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Short-term effects of temperature enhancement on community structure and

biomass of alpine meadow in the Qinghai-Tibet Plateau
LI Na'?, WANG Genxu'*, YANG Yan', GAO Yongheng',LIU Linan'*, LIU Guangsheng'"
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Sciences, Chengdu 610041, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract; The aim of this study was to assess the initial effects of warming on the community structure and biomass
allocation of alpine swamp meadow and alpine meadow, two most widespread ecosystem types in the Qinghai-Tibet Plateau.
The air and upper layer soil temperatures were passively enhanced by using open-top chambers ( OTCs) with two heights.
The air temperature was clearly increased by 2.98°C in 40cm high OTCs (OTC1) and 5.52°C in 80cm high OTCs (OTC2)
in alpine swamp meadow, and the soil water content decreased by 2.45% (OTC1) and 3.44% (OTC2), respectively.
While the air temperature was increased by 2. 59°C (OTC1) and 5. 16°C (OTC2) in alpine meadow, and the soil water
content decreased by 1.83% (OTC1) and 7.71% (OTC2), respectively. With the warming and drying effects, some
changes in the vegetation community structure were observed. The population height, density, coverage, relativity, and
important value of each plant community responded differently to warming. In alpine meadow, important values of three
species in OTC1 were increased, and five species decreased. The importance values of Saussurea eopygmaea and Primula
Jorbesii decreased significantly, while the values of Kobresia pygmaea and Littledalea racemose increased significantly. The

warming effects in OTC2 accelerate the development of singularity, the important values of Kobresia pygmaea and Primula
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Jorbesii decreased significantly , while the values of Halerpestes tricuspis and Carex atrofusca increased significantly. In alpine
swamp meadow, important values of Kobresia tibetica and Kobresia humilis in OTC1 were increased, while the values of
Ranunculus decreased significantly. The warming effects in OTC2 accelerate the dominances of Kobresia tibetica and
Kobresia humilis, and the important value of Ranunculus also increased. Compared to each control plots, warming in alpine
meadow caused the coverage of graminoid and sedge decreased, coverage of forbs increased ; while in alpine swamp meadow
were the reverse. Warming caused the biomass of standing dead and litter in the OTCs were lower than that in the control
plots, this means that the warming delayed the senescence and death of plants, and biomass of standing dead and litter in
higher warming conditions in OTC2 plots were even less than that in OTCI plots. The coverage of alpine graminoid and
sedge in alpine meadow significantly decreased, while the coverage of forbs increased. In alpine swamp meadow, the
coverage of graminoid and sedge increased, while the coverage of forbs decreased. Warming increased the total biomass of
both meadows, and higher warming in OTC2 accelerated and prohibited this trend in swamp meadow and alpine meadow,
respectively. Warming made the biomass allocation in two meadows transferred to the deeper soil layer to adjust the warming
and drying conditions. The four typical species in two meadows further illustrated the community structure and plant growth

in response to artificial warming.

Key Words: alpine meadow; open-top chamber; artificial warming; community structure; allocation pattern; Qinghai-

Tibet Plateau
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HAREEML; (2)OTC, &5 B 40em, FHE (2.0 £1.0)°C; (3) OTC2, & B 80cm, FFiH (4.0 1. 0)°C ; & JE 2] [X.
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Sem 5—20cm) ,FRAFEHIEE S 5 UK, IFL BP AL R Tmm (U8 IS 3 o 4 b Rl A ey [l S 3 =
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1.3 Bt
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SR SR SR, o L5 KL P AR 5 4 MU R, 2 VD , B 5 sk 2
BOMETAEROK AT 2 MR BB 00 R Bl ™, BF LA IR FE T 2 1 T DU i, A A K
P TR A T4 TR A AT IRAR S T 2.98°C (OTCI) A1 5.52°C (OTC2) , FoERE R A 745
RSP BEIL T 2. 59°C (OTCH) 1 5. 16°C (OTC2) . JH¥ERIBIA) 20em HOK A4 HIREE T 2. 45%
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®1 SEEGWFFER OTC NHMNYATFHRER 20em LEEKE

Table 1 Monthly mean air temperature and soil water content inside and outside the OTCs in two meadows

SN 5 20em Kbt
FEit Aty Air temperature/C Soil water content at 20 cm depth/%
Plots Month

oyl OTC1 0TC2 X B OTCl1 oTC2
R FE ) 5H 3.73 5.83 1.27 25.47 25.96 20.17
Alpine meadow 6 H 5.30 7.80 3.16 52.58 47.32 42.89
7H 8.28 10.92 5.08 56.72 52.72 47.31
8 H 6.54 9.99 4.04 50.21 48.32 42.81
9H 4.35 6.52 1.69 47.60 49.10 40.83
SEIME 3.05 5.64 8.21 46.52 44.69 38.80
1A ) 5H 1.27 4.33 6.13 50.27 47.6 46.87
Swamp meadow 6 H 3.16 5.64 8.24 52.76 50.11 48.20
7H 5.08 8.77 11.36 54.54 51.51 50.78
8 H 4.04 7.10 10. 60 52.93 49.89 48.18
9 H 1.69 4.30 6.53 49.71 48.06 47.24
SEHE 3.05 6.03 8.57 51.58 49.13 48.04

