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ABSTRACT

Altitudinal pattern in distribution, phenology and survival of Androsace
tapete in relation to micro-environments along a south-facing slope of the

Nyaigentanglha Mountains
ABSTRACT

The cushion plant Androsace tapete is a widespread species in alpine meadows on the
Tibetan Plateau, but little information is available to explain its altitudinal distribution,
growth and pheology in relation to physical environments. Such knowledge is necessary
for our understanding and predicting the response of alpine ecosystems to climatic change.
In this study, we conducted the livestock exclosure and descent transplanting experiments
across the upper (5300m) and lower (4430m) limits of A. tapete along a south-facing slope
of the Nyaigentanglha Mountains during the period from 2006 to 2010. We measured plant
cover and survival per clump of A. tapete, and its phenology of leaf unfolding and
senescence, as well as related bio-meterological conditions including air and soil
temperatures, precipitation, soil organic carbon and nitrogen across fenced and unfenced
treatments at nine altitudes along the slope. We investigated the alitudinal patterns in
distribution, growth and phonology of A. tapete in relation to climatic and soil factors.
Main conclusions are as follows:

1. There was a unimodal pattern in the coverage of A. tapete along the experimental
gradient. The plant cover increased with increasing altitude up to 4950m but decreased
above 4950m. Such a unimodal pattern was confirmed by additional data from other
species and mountains in this region. The coverage showed quadratic relationships with
mean temperatures (GST) and the ratio of growing-season precipitation to >5C
accumulated temperature (GSP/AccT) (R*=0.41-0.56, P<0.001). In the distribution center,
the GST was 6.5°C and the GSP/AccT was 0.7. The growing-season days with daily
absolute -5cm-soil temperature maxima (MaxASTs) = 9-14°C explained 49% of the

variations in coverage of A. tapete. The growing-season days with MaxASTs < 0C were
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only found at high altitudes >5300m, while the MaxASTS5 >25C days were found at the
lower limit (4400—4500 m).

2. During 2006-2010, the survival of A. tapete generally declined across fenced and
unfenced quadrats at different altitudes. Under fenced conditions, the annual decreasing
rate of survival was more negative at lower and higher altitudes with distance away from
the optimum altitude of 4950m. Decreases in seasonal precipitation and increases in the air
and top-soil mean temperatures were correlated with the decrease in survival of A. tapete
under fenced conditions. However, the decrease in survival of A. tapete under unfenced
conditions did not correlate with the interannual changes in precipitation and temperature
The five-year monitoring data under fenced conditions demonstrated that decreased
precipitation and increased temperature had negative impacts on the survival of A. tapete
under the transplanting experiment.The survival in the first year (2007) mainly resulted
from increases in air and top-soil mean temperatures, while the impact of reduction in GSP
was more significant in the later three years (2008—2010). The experimental data further
indicated that a great decrease in survival of transplants was found when the MaxASTs >
25°C days increased by >10d. The results suggest that the increased frequency of high
temperature extremes, acting in concert with grazing disturbances and decreased
precipitation, may increase the mortality of A. tapete at its lower altitudinal limit.

3. The first and peak leaf unfolding dates of A. tapete were postponed with increasing
altitude, while the senescence dates were advanced. The first and peak unfolding of A.
tapete had more inter-annual variations at higher and lower altitudes compared to the
optimum altitude, while not obvious changes in the mediate altitudes of 4700-4950m, and
the senscence did not change in different years. Accumulated temperatures >0°C, which
are necessary for determining the first and peak unfolding dates of A. tapete, decrease with
increasing altitude. The first and peak unfolding dates of A. tapete was determined by a
threshold of the lowest accumulated temperature with about 21 ‘C and 35 C,
respectively, at the upper limit, but by the accumulated temperature and precipitation at the

lower elevations.
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ABSTRACT

4. In conclusion, our data suggest that top-soil extreme low and high temperatures
determine the upper and lower altitudinal limits of a widespread cushion species in
semi-arid regions, and there is a unimodal pattern in plant cover, survival and phenology
associated with an optimum combination of temperature and precipitation.. In this study, a
large number of field experimental and observational data were collected and used for
establishing series of statistical models between micro-environment factors and ecological
characteristics of the cushion species. These models and their parameters can help us
explore how Tibetan alpine plants response to the climate change, and may provide new

methods or ideas to predict the effect of cliamte change on cushion plants in other regions.

Key WOrds: Tibetan Plateau, Androsace tapete, Coverage, Altitudinal distribution,

Survival, Leaf unfoling, Climatic limiting factor, Threshold of accumulated temperature
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JEM (Breckle, 1973; Hager and Breckle, 1985) .

#iRauh (1939) Zit, ERAJEORKIYILIS0% KR KL YIFP o3 A0 1E 22 35 i 1L
F RIS B JE W i 5 (Patagonia) , 16 %A 78 FF VA S Dy b A, 14 %)
ATAER T 2R A By 05, 12% 0 A ZERRINL X, i G 3% 0 A EAb ik 3% e
FEMAN2% 0 A 7EILSE (Korner, 2003) o 2 R824 i AL 375 75 8K ey B AE N O 3 1
POAEL X IR A R, Zg T BIERS B AT BRI RN (B .

1.2.3 BREMHEIR S BB

BRI ARAL, WL SR ENDCIRSEAET N T A B[R] ARk
(R ERBE AR 0 FATTAEAR /N AR 7K - BE 25 A R B0 AR I s i 44l 7 BAR P 6
DR g R 2 1) S (R A2 A0 3 SO A B A AU S5, v J3E PR 5 Wi B 203 8 1R 5 1 22K«
UN s Sl ()R (0 0, 3 A et S o (1 W L 0 5 Ak 10 e 5 2 A 5 1)
(Korner, 2007) .



TR R R IR S 10 20 AT WA A7 S SR S LA

HORAED TR o A b Sy (R T U ARG D . Armesto et al. (19800 785k
(22 801 (2600-3400 m) X PRAEFFEARM Y AR B A, R ILAVIRAED)
(0 55 BE AR 3000mik B d5 K, 2 J5 BEFHRIG N SURR D o T SR A 8
SRATAE OB IR, AR T AR Lo Ak R S R B, S U R O A 11
JER R, X R B = X 7 TR T R R 22—

1.1 BORMEDTITHEE A (518 Reidetal., 2010)

Figure 1.1 World map illustrating the geographic distribution of cushion plant research from the literature

1.2.4 BRIEYI A IR R A& [

HRAED AR EFL I REIE NAREL . T FR 0 PO RIS XS AT . o — 16
AR VLA A BRI BB IS AR B, IR 0, BINFR AT R b RN
WSS (Korer, 2003) .

1) AR 69 3% &2

F T BORRY) AR IR EE T, ONATHEI BOR AR M v LRI .
HORMEP /N2 SR B R R T, SR P DLOR S BR A 2 B n#4 7 i (Salisbury
and Spomer, 1964; Cavieres etal., 1998; Molina-Montenegro et al., 2000; Arroyo
etal., 2003; Nyakatya and McGeoch, 2008) . Rauh (1939) A\ 4w h#IRMEIMIL
I 2 AR AR KT R 3R B SRR 1 4 12— B AR R Pl 412 #4% (thermal trap)
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PRHESE (1985) I 0) P B AR I BARTEETIT, U BORKEY AT L 4f
MO Y e S RS, L RIS, R R AN A, T H AR R AR, Bk
TBERTHER R A BRI T SO AR A A NS . Sakai and Larcher
(1987) Ak HOIRAG W) () HOR G5 R T i A7 56 22 (ROK 7 Kb A A AR i, DAZE
AR IAEE R 520 o Kleier (2001) A3 ey T 1 7 1-20m 1) B8 2 7% A 45 04 P 3 ik 52
LEAHR AT R ak+27°C, Jl I T v R R AT BT 1 H 2R 45 KR T o Arroyo et al. (2003)
I R I ERIRAE AL AN [R5 v B W DAORFF AR IR 2 o AT S8 otk ], 50
FHLE,  BPRAEA) P 38 T LAORIFACAR I e vl P28 AR50 e R B ARG 88, AT PN il
£ I BE I AZ /)N (Arroyo et al., 2003; Badano et al., 2006; Cavieres et al., 2007) .
FROPRAE A7) B LR A AE e TR R DAL BE AR /N R B AR A, 1T e S AR IR BT AT, 7
FITAEARIR PSS FAE KA (Korner, 2003)

2) M FFeyE g

HOARMEY) & 15 32 B BEK 3 0 I 3 — SN Sveshnikova (1973) X
KR e S (R SRR Do 4 AR, BORRE YA AT B A EA 3 B K
SMERZ A5 %5 . Komer & De Moraes (1979) TR I, HORRIYIH R AN R 50
1, 7KV AR R 21-0.6Mpa LA 1, BRRAE A A7 i Ry TR IR 7K 23 Hk B A/
DA HEAAT I DAy BARME ) - B A X 7K 70 36T 115 (Sveshnikova, 1973; Korner and De
Moraes, 1979; Kérner, 2003) . M54 —2EWF5UR ], HORFEA) A HOR A4 45 1y 8
LS I g b VR M AR T, W R LR K, A AR O S 31 98%
(Kleier, 2001) ; SHXFRXAHLL, SIS /KERES 733%-70% (Badano et al.,
2006; Cavieres etal., 2006, 2007) . EAI/KEE (1965) MR HORME Y7L
KR HON 2 I, 7E IR KA O SRR 2t T 7K 4 FH
ARSI, SR A PSSR T B, TASREOBOE K Ay ik BRS8NI 3L
FEDRIK o o — BRI I AR P 7K 53 28 I BUSAR 37T Be L A IR 7K 43
%A (Pysek and Liska, 1991; Cavieres etal., 1998; Nunezetal., 1999)

3) TR EE

e LRSI L e TR 00 LU A, 00 D DR 2 i X S B 38 AR N, [R] I 43
fird et S B g . ARSI R, BRI B R M R R R R TR A



O R R TR ORR FE R ) BRI A7 A Jm B R

1E LGS 1 LA EE N 4R 92 0638 (Korner, 2003; ZRi)AE45%, 1985) , %
S ILMAEER LSR5y (Korner, 2007) o HOIRAEYIAE FLHE 56 X 3T DL 5145%-90%
3RS (Nunezetal., 1999; Badanoetal., 2006; Cavieres etal., 2006) ,
h G R R A S AR OE T AR5 I AR BE, A eI AR K QG T R Af
RIZAT o

4) 3% M 69iE o

HORMY A K IR E A L 55X (Hager and Faggi, 1990; Cavieres et al.,
20060 o SRAALAFERFEYIR S ] [R]—m B, BOREE A (1 BAR A S5 K AN E
B AT A > T RE A AT 52 GRIRR, AT LB L SRR AR SR TR TR VORRER, kb
ARRGHEBEM, A oL B R K Sy, b AR, R HAEK
(Cavieres et al., 2006) o EBTHLE R0 LIS FJE 0 1 50 LR, HOURAE A T BRARR
JXi#89-98% (Hager and Faggi, 1990)

1.2.5 KT R E = T EARE R [

A7 I EARAE 0T AR AR AT i AT TR A AT R, AT 1 — 8 A 22
S TR 100 2 P 0 A B A R SIS T AR LR A R AN i A1 i B AR 3 52 A R
(Fischer and Kuhn, 1984; Gauslaa, 1984; Molau, 1997; Neuner etal., 2000;
Kleier and Rundel, 2004, 2009; Larcher etal., 2010; Sierra-Almeida and Cavieres,
2010) o A EF A28, H T 45 Le Roux % HOR k4 Azorella selagoiEA T 1K)
—AERLAL K AR S . WIS AR, KA, Azorella selago=Zs LT 3 1
m, P ARG, SRR LT 2 RS, B
HGOR, BRI 2% B [, S A B ARTHRA H, 2RI (08 5 52 T BE (Le Roux, 2005) .

