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Effects of short-term warming on structure and stability of typical plant

communities in Nyenchenthanglha Mountain, Tibet
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Abstract; The warming amplitude of the Qinghai-Tibet Plateau is significantly higher than that of other regions in the
world, which has a profound impact on the structure and stability of the plant community in this region. In this paper, the
open-top chamber (OTC) were used to study the effects of short-term warming on community structure and stability of three
typical plant communities ( alpine steppe, alpine meadow, and screes) in the vertical zone of the Nyaingentanglha
Mountains in Tibet. The results showed that; (1) experimental warming changed the dominant species and affected the
structural composition of the community, but had no significant effect on species diversity. (2) Warming significantly
reduced the aboveground biomass ( P<0.05) and increased the belowground biomass (P< 0.01) in alpine meadows,
leading to the change of hiomass allocation strategies in the community. (3) Warming reduced the niche width of some
species in the community, which in turn affected the community stability, with the alpine meadows changed greater

(=66.8%) than the other two communities. These results can provide a scientific basis for alpine grassland ecosystems
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coping with and adapting to future climate change on the Qinghai-Tibet Plateau.

Key Words: short-term warming; alpine grassland; community structure; niche; species diversity; community stability
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Fig.1 Overview of the study area and sample plot
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Table 1 Effects of warming on dominant species composition and important values of three typical plant communities

- FZEELJEL Alpine steppe I FERf Alpine meadow TATHE Serees
S/[J)ecies X 1 B X} B X} HAR
Control Warming Control Warming Control Warming
F AL Carex moorcroftii — 0.10 — 0.09 — —
BUH 55 Kobresia robusta 0.06 0.17 0.11 0.08 — —
1L Kobresia pygmaea 0.27 0.03 0.23 0.26 0.10 0.21
LS Stipa capillacea 0.11 0.14 0.03 0.07 0.04 0.04
BALEN S Stipa purpurea 0.05 0.05 — 0.01 0.17 0.06
IEE RZ Arenaria edgeworthiana — — — — 0.21 0.08
EIHEZ B3R Potentilla saundersiana 0.01 — 0.07 0.04 0.11 0.13
/N 4: 8 Potentilla parvifolia — — — — 0.08 0.19
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Table 2 Two-way ANOVA of three typical plant communities and warming on community characteristics

S T TP % R TP P x
Impact factor Plant community Warming Plant communityX Warming
T Height 35.126 " 1.346 4.274"

5 Coverage 17.221*** 11.114** 3.868 *
Shannon-Weiner 64X Shannon-Weiner index 14.983 *** 3.122 0.297

Pielou ¥J2]J# Pielou homogeneous degree 0.09 1.480 1.572

o F B Aboveground biomass 31.085“** 15.969 *** 4.059"

Hi R A=) 4E Belowground biomass 108.497 *** 18.303 *** 20.673***

Levins A2 25 5 BEHG4X Levins niche breadth index 6.955"* 2.154 0.363

Shannon A 2507 % B8 %X Shannon niche breadth index 5.046 ** 0.581 0.738
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Fig.3 Effects of warming on the averaged species niche width of three typical plant communities
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Fig.4 Effects of warming on community stability index

http ; //www.ecologica.cn



20 H BRSSP S R L L AR A A5 R RIS E TR A S e 8617

4 Zig

RS9 30 PO TR T R o L L SRR RIS A AR R E MR R RO WSS 4 SRR, B S TV W R A e
MRS/ | o AR Vi 4 R R 2 ) S SR BRAE (S5 b BT SO, X s B B b 2 RO, 304 30 25 3 I = o L 7Y
o LA AR v (1 3t A i, A0 2 A A SR8 DD g SR o ) M 2R i S 5 o e S e e Y 3t T A
T S 200G R A i S AR i o MO (0 A R 23 B v PR e A A B RE F) T e [ A g
il R FE R AR E PR R N R, B L FE BRSBTS, 7 R i Dt X R i ) A ) A v
%,

S % 3Lk ( References) :

[ 1] JEfed, JESE, BORT A, XM, B4R, Wb, DGR T9 R IR R R AR AR R R MR, BheAilile, 2006, 51(1): 63-69.

[2] ZhaoJ X, Luo T X, Li R C, Li X, Tian L H. Grazing effect on growing season ecosystem respiration and its temperature sensitivity in alpine
grasslands along a large altitudinal gradient on the central Tibetan Plateau. Agricultural and Forest Meteorology, 2016, 218/219: 114-121.

[ 3] ZhaoJ X, SunF D, Tian L H. Altitudinal pattern of grazing exclusion effects on vegetation characteristics and soil properties in alpine grasslands on
the central Tibetan Plateau. Journal of Soils and Sediments, 2019, 19(2) : 750-761.

