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Abstract; Water availability is not generally considered the most limiting resource at high elevations, especially at
timberline area due to the higher soil water content and more abundant precipitation, which may result in no difference in
leaf 8°°C among plants. Variations in leaf 8°C in conifer, evergreen and deciduous shrubs and forbs were studied at the
timberline in Sergyemla mountain, on the south-eastern edge of the Tibetan Plateau. We aimed at investigating the water
use strategy at both plant species and life-form (tree, shrub or forb) levels to determine if life form could be used to group

plants with similar physiological characteristics, e. g. the balance between CO, and water fluxes under extremely
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environmental conditions. The results suggested that the 3" C values of 31 species belonging to 18 families and 28 genera
ranged from - 30.24%0 to —25.39%c, with a mean of —27.68%o¢, showing that all species perform photosynthesis through
the C, pathway. At the species level, no significant differences in 8" C values were found in evergreen shrubs
( Rhododendron wardii, R. pingianum) or deciduous shrubs ( Sorbus rehderiana, Salix oritrepha and Ribes glaciale) (P >
0.05). However, life form-specific difference in 8" C values was highly significant (P < 0.001), with the sequence of
evergreen trees ( — 27. 27%c) > evergreen shrubs ( — 27. 56%¢) > deciduous shrubs ( - 27. 93%¢) and forbs
( =27.91%¢) . The results indicated that although soil water availability is high at the timberline, significant differences in
isotope fractionation occur in individuals, suggesting different water use efficiency (WUE). There is no difference in " C
in plants with the same life forms but a significant difference between different life forms, suggesting that the variation of
WUE is dependent on life form. The §"C values of different life forms could be an integrated indicator of changes in water
use strategy among functional groups at the timberline.

Key Words: alpine timberline; life form; functional group; WUE; 8°C
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W Bl -31.6 C,R¥GHRFmRIE24.0 C, FHFEKE 1 134. 1 mm, K E & 544. 0 mm, X8 &
78.83% ., 6 ~9 A AMZE, & 24K 75% ~82% ,H 8 AMMHRE, V1K 294.2 mm, T8 MM
% (pH = 5.5), HIEESKEN39.1% , HER BAHKESESFH6.5.0.8 M63.3 mg-g™', HERXHFT
REFFHERKERAS (Abies georgei) , FRENE B NG H ALY (Rhododendron pingianum ) | E AT F1 Y
( Rhododendron wardii) , % M ¥EMN TR E R ILAEM (Salix oritrepha) VK )| 25 F (Ribes glaciale) 7178 Fa 46 ik
( Sorbus rehderiana) .
1.2 BERRRE

F 2005 4F 8 A SF AN B R4 B FE , W EFFRLL O B3R 2 ARER AL AR R A 147 VR 2 BRURE
B 3 ANBURE S, IR 310 4 170.4 280 m #14 370 m, 7EENEAESR A, AR YR HATERE, O3 . T A&
REEERI, HEREARFEAALES JGHALES, % 0 EAR AN AR K R E T, EAM R ET
13823 B 25 EILEGEY(R D), EEFASEEL BT 3 ZBUE, EARS L FHEBRE, B
BUb B3 A . BHRERFRREERER O ~5a M, BEEAKE L . TERO0 ~2a M, T HE AR LY
FERERFFHN R TR MR, TR 3 HREER , FHES R E 3 NEE  EAR 2 ~3 VMR, R A
YIFRERTRELZHESR, HRRERTYH BB P AT Imin, Z/FHELRE T 70CEBA P4t
24 ~48h Z{HE, FIKH#BVIMEE, T 80 Bk ABHNPHEH,
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1 5 R X T RENREB T 18 1.28 B Ay 31 MM H 89 8°C (8, SR EM, BTl E s 31 F
WA KRR 8 C AT -30.24%0M1 -25. 39%0 2 ], FEHIE K —27. 68%0, 16T C,AHYE 8°C (&4
L EZ P, UL ZE ST hLILARER M R B B AP A 3 ILFP AR B e i G A TERR AR, RAE R
CAM 1 C %,
2.2 F—AEEARYREE S°C HER

B T & M 87 C B B BRI, o8 T HERR A s R R ik 8 C (B R IEmA , B 9T Fst o S
R S4E i i LA R B R B A 8 C MBI —R . B e FE—4 SRR YR 8°C EET
Tt R E  HREARR R Y EAA A SE A 8 C HX REA BERER(P >0.05) (B
1A) , i By M AR TR AERK LA A R AN 25 F 3°C i A BEW 2R (P >0.05) (H 1B), Bk
£ 25 FHEAAEY) 87 C EA B K, D RTEEN -30. 24%0 ~ —26.37%0( & 1C) ,
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Table 1 Stable carbon isotope values of plant species growing at timberline in Sergyemla mountain, south-eastern Tibean Plateau