2.2 BT O AR T L SORIARR ALE T 52 e

H1 T3 2SI AEH B IR AR Rh 237 22 SR B BRI TEAS T S8 b, B A R b O DA R o 5 e ) ATV
PR N BT A PR 2 X BUS AR T3 P A T A B S RS P R Rh . Nk 2 FIEk 3 B
I, 283t 2a LI R S0 AL B v SE ) RNV P B RIS WU RN L AE OTC P B B 3 N IR & BRACR
AL, TR FER M) b, SR B 10 A, OTCT IR TR 2 4 3 DR S 2(E BT, S DR E 20H T R
oA, X35 ( Saussurea eopygmaea) /N4 3 ( Primula forbesii ) Y B8 355 | f& & b i 3, T /N i B ( Kobresia
pygmaea) i B ( Littledalea racemose) )T A W& G I, A6 OTC2 Py, i B2 G I i il =5 N W0 R B i T~ B —
PO /)N A N 1Y B BB R 2 TR, 1T = 2400 6 B (Halerpestes tricuspis) | M8 8 55 ( Carex atrofusca) 1)
HEERE TR X IRAEH N, Vs R R4S B 5 NMRER SR X R R REE P AP LA, 22 OTCL B ik
J5 B Ry /N R AR S B IR X O R RN 2 N, 20 OTC2 (%3 J3 1 il 4 B, 8 725 Ay fh /N i
ARG R RS R AVNREILE LR RS YR AL, TR R, AR B 6 SR, OTCL /)
W 14 YL 3 5 55 ( Kobresia tibetica ) | % i %5 ( Kobresia humilis) A 8% FJt, B RELH R E TR, &
OTC2 P, |y TR BE T i 24 R, iR 2 N A B S 8 A 1 00 55 OTCL YA T 26 531) , i 4 1Y) i S (B4 o
SEHR v B A S I s , B B (Ranunculus ) R A WITAG b Tbo FEXS BEREH P, o B e o
TR A RRERRE YR, 28 OTCL 8RS , 8 4% Sy H s B AU s B oy X R B eI A AL i, et
OTC2 ek FE SR AL P , S8 78 hy by 80 i e et e 0 6 R AL ] AR A B P W R A

Hi98 2 TR 3 AT LAE Y, I BEFH S (R I 00 e FE AR o g i, SR 28 s BE A i ks fin , b T 9% 1
JE YRR N S SR A b 4 T2 BE AT BT 9 0, i E A v B /N B SR R T T ) 0 T R
o HAWAL TR T ZHEY), B MRS T BTN AR T, ST SR D . SR fR 3%
SZURSE SRS, HAMFREE IR T (AR 0 25 2 ) 25 s/ 1 ke 3 o v 446 A tho A iy ) 5 o Rt 0
WA, 380 5 2 — 2 KAWL BT LA 7
2.3 REETEmO AR VE AR 5 R

W 4 Fros, S50 B A L, WO A f) (9 JE % 6 55 B2 28 OTC 3R A0 B IS Al ) 5 FE Y s A 3, HLVA
PERLA G AGR  % (P <0.05) 55 BEOAEHIAR L , 75 2 FERTfa) vy, OTC1 P /)N J8E 18 et A5 2R e 0 B 1 43
P B E AR, A5 o T BRI (P <0.05) ,H OTC2 PN 114 A T 32 498 305 Ao 30k o ik 20> 8 34 o 114 2 B8 o
RIS, et g AN .25 o AR S, FETREERL A v, OTCL PA) A /I 8 184 et {5 R R 0 0 B 1 4 . B WY S 1, i 2
B i BE W PRI (P <0.05) ,OTC2 Hpv ity O B 3% M AL B S Mg gk 1 s R b sl /b it ia 4, BLge it g
BE(P<0.05),
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F4 BEABI OTC NIMREMIFE R E K21
Table 4 Effects of warming on coverage of alpine grasses and forbs in control plots and in the OTCs

T Coverage/ %

ke 2% Type of sampling

i REEHIH B JHE
R FE B ] pagi 21.7+£3.2a 79.6 +4.2b 13.2£2.2a
Alpine meadow OTC1 19.2 +2.6a 68.2 +3.3a 19.3 3. 1b
0TC2 18.5+2.8a 70.1 £4.2a 17.9£2.9b
EERESR oyl 7.9+2.1a 82.5+5.2a 11.6 +2.1b
Swamp meadow 0TCl 5.8 +2.8b 90.6 +4.5b 7.3+2.6a
0TC2 5.0+1.9b 93.2 £5.5b 5.6+1.3a

A = R BRI 3 AL, AN S EAL, SRR R 22 5 (P <0.05)
2.4 RETHEEY) i Ky LR

MRS TR H, ANTR I ey ) i e P VA ) SR H) (S A R P P A B e E TR (9 AR
A1) AREL/INTRIRL Xk RERE 3 A ) SRS RN 7 0 A ), LSRR B 2 57 )0 fi 26 (P <0..05)

%5 BEFFI OTC RHIMI#HFEZEWHEWEHIIE/ (g/m’)

Table 5 Effects of warming on the biomass of standing dead and litter in control plots and in the OTCs

B2 Type of sampling ST Standing dead P59 Litter

f FEEL A Alpine meadow X B 23.5+3.6b 17.6 £2.1b
OTCl1 19.1 +£3.3a 13.2 2. 4a

oTC2 16.6 £3. 1a 10.5 £2.8a

THPEHAE Swamp meadow Xif e 85.2 +12.8¢ 39.6 +11.2¢
OTC1 72.0 £13.8b 27.1+£9.6b

oTC2 63.5+14.7a 22.2+7.5a

SR+ bR AT 3 AN IR RN 5 AT, A SR R P RERR 25 R B (P <0.05)