SRR 2 T B AL A, IR w5 R A2 % (Harrington et al.,
1999; Durant et al., 2007; Aono and Kazui, 2008; Both et al., 2009; Hegland et al.,
2009) o HEI DI 1K) A8 e 3E— 28 5 TR A= AN A (12246 (Jonsson et al., 2009)
1T HL, MG 0 6 VR A 280 TR] 1 R 2 1 5 W AR (9T 92 427 ) (Piao et all.,
2007) o DAL, R AEART4x BRAR I R i AT D5 BRI A 5 IR BT K &R
5 HABRPIAREL, SRR R AR A KT ) TR R 1) S A AT W T
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AT BOARARIRAR, 32 5 TFAR T A s BRI HE A S8 31 1) ek 3 5 L L7 5
SRR B v, X W RO ) AE AR K TR S e N ARBIRSYT, AT 38 1 5 5
SRERG DRI E (BRI SR, 19800 o [, SRR L —Ff LR 1%
VN FEIZ AR (Zeng et al., 2009) , HLHCRAK AR B s (0REYE,  BEA
DRAT 08 Ul B2 AL A FORAR O BERE IR FF A8 (ZRAEMEAIH SO, 19800 o B
70 o M F ISR MY (Saxifraga bryoides) , A1 HA7E S 6 A LLS TG T,
NI R AR SARAE AL IX TP RS A7 205 KK 42 1 (Lading, 2009)
H, 0P R BRI U, 24 1k, A B AMO SR Aok &
GERTTHCRAEY) S IR BT IR, A IR 00 R 5 2R B Rt K
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F_E ARMXMREARTE

2.1 AR A BER

2.1.1 ARXHER

O B L AL T B, PR RIE, 1 AR E L6004 B,
BT L P PR AT 5 v e AR, HC A 0 2 57 9 s i P MUK R (R 237K, e kg 1A B ™
IR M AT VTRV 4 KK R I 7K o b T8 7 R oy oz bk o i P, 1L
K ) B A PRI T P AL R SRR B FEE IR AL, A T K e, AR
BRAAATE, — RPN . VK& . WSS RTINS .

AW A T EL AL L e (Y B B, A FE AR AR 30°30'-30°32" N, 91°03'
E. ZIEHEARZ)5600m, FLAE RBUNBIAES210m, M 2HEE 55k (4300m) F
WA TUT ) A5 182 240 29 1300m.

O ik

|
|38
i
Pl

B 2.1 WISt s 7 v s PR 7 2

Fig. 2.1 The location of study site on the Tibetan Plateau
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2.1.2 S{Z4FHE

AT IR S8 T i S T S Al 2 K A o R R 2 5 e S 2R S R 5%
A, 1984) o fli MHEEL S S0l (AWM A2 Skm, #4k4288m) 104111963-2008
IR GEEE, B H RO 2933h, PR LTRIT7 A F 50 1.7
‘C, -9.4 CHI0.9C, HEE/KEA479 mm (290-700mm) , #SMAEZE 1726 mm.
HEAE85% UL IR K S5 P AE R A K ZEI05-9 T 6y o FEIL RA6FE R, 24 HEHh X 4F-1- 1)
RGN T Z51.5°C (0.33°C/104E) , 548 e it 3 DX 14 ] SO 485 ik e &2 — 3 (19602007
L, BRI AR 4 0.36°C/104F; Wang et al. 2008)  (E22a. by ¢) . fF
B 7K HE7E 196319904 I S I 3, 7F 199120084 31 1] 2 14 I #4, (HZE T K56
BIRIBRN B EAE (P>0.100  (F2.1d) o FEKERFERRBESIRR, A7 E )
20064 52008 4F (4T F /K B3 3] 2333 F1706mm,  AH25i4393mm., 7EL 2:464EH, %
Hiu X H 34l = 0°C AR A H B R BB 52 59 0, AR R G 2 4.3°C /104, H -
B =0°C B R B I 4.25K/104F (E2.3) .

213 EESTIERKR

T L A v FE ) B v SR SR K R YT, MR RR B ik T R
BEAR Crpr IR B s JR 2 B B 28BN, 1998 E5s, 1988) o Wi h
P, BRI BAY (43004650 m) J&LUEA# L (Kobresia humilis) 142 i
£ (Stipa capillacea) MALAFI I AL A, BEK BTG EAE15-30%, i — A
A 10em. MR s iE R AT (47005200 m) Ul L il 5 (Kobresia pygmaea)
AR S (Androsace tapete) SALFAFI mdE i f), HFV& S5 L AET70-90%, &
FEfE4em bl (E2.4b) o HABAE WP 3 ZA T R 2 (Arenaria lancangensis)
T [ ZERESE (Potentillanivea) « & %L (Carex atrofusca) « HH: & % (K. robusta)
F(E24a) o S NBERRIZE, AEIX BT 4520-4690 mibBLAAT HAR A
SrAi, {HTE4400-4500 mE1AT > HOR T HIME > A, X AT RE S R BT G, Y
TR B A AR 4500-4700 m LA BHOIX,  JBCHO ) — R BE R
P/, 1145004700 miECHC B Bk CRZYEEABI00 KB 25k 1L EFI60K 475
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S5 WFSUHLIX L SIS 5

PR ATSEHOULIN , L7 0 BRI FEAAK B, 6 HOIR mi b (1 AR B i o R
SRR, 3 BOERARA rP IR) 0 T8 BIRR , FORS 2 TR 2 76 B i R I 1) R SR

a
12 (2) R’=0.112,P=0.023 o [ 12
S - 11
o
g - 10
X -9
=
-8
o
P
=
8
[
(1]
(]
=
o
P
£
8
£
=
800 1(d) R?=0.054, P=0.245 - 800
200 - R?=0.176, P=0.083 L 700 E
£
600 - - 600 £
500 - - 500 &
o
400 - - 400 9
o
300 300

1960 1970 1980 1990 2000 2010

Bl 2.2 MHEAG G 1963-2008 4 (147 H LRI K B AR 1L
Fig. 2.2 Trends of annual maximum(a), mean(b), and minimum (c) temperatures, and annual precipitation

(d) during 1963-2008 in the Damxung station (30°29'N, 90°05’E, 4288m)
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(a) y=-6988.844+4.304x
1800 - r*=0.310, p<0.001 _

AccTof T, 2 0C (C)

1300 T T T T

240 4 (b) y=-634.738+0.425x
r*=0.250, p<0.001

230 -
220 -
210 1

200 A

Days with T,, = 0°C (d)

190 -

1960 1970 1980 1990 2000 2010
Year
2.3 MHER S0 1963-2008 4E ) =0CAERE M =0°C H LR K4S bt 3
Fig. 2.3 Trends of AccT with T,;;=0°C (a), and of days with T,;=0°C (b)during 1963-2008 in the Damxung

station
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K 2.4 DDA M

Fig. 2.4 Photos of long-term observation quardrats
L DR iR R R T g A, R, ISR ER R, R
RELEATRZ20em RN, SRS, BGOSR, T RRIEETE.
BRSO B A L, gk b, TIRERL0.3-1m B, TIEARA SRR,
%30%, HHLFE0.9-2.97%, 42%0.05-0.19%, 4=1#0.03-0.07%, pHIH6.2-7.7.
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TR BRSO IERORB BE (K 70 A . IR A7 M Sy B G BT

2.2 K RMBRHEERIF OB

22.1 BRSHISHBER S HIEEERERENH, RELIENRRKESSEEES
=R HigR M E. THR?

HOPRAEPIE Xl SN R AL AW N AU . B, bl T e L B RAE DR AT (1 52k
RIS 5 R EAAEAIRNK 7, H AT TE TR AR BORAE ) BEIRE T4 1) 23 A1 S e AL
BRI, JC SR 2 A IR FEE TR 0 T SR8 DXL (10 ()20 L I A, 8 ¥ o) )
DRAE A ARG A (0% PR A 7 S EL IR TR T IO AR AR AL RS, 3850
T HCARAE YIS IASTEAR A L PR AN 3E T o 25 18 B HCIRAE IR AT IO A B, Fdi i
BERZ IR S R L WM o vt 2 20 a2 i AR AR R 34 20 1) B BR R B,
E R PEAFAE > IR S K ot JEATS I (14 i St AR 73 4L 45

222 imE KA EIAE B EBRERR St EYMRAEIRAR BN ERIK SN ?

T EHAI S s TRLPSE RN K 4 3 [ S ) gy S e b 0 k1) b LA R R4 B AR 4K ORI
%%, 2006; WEKAIASE, 20115 Shen et al., 2011) o RS HARRMYIFAT I 0%
I, H AT ANTE A BRI AE B 20 (1 AN [R] 7K B ZH B 2 10 42 il AR b (1 40 ¢
ARAHS Sy o 3B %R EUE, s AR KA 5 B P R TR SRR TR A A R AR
KNG 28 /D T LR SR ARAR R B A, TPt (IR B B R AN R 3 RZ AR BT - 7
ARHFIR, 5 WLEZ BRI 75 A LEAN F) (R AP A e I AR K IR 22 57, AR W] BB S B RIK
ARAL AL )RR, AR AT S 2 A DO BRI 5 o AR DGR B T 3RAT 50 e b B
AAIAEE ER 0 R R AR A i A0 BRAIE T, TR S A A AN o34 (T ks Jry 04T
P AR RE .

2.3 MRBHR. ABERFEARRELE

2.3.1 AR B

B R RE S A, MRFEAE S R v L R SR TR S8 (1 LA+ A 5 s U



S5 WFSUHLIX L SIS 5

V6, I AR GE A A R A A R UM (R R 5 8 o BRI AR A5 R e -
(WA PR AR AN Oy 5, G5 S MK AN R, el AR b e S A2
AR AL MG B0 SE BB s AR 23 S Y s F 7 SRR st A AR 231 (18 Aok PR
DA S AR, DA TSR SR A A AN = A Y 5 2SR 8 55 SR s AR P o AT
TR A BE AR BRI AR AR o

232MWRAAE

1) BR3P R ot S8 PRV PO A A% Joy B L il I

SRS AN ] LA AN [ v B RO R A (IR 90D R A R A il
W RZE) MR A, OB AN RIS e S B A AN R 2, 4
S ARG R, TP AR A A T ORI ) 6 HOR A
MMl AR i JSE PR AT S, T ] SR Rl MR I B A % SRy S SRR P R IR 7, s 3
A o AT T BR AR R A B EL, I BRI+ P SR A I 0 X K L8 i (e A T S T

2) HUIR s AR A7 SR PR S AR ) S S LA il LA

FEAN ISR L b, T 3 S 540 R+ A SA RS ARSI 36 P PP A BROIR s A 2B A
ROLI BN, 458 BB ) R 38, PEB o AN R S4cBh 5 BT
POAIIA G LA X IR g 2 A A7 3 AT S0 5 ) W0 S R/ 1 A B AR A e 17
235 DEARAR R A A7 3K S5 AR, Ay FER R DR A5 M o A A A P G 55 1 S (1t e
R FIIE AR R o

3) HOIR UMY 1) S B sh AR 23 S b L7 il LAl

FEHEHR 75 E4400-5200m , 3T 3oL 3 2524 4 Xof A+ AR T A L 52 360 v R A5 g 11
DI, & A S I A RSN SRR, 1) ] SR R 0k 1) S e s A 3
or e R SO BRBI IR 7, O B s A e L e (R o U i i AT LR AL

2.3.3 FARIKEL

AW TR BB L W E2.5.
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SRR P 1) 11 30 Bt 2 FER + R R S0

B2 b I 1 i LRI B
| FEKE
| e
Bl 4 < Py | |
S 4 || e
& ELopm 5] L
U i i K L B
ik K
| | | | | pman
| | HHUR
WP 2
HUEAE2 10
BEESIERANER | g | WBRIGR
RIS AR [ AN
| |
N i
GRS RS e fie R

FR A A AR 23 A1 1R A R A1 1

Kl 2.5 WFFUHEZ

Fig. 2.5 Research scheme of this study
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24 ARF*

2.4.1 B Fh

HOIR iHME (Androsace tapete Maxim) /2R EF} (Primulaceae) s it J& 11—
M2 RARY) (E2.6) , J 200 T R M m FE R, 2 AR ER A ik
e A T AEA . (At 5 v B AR AT R A0 ) SR K 1 — 2R R4,
R > ATV 714300-5300m. EAE A m (AR I AR R Ge “ TR, Re LBy
BT R A AT S AT MR i LR e R MR 9 Yo I R v A g R T (Bt
Far, 1994) o HOR SUHIARAE A i R AR S R G B AR B R AR AR TP S R SR )
Tofr, FCAFAE AN BATTAE vty SERE A MR [ 5 o) s s Jo P e R v R4 7 L AR T

2.6 HOR SHAF A FIERS

Fig. 2.6 Different shapes of Androsace tapete
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TR LD BRI SRR PE 1) A+ G N AT M Sy S AL

RO UG, AR ) 2 AT R T b, B RS, MEE DAL, I
TEHFARBAEE LIS M Aids i (2.7 BEAES A, WA Bk i .