B i VAR 3°CH AN phjffn%eﬁc
Family Species Life forms $3C value  Sample size pathways
2P} Pinaceae SRKERH Abies georgei Evergreen tree -27.27 £1.08 27 Cs
AT F} Ericaceae A AL ES Rhododendron wardii Evergreen shub  —27.51 £0.63 18 Cs
AT F} Ericaceae 545 #1 BY Rhododendron pingianum Evergreen shub  —27.60 £1.31 18 Cs
2P} Rosaceae VUEE ZE MK Sorbus rehderiana Deciduous shrub  —27.92 £0. 69 9 G,
iR} Salicaceae M) Salix oritrepha Deciduous shrub -27.82 £0.43 6 Cs
EE P Saxifragacese  YKJIIZSEET Ribes glaciale Deciduous shrub  -27.99 £0.50 6 Cs
358} Compositae HHEFH Anaphalis lactea Perennial forb -28.96 £0.05 3 Cs
358} Compositae FIR GG Aster flaccidus Perennial forb -28.59 £0.33 2 G,
358} Compositae E SRR L3 Cremanthodium decaisnei Perennial forb -27.14 1 Cs
358} Compositae 8 KPR E Leontopodium nanum Perennial forb -27.90 £0.28 2 G,
358} Compositae B8 E Ligularia fischeri Perennial forb -27.82+0.81 3 Cs
358} Compositae E WA ES Saussurea haoi Perennial forb -26.99 1 C,
358} Compositae /A9t Taraxacum tibetanum Perennial forb -27.86 £0.58 3 Cs
- X$} Crassulaceae SE4ZL R R Rhodiola yunnanensis Perennial forb -26.71 1 Cs
VER} Cyperaceae HHEX Carex moorcroftii Perennial sedge -29.25+0.26 2 Cs
VER} Cyperaceae B LEE Kobresia pygmaea Perennial sedge =~ —28.37 1 Cs
JEEWTR Dipsacaceae FFEHZ: Morina nepalensis Perennial forb -30.19 1 C,
Wk JLETP Geraniaceae HEFEEBE Geranium pylzowianum Perennial forb -27.27 1 Cs
FKA=F} Gramineae $eAL4t3F Stipa purpurea Perennial grass -26.81 £0.25 2 Cs
JEZER| Papaveraceae L858 Meconopsis integrifolia Annual forb -28.09 1 G,
3R} Polygonaceae Bk 23 Polygonum viviparum Perennial forb -26.87 £0.47 3 G,
R FE IR Primulaceae B #B 25 HiMg Androsace bisulca Perennial forb -27.71 1 Cs
EHEP Ranunculaceae R R L Delphinium wardii Perennial forb -28.15 1 Cs
2P} Rosaceae ViR ELA; Fragaria nubicola Perennial forb -27.61 £0.54 3 Cs
2P} Rosaceae VaELZ= B 3K illa xizangensis Perennial forb -27.19 £0.13 2 Cs
2P} Rosaceae #3445 Rubus biflorus Perennial forb -28.03 £0.58 3 Cs
% %R} Scrophulariaceae BRI Y5 Pedicularis trichoglossa Perennial forb -27.33£0.43 2 Cs
% %R} Scrophulariaceae H# L 5CE Pedicularis prrewalskii Perennial forb -29.14 £0.33 1 Cs
% %R} Scrophulariaceae kAL T 5.8 Pedicularis cephalantha Perennial forb -27.89 1 C,
% %R} Scrophulariaceae ¥ RIEBEY Veronica ciliata Perennial forb -30.24 2 Cs
=R} Umbelliferae HEMR T I Pleurospermum pulszhyi Perennial forb -27.08 1 Cs

2.3 REAEFRZ AR 8°C fHER

FEAVERFN, RAEEFBERHZ M T 3°CHEARBIHER (P < 0.001), HFURF . HERFA
( =27.27%0) > HWHFHER( -27.56%0) > FEMTEAR( -27.93%0) = BEAR( -27.91%0) (K 2) ,FA FETH
3°C (HFETT B RIS . SRKERYEBERTHEEA(P <0.05) REHEAMBEARBY(P <
0.01), HHREARDERTHMEANEREY(P <0.01) ,MiFMERSERAEAMZ NRAE BERESR

(P >0.05),
3 itig

3.1 MRREYEEEREE

PRl e i 31 R 8°C (HRM, AR REBIW RPN C.HY, BH C,M CAM Y5315, W RE
SEBR BRI AR RA X, AR SR REE EEXR™ . CBFERIKE St RIS SOLBE.
FIA COFRERAR T KF IR Y CO,MEREMRE CIEYIE & 1E A Ttk AT B, C T AR B EDE S
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Fig. 1 Differences of §'°C values at species level in evergreen shrubs (A) , deciduous shrubs (B) and grasses (C)
ARNEFBFERESERER,; HTHERARERFHEEMNELRETHE T Different letters indicate significant differences between

species; One-way ANOVA analysis is not made in grasses due to rather limited samples

