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Abstract; The study of plant niche and interspecific association of communities at different altitudes can deeply analyze the
spatial distribution pattern and ecological function of communities, which has important guiding significance for vegetation

restoration and reconstruction of fragile mountain ecosystems in arid areas according to local conditions. In this study, 17
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shrub species in 30 plots on the eastern slope of Helan Mountain were investigated as the research objects. Niche width,
niche overlap index of Pianka, interspecific association test, and M.Godron stability test method were used to analyze the
niche, overall community connectivity and interspecific associations characteristics of shrub species in typical vegetation
zones at different elevations ( From low to high: Montane xeric shrubland, Montane open grassland, Temperate coniferous
forest, Mixed coniferous broad leaved forest, and Cold-temperate coniferous forest). The results showed that: (1) In the
shrub community on the eastern slope of Helan Mountain, the ecotope width of Berberis dubia. Schneid and Dasiphora
Sfruticosa was largest, The niche overlap of shrub species in typical vegetation zones at different altitudes was low, and the
demand of species for environmental resources was quite different. (2) The overall connectivity of the main species of shrub
communities in the mountain dry scrub zone was significantly positively correlated, while that in the mountain open
grassland zone was non-significantly positively correlated, and that in other typical vegetation zones was non-significantly
negatively correlated. (3) The results of interspecific association analysis showed that in addition to mountain xerophytic
shrubs, the number of negative association species pairs in shrub communities of other typical vegetation zones was more
than that of positive association species pairs, and most species pairs were not significantly correlated, indicating that the
distribution of shrub species in typical vegetation zones at most altitude gradients was relatively independent, and the
interspecific association was loose and the correlation was weak. Further analysis showed that with the increase of altitude,
the positive and negative association ratio of shrub community decreased first and then increased, and the community
stability increased first and then decreased. The study found that the shrub communities of temperate coniferous forest and
coniferous and broad-leaved mixed forest on the eastern slope of Helan Mountain were the most stable, and the results can

provide theoretical support for vegetation ecological protection and sustainable management in arid areas.
Key Words; Helan Mountain; altitude; ecological niche; interspecific association; community stability
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Table 1 Plot information table

ik Ziie 527 E235 4 Y Y1) FEBOIR L

Vegetation zones Elevation/m  Longitude Latitude Slope/(°)  Aspect Conditions of vegetation

1Lyl 5 A 1670 105°94'16" £ 38°74'36" N 38 ARYLBHYE WA 55 Bk ( Prunus mongolica) JBEM-E33 JL

Montane xeric 1676 105°94'16" . 38°74'38" N (Caragana stenophylla) ; 57 ; FIF7 3G W 5

shrubland 1716 105°56'32" £ 38°44’41" N ( Elymus alashanicus)

L 5P T A 1721 105°94'57" E 38°74'50" N 15 HRYEBAME  WEAR . ZE Bk (Prunus mongolica) FEBEHEA L

Montane xeric 1722 105°55'46" E. 38°44'42" N ( Caragana roborovskyi) ; WA ; B4 35 K WL B ( Elymus

shrubland 1723 105°56'45" £ 38°44'42" N alashanicus)

Ly B AR e ST 1953 105°92'27" £ 38°76'96" N 28 KRN FEA IR (Ulmus glaucescens) s HEK . 4 F2#F

Montane open 1968 105°9226" E 38°76'99" N (Dasiphora fruticosa) ; WA ; IR 35 R ML ( Elymus

grassland 1971 105°92'28" E 38°76'98" N alashanicus)

L b R P 2012 105°92'32" . 38°77'19" N 6 AR FEA KM Ulmus glaucescens ) s HEA ; B 5E/NEE

Montane open 2022 105°92'27" E 38°77'23" N ( Berberis dubia) ; 57 . Bl R EL ( Elymus

grassland 2043 105°92'30" E 38°77'28" N alashanicus)

TP AR 2030 105°91'11" E 38°74'85" N 32 RIERAME TR A (Pinus tabuliformis) KRS ( Juniperus

Temperate coniferous 2034 105°91'10" E 38°74'83" N rigida) ; WEA . 8 5E/NSE ( Berberis dubia) /2.4

forest 2036 105°91'11" E  38°74'84" N f/ ég‘fj’g"m;‘;izf%f;dif) FrAL(Carexspp) ST

A 2277 105°90'73" E 38°77'73" N 19 RSB TR IS (Pinus tabuliformis) KA ( Juniperus

Temperate coniferous 2283 105°90'70" £ 38°77'72" N rigida) ; HEA ; B 5E/NBE ( Berberis dubia) /NWZ4

forest ( Lonicera  microphylla ) . Vi dt #8 ¥ ( Cotoneaster
2305 105°90'58" E 38°77'73" N zabelii) ; B A . B B ( Carexspp ) . BT $i7 3% 38 W, 21

