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Abstract Experiments were conducted to investigate the effects of warming and dominant plant species removal
on net ecosystem CO, exchange (NEE), ecosystem respiration (ER) and gross ecosystem production (GEP) along
elevational gradients (3200 m and 4000 m) in the alpine meadow on the Tibetan Plateau. The results showed that
GEP was higher than ER at both elevations, indicating that both ecosystems were a net C sink during the growing
season in 2017. At a lower elevation (3200 m), warming did not have a significant effect on ecosystem C flux due
to water limitation caused by warming. At a wetter high elevation (4000 m), warming significantly stimulated
ecosystem C fluxes, on average, the warming-induced increase in GEP (2.30 mg CO,/(m’'s)) was higher than that
in ER (0.62 mg CO,/(m*s)), leading to an increase in NEE. Dominant plant species removal did not have a
significant effect on ecosystem C flux at either elevations, probably due to the compensatory effects of the
remaining species, because the removal on above ground biomass (AGB) or below ground biomass (BGB) was not
significant at both elevations. There was no significant interaction between warming and dominant species removal
on the ecosystem C fluxes at either elevations. The results reveal the importance of soil moisture in mediating the

response of ecosystem C flux to climate warming in alpine meadow ecosystems, and removal of a single dominant
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plant species may not have a significant impact on ecosystem C flux in species-rich regions.

Key words alpine meadow; warming; dominant species removal; elevational gradients; ecosystem carbon fluxes

O EIA AR, R SARHEECK 2Bk T 3
TR 1.5~2.20C R B R AR R R Gl B
RN Z—, KR EERIEE T & fE 2 A A2
R GERRRA- i, 1R ARG AR AR A AU B3
e 8y S 4500 pl i B A e 104 78 1 TT B 2 5
SAEARAR RS, BT LA T Sk Bk bR S-S A AR Ak

pm R N R AE ARG5S KA CO, AL
P AT C A . R WA FH AT ML 43 i 1 SF-
i, i b AR S R GE CO, B A B R 4 CO, &8

i (net ecosystem CO, exchange, NEE)Z& /R, iE X
MR RG B P4 T ] (gross ecosystem produc-
tion, GEP)5 4= &5 2 Bt MW (ecosystem respiration, ER)
Z Iy 22 1A .

PAFE ST A& B, NEE X4 78 1% i 7 & A — 2
1, X2 TS F A S RGP O E 1R TR A
FH A LR AU R R, — T8 A T 4Bk 85 43 i
SEEG Y meta P T A5 R R 3R R =G SR
FINPIEAEF, (A% NEE ¥4 B &l Jrise i
S e D ey S ) P T 1 00 S 50 14 & BB R % GEP
(3 T ER, S0 NEE 85 7,

MHT, NG B I LAHT BT R A Y R RS
AR Y RETE AL REVE RO S ) W R Y )
RERAIE X 2R R G T REA AT B R A2, fr AT
THOLRAE D D Tl ) D BR X AR R G DR AR R
HSZIR . DATEA SCAL S B XT AE  R G DI E 52
AT FE e T FER) G2k 7= 7 1, AR A 3 A
JE 1 Bl L P A P P Fh e e X A2 35 AR 4t C il i
AL

FEARIE T, A WL A HR AR TR g A = 1,
It LA e Ll A 2 R G AR K A e
[ F, o AR 28 RGO Ry 2 I URR B B oy 52 S
A R I, B AR AR
L1 AR 285 2R G 2 25 1 5 e Xof R0 R Sfe 42 3k A B 1k
AR R EA B E S, AR, AR & A2
B G0 Btk 50 285 0T 38 R KA ) v 2H Lk s (O He 2
TV ROME B B A8 Ak ) 18 o 7 AT R T A T A A LR,
BRI T FAT TS ARk A AE Ak DA B2 N 235 Bl fili A
BRYG CTEIAFZM RN R, 76 3 5K Bk
JEE b, AR W) A T TR M RE B AR K
M4, SRS AR AR R AR S R G BRI 5

