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structure of subalpine meadow on Yunding Mountain, Shanxi Province, China
LI Xiaoli', XU Manhou"* , MENG Wanzhong”, LIU Qi', LIU Min'

1 Institute of Geography Science, Taiyuan Normal University, Jinzhong 030619, China

2 Research center for scientific development in Fenhe River valley, Taiyuan Normal University, Jinzhong 030619, China

Abstract; Climate warming has become more pronounced in contemporary times due to the effects of human activities.
Alpine meadow is one of the typical vegetation types at high elevations above the treeline on large mountains. Owing to their
high-altitude environment, these meadows are sensitive and respond swiftly to climate warming. The community structures of
alpine meadows are also significantly affected by climate warming. Most current research, however, has been carried out in
high-latitude and high-altitude areas, such as the polar region and the Qinghai-Tibetan Plateau. With regard to subalpine
meadows distributed in medium-low-latitude and low-altitude areas, the related studies and conclusions are insufficient.

Aiming to reveal the variation of community structure in subalpine meadows in medium-latitude and low-altitude areas under
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the climate warming, we selected Yunding Mountain, which is the highest peak in the western Shanxi Province, as the
study area. Yunding Mountain contains typical subalpine meadows, one of which was selected as the study area in this
research. Here, we designed experimental warming plots with 2 amplitudes; small and large. The warming devices were
open-top chambers (OTCs) with a small-warming amplitude (OTC,) and a large-warming amplitude ( OTC,). The OTC
heights were 40 c¢cm for OTC, and 80 c¢m for OTC,. The warming experiment lasted one year. The warming plots were
completed in August 2016 and their hydrothermic factors and community structures in the subalpine meadow were measured
in July 2017. The results showed that; (1) the air in the meadow was warm and dry in both the small- and large-warming
treatments, with corresponding air temperature increases of 3.57°C and 5.04°C (P<0.05), and corresponding air humidity
decreases of 7.36% and 5.23% (P<0.05). The soil of the meadow trended toward warm and wet, with soil temperatures
decreasing by 0.05°C in OTC, and increasing by 0.26°C in OTC,(P<0.05), and soil moisture decreasing by 0.2% and
increasing by 0.62% (P>0.05), respectively. (2) Warming had certain negative effects on species diversity in the
meadow. However, differences between the treatments were not significant for the species richness index, Simpson’s index,
and the Shannon’s index (P>0.05). This indicates that species diversity of the subalpine meadow is not sensitive to
warming. (3) Warming accelerated the growth of grasses and inhibited the growth of forbs in the meadow community, with
the different plant functional types transforming from forb to grass with increasing warming amplitude. (4) Redundancy
analysis (RDA) ordination and correlation analysis indicated that air and shallow soil temperatures promoted the growth of
grass and suppressed the growth of forb; deep soil temperature restrained the growth of sedge; and shallow soil moisture
facilitated the growth of grass. In conclusion, warming changed the status of the hydrothermic factors in the subalpine

meadow of Yunding Mountain, resulting in an alteration of its community structure, inducing a transformation toward grass.

Key Words: subalpine meadow; hydrothermic factor; species diversity; grass; warming; RDA ordination
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Fig.3 Trends of soil temperature and moisture with depth in different warming treatments
F1 AEEBLETER-THEAREF
Table 1 Hydrothermal factor of air and soil in different warming treatments
7K F Hydrothermal factor CK 0TC, 0TC,
23 SR BE Air temperature 16.18+0.02¢ 19.75+0.10b 21.22+0.04a
2SS RE Air humidity 77.04+0.09a 69.68+0.19¢ 71.81+0.18b
3R Soil temperature 13.38+0.54b 13.33+0.67b 13.64+0.75a
+ 327K 4 Soil moisture 30.26+0.98a 30.06+1.19a 30.88+1.55a

CK . X} H& , Control ; OTC, : /NI B H4 ¥, Small-warming amplitude ; OTC, ; K I B 147 | Large-warming amplitude ; = RF AR R ; 77 25 43 485 R I 3
(P>0.05) ; FREANIR] 0y 2250 M 25 5% 1 35 (P<0.05)

F2 TEERENNEEFEST
Table 2 Two-way ANOVA of soil temperature and moisture

2 Factor F GRS Soil temperature +3€7K 43 Soil moisture
QLB Treatment 0.006 0.285
TREE Depth 0.000 0.000
VRBE XA # DepthX Treatment 0.028 0.413
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3GV A BRI N T M b 2B i (H P R BSORN B AR I AR A B 0 2 25 57 (P>0.05) , 3R B b 22 6 % 3 i 4b
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Fig.4 Responses of plant species diversity to warming
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Table 3 Two-way ANOVAs of plant species number, aboveground biomass, and importance value

K% Factor 54 Variable P 2 H 45 Multiple comparison
sl CK 0TC, 0TC,
Treatment Y gL >0.05 a a a
b A <0.001 c b a
HEAE >0.05 a a a
4Ty e Pt R P
Plant functional type Y gL <0.001 a b b
i AR <0.001 a a b
GIEAE <0.001 a b c
Jb PR T RERY Y EL >0.05
TreatmentXPlant functional type i AR <0.001
HEE <0.001

