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ZHANG Shixiong, QIN Ruimin, YANG Xiaoyan, WEN Jing, XU Manhou "

( Institute of Geography Science, Taiyuan Normal University, Jinzhong 030619, Shanxi, China )

Abstract; Patterns of species diversity in mountain herbaceous communities at different altitude gradients and their
relationships with environmental factors was an enduring hot topic in ecological and geographical researches. This topic
was explored in the context of the mountains of Guancen, Guandi, and Wulu that extend from north to south across the
Liiliang Mountain range in Shanxi Province in China. Each mountain was divided into three altitude gradients: high,
middle and low. During the vegetation growing season in 2018, an investigation was conducted on the growth
characteristics indicators of plants and hydrothermal factors located at these altitude gradients and species diversity
index values (a-, B-, and y-diversity) were calculated to explore the patterns of species diversity at different altitude
gradients and their relationships with environmental factors. The results were as follows: (1) Unimodal patterns of
variation for a-diversity ( calculated using the Simpson, Shannon-Wiener and Pielou indexes) that corresponded to
increasing altitudes, with the highest species diversity occurring at the mid-altitude gradient; The results calculated for
B-diversity using different indexes revealed the highest value for the Cody index and the lowest value for the Bray-Curtis
index at altitudes between 1 900 and 2 000 m, indicating that areas located between 1 900 and 2 000 m form a
transition zone in which the herbaceous community undergoes a rapid process of species renewal and changes in its
composition ; The results for y-diversity indicated a pattern of unimodal variation in relation to altitude. (2) Changes in
altitude gradient had highly significant impacts on changes in temperature and humidity ( P < 0.01); Various
environmental factors, notably altitude, humidity, and temperature had a combined effects on changes in the values of
the a-diversity indexes, with altitude being the main influencing factor ( P<0.05), and changes in temperature and
humidity had no significant effects on species diversity ( P>0.05). Therefore, species diversity within the herbaceous

3

community in the Liiliang Mountains predominantly showed a “mid-altitude bulge” pattern, with altitude being the
main factor affecting changes in species diversity. The finding of this study can contribute to refining and expanding
studies of herbaceous communities in this region and provide inputs for advancing the systematic conservation and
management of herbaceous resources.

Key words: Liiliang Mountains, herbaceous community, species diversity, altitude gradient, environmental factors
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Table 1  Geographical gradient range of the plots selected over the Liiliang Mountains
Vi Vi R B S
fr R sifi Yk ik TR
. . . Altitude Altitude gradient range
Location Plot Longitude Latitude
(m) (m)
e W 111.94° E 38.76° N 2571 2 500~2 600
Northern part ~ High position in Guancen mountain
FERAlLY 111.96° E 38.78° N 2395 2 300~2 400
Center position in Guancen mountain
(=R 111.97° E 38.79° N 2222 2 200~2 300
Low position in Guancen mountain
rh St L 111.43° E 37.89° N 2179 2 100~2 200
Central part High position in Guandi mountain
KA 111.44° E 37.88° N 2001 2 000~2 100
Center position in Guandi mountain
KA A 111.45° E 37.87° N 1 900 1 900~2 000
Low position in Guandi mountain
I #B FRE L 111.18° E 36.52° N 1 602 1 600~1 700
Southern part  High position in Wulu mountain
T 111.17° E 36.51° N 1459 1 400~1 500
Center position in Wulu mountain
TLREILfE 111.16° E 36.50° N 1318 1300~ 1 400

Low position in Wulu mountain
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MOO8 ) 52 i I 7 25 Al B2 00 BE 5 78 4 b v R
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MOO05 ) L (S-TMB-MO006 ) At 1% JE g8 28 3k | B fifi
FIAL 2% ¥ 5% A 25 B Onset 322 AL 2 & 28 77 1)
HOBO R 57 i, ASTA] LA [ 7 44 8 B 1 7K 44
IR PR O 02 7 A O 14 ] — BeF ] 50 i 328 82 0
W) 24 h, Ik B R B % (H21-US) LA 1 min i
Fi ] i) P A A 500 o FH T — K P A 2 5% TR 4 s

