Phylogenetic structure; Environmental factors;

Subalpine meadow
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Table 1  Distribution characteristics of environmental factors at different altitudes
85 K 7 Environmental variable 2100 m 2200 m 2300 m 2400 m 2500 m
/\K/(mg-kgfl) 378.6464.16 366.62+38.06 383.42+83.62 100.77+27.16 124.82435.93
TK/ (g kg b 9.3941.60 9.1840.90 9.54+2.11 2.53+0.68 3.13+0.89
AN (mg-kg ") 37.474+1.35 34.48+1.19 36.35+3.57 41.314+6.22 41.94+4.80
TN (g'kgfl) 0.8740.13 0.8040.06 0.8440.11 0.954+0.11 1.01+0.12
AP/(mg-kg 1) 58.67+18.75 66.67416.17 75.2+18.45 119.82+51.90 180+131.15
TP/ (g kg ") 1.2840.26 2.22+0.36 1.6940.31 3.52+1.74 6.13+4.71
NN/ (mg'kgfl) 70.854+7.07 159.6+33.63 79.76+38.59 152.87+62.30 202.42+64.75
SOM/ (g-kg ) 172.04+64.36 140.15+22.41 100.61+8.80 153.2440.47 151.81+3.23
SWC/ (g kg ) 9.87+£2.70 14.9742.05 9.83+1.71 11.9341.23 20.234+1.33
pH 7.57+0.15 7.73£0.12 7.33+0.12 7.63+0.12 8.134+0.21
TS/(g'kgfl) 126.3343.06 174.33+44.6 179.67+65.92 125.00+13.53 153.33+45.35
MAT/C 1.45+0.29 0.81+0.29 0.67+0.28 0.00+0.28 —1.06+0.27
MAP/mm 278.01483.52 272.14+82.15 280.29+78.68 289.38480.55 303.8485.53

T SWC R HHEE KR  SOM hy +HEAT AL AK S #A0E NN A & AN WS AL TN 2% TP b &8 (AP A 208k . TK 4>
B pH Ol R ERRTEE TS 4k MAT NAEHI MAP WA K. T IH
Note: SWC, Soil moisture content, SOM, Soil organic matter, AK, Available potassium, NN, Nitrate nitrogen, AN, Available nitrogen,

TN, Total nitrogen, TP, Total phosphorus, AP, Available phosphorus, TK, Total potassium, TS, Total salts, MAT, Annual mean tempera-

ture, MAP, Annual mean precipitation. The same as below
AJ Ay
3 Wig

3.1 EYBESHENEEBETUNRE

W B, Wy Fh =F & B FIl Margalef 15 % bt 165 4K
Tofs JEE e 96 B S P 3B 1 e # L 3K 5 IRLJY B db IX
Y S S5 RN N TG SR L% DDA OC . B 2 19K
BB BE I T, N TR BB Wl > XA S RS T
PN IR R G, BT i B 2, Y
il 3= 6 B2 AN Margalef i £ & 1 45 86 B 09 i b T
BAH 3 B8ORS Simpson 38 %X . Shannon-Wiener
T84 Pielou 48 % . ) g B HUE 35 BUM T e 141 &) JE 45
B T ARORE FE T e 2 LR Y A A A R o X
T bl & AR B T N TP s R S T
A e HE R AR IR B B T e AR
5, A2 AL A G 22| e R R D) fE R B 1Y )
A 4 it 3 A7 25 [\, 5 3 Simpson $5 %X . Shannon-
Wiener 48 %1 . Pielou $5 %5 . T & &5 #UE $5 BOF D g 34
A FEFR BOZ WG N o AR AR 2500 m &b AT RE A AR
T E B A 5 AL S R A N R A B W A A W A
Dy Re i T ¥4 5 , D) fe 2 5O 5 U A X A B 1 RO
k. PD $5 8 BE & 5 45 B6 B2 09 T v 42 508 238 3 1
B, KW g X R] BN R B O [A] HE AL R AT
2P R B AE 0 A5 (A5 3 S ) R g 48 7F 1% Hh
AL M RN ARG LB SRS R
5 ) PR oA B () 22 2% (4 AH EAE R 0 o e o 45 1 1Y
T PR R L R, LR ) e A Y AR D s

eI S AR Nl S S G NP e
o VIR I T I R X K I B I O A
Thie 1 7 W AR A e, VS R Gk A A B T
o6 B2 ) T o 22 3 e 3 A R e A D TR A o
DR Bt 4 vl 4R T e, SRR B BB T R B I 12 i
e il 35 0 AR AV R XL D 8 8, 5 O R M 2% 1R T
o R ST YRS B d AL LIRS
U0 F T PR B A Oy AR, AT A e K
TV O PR 858 AR Y o T RE A8 TR 52 A WL PR B Y
TG R AR LB MY Bl A R A — i
i B REEMRE R BN . Rao KM
5 KO Iy RE = 67 B i M Bt T BACE 2 T g e 9
125 4 AR B o 3T B DR O A RO AR X SR )
T I RLAS [ A R BT A6 A AL e AR IR A
Py b ot A R A A AL, TS R A B O i A
LIy IR AE AR 5 rr 2 A SR S0 R B, A T P Y
D REPEAR T = &, TS 2 Rao — U 45 KA 2
AE = i A v 4 L 1 T e T Fp 2 1

AWEIEH, BE A T OB R T W A
RGRE Z R BRI RE Z M SR B BT R
ARG T A K AR R O T
WD o BRI A VR S5 A ) 2 R DR 2
TP A 25 F e i TAR I, i i ol > Ak T4
G TE A W) b I R AR GE A il A 15 ) B 2 RE
TN 5 o AR W) 22 R R B OR3P D B DL R D SR 2 A
BRGEWIKE SHE.