BRI IR T AEI A K R F 50 BERE A b, A0 I T i %) B b 5 f) OTCs N A b B AT R 0—
20em HRFFHAEY) A —B(E 1) o FEm € fa) Hr, OTC1 Py |- F1 5—20em 42 By E W 43 038 m 1
26.7% F139.5% , 1M 0—Scem B HIERZMR R EW R T 30.0% ;78 OTC2 Hr #h A4y iy 2 AL AT i,
R P 20 AR R I T 2 A A (P <0.05) |, 43 il okt BRAE b /b T 70. 0% Fi1 22. 9% (1]
1), TR FE R A AT 50 L3RBT, A6 GRS R 32 3] 398 T 2 0K 43 2% 0 1 BRI, A= 400 68 199 40 FC A )
WG R AU . FEREERE R (B 1), SRR A, OTCT A1 OTC2 PN #b I Fdth T A= 9y s #4801 4 B
RS, OTC1 PNAYHL | .0—Sem Fil 5—20em + )2 B £ ) &40 S8 N T 28. 7% 47. 0% F1 118.3% ,
OTC2 P | .0—5em I 5—20em + 2 H 4P s I T 93.2% 21.9% 1 147. 9% , LRI R B 3%
PRHE T TR E R A A AR K H OTC2 Py R R BE R iR 3 1 T X A A

AR A BCELBIDRE (8 2) , Tt OTC PRI 2 Xt BEFE M P, R 55 ) 3t R 2 40 7 R A i R
G 4% KA E B, T 7E R A= A 43 B, 0—S em 38352 B3 2R i o5 LU SR Rk, 5 0k BRRE
FHLE , PR R fr) 280t 3R AL S b R AR o A R AR A — B FEm ZE R (8] 2) /0N B A 3 i
fifi OTC1 N 0—S5em AR R 2 B4 P3G m, i E A T 5—20em iR R )24 W40 it s b , AL AN B3
g FE IR AC TS, 32 2K 20 A PRI BR A 5 B &, OTC2 Py i A= Wi 40 B L /)N, i A= T 4
52 TR RZES ASimA BE . BEEah (& 2), 28 E T = 2, OTCL (N iy
FIH R B9 A= 4 Be 2 S 580 (P <0.05) , 5—20em AU R )2 A 20 e S 48 m (P <0.05) , OTC2 fy
KM SRR TE TR R 2 AR W B0 2 FOAs Jmy it — 25 R 2 £ 5 (P <0.05) , b I AE 9 ik 1) 43 i EE 63
AP,

2.5 BT AR Rl A A R AR R A i 43 T Y
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Fig.1 Effects of warming on above- and below-ground biomass in alpine meadow and in swamp meadow
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Fig.2 Effects of warming on biomass allocation in alpine meadow and swamp meadow
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Table 6 Effects of warming on growth patterns of typical species in alpine meadow

RS B HEAz LIRS FRAS 5K
Growth Parameters Plant height/cm Basal diameter/cm Leaf length/cm RWC/%

I N X e 5.57 £0.39a 0.134 £0.013a 3.62 +0.22a 69.23 +4.06a
Alpine meadow OTC1 6.57 £0.42b 0. 147 £0.022a 5.05 +0.32b 78.03 £4.28b
0TC2 5.95+0.34a 0.147 £0.024a 5.17 £0.38b 87.70 +5.19¢

JUEEY ] Xif B 2.61 £0.21a 0.223 £0.016a 2.44 £0.20a 76.36 £4.57a

OTC1 3.86 +0.30b 0.306 +0.009b 3.66 £0.25b 79.78 +5.29a

0TC2 5.37£0.01c 0.211 £0.015a 3.81 £0.22b 81.59 +6.66b

AR TR 7 X B 12.10 1. 14a 0.201 £0.011a 7.75 +0.61a 74.44 £5.06b
Swamp meadow OTC1 11.99 £1.43a 0.223 £0.016a 8.96 £0.84b 69.30 £2. 16a
0TC2 12.23 +0.90a 0.197 +0.014a 14.13 +1.72b 66.11 +£3.69a

F A X iR 7.37 £0.61a 0.197 £0.009a 6.50 +£0.85a 75.14 £3.19b

OTC1 7.17 £0.88a 0.233 £0.008b 5.64 £1.09a 70.67 £4.20b

0TC2 14.49 +1.92b 0.200 +0.012a 13.12 +1.42b 35.85 +4.92a

SR+ bRiEE BB 3 NI RN 5 AN EAT, A — S HOR R PR R 25 5 B (P <0.05)
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Fig.3 Effects of warming on biomass allocation of four typical plants
L/T, 0t/ A L, S/, 28/ BA Y L, /T AR AR L, B/A R AR i/ b A=
3 g

TEADFTEH, P A K E (OTCs ) B3 TR A o TP p it , Rl o= m A d 52

http : //www. ecologica. cn



4 4] ZRA AR« TSR T R i e SR e ) AL A A A A R S 903

PRI, H AT BRI A F A B IR, 0 ROG IR A B AR AR 1 SRR L CO, Ik S8 4 J% 30 JBE 14 5 1
21220 g0l U P DB 0 ) 5 2 AT, SR TR AR AU T IR, U T S T L B R AR IR N R R
Sy R, TR PR AR 25 5 15 i B B 27 4, (AR S RS T 25 o ARG R, S B TR P 3
RN K AR TR AR M Y 10, 33X 45 2 i 22 B s 3 % SR AR — 2070 o R K R R A R R o TR
PIPRRE R T 2™ X G ER S RRT RIS — B, IR A BRAEE , 75 0 R S 2 B e T
eIty N 2 A8 5, 5 B R V8 A A Sl 7