HER, CMHYIXRIRA —EREN Y, CAEYIEMFRRL 25

FG I ATFRIT P2 COETUMAMBC, |

YRR RGN ER A , A5 EEIPR i o 3 ( b .
RRKEW CO,, BEEN HBEL TREHE, 5§ CHEYA ﬂl&g 2 T ¢ T
1, Co IR B B E T B AR DU, SR B2 | [
TR E R, R TSR, BN 8° )

REE LR R EHK , LB N R EAE, 1

BIFEEMT , CAUE M I 3 B HA Ok, 75 51 2 30 p—— ‘ F— ‘ P ' -
ERRIGEFELAE T CHERELEERER, M C, Evergreen Bvergreen Deciduous - Torbs
YA LOEH #E1T E KIPRER. ER K KEM HESER Life forms

HRPEFERE CHMIHR K BERE T2, &
?)@‘7'_‘1,;[30] TERRS R AL C A Fa i) R TR C, M4 4> B2 ARAEEEYH R OREREMR IEES

N e D e g Fig. 2 Differences of 8'>C values in plants with different life forms
HHREEMERX, AHEXAMTHERERAERE KRNG5 8 %R A BEMES  Difftront letors indicst
FERLL A BRI 4 100 m, SRR -0.73 C, &

significant differences between life forms

A (1 Ar)F#<E - 13.98 C, &® A (7 Af)F
BRI 923 C i 10a F¥mA TR -31.6°C , AMT CHEYER, AMAXNEE CAEY SRR E
S 5, RA YR 7 958 1 D o 2 4 X K BRI B — i N, BB O PR SERRE BRI X C ) A Y £
BEHER,
3.2 RREEFREYMH 8°C EH5K3FIHREE KL

Kloeppel 2" 83\, ZERIMBIIB R I F KM AEX T2 2, KA E LA R AN EERME T,
TAARE) CO, ¥ B AR R R B Y A KA 8 R 2R, B A= ot KA Y (B Fa A&
Y1)t 8 C HNIZKIRA BEWZS . AP REY R QTR AR e BT 2 (4F 7Y
RE TR 1 000 mm) , B FEERIHSME, AR R RIH B 8°C {Ho 5, AHAERFEERZ
HZFEE, NFEFA . FEEAR FMEARTIEAMY 8°C EREBWRMMIK . F—4EFRK 8°C H1
BEZES WAFLEEREY 8°C (25 83 , YIRS R R E BR B T A E R L5
(o ABRFEH 8°C (HA A B4 R, 7EK S0 A0 X FE 2 1Y Y MR 2R o (X S 7] A2 3 BUAR 40 2 IRl K 43 P 3R
BB AR, James % VBT HTE RIS R IE R R AR P INA R . REEFZRUBEK, BKEIPA
LB FREAEY AR AR EER T, 8 b THAA R REISE, R T8 200 KR ™ - LR
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TEM Tk o™, T HARI 2B M IR T K M , B0 A AR KA e ™, SRR RS
8°C ZIRIFEAEZER . R, K HEENRL I X YT, RHRFAYFHOEMELZI EXE, A
B R T REBIFIAIESE ™ ¥ MR X A iy T R 0 b A K SRR A 17k 43457 32 B, A
W TR A AL BE T R S LAV K 2 Bk, 82 K SR RIS, AT 8 C (B9 8 7 F HiAts
AETERL, MXTTIRR, AR R A T R T RS T K R B, SE TR R B AT K 4 BB 75 T A
FERTEIOU S, T RERAEARER KL _E PR R E A Y BRB R P AR A BH , M AR R ZIRE— R A
ST FARELEFEREY 87 C HRKSFAMBN WBEHREEH THERE, BEZRBTFARMEMENZ
] b4 o Ehleringer 1 Cooper'™ & BUA IR & i ORHIK R AR, B 4 A 7Kk SR SR T K
F MY, Ehleringer™ ISR , BAFAMY 5 | 4F A WAR L RA AR 8°C {8, B EA BB MK
A IR . Lloyd Fl Farquhar'” fi7 AR B U T A 5] A 3% BUAG 90 2 16 47 76 .35 B9 R 37 % 434825 5 Chen
PR T W E X A FREE SRR SR 8°C A, ARAER R A BEER, SH TR
FRRER—8", LS @t 3 MRERRKEY 8°C AN, BEAEMYHN 1 F4EMYAR
BRI 30 C H, AL E LMY RA ER IR FIHRE, APFIES, MK BN AR YA K R
B e LUAREH T , A R A TS B B “ 8K " KRR KA T HEB R EN. AIPR ERERZRESH
A4k, B B R A B R 43 5, BEBA7E SRS B IR A R A E R R 87 C {HANA W B AR, #E7R
T A RE 7K 70 FH SR

