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Effects of altitude on diversities of shrubs and herbs under Picea crassifolia forests in the eastern
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Abstract : To reveal the effects of altitude on diversity of vegetations under Picea crassifolia Kom. forests,
P. crassifolia forests in the eastern Qilian Mountains were taken as research objects, and the species
composition and species diversity characteristics of shrub and herb layers under P. crassifolia forests at
5 altitudinal gradients were investigated and analyzed. The results show that there are 79 species of
understory plants in these P. crassifolia forests in the eastern Qilian Mountains, belonging to 50 genera of
24 families, in which, there are 19 species of shrub plants and Rosaceae species are the most, and there
are 60 species of herb plants and Ranunculaceae species are the most. The importance value analysis
result shows that the dominant species in shrub layer are Dasiphora glabra (G. Lodd.) Sojdk, D.
parvifolia (Fisch. ex Lehm.) Juz., D. fruticosa ( Linn.) Rydb., and Salix oritrepha Schneid., and the
dominant species in herb layer are mainly Carex spp. and Bistorta vivipara ( Linn.) Gray. The species
richness index, Simpson dominance index, and Shannon-Wiener diversity index of shrub layer under P.
crassifolia forests show a tendency to first increase and then decrease with the increase of altitude in
general, which consistent with the ‘mid-elevation bulge’ theory in the vertical distribution of species
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diversity ; the species richness index and Pielou evenness index of shrub plants show significant ( P<

0.05) positive and negative correlations with altitude, respectively, while there are no significant ( P>
0.05) correlations between each diversity index of herb plants and altitude. The Sgrensen similarity
coefficient analysis result shows that with the increase of altitude, the similarity between forests at

adjacent altitudinal gradients gradually decreases, and the greater the altitudinal gradient span, the less

the similarity between forests. The comprehensive analysis shows that the species diversity of shrub layer
under P. crassifolia forests in the eastern Qilian Mountains is significantly affected by altitude, while the

species diversity of herb layer is not evidently affected.

Key words: Picea crassifolia Kom. forest; altitudinal gradient; species diversity; eastern Qilian

Mountains; shrub and herb under forest
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FloN 2 595~3 095 m, ZWF5T X8 & FE 2 T 5 %
X, 34 P R [ AR IR, AR 3593 1.5 °C L AR R K
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Table 1 Basic information of each forest of Picea crassifolia Kom. forests in the eastern Qilian Mountains

S R [ . o S5 12/ S A R s
ﬁ?fx‘-ﬁfg/m B B i ERE/(°) ek %ﬂﬂ@_&/om SERIR L /m
Altitudinal ) Slope directi 3] Soil t Average diameter at Average tree
gradient Forest lope direction >iope o ype breast height height
(2595, 2695] F1 %t Northeast 28 FEMIKAE 1 Forest grey-brown soil 21.86 13.75
(2695, 2795] F2 Pi T Southwest 26 FRMIKHE 1 Forest grey-brown soil 20.18 13.11
(2795, 2 895] F3 TiR Southwest 32 FRMIEH £ Forest grey-brown soil 14.53 9.24
(2895, 2995] F4 4t North 31 =5 L H A £ Alpine meadow soil 15.70 9.98
(2995, 3095] F5 Pt Northwest 32 = 154 + Alpine meadow soil 16.02 6.16

DFL BAL M -5 15 5 IR ASHK Dwarf Juniperus chinensis-Picea crassifolia mixed forest; F2: W 240K Picea crassifolia pure forest; F3. HifE =
KL HEIR A AR Picea crassifolia-Betula albosinensis mixed forest; F4. FHi= - MR Picea crassifolia-Juniperus chinensts mixed forest; F5:

[FIAA -5 15 2= A2 0B MK Juniperus chinensis-Picea crassifolia dwarf forest.

1.2.2 AXAHAE S SIS IR
HRITARZE HEAR 2 AR Z R W) 0 H 2E, T AR
Yy EAE BT 2O EE B = (R 22 B + A A
JE+AERT I 25 B ) /3 5 TEE A ) R A A ) FE AR 1Y
B O FBAE = (AH G = B + A X A5 + A0 X 55
) /3 ; [l &2 fll A% (0 Bt B Rl 4 &
F8EL(S) | Simpson L FEFE XL (D) . Shannon — Wiener
ZAEVEFE B (H) F Pielou ¥ 5] B3R5 (J) . it
Serensen AU 2 £ 53 AT A (W) T A A6 2 R b 8] ) AH
P
1.3 #iEamE

ffi ] EXCEL 2019 1 fF#E47 £t 4b 32 i 1BM
SPSS Statistics 26.0 £ {4 #E17 5. 2 75 22 70 BT (one-
way ANOVA) , 43 B A [R) TR 4R A6 B AR #E B (%) Z2 A
TRBES IR BN BBV 5 (LSD) Wk T i 3%
PERE G (P<0.05) 5 f ] TBM SPSS Statistics 26.0 % {4
#H4T Pearson FAHFVET .