%5

T W1 3 25 LT 8 I ey 1L ) AL ) T e 2 AR A A R 0 A A% Jey B LK Bl R T

1847

1.0
R
0.77 0.8
040
0.6
020051095 J
034]0.54/093/ 095 D 0.4
0711075 0.42| 0.26 031/ PD
1 I 0.2
-0.241-0.07|-0.17/-0.20|-0.31-0.04/ NRI .
A Il Il e M
0.32-0.10/0.12/0.19/0.09 -0.23 0.63 NTI 0.0
051 -0‘49{-0‘22; -0.15-0.25-0.35] 0.04| 0.31 MPD|
i ——T -0.2
-0.661-0.73|-0.51]-0.37|-0.48|-0.67 037| (]‘43‘066
043068 0.53/0500.51 055 -0 12‘018‘-0 09/-0.47 FRic -0.4
b .8 4 e -+ e o ] 3 | -~ -
047/057052/047/0.50| 028 -0.17\-0.30{-0.61 -0.63/0.38 FEve 06
20.05/0.120.26|0.37| 034 -0.07-0.15-0.22| 0,03 -0.16/ 0.57 | 0.22|FDiv| e '
0490570621059 0.72|0.35 -0.64-0.34/-0.24/-0.63 0.62| 061 0.36 FDis -0.8
052/0.61/0.60055/069 043 -0.55 -0.29‘-0.21-0.64‘ 0.70| 0.59) 0.40| 098 Rao'Q Lo

2 EEsEMIEHEAEXE
Fig.2 Correlation among community diversity index
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Note: * indicates P<Z0.05; ** indicates P<<0.01. R, Species rich-
ness index; D,;, Margalel index; H, Shannon-Wiener index; J,
Pielou index; D, Simpson index; PD, Phylogenetic diversity index;
NRI, Net relatedness index; NTI, Nearest taxon index; MPD,
Mean pairwise distance; MNTD, Mean nearest taxon distance;
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quadratic entropy. The same as below
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Fig. 3 Regression analysis of environmental factors and community diversity indices
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F2 MEEFUHZEOMZHEETHHBEREN
Table 2 Explanatory power of environmental factors on species diversity changes of community
MEL 5200 K F Environmental impact factor R? PAE P value H—FEA RDAL 5 — FHiE4r RDA2
EHIREK MAP 0.176 0.032" 0.606 0.015
AN —0.091 0.833 0.292 —0.287
NN 0.388 0.001™" 0.796 0.241
SOM 0.343 0.001"" —0.175 0.276
SWC 0.231 0.015" 0.633 0.637
®3 RERFIHERFZRESHEETHUHNBREN
Table 3 Explanatory power of environmental factors for changes of community phylogenetic diversity
LR [T Environmental impact factor R? P1i P value 9— S RDA T EAR S RDA2
AR MAT 0.622 0.0017" —0.756 —0.515
AR AP 0.260 0.045" 0.459 0.436
HAANN 0.314 0.002 0.556 0.543
THEF KA SWC 0.597 0.0017" 0.717 0.443
- i % pH 0.524 0.001" 0.624 0.649
2 TS 0.015 0.828 0.209 —0.419
R4 MERFIFEDRESHEETUNBRED
Table 4 Explanatory power of environmental factors for changes of community functional diversity
FREERZ IR T Environmental impact factor R? P P value H—EM RDAL 5 FHif35 RDA2
FEHRE K MAP 0.146 0.030" 0.760 0.585
BAR AN 0.001 0.689 0.412 0.601
A Rk AP 0.071 0.204 0.680 0.470
+HEAH LT SOM 0.188 0.027" —0.438 0.838
THEF KA SWC 0.055 0.187 0.494 0.512

AWFTE AP RE IR 2 FEE Z T B A S,
O PR A2 25 R G s A7 AL AR 2 M, LA ROT
JEHEY Z AR BB A O L L, FE XS
2 DX SR W) T i R AT 20 AR P R 4P R A 2SR A T E
WS I, D% [ B B R Z AR RS RE 2R
P Ly 8 22 AP ] 4 T3 ) A2 4

