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Flowering phenology and growth of typical shrub grass plants in response to simulated
warmer and drier climate in early succession Taiga forestsin the Da Hinggan Ling of north-
east China
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Abstract

Aims We studied flowering phenology and growth of four typical shrub grass plants (Carex diandra, Ribes
procumbens, Ledum palustre, Saussurea neoserrata) with different life histories in the Da Hinggan Ling of north-
east China to explore changes of flowering phenology and growth of early succession Taiga forests and to learn
about the post-fire succession of the Taigaforestsin warmer and drier climate.

Methods Open-top chambers (OTCs) and artificial drainage ditches were used to simulate the warmer and drier
climate in the field. After two years of experimental warming and drainage, we recorded the flowering phenology
and growth indices of four typical shrub grass plants. Flowering phenology included the first flowering date, peak
flowering date, last flowering date, flowering duration and maximum flowering number. The growth indices of
plants included height, coverage, frequency and above-ground biomass.

Important findings Our results revealed that: 1) Under experimental warming and drainage treatment, the first
flowering dates for Carex diandra and Ribes procumbens were advanced due to early elimination of the tempera-
ture limit, which for Saussurea neoserrata were delayed by the water stress. Moreover, the Ledum palustre had
longer flowering duration and more followers under the experimental warming and drainage because of the
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adverse shift in flowering phenology of the earlier flowering plant and the later flowering plant. 2) The Carex
diandra, Saussurea neoserrata and Ledum palustre had higher coverage and frequency under experimental
warming and drainage, especialy in Ledum palustre, while the coverage and frequency of Ribes procumbens were
declined. 3) There was no significant interaction effect between the warming and drainage on plant flowering
phenology, but the responses of plant growth characteristics to warming were affected by drainage. These results
indicated that species respond differently to warmer and drier climate due to different flower functional groups
they belong to. The first flowering date of the early flowering plants had been progressed, and that of the late
flowering plants was delayed. On the one hand, these changes can change niches in the community and inter-
specific competition and further alter the composition and structure of the community. On the other hand, these
changes could be away for the community to regulate community phenology to adapt climate change.

Key words reproductive phenology; restoration; simulated warming; soil moisture decreasing; fire scar
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SARAR R C N A sk, HAE @A R+
X Z It (IPCC, 2013) . 1 9 25 vk X
B R A AR INAR, F AR A B R AR T AR
35%, H bR B AR A S R G A HLEK
it B 1/3, fE4BRE V- rhoie 21 H 2 FH(Kim &
Tanaka, 2003). IT304EK, IR IEL PG 268 T
AFRCFIKCE ISR, [FERERE G R Ko
SAF AR K PG 5 55 AR 1) AR AR A FR (Yu
et al., 2008; Brown et al., 2015; Abbott et al., 2016).
AR E R I BRI AR A AL S Rt &, S
e RO, S LR = A A i 2 AR AT 58 N AR 2
AU SR PR £ A