2.7 HAR ST 25 0] A A% )

Fig. 2.7 Spatial distribution pattern of Androsace tapete

2.4.2 LGt

W EROAR s MR AT IR R B (4430m-5300m) K FER+ R4 4 B il SI2 36 ol
HOWR T HF PP G S . SN AR S AT T shA W
HARM 8250 @ vh R FATTF 200545 8 H 76 & 75 JF ol 47 1L R Ik 9 T 4 B T
(4300-5300 m) FHEK AR 100-150 m&E T 9 MHOBO H 3% uh (1212.8, K2.9) ,
I 1200645 F 724 HUIR i kg A 1) B 350l (4800-5200m) P A7 1720%2 m
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R (E2.7)

South-facing slope of Nyaingentanglha Mountains

K 2.8 WX s = K

Fig. 2.8 Illustration of study site

2.9 N AFG

Fig. 2.9 HOBO weather stations
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W R BRSO HERCRR FE R ) A . DB A A% Jm B L

1200948-9 1, WTHWIR MR AT TR (4430m) 2 EFR (5300m) , 1%
HEHR R 50-100 ma BIEFEAL N AhEAT B0 LA B 11 m* YR A RE 7 (S i bl
WA, FEDTTRIEE A 1mD) , 7R 104k 1 FEA2 AN IEAT B4 18 A A U, ARAE
HROPR 5 M 5 B A (R4 NHER. (4800-5200 m) FEIA A LA e 40N A BE o IR 1T
DAV S A 7] A A2 P A EROIR U 265 B2 10 T R

SRR TCIBUR 3 FIE T (2006-2010) 4F B T As% s HOR i Mg A= 47 5 ¥
BESI, FRATAEANIFIRPBEIE (4800-5200 m) [WREEIRL . ARASAHBE T 10125 X 25 em®
R IA L 2 £E 77 (Long-term quadrat, LTQ) , JFE AL ALE (4430m. 4500m.
4700m) [HA=SR 53 HIBEH AT B0 I E FE J5 o IXFE, FRATAE FIRE AT 4047
R AN 100N T7, 140 FET5 o FERF— [ e B 77 N I8 A 1-3 AR AU
ANVERPR IR B OB 153200, RIS 1520 ) 0 #E2006-20104F 31 1A], #E4ES H o
1) 58 SO DU T A T 3 5 P9 R MARROIR bR (1 2R A7

JBCHOIE B A= A -1 ) e SRS i BOIR ARk 0 A R B FAiT 17200745
JYAEAS [5) g 4 1) R P 3R AT e g R R R S 06, B il g X0 45 AR AR U 4k ) B RS A
( Transplanting downward to the adjacent altitude, TA, F&#FIk150m) LIS — R 5
A% #F444300m (Transplanting to the lowest common garden, TG, [&#E4k500-800m)
(E2.10) o FATHERIR SOHIME I AT B 2« AT SR> I =AN4K (5100m. 4950m.
4800m) FEIA= PN, A5 A 2R H] B4 mIZH 1i4~50 X 50 emMFE T, BF—FEJT RIS A
425X 25 em/METT, B /INFETTIB A 1-3 M BOIR AT . (X425 X 25 emlTY
ANFEJ Y, 2 BARI/NRE T R AERE RN B )7 (Non-transplanted control, NTC) , H
VERIDOT IR ;A7 b A /IR 7 Ry B AR FSE S04 77 (Transplanted control, TC)
FLRVIAN T 23 0 T ARAR AR ) F RS A (TA, 5100m—4950m, 4950m—4800m,
4800m—4650m) LA G — R H B B ARHFk4300m (TG o fERAHRT—4F (20064F:8-9
J1 A ANEE DT IR ERAR AU IR AR A AT T AR IR A (5 iila] B o 12007
ESH GRTFRT #EATTC. TARTGEHIANEE, RIE25 X 25 emf)/NFEJT i - RS
Boilo MR R L ZE 0 A 7EH N 0-20cm, [T B A # R (¥ BORE VR
A30cm. 7£2007-20104E 1), B8 ] iy & W TG B R4k 3 (NTC, TC, TA,
TG) /M7 AR AR AR A A7 5%
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NTC-plot TC-plot T
5100 e Tranplanted , °@
o control (TC) et
50004 & L Transplanted to adjacent altitude (TA)
E | eg@ Qe C @e
s 2 @e @@
49004 2 L
S | TA-plot VTA
— c
£ 480+ & @e e TC @ S
T g e Q. ¢, 5
ge] S 0] o
=) Q = =
£ 400 9 yTA =
©
2 o ® o
4600 4 T 2 9. 539
73 T E
4500 5 Downward Z®
= Transplanted :|
Expeirments
4400 Y Y Y
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°@ @e ¢
4300 —| _
@ oe @,

Kl 2.10 Bhiasesn =

Fig. 2.10 Illustration of transplant experimental design

AT B RS T R L e B BARAE  EAR S AT AR R T BAT s I, FRAT) T
201148 BB AE Ay b il s 3 (32° 50" — 32° 55' N, 91°54" E) Rl b Huil
JE3 S S A T EROIR s AR o R T R 2 6 A 4K 4650-5500m ) 73 A R,
ARSI A 4754 D m? I AE 7 CREANIRIE A 25 M7

HOR s MR R FE I A 7 02 K1 X T mIFE T 23 30100110 X 10 em(# /)
1%, B/ ISR RO TIRY, AR5 SRR 21 X 1 mBEJT Y IR HOIR 5 A
i

HOR AR AEAE R AT 2o AR EARETT IR A BR i (0 A A7
P25 X 25 emfI/NEE T R 4> J254N5 X 5 em/IMg, 42 NGETTHOIR 5 HME SR €8 55 il 3550
SYIOIEAR, BNEOR S A AR = R (RO EHRD x100%.

243 AR S [FREIE

AT T2005F8 HAES T dr fn il g S vl bR B (43005300 m) 224k 7] b
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100-150 mZL#5 79/ NHOBO H )% vk (HOBO weather station, Onset Computer,
Bourne, MA, USA) (2.8, K2.9) , LMW (EEHbE2m)  FKE. ©-
ok (-Sem, -20em) SEREIGR AR, s B 2R AR R A RE3050 B — K

ARG VI EACRR B2 1) B B SR i s, FdT170412005.8-2010.8 % ¥4 H 111l B2 1
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Fig. 2.11 Bioclimograph along the altitudinal gradient
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BN, & WA [ HER = BERETT N A A SRR ity (20-2500) (el (]
2.13) , [AlRF, WM TRET A s R (25-3000) [ RAR L (JE2.14) o S A5
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SEROULIN, A BRSO BE I LA Or L e a0 vEmf e s i1 5 Ao S RV A g — Pt
R EJ71.5mAk, FEGSAHHLOlympusr2048* 153645 & T MALAARE, AR fN
A FEAE I R 24 IS R] 11:00-14:00, I H oA T AAOR & [ —Sebe s, FeAl 17e i 22 & 1
Semis I (0 k5%, K JT Adobe Photoshop Elements# {14744 (015 Z RS T
SRFEZE AR, AT DN RO AT T RO G E R, DUEAE AR HAT AT bR X R
OB R IATG ITVE LA PR IFSAE (Paruelo etal., 2000) .
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Fig. 2.12 Contour map shows the location of observation sites along a southern-faced slope of

Nyaingentanglha Mountains.
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Fig. 2.13 Pictures of observational time series, an example for Androsace tapetea in 2010. The pictures were

taken by free hand at 4-6 days intervals.
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Fig. 2.14 Pictures of observational time series, an example for Kobresia pygmaea in 2008. The pictures were

taken by free hand at 4-6 days intervals.
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Sigmaplot 10.0 (Systat Software Inc.) -
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FZE BRAMEMBESENESRIBTRAERESERG AT

31 3l8

TP R, B A KT A A AR 3K 22 2T - (Webb et al., 1983; Epstein.
etal,, 1997) BRI, (HZ7E SR X 3 B2 IR 1036 (Korer, 2003; Klimes
and Dolezal, 20100 o iXFfmy . ARHFHRAN A (P EREE BRI R 725 FATT3 A 1 BRAR IR R AR
ST DRI o SR A B AR 23 A1 1) R R 7 A SE o AR T EORA ) K 0t
F T IR A R 358 5 KRR AR AR R 7 e, H AT TS G2 R R AR A bt 14
[ 53 A4 Jrd B SRR PR, UG A5l =2 YA BB F8E 18 T S 58 R 7 (1 1) 5 0 D
M AR B EODR A A KN S A 1R A B T X S B . i HL, B R
AR SEMR,  JE— 3G T AR PR PR A A M) R (AN 5

A AR ST B, ERORAE 30 i B0 1) BROIR 5060 T 1 — R e (1 A A BR
355, ATER e PRI DL R ARF LA P 5 i T AR o PR R ARG 8, AT i/ JHG pAy 0k
(R 5h 75 (Fischer and Kuhn, 1984; Arroyo etal., 2003; Kleier and Rundel, 2004;
2009; Badano etal., 2006; Cavieres etal., 2007) , JfHAEHE &R 3K 43 F15% 5>
& (Neuneretal., 2000; Badano etal., 2006; Cavieres etal., 2007) , M| T
HoAt = LRl ) A2 4F (Cavieres et al., 2006; Badano and Marquet, 2008) , 42 & #EK
(K1) % 425 % (Neuner et al., 2000; Badano et al., 2002; Cavieres et al., 2002; Arroyo
etal., 2003; Yangetal, 2010) .

— N, AR R AR A i LR A A b PR = LRI AT (Kormer,
2003; Klimes and Dolezal, 2010) , iR il 52 Wi BORAE ) A6 A7 3 1 32 BRI A
T (RO HCIRAE AT (AR5 75, Neuner et al., 2000; Larcher et al., 2010) . I}
A7 IR AR S T 10 R A R SRR T AR SRR 0 A i v i AR i
IR Z 52 P8 (Fischer and Kuhn, 1984; Gauslaa, 1984; Neuner, 2000; Kleier and
Runde, 2004; 2009; Larcher etal., 2010; Sierra-Almeida and Cavieres, 2010) . %X
1M, BT A SRR IR — Rl 5 R E RS MU IAEE (Komer, 2003) , BAK
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PR AN S A N HARBR B = W T Be T4 W 5 55 . L3S fF (Bruelheide and
Heinemeyer, 2002) , IXSES2H0G 3 PRI 45 5L 75 EEARAF U M-HAOBR 82 (1 57 470 i 56 )
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FRAAAN (Lietal., 2008) , i B AT I PRI K7 (10 Ad e S8 m M A o

HOIR i AR AR AE R A () — T 22 A AR B AR, 2 7 ek e i R R A R
JoAR, R R A AR (AR, 1985; 1987) o R I R
RN R R E (phylogeny) « HuFE )47 (biogeography) « JEZi# 4K (morphological
evolution) ZEFFE I T A VLRl (£ K45, 2004; Geng et al. 2009; Zeng et
al., 2010a; 2010b) , 57 HFOIR mHIMELE i 2 RS AR G KB BANBEAL T BAT EE 224 11
i H, BT AR, R AL S R R — R, B DR T
P, B T I e BEIR R L TR  ERE AT S B S U . H, KRR
s UL FRY MR 53 A 6 S B A2 T R 1 2 A AT ke = B A1 S 6 I e, i 3on) AT T A
RTINSl o T8 AR 28 RGN AR 1) i S A E ()

TE R, A s UG AR 3 5 Y A v o [ I R AR AR R A [ A K2R 0 )
TEAKZERI, TR IR 5 6] UK SO 2 (T 52 ) B 59 10, S B HE B AR o
IS ] BEXT SRR A AT 2 B ) (Korner, 2003; Sierra-Almeida et al.,
2009; Mayr et al., 2012; Neuner and Hacker, 2012) . 7EMGHI. TSIWEZE, (K
SRR h T B0 SRR IR, LR P R LA e 12-25 K, i)
REHE I EATRAERE LA, By E>28 (300 CIY, i L BRI Ot
A RGN e %528 (Cabreraetal., 1998; Neuneretal., 2000) . fEHiFESAF I,
FAT TR o AR R A E R B, B — AR SERL R i A ) A — N BRI
IR A DI, UM 3 PRy 2 1) A A A G B R AE R Logistic BR#R & (Luo
etal., 2002; 2004; 2005; 2009) o 1 H., 7E&75 R b L S ) s {7
vy L i B N T A 7 g AR AR A Y BB PR A3 A )R, T ELPE 4K 4900-5000 3
WAEAE — N RAE K AL IRET (R, 2011) o BB B HORMIYIRAT (S AR IR 5,
FAT B B 3 2 T3 Py A i R 0 5 B oy o 0l S 23 42 o ERtR AR o0 AT 1 B
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N T IEIX SR B, 200558 H FRAT IR T i e it b 1) 2 R L e e v AR
R HMEE R AT IR R B (4430m) F EFR (5300m) B9 T 94N HB Rl e
2006-20104F (8] 7 e 1 R N SN AR RE o BESh & 2 o O 7 88— D IR R 73 A1
K SR AT T R oy L R 3R e R by Ll B Ay T AT BRI T
WO RZ IR AR R o Pt e B 1D SR A R 56 2 75 7 gk
Mo A A — b B oy A, X AT REE e R A L AR A S AR 2) B
b M AR 5 8 5 A AN E 3 DR 1R B0 O AR 17 R AR 2R PE I Logistic MU R s
3) BUE 7 T R il P S 1 AR EOR R M AR o A T BB S T RR