2 GERFSN

21 AEBERBESTSEIERNR T EEDFEFE
S
211 pAvamms AL (R 2) R ARE AR B
TGS AR HYIEA 79 FhSRJE T 24 150 I8
T REARMEY) A 19 70 8T 7 819 &, Hrbi gk
Bl (Rosaceae) F e 22, A 7 B, Lk b A HS 4L B
(Ericaceae) , 5 4 fft,iX 2 BERECZ AN G 0 A A HE R
TP ST 57.9% ;KT FAT LA 60 F, S5
T 21 Bl 42 J& , H-vp £ E B ( Ranunculaceae ) # 25 1%
Z,H 8 Ff, H Ik K% Bl ( Asteraceae ) , . Fl
(Fabaceae) FIF5 Rl 44 6 F, X 4 BIFHECZ F14
A B B A R 43.3%

HH 2 2 3 AT DL - S L AR AN [) T A Hefs FEE vk b
AAEYI BB A 22 A K IR (2 695, 2 795]
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Table 2  Species composition of shrubs and herbs under Picea
crassifolia Kom. forests at different altitudinal gradients in the eastern
Qilian Mountains"’

WEHR BB EE/m s e
Altitudinal R & i Bk & Fh

gradient Family Genus Species Family Genus Species
(2595, 2695] 3 4 5 16 23 26
(2695, 2795] 5 7 9 19 30 38
(2795, 2895] 5 6 12 14 25 31
(2895, 2995] 4 5 8 12 26 30
(2995, 3095] 3 4 9 11 12

D n,: HE A% Number of shrub; n; : B K& Number of herb.

2.1.2 ARBA AT A REERS T ST
B R MR BE AR (3R 3) N TR
B R R H W = 2 B/, Z0HE . 1L 45 ( Populus
davidiana Dode) Z&M| ( Salix chingiana Hao ex Fang et

x3 MELFRARBRBESBEILAT E. EREMHNEEME(LV)

Skvortsov) , I H B 45 #6210 K HE B, 5 AN
TR PRI HE A2 1) 0 3 A e 45 AR 155 0 301 Ay
R FEME( Dasiphora glabra (G. Lodd.) Sojak ) /N4
FEME(D. parvifolia ( Fisch. ex Lehm.) Juz ) . LA H)
( Salix oritrepha Schneid.) | R & #f . 4 & # [ D.
fruticosa (Linn.) Rydb.) ;5 AR ML F A 2 (1)
LR Ry L B ( Carex spp. ) F1EK 28 3 [ Bistorta
vivipara (Linn.) Gray]

22 ARBHMBESEIERKRTEREY S HY
T

221 AT ERFHY SHBEAFESH XA FTEFIR
BERETS ¥ ¥ = A2 MR T WE R 2 1 WA R A
(S) .Simpson EHEJEFEEL (D) . Shannon—Wiener £
PEFREL(H') | Pielou Y 5] A (J) #4750 4, 45
W4, SR B [6— MR AR AR 1Y S
{EL.D (AN H B35 T HEAR 2 T J (E AR TR
2. EARIZN SAE D (H HH A AR BE I T 5 5 5%
This 5 REAR A, IR RE (2 795, 2 895] m By
SAH . (P<0.05) & THESRBE (2 595, 2 695] .
(2695, 27951 F1(2 995, 3 095] m, HEFRBRIE (2 795,
2895] m B D {HB R (P<0.01) & T 4A0b
(2595, 2695] (2695, 27951 F1(2 995, 3095] m,
HERABEE (2 795, 2 895] m Y H'ELHR 235 & T4k
BBRE (2595, 2 695] m;J (HTE 5 AT 4A086 B AR [A]

