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Spatial pattern of herbaceous plant species diversity and its changes due to

simulated warming in the forest community of the Luliang Mountains

YANG Xiaoyan, ZHANG Shixiong, WEN Jing, XU Manhou "
Taiyuan Normal University , Jinzhong 030619, China

Abstract; The objective of this study was to investigate the species diversity of herbaceous plant communities in forests
regarding changes due to temperature increases, and the spatial distribution pattern at varying elevations and latitudes in a
warming climate. Adhering to a latitudinal gradient, Guancen Mountain in the northern section of the Luliang Mountains and
Wulu Mountain in the southern section of the Luliang Mountains were selected as study areas. Three plot categories
[ control, low temperature increase (OTC1) , and high temperature increase ( OTC2) ]were set at different altitudes (high,
medium, and low) in each of the study areas. During the vegetation growth season in 2017, plant diversity, frequency,
coverage , and height were investigated to calculate species diversity indices ( Simpson index, Shannon index, Pielou index,
and Patrick index). An S-THB-MOO8 air temperature probe with an RS3-B radiation shield was set up at a height of 20 cm

above ground level to measure ambient temperature. Our data revealed that the herbaceous species diversity in the forest
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community of the Luliang Mountains exhibited a “v-shaped” pattern depending on elevation (i.e., the lowest species
diversity was found in the middle elevation). Altitude effects were most strongly correlated with the Simpson index (R®=
0.1711) , and the effects of the altitude gradient on diversity indices were highly significant (P < 0.01). Additionally,
species diversity increased with latitude , and latitude effects were most correlated with the Simpson index (R*=0.1221, P>
0.05). This is followed by the Shannon index (R*=0.0807), the Pielou index ( R*=0.0785), and the Patrick index
(R>=0.0382). In response to increasing temperatures , each diversity index initially decreased, but then increased, with an
overall downward trend (P>0.05). Thus, increasing temperatures may decrease the plant species diversity of herbaceous
layers under the forest canopy. Among species diversity indices, the Simpson index produced the strongest correlation of
temperature effects (R*=0.3374, P > 0.05). Moreover, under simulated warming conditions, the Simpson index, Shannon
index, and Patrick index of herbaceous species in Wulu Mountain exhibited a decreasing trend. In contrast, the Pielou
index increases first and then decreases. In comparison, the Simpson index, Shannon index, and Pielou index of herbaceous
plants in Guancen Mountain increased at first and then decreased, whereas the Patrick index increased. Overall, continued
warming will decrease species diversity at lower altitudes of the Luliang Mountains. At moderate altitudes, species diversity
will first decrease and then increase with rising temperatures. At relatively high altitudes, moderate warming will increase
species diversity, but continued warming will negatively affect species diversity. Moreover, the effect of the altitude gradient
on plant species diversity in the understory herbaceous layer was highly significant (P < 0.01). In Guancen Mountain,
different treatments showed a significant effect on the Pielou Index (P<0.05). However, in other plots, different treatments
did not significantly affect plant species diversity. The diversity of plant species was least affected by the combination of high
gradients and different treatments. Therefore, the effects of warming on the diversity of herbaceous species in the forest

community of the Luliang Mountains exhibit a decreasing trend with elevation.

Key Words: climate warming; herbaceous plants; diversity; spatial pattern
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Fig.2 Two temperature increasing gradient devices
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Table 1 Important species values of various species

T ZH Important value/%

LR TEHBRIE HIYIFZE
Mountain name Altitude gradient  Plant species X B RE Bt BRI
CK 0TC1 oTC2
HAEWL R AT E Artemisia gmelinii 33.41 28.04 51.54
ML E B Carex heterostachya 11.27 0.00 0.00
BRI T Lespedeza cuneata 10.25 7.79 0.00
Wi 5. Vicia sepium 8.89 2.44 6.79
I 53 Sphaerophysa salsula 8.85 10.56 11.55
MREBZELSE Potentilla longifolia 4.85 6.74 0.00
BHAT®E Siphonostegia chinensis 4.78 1.96 0.00
3 Stipa capillata 4.71 15.30 9.35
H3¥ Viola verecumda 3.33 2.55 2.15
BAL PRI (S Clematis intricata 1.68 2.00 0.00
Hitg - Speranskia tuberculata 1.62 0.00 0.00
WHE Allium thunbergii 1.46 1.20 0.00
FlEAE Heteropappus hispidus 1.45 0.00 9.61
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LK% TR AR R FEZH Important value/%