[ 4] Rustad L, Campbell J, Marion G, Norby R, Mitchell M, Hartley A, Cornelissen J, Gurevitch J, GCTE-NEWS. A meta-analysis of the response of
soil respiration, net nitrogen mineralization, and aboveground plant growth to experimental ecosystem warming. Oecologia, 2001, 126 (4):
543-562.

[ 5] Jonasson S, Michelsen A, Schmidt I K, Nielsen E V. Responses in microbes and plants to changed temperature, nutrient, and light regimes in the
Arctic. Ecology, 1999, 80(6) : 1828-1843.

[ 6] Klanderud K, Totland @. Simulated climate change altered dominance hierarchies and diversity of an alpine biodiversity hotspot. Ecology, 2005, 86
(8): 2047-2054.

8, BB, s, R A AR BE 5 TREE T s X 244 i 57 2 AR BRI IC S NI A= 252440, 2008, 19(1) ; 13-19.

[ 8] Arft AM, Walker M D, Gurevitch J, Alatalo J] M, Bret-Harte M S, Dale M, Diemer M, Gugerli F, Henry G H R, Jones M H, Hollister R D,
Jonsdottir I S, Laine K, Lévesque E, Marion G M, Molau U, Mglgaard P, Nordenhill U, Raszhivin V, Robinson C H, Starr G, Stenstrom A,
Stenstrom M, Totland @, Turner P L, Walker L J, Webber P J, Welker ] M, Wookey P A. Responses of tundra plants to experimental warming :
meta-analysis of the international tundra experiment. Ecological Monographs, 1999, 69(4) . 491-511.

[ 9] Henry G HR, Molau U. Tundra plants and climate change; the International Tundra Experiment (ITEX). Global Change Biology, 1997, 3(S1) :
1-9.

[10] Couteaux M M, Bottner P, Berg B. Litter decomposition, climate and liter quality. Trends in Ecology & Evolution, 1995, 10(2) ; 63-66.

(1] 2=, Mg, e, mokdE, wIRge, XIDGA:. ST o) 75 58w J5t i ZE R G R R PR A5 A R AR i s . A 254, 2011, 31(4)
895-905.

[12] kAR, BAaAk, SRS, B2 5. BRIV AP REE WO SO R BRI AL A A Sl ARAE. RA52441, 2003, 23(12) : 2741-2746.

[13] XUmE, BRT, sKICH. 35 B il = BRI A 0 A AR R 40 BT, HB3AIFSY, 2003, 22(5) : 663-670.

[14] Weigelt A, Schumacher J, Roscher C, Schmid B. Does biodiversity increase spatial stability in plant community biomass? Ecology Letters, 2008,
11(4): 338-347.

[15] Chalcraft D R. Changes in ecological stability across realistic biodiversity gradients depend on spatial scale. Global Ecology and Biogeography,
2013, 22(1) . 19-28.

[16] LiR, Luo T, Tang Y, Du M, Zhang X. The altitudinal distribution center of a widespread cushion species is related to an optimum combination of
temperature and precipitation in the central Tibetan Plateau. Journal of Arid Environments, 2013, 88 70-77.

[17] WangZ, Luo T X, Li R C, Tang Y H, Du M Y. Causes for the unimodal pattern of biomass and productivity in alpine grasslands along a large
altitudinal gradient in semi-arid regions. Journal of Vegetation Science, 2013, 24(1) ; 189-201.

[18] Guo G X, Kong W D, Liu J B, Zhao J X, Du H D, Zhang X Z, Xia P H. Diversity and distribution of autotrophic microbial community along
environmental gradients in grassland soils on the Tibetan Plateau. Applied Microbiology and Biotechnology, 2015, 99(20) . 8765-8776.

[19] RiHaHs, fEAedf, Wb dF, T o308, TR, &4 K W10 IR T e € 54 A A R R R SR A S . B AR, 2015, 23(4) .
665-671.

[20] EhAER. 0 IR % o SE U AR 3R 0 WA Btk U AR SRR A . A ZS PRI, 2020, 29(4) @ 643-649.

[21]  ZRBEZE. 38R A DTRERT A2 AR G A0AR 530 93 FL 2 2 s [ D). AN . A IR %, 2018 35-38.

[22] EWgR, $ET, BEHE, B, TXOK, DG, TAA. HIRRG T IER T =25 08 75 9 50 i AR PR EVE 2 2 RE Y
RN R4 . AARRIEARR, 2022, 42(1) : 37-44.