g B 7T AR 2 FR G N AR A LA ) B
AR, HONASEAR A B RGE, B RR O AR AR A
“¥e4l” (Walther et al., 2002; Badeck et al., 2004;
Gugger et al., 2015). ¥fE 5HEH T2 A< R E
A EENAESE SN E L. SRS LY,
SR AR Y IR AT, DR IR,
A= K ZE I} [E] 48 K (Badeck et al., 2004; Pefiuelas et al.,
2009; Wang et al., 2014b; Meng et al., 2016). {H X1
U 5 R D AR e R 2R A (I T AR A HE — 2
1451 (Amano et al., 2010; Wolkov ich et al., 2012;
Dorji et al., 2013; Wang et al., 2014a). iZZ5 i A —
HEZERFETLLTRIN M E%, AR EE
WA ot S8 R P e S (AR A T T B BB ) £ AE 2 S
(Cleland et al., 2007, 2012; Sherry et al., 2007; Li
etal., 2016; Meng et al., 2017); Hix, HREIHEE L
A7 #8 G A0 (R R, ST A i ot 384 ik 1 e )82 7] g
2 ) HAh JLAR K F 1 T3t (Jorgenson et al., 2001);
TN, MK E RN ESEE R, RIKRER
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Bt Ja W B B B AR — € B BR il /E F (Post
et al., 2008), iHid W 7T AN K E B BOR ik EHEHY)
X0} A AR 1A W) )2 A8 = P 12 (Post et al., 2008;
Wolkovich et al., 2012). Ak, H TN R 2 K%
SR A5 7 1 oK s i ST R 2038 o HE, X
R 3 ) F At 3R AR R (i 3K 7y PR AR ) R
FEIMGE (R 2R I ARAS B 78 23 BRGR, ESRARR
T BT A A 1) FO0M A7 AE 5 22 AN 5 1% (Forrest: &
Miller-Rushing, 2010).
TEPHEAA SIEL R AG 5C, T HAR KR
TR AR KRG AR VSR DL RO R )
3K (Ackerly, 2003; 3555, 2014). EAMEYBEEIT
FEV AL T 22 I HE SR ) BT S ™ (overtopping
strategy)(Kochmer & Handel, 1986), B 4 {% )
TEADAE T BEIARLA) v 2 o HL 2 I 5 A% AT
M E S, 7 FH T BB s e i 7= A ) B ) A%
W BERTEUAL Ry & e 4, R ARH A I eV iR 2 HE
Ve FESC A A5 o [RINF, BIFFC ORI, HE A ITAE M5
X PRI ARAL e S (7 7] S R BEE ) 2 DR T A6 D RE A (7
16~ LRI AE R )27 1 5 (Ackerly, 2003; Sherry
et al., 2007; Meng et al., 2016, 2017), X Ff 72 547 K
(A6 S 6 s # H 5 BORE VR AR S R AR A, PEAK/ 4G
IOAE V& oAb A2, 38 5930 55 ) e A 1) 0 B o 12 B¢
VSR FE 5, AT AT B X A 8] 55 5 7= ARV AE 2 I, 5
R Ve RO AR, R AR A R A AR TR S R T
(Ackerly, 2003; Cleland et al., 2007; Sherry et al.,
2007; Li etal., 2016). [k, shEMEVE S, 7L
I AR A R T D REREAE TR AL JG I 75, M
T U8 45 3 V& W05 0 i B2 A2 40 B i )32 (Meng - et al.,
2017). Bk, WMeon AR A BURAE S T )
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B TSR AR B (G A5 KRR ZR AR i 5 i i —
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AT B H I B (Yu et al., 2008; Abbott et al.,
2016). [, Klpaiith i A A 5 iR LR Ak [r)
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A AKX B A 3 A P i 7 75 A7 TR ) 22 5 2
(3)HE K Ak B 2 75 52 ) A e 5 0 A0 5 A R A
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W FURERIAL T2 K By, 20164F I R A A K
Aidyfe AR AR RS O HRKE8E, KREMBE
W . WS Y I BEAHE: B K I E R e
(Betula fruticosa) FlliL ZRfd A (Alnus hirsuta), 13575
FE4r A7 £ 0.1) mAl(2.2 £ 0.1) m, “FIFE5
5l 21%F155%, AR T35 BE <60 emit) £ 2 i A
7 (Ledum palustre) . # & J& (Carex) . T 5 J&
(Calamagrostis) & X\ E % J& (Saussurea) 18 4 21 5% 1)
WERL )R, LA 8 & T ER 4 BV Hb T e gk B¢
(Sphagnum)Z% .
1.2 R

DL R R FH I vk S ) Pl SR FH B e 2 =3
W77k, BIFFT IR B (OTCs). N 1 X AE I P
RPEAT L LF 3G IR AL, A 78K FH 1 OTCsimy B
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AL BB I 248 HEKIE (35%) S B, HEZKVA TR AN 58
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PR/ X 43l AT 152 B 4 i A AN 3 R A 7 %584,
FEJ7K/NB0 em x 50 cm, B ES3-5 m, BRI 4
FPALEE (IR +HEK, WD; 35, Wi HEK, Dy I,
CK), 3277 . RIRtEtHEEHE, T mET
201456 H W1 5E B
1.3 fHidar