Mountain name Altitude gradient  Plant species B R Ui 1 BE S

CK 0TCl oTC2

L& Polygala tenuifolia 1.44 0.00 0.00

A Scutellaria baicalensis 1.28 1.43 0.00

LS Cirsium setosum 0.70 1.16 4.25

53k Allium chinense 0.00 10.18 0.00

B 1% Medicago Sativa 0.00 2.50 0.00

FrM-ERZRSE (41T Clematis aethusifolia 0.00 2.04 0.00

BB (Y1) Rosa xanthina 0.00 1.98 0.00

119 il & Cassia nomame 0.00 1.47 0.00

Wt NEZH Saussurea odontolepis 0.00 0.66 1.45

F43k%5 Pulsatilla chinensis 0.00 0.00 3.31

LRNIZ1 ML B Carex heterostachya 78.74 77.30 75.99

RIS Rhaponticum uniflorum 5.70 3.10 0.95

YE Artemisia argyi 4.13 0.00 0.00

BEH-2EE Ligularia fischeri 4.10 0.00 0.00

FEMERERSE (ST Clematis aethusifolia 5.41 0.00 0.00

Fa4LES Artemisia eriopoda 1.93 0.00 0.00

11025 Adenophora polyantha 0.00 10.61 8.58

WORIEL (41) Rosa xanthina 0.00 5.34 1.01

HKER Melilotus officinalis 0.00 2.48 0.00

=G ) Acer buergerianum 0.00 1.17 0.00

K3 Chenopodium album 0.00 0.00 7.52

INIFRE (Y ) Fraxinus bungeana 0.00 0.00 5.95

TR HMUH B R Carex heterostachya 81.16 95.62 100.00

FIRFL Eragrostis ferruginea 13.28 0.00 0.00

JEZER Agrimonia pilosa 5.56 0.00 0.00

LR ER (D) Quercus wutaishanica 0.00 4.38 0.00

egall {[i8i5%7 YF554§ Fragaria vesca 35.38 18.94 22.42

HMUH:F L Carex heterostachya 18.75 19.45 18.64

N Geum aleppicum 7.90 4.72 0.00

YU Galium bungei 7.46 12.89 11.11

P Elymus dahuricus 6.38 9.53 0.00

B H- Cerastium arvense 4.66 2.95 0.63

HJLS Cirsium setosum 4.18 0.00 4.37

B EEEEL Geranium eriostemon 3.32 0.00 1.04

53 Aconitum carmichaelii 2.89 7.00 3.67

T3k Vicia unijuga 2.14 1.73 1.80

LA Pedicularis resupinata 1.90 5.32 5.77

H#ET Stachys sieboldii 1.84 1.51 0.00

BRZEZ Polygonum viviparum 1.83 8.28 4.91

Hiffiy Sanguisorba officinalis 0.90 3.70 1.43

5 Pinellia ternata 0.47 0.00 2.33

WM FF Czernaevia laevigata 0.00 3.97 4.81

BN Geum aleppicum 0.00 0.00 12.43

RIS Rumex acetosa 0.00 0.00 2.07

HBR Poa annua 0.00 0.00 1.99

BREZBRZE Potentilla longifolia 0.00 0.00 0.58

ik HAEE L Carex heterostachya 69.95 55.84 65.79

25 Pinellia ternata 10.40 13.17 7.70

4 28FE Rubia membranacea 9.16 12.80 13.02
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I i g% L Important value/%
Mountain name Altitude gradient  Plant species B R Ui 1 BE S

CK 0TCl oTC2

EEEEEET Geranium eriostemon 6.14 9.97 7.19
WHEE Fragaria vesca 3.23 0.00 0.00
A& Polemonium coeruleum 1.13 5.84 0.00
TR Rumex acetosa 0.00 2.39 0.00
W Czernaevia laeviealta 0.00 0.00 4.09
VUM% Galium bungei 0.00 0.00 0.96
AEALIE A (ST ) Larix principis-rupprechtii 0.00 0.00 1.25
R HMUH:E B Carex heterostachya 33.51 25.13 16.31
KIATE Sedum stellariifolium 26.84 25.63 31.05
W ER] Fragaria vesca 16.67 2.37 22.96
HH- Cerastium arvense 7.63 22.25 15.23
BRIITE Geum aleppicum 4.50 0.00 0.00
HEBR Poa annua 3.85 9.27 9.09
H#3E Viola verecumda 2.70 0.00 1.37
B ZEHE Polygonum viviparum 2.42 6.45 1.30
MRBZE K Potentilla longifolia 1.88 3.27 0.00
W1 Czernaevia laeviealta 0.00 4.54 0.00
JEWABE Thalictrum aquilegifolium 0.00 1.09 0.00
LB Geranium eriostemon 0.00 0.00 2.68
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Fig.4 Trends of vegetation diversity index with altitude gradient
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Fig.5 Trends of species diversity index with latitudinal gradient in vegetation
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Table 2 Multivariate analysis of variance index variance

LN EASE 3L Simpson ZFEPEFEEL Shannon ZFEMETEEL Pielou 157 BEHE %k Patrick F & 8 HL
Mountain name  Multi-factor processing Simpson index Shannon index Pielou index Patrick index
FRELL TR 0.000 ** 0.000 ** 0.000 ** 0.000 **
ENEPOE 0.271 0.146 0.197 0.082
TEHRA B A [R) Ak 2 0.328 0.339 0.312 0.238
HH TR A 0.000 ** 0.000 ** 0.000 ** 0.000 **
AT b 2 0.089 0.131 0.012 * 0.504
TRHR B A [R) Ak 2 0.897 0.929 0.766 0.758

FR RGN P E, 7 P<0.05 WA E] 8 E K =, P<0.01 JUA S 5 37K F =

3.1 YRS REERERR I AR

YT ZREVE BRI BE AR AR B 5 AR RIS GUAR DG | P a) g BERZ K P IR BRIk | 35 IEAH
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FEARL I SAB S BRI ARAARAR P BE BRI B> G LU W 22 R P B T AR B2 T iy 52 B S A DG Ak, 75 B 5 1
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