TFT A K% (OTC) fY 4 R85 A W RE 76 70 . A R 2 R 2 € R Mt ) A K e R R 2
U0 X v DB ) 25 AL K U, AL T ALk 0 PR R 2 A1 AR A KT T 1 B R, OTC
e TR BT I /N IR A , — R LR TR TSR A R TR A KR W B E 45
P RIS 5 RN T 07 A L B MR 0ot A 4 R 4 6 M TV WAL 0 ) 2 2 B
fyRLR

Alward 2V 1 Pauli 251 jOBFSe 45 R E I, 76 BB R 5 T, 6 AR — MBS R 3L, B —
Sl L 75— S ) o IR B 85 00 1 B g I, DA T T R o ) 540 56 2R, 5 | R R 9 40 0 42 o 4L ik 2%
AW B , R FE R ) OTC A AR BRI B o S 0/, T 4% 0 11 o B S 3 > o 1o 2 phy 1 o 98
B ) SR I A KR S, R I A R TR I S AT K 3 T Y BRI 8 A0 A
AR A, Grime ™ [YRF T 45 St 2 0, 153U AK S0 W30 A BREE b R 3 LU0 AR W A 4R K
R PSR AT I BRSO TR ), YR ) OTC N A AR S A1 05 880 26 PR 90 o, TG 2% 40 144 5 B 0 20>
O TR A AR 0 T A KA A, B A B R 1 B R R T AR, M TREE I LR AR TS
AR SIS BERE 7 o5 Y T o T VR A P R SRV B 36 BN, X 5 Zhang 45 R ML S
Harte %% 75 3% Y5 3L 1 AOBFST ELA AR RO S5 6 o () od-tls 2 1A 350 B6E T 23 b R B R 1 2 ( 5 B 20) B4
B SRR, X — R AR AR IR 11 45 1 T REEA TSR N 2 4 S

335 o 5 ) YRR B4 OTCs P S AR Y W0 6 AR K ZR 15 AR (9 H TR 1)) R/ N T4 B2 1y o HE Ao
WL ST AR R P LR . RIS , OTCs P AR RSB0 TR S0 A0 1 s 2 0 o T V30 0 N 0 B2 W X 5
— et B PSS ISR T (B AR S Y Sa RIS A . OTC A L AR Wy AR 0—20em
AR 2R A 4 5 ) PR R LA, PR ) e B — 5k, 7E i FEHfa) b, OTC PNt b1 5—20em £ 2 9
RN, T 0—Scm 1138 2 A Wy EE /L, OTC2. fcd F3 434 1 b B0 (6 7502 4 4k 0 oy BRAS [R) ARR E F k2, fEL
TP OTCL A1 OTC2 Py b R A 1y a0 BT 4 T S3 Fr 8 b e, 3k 45 kit % 452 g DL 9
ZE AR —B . X% MU R RS T RS0 K R A . Melillo™* 5N Ay, <008 74 I 30 o R G 30
S TR 9 R 0 B 3 v 3 AR TR S TR B R R , ke K N B bR S R S A e
7 o RV SR 9 KA A el SR ) R A P 85 L R S B I G I R . Boeck
SERTF AL AL TR, 1 TGRS T Ak R L, b R R A R R, Heh s A R
W7 18% I TFAR R AW TIE T 23% o FEARBIFEH, th T i 8 ) FTH R 500 LR 28 R G0 0 1 SR A5 1R 1 33
TR BAR LA —RF | 3435 v T ) 39K 20 A /0 R ) s S B 00 10 K, K23 B AL A K 1
SRR T R N T A RS I R A R i AR [ I A R RO i A e T IR A L R RS
AEL X T 2 ) AR 3 78 7K 3 S P SR S 70 A5 S S A R A K, (075 A W R AR TS {45 R B
B AT ZAT R B, AR 22 1 A 4T G A 7 P R

ST L R 0 T o T RV 5 M R A AT R R, A 1 ) v 4 S B BB G e e 7 g o
SEWRIT . RO OTC Py B RUE G IO bR B 564 I R A5 K S5k 0 20 o Bl , 7 5% 0 1 o
FR R 2 ARG 3 7K PR T R . — BRI , AR 2 7K 5 WA S S LT TP R A o 7B 7K A aa
T, R AR SR 2 W BTS2 1 T 500 K 1 B A B BT AR D sSSP R
FrRR Kk i AR (32 6) , U W R % A R AE AR 22 , R B i A P8 , T SR e ™ 5 T R 2 B

http : //www. ecologica. cn



904 JAERT = B 31 %

YR MHL TR R A AR RS RO AR R B T i o e S ) v LA e R R AR R L 14
T, T ) v GG R LRI 3 T A e o BE L B b . RS AR BER T B SO R R B A PR
A A ) 0 AR JR AL
4 #Hit