(23] WkithlgE, Foupr, XBE, AR, M, 587, IR, KIGHE, BUEEE BDNE IR R 55 AR MRV A 2 R R .
HE AR, 2021, 29(S1) ; 27-34.

http ; //www.ecologica.cn



8618 JAE = 43 4

[24]
[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]
[41]

[42]
[43]
[44]
[45]
[46]
[47]

[48]

[49]

Koérner C. The use of ‘altitude’ in ecological research. Trends in Ecology & Evolution, 2007, 22(11) ; 569-574.

Fu G, Shen Z X, Zhang X Z, Zhou Y T. Response of soil microbial biomass to short-term experimental warming in alpine meadow on the Tibetan
Plateau. Applied Soil Ecology, 2012, 61 158-160.

KA, WASHIE, R, FLI, MEREE, AR, FREIEE, MR, EREE, g, G0, RS A R JE R ) A
AR ESRMEI. TEEHCRE, 2018, 54(2) : 73-75.

ZEH, B, RS, BORAE. T R L e e E B ) A 7 IR AR K AL R UM M A . AR AR, 2017, 37(17)
5591-5601.

b & R L L T R FE R ) AR D RS B R A LT ST D] Jbat, R EBRR R, 2011.

RN, SRR, BRARSE, B, R SRR AL AR B PR R R IS P L, 2004, 24(4) ¢ 507-512.

FBME, I, TR, AREAL, AR, A, . WK AE A REIL o S R A e K R FHASOR B b b A 7 Dy s oy A 2
4%, 2018, 29(6) ; 1822-1828.

FRE, B, kPR, 28, XNZER), hE . HER X TR SR R I AL R SRR R . A AR A, 2014, 23(1) ;
43-49.

Dorji T, Totland @, Moe S R, Hopping K A, Pan J B, Klein J A. Plant functional traits mediate reproductive phenology and success in response to
experimental warming and snow addition in Tibet. Global Change Biology, 2013, 19(2) . 459-472.

Dorji T, Hopping K A, Wang S P, Piao S L, Tarchen T, Klein J A. Grazing and spring snow counteract the effects of warming on an alpine plant
community in Tibet through effects on the dominant species. Agricultural and Forest Meteorology, 2018, 263, 188-197.

Zhang Y Q, Welker J M. Tibetan alpine tundra responses to simulated changes in climate; aboveground biomass and community responses. Arctic
and Alpine Research, 1996, 28(2) . 203.

Ganjurjav H, Gao Q Z, Gornish E S, Schwartz M W, Liang Y, Cao X J, Zhang W N, Zhang Y, Li W H, Wan Y F, Li Y, Danjiu L B, Guo H
B, Lin E D. Differential response of alpine steppe and alpine meadow to climate warming in the central Qinghai-Tibetan Plateau. Agricultural and
Forest Meteorology, 2016, 223 233-240.

RELE, WiET, TR, 24, FEdE, IR, F2i, MR, MR, soRom Bl i o Bt s 28 R R T R S A 7 T Ry
. AP, 2019, 43(10) ; 853-862.

hm, KA, skehAE, AT, RN, RIS, AT, BT, ARAEYE, SRR A RN R R R ) 2 R AN A M RS R s
#z, 2020, 28(5) : 1395-1402.

Shptpt, E R ST X SRR U AL RV L R L R O S R A RHIE AR HOR AR K224, 2020, 55(3) : 144-153.
Zhang C H, Willis C G, Klein J A, Ma Z, Li J Y, Zhou H K, Zhao X Q. Recovery of plant species diversity during long-term experimental
warming of a species-rich alpine meadow community on the Qinghai-Tibet Plateau. Biological Conservation, 2017, 213, 218-224.

#OR, Eefl, 2VH, SHEUROR, mR . T RE X v AT SR S AR A A SRR SE R A AT, SRR, 2022, 24(1) ; 26-28.
WES, b, Ban, BFRW, Bk, HXE, BETY, 415, SCihgEx kA S R EMRREY RN, Y AEE¥MR, 2021,
45(11) : 1203-1212.

FBL, AR R, TRAE. BRI EOR [RLE AR R R R S R T R  ROBE ST, bR, 2022, 30(5) : 1077-1085.

Alward R D, Detling J K, Milchunas D G. Grassland vegetation changes and nocturnal global warming. Science, 1999, 283(5399) . 229-231.
Eatherall A. Modelling climate change impacts on ecosystems using linked models and a GIS. Climatic Change, 1997, 35(1): 17-34.

L, XVEF S, Hdefe, BIOYI5F, oK TUHR. GEINTIT SO H Bl 4R B R I U0 R AR A LR AR, AR AR ER B 24, 2020, 29(11)
2171-2178.

R, BOE, MRS, SRR, TR R A A (R B AR E bl A A R A AL R, WL AR 225 4, 2019, 36(2) :
289-297.