( Elymus alashanicus)

EFRETR A MK 2227 105°91'21" E 38°73'80" N 19 RYEBAYE  FeAR W S AZ (Picea crassifolia) 1145 ( Populus

Mixed coniferous 2238 105°91'15" E  38°73'73" N davidiana) ; AR : /N 224 ( Lonicera microphylla) |

broad leaved forest B 5k /NBE (Berberis dubia) 3 WA ; B R ( Carexspp ) B

2243 105°91'11" E 38°73'68" N \ i ..
22 11145 ¥ B ( Hedysarum petrovii)

£ TR 2SR 2336 105°90'46" E 38°77'71" N 5 RYEBAYE TR H B AZ (Picea crassifolia) 11145 ( Populus
Mixed coniferous 2340 105°90'45" E 38°77'69" N davidiana) FEAA (Juniperus rigida)) ;WEAR ; 5 GE/NGE
broad leaved forest 2344 105°90'40" E 38°77'71" N (ﬁB ("Z’Zzu‘fujlij:hﬁi;gﬁ(Ca“’“p p) BRI
FERPEEF K 2395 105°90'15" . 38°77'66" N 27 RYEBAYE  FeAR WS AZ (Picea crassifolia) ; HEAR ; EEE/NBE
Cold-temperate 2396 105°90'10" E  38°77'67" N ( Berberis dubia) ; ¥ . F5 K ( Carexspp) /N4
coniferous forest 2401 105°90'08" . 38°77'68" N ( Chrysanthemum chanetii)
FEIR IR 2416 105°54'11" E  38°46'44" N 16 FI Y TR WAL (Picea crassifolia) 3 HEA ; B 5E/NGE
Cold-temperate 2510 105°53'58" . 38°46'45" N ( Berberis dubia) /N 2.4 ( Lonicera microphylla) ;%5
coniferous forest 2520 105°53'58" F 38°46'45" N A KL Carexspp ) REIE ( Clematis florida)
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AR T A0, A0 1 A T T SR B BRI B XS LA HE BE AR T, (R BER XS LY B, e B
BORIBCY 1.8 A, X UL WIS XG JLTEREVS i A 0B g, 0 A 00 B A 2507 96 B BT — R S

L1 3t 5 A HE NI 2 | Pianka T &840 0,=0.5 YA A 18 X (5 Wb S £ 32.73%) ,0<0, <
0.5 R4 31 XF(56.36%) ,0,=0, REAFEIFIXTAH 6 X (10.9% ) , Horh A 2507 B B4 HUR K IRt
WEEF T Fr-/N 24 (1.44) @t/ N2 (1.17) RN SEET T - 527 (0.98 ), 1 158 BA 10X 8 ol 368 ot 22 35 22
SRECHARL, TE LB AR R ET |8 X (22.229% ) WA 1 A4 507 B & (H 0,>0.5,16 X (44.45% ) WIFiouf 4=
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Table 2 Important value of main dominant species

ME Wy Fh FE{H Importance value/ %

Abbreviation Species GC SIL WZ 7K HZ
Ct HEAE Convolvulus tragacanthoides 2.5 - - - -
Rx BAAEE I I Rosa xanthina 10.5 9.9 - - -
Cr ST L Caragana roborovskyi 9.4 - - - -
Sl A3 B 3 Salsola laricifolia 17.3 - - - -
Cs Bt 533 )L Caragana stenophylla 16.2 - - - -
Bd B 5 /NBE Berberis dubia 11.8 13.9 35.0 46.7 65.5
Df 4 FEMF Dasiphora fruticosa 7.1 24.5 11.3 18.3 7.9
Pm Sk Prunus mongolica 11.5 0.6 - - -
Lo NEL A Leptodermis ordosica 10.9 - - - -
Rd FZE Rhamnus davurica 2.1 3.1 - - -
Lm INH 24 Lonicera microphylla 0.7 5.7 14.2 20.4 22.7
Cz PHILHIF Cotoneaster zabelii - 1.3 20.4 2.5 3.9
Ss B Spiraea salicifolia - 31.4 8.1 9.6 -
Co B2 L Caragana opulens - 9.6 - - -
Vm i JEHE Viburnum mongolicum - - 2.8 - -
0d JRIETF Ostryopsis davidiana - - 4.4 - -
Rp K ASHE T Ribes pulchellum - - 3.8 2.5 -