MEHEFET7 P FR UG 1 BA RIS (8] 73 A7, IEFEAN A
TFIEThBERE (Sherry et al., 2007) (4R RMEAE A
FEAT G, BP A 5 HE 22 5 (Carex diandra)
K & 25 1 (Ribes procumbens), #47¢ #1511 4
5H25H (i H (145 + 2)K)H5H 30H (fiiz i H (150
+ 1)R); WAL, e T35 86 27 H (%
W& (178 + 1)K); MEAEAEY) A X 2 (Saussurea
neoserrata), ZG4EI°F4198H 2H (fhg H (214 + 4)
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SRR R, ZEHARARHEK X 4555 B BEAL
I —AOTCs, 7EH W AT & HHE K 4L 28 EM5B0
(Decagon Devices, Pullman, USA), W82 <R . i
JEE R O I i 5 9 S A (BE S LRI 21 m) o BN
77 A B 3R FE (5 om) Al 344 R /K E:(0-10 cm)
HH 8 4 7 (X 2¢ MST3000+ (STEP Systems GmbH,
Essen, Germany)ll &, 5405 Wil 7] 25 2547

AT 5T SR FH [ 5 4 77, S H 084S 40 FF A
% . 201645 H £9H, BILESHL ST W, BiE
W E AR AL TS TR DRI B AL B, T
REREI A S AR . LEBFAMILIIAE], J3 A5
H AR AL T 5 P05 o B B A 1 3= A0 H (DA%
FELHIHAZE R, K H N ER H), id
SEARELILE — IR, FFACSE AR In 20 18 20K . AH
T2 R P T A6 P A5 AL (1) FFAE T8 191 (AR 16 391),
R ic s B 5 — AR AL (R BRRAE A AE AT E I 52
Ak TF, RELRAEYACZ AT W) H . ()T AEIgAE
1, RNESR B R SoR H . (Q)FFIE4s A i,
R C % B b5 e — 2 AR PR 6 H 3. (4) FFFE RS2 i),
RITT A6 45 SRR -5 TF AR 4n JA ) (R R 8] o (B) e KT
ek, B IEE B T ic B e SR

E8H bA), BEVEH EaR ) e s )ik BGH
i, A E AR RO R B R AR (AN 4
N25ANINEG, B AR H LA /N B BT B
TEVMENIN S RS, KPR ST BT, 7 Fhlicse
I M1 e A S [kt PR B I o 7 2N
R aRAs, iRl s E, A He5 CHET48 h
ZEA R, REWE, ILRAE,
15 HEESh

T 56l It Excel 8 B R JE V0 . ARG TE
SPSS 19.04 FI )™ X 2t IR A B (GLME) A 3 5
PO IR AN HE /K K HAZ FAE F A2 50 & g F A K48
PRPe AR R RO o A58 DA A R A K S A e

AR, MRS HE K AL N[ E RN, FE T BITTE
AN BENLROR . e, 7 2L B 3R R 1 45 SR A
Origin 9.071 52 JlAE

2 4

21 HEERMHKCERIMNEEFETK

AW, OTCsWH P 2 il B2 B A B B (1) 3
AR, (52 REAAHK S AHK X 3 A 430
407 0.99810.74 C, X} 3% (p < 0.05) 1135
FrKE(p < 0.05)¥4 W3 IR (R 1) . HEZKX 1%
W R s R, RN HIRIRE R E S
(p < 001), :HEKpBEREK(p < 0.01), EKFF
BIKALREARERD) . R, HERK 5 REAR T oK
LR (p < 0.01; #1).

2.2 1EYFFEMESHE R A HEZK AL IR A 0 B

X R A HEEE 5, T AECKHIDRETT N
A B (B4 2 B E AL, DR oy TR e M i sk R
(KILA) . T ZEWARTWD AR T W0 38 7[5 HE 22 T 48,
Ut BRG] RS LT AE . T R AE R /K
BABE T, IR AN HE K A EL S R BN T AERT A 1
S R W AE BRI AN [FIRE BE SR A, (EAE I RF 2 1
WA RET(EILB). BARIMS, W. DRIWDALHE
N KR 5 BT ARG B LG CK A Sl B T T 1
K ORMBK; FFACUEAEIALLCK A AR RT T 7R 7
RAQR; FFAELE A WIELCK 2> B AT T 5K 5KA16
R(E).