3.2 BUESh

3.2.1 BHEE LSKREAFRIAN

WA PR, A TEA R Bk T A G, BT AR N9
MHOBO H 815 1200620 104E M dls, FATZBEG I TAEKS (5-9)1) KK
& (GSP) \ PR (GST) BRI =144 (MinGST, MaxGST) , -5cm
F1-20em ¥ 73 3R (GSSTs, GSSTao) ~ Bl Al i T34 +- 38 ¥ (MinGSSTs,
MaxGSSTs, MinGSST», MaxGSSTy) » LA AE K ZF [ /K & 5>5C U I L AE
(GSP/AccT, [RWUEERIFEKINA A, BIVRREIRED o AR 2 b o 5 = R 5t
HOUR R B 23 A I BR A, BRATTLA L °C X i) 5 -Sem - 38 1 4068 5% v L %
(MaxASTs) TEAEKZ I R BT T S A Gl

322 BR RS EREIES T

HOR AR B VR I R A VAV LEE T AR SRR R Ty ZE 0 Tk
(One-way ANOVA) M Tukey 2 i FLHL /A HOIR pOHbE o B8 AN [F)IRF$R 2 1) DA K LA
WL AMYZES CREARKCRIFIN, K Dukey-Kramer% F D o 1T PULE K AL %
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3.1 K 4800-5200m FEIFZ A AR HOIR ity o5 LR 25 5 o AR — SRS ) P REROR IR N A 825
P75 (P<0.05)
Table 3.1 Difference in the coverage of Androsace tapete between fenced and unfenced quadrats  (1x1 m)
across altitudes of 4800-5200 m. Different lowercase letters within a column show significant differences in

the coverage between fenced and unfenced quadrats at a 0.05 level.

232 YR B £
Treatment  Coverage of Androsace tapete (%, mean=sd )

4800m 4950m 5100m 5200m

Fenced 8.48+2.18" 15.2845.78"  4.34+3.10° 1.05+1.03"
Samples 10 10 10 10
Unfenced — 8.42+2.74° 15.20+3.88"  4.41+2.52° 0.93+0.66"

Samples 13 12 14 15

i 3YY e SR AR AT AT 9 A, RELA A A R A 7 0 5 A AN 3 DR 2 T a7
FEAR M f) Logistic PR %% & (Luo et al., 2002; 2004; 2005; 2009) . fEAET KK L,
B B 5 B ] DA B AR R RS (Kikvidze etal., 2005; Retzer et al.,
2006) o FRATTA I AR £ A 55 8 55 SR AT 3 DA 1R 96 &R 2 15 B AH R RL I Logistic
BREOCR, IRl X Logistic BB R IMARAE K T, IR13 5 BOR AU I3 K 15 B A
DR S FEL R A3 4, 05 b e bR o A P4 2 A A S B LA B 71D R 7
K Logistic A< 2 204 -

y=k/ (1+exp (a+bx+cx®) )

{EIX L, y A HRTHAGEE B (%), KO ST BRATTRE A I 52 ZCH 1 5 10 2Rk o5
M KEi B (%) s x BB EIER T, AR KTPY. o PR RIS
PRI LR (Sem,  20em) . AERKFREKE. EKBHRKES=5TH
WA LEAE . LK 3BT HUBTRI A B S AR bR o [T, JRAT T AR I A [R SR Ca
LEVERSTAL . ORI . FRAORIAY . TR AE) KIS A T, KM Logistic R X1

ER i
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GG, KRR 35 H By il B30 5 A1 13:00-14:00 Chr =S
[B]) , WE7R A& PR SEAR AR i R 5 RG-S A ZE I VE R B DIAH OG0 e T — KA1/
I B ARl B, FAIFES20°C Y H N 425 CIX TR 704 T AR 4145 FIMax ASTs £t
AR TR IR R B HOIR R 55 B I B PE IR E DG R A OC R B 1 Max AS T2 &
KA Ry S BRI A K (0 508 L VG o (R E BRATTH A0BT T I H e
SR AR BE R AR KT IR IR RS AR RO Mg 25 FE TR DG R R IR RV EAT T Z A4
EATE PR e

H T HOR SCHIAR ) 20 A1 by T R A S 2y T RS2 AR it A il 5 il A ) PR
il FRATVHE— 0 LT 5 T MaxASTs<0°C FIMaxASTs =25 C 7E Az K25 tH I R HUe
77 55 HOIR AR AR 0 AT b N BRAEAEAR OGN . Fi Cabrera et al. (1998) FliNeuner et al.,
(2000) [ FEEE, 8 5 2% ) SORA Y 24060 il — M LS 12-15 K
2006-20104F (IR HE 2 W], MaxASTs>25C X B (1A >16°C 5 I IS - T L o
7:28-31°C LA, 1y i AE>28 (30) CIYL& RGIT A tH A F (Cabrera et al.,
1998; Neuner et al., 20000 . Jy T RIBFE, FEAR IO IATE XA SmARHE 0 & 2
TR I H B RS (MaxASTs) <0°C HBLIRIRE, Wi il b 2 3388 5 10
H i (MaxASTs) =25°C LR EL

P I Ge it o AT ¥ 4ESPSS 5.0 AT, (2 A5 /K1 240.05

33 AIRGER

3.3.1 B{EF0 I E FHEE IR T 4FE

2006-20104F () TS WM EH L B, AEKTE (5-9)1) HP X bE 4R 4 T
100m FF£0.73°C (K3.1a) o H-FEIRH>0CREEIR4400m )220 K FEAK 2R
5300mf 146 K. 7EiFHR4400mP|4950m 2 7], -SemFH-20cm 18 52 it 4k s 1)
PR BT 100m 2 B AR 1.14 T HIL.01°C, KRR MRS, HAEREHK4950m L
b RIEREE AR AN, BERER T S O i EiR > (E3.1a) o RS 100mBL
A K K R B IR R AT R 100mE InZ525mm,  {H7ES 100m BA_L 0 B4k b T i ek 2>
(El3.1a) o (H2&, AKFFKES>SCRIRFIHE (GSP/AccT) RIWRIETEEL A
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BT, JUHAE4950m L E N EE R (KI3.1b) .
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Fig. 3.1 Altitudinal trends in (a) growing season (May-September) mean air temperature (GST) and
precipitation (GSP), mean soil temperatures at -5cm (GSST5) and at -20cm (GSST20), (b) the ratio of
GSP to>5C accumulated temperature (AccT), (c) soil total nitrogen (STN) and (d) soil organic matters

(SOC) at -10cm along a south-facing slope of Nyaingentanglha Mountains

0-10cm - 384 R e FIAT LT 75 St BV 1 T s 38 S IS 388 In 5 BRI (i #a 34, 1=
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%, BLZE F425300mI0.1 1gkg ! (310D ; HHEFHL & 1 A IE K 4400m 150,03 g kg !
B8N #5100m)118.59g-kg ™, Bl )i bR AT M0 PRAR, BL 4 4 #5300mfr) 18.18g kg
(K3.1d)

332 BR/HIGSEMBR A BRERESSEMLERTHXR

HOIR s 5 B B HRAL A S SR AR Ry, R B R BRS 0 5300m
4430 m (fHAEEERA520-4690 m¥& A 70 A1) , Bd 70 AT HERAE4900-4950 m(&]3.2a)
FEAL D 0 AT PGS St R B 122 DX ) At L AR LA g el o, B S oty 7 1L
SRR AR 3 R R LA e T R 2, R IE AR 7.5000-5050m (]
3.3) o A KFMaxASTs=25CRE L HIAEHFER4700m L FHAF, MIMaxASTs<0C K
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Fig. 3.2 Altitudinal variations in (a) the coverage of Androsace tapete (calculated from 20-75 plots of 1x1
m per altitude), and (b) related climatic variables of days with different daily absolute soil temperature

maxima at -5cm (MaxASTs)
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B BLAEHEHR 5300m A L DL B3y (FE3.2b, FE3.4) , 4305 Bk s Mk o> A )
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104 (a) —O— Androsace tapete
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Fig. 3.3 Altitudinal variations in coverages of (a) Androsace tapete along the south-facing slope of
T'ang-ku-la Mountains (32° 50’ — 32° 55' N, 91° 54’ E, 4650-5500 m), and (b) Arenaria lancangensis along

the north-facing slope of Nyaigentanglha Mountains (30° 25'—30° 26’ N, 91°06'E, 4650-5500 m)
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Fig. 3.4 Frequency distribution of days with different ranges of daily absolute soil temperature maximum at

-5cm (MaxASTs) during the growing season across altitudes of 4400-5300 m
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Fig. 3.5 Frequency distribution of correlation coefficients for relationships between the coverage of

Androsace tapete and days with different ranges of daily absolute soil temperature maximum at -5cm

40

(MaxAST5) during the growing season across altitudes of 4400-5300 m

30 4

(a)

y=0.419+0.097x
R?=0.489, N=458, P<0.001

(D) y=30/1+exp(8.642x*-11.893x+4.983)]
R2=O.58, N=458, P<0.001
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Fig. 3.6 Relationships of the coverage of Androsace tapete to (a) days with daily absolute soil temperature

maximum of 9-14°C at -5cm (MaxASTs) during the growing season, and (b) the ratio of growing season
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HOIR R M 55 2 5 AR T3 R 1 1R 96 SR IEAE — b B A R K BB RFAE [ Logistic
BRAOC R, ARG R AR (MR R 7 A 5 VeV F5 4 (GSP/AceT) S %P3l
(MinGST) ¥/ (GST) « fm PR (MaxGST) Al-Sem - AT
HELE (MinGSSTs) 25, nIffREAS R4k 4584 1x 1 mA¥ Iy 55 FE R 1E 11141%-56% (3.2,
3.5b) o I X Logistic R 2K R A MMRAE K T, BRAGHS FOIR AR Joe K 6 FEAH DT
AWK 73 4F 4 : GST =6.5°C, MinGST = 2.6°C, MaxGST = 11.1°C, MinGSSTs

=5.6'C, GSP/AccT=0.7,

* 3.2 YHEEEREN (4400-5300m) HOR S G (y, %) HUEEC TR 1) logistic ¢ R

Table 3.2 Logistic regression models for relationships between the coverage

dependent variables, y) and climatic or soil factors across altitudes of 4400-5300 m

(%) of Androsace tapete (as

ARE Ko e AR X, FEENE S N ol S
Independent variables ~ Regression models R’ N P
GST y=30/[1+exp (0.303x*-3.957x+13.713) ] 0.531 458  <0.001
MinGST y=30/[1+exp (0.535x%-2.736x +4.385) ] 0.556 458  <0.001
MaxGST y=30/[1+exp (0.144x*-3.190x + 18.537) ] 0407 458  <0.001
GSST; y=30/[1+exp (0.352x*-6.691x +32.870) ] 0.168 458  <0.001
MinGSSTs y=30/[1+exp (0.394x*-4.389x +13.415) ] 0.406 458  <0.001
MaxGSSTs y=30/[1+exp (0.164x*-4.340x +16.213) ] 0.197 458  <0.001
GSSTs y=30/[1+exp (0.169x*-3.255x +16.899) ] 0.170 458  <0.001
MinGSSTs y=30/[1+exp (0.212x*-3.439x +15.016) ] 0261 458  <0.001
MaxGSST, y=30/[1+exp (0.171x*-3.720x +21.022) ] 0.294 458  <0.001
GSP y=30/[1+exp (5.658x10°x*-0.051x-12.888)] 0.051 458  <0.001
STN y=30/[1+exp (14.971x*—18310x+6.965) ] 0200 458  <0.001
SOC y=30/[1+exp (4.590x10"x*—0.087x+5.566)] 0.174 458  <0.001
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3.4 e

3.4.1 RIEKAEASEFRERRSHIGEEMEHMBIED HIEE

FET 52 R M X, AR AR ) A= K 3 A7 7E 7K 3 038 (Webb et al., 1983; Epstein
etal,, 1997) o BEAWHRIG N, BT ARG (Kérmer, 2003) , KIHAE—E
VAR e P I A BB S A ) A KR AT R S FE /K A o e AR R ) AR Kl 52 2
RIR PR, HARE B —fE7ES.5-7.5°C (James et al., 1994; Korner, 2003; Wieser
and Tausz, 2007) , V& HAE B AESHL B RAT A AE IR KM 4+ (Germino and Smith,
2001; Wieser and Tausz, 2007; Mayretal., 2012) o FATMBIFTEIE RN, Sk
bt o B 5 U R 1R G ZREAG — b B AT B K BB I Logistic PR EUR &, BIAE—
ST W v FEAEAE — N 55 HOIR R Mg B K ARG Y 1 e A R RE R K Gy A
(GSP/AccT=0.7) o WEFEEC—BbaERIG mm A n (3.1, BIURAE MTHEEK
B IR K 2 W BRI . GSP/AceT = 0.7 4 BIAE BOR 55 1A 1) 5508 W K 20 A
(4950m)  (FE3.1b) , MGSP/AccT < 0.7I, HOIR & a5 FE i 1 i 5 50 1 388 it
B4TN: M4GSP/AccT > 0.7MN, HOR sl b o B2 BV 5 200 18 iy (E3.6b) .