Table 3 Importance values (IV) of species of arbor, shrub, and herb layers under Picea crassifolia Kom. forests at different altitudinal gradients

in the eastern Qilian Mountains

YR /m FeARJZE - Arbor layer WAJZ  Shrub layer A Herb layer

Altitudinal gradient R Species 1% FhE Species v Fh2k Species 114
(2595, 2695] [ Juniperus chinensis 0.576  RE&MF Dasiphora glabra 0.430  ZEW Carex spp. 0.278
HG K2 Picea crassifolia 0.390  JEWHFEGF Daphne tangutica 0.206  EKZEE Bistorta vivipara 0.224
11 Populus davidiana 0.362 /DA EEN Dasiphora parvifolia 0.180 U Viola arcuata 0.172
(2695, 2795] FHE A2 Picea crassifolia —b N4 #E M Dasiphora parvifolia 0.549  BRZEE Bistorta vivipara 0.421
JE I -G Daphne tangutica 0.358  ZLHL Carex spp. 0.239
R L Z5 2644 Spiraea alpina 0.309  HHR Poa annua 0.172
(2795, 2895] HE A2 Picea crassifolia 0.675  IWA=MI Salix oritrepha 0.956  ERZFH Bistorta vivipara 0.304
T HE Betula albosinensis 0.156  FHiE#-EY Rhododendron qinghaiense 0.664 X Carex spp- 0.282
ZEMIl Salix chingiana 0.084  THAFHFFLHY Rhododendron thymifolium 0.292  ZREAE Fragaria orientalis  0.094
(2895, 2995] BB A2 Picea crassifolia 0.759  RE&MF Dasiphora glabra 1.179  ZEH Carex spp. 0.224
[F#A Juniperus chinensis 0.142  4:8&MF Dasiphora fruticosa 0.229  EKZZ Bistorta vivipara 0.223
H A /NBE Berberis thunbergii 0.202  UIEH Viola arcuata 0.140
(2995, 3095] [BIF4 Juniperus chinensis 0.693 & F&MF Dasiphora fruticosa 0.539  BKZEZ Bistorta vivipara 0.284
FHiE A2 Picea crassifolia 0.085 HILigE4s Spiraea alpina 0.496 kAL Leontopodium 0.256

leontopodioides

ZEMI Salix chingiana 0.072  REHAY L Caragana jubata 0.255  UNIEH Viola arcuata 0.129

D —. LHIE No datum.
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Table 4  Diversity analysis of shrubs and herbs under Picea crassifolia Kom. forests at different altitudinal gradients in the eastern
Qilian Mountains"

TR /m HERZZFEMEFEEL  Diversity index of shrub layer FRZZHEEFEE Diversity index of herb layer
Altitudinal gradient S D H J S D H J
(2595, 2695] 3.00£0.50Ab 0.46£0.03Cd  0.60+0.02Bc ~ 0.88+0.05Aa 18.50+4.95Aab 0.67+0.06Bc  1.63+0.07Bb 0.63+0.05ABc
(2695, 2795] 3.20+0.45Ab 0.60+0.08BChc 0.92+0.21ABbc 0.85+0.17Aa  20.50+1.29Aa  0.81+0.06Aab  2.20+0.14Aa 0.69+0.06Bbc
(2795, 2895] 4.20£1.09Aa 0.76+£0.04Aa  1.32+0.04Aa  0.92£0.09Aa 15.00+1.41ABb 0.84+0.04Aa  2.06£0.10Aa 0.83+0.01Aa
(2895,2995] 3.60£0.55Aab 0.64£0.04ABb 1.11+0.37ABab 0.89+0.07Aa 18.33£0.58Aab 0.79+0.05ABab 2.12+0.06Aa 0.75+0.01ABab
(2995, 3095] 3.00£0.50Ab 0.54+0.04BCcd 1.20+0.14ABab 0.98+0.04Aa  9.50+2.12Bc  0.73+0.02ABbc 1.53+0.03Bb  0.82+0.05Aa

DS, WyfhE B Species richness index; D: Simpson AR %K Simpson dominance index; H': Shannon—Wiener ZAEMEFEE Shannon-Wiener
diversity index; J: Pielou 2] FEF8%X Pielou evenness index. [f]51H R[] K5 F/ING SEAE43 5 36 75 76 AS [RI TR 4R0B6 BE PR b [7] 25 S 4% 8 3 ( P<0.01)
FNiE 3 (P<0.05) Different uppercases and lowercases in the same column indicate the extremely significant (P<0.01) and significant ( P<0.05)
differences between forests at different altitudinal gradients, respectively.
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FE(2795, 2895] m By J {H A,
222 MWTEFHYN S ARG A AR X K
FoAr MONHEARME Y 2 MR B4R 8] 1) A G
PRSPPI (3R 5) R EAREW D H H'H . J S
TR SO OGS SR IR A, B S fH M J {H
5 0] A AR S 3 KO MK TR 2 45 2
PEFE H ] T 3 A G