XFT A AERE AL B, REAUIG IR A HE K AL A
FEACHIUE A S VA B AT, e R IE 5, R
NFFAE R LI A SE K (B AC), [RIRS A i 38 n (P
2). EUKIME, W. DAIWDALFE R k-2 K646
WIELCK A3 B3R AT T 9K . 8RAI0K,; FAEUE(H L
CKA HIFEHT 75K 2RMOK; FFIELE R ELCK 4
TREJG 2R LRAI2K; FFAEFRSE ] H CK 43 ) 4E

L B IR AR K LB A 2 I TR IR T (5 (T B 5T [ bR iR 22)
Tablel Simulative warming and drainage effects on the most important environmental factors (mean or mean + SE)

X} Control

H4IE Warming

Hi7K Drainage  3iE+HEZK Warming + Drainage

R URE Air temperature (C) 7.62 8.36 7.69 8.68
3R Soil temperatureat 5 cm ('C) WP 537+0.14 538+ 0.14 5.97+0.04 591+ 0.13
4337k 4> Soil moisture at 0-10 cm (%)™ ° 4552 +231 38.16+ 6.82 25.36+ 2.47 19.52+ 1.05
HRORBMLIEEE Maximun thaw depth (cm)® 624+12 65.1+1.2 575+18 552+ 1.6
KRR AL Mean water table (cm) -20.0 ND -26.3 ND
WAHID/ FIAREAE G B (Ep < 0.05RIHE K AL FEAEp < 0.0L/K P _Ext ks A &35 0, ND, ARYM.

W and D indicate significant effects on the corresponding indicator at p < 0.05 level (warming) and p < 0.01 level (drainage); ND, not detected.
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Fig. 1 Simulated warming and drainage effects on the flowering phenology of the typical shrub-grass species (mean = SE). CK,

control; W, warming; D, drainage; WD, warming + drainage.
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Fig. 2 Simulated warming and drainage effects on maximum
flowering number of typical shrub grass species (mean = SE).
Different small letters in the same species indicated significant
difference among different treatments (p < 0.05). CK, control;
W, warming; D, drainage; WD, warming + drainage.
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K WLRAITR; M ERRSE ] L CK 23 A 467 19
Ky 1ITRAILK(ED).

B FhruE 2250k, GLME R I6 354y B2,
RIHEK b B AT AT [ #E 2E B T fE 25 R R 2T (p <

0.01) S 14 i {8145 A 2 AR Ve A 1A Y2 25 2 7T (p < 0.05;
BESEL, PEL) . BREAULE R R HE K A BE S P T A 5
A EERTE A R R (S ) B
2.3 TEYE KGR FHEK QIR A0 2

TR A AKX 1 IR AT 587K o B LA 0 g g
B, BN R AN o IR AN HE K AR B fS
[ BE B, Ak A I XU 35 1) s P R A0 35 S 1
IS (E3). GLMESE £ W], Rl 5 i 2 1
T0T A I v R RN 55 R (SR, E13), (HHEK Ak 3
S M RO RO A i P AURE DA B [5R f BE EE
HIFEF, R AR TN (M1 EI3). IR ANHEK
WL, FHERR R, KAE AR T AU X
EHH AR O B SR () B3).
3 g
31 EMFIEMEIHRIURE T SARATE KL

