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Abstract; Examining the relationships between functional traits of plant communities and their responses to environmental
changes can effectively reveal the trade-off patterns of plant functional traits and their adaptation strategies to the
environment. The Qamdo region is located in the northwest of the Hengduan Mountains in eastern Tibet. The complex
climate and topography have fostered an abundance of plant resources. It is the main component of the Qinghai-Tibet Plateau
forest and shrub ecosystem and a hot spot for international biodiversity conservation. Based on a large number of field
investigations, we tested the correlation between plant functional traits, the variation of functional traits with environmental

variables, and the sources of variation in functional traits of the dominant woody plants in the forest and shrub community of
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eastern Tibet using correlation analysis, principal component analysis (PCA) , linear regression, and variance analysis. The
results showed that: (1) The woody plants in eastern Tibet exhibited a trade-off pattern of adaptation to the high cold
environment, characterized by a small specific leaf area (SLA) and leaf volume (LV), a high leaf dry matter content
(LDMC), and a synergetic variation between leaf phosphorus content ( LNC) and leaf potassium content (LKC). (2)
Elevation and climate variables are the primary drivers of variation in functional traits of woody plants in eastern Tibet, and
woody plants in eastern Tibet tend to adopt a conservative adaptation strategy of “high input—slow return” to improve their
cold resistance. (3) Elevation is the most significant environmental variable influencing the variation of plant functional
traits in eastern Tibet. The interspecific variation explains the majority of the total variation in functional traits with the
environment in eastern Tibet. The results of this study reveal the trade-off patterns of functional traits of woody plants in
eastern Tibet and their adaptation strategies to the high cold environment, which contributes to a better understanding of the
distribution pattern and ecological function of natural plant resources in eastern Tibet, and provides a scientific basis for

regional ecosystem functional and biodiversity protection.

Key Words: functional traits; environmental variables; principal component analysis; analysis of variance; adaptation

strategies ; trait variation
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Table 1 11 environment variables

variables Unit Abbreviation variables Unit Abbreviation
Hh AR K m ELE + A g g/kg AK
Terrain variables Y ° ASP Soil variables 44 pH (A pH
i3} 3 ° SLO A PR % SOC
S AEHR C MAT LA % TN
Climate variables AERR K mm AP + e 4k % TP
T e % TK
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Table 2 Calculation formulas and ecological significance of 7 functional traits

YL ERIN £ N WS XA A7 Y 1
Traits Abbreviation Formula and unit Ecological meaning
R wp WD (/e )= B T IR () /BRIR (em®) 2 K B8 AR T

ood density
T4 ot
LJV RAZEE LDMC LDMC (g/kg)= M1 (g) /M6 7 (ke) GEURARHL B e

eaf dry matter content
AR FR 3 5 - WG FHe P
L LV LV(em?® )= ML (em?) x MR EE (em) BRI IR RAERE T

eaf volume

Fet AR > > VR AL AL e A
Soecif SLA SLA(em?/kg)= MR em?) /M (kg) FERARIEE T, S5 A HRA X

pecific leaf area
u ?E‘/\\ﬂ "
[ INC % HeA M A

eaf nitrogen content
R e % S 1 B 6
Leaf phosphorus content

i A

SRR LKC % AR AR A

Leaf potassium content
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Table 3 Pearson correlation coefficient matrix between community weighted traits

\ - A i He T B WA At
AR KT AR )iEg - Jr Jrﬁk-ag ki
. ) Leaf dry matter Specific leaf Leaf nitrogen Leaf phosphorus
Traits Wood density Leaf volume
content area content content
ot T & o
Leaf dry matter content ’
AR .
0.05 -0.34""
Leaf volume 0.34
UM ‘ ,
.2 -0. ** . -
Specific leaf area 0.20 0.57 0.67*
g
A i 0.11 -0.15 -0.14 0.12
Leaf nitrogen content
Bt . .
25 -0.26" 0.1 . o 0.21
Leaf phosphorus content 0.25 0.26 ? 0.40*
I
RS 0.12 -0.37" 0.49 % " 0.65 % 0.13 0.34"

Leaf potassium content

# % % P< 0.001, % % /R P < 0.01, % /R P < 0.05

2.2 RESSIASLRIR 5 PR AR i 22 [ B 5 R

AFFFERT 11 A AS TR IAT T PCA 2007, 256 Catell F8 A7 K56 1 45 SR | Fe 20 72 O B R A~ 2 B
RIS o I R AR 1 PREE AR 6 59.2% 1Y )5 22 ARG M5 8 B 1 4 R (R 4) , 5 PC1 = ARG By A8 &
. BIEAPUK (Organic carbon, SOC) | 13 4% ( Total nitrogen, TN) , H¥JY5 PC1 RI1EAM; 5 PC2 & A
KA A AEE ( Annual mean temperature, MAT) 4EF#7K 2 ( Annual precipitation, AP) ,H:H1 MAT 5 PC2
B T AP 1 ELE 5 PC2 SEIEAE,
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Table 4 Environmental variable load matrix