I LA E B 3T AT e A5 LT SR AR - 1 IR T e i e e S ) AR PR A R R A A
Yyt RO Ik R = A T R . SRS, B EL T OTC PN AR S5 K A b , 2 i A ) o 1] 5 4
KEPIRIIR , T 5 | EERE T DU AT AN LA A e, by T P ) 1) L S R AR FIOK IR SR A AN TR] , s ) o 494
it 47 7t B AN — B0 S e T A R e R R4 o R el 2% ) T R 5 T R ) v R R A
VORI T E R, % R B LR JEE i e ot 1 X MRE H e T e P 194 A e i 4 [ e RS T
[ 3t T %2 AR AR P AL A P ) AR R A5 S A A A K, e b T AR R R, (Y [R]E
VPR AE SR Z AR R SO AR AR R A W C LU N o PR A DU A ST R A A KO SRR AR A A W)
AR e o3OS SR SN I AT T i SR ) AR PR R AR A A I AR R AL A e Y

R IR R DRI A e A ) G AR R v 0 A AN A A R AU TR (2 R R ) A
IO AR MR 1) o ANBIESE A8 8 T R DLHE T X 1 P AR v 14 S IUT 1

References:

[ 1] ChenP Q, Huang Y, Yu G R. Carbon Cycle of Earth System. Beijing: Science Press, 2004.

[ 2] Oreskes N. The scientific consensus on climate change. Science, 2004, 306: 1686.
IPCC. Climate Change 2007 ; The Physical science basis. The Fourth Assessment Report of Working Group. Cambridge: Cambridge University
Press, 2007.

[ 4] 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. 1828-1843.

[ 5] Rustad L E, Campbell J L., Marion G M, Norby R J, Mitchell M J, Hartley A E, Cornelissen ] H C, 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,
126 543-562.

[ 6] HouY, Wang K'Y, Zhang C. Effects of elevated CO, concentration and temperature on nutrient accumulation and allocation in Betula albo-sinensis
seedlings. Chinese Journal of Applied Ecology, 2008, 19(1): 13-19.

[ 7] Klanderud K, Totland O. Simulated climate change altered dominance hierarchies and diversity of an alpine biodiversity hotspot. Ecology, 2005,
86: 2047-2054.

[ 8] Walther G R, Beissner S, Burga C A. Trends in the upward shift of alpine plants. Journal of Vegetation Science, 2005, 16 541-548.

[ 9] Hillier S H, Sutton F, Grime J P. A new technique for experimental manipulation of temperature in plant communities. Functional Ecology, 1994,
8. 755-762.

[10] Arft A M, Walker M D, Gurevitch J, Alatalo J] M, Bret Harte M S, Dale M. Responses of tundra plants to experimental warming; Meta-analysis
of the international tundra experiment. Ecological Monographs, 1999, 69 491-511.

[11] Henry G HR, Molau U. Tundra plants and climate change: the international tundra experiment (ITEX). Global Change Biology, 1997, 3: 1-19.

[12] Spring G M, Priestman G H, Grime J P. A new field technique for elevating carbon dioxide levels in climate change experiments. Functional
Ecology, 1996, 10 541-545.

[13] Lareher W. Physiological Plant Ecology, fourth eds. Berlin: Springer-Verlag, 2003.

[14] Asseng S, Ritchie J T, Smucker A J] M, Robertson M J. Root growth and water uptake during water deficit and recovering in wheat. Plant Soil
1998, 201 265-273.

[15] Couteaux M M, Bottner P, Berg B. Litter decomposition, climate and litter quality. Trends Ecology Evolution, 1995, 10(2) : 63-66.

[16] Gunn S, Farrar J F. Effects of a 4°C increase in temperature on partitioning of leaf area and dry mass, root respiration and carbohydrates.
Functional Ecology, 1999, 13(Suppl. 1) : 12-20.

[17] Li N, Wang G X, Gao Y H, Wang J F, Liu L. A. Effects of simulated warming on soil nutrients and biological characteristics of alpine meadow soil
in the headwaters region of the Yangize River. Aata Pedologica Sinica, 2010,47(6) :193-203.

[18] Wang Q J, Zhou X M, Zhang Y Q, Shen Z X. Community structure and biomass dynamic of the Kobresia Pygmaea steppe meadow. Acta
Phytoecologica Sinica, 1995, 19(3) ; 225-235.

[19] Debevec E M, MacLean S F. Design of greenhouses for the manipulation of temperature in tundra plant communities. Arctic and Alpine Research,
1993, 25. 56-62.

[20] Wang G X, Li N, Hu H C. Hydrologic effect of ecosystem responses to climatic change in the source regions of Yangtze River and Yellow River.
Advances in Climatic Change Research, 2009, 5(4) . 1673-1719.

http : //www. ecologica. cn



44

PR A5 Al X R e i e S ) R A S R R A R R R 905

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]
[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

Chapin FS III, Shaver G R, Individualistic growth response of tundra plant species to manipulation of light, temperature, and nutrients in a field
experiment. Ecology, 1985, 66 564-576.

Hollister R D, Webber P J. Biotic validation of small open-top chambers in a tundra ecosystem. Global Change Biology, 2000, 6. 835-842.
Pan X L, Lin B, Liu Q. Effects of elevated temperature on soil organic carbon and soil respiration under subalpine coniferous forest in western
Sichuan Province, China. Chinese Journal of Applied Ecology. 2008, 19(8) . 1637-1643.

Zhou H K, Zhou X M, Zhao X Q. A preliminary study of influence of simulated greenhouse effect on a Kobresia humilis meadow. Acta
Phywecologica Sinica, 2000, 24(5) ; 547-553.