3.3 RmEYHESHENTERFSN

W BE VR 55 0 55 B R IR A7 AE 4 4 25 2 4 M
HAEHI R ZR A PR AR A Y 2R 2 2 A ) B
V6 10 23 0] 43 A0 46 Jay = Az g ) AR BIESY R E L LT
T W e L ) A B R 2 R PR B S SRR IR A
TE 5 35 AR S PE o VE R R I 858 ol g 2 R
AR SRS B —ERE L EZmiyE
KBy s R, B 5 YR 2 FEPE R 8O NTT i 3
AE, 5 MNTD 2 & F A E . X2 HE PR
JCE B Z 2552w R A Y 16 A 1 AR, Sk
X AE Y AR R A A AN U A (R
YR T N R A 2 Al R B A AR 5 4
W m AP, eSS RERE ZHEEMN T
B, S X W) Bl 2 REME 1 AR Ak = A g Y

7K 5 Simpson $850 NRI I NTT ¥ 5 8% A0 5%,
5 PD W EIEAHC . X AR K o A A 45 1
TR E RGN, AL A 2, PR 1 3 R A
T KRR AR R R A S AL A AT DL AR
M ECPD Mg . B ES YR A R B
Margalef $ #3454 i & A G XTSRRI T
SRR R ST - 5 b 5 AR R Y 1 15
A, DN 52 W) 7 AR ) 1Y) 22 Pk RN 38 5 43 A i
FEMR TR E s B, 25 MNTD R W 3 EAH G .
X AT BE A2 PR R A 1 A A i SRR 2 R 2R A
WHEK, SEHEYBE TR RS R B IR
FEST A4S MNTD B4 0. 76 %08k 5 Pielou
AN Simpson 18 £ @ 3 7 AH 607 & 8% 5 Shan-
non-Wiener 78 ¥t . 35 i AH ¢ o X J2 A Oy 24 + 3
PR RO B R I, R RE AR D B S R AR
K, T B T H A B0y R KR R ) 2
P2 2 310 6, fd 15 Shannon-Wiener $8 %1 . 4 Ff (1) 2
A BRI F B B BEAR

+ 5 pH 5 Shannon-Wiener 35 %% . Pielou 8§ %4
A MNTD ¥ & 3% A ¢ . X2 B o e 19 pHAE
AT 2 AR A HE Ak 2E RN AR A AR il 4
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Table 5 Stepwise regression analysis of the main environmental factors

Eik i AIC I FAIISES A {H PR R 22 tfH
Index Impact factor Estimate Std. error t-value
Yo B4R AL —7.42 0.643 MAP" 0.045 0.021 2.197
(Species richness index, R) AN —0.202 0.061 —3.336
NN 0.017 0.003 4.935
Margalef +§ % —110.38 0.875 MAT™ —0.239 0.036 —6.646
(Margalef richness index, Dy AN —0.032 0.007 —4.695
NN 0.002 0.001 4.794
Pielou 5 44 —104.78 0.368 MAP” 0.011 0.004 2.693
(Pielou uniformity index, J) AP’ —0.002 0.001 —2.592
NN’ 0.002 0.001 2.820
pH" —0.291 0.138 —2.109
Shannon-Wiener 1§ % —85.36 0.748 MAT™ —0.462 0.084 —5.508
(Shannon-Wiener index, H) TP™ —0.130 0.027 —4.753
SOM 0.002 0.001 1.390
NN 0.003 0.001 3.354
pH’ —0.643 0.236 —2.724
Simpson F & J§ 45 4 —117.99 0.668 MAT™ —0.168 0.034 —4.999
(Simpson richness index, D) AP™ —0.001 0.001 —3.133
NN 0.001 0.001 1.915
SWC" —0.600 0.219 —2.743
ARG KT 2SR (Phylogenetic diversity index, PD) 178.58 0.666 SWC™ 356.883 52.678 6.775
EELESS S EiE1 —45.94 0.262 TN 1.578 0.805 1.962
(Net relatedness index, NRI) SWC" —2.726 1.246 —2.188
pH 1.097 0.579 1.895
V53T Bl ) SR 2% 9 R A8 AL (Net nearest taxa index, NTD —7.76 0.527 NN™ 0.014 0.005 3.045
SOM™ 0.023 0.005 4.141
SWC™ —8.550 2.129 —4.016
-1 i T 2 A B 177.2 0.810 MAP” —2.917 1.119 —2.606
(Mean nearest taxon distance, MNTD) TN 392.068 113.181 3.464
NN’ —0.501 0.177 —2.829
SOM™ 1.077 0.231 4.658
pH" —96.768 44.196 —2.190
e T & B4R AL —19.93 0.509 MAP™ 0.057 0.012 4.887

(Functional richness index, FRic)

Rao . N 35.43 0.439 MAT™ —1.943 0.458 —4.424

(Rao’s quadratic entropy,Rao’ Q)

T R AP E F 0 ALC S A0 A5 5 00, PR 78 Bt (B R il 42 R A, * P<<0. 055 % P<C0.01; *** P<C0.001
Note: R is the determinant coefficient, AIC is the Chichi information criterion, and the value of the environmental variable is the diameter

coefficient. * P<C0.05; ** P<C0.01; *** P<Z0. 001
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