R H5EAF & Environment variables PCl PC2 FREEAE 4R Environment variables PCl PC2
4% Elevation 0.145 0.812 13 pH i pH value -0.555 -0.569
W) Aspect -0.338 -0.488 + A ML Organic carbon 0.885 0.332
B4 Slope 0.288 -0.226 + 4% Total nitrogen 0.913 0.292
4E343R Annual mean temperature -0.131 -0.884 4184 H Total phosphorus 0.672 0.483
AERE K Annual precipitation 0.852 + 3240 Total potassium -0.476 -0.143
+HEH AT Available potassium 0.657 -0.135

BRI B 11 D IRIEAS B I S, 4300 o 3R 0 A8 & (PCL) IR AR & (PC2) . i —B KX
FMEEAS R (PCL PC2) ME A AN i 7 AN BEVE A S BEM A Sy i 107 75 8 ) g e M el A8 2 SR L 5

RS5 NEEMEKEIREETEMN PCA ERAKREER

Table 5 PCA regression model results of functional traits and environmental variables

) BH Parameters I S Parameters
Regression model R? daf p Regression model R? daf P
WD=-0.06PC1-0.32PC2 0.119 5.386(3,62) <0.01 LNC=-0.22PC1-0.25PC2 0.031 2.042(3,62) 0.138
LDMC=0.12PC1+0.20PC2 0.026 1.853(3,62) 0.165 LPC=0.07PC1-0.13PC2 0.003 1.111(3,62) 0.336
SLA=0.09PC1-0.31PC2 0.085 4.000(3,62) <0.05 LKC=-0.02PC1-0.28PC2 0.066 3.302(3,62) <0.05
LV=0.23PC1-0.38PC2 0.177 7.985(3,62) <0.01

M 2 I 3 AT LIS Y LR S5 2R . (1) LV Bl 35 005 5 A 14 Iy 35 0K 5 (2) MO U 28 f %5 WD
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K&,
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] (Y PR S RIS, (4)AXHE LPC Hy  Fha] A8 S 5 RN A R I W3 (B S Z AR S AE

3 it

3.1 BEE TRtk AU S P R AR 1k

FE) AT LASE 3k A PEBR 18] 1 B3 R] -5 A A A 33k [0 I 55 1) A8 Ak, S 2908 Wl — R 91032k o7 45 e B 1) s L PR IR
AP AN ) X A T RE IR BT A AR S 5 21, A Bl T B AS [) A= 358 TR R 400 o BE AR A0 5 7 SR s, o A5
FITFERAIRR SO LB R R AZ MR . WD RES S A 9 19 A K Bl A R 1, I 76 R 1E SR 0F
FEHRE S Y FEARBESE R, WD SRR Z A R ARSIV S LPC BIEA G, miHi e
YRR SN R RE B BTSN G WD 5 SLA I 2 50RO 5 78 [ P R IV T R R AR AR, WD 5 et
Fim S IEAED AR AR KA R T, WD 5 SLA (LNC \LPC \LKC ¥ 2 W EAXE™ WD 5
HPRIR A OC R BB AN [FALE , AT R TAEA R IR S50 T , AN RAE Y 25809 WD 5 PR 2 8] 53 1
FEWEA— B Y

SLA /R BN T A R G AR 2 1 AR, S5 ) B0 VR DR S 4 IR BE I 32 o B A= 6 S SRS AR OC ) LDMC
TE—E RS AR T ALY BREE R AR FH A8 T, $8 R A U A 201 ARBFSE & B SLA Al LDMC
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[6] )4 Z& %4 Regression coefficient

B2 BEEMREEMERSLESRSTE(PCL) JEFEMSBETE(PC2) ZENXER
Fig.2 Associations between community-weighted functional traits and soil nutrient variables (PC1) , elevation and climate variables ( PC2)
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MR AR BRI ERDT R | R A NV 2 A YL S WAL U2 MO XS SRR
AR AR Y AT R EAR RO R Y FEARBISE T AL LPC 5 LKC Z [ A7 7E i35 IEAHDE R R,
LNC 5§ LPCLKC BA7 & & B A5G C R, X 5 3 [ g 05 o L 35 K LW ( Salix etosia ) \ )1 %F ( Rubus
setchuenensis ) [52] Ko JEE R WA U B AR R - LNC . LPC E‘Ji"é%—ﬁl[m ,Wﬁ‘—ﬁﬁﬁiﬁéﬂ%[m JE:HZ'E%;:SS] A
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