FIAEBE 22 40 PR R R A7 AH G 0 B, 15 B 3R 58 Y 1
Xf FE B ZAEPERY S

1.5 Bzt

1.5.1 a A M o ZHEM MBS N ZFEE,
RAEJR AR B AL 5 T R Wy AR, SR AH X
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Simpson 84 . Shannon-Wiener 35 201 Pielou %]
FEFRE, HAt A AT,
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s
H'=1-3P; (2)
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1.53y 40 vy ZFERR A B A B N &
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2 ERE A
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2.1.1 a« % M fEFE T 55 L, Simpson 18 %X
(H') .Shannon-Wiener 84 ( H) Fll Pielou 1) ~] F£ 1§
BE) BB L 34— B, Bl 4R 5 Rk 2 5K
PRIICZE b, BRI Rp [ g A 30041 1% B0 AR Ak A Ry (&
2) , Hrh LA E & (R =0.611,P<0.01) ,
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KM NN FEEF(P>0.05), MIEKE, o ZF
P8 H5 I T A AR Ak — K, T Bl VAR T R A
T 5 5 BEAR, B 7E v 4k e v, ELAS [ 3 R 1 b
XFH' H W3 N E SR B
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18] Cody $65K (B, ) 2SR T & )5 F R A2 ki
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(Byc) BEE ARG T & 25 2 T B P48 4k
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LU B AS B 0 A AL ok 2 Ak ) 3 U Bl 5 7E 2 000 ~
2 300 m IR 2 8] 25 5550/, R it 4 3% 0 R A G
G AR Ak, 3R W R AR T ARV 3R 3 v VAR Y
Py o BT S SR b e Vi () R A P A Ak A XS
L

213y MM FARHEN vy ZFEMHREE BIKY
Fhim 2 =k 2 1 X ek 8RB (R? = 0.406, P<
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FIITE B FE L R ARTEE B Y A e T E s R o AR



12 SRAEHESE . 1Py B LR TR YA Z RO MR S R I SRR I TR R 1865

1.0. ¥=-0.036+0.279x -0.025x"

R?=0. 611 P<0.01
0 [ ]
0.8} o o ©
>
'20.6-
Q'JE._
c
3504
gg
P62
0.0F e
% M B = o B o
nN © O O ™~ &N O I~
<t O 00 ©O «~ N MO v
— — — N N N N
8K Altitude (m)

Shannon-Wienerig%k
Shannon-Wiener index
=)

=
&

ld
&

L
o

—_
()]
T

o
o
T

r y=—0.416+0. 750x —0. 068 x? 1.01 1, =0. 628+0. 067x —0. 006 x2
R?=0.575, P<0.01 x R?=0.122  P>0.05 .
. . _§0'9_ ° O
Ea i o ©®
» om
'“"% °
™3 gl
mET
3 07
°3
T2
20,6 *
[a
b 1 1 1 1 05 1 1 1
o N ©O — O N O «— o N O — O N 1O «—
n O © O i~ N O I~ N O O O I~ N O N~
<t 0O 00 O «— N M 10 <t O 060 ©O — N M
— — = N &N N N - = — N N N N N
gk Altitude (m) 83k Altitude (m)

B2 FARTER o ZFETESR B0 TE E 0 A A%
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Table 2 Multivariate analysis of variance ( P value) of % sk
a-diversity at different altitudes and mountains S 0 .
- 10r .
Pielou ﬁ .g)_’ 8r
Simpson Shannon- Y5 § S 6l
T iR Wiener 45 4% iR 4 m e
Analysis type Simpson Shannon- Pielou = 4r
index Wiener index evenness 5 2F
index = ol
WK Aliitude 0.02 0.00 0.16 s 8 s s =& 8 9 =
. < 2 & S — ~ 1) 5]
113 Mountain 0.00 0.00 0.21 — - — ~ ~ o~ ~ ~
AR x 113t 0.00 0.00 0.08 IR Altitude (m)
Altitude X Mountain e \ \ S .
pae X T Kl 4 BB v ZFEVE IR AR 1k
Fig. 4 Changes of herbaceous community
Pp— 03 y-diversity with altitude gradients
12 F Cody diversity index o
—e— Bray-CurtisBHEMEE = &
s 10 b Bray-Curtis diversity index m = . o . s o
o 10252 ANEY gk B S R TR R TR
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R 0.1 4= h ot e ke . e b e s
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$ 5§ 8 5 8 & 8 WYFD PR S RN 5 (K AR T 15 o ZAERE
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Table 3 Correlation analysis between environmental