PR B ASAE ) 22 B P 8 B30 R U 4 T 1) A DG 4 4
ras R (£ 6) BoR . HARZH S A5 HK 2R, D
{E HH J E 52 EAH G R GR B KPS
H5 D HEHERENAC HES JEEREIE
FH
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Table 5 Correlation analysis of diversity indexes of shrubs under
Picea crassifolia Kom. forest and altitude in the eastern Qilian
Mountains'’

$o kT MKZREL  Correlation coefficient

Index Alt S D H J
Alt 1.000

S 0.895 * 1.000

D -0.174 -0.098 1.000

H' -0.280 -0.136 0.983 1.000

J -0.886 * -0.852 0.451 0.495 1.000

D Alt: M3k Altitude; S: PR & B4 5 Species richness index; D
Simpson 3 45 $ Simpson dominance index; H': Shannon -
Wiener Z £ $5 % Shannon-Wiener diversity index; J: Pielou 3%]
FEFEEL Pielou evenness index. * ; P<0.05.

®6 MELRRBEIUMHRTEREY S FEIEHRIERENE
K AESHTY
Table 6  Correlation analysis of diversity indexes of herbs under
Picea crassifolia Kom. forest and altitude in the eastern Qilian
Mountains'!

k7 MRZEEL  Correlation coefficient

Index Alt S D H J
Alt 1.000

S -0.385 1.000

D 0.316 -0.905 = 1.000

H' 0.298 -0.896 * 0.999 1.000

J 0.378 -0.983 0.962 0.957 = 1.000

DAl MR Altitude; S: PIFP 2 & TR %L Species richness index; D
Simpson e 5 %5 Simpson dominance index; H': Shannon-Wiener
ZFEPEFEEL Shannon-Wiener diversity index; J: Pielou 5] B $8 4

Pielou evenness index. * ; P<0.05.
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AHIPE R EGE 0.615; IR EE (2 795, 2 895] m 5
(2 695,2795].(2595, 2695] m MMilE] () Sgrensen
AR 22 Bde i, 43 51 R 0.588 i1 0.580 5 I i 46 JiE
(2995, 3095] m 5 A 4 /> iP5 6 B2 AR H 18] 14 A4
IR AR, JUHSE SRR (2 595, 2 695] m bk
Hufa] AN S PP AR Y, Serensen AHRLME R EUN K
0.213, RfVEEHR T 55 , AH <08V HR 0 FEE bR b ) 1% A Rl
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Table 7 Sgrensen similarity coefficients between Picea crassifolia
Kom. forests at different altitudinal gradients in the eastern
Qilian Mountains"

N [ ¥ BB BE AR HB ] 1) Sprensen FHBIE 2R 4L

TR Sgrensen similarity coefficient between forests at
Altitudinal different altitudinal gradients
gradient
I | I v \
I 1.000
I 0.615 1.000
I} 0.580 0.588 1.000
v 0.541 0.533 0.469 1.000
A% 0.213 0.286 0.305 0.370 1.000
DT. (2595, 2695] m; 1. (2695, 2795] m; M. (2 795,
2895] m; IV: (2895,2995] m; V. (2995, 3095] m.

3 b fng

3.1 BB BRI T EEEYE KRN
Yy 2 RS R S AU 5 0 B BT | BT A%
A PR AEE R W e 2H B 70 A 435 4 25 24 25 PR RO
BLR 5 Al AR B R 7= A T A X gk AS)
SFUCO R ITAE SR R W Fh 2R 1 S A AR R 5 A
Bi 55 SR AROC AN ] DX BT R VA A B2 ) W o 2 A
AR A RAFAE— 58 25 57 5 10 4 257 5l i WF T A A Al
Y4y v ) 2H BN RS e B TR ) A A R, A ) T 4 A
JEE () 2 S T 225 4 B AR T R K RSk
BT L R el A () T 4 AR R i 1 0 e 4 G
WFFE R AR RN )1 v Bt T 4 T, A 3t P A
Ykl JE R g SRR s AR T
AR 5 NI EEAR I RE AR Z P iR £ |
Je AR 0 2 Ry, DR R I 5
TREARR B B e o Y kO P 5 v R v ARORD
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