300

O]y BAR X3,

RN HETOTSERAR R, FRATTTE 7 98 ot s
FE B ) VP 5 T HAORG JEE 1AL TR RO S A W o 2
(S o 7 G e A M BR 1 5 =, SRRk sh S A
FEM BRI et R AL B, T R
JELZE 5T WY A W ek R, R X A R S A A B
UM B IX 22— FRAT Y SR B 58 IR K
b R g LA 2 AR G B B T o ROk R I S A
Yo 22 AR O A MR R

1 MEFF %
1.1 HRi =

IF 5% 1l 50, T 75 7 e 5 AR L A 1 I v T )
HERRGEWITIE(37°37'N, 101°12'E, ¥4k 3215 m).
7D X g TR Y K R AR, E A RSy
50| 32 7 A 2 RURI PG {7 1S J€ A8 52 . 1983—2013
A, AT B UR AR K B0 Bl 1.1°C F1485 mm,
Ky 80% M 4F B K it #E 5—9 A M K 2=
o HHON R IERMEIE L S e R M 1), FRAT
BB T AR 3200 m (37°37'N, 101°18'E)
F14000 m (37°42'N, 101°22'E), PR L 7E 3
. BB REESEA  RE AR NS AURIOK SCAR A T
FAXT—2 . 3200 m HE b 0 P8 B A 7 E 2P (Stipa
aliena) ., WHIHR-B R (Poa crymophila). F=0H K E 3
(Saussurea superba)MZEHK 256 (Aster flaccidus)(HH
F 55 BE A1 R 18%, 17%, 11% A110%). 4000 m ¢
Hh i A AR /N B (Kobresia pygmaea) . 7 1§k
5. (Oxytropis qinghaiensis). ¥ % (Kobresia humi-
Lis)FVET ¥ 2152 3% (Potentilla saundersiana)(F0 X 55 &
7R 33%, 21%, 12%M119%). 3200 m F14000 m
FEHLAY 0~10 cm 1 pH 435912 7.37 F16.58, Fhiki &
Y94 9.05%F19.21%.
1.2 Kigit

ST SR XU PR] 28 (M 1 AR S 4 1 b 22 B ) Bl
LA, Jh4FpAb B XFHR(AC) ., HETEA KBk
(WC) . X B8 25 Bk (AR) R34 3L 25 bR (WR)Y(H H, W=
warming, A=ambient, R=removal, C=control), %F}
A IAEREARE SN BEHL AT L, R R Ab R & E L 4
o, it 16 MET o AN AT 2 mx2 m,
AHAR A E A 2 B A9 E 2 3 m.



E %S

T R T et SR ) AN () O A 8 R IG5 0y 0 A 2 B X 2 3 R TGRS T

2014 4E 7 ), FRATTH 2 B0 W A T 4R 1 e
REFEE SR . H#E  & OTC (open top chamber)i
i, 201548 5 7 2 i3 a8 . i ma v v dh £ Bk
IroAE 2014457 A8 H LK 2015, 2016 F1 2017 4F
B 6 H Oy dEAT, WIS b 25 R 04 D0 35 M 43 31l 2
SEF 5 (Stipa aliena) Fl/INi& B (Kobresia pygmaea)
EBRITEE, M T 5 Kb AR, TERT
R T R M A R S p - B0 s Y]
Ip e A R BR 50, AR B Y 4 P 4K

IR S S0 2 4 BRI P I 5% (Rocky Mountains,
USA; Mt Suorooaivi, Sweden; Tibetan Plateau, Chi-
na; Andes Mountains, Patagonia 5§)AJ—3B4>, 246
WA e — 20 .