GC; Ll M\ Montane xeric shrubland ; SL [LIBERARELJFHF Montane open grassland ; WZ . i P £F - #K Temperate coniferous forest ; ZK ;1 i
TR3EM Mixed coniferous broad leaved forest; HZ : FEili P4t M4k Cold-temperate coniferous forest

R3I FTERBMAESRM

Table 3 Niche of main dominant species

Y E Py Fh GC SL WZ 7K HZ
Abbreviation  Species By Bewi By Bewi  Bwi o Bewio Buyi Bewi By Bowy
Ct HIBEAE C. tragacanthoides 4.59 6.98 - - - - - - - -
Rx IR HIEL Rosa xanthina 2.98 5.70 2.89 2.23 - - - - - -
Cr TR L C. roborovskyi 5.35 7.86 - - - - - - - -
sl WM BIR S. laricifolia 5.37 7.74 - - - - - - - -
Cs e 4539 L C. stenophylla 4.03 6.08 - - - - - - - -
Bd B 5E/INBE Berberis dubia 2.10 4.43 2.69 4.54 5.40 5.74 5.12 3.55 5.16 1.86
Df 4 ¥& M Dasiphora fruticosa 3.83 7.37 5.10 5.33 2.37 2.40 3.58 3.15 2.00 1.06
Pm S Ak Prunus mongolica 3.66 6.61 1.00 2.93 - - - - - -
Lo NZEEF T Leptodermis ordosica 3.37 7.01 - - - - - - - -
Rd 2= Rhamnus davurica 2.80 6.75 2.99 3.30 - - - - - -
Lm /N4 Lonicera microphylla 1.98 6.98 2.45 4.07 3.81 4.61 3.86 2.27 3.72 1.68
Cz VELHF Cotoneaster zabelii - - 194 403  3.68 283 178 269  1.00 1.26
Ss G543 Spiraea salicifolia - - 4.90 3.35 1.92 3.67 2.00 2.82 - -
Co HZ3 )L Caragana opulens - - 1.00 1.59 - - - - - -
Vm 3K Viburnum mongolicum - - - - 1.00 3.10 - - - -
0d JEVET Ostryopsis davidiana - - - - 1.00 2.21 - - - -
Rp FE 25 BEF Ribes pulchellum - - - - 2.54 3.00 1.77 2.38 - -

(0.84) Py 254 B BAR AR o FEIMEENIEMRANT , 0,>0.5 BOFIXTAL 3 Xt (10.71%) ,0<0,<0.5 [FHXTA 10 *F
(35.71%) ,15 XF(39.47% ) FiAI A e AE i, AR A8 B S (H i R Y B BE/NBE- RN 2 1 (1.44) . 7E4T TR
M ,0<0,<0.5 BRI 9 X (60.00% ) ,0,=0.5 MR 2 X (13.33%) ,4 X (26.67%) Fxf oA 7= A A= 25
frE S, o AR S T S IR 58/ NEE-SE I A EE T (0.66) FIPYILH 2524 (0.64) . FEIR P4
MMAREARTEE A SN ERE 0,=0,0<0,<0.5 1 0,=0.5 KR53 5 R0 33.33% ,50.00% L &%
16.67% , 4 B& -/ N 204 (0.75) A SO B R AR (B 1) o SRR, B8 22 L0 AR (R 4R A6 B2 T E A )
A BTN , R IR AR DA A A R A T RAR LR A 5, FhlRl s e Y |
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Fig.1 Niche overlap of dominant species
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Table 4 Overall association of community

e Ji 2 kgt w ) Ko 56 45
A1

Vegetation belt Variance ratio VR Test statistic W 4 el gt Results

Ll B AR PN e ey
Mountain xerophytic shrubland 1.99 5272 26 [15.38,38.89] A LRI

Ly b 75 A e
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vH | I
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Fig.3 Pearson correlation coefficient diagram of interspecific association
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R5 ATRBHBETERBEERES
Table 5 Stability of shrub communities under different altitude gradients

_— - N PR LY A2 BIRRE S
i sy R S SR EIRE RIS
. . . . .. Intersection point Distance from intersection
Vegetation belt Curvilinear equation Correlation coefficient . . .
coordinate point to stable point

CG y==0.0044x>+1.55544-9.4245 0.9921 (46.40,53.63) 37.31

SL y==0.0041x+1.4475x-2.0091 0.9864 (44.94,54.88) 35.40

WZ y==0.0048x>+1.2955x+18.2336 0.9895 (38.78,61.27) 26.52

ZK y==2.5101x>+0.6990x+34.3589 0.94766 (38.68,61.77) 26.10

HZ y==0.0020x>+1.3114x-10.1691 0.9985 (49.70,50.17) 42.09
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