AN [F R B AN () B, X 2R
SHHEACE R PO IS S IR BE ) 4 S, R A A AR
Foft (8] 5% 4 I 4 7 4 V& 7K SF P P S A7 1) B AL o
(Dudgeon et al., 1999; Cleland et al., 2006) . AT 5T &
B, AR ATl () FF AR A 08 <A A8 A4 (3 U % L 438
K G B ARR) B4 o 187 19,2 B0t B Sk p v ) 22 e, G
RIAEAFIFF AL DI REREA] o 1X 5 Sherry%%(2007) Al
Meng% (2016, 2017) AT 78 45 SR — B 0 T FAEAEA),
A IG IR S HE K AL B S I AERI a6 1 WA H AN 25
WA MR R IE I e TR AT 19
B 7 BN 96 AIE (Sherry et al., 2007; REq T4,
2009; CaraDonnaet al., 2014), ‘& & AE Y N YEEL
()45 5 (Anderson et al., 2012) . H Y46 4E 5245 T H
AR S AN R (R 254, 2009; Wang et al., 20144),
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Fig. 3 Simulated warming and drainage effects on coverage (A), height (B), frequency (C) and above-ground biomass (D) of the
shrub-grass typical species (mean + SE). Different small letters in the same species indicated significant difference among different
treatments (p < 0.05). CK, control; W, warming; D, drainage; WD, warming + drainage.

8 Ao LU P AR B A A B SR T R AT A s A
Wi, [FI}, Schemske5(1978)iA N, BRI NIE A AR bki
R R B FTIR R A KR R A i 3l A= PR A
PEFH, W5 RO R B (0 v B L PR R 3%, 38
X UL R 1) 1 A Bt T BB AR A A A U AR SRS 1T
WA, FE5Z R L5 BRI (P X ek, SRRk m]
REiE I I F =R AR, T AR AR
13 (Dorji et al., 2013) . AHFFLH, BT L4 RN
WAH R HB B /T, A AT K R R A
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B T3 30 (R A U AR ) L e AR R S Ak
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(I ICTERL 2, T X} RS A6 K A T A 0 00 (1 3 3 e 2k
BZ RN E TR S, SR
TECREIAT HA IR AFAEE S, SYF T eEH
BT BRI, X RN E RN R, RO
G H AL L AR A0 S A AR Ak [ e S AS BE R b
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ARV A . DRI, ASHE S T B A A
VI I B 5 X SAE AR I B . 55 Sherry %6 (2007)
T 45 A, AW 45 R, 1R & HEK %
ER, MR B4 RIRE L S, fE340
FEH . X AREE BT E D L e R, A
PG R ALY SZARIR PR 1, 3R f ] e 5 3
PR, AL TFAEYIUR AL f5 o EARTT SR, [%
Y 3G K AR A6 AN 45 A5 0 2. 2 5 ) (Sherry et
al., 2007), {H 23 [yt i sz e - kAR 1 B [
MR = R (HEL, 2014). AHF7EH, Rl e A
HKAE T, S REHTERERFEWN R, LK
I 708 Ja ENAE I, 1 B R A HE K b B 55
) S K E FRAR(R D), ATREMERE = I IE Ak X
BH IR BRI HER L . % & — RVIE
R REBINZAT L F A, SR B
LT A K P 35 L1 B 2 (Post et al., 2008). B AERIY) 1)
Vi B 5 T K 8 97 AR I ) R AE S B B ] Al 3
TEHAIE G o [, B ANHE K A G650 T ek
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VirE B4 B P AE R i [, 3 ] RS HL gL AR 5
Sk IE B A ik £ e 1 (Sherry et al., 2007).
TV IR ES . B RN AR N 1454
PRI 45 5 (Sherry et al., 2007; Menzel et al., 2011),
FO ARG OB, R HL T AR D e R 17 7 (Sherry
et al., 2007; Meng et al., 2016, 2017). % [ Il 4 I8,
AR, RAETE YA AL AT, MAE Y 2
JG o XML 1) S T7 1) AR AY S B I AR A AL AR
1k, AT LLBE I AN 5] Dl e R O B R A R A
(Ackerly, 2003; Cleland et al., 2007; Sherry et al.,
2007), v RN HIEEPE LT 2 AL B . AT
o, HACTEYIAL A T AC A ) 2 S AT, BLAE
BB, FFRE R nES, XFF TR
Mo FEVEF A FIFAE D REREAE A SR
IO 72 S SR A T B I B AR g A Ak, T B B VA & L
S ARARAL I E iR E(Meng et al., 2016, 2017). 3k
WE, ANFTFACTH REFER YN S A5 AR A 8L ) 22 5
AT RE AR AR B VR 45 A ARt 1 AR A8 AT [A]
B, AT R e o ) 5 4 72 ARV FE R, 51 R BEVE
YRR, R AR 7S R R AL 7 A VR O R 1 (Ackerly,