Marion G M, Henry G H R, Freckman D W, Johnstone J, Jones G, Jones M H, Lévesque E, Molau U, Mglgaard P, Parsons A N, Svoboda J,
Virginia R A. Open-top designs for manipulating field temperature in high latitude ecosystems. Global Change Biology, 1997, 3 (Suppl 1) :
20-32.

Shi F'S, Wu N, Luo P. Effect of temperature enhancement on community structure and biomass of subaipine meadow in Northwestern Sichuan.
Acta Ecologica Sinica 2008, 28(11) : 5286-5293.

Wang M, Li Y, Bai X Z, Huang R Q. The impact of global warming on vegetation resources in the hinterland of the Qinghai-Tibet Plateau. Journal
of Natural Resources, 2004, 19(3) . 331-335.

Gugerli F, Bauert M R. Growth and production of Polygonum viviparum show weak responses to experimentally increased temperature at a Swiss
alpine site. Botanica Helvetica, 2001, 111 169-180.

Eatherall A. Modeling climate change impacts on ecosystems using linked models and a GIS. Climatic Change, 1997, 35. 17-34.

Saleska S R, Harte J, Torn M S. The effect of experimental ecosystem warming on CO, fluxes in a mountain meadow. Global Change Biology,
1999, 5: 125-141.

Alward R D, Detling J K, Milehunas D G. Grassland vegetation changes and nocturnal global warming. Science, 1999, 283 229-231.

Pauli H, Gottfried M, Grabherr G. High summits of the Alps in a changing climate. ‘ Fingerprints’ of Climate Change-Adapted behaviour and
shifting species ranges // Walther G R, Burga C A, Edwards P J, eds. New York: Kluwer Academic/Plenum Publishers, 2001 ; 139-149.

Grime J P. Plant Strategies, Vegetation Processes, and Ecosystem Properties. second ed. New York: John Wiley and Sons, Ltd. , 2001.

Wang C T, Long R J, Wang Q L, Liu W, Jing Z C, Zhang L. Fertilization and litter effects on the functional group biomass, species diversity of
plants, microbial biomass, and enzyme activity of two alpine meadow communities, Plant Soil, 2009, DOI 10. 1007/s11104-009-0259-8.

Zhang Y Q, Welker J] M. Tibetan alpine tundra response to simulated changes in climate: aboveground biomass and community responses. Arctic
and Alpine Research, 1996, 28(2) : 203-209.

Harte J, Shaw R. Shifting dominance within a montane vegetation community : results of fl climate-warming experiment. Science, 1995, 267 . 876-
880.

Zhao J Z, Liu W, Zhou H K, Zhang Y, Yu L, Xu Q M. Effects of simulated greenhouse effect on growth characteristics of Kobresia humilis. Acta
Botanica Boreali-Occidentalia Sinica, 2006, 26(12) : 2533-2539.

Li Y N, Zhao L, Zhao X Q, Zhou H K. Effects of a 5-years mimic temperature increase to the structure and productivity of Kobresia humilis
meadow. Acta Agrestia Sinica, 2004, 12(3) . 236-239.

Zhang X S. The classified system of vegetation-climate on global change. Fourth Research, 1993, 2. 157-169.

Melillo J] M, McGuire A D, Kicklighter D W, Moore B, Vorosmarty C V, Schloss A L. Global climate change and terrestrial net primary
production. Nature, 1993, 363 . 234-240.

Boeck H J, Lemmens C H, Gielen H, Malehair S, Carnol M, Merckx R, Ceulemans R, Nijs I. Combined effects of climate warming and plant
diversity loss on above- and below-ground grassland productivity. Environmental and Experimental Botany, 2006, 60 95-104.

Asseng S, Ritchie J T, Smucker A J] M, Robertson M J. Root growth and water uptake during water deficit and recovering in wheat. Plant Soil,
1998, 201 265-273.

Gu Y R, Zhang G F, Meng L. Drought resistance of four forage species at seedling stage under water stress. Journal of Sichuan Grassland, 2005,
4.4-7.

S 3k

WRIEHY, BOM, T MERRGAUBEIR. Jbat. BRI, 2004,
BB TIPS, Hol. R LRV 536 EE TR0 X LMK 1 Fe B R A RC . BRI A2 4, 2008, 19(1) ¢ 13-19.

A, T, BRI, EARVE, MR USRI TR IK B 9E 5 e M SR BRI 0 FE ORI ST, HHEREAR, 2010,47
(6):193-203.

TR, LR, URHETT, VOARVE. N R S S AR B SR A . AR, 1995, 19(3) ; 225-235.
AR, A, 512 SRR KT R A A R B K SO SRS ALBF ST, 2000, 5(4) ; 1673-1719.
SRR, PR, P, ML )1 7 5 1 AT -390 LA S R L VPR O 0. BT A2, 2008, 19(8) ¢ 1637-1643.
R AR, BT 4. BN R B B B BT AR, 2000, 24(5) ¢ 547-553.,

FORIAN, A5, . 1D 1L Ao B V7 5 48 S A R R S TR IO, 4524, 2008, 28(11) : 5285-5293.

FilE, 20, FEM, Bk BRI T R S O AN, RO, 2004, 19(3) ; 331-335.

B, X, A e, T, VEDRES. B RS A KRR RO, PEILHLER , 2006, 26(12) ; 2533-2539.
AR, BASE, BUBTAY, AN, S ARSI IR I B R S B R (. REHBAER, 2004, 12(3) ; 236-239.