Zhang Y H, Feng J C, Loreau M, He N P, Han X G, Jiang L. Nitrogen addition does not reduce the role of spatial asynchrony in stabilising
grassland communities. Ecology Letters, 2019, 22(4) : 563-571.

FEETT, 2% 7, MG, Mk, skois. SR EER B b so e 28 R LI RUE Y RETE S50 i IR 2 B E R R . N A3
i, 2018, 29(8) : 2705-2712.

WuQ, Ren HY, Wang Z W, LiZ G, Liu Y H, Wang Z, Li Y H, Zhang R Y, Zhao M L, Chang S X, Han G D. Additive negative effects of
decadal warming and nitrogen addition on grassland community stability. Journal of Ecology, 2020, 108(4) . 1442-1452.

http ; //www.ecologica.cn



20 M BRSSO P A R R L MR A A 45 R RN T 5 8619
Mk 1 RN =MAREYHEABYMHARREEZEENZIN
Attached table 1 Effects of warming on dominant species composition and important values of three typical plant communities
[SE R JE ) A
M Alpine steppe Alpine meadow Screes
Species Xof HE R X #e it X R R
Control Warming Control Warming Control Warming

T IKAEEL Carex moorcrofiii — 10.06 — 9.34 — —
ML Carex sargentiana 5.77 16.73 11.16 7.56 — —
AR ELE Carex atrofusca 9.15 2.03 6.08 3.88 — —
il Carex parvula 26.67 3.31 22.91 26.26 10.14 20.95
AT Carex alatauensis — — — 3.56 — —
VB =B Trisetum tibeticum — 6.63 — — — —
YL Stipa capillacea 11.45 13.75 3.36 6.90 3.60 3.89
AEETF Stipa purpurea 4.67 5.02 — 1.22 16.52 5.97
HBK Poa annua — _ _ . o o
VKNI Oxytropis glacialis 1.98 — 0.90 0.65 — —
= LG Oxytropis alpina — — 0.89 — — —
LI Tibetia himalaica — — — 0.48 — —
HOR S HHME Androsace tapete — — 5.79 0.22 4.52 4.94
EE RZ Arenaria edgeworthiana 0.27 — — — 21.40 8.23
BTG ZE Potentilla bifurca 0.44 2.37 0.57 — — —
BRI Argentina anserina — 3.70 2.05 3.05 — —
HAFHF Anaphalis lactea 8.10 3.23 — — 1.69 1.37
EIHEZEB% 38 Potentilla saundersiana 0.70 — 6.93 4.38 11.46 13.17
P X\ B4 Saussurea tibetica — — — 2.93 — —
B8 Artemisia frigida — — — — — —
WD Artemisia wellbyi — — — — — —
VARG Primula tibetica — — 1.64 0.11 — —
5 L FEAN L Thalictrum alpinum — — 7.53 8.72 — 1.41
%5 M Gentiana nubigena — — — — — —
LM IBIA Gentiana farreri — — — — — —
T 1 Pleurospermum camtschaticum 1.67 1.26 0.45 0.30 3.56 4.51
JEMB Gentiana scabra Bunge 0.54 — 0.59 — — —
W Lancea tibetica — — — 0.47 — —
/N4 BE M Dasiphora parvifolia — — — — 8.03 19.22
T4 Arenaria serpyllifolia — — — — 4.85 6.05
Ly e Pedicularis resupinata 0.61 — — — 3.32 4.38
RAZLH — — 7.86 5.48 — —
MEE Stellera chamaejasme 4.46 5.20 — 1.11 — —
TWALEE Microula sikkimensis 5.61 4.06 — — — —
KGLEE Leontopodium leontopodioides 0.84 17.78 — — — —
K Euphorbia pekinensis — 3.44 1.25 2.10 4.98 —
FIEHAE Oxygraphis glacialis — — 0.49 0.66 — —
AR LI Lasiocaryum densifiorum — — — — — —
LS Oreosolen wattii — — — — — —
KBWEHPAE Cyananthus incanus 2.26 — 12.48 8.37 — —
it —BK Phlomoides rotata — — — — — —
ZHNE E Halerpestes tricuspis — — 1.90 2.23 — —
VU AL Taraxacum tibetanum — — — — — —
SERMMEL Axyris prostrata — — — — — —
[F 3L Bistorta macrophylla — — — — — —
£ Draba nemorosa — — 4.61 — — —
215K Rhodiola rosea — — — — 5.92 2.73
[RIZE %= Morina chinensis 10.48 1.43 — — — —
WERAELE Delphinium caeruleum 0.54 — — — — —
Bk 23 Bistorta vivipara — — 0.57 — — —
WAL Comastoma pulmonarium 3.79 — — — — —
H3X4 )L Caragana sinica — — — — — —
VAP Koenigia islandica — — — — 3.16
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