2003; Cleland et al., 2007; Sherry et al., 2007; Li et al.,

2016).
32 EWEKFFESRIARE T 0 SR AT KL
FEL) A A A A 2 T 8 i 7 = AR A ) S — R
1% (Pefiuelas et al., 2007). AHF 7T & PR YA Kt
UL R A HE K A B A BUR I R, HLAS [
V) Wi ]9 7 AT 22 37 o 338 R HE 7K A 3 i ] 28
Tl AT I IR 46 D 6 P R AT T S5 8 o 11 s
L A A Y v RN 5 P AE IR S R N (3 b
1) o (BN F /KM & AT, R K AR B 5
FE SR FEARE S5 5T B (EI3) . AN [EIAFP i AR
A Mg AR o . L AR AR R FOG PR B i
N 5% (Pefiuelas et al., 2007). /KA 2R T 24
KT MT B AL T 72 55, R 7K 53 B2 SR A i 1) &
FIAED . DRI, AU U5 F0HE /K AR B 5 387K 43 1
BEAR G KB A 2R B A K P AR B . A,
[RIBEZE L A R0 PR 5 U R B0 R R 4D 38 i
FHEZK AL PR AR BRI N o FR AR 3R 5 461 e
WA ST 1 77, 3R S HE /K b B 5 7K 6 46 4% B
T SPERFHERIUA T RESs o whAHE 7t i
(1) AR AR P P b SR A, ¥ 25 ) 3 2 0 AR B 9
XA IR 10 SR A4k, 5 TT g 23 ik 40 [a] X

ARG AR ), SCRRRA SRS R, AT 2 B
% 4H RN 45 F4y (Pefiuel as et al., 2002).
3.3 HIKAEXEFEDIEFE KT

T AT LB 2 1) A ) O A S A U TR s T,
W N R GG LE Y B (Ausin et al., 2005
Forrest & Miller-Rushing, 2010). £ A 22 5 )i )
BG4, IREEFTE R A B K (Wolkovich et al.,
2012). {H &, AHF 7 HEK AL EE (D) ST AP
140 52 ) % T R 55 A UL U (W) AR BL I 5 SR, 1t B HE
KBRS AE— B R LR A% . TR
B, L 3EIK o PR R ) T AR5 A B 2R 15
(Gaen et al., 1999; Pefiuelas & Fildla, 2001; Wang et
al., 2014b). T 7 — 2> i i 4 40 A A6 A K ek D R
FFAETT G NI 7K 53 1% 2k &2 (Pefiudlas & Filella, 2001).
[F B, A K 23 AR50 AT LAk 2% A 2F A 4 s i) i 72
(Galen et al., 1999), {H L 743 Hi AH & 1 45
(Wang et al., 2014b). LAk, ARWFFEH, HK S
15 IR EIR A A BT, XA R AR &
Wi A 20 (Sullivan & Welker, 2005; Steinaker et
al., 2010). AR, HREMR R S5H FYEIREE
BT B[R] 25 P (Brouwer, 1983), 138 /K 7 BEARNIA
A BRI IR R Hh R R o A 5T T,
ABEFOL I AN HE 7K AL 355 A ) T AR R 52 e R R
I R B A BN, W] 3K O BRI A 25
i L 40 A o A A DS Tk R e I o 122485 SR 5 AR
FURE LI e 1) L3 K 70 0%, E32 7K 73 BRI AR 3
RGMATRE A F MR, XA —PHRE.