T B R LR K R S SR, 1993, 2: 157-169

e, KIS, dbk. DURMBCE LT K AN BRI R R DI BEJEE, 2005, 4 4-7.

http : //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.4 February,2011( Semimonthly )
CONTENTS
Short-term effects of temperature enhancement on community structure and biomass of alpine meadow in the Qinghai-Tibet Plateau

................................................................................................ LI Na, WANG Genxu, YANG Yan, et al (895)
Effects of submergence on seed germination of nine annual plant species in the Three Gorges Reservoir region and their implica-

HON 10 Vegelation TESIOTALION «+++==+s+ssssssssesssssesiststitis ettt TAO Min, BAO Dachuan, JIANG Mingxi (906)
Temporal-spatial niches of Chinese White Wax Scale insect ( Ericerus pela) and its three dominant parasitoid wasps =cecoeseerereeeeeeees
....................................................................................... WANG Zili, CHEN Yong, CHEN Xiaoming, et al (914)
Species diversity of carabid beetles in desert-steppe in Yanchi of Ningxia, China «+-+-+--- HE Qi, WANG Xinpu, YANG Guijun (923)
Identification of trophic relationships between marine algae and the copepod Calanus sinicus in a fatty acid approach «-«--+-sovreeeeeeeees
................................................................................................... LIU Mengtan’ LI Chaolun’ SUN Song (933)
Community structure of macrozoobenthos in Caizi Lake, China +-coereeevreeeeees XU Xiaoyu, ZHOU Lizhi, ZHU Wenzhong,et al (943)
The community distribution pattern of intertidal macrozoobenthos and the responses to human activities in Yueqing Bay «=++etoeeeeeeeeee
.......................................................................................... PENG Xin, XIE Qilang, CHEN Shaobo, et al (954)

The effects of jellyfish ( Rhopilema esculentum Kishinouye) farming on the sediment nutrients and macrobenthic community «+«-+«++--
.............................................................................. FENG Jianxiang, DONG Shuanglin, GAO Qinfeng, et al (964)
Diurnal activity rhythm and time budgets of the Dwarf Blue Sheep ( Pseudois schaeferi) in Zhubalong Nature Reserve —+eseseeereseeeeees
.................................................................................... LIU Guoku, ZHOU Caiquan, YANG Zhisong, et al (972)

Comparison of leaf, height and seed functional traits of species in dry-hot valleys ««=-+correreremrrrerreaeireiiriiiiiiieeeeeee

.............................................................................. ZHENG Zhixing, SUN Zhenhua’ ZHANG Zhlmlng, et 3.1 (982)

Dynamics of soil seed banks in the reversion process of desertification in the middle reaches of the Shiyang River «::cocoereeeereeeeeeeees
.......................................................................................... MA Quanlin s ZHANG Dekui s LlU Youjun s et al ( 989 )
Modelling the spatial distribution of forest carbon stocks with artificial neural network based on TM images and forest inventory
B T Y WANG Shaohua, ZHANG Maozhen,ZHAO Pingan, et al (998)
The GIS-based visual landscape evaluation in mountain area; a case study of Mount Nan-kun National Forest Park, Guangdong
PLOVIIICE  ++#+# s seeeernrnennenesereteteeeteteteteteteteteteeesteraneteseeteraseneeaenerens QIU Yishu,GAO Jun,ZHAN Qilin (1009)
A functional classification method for examining landscape pattern of urban wetland park : a case study on Xixi Wetland Park,
China ................................................................................. I‘I Yuf‘eng’ IJIU H(mgyll, ZHENG Nan’ et al (]021)
Effects of AM fungi on the growth and drought resistance of Seriphidium minchiinense under water stress «+«ccreseeersrceeseraeneieeneieee.
............................................................................................................ HE Xueli s GAO Lu s ZHAO Llll ( 1029)
Modeled impact of irrigation on regional climate in India «-+=cseceeeeeeeeeeeees MAO Huiqin, YAN Xiaodong, XIONG Zhe,et al (1038)
The responses of photosynthetic energy use in wheat flag leaves to nitrogen application rates and light density under elevated
atmospheric CO, concentration —=+esesesereseseeesesecsececeatetiteteee ZHANG Xucheng, YU Xianfeng, MA Yifan,et al (1046)
Enhanced drought and photooxidation tolerance of transgenic tobacco plants overexpressing pea catalase in chloroplasts «=«+-+=reereeeeee
.................................................................................... WANG Fengde, YI Yanjun, WANG Haiging, et al (1058)
Evaluation of wheat freezing resistance based on the responses of the physiological indices to low temperature stress «=cseroeoeseeeeeeeees
................................................................................. WANG Shugang, WANG Zhenlin, WANG Ping, et al (1064)
Predicting winter wheat growth based on integrating remote sensing and crop growth modeling techniques — =+roeeeeererreeeeeeieneieee
.......................................................................................... HUANG Yan, ZHU Yan, WANG Hang, et al (1073)
Effects of spraying ABA on bleeding intensity in neck-panicle node, spike traits and grain yields of two different panicle-type
WAILET WHEAL e +v v rererernsneeernrnemnenesertetireeeteeeterneerereneraeeaes CUI Zhiging, YIN Yanping, TIAN Qizhuo, et al (1085)
Nitrogen and phosphorus cycling from rice-duck mutual ecosystem during late rice growth season — +e+ororrerrrerreereeerreereeeenne.
.................................................................................... ZHANG Fan, SUI Peng, CHEN Yuanquan, et al (1093)