AT EIGHE— P BIR, 4GST < 6.5°C i, IR Aot o6 P B GST (138 i i 48
MGST > 6.5°CINF, HOR S o5 BEBEGS T b2,  SlogsticPi ik & (R* =
0.41-0.56, P < 0.001, 33.2) o A[FEWA . AFLAKEOIRFE ) 56 B2 IR 70 AR )
B R i (3.2, KI33) , FUREEET R . KR M, #Y
AR 31 ) RS 1 R A e AR

H T i FE R — P 5 R E IO RIS, TR VR IR B L I AR 2
ST AN WL B 1% 5 B PR AT S e b B A v L A0 P VR 0 A1 52 R R LR S e AR 4K T
i % ( Bruelheide and Heinemeyer, 2002; Angert and Schemske, 2005; Geber and Eckhart,
2005; Klimes and Dolezal, 20100 o #X1f1, H1- T4 B2 1 BF A TR B RHR D
i EE A HRODR R0 PR 4 23 A B SR AR R A o AT OB S T FRATTIO B, BRIAEf
TR, SR 1) 56 FEAFAT— Fh B oA, 3228 AR 5 W s vl 23 42
A HOR SR AT B S TR R (EI3.2, WURSCRNED TR iR A
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B> IR UM 5 K ot JEE AT R IV P e Rt L AT K 0 2 45, B k2B T AR RS
ARG T FE B A LS R G I WA S S it TR 2K

3.42 TIRIRIRIR Shin SR 2 AIEHIER St igR 2 R LIRS TR

BATVEIL, R A 36 5 525 KZEMaxAST5=9-14"C HBILR B ARG e 2 —
A (E3.2) 5 FF HAR S UM 55 5 MaxASTS5=9-14C H BLR A R AP I 2 PEAH
K (K32, 3.6a) o -5cm 1358 400 il B — R AR 11 R OK BH A S dz v PR IS B
MaxAST5=9-14"C th #L K E AR v] fE J2 45 s W HEAT 06 S A 1T B OA BEAR DL A8 s
Larcher (2003) W70 W], Pt &/E a2 —Mo10-15 - (200 C, 3
TR ENEEAES C . T4 —SSiEd &0, 4 L3R EE<9Cy, HHHKFH. <
LG MO I B A (Wieser and Tausz, 2007; Mayretal., 2012) .

WATIEAELR W, EKFEMaxASTS < 0°C REUL H ILAERKS5300m & L LA it
CHHIRAES AWIMIIRTER, -Seml 15 -0.1 C2I-1.3 C R B LA — /M2 1
FH X I ) 2 06 R AR R AE-530-10°C, FI3.2RIEI3.4) , IS4 5 22 565 W Ll s g 4k
) 252 1 A AR e I B R D 1 E BRI (-8.2°C £1-19.5°C, Sierra-Almeida
etal., 2009) o 7EmERERHILIX, A FIIIE LR A=K o R — o0t R 3 R 4K R
59 (Korner, 2003; Sierra-Almeida et al., 2009; Mayr et al., 2012; Neuner and Hacker,
2012) , XamlEEYH S ESIET. (Mayr etal., 2012; Neuner and Hacker,
2012)

AR B, 3G R T s SE PR BRI HOR A ) BT B 2 R SR A, 3X— ¥
P EOEAR 3 AT BRI IR A 5825 5 52 B Wty i i i) 74 (Neuner et al., 2000;
Larcher et al., 20100 . fEZEHES . ADWHEZERR, B E>28 (300 TR
BRI TP %E (Cabrera et al., 1998; Neuner et al., 2000) . FAi1%dh %
W], EKZEMaxAST5=25C (ffivh A >28-31°C ) RAU H HLAE HUIR fi Al
WA I3 A 7T FR(4400-4500 mD DL A AT BOR m g 23 A1 (1) B S i4A b 7 (45204690
m, BE32H1E3.4) o Mt il BRI I sE, AR AR K RS
LB kR AR .
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3.5 Ihg;

HOR M A 0 S SRS R G« AR, X E TR AR S R G R,
SRR A DR AR AR R A R0 AR 23 AR Sy, 0 T P00 A ok i FE B b AR S R 4
AR A 1R [ 2 OC FR LR o ARAIF S, HROUR R 5 TR AR RS ) B B o A
555N L3 DR 11K O R — A AT B R BB R AE I Logistic B BUR R, K R EL
ot RS DA A AL BV 4580 (GSP/AceT) « FAKFHAHE (MinGST) A

(GST) B ¥R (MaxGST) Fl-5em T 3EBAR- T ¥ (MinGSSTs) 2%, 4
GST =6.5C, MinGST =2.6°C, MaxGST = 11.1°C, MinGSSTs = 5.6°C , GSP/AccT = 0.7,
Fm K A K FEMaxASTs=9—14C (1 H IR EURE S Al e bR a5 UM 5 132 B I 4R
HHI49%, 4K FFEMaxASTs=25C HI LR E LA SiMax ASTs<0"C Hi IR H 0 il B #VIR A
ik oy A I b SRS R BRARKS Y. o BRI, BRATTIA Sy - BE AR o A 5 B0 i v i i 47 i
R AR SR 20 A1 B B PR TR BR
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FNE BRAMEEFEROFREHNERSFRESIZREEF

41 318

FERE 221004 5L (1906-2005) A=BR VIR 1T+ T70.56°C-0.92°C, Tl fEA
2 RKE FTH1.1-6.4°C (IPCC, 2007, Herb sy £ 5 0 vy i 4 b X8 i F4) s 8 50K
(Chapin etal., 1995) o 57 i B DA hg A2 X A BRAZ R i) 13 g 530 4 (P H X 22— (g
FIRUANE, Yaoetal, 20000 , HICHS/HLX 195000k, B AR 1470 FE (1 3 iR A
0.16°C/104F, AZEH )£k $]0.32°C/104F (Liu and Chen, 20000 . &1 7575 K714
U TR, 20459 H (1961-2005) ARty fiz e il A AR ity 55 AR IR &
PRSI, PERAE RS E A 2, B R KE P (Youetal., 2008) o iX
MU KB AU AR A 0 R T BUR I R P VR S i M D RERAZ 46 (Zhang and
Welker; 1996, Walther et al., 2002; Parmesan and Yohe, 2003; Klein etal., 2004;
Xu and Liu, 2007) o BRAEYIE R mEAEEREN “ TR (Jones etal., 1994,
Jones et al., 1997) , Xl BRI E/K 1A A gk, MR Al 1N v e
SN S RGP EEEGEMT (Le Roux etal., 2005) .

TR =3, FRATTVCIR B3R 2 T3ty el Rk HObR AU M 4R 20 AT PR 4 il
F o AHE, JHCBCT PO L e i it v] B L ) 8 S IR R AR A A K N PR, H T
T TCIF AR A ] 163X — W 5T (X IRE K 45204690 m My By A IR sk s Mg o A, {HAE
4400-4500 mEAT /D> EHOR AU AT, AN ] B 5 E R H A K. AE
BE—25 53 H72006-20 104 VE - HRBH P32 P LA + B 4R A% RS2 00 B0, IR AR ROR A
HE A A AR R R S AR 7 S S U BRRIDE 7, #8570 TBCHOR 701 Btk s
R4 ATT BRI A B A1
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4.2 BHEINFGE

4.2.1 B S g BE RN EIR ST

Bee T FR RS R SIS 30 156 48 s JE T 0 1 BRI 20 AT T BR 1 78 R 1
(B, e B L AR A7 AR A0 5 R 8 R B K AR A R B i DG 3R o BRI R RS A S0 g Vv
U .

BEp T AR P A B A SROIR AR A A7 20 (R AR AN S PR U A 11 1 A 8 7K D 2D DL S B
T HER RN EREEIEIR b T S B B R IR 2 3 EHIR A
Moy A7 AR AR AL, RAVE S T A R A R A TR Y. (Transplanted
disturbance effect, TDE) LA AEFEHE 2 fZEA7 % (Non-transplanted survival reference,
NTSR) o JE—FEAHAE RS A T RN & 5 — Py [F) — e R A AL 1 A A% RS

(NTC) S5BHIX (TC) WP EAFRZ 75 TDE=NTC-TC (K4.1) . WA
[l FELAE Y K SRR M e A 7 (LTQARINTC) ¥, [al— A M 2B A7 3R A AR [
T AR B F AR, b IA itk (4800m, 4950m, 5100m) A4 {7}
(2007, 2008, 2009, 2010) HI7 7 X4 1)2007-20104F I 5E {H 55200647 Wl 5E {8
2R (RP=0.67-0.97, n=24-32, P<0.001, *£42) . ¥k, BN
EAER R S AL (NTSR) SR A 200645 e (K R 5L (G T R42MWEK
TRRED o BE, BAE)E AR AR AL 5 BUR A BAR ST AR A7 2 1 AR A 146
FTA + TDE - NTSR, 5{TG + TDE - NTSR.

RIS 55 =41 (20094F) 1) T390 Kot ‘o, FRiEdk A% T a8 4 AL
AR SRR ERN (R43) o KL, ARG 8T J7vE 4 5 5 Hr 1
AR 3 A 9D Stk PR, w5 I A A7 2 AR A R AR 52 o L TR 3 0 2 SN B i
P R I A KRR SR 2 72 (KD, HERR/KAR 23 8 SON B IR S SRR 1
KRB K 2 ZEBR USRI B K & (%) o AR R BOR AT HMEIR 0 A1 T BRI 7S
1 BRI B, BATTEE— 200 B T BRSO A A7 2 AR A 5 AR K L W il B PR 5 AR
W OE R o B IR A K 2 S W iy T 32 AR A0 e SO B R 1R 5 D ) e T
MaxASTs41 A LR Kz 72 DL e MaxASTs=25C H I R K 7= o JRA TR I e % b
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Jr e i - SR S Y LR H R oD K 3 vt =25 °C IR B B INAE 22 KRR b2x
SRR SR E AR I PR

4.2.2 MR St E F R FE IR 2

PR NARAR R (0 2R A7 A R PR LS — S 4, AR BT g A
(Kb ik o

R B EAE A AMKARB A I E AT (LTQRINTC) PN F R ristbtig 2E A7
IR, FLMI IR b U Sl BIR s R A A5 (0 T BE I o PR AR
110538 S B S 11 s B Y] e e s e e o8 N R o1 S e AP b VA ) v e
AR RS A K IR AN KR S T AR KR R Bk 2 22 R 2
TEIBN Y3 A AR O AT D A1 2 s 20 A AR AR SE T B 7K PR B ipe sl o0 BROR s e A
A HAEBR AL AR 5 o

43 MARGER

431 B s FRMFREN S REFBEATLXER

1E2006-20104F, AN[RIEAR FEIA A« A HCIR AU A A7 30 28 478 (0 (B 352 I s
AL CHEFPNE0.3%-1.2%, BEIFIMNE0.4%-1.6%) , JLr B A A7 547
WAEEIG R 7 5 (4D o AR TR B K A/ BIF 38) 0 5z v 1 249 10 /0 A0 - S8t
(-5cm) A5 IR BR AR AN [FTRE AR RS A (9 BRIR ni b kg 2R A7 %2 A (35 52 (P<0.05)
(K44 . AEREHEHR RN (5200m) 5 HOR AR I 2EA7 5N -5 5L R 38 i Fn B
IR WEA KRR, HA KD MR m TR, 7EBURHER I ) (48004950
m) , BRSO R AR T R BRI A B3 IEA DG (P<0.05) o fHJE, XFp
B SARI B IR S AR RIS B R AR (4430-5200 m) JEACRHLEL (%4.4) , wlfiE
LT o FEIR2 AP HCIR AT A A7 2 — M A T A P, FFEAEM4K4800ml¥g [H]
FENAMELE B 2 (R45)
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R 41 AFEERA R T PO BT IR R 0 (7] — R R ) AR RS A T 200t

WS B IR P A R 2 72, NI AR B A2 R AEAT CRE TR 8] NG FEE) 1A

Table 4.1 The transplanted disturbance effect

FRE R IR AN R AL EERCAN R AR A (1) s 3 22 57 (P<0.05)