factors and a-diversity indexes

Simpson Shannon Pielou
; N R FE %
‘ B Wiener gy IR
HF Factor . Pielou
Simpson Shannon- -
index ~ Wiener index evi(::;;i&s
AR Altitude 0.30 = 0.25 = 0.25
23R Air temperature -0.124 -0.065 -0.137
T+ R Soil temperature -0.068 0.003 -0.086
IR Air humidity 0.278 0.216 0.234
T BB Soil humidity 0.286 0.260 0.141

W ox FARTE 0.05 KF L B3E,

Note: * means significant correlations at the 0.05 level.

TREE ETRY AR  BRIEL 5 v g =R 0 2 B AL,
o ZREPESE RS T I A [0 U910 M 2 OR GA B I
KAF(P>0.05) , BRI F IR BB AZ R o
ZHETER LA —E R, B AR

3 it

3 YMEEENZES S

Yyh 22 4 M U b B RS T Y AR A A A AR K
oy MY 5 Z R A EE IR F 1 255 52 ), DT 30
Fh ZFEPE B 25 (8] o3 A A% Ja A AR K 22 v (o 55
2016) . UTVEIRERIE Y A As R — A 5 FE 2
(EESEMITRG 25 ,2004) , F3 5512 T v $4085 2 S

2.5¢ R%=0. 266 2.5¢ R? =0.2215 1.0 R? =0.255
P =0.024 . . P=0.049 P=0.029
x2.0f . #3320 ° 0.8k . = .
ﬁ-ﬁ: . « ° E'JE-E ® . X ® .
T . S . * &S :
g:‘_)15- . . 5215’: . :\']ES()é- .
o C — © c
= s - =z . g s .
2=1.0r ‘. s%1.0p , * g 2094l * .
o C ° . c g * . § g‘ 54
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Fig. 5 Regression analysis of a-diversity indexes and environmental factors

Ja It L il e SR o SR T R R T ] A%
Jai (2 M 45 ,2008) o AT o ZHEMT y 2
TR BtV P v e ) R 7 32 R Y B e i £
AL AE IR (2 000~2 300 m) ML X ik 5 &
KA, X 5K ZEHMRA—2, 7ERKZHFH N
T AR A X I B A v 1 K 3 AR X D 2z A7
N R 3 0 52w R AR AT S ) (1 A
2006 ) ; I 7E o T 4K 3 X 3 2 A2 A BRI, K BH 45
SRR 25 KA IR A5 R E Y AT ) A K
RE, WY e 2 d i ik, A X TR 3
frn PR b DX HR I XA T R OK RS R, +
R IE R B U, R PR oK $A 55 R 38 58 A
AR Iz Ak AR R T 5 Fil &2
A g 0 i DX 88 ( T 3855, 2012)

B Z AL RE U8 J W I 2 B 45 4 B2 A8 Ak AE ) B
P& ]I 22 S P | SO PR A8 A i P 55 80 B2 v i
T 2H LA SR (B AL 5245 ,2019) o ARBESE T Cody
TR HUM Bray-Curtis F8807E 1 400 ~2 000 m 44 8]
HE 2 AR AL EHLAE 1900 ~2 000 m iR 45 [A] H B
WA A, X R W AR I 4K (1 400 m) 3 o it 4k
(2 000 m) B AT 3 [H] 49 5150 3 S5 b, 4 i
AR, H 1900~2 000 m HEHRCH 2 W] W A9 4
T 2H 1l 72 A o 0 s o AT B 5T R B L b A B R
] A 2ok T LA R 0 ) 22 R A R R R R
(P44 20105 X096 H 4,2019) , X — 45 R/ 5
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