KoV AR A A i ) 1) LR, GHAE
WK A B E . EAT R, REK
Iy TSR, AU K S PR (R R R AL H AU
HREHAEKGEE. B P
HEAEF, X 7K % 4% BE 7= A — @ A sIE A, R
BIRIEREIKF. SR, B, IR o PRAK B3 5
Wi U 8 5 o A v B L A DA B [ 2 A )
TER (351, BI3). 145 SR U0 0, AR IR X AL 2 Fl
[58  22 R A K RE 3E1 FH AT RS2 1) - 38K 40 BRI
PR o
34 FEHBRTFUSEZRETHEEEE M

KT, FEEERZ RSB, HED
B H VR S AR <50 cmiEERZ)1(46.0 +
4.2)%. {EXGIR AN LK AR KT, BT
HHACAEDI AL B AL A B 2 5 32 mT, HAEW 2
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Kilas, JHEE R NESY .. ERMEHESHT
A FAEI 5 H ALK s s Sh I AN — B mT RETE R
%, BN AL BRI . S AT AT
AT AE BRI T DO e Y, R R 2 ke ks, AT
FEAFRIEA . [RI, AEYARIT A 50 A B 224k
(Rymi N 5 H AR MR B AR . AT TR, Y
MR, WRIERTE 2 M, 124w A
g EAEBORIR R, k2, HYBIRFIE(EDE. H
XL AR ) AR B (Hulme, 2011). 5t
B, AT A DU R A A A R R
0, BARMAYRRA BERN, By EEER
R AIE AR e B R 5 2 2 2 B v (P o IBI8). 45 L,
VIR R IR 26 AF N, AL A T DO R BT e
AN AR, (AR RN, 1 EREVE PR
S H AT S I

AR P 22 (2010) I WF 7T, A5 KD I ZE AR
MK E LR, AR L AR
b, BEFE I E] PO HERS, BEA R AR O B AN A [h]
fIsEgeR Has g, BEE T ARZWEZETIRE, #
AR JEA FH G PR AN 22 18] 14 1 79 U BT, i SOk
B ERE AR REAT IR, AR ER BRI
b, AL REAT L B 25 B e (AR, AR
S PXFERLRE, B B A RS, AR Y
PR T B, AL s i S o035 AUk,
KGR R A g LR, & — MU I
FWIRALYFY, && SR ESMAMSRE(ES
5, 2004; FMIIAE, 2010). FOIRE, RGN L

HEK 7y FEARAR AL L i i 7 B R S L 3

H 7 5B A A AR, A A R 2 0 I 34 A B
DB, X 5 ZR AR K G PR R R 2 ) B B AR
W —F(F L m%, 2004; M2, 2011). Ak, F
ATAT DAFE — e FEE AR, 0 P 184 3 R0 H 358 7K 43
B8 AT T 6 i 25 ) T 2 I 2 11 K T
2o BT E A BT & E A B N2 A R TR AR
SE R R, RENTR AR I T BOIE R I 1 A S5
(FNBH2, 2010). [RI, 336 36 AN+ 398K 40 FRAR AT BE
A R T Z IR & AR SR EE, IR Ak ik &2
T

4 ZEPFRE

RARBR T AR SR T ek, B
AR YT IE S RERE I 57 AR T IF
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A P R A R 5 5k SR T A€ SR AT, MederE el T
TR Koy IR, TEI 2 E R ass, FACEYAER
TERAYIITAEG ¥ 5 07 TR AR A R] BN R AEAE e {1t
BRI ASA B, I e m T8, 1E
WERAT H 2 e K. T U R EITE
Wk e vl BE RN AR SO E TR S5 A AR AL SR
LAV, T AT BE X b 8] 38 7 AV AE S, 5]
FREVE AR, WA SR R E e . [
I, FEVEIE LA R T BEREAE YR AR AL
ILANTR], T R T B AR AL AR, W] e R TR I
W ARARAG Y ELR AT T AR o0 U321
I SEATE TE A SURARAL R MBI TR BT ). A
FSE ORI T AR AR A ) 1 A K S T AR A
FRETCVE R BRI N (B — EREE L,
FRATTRT A= AR 9 (00 2 A A A 7T RE v 5
PIHIZRINAMRE SR (K e B AR, (2R AR
W TR A oh, AR FRIXIEOK 782, 3K B
AL SN 1 350 73 P b A A SR g 2, oK R
FEYITFAE VG SE R RMa B (ELAE 327K 70 BR A 9 42
SRGUH, TR PR B S ) 5 x5
F g JS2ATS 2 5 22 B ) 2 ) L