FEh, WA A 8 C B E R TEMEA, R RS M AR A ST, H MY 5% HEY
FEHA R AR, RA A R BRI RN 5B Bl E MY 2 AW R, B Sy S
4,8 C H 5K RIS B LN E R B (RRANEFRRRAE BERES T AR/NEFRERE S
EHES-test, P =0.00) , FIREREEHEY SHEMT YN 8°C HBF M2 R 5 FH Y477 RIEAE X,
XHESEYIRU, A KN ERBEES ST, FEEART FRRERN 32, SR KEEERERFEREL
12a, REPIR X WERANEZ BE2EHTES, BEAK KRR R RER AR TR R, & 2
W T RS, M A RELTRMHEZ . HETTHRET, A [LELETTHREKIT, BRH T L3RR
REVUGR LW, EE SILBREK A AR R BRI . B R SR H e A B L
FRE K T ME , T ZORBUR M 12 5 HOK R IR , LIPS AL BRI <AL, IR 2 B R . #
SR I R T AL S R A K AR ROR RS B M R BAR A Y AR T, Marshall
and Zhang' " BRI T 9% ZE 1L 4 A FEARDIVE IR 5 B8 1 UL S 96 MHRLII: H R R BRI 2 R ALRL, R B
) W R BRI BR P AL R 4M8 o Brooks % R BIER R AR ARG F , B A H RERF MR
SHMEEMETE Y. AR GRNETRR T HRNERFET , HREYH R T IWET Y E
TRAOBRIFI L 4048, BB Ci/Cao Garten and Taylor' ™ 8 BFST 36 A )3t X H k41 n ot S5 v o
R 8°C R B H W BAR, a4 RFHE I B 5 T MW, Lloyd and Farquhar A G 723K
RE_EHYIRB AR ER AN R B RAE R M, Ohte 57 AT S M X H a5 M Sy&MH M
YA 8°C B, KBRS 19 8°C B HRMAE R 3% 2
3.3 mMEH KA YT ReRE AR5

AT 7R TR X R — A= 1 B Y7 SO B A B A e, ST d T AR TR B AT DU M R W) D
BRI, BIVAS [F) A 96 B LR A A VT P T B A AR K OF R O XS S BN B R W N, R
A [R5 B Y RAR Y SR S B R RN 20, 1B VT LA SR S R 2 TR 9 A JLAE S SRR 22 57,
8" C A 1A i W3 4. 22 53 e WA N ) A Y B 2 TR AR [ 0 /K P o 7, RO P A 1 8 B i 3 IX S [
YIThRERER 1T . TR R RER RV EBERE SRR R BE SFRAETES R SR, By FE—4&
E BRI A AR B AR, BAEIRB ] 8°C B REKR, — T S EAE YT A R B %,
HEREYAEEN 755 LRI, A — T, A MBS 2 ROk, WEEEW R H 87 C
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(B4 5 BB B3 8°C {H I SR T IRA R B SR, S MR, Brooks 2 BRIk, £
B2 R Z AR KRR L& SR R S M AR B R M, At AT 72 HEBR 80 B B R M, & BAR T R AR T 1A
TERKRRE ERRRA RN, Chen Z BTN, U4 W BRI Y BEREAE T LUHFRA LR
Sy, T B R DR A AR A B AR (H K S FIRIRER) 28, Smedley ' R B T RARIR
HE PSR R ERFA MR B ORI BRI APTFHE— P UESC AP SR AKX, N A TS 2R
RSP D RE R B R AT, R AR T B T S e AR B AR S DA R Bk Yy K7 _E WA R, T EL R
FRERRFH Ko
4 4Hig

TERRAR B R LUAKEHHT , BT SRR 2 Co 8, B CAEYIRI 7 A , AR i 30 52 IR B 12 IX e />
CAEYI A EB R, R KA Y375 758 1 J 1o 28 4 X IR 9 — T

SE AR RSB X i TSR TR, AR 8°C ERH%KRA BE 2R RARE, LA
RAREAIHERTER EARFEFREY 8°C AN B 2R, A D RS B ERH A aE, K
BL T 7R B SARARAE T B R SO M XA [5] = 35 BV Y0 9 A IR 7K 0 R ZCER , RIS R A T 2V W B
3°C HW AR BRI RN K SR AR L, 750, AR FBEEEY 2 I8 8" C (HH 8.5 5
SCRF T A TS BUR] AN R A M D RE B L, 2R A ZE FRIRHT PRbk X P A= 16 Y S RS [R] A ) D B A e T
1789,
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