Initial exploration of the ecological costs of food production in the hilly red soil region of Southern China = «r+erererrererereaereeeeene.
.................................................................................... LI Xiao, XIE Yongsheng’ ZHANG Yinglong’ et al (]101 )
Optimization strategy and management decision-making in balancing forage and livestock in Gannan pastoral area «-:coceereeeeereeeeeeees
.............................................................................. LIANG Tiangang, FENG Qisheng, XIA Wentao, et al (1111)
Species-area relationship in travertine area in Huanglong valley, Sichuan -+ HUANG Baoqgiang, LUO Yibo, AN Dejun,et al (1124)
Influencing factors of fine root lifespans in two Chinese fir plantations in subtropical China =r=:+ererrerersrreemrrerieaereneriieineeenn..
.......................................................................................... LING Hua, YUAN Yiding, YANG Zhijie, et al (1130)
Age structure effects on stand biomass and carbon storage distribution of Larix olgensis plantation —«=r+eroreerrrersrserserecarrreeereeeene.
.......................................................................................... JU Wenzhen’ WANG Xln]le, WANG Xln]le (1139)
Effects on controlling banana Fusarium wilt by bio-fertilizer, chitosan, hymexazol and their combinations —«r+esrerrreeerereaereeeneenes
.............................................................................. ZHANG Zhihong’ PENG Guixiang’ LI Huaxing’ et al (]149)
Seasonal dynamics of culturable bacterium numbers in freshwater bodies of different water quality in Beijing «:-eseeeeereeerrreeeeeeeeeenes
................................................................................. GAO Cheng, HUANG Manrong, TAO Shuang, et al (1157)
Review and Monograph
On the coordinated regulation of forest transpiration by hydraulic conductance and canopy stomatal conductance ««-«+«xssereseereeeeeeees
................................................................................................................................. ZHAO Ping (1164)
Impacts of plant parasitism on structure and function of ecosystems —=r=wterorrerererrrreerreeaereeaeeene. LI Junmin, DONG Ming (1174)
Invasion mechanisms of Solidago canadensis L. ; a review **rcseeesereeeeees YANG Ruyi, ZAN Shuting, TANG Jianjun,et al (1185)



2009 EEEYFR B WSSOI EFET 10 ZHF*
(PR 2010 4= CSTPCD HidE )% )

e P ol cinion | s VTl et v
1 ERER 11764 1 ERER 1.812
2 N A: A 2R 9430 2 Y 1.771
3 MY RS 25 4384 3 A AR 1.733
4 B k7/ 2 4177 4 G/ EZ2 2 1.553
5 HERPIRE 4048 5 HERFIE 1.396
6 M PR 3362 6 [iilo-E7E2ir 0.986
7 gﬁiiﬁl OOLFOE\;TEGRATIVE 3327 7 BAE 0. 894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKHE Y24 1773 9 ELY /e 0.841
10 BHEFER 1667 10 DL/ 0.809

* (AR 2009 FTEAL MR 1964 FhRHIHPIHET th 8951k 11764 I, £ EHEBE 1;

F1.812, = EHERE 14,55 1—9 JmiELE 9 AR EEFAS 2R A ERE R0

REEEME: LI HITHRE: XIRE B ¥
5 5 F #H ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) Semi v S din 1981
CEATI 1981 43 A1) (Semimonthly , Started in )
W3 HE E4H (20112 AH) Vol. 31 No.4 2011
gﬁ $ﬁ <<ft,u %ﬂi)éﬁiﬁﬁﬁ Edited by Editorial board of
Mol ;6 S E XU 18 5 ACTA ECOLOGICA SINICA
E]Kﬁléﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
11 : (010) 62941099 Tel: (010)62941099
www. ecologica. cn ! logic:
. WwWww. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
+ B o Shengtaixuebao@ rcees. ac. cn
» S Editor-in-chief FENG Zong-Wei
F & TPEPEADE °
* ;‘ EFI EVEET ,u,,»_\t./\z: Supervised by China Association for Science and Technology
b Rl IZJE/:—E/L»HPE;LH%EP‘L\ Sponsored by Ecological Society of China
Huhil . b B E R AE K 18 5 Research Center for Eco-environmental Sciences, CAS
I 1B 2 A5 - 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 4§ 2 X it Published by Science Press
ik R AR IR L AT 16 5 Add:16 Donghuangchenggen North Street,
il B i . 100717 Beijing 100717, China
Ep Rl b AREI R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China M 2
Hihk . ZR AR L 16 5 Distributed by Science Press 'g o
MR B 4 - 100717 Add ;16 Donghuangchenggen North o
Eﬁﬁ 31(910)6fg)34563 Street, Beijing 100717 , China & -
“matl:journali®’ cspg. net Tel; (010) 64034563 o —m
1T M 2EAHIR) : '(. ) ) o =2
EISNEAT o I 43 55 0 ol journal® cspe net - =
Mok . AL BT 399 {24 Domestic All Local Post Offices in China Z —
o . . . . ) —
HE BT . 100044 Foreign China International Book Trading p——————
: ) —n~
J—ﬁlzllzgég ey e s o Corporation a1\
iF A IE LRI 8013 5 Add:P. 0. Box 399 Beijing 100044 , China o
AR LIARL A ERIMAF £ AT EREE RS 827 ESNETR S M670 7 70.00

CN 11-2031/Q



	04fm+ml.pdf
	李娜.pdf
	04fd.pdf