BUst Rt BAE R R A S AT i
AR REFHARR. SRR ® &AL
N AR AT L A SR T T 8.
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MIRl | ERMIR AR G2 R
Supplement | Results of GLME model

Y - ' ' R < HoK
. fi= ! :
Species n Wik Warming Hiok Drainage Warming x Drainage
E3 wENE EX4 BEME E3 wE
Coefficient Significance Coefficient  Significance Coefficient Significance

[ 5 ¥ Height 13 4.073 0.085 13.212 0.082 —12.960 0.007

Carexdiandra _,
F#J¥ Coverage 13 —27.000 0.108 -11.583 0.725 0.833 0.974
iR Frequency 13 -14.015 0.385 -18.246 0.671 —-30.882 0.268
A 13 —2.692 0.362 -1.731 0.774 -0.322 0.934
Above-ground biomass
FEAEVIEEH Firgt flowering date 7 - - 8.000 0.210 - -
FRAESE R Last flowering date 7 - - 10.250 0.009 - -
FFIEIEME A Flowering pesk date 7 - - 11.167 0.076 - -
FFAeFrE:} 1A Flowering duration 7 - - 2.250 0.727 - -
S NCIY IR 6 7 - - —13.167 0.496 - -
Maximum flowering number

KHEHRET % Heght 16 2.070 0.512 —2.947 0.550 3.880 0.352

Ribes procum-

bens procu T /¥ Coverage 16 -5.000 0.741 -17.333 0.468 34.000 0.105
M Frequency 16 -5.200 0.785 -13.867 0.641 26.533 0.298
YR 16 -6.507 0.263 -8.738 0.299 10.792 0.138
Above-ground biomass
FFIEHIEEIA First flowering date 15 1.727 0.449 1.382 0.799 —2.524 0.604
FFAE4EH I Last flowering date 15 3.788 0.097 3.164 0.542 3.595 0.434
FFIEUEE ] Flowering pesk date 15 5576 0.104 4.327 0.581 4571 0.512
FFAE #2018 Flowering duration 15 2.061 0.418 1.782 0.768 6.119 0.247
BRI 15 1.424 0.813 3.073 0.832 14.548 0.252
Maximum flowering number

& = Height 29 6.000 0.040 1.223 0.870 -10.108 0.024

Ledumpalustre .
#J¥ Coverage 29 19.250 0.025 -11.590 0.541 —21.502 0.089
iR Frequency 29 3.500 0.591 -3.088 0.832 —23.450 0.023
A 29 12.999 0.249 -20.981 0.579 5.287 0.824
Above-ground biomass
TFEHIEEH) First flowering date 16 4.088 0.177 3514 0.642 6.933 0.241
FFAE45 R Last flowering date 16 -1.546 0.642 -0.139 0.987 -0.039 0.996
FFAEWE(E ] Flowering peak date 16 6.097 0.043 3.042 0.671 -3.051 0.457
FFAE R} A Flowering duration 16 -5.634 0.243 -3.653 0.763 —-7.315 0.470
BRI S 16 0.838 0.982 —24.736 0.796 —52.318 0.493
Maximum flowering number

Wt R ER I Height 1 -9.412 0.614 -12.858 0.759 5.733 0.828

Saussurea

neoserrata T /% Coverage 11 -1.914 0.671 -1.052 0.918 -1.315 0.837
i Frequency 1 4,000 0.757 4.667 0.866 —18.667 0.336
Hi AR 1 -3.670 0.186 -3.098 0.438 3.361 0.326
Above-ground biomass
FFIEHIEEIA First flowering date 8 3.464 0.623 —-17.036 0.289 —15.500 0.311
FFIE4EH A Last flowering date 8 3.143 0.447 —-9.857 0.287 —1.000 0.916
FFIEIEAE I Flowering pesk date 8 3.714 0.448 —12.284 0.265 —12.201 0.235
FFAE #2058 Flowering duration 8 -0.321 0.943 7.179 0.477 14.500 0.105
BRI EE 8 -3.929 0.344 —2.929 0.734 3.000 0.746
Maximum flowering number
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