1.3 B#ESREHRIZIRENEE)NE

fifi FHLi-COR 7500A CO,/H,O43Hr{¢ (LI-7500,
Li-Cor Inc.)7ERK x %A 1.30 mx1.10 mx1.15 mf¥
ROmENBHERER TG, B EROHM
B3I 2017 424 K26, 7 H18 H T AJAYNEE.
R OIEM BRI 92% 1 6 A A RE I, TR I fE
FHASLLAMR ST . FRATTTI S22 COo/HLO 14 8 28
TERFIURE D Oy, JRTEAL IS IO J8 22 8 44/ NXURS,
R RN TR OGO F—EEE /Y
Y& & B %4 HF (photosynthetically active radiation,
PAR)f& AR 2| COo/HLO 2 IR Y T, IFAEE N
JCE 7S SR EE A R o R T A Y R) AR Rtk Y
AR R O R E W RES, DMERE, T
5125 A NEE (B3 mg CO,/(m*-s)):

NEE=dCO,/dtx(P/[R(273.15+T)]V)/A/44/1000,

Hir, dCOy/de F/RE N CO, W FEFE 120 s P Fifi B[]
Ak B4 (umol/(mol-s)), P& K< JE# (kPa), R J&
SR (8314 kParm®/(K-mol)), TH% NS iRE
°O), VIER ZIEE MR (), A R LIEE W R
(m%) . FRATT Ml AE R L6 T 5 30 s Ji5 120 s PIAY AR
W, DARIEBIRE R . NEEM R4 HNE, MR
AT, IEE WIS TE — T, TR E N AR
MR SE G AN B, RS AT S5 A, Akekil
UGB A RS2 ER . FRATT L AE I B K <(PAR>1700)
Nl NEE, DUME AN [F) K Y NEE,
14 TERREEMMBTHTEYMENE
TEAEAS SEEGAE 15 19 NEE I 45 o0, i i I 3%
AL A (WET-2 sensor, Delta-T Devices Ltd., UK)
D4 3R 8 5 om AL AR EE . FRATTAE 2017 4 8 H

H ) (B J5 — I NEE U & 52 J5 ) R 5 M5 0.25 m
x0.25 m XS By E A, 65°C Bk 2 it {H i Jf
PR, fRFH ¥ (above ground biomass, AGB).
FE BT 2 b bR P 00 DX P, P R Al B AL R £ 0~
10 cm BREE Y 3/ HHERE AL (B AR S5 em), B Al — IR BE
MRE SR A, PPV R 4, B 2 s IR AR
5, [0 49 & (below ground biomass, BGB).
1.5 B E

FKHELE M T 2000, KA KA K
FE Ml b 15 R AR R ) R B R R
NEE. ER Hl GEP [0, 4[] P 28 02 14 8 A
TPl B, A9 R SR D A ] SR =
R 2001, KR . B SAE Y R B
%} NEE, ER, GEP, AGB il BGB iy 45U FIAC H.A%L
N o FHERAE T A A6 50 A 45 R 45 C it AR AR R 7
(MR A R B KA R T (M . M AR
WK, G404 SPSS 21.0, ] Sigma Plot
12.5 HAHAER .

2 #R
21 TEREE

2017 4F A= K 2= P A ¥ 35 (3200 m FT 4000 m) +
HE 5 om (AC) - 34 1 BE 43 51 J2& 21.64°C il 16.37°C,
S EA 9 3 ) 24.26% 1 39.41%(18 1 Fl1 2). B4R
R AR S BHE P (p<0.05, [ 1(a)fl(c)), H
B IR TE 3200 m A1 4000 m 4 W) B At R R
1.88°C 1 2.24°C([&l 2(a) Fl(c)) . [FIMS, 14 iR 5 % K&
A K 2+ 1 B (p<0.05, K 1(b)FI(d)), HrhHi
£ 3200 m 1 4000 m 43 51| K AL £ 5810 5.54% Al
5.21% (& 2(b) Fi(d)) o AN 4k 19 £ S5 A 4 0 o 2
o XoF = S9E II T B I AT 2 R (p>0.05, K] 1(a)
F(e), & 1).
22 BRMABENYFHERN AR EKRAE

ERGHBENTIMT

AN U 3 AS [) Ab B A NEE 76 4B K B35 5 1
Tk %, HIFRIBIC DR (& 3() Fl(d). P
AV 1 14 3R X NEE (952 W & A1 R, {45 3200
m ¥ NEE [& 1% 14.61% (p>0.3% 05, Kl 3(a)Fl 4(a)),
B4 15 4000 m A9 NEE 3411 53.61% (p<0.05, & 3(d)
L 4d)) o fL 25 bk P AN i 35 1Y NEE 52
AR Y, {445 3200 m (1 NEE F&1I% 13.67% (p>0.05,
3(a)fil 4(a)), {H{§i15 4000 m Y NEE 34 il 33.96%
(p>0.05, & 3(d)Fil 4(d)).