(TDE)

across altitudes and years. TDE was defined as the

difference in average survival per clump of Androsace tapete between treatments of non-transplanted control

(NTC) and transplanted control (TC) (TDE=NTC—TC). Different letters within a row and a column

show significant differences in survival per clump between NTC and TC (lowercase) and between different

years

(captical) ata 0.05 level,

respectively

P 4L 28 AR & A0 A F #or 3

Altitude Treatment Survival per clump of Androsace tapete (%, mean+sd ) Samples
(m) 2006 2007 2008 2009 2010 of clumps

4800 NTC 94.6£6.4aA  93.9+7.9aA 93.7+8.4aA 92.9+8.8aA 92.6£9.3aA 25

4800 TC 94.6£2.8aA  89.2+3.8aAB  88.5+4.3aAB  86.9+4.1aB 85.6+4.6aB 9

4800 TDE 4.7 5.2 6.0 7.0

4950 NTC 97.144.1aA  96.1+5.8aA 95.6+6.6aA 94.3+7.1aA 93.0+£7.7aA 32

4950 TC 97.1£2.7aA  92.0+6.4aAB  90.846.8aAB  89.1+8.1aAB  87.249.7aB 12

4950 TDE 4.1 4.8 52 5.8

5100 NTC 97.143.8aA  96.0+5.4aA 95.5+5.6aA 94 .4+6.4aA 93.3+6.7aA 24

5100 TC 97.243.3aA  92.847.1aA 92.0+8.2aA 90.5£10.8aA  88.5+11.9aA 9

5100 TDE 3.2 3.5 3.9 4.8
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R 42 AFEHR MR SR (%) 78 2007-2010 42435 5 2006 4 (k5 fE. ey, B
HOR AT HUHE ) AL AFFJEAE 2006-2010 45 2525 em K] A 75 I (8
Table 4.2 Regression equations for relationships between the clump-specific survivals (%) measured in
2007-2010(as dependent variables, y)and 2006 (as independent variable, x )across populations of Androsace
tapete in different altitudes. The data were obtained from the clump-specific measurements in 25%25 cm

LQT and NTC quadrats (15 quadrats per altitude, containing 1-3 clumps within a quadrat) during 2006-2010.

HER o KHFAE X ERH BBRKE Hadk
Altitude (m) Year  Regression equation R’ P Samples of clumps
4800 2007 y=1.160x — 15.886 0.972 <0.001 25
4800 2008 y=1.176x - 17.639 0.972 <0.001 25
4800 2009 y=1.206x —21.298 0.949 <0.001 25
4800 2010 y=1.231x-23.941 0.937 <0.001 25
4950 2007 y=1.393x-39.175 0.965 <0.001 32
4950 2008 y =1.548x — 54.691 0.928 <0.001 32
4950 2009 y =1.604x — 61.502 0.854 <0.001 32
4950 2010 y=1.656x — 67.733 0.784 <0.001 32
5100 2007 y = 1.395x — 39.342 0.981 <0.001 24
5100 2008 y=1.421x-42.461 0.943 <0.001 24
5100 2009 y = 1.536x — 55.827 0.854 <0.001 24
5100 2010 y = 1.424x - 44917 0.666 <0.001 24
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R 4.3 3R 4800-5100m -5 0-10cm A LA 4R AE NTC. TC. TA Ml TG 4B M2 &
WL, AP NE TR R IR R RAE 4 FAC BT 225 (P<0.05)
Talbe 4.3 Difference in soil organic carbon (SOC) and total nitrogen (STN) concentrations at the depth
of 0-10cm between treatments of NTC, TC, TA, and TG across altitudes of 4800-5100 m. For each
altitude, different lowercase letters within a column show significant differences in SOC and STN between

treatments of NTC, TC, TA, and TG at a 0.05 level

B LGS AR EEAIR
Alitude (m) Treatment STN (%) SOC (%)
NTC 0.54+0.03* 82.13+16.38%
TC 0.53+0.04* 80.59+21.05%
4800
TA 0.54+0.02% 86.61+18.12%
TG 0.53+0.08% 83.17+35.04%
NTC 0.69+0.10* 102.23+18.32?%
TC 0.68+0.11% 101.16+21.10*
4950
TA 0.68+0.09% 91.00+12.48%
TG 0.67+0.11* 103.35+25.19%
NTC 0.73+£0.11% 116.31+£20.25%
TC 0.74+0.10% 118.59+24.52?
5100
TA 0.71£0.07% 109.25+23.51*
TG 0.70+0.08* 108.57+11.42%

46



S0 RO A7 5 (A B AR AN IR ) S S A BRI 7

0.0

(a) Fenced a

0.4 - %
0.8 - %
_12 n

-1.6

o
—HO—w
—O—o

_2.0 T T T T T T T
0.0

( b) Unfenced

_ - a
0.4 5 2@

)]
ju]

{ @
]

-0.8 4

Decrease in survival per clump (%)

-12 T \vi

1,84

-2.0

4350 4500 4650 4800 4950 5100 5250
Altitude (m)
4.1 HHETEEAETT (4300-5200m)  FEIA™ AP BR ) 5N EOIR fte A7 R AR R R 22 57
Fig. 4.1 Altitudinal variations in interannual changes in survival per clump of Androsace tapete across (a)

fenced and (b) unfenced quadrats along altitudes of 4300-5200 m
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R R AR RSB FE TR ) A« G AN A7 M Ja) L AL

A4 TR SRR A0 B N FROIR R A A A R A B ) b A Bl M B K AR A AE 22 T0 e M IR AR o B i A5G 20 T o SR N HROIR M 1) A A7 R
£ 2006-2010 4 25%25 cm KU 52 A 75 RO DN A2 B0, B AN SRR UMM 25 A7 0 AR 4 B P B A8 T 4R A A7 A0 25 BT — SR R ZE A7 0, ARG I R it J8E A o K 4
s AR A i A5 A A KR A S R B K B S AT AR IR R B K B 2 %% o AGST,  AMInGST Fl AMaxGST 43 il B K Z P30 e T3 <L
AR UL JE AL, AGSSTs,  AMinGSSTs fil AMaxGSSTs 730 il & 7n A K FF-5em 3V 200 B foe i P 2400 S L S IR 240t L (K A2 A6 &, AGSP
T KRR RN, "P<0.05,  “P<0.01
Table 4.4 Partial correlation coefficients of multiple linear regressions between interannual changes in survival per clump of Androsace tapete and interannual
differences in temperature and precipitation across unfenced and fenced quadrats in different altitudes. The data were obtained from the clump-specific
measurements in the LTQ and NTC quadrats during 2006-2010. The interannual change in survival of a clump was calculated as the difference of the year;
survival minus the year; ; survival. The interannual differences in temperature and precipitation were calculated as the differences of the year; values minus the
year;.; values. Abbreviations: AGST, AMinGST, and AMaxGST are for changes in growing season mean, minimum and maximum mean air temperatures,
respectively; AGSSTs, AMinGSSTs, and AMaxGSST;s are for changes in growing season mean, minimum and maximum mean soil temperatures at -5cm,

respectively; AGSP is for the change in growing season precipitation. P<0.05, " P<0.01.

BORHOR E A AW F RS

Bx=E Interannual change in survival per clump

Independent B £ 4 4% 7% Within unfenced quadrats B £ A 4% % Within fenced quadrats

variables 4430m 4500m 4700m 4800m 4950m 5100m 5200m 4800m 4950m 5100m
(n=76) (n=76) (n=76) (n=64) (n=80) (n=60) (n=28) (n=100) (n=128) (n=96)

5200m

(n=32)
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AGST (K)

AGSP (mm)

AMinGST (K)

AGSP (mm)

AMaxGST (K)

AGSP (mm)

AGSSTs (K)

AGSP (mm)

AMinGSSTs (K)

AGSP (mm)

AMaxGSSTs (K)

AGSP (mm)

-0.176

0.136

-0.166

0.097

-0.144

0.111

-0.167

0.141

-0.078

0.061

-0.173

0.133

-0.152

0.075

-0.143

0.012

-0.131

0.083

-0.152

0.092

-0.152

-0.101

-0.149

0.090

-0.164

0.213

-0.117

0.132

-0.134

0.008

-0.199

0.247"

-0.109

0.213

-0.230"

0.020

0.055

0.051

0.046

0.048

0.114

0.114

-0.047

0.043

-0.092

0.093

-0.081

-0.078

-0.030

0.048

-0.029

0.058

-0.157

0.163

-0.030

0.019

-0.053

0.077

-0.168

0.175

-0.098

0.055

0.125

0.162

-0.037

0.081

-0.096

0.016

-0.124

0.075

-0.049

0.113

-0.020

0.046

-0.120

0.103

-0.104

0.124

-0.022

0.060

-0.126

0.082

-0.018

0.075

0.030

0.089

0.104

0.206"

0.143

0.231"

-0.060

0.004

-0.135

0.221°

-0.103

-0.074

-0.141

0.033

-0.059

0.186"

-0.056

0.119

-0.055

0.113

-0.043

0.162

-0.071

0.102

-0.039

0.030

0.021

0.124

-0.031

0.010

-0.039

0.076

-0.038

0.144

-0.040

0.019

-0.268"

0.309"

-0.167

0.049

-0.264"

0.319"

-0.268"

0.336"

-0.203

0.190

-0.2717

0.345"
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® 45 PONHOR SR R AEHEIR 4800-5100m FIRE A AP ZE R B ANERAR SR E A7 2 AEAT K
HYED A ONGERE AT BRI s A AR R AR (0 2 25 P22 57 (P<0.05)
Table 4.5 Difference in survival per clump of Androsace tapete between fenced and unfenced quadrats across
altitudes of 4800-5100 m. Different letters within a row and a column show significant differences in survival
per clump between fenced and unfenced quadrats (lowercase) and between different years (captical) at

a 0.05 level, respectively

R 4 38 3SR S A A B E AR
Altitude Treatment  Survival per clump of Androsace tapete ( %, mean=+sd ) Samples
(m) 2006 2007 2008 2009 2010 of clumps
4800 Fenced 94.6+6.4™*  93.9+7.9** 93.7+8.4* 92.9+8.8" 92.6+9.3* 25
4800 Unfenced  94.6+6.0** 92.5+8.7* 91.1£10.2°*  89.6x12.1°*  88.2+14.1* 16
4950 Fenced 97.1+4.1**  96.1+5.8** 95.6+6.6* 94.3+7.1* 93.0+7.7% 32
4950 Unfenced  95.9+5.7** 93.7+7.8*% 92.7+9 4% 91.5411.0"  90.5%12.2** 20
5100 Fenced 97.143.8*  96.0+5.4%* 95.5+5.6" 94.446.4* 93.346.7* 24
5100 Unfenced  96.2+4.8** 93.9+6.3** 92.84+9.5% 90.8+9.5" 89.4+11.0°* 15

432 FEBRBETRERREEFRTU S REMBEKTHXR

BAE T2 FHOSHAME AR R T BE3%-7%, (HIXA TN I8 S8R —
WAL S AE R R 2 22 R GRA.D) o HIREBHE TN S, Bk
FE B AEOIR f AR A AE A IR AR A i W3R 4,60 7 IR AR IR BAT G4 43 AT S
I (4800-5100 m, ANELFEEA R S HME A 14650m) , ARG AL (TA,
PR 150m) FEER fUHE AR AR NI, WA IR IK3 %5 % B i
FIUER6%9%. (HIE, MEEK4800mAL HH 214650m I HUIR fi bl 2 A7 4T B ik
36%-86%, HH4T M4800-5100 m&t—HHH B e fIlLifER4300m  (HAR SHbARE 3 A1 K R
PIA) TGRS R (FE4K500-800 mPBUEAFR T I#36%-92%) (5R4.6) . 1&

50



SR DU U R AR s A )3 00 A Sy S LA BRI 7

AR A4800m, [EIF A4 5 HOIR 2 AR AE A7 256 0 25 v BEAE AL, E A B e T R A
W AMAZERARE (R4, RIULEIRHA300m L T R 25 A7y A1 25 52 21 5 K 11
HOE Ty, fE— R FE S LR T BOR s HME(E 444 520-4690mBEAT 70 A1 I R AL
TARH S8 KT IN1.0-1.5 K, ARl AR K Z K B> <20%; TG
PR )3 BUE K2 48 S n2.5-5.5 K AR AR K 2= B K 820 20%—-60% (54.2)
FORE G 541, SR R IR A A7 5 e 5 1 Ul PSR B2 7K g D 3 A 7 8 3 (R e K
R, FEoR T AR SRR BRI K ek D AT HOR S R R R A A R AR (E4.2)
DA DG 53 BT 2 R B, SR B 7K 9 DR BOIR R UHME I A A7 23N B8 B35 DTk, 7%
PG S — 4 (20074F) AEAE% TR EER TR T S 80 iR A G 5 244
(2008-2010%F) N LLFF/KD RISE M K (3R4.7)