25 B KIS S AR TR
At RDA HEF A0 (T 6) | CK REHE (45 =0 ) b A2 200 25 , 2 85 [ R AR T B85 4 W 4
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Fig.5 Responses of growth characteristics of different plant functional types to warming
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Fig.6 RDA ordination between vegetation indices and hydrothermal factors
AT 25 S IR, Air temperature; ST10:10 em 138V 2, Soil temperature at 10 ¢cm depth; ST20:20 cm iR FF | Soil temperature at 20 cm depth;
ST30:30 cm 33 & , Soil temperature at 30 em depth; ST40:40 cm + 3R ¥, Soil temperature at 40 em depth; STS0;50 em + HEE &, Soil
temperature at 50 cm depth; AH; 55 SJ2J¥ | Air humidity ; SW0—10:0—10 c¢m + 37K 4}, Soil moisture at 0—10 c¢m depth; SW10—20:10—20 c¢m
+37K 53, Soil moisture at 10—20 ¢m depth ; SW20—30:20—30 cm +3E7K 43, Soil moisture at 20—30 e¢m depth; SW30—40:30—40 cm + 3K
43, Soil moisture at 30—40 cm depth; SW40—50; 40—50 cm F3EK 43, Soil moisture at 40—50 cm depth; Richness: Richness #8 %X, Richness
index ; Simpson ; Simpson 3 %1, Simpson index; Shannon : Shannon 35 %1, Shannon index; Pielou: Pielou 1§ %1, Pielou index; AGB: #i |- 4 ¥ &,
Aboveground biomass ; HIV : REEZL(H , Importance value of grass; HSN: RELYIFIEL, Species number of grass;SIV ; Y5 T Z{H , Importance value
of sedge ; SSN; T EL M T4k , Species number of sedge ; WIV : Z2 55 5 F{f | Importance value of forb; WSN ; Z¥ 54 F %L , Species number of forb ; CK1—
3:1—3 5 CK #H#l, Control plots from 1 to 3;LW1—3:1—3 5 OTC, ¥, Small-warming amplitude plots from 1 to 3; HW1—3.:1—3 5 OTC, £

Hb , Large-warming amplitude plots from 1 to 3
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Table 4 Correlation analyses between vegetation indices and hydrothermal factors

Richness  Simpson  Shannon  Pielou AGB WSN HSN SSN WIvV HIV SIvV
AT -0.07 -0.522 -0.387 -0.857** 0.823** -0.309 0.849"* -0.319 -0.780" 0.870** -0.421
AH -0.063 0.353 0.208  0.588 -0.414 0.243 -0.607 -0.118 0.594 -0.548 0.101
ST10 -0.138 -0.515 -0.41 -0.822** 0.818** -0.321 0.801** -0.414 -0.705" 0.817"" -0.442
ST20 -0.469 -0.364 -0.449 -0.247 0.416 -0.379 0.271 -0.549 -0.258  0.467 -0.485
ST30 0.126 0.295 0.216  0.127 0.175 0.208 0.398 -0.628 0.069  0.298 -0.685"
ST40 0.191 0.234 0.192  -0.065 0.361 0.171  0.564 -0.544 -0.138  0.465 -0.675"
ST50 0.181 0.439 0.333  0.346 -0.048 0.281 0.146 -0.395 0.22 0.061 -0.471
SW0—10 -0.15 -0.424  -0.366 -0.703" 0.686" -0.23  0.638 -0.496 -0.583  0.735" -0.479
SW10—20 0.089 -0.024 0.024 -0.125 -0.122 0.048 -0.116 0.234  0.127 -0.226 0.231
SW20—30 -0.354 -0.331 -0.327 -0.065 -0.136 -0.271 -0.273 0.059  0.021 -0.172 0.298
SW30—40 -0.516 -0.497 -0.497 -0.118 -0.172 -0.539 -0.205 0.244 -0.219 -0.038 0.426
SW40—50 -0.337 -0.332 -0.346 -0.265 0.283 -0.208 0.233 -0.6 -0.194  0.347 -0.356

Richness: Richness $5 %4, Richness index; Simpson ; Simpson $§ %X, Simpson index ; Shannon ; Shannon #§ %%, Shannon index; Pielou: Pielou $8 %%,
Pielou index; AGB; i I/ ¥ &, Aboveground biomass; WSN ; 22 L #J Fi 4, Species number of forb; HSN ; RELHFIEL, Species number of grass; SSN ; ¥
ELYIFPEL, Species number of sedge; WIV ; 22 25 T B2 | Importance value of forb; HIV ; 7% 2 T 32 {4 | Importance value of grass; SIV; 38 55 T B2 |
Importance value of sedge; AT ; 25 SR J¥ , Air temperature ; AH ; 25 S {2 ¥ , Air humidity ; ST10:10 em + 3§ % , Soil temperature at 10 ¢m depth ; ST20:20
em 3R FF | Soil temperature at 20 cm depth ; ST30:30 em 3R | Soil temperature at 30 cm depth ; ST40;40 cm 3R | Soil temperature at 40 cm
depth ;ST50:50 cm 33 ¥ | Soil temperature at 50 ¢m depth; SW0—10;0—10 cm 147K 43, Soil moisture at 0—10 cm depth; SW10—20;10—20 c¢m
+ 4K 53, Soil moisture at 10—20 cm depth; SW20—30:20—30 cm 37K 43, Soil moisture at 20—30 cm depth; SW30—40:30—40 cm /K53, Soil
moisture at 30—40 cm depth ; SW40—350:40—50 cm 37K 43, Soil moisture at 40—50 cm depth; * :P<0.05; * * ;P<0.01
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