301



FEHUR 22 e (SR 2 i)

Hs55E o

2019 4 3 A

30
() (©
25
O
=2 é %
ﬁ WC: p=0.02
15 AR: p=0.92 WC: p=0.004
WR: p=0.83 AR: p=0.75
WRip=077 | [®AC
10 - =Y -©- WC
50 ¥ AR
(b) (d A WR
40 WC: p=0.007
B AR: p=0.85
Y WR: p=0.60
= 30
=
H @ WC: p=0.009
20 AR: p=0.82
WR: p=0.52
10 ; ‘ ‘ ‘ i i
6 7 8 6 7 8
R4 R4

B1 2017 EEKFEBENRABEDYHERLIETRER 3200 m ((a)F0(b))F1 4000 m ((c)FA(d))HY T 1E Scm
BREMEENZSTHTEHESRERE)

Fig. 1

Seasonal dynamics of soil temperature and moisture at a depth of 5 cm at 3200 m ((a), (b)) and 4000 m ((c), (d))

during the growing season in 2017 under warming and dominant species removal treatments (mean + SE)
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Fig. 2 Soil temperature and moisture at a depth of 5 cm at 3200 m ((a), (b)) and 4000 m ((c), (d)) during the growing
season in 2017 under warming and dominant species removal treatments (mean + SE)
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Table 1 F values of repeated measures analysis of variance (ANOVA) for the effects of warming (W), removal (R), sampling date
(D) and their interactions on soil temperature (ST), soil moisture (SM), net ecosystem exchange (NEE), ecosystem
respiration (ER) and gross ecosystem production (GEP) at 3200 m and 4000 m
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Fig. 3 Seasonal dynamics of net ecosystem exchange (NEE), ecosystem respiration (ER) and gross ecosystem
production (GEP) at 3200 m ((a), (b), (c)) and 4000 m ((d), (e), (f)) during the growing season in 2017 under
warming and dominant species removal treatments (mean + SE)
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Fig. 4 Net ecosystem exchange (NEE), ecosystem respiration (ER) and gross ecosystem production (GEP) at 3200 m

((a), (b), (c)) and 4000 m ((d), (e), (f)) during the growing season in 2017 under warming and dominant species

removal treatments (mean + SE)
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Table 2 F-values of a three-way ANOVA for the effects of

elevation (E), warming (W), dominant species
removal (R) and their interactions on net ecosystem
exchange (NEE), ecosystem respiration (ER) and
gross ecosystem production (GEP)

(SE NEE ER GEP AGB BGB
E 27.79™ 3099 6633 81407 1256
W 9317 6.01" 16.07” 8.78™ 2.16
R 2.93 031 2.50 0.30 0.66
ExW 3.10 0.94 420 1.06 0.02
ExR 235 0.10 1.76 125 2.11
WxR 0.12 0.01 0.01 0.30 0.02
ExWxR 3.91 0.59 331 0.17 0.19

TE: #p<0.05, **p<0.01, ***p<0.001 .
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Fig. 5 Above ground biomass (ABG) and below ground biomass (BGB) at 3200 m ((a), (b)) and 4000 m ((c), (d))
during the growing season in 2017 under warming and dominant species removal treatments (mean + SE)
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Fig. 7 The relationships between AGB, BGB and net ecosystem exchange (NEE), ecosystem respiration (ER) and gross
ecosystem production (GEP) at 3200 m and 4000 m, respectively during the growing season in 2017
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