S O{==Fe= % B 1 T=%= s @% T e
r=1 2_ 2
£ (a) \ R*=0.991 b R“=0.882
E. -20 1 \ P<0.01 { ) // P<0.01
i \ 4
[0
/
= 40 - ™ y "/
2 N\
>
=
2 -60 1 \\ i v 1
< ) %
S -80 1 \ - Migpii
é i \ % T
-100 : . . » —L : . . . .
-2 0 2 4 6 8 60 -40 -20 0 20 40 60
Increase in growing season air temperature(K) Decrease in growing season precipitaion(%)

O Transplanted within distribution range, 1styear © Transplanted within distribution range, 2nd to 4th years
A Transplanted outside distribution range, 1st year &  Transplanted outside distribution range, 2nd to 4th years
+ Non-transplanted control, 1st year +  Non-transplanted control, 2nd to 4th years

Bl 42 PAER G EAFHAE NTC, TAL TG 4B R 20000 () AERFEEER A (b) [
AT AW o KEZE AR TA A TG B RAL 45 e 1R de R AE A4 g 0 i 2 RT3 7K gl b 2 ) e Pk
KA, FRANAEIE 15U PSR e 7 Il 238 BRI ) B R ZE AR R Ak
Fig. 4.2 Decrease in survival per clump of Androsace tapete in response to  (a) increase in growing season
(May-September) mean air temperature, and (b) decrease in growing season precipitation in pooled
data across NTC, TA and TG treatments. The trend line was for the TA and TG data of maximum survival
observed in first year after transplanting, indicating the upper limit of survivorship given an increased

temperature or a decreased precipitaion

51



W R BRSO HERCRR FE R ) A . DB A A% Jm B L

K 4.6 FRIFRFEAE T B PR A 3 B BRSO A A7 2R B B RS AR IR AR A S B
NEOR FOHME A7 R 1 AR AT TA B TG A BB R EAE 2 ER AT IR, PRk AER
SHAATER, AT AR FRIIKE 7R 7S L ARCIR R E A7 R AE 2007-2010 (25125 (P<0.05)
Table 4.6 Decreases in survival per clump of Androsace tapete in treatments of transplanting downward to
the adjacent altitude (TA) and to the lowest common garden at 4300m (TG) . The decrease in survival of
a transplanted clump = the clump-specific survival in TA or TG + the transplanted disturbance effect (TDE,
Table 4.1) - the non-transplanted survival reference (NTSR) . For each of transplanted clumps in TA and
TG, the NTSRs during 2007-2010 were calculated from the clump-specific survival measured in 2006
before transplanting based on the regression equations in Table 4.2. Different letters within a row show

significant differences in the changes of survival per clump among 2007-2010 at a 0.05 level.

Altitude (m)  Treatment Samples  Decrease in survival per clump (%, mean=+se)

from to of clumps 2007 2008 2009 2010

4800 4650 TA 8 -36.4+£7.2%  -70.3+4.1°  -84.3+3.0° -85.6+3.0°
4800 4300 TG 5 36.1£13.1%  -64.549.8*% 757455 -85.5+2.9°
4950 4800 TA 11 274200 33+22%  -46+1.7% -5.9+1.8%
4950 4300 TG 6 545714 -86.242.8°  -89.0+3.3% -87.0+3.5"
5100 4950 TA 6 -4.5+23% 6323 -8.1x2.5%  9.0+2.9%
5100 4300 TG 5 -83.1£8.6"  -92.3+2.6"  -91.0£2.9* -89.0+2.7%

TN, MaxAST5 =25 CREM 10K L E (J8l4.3a) BLAMaxASTs=9-14°C K
B/ D40 R UL b (E4.3b) I, HOR RO R AR RN IR IE BRI, X — 4R Y
FEA e S (EI3.2) AHVIE, 3R B L3R i i 2 v HOR O AR 3R A T B
R 32 A BRI A 1
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Table 4.7 Partial correlation coefficients of multiple linear regressions for relationships of the decrease in
survival per clump of Androsace tapete to the increase in temperature and the decrease in precipitation in

pooled data across TA and TG treatments. Abbreviations are found in Table 4.4

Decrease in survival per clump

Independent variables 2007 2008 2009 2010
(n=41)  (n=41)  (n=41) (n=41)
AGST (K) 04367 -0.094 -0.243 -0.557""
AGSP (%) 0.160 0.186 0.693" 0.702""
AMinGST (K) 0317 -0.032 -0.252 -0.305
AGSP (%) 0.230 0.3317 0.766""  0.592™"
AMaxGST (K) 204597 -0.123 -0.201 -0.664""
AGSP (%) 0.241 0.156 0.654"" 0.782""
AGSSTs (K) -0.306" 04157 -0.689"7  -0.055
AGSP (%) 0.350" 0.103 0.855"" 0.335"
AMinGSSTs (K)  -0.228 -0.360" -0.230 -0.890""
AGSP (%) 0527 0507 0.787""  0.934™
AMaxGSSTs (K)  -0.601""  -0.932"" 0861 -0873"
AGSP (%) 0.562°" 0308 0.794™  0.754""
*P<0.05, “P<0.01, “P<0.001.
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Fig. 4.3 Decrease in survival per clump of Androsace tapete in response to  (a) increase in days with
MaxASTs of =25C, and (b) decrease in days with MaxASTs of 9-14°C in pooled data across NTC, TA

and TG treatments.The symbols are found in Fig. 4.2
4.4 Vg
4.4.1 SIFT U BR S iE FRABERT

FUBAR I 25 P B Y B A AT PR O SRR AR VR S0 A8 U5 T A2 4 (Tilman and
Lehman, 2001; Williams etal., 2003; Dullinger etal.,, 2004; Iversonetal., 2004;
Skov andSvenning, 2004; Pearson, 2006), 2Nl F] 4 ERA % 1 ) i il 5 40 A [X.
IF1) 5 e 26 J5 R0 O i X 3T A% (Xu and Liu, 2007; Lenoir et al., 2008) o fEH/
(b 38 ) RS b, AN A M R o A A B 14 Wi IR A XA P e g 2 (Parmesan,
2006) = 1) ARASWAR: Ak nT LLIE kK B s R S Y B E R, IR RS
ARSI R . 2) M@ A REL B M D I T LATE B AR
PR N SIS PG N, TS N O T 1 AR B4

B b, HRGAT Z A OG iR o 2 B BRRE o0 A A% ) 12 147 B 47 0 51
B o ME—RIBTFTHRIE £ Le Roux et al. (2005) £F V. F A AE & 5% #UIR A ) Azorella selago
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TE R — R EF AR S, R KD 2 3 8l Azorella selago 2 FET-IGN, &
IR o FRATT TLAE FEA B AR I MBI o, AP BRI B BIonr BOIR s A A AR
G FE I, S8 A/ K I 5 BN R AR SRR ROl A R L R B, Hrh
KD B SR (R4.7) o XS5 R BRI R SE R — B R PR
B> 2 KRB K Uk DB 1 20% T, Bk dtb il LK IZET (4.2) o 534h, BHbi)E
Beid I Y (MaxAST5=9-14°C) IR )b K 3 il (MaxAST5=25C)
IR A3 IR AR R e bR AT Mg AR A7 2R I SR KRS T R (El4.3)
A 1 0 i In A s 56 45 SR — 35 (Neuner et al. 2000, Larcher et al. 2010) » Kk,
TEARARARAR R PG, IR A5 A AR 52 3807 T Jg e e 31 A e v il R R
AR (14 S 5K T50 A 0 e FR) A A DA K v R ) AR 28 AR 8 I AR Mol - AR FE Y
i o

EAF IR, fEHEHk4800m, FEIA™ —4F J5 SOk i MM A= 7 5 k25 v T LA A,
EAE S R Al A A L SR ZE R AN (R4, RIWIFEIFIR4800m L T HUR A1
AR 53 A1 25 52 B SR B JBCBUR D7, 4@ FEFE EARRE T BRSO AR /134K 4520-4690m
B A P, T8O U AR A IR X 0, 3E 20 0 T SRR 0
A AR A i JE PR AN ff

45 ING

PR AR R UHI M AR A7 230U DN RS s (1 3y =X, A B T BRATT SR L 1 T i
RARTRASATT 50T HARSTHMG I A AR . FRATTIORF SR B, AR AR 4h
HOR Mg AR A7 AR BRI A WEAT R AIC, Frb B (R AR A R AR A A = . AR K
28 [ 7K AN ST S8 R g v T (SRR IR (SSem) SR IAERR ARG AN R4k
LR A (R Bk n A AR A7 % 7 B . ARG R EAE ) (5200m) BRIk s A
(1A A7 20 o 5 TR B AN B Aol A7 B AR OROG R, Lh BAK I RE m 5EK 7E
BARHFR B2 A (48004950 m) , HUIR Mg (1) AE A7 N I 5 B K D A7 AE B35 1
FASG. AHIE, XM BRSNS M AEAN IR A2 b (4430-5200 m) FEASANHY
Io AT R K Dot HOBR 25 M1 A A7 56 T B3 R ok, BSR4
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(20074E) AEAFR PR EE AR TR S8, MM G 5244 (2008-20104E) N
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FELP W5 2 o L) 52 /A 0 A A S5 DR1 1 1) 55 g v 0 O ) LA Ay o) 38 1) 1 AR B
%, AR R, JRE. WA EAE, AR I T AR A PR T R AR
KRB (AR EIE, 1980; Schwartz etal., 2003) o A4 47EAE 3 A5 Ik
Fe AT A DG AL, AR T AT HLA S S0 SR EEA W g A T ) ST 5 e R it I
A SRS, U A AEAR R FR B 32 B AR R S A e . /K9 Ol
EETINE AT

T BERA A A S MR ) 5 a5 OGRS S AR R e e e, fE e
RIFEAFE AT, dbRiErhX, SmdeBaifil° , mABEES , 8ok BTt
122K, FPIHIGTBOK B AR RN K 25 S HIDY R s 10 = MIRK R ) & 32 i PO K
KEHFURI, T 5 3B =Y T (Chmielewski and Thomas, 2001; Piao et
al. 2011) , T FFAedfe ] AR KRR 7~ 4F b A 1 8) - (Fitter et al., 1995; Sparks et
al., 2000; Miller-rushing et al., 2007) . 5K, HAY %S BR % V) K. Jackson
(1966) F1Diekmann(1996)A& 8L, FH AT 0°CHUGE Al AT FE () 7716 H ¥, Zhang
BRI, WEBNARR S P R [R] B E ARG (Zhang etal., 2001) o VR HWTEA
TN, SR SRS Z 2 fEE (Murray etal., 1989; Morin
etel., 2009) , FEWMFEAERBZFr R IMHER (Zhang etal., 2007; Yuetal., 2010;
Piao et al., 2011) . FEFEm R, WHAMAAE (2011) K F"MODIS EVIHJHHE AN,
2001-20104F ek AL ey S e A 7 WIBEIE RO s HEIR . AT B ekl R el o 30
BEHR AR A E . Plao etal., (2011) FETFNDVIEE L ARDL, #L S S R
T ARG T B HEIR o 1 LGB R B Wk B AR I AR, AR AN ) 2 A
AFAEIX ARSI S T3 Z A RS

IK I3 T A5 S B A AT A/EH (Ji and Peters, 2003; Yuetal., 2003;
Penuelsa et al., 2004; Pennington and Collins, 2007) . Zhang“5 {578 B, AEPHHL
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DAEHAETITIRIR T B H S WA R A KY) & (Zhang et al., 2005) ; Yu
BRI, PN S A KR I B 7 5 M R A ) o A AR I (1 i A 2 (Yw et
al., 2003) ; Pangtey®5 &K IM, 13T ;43 M H L A 1Ly o ey 5 B — Lo 1Y
Wi R (Pangtey etal., 1990) .

VR AR FE AR /N (1 PRV TRl P 2 30T BB DA 7 CUmil e . Bk DR BRI S 45
B R AR P b SR, Ay AT AR A2 0 ik ko A 5 DT T K 0 B R A T BRAEL IR 3
(Morecroft and Woodward, 1990; Korner, 2007; Malhietal., 2010) . ¥4 KAl
BHEAE R X A A A2 AR5 (Nobel and Hartsock, 1986; Korner, 2003) ; 7
RHER X, LA RN TE H 3Z B1K 4 146 (Epstein et al., 1997) o & T5Edbm
JEND VI AR SCHIE TR I, R 1R 75 390 ) Bl 52 R il R A K 2 i 39 174 e 7K o 5
(Mt &4, 2006; JiFA4E, 2011; Shen et al, 2011) , FWIEEZER T FPT
SR, BRI IR ZI M A R e o % B8 B SRR MR AT T3 5E . H Al
TSN A2 Bl VR RH AT B 38 80 R AS [ 7K A A 2 15t g T RO R, i AR R A M A% R

HOIR fM & — M 2 AP A REACKREAD) , e ety 9 ) R0 vy S8 L JURE 9 1) A ol )
(R)ESE, 1985; 1987) , HETHTT AT BRF 7 EIH (Zeng et al., 2009) , 4
T REME MR 56 s HC A0S S, AR 25 L — 0 IR BE AR 43 4 o BRATIAE 5 =2 (AT
FUAM, IR AR o A L PRS2 4% DN 2 R A K A TG R BRI R 2
8 U, SRR KA 5 20 T e TR BRI T BN A A LA 3 e AR AT B %
T B e AR B, X Tt AL ARG, B (70 AN [F) AP A7 R AZ AR R AR E o« AEARIEAR, HU
SRFVEY) IR T IAEA R R I AR R ZE 5, AR AT RESZ IR AN 23 (R 3L R 5,
(E H ATt 2 AH SO S i 5

H200548 11, FAIAEST Rty (L B O ARG S (4430m-5300m) JT i T 4
R AR S SRV G R v 1L R M o RIS, BRATTRE— 2D 0T LU IR pi
M55 8 L TR P AR A A SR TR S )
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5.2 HHRFA %

5.2.1 BAR g S LS ERYMIRIN & H E X

FRODR L HURE T v 1 8 B KD UL g s P LB e FRATTE BN 44 20-25 A
HOR GBI S — AT RIR T, € ONIRF IR, 50% L EIFaiR w0 iR 7 s 401,
50%Hh B ARG BEBOEFIXIFEE, 1979) o Ll B 5 BAT TR H AR [R] 1)
geihrike

5.2.2 B iig IS L S EMIRME SRS RN R0

kB2 WA (4 T e T BERAES, RRL)E O AR 2 b BR A2 22523 e il (Kormer,
2003; Klimes and Dolezal, 20100 o FATIA, HEdk A b B IR LA ) A SR ) 4
A3 T 75 110 T 2 PR AL P A Ay ol A E A KR B B S 0 75 SR (R Rt B L, T I A AT
Wy el 17K 3 BB DR B KT i i Ak, AT AU AR A% I #Ee
PG ARG AT PGSR B, Pk 3w A A G A 70 A b B P B AR iR
BB HEAT VR SMTAS o I SR P 40k v 0 AR 3 % S v T F v Y AT 7 AR
(Sierra-Almeida et al., 2009) , PISEHRPM5 Y] 5 SEBrP iz 2 (X HLE SO “4E
BYE” ) ] AR R K AR A R, B IEB A R AL X —
e K S WA i TR A DR O R

Sierra-Almeida et al. (2009) Ay, BEAWHAT: &, i LA AR o AL U 22
PERE I, 3 BRI 391 BT 5 AR v T L i R i T R AR . A, R
13— LA M H AR S “ SEaB M ” RAER R A A, DA A A o LR
XF LR AT BERE I o

AT HEBRAE A B 5 AL R 0 A5 AR 43 S I ) R BE RS (Forrest et al.,
20100 , FAIT200745 HIFRE T B RBAH S0 (BRI A (1 S0 ek 3 36 —

) o
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53 IRER

5.3.1 R igF S L S EMIRHER S 7 R E R

FROPR UM R v L 3R T AR SR YT R4 BB BRI T e TR (15,1 < 2007
2009H120104F,  FIR fi AR IR IR T BEIAE AR OREONA 1S HOT IR, By s
J20H, ik ZEREFB0RL L, HEEHEA R 2 3.5K/100m. {HAE20084,
TR BRI SN, T BRI DR R A U AL T, R R 1K4.7K/100m.
A ECAIT T 5 e L 38 00 5 S A Ao B2 1) AR A R T T R A (200712009
FEHEIR K 0.9K/100m, 20081201044 1.7K/100m) , & BHHCIR £ IR 5 XS,
1A A4 PR ) B UK

FALIT, PASPDRIRL B R ) s R AT (IS o i, s kX
R M (R NG IR, ARG 10 15 H B3k T il s i i
HLTRN00m. 53R WA P AN, s SRl o Bk i AR A S B2 7E20084F,
Rl o U IR TR B O IR 492.9K/100m, 72007 2009120104, oA da BALE st
PRSI AR ZE I 30K, R AR B0 RE B i 4 143.5K/100m, B 5 HOR fitthig
FHLE, o Lt B B TS A A 11 o 1, B A%

HODR R IR T U0 SR RS 4 B i B EARIAE AR ARIRF AR (4400-4500m) Fl &y
R (5100-5200m) HiDX, 7E4700-4950m FFr ik 2 ANBH S, 1AL B3 1) 4 B i B 7E
HHFHRB AR (5.0 .

e L BN IR TR IR RSSO RN RS, JLRTF IR A
TSR AT B 22 S AT i RO SR A A, TAEARIF R AT IR 10 R B Lo 5 R AN ]
e L R PO AR bR AR TR, TR ZE 15K, 1f7E mifgdk ik 20 R BA L, ¢
JE20084F IR (5.1 .

HROPR s AR e L i 10 3R e S VA T e TR (1 o )8t AR 2R P (1815.2a) o
TR R W BRI bR 3R T BTG e L 7 R R T v ) AR R A P L
BRI AR 442 L BUEE T 25, HRODR s HbARE 10 3R 75 18 30T B e 4 114626m
BT 5o PSR 3R 75 B BE A AF R T s T B, AR BOIR R AR LG =
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Fig. 5.1 Phenophase of Androsace tapete (solid) and Kobresia pygmaea (open) along a south-facing slope
of Nyaingentanglha Mountains in 2007-2010. Cicles, triangles and anti-triangles represent the first leaf

unfolding, peak leaf unfolding, and senescence, respectively.
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Fig. 5.2 Patterns in peak

leaf unfolding dates of A. Tapete (circle) and K. Pygmaea (square) in response to

altitude (a) and mean annual temperature (b). The mean annual temperature was obtained by averaging the

observations from micro-meteorological observation data from 2007 to 2009. (a) K. Pygmaea, y = 36.253x” -

320.58x + 866.42 (R> = 0.98, P < 0.001); A. Tapete y = 73.746x - 682.27x + 1690.7 (R = 0.95, P = 0.004).

(b) K. Pygmaea, y = 0.4678x> - 4.6463x + 167.36 (R>=0.98, P < 0.001); A. Tapete y = 1.2002x> - 5.3698x +

62
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Androsace tapete Kobresia pygmaea
a b c d
S (a) (b) (c) (d)
2007
5100 { | 1 1 .
4950 A : . ll . .
4800 1 | 1] - .
4650 A : T : S .
4500 1 | 11 - .
| |

4350

5250 4 -
2008
5100 A | 11 1 .
4950 { | 1 1 1
4800 - I : : 1 1
4650 1 | 1 | 8 .
4500 - : ] : ] ]
4350 +—
2009
| 11 1 1
| 1| . |
| |
| 11 1 1
| 4 1 ] |
| || | ]
| I

5250
4350 ! T T T l! T T T T T T T T T T

5100 -
5250 +— |
| 2010

5100 - | 1] ! 1
4950 { | 1 4 1
4800 - : : I ] ]
4650 1 | 1] - .
4500 { | {1 J 1

| |

[}

4950 1
4350 T T T T T T T T T T T T T T

4800 -
4650 -
4500 A

0O 30 60 90 120 30 60 90 120 O 120 240 360 4800 150 300 450 600

Accumulated temperature (C )
E 53 BRSMENS LEERMIGHFERR> 0 CRIEMBKR ST
Fig. 5.3 Accumulated temperature of T;;>> 0 ‘C at the first leaf unfolding dates and at the peak leaf

unfolding dates of Androsace tapete and Kobresia pygmaea along a south-facing slope of Nyaingentanglha

Mountains in 2007-2010. Symbols are found in Fig. 5.1.
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Fig. 5.4 Altitudinal variations in observed dates and temperature-based predicting dates of the peak leaf
unfloding (a, d) for Androsace tapete and Kobresia pygmaea, in relation to the precipitation (b, e) and

absoulutely minimum air temperature (¢, f) during the delayed period (calculated as the difference of

observed dates and predicted dates) along a south-facing slope of Nyaingentanglha Mountains in 2007-2010.
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Fig. 5.5 The relationship between the delayed days of the peak leaf unfloding (calculated as the difference of

observed dates and temperature-based predicting dates) and the precipitaion during the delayed days across

(a) Androsace tapete and (b) Kobresia pygmaea.

F 5.1 R THUER TR RO R KA SR B R A S I P K 22 5, AN R

11 CREFR) M5 CNG TR AN PR RS A F A BTN SR (0 25 PR %2 5 (P<0.05)
Table 5.1 Differences in phenophases of Androsace tapete between treatments of NTC, TC, TA, and TG
across altitudes of 4800-5100 m. Different letters within a row and a column show significant differences in

phenophase between different treatment (lowercase) and between different years (captical) at a 0.05 level,

respectively
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Tranplant Dates of phenophase of Androsace tapete
Phenology ed treatment 2007 2008 2009 2010
altitude meanxsd meanxsd mean=xsd mean=xsd
4800 NTC 120.5+1.7%8 128.7+1.8% 114.7£2.1* 118.6+2.3*8
4800 TC 121.0+1.3%8 129.0+1.4% 115.0+1.5* 119.0+2.5*8
4950 TA 121.241.6*8 129.3+1.8% 115.2+1.9* 119.3+2.1*8
Leaf 4950 NTC 124.1+1.9°® 137.3£1.9°C 119.2+2.1°%4 126.6+3.2 8
unfolding 4950 TC 124.4+1.8"® 137.5+1.8"C 119.742.3 126.7+3.4"®
5100 TA 124.7+2.3 %8 137.8+1.6°¢ 119.6+£2.4°A 126.9+2.5%8
5100 NTC 135.3+2.7°8 146.7+£2.8° 125.942.9% 130.5+3.0 B
5100 TC 135.542.7°8 146.9+2.8 ¢ 126.242.9* 130.8+3.0B
4800 NTC 287.2+1.5% 288.0+1.4"°C 289.2+1.5 289.5+1.6
4800 TC 287.0+1.4* 287.2+1.5% 289.3+1.3°A 289.6+1.2 A
4950 TA 287.7+1.5* 287.8+1.8% 289.8+1.7 288.7+1.24
Leaf 4950 NTC 281.3+1.5% 281.0+1.6%4 282.0+1.3°% 283.0+1.3 %
senescence 4950 TC 281.0+1.5% 280.6+1.4% 281.9+1.3 % 282.1+1.2 %
5100 TA 280.7+1.8%4 280.2+1.8% 281.5+1.8 % 282.3+1.8 %
5100 NTC 2753413 276.3+1.3*% 275.441.3* 276.4+1.3 *
5100 TC 275.0+1.7* 276.0+1.7* 275.0£1.7* 276.0+1.7*
4800 NTC 167.3+2.5°8 159.3+2.6 174.5+2.8°C 170.943.1 B¢
4800 TC 167.0+2.7 8 158.242.9 174.3+3.0¢ 170.6+3.2 °BC
4950 TA 167.442.7°8 158.4+2.9* 174.1+3.0¢ 169.7+3.2 °BC
Growing
4950 NTC 157.242.3 %8 127.6+3.5% 162.8+3.8°¢ 156.443.9 °BC
season
4950 TC 156.6+2.3 %8 127.3+3.5% 162.3+3.8°¢ 155.443.9 °BC
length
5100 TA 156.0+2.3 8 126.6+£3.5%* 161.9+3.8°¢ 155.3+3.9 %8¢
5100 NTC 140.743.2°B 121.643.1* 149.543.5% 145.94+4.0 *B¢
5100 TC 139.7+3.2°%8 121.3+£3.1* 149.1£3.5°¢ 145.4+4.0 8¢
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Fig. 5.6 The relationship between (a) growing season length (GSL) of Androsace tapete and accumulated
air temperature > 0°C, (b) GSL of Androsace tapete and Days with air temperature > 0°C, (¢) GSL of
Kobresia pygmaea and accumulated air temperature >0 ‘C, (d) GSL of Kobresia pygmaea and Days with

air temperature > 0°C.
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Fig. 5.7 Changes in growing season lengths of Androsace tapete (a-b) and Kobresia pygmaea (c-d) calculated

from the accumulated air temperature >0 ‘C and the precipitaion in March to May (a, ¢), as well as from the

days with air temperature >0 ‘C and the precipitaion in March to May (b, d), which were compared to the

NDVI data (e) during 1980-2006.
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