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Abstract

Aims  Altitude has prominent effects on many environmental factors, such as atmospheric pressure, temperature,
precipitation, soil moisture and wind velocity. The relationship between plant functional traits and altitude are
critical for predicting the effects of climate change on montane plants. Our objective is to examine the effect of
altitude on community-level plant functional traits in the Qinghai Lake Basin, China.

Methods Five sites were selected with 200 m increase in altitude (3 400—4 200 m) in the Qinghai Lake Basin,
China. Community structure, plant functional traits, soil property and atmospheric factors were surveyed and ana-
lyzed in this study. Community-weighted mean functional traits (CWM) was calculated according to the relative
abundance of species.

Important findings The results showed that: (1) Community-weighted mean plant height (H), leaf dry matter
content (LDMC), leaf C:N ratio (C:N) and leaf N:P ratio (N:P) decreased significantly along altitude, while spe-
cific root surface area (SRA) fluctuated with altitude. Specific leaf area (SLA), leaf nitrogen content (LNC) and leaf
phosphorus content (LPC) increased significantly along altitude, while altitude had no significant effect on leaf
carbon content (LCC), root tissue density (R7D) and specific root length (SRL). (2) The variation in CWM along
altitude could be explained by species turnover more rather than intraspecific variability. N:P and LPC had a posi-
tive covariation, other CWM had a negative covariation. (3) Precipitation and 0—10 cm depth soil nutrients content
explained the largest proportion change of SL4. Temperature and 10-20 cm depth soil nutrients content explained
the largest proportion change of other CWM along altitude. Overall, these findings suggested that the plant com-
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munities in our study adapted to altitude through species turnover, and the non-dominant species tended to occupy
opposite trait spaces to the dominant species in the Qinghai Lake Basin, China. Temperature and deeper soil nu-
trients content had significant effects on CWM along altitude.

Key words altitude; community-level trait; leaf stoichiometry; intraspecific variability; species turnover
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Fig. 1 Distribution of sampling sites in the Qinghai Lake Basin, China.
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Table 1 Geographical and vegetation characteristics of each site in the Qinghai Lake Basin, China

e R WA {4 Yo e
Serial number Altitude (m) Alliance Dominant species Slope (°) Soil type
1 3373 CEAEH AT EH AR PEALE S <SS WpuEL
Stipa purpurea + S. sareptana Tussock Grassland Aliance S. purpurea, S. sareptana Sandy loam
2 3626  HEALHTF M BACE 11 puEt
S. purpurea Tussock Grassland Aliance S. purpurea Sandy loam
3 3719 il EAAEAEE S R =T N Vit 2 <5 WhpUEL
Kobresia pygmaea + S. purpurea Tussock Grassland Aliance K. pygmaea, S. purpurea Sandy loam
4 3973 bR e L 13 Bt
K. pygmaea Tussock Grassland Aliance K. pygmaea Loam fine sand
5 4222 AR E LR JEE LR <5 bt
Rhodiola tangutica Alpine Cushion Vegetation R. tangutica Sandy loam
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Table 2 Plant functional traits and their equations selected in this study

i fm, H4 B3t E ¢ (vario EL cube, Elementar
Analysensysteme GmbH, Hanau, Germany)#ll % M F
G ELCOMAEREELNC), HREMESHE
TR R 561 (Spector Arcos Eop, SPECTRO
Analytical Instruments GmbH, Clive, Germany)ill &
R S B (LPC). T T BeiF I 4ER (<2 mm),
[REMRES. K. R B, ZEHRA
FER BT 2 E & (65 °C, 48 h), FREMSHART
JiUE(0.01 g). MG AN EE NI HISLA.
LDMC. SRL. RTDFISRA. FEMAFAYF IR D)
REtERBIE A3 N EE
1.3 INEREFHRIZREL

AT HT T AFEAR . TIEEEN 6N A5
T (RIS HEIE KR Dy REMR 520 o SR ER
SR 1 ] DX v S 25 P 23 e R R IR B iR
EE(RIASFNBESE, 2011). TIEFEH ST s, 76—
AMFEHLFI3ANEE T (1 m x 1 m)H, A 45 (E %9 cm)
HLO-10H110-20 cm-1 2 148, 4 475 A 5000 == Bk
HARR, AR NRTRERE, &2 mmii. H4

Y ThEEMER Plant functional trait fAii’5 Abbreviation A7 Unit i H A3 Equation

TR Plant height H cm -

Lt AR Specific leaf area SLA cm?g! MY T B & Leaf area/dry mass

I H T & & Leaf dry matter content ~ LDMC gg! 5 /N T & Leaf dry weight/saturated fresh mass
& & & Leaf nitrogen content LNC mgg’ -

@& & Leaf phosphorus content LPC mgg’ -

- H 3% % & Leaf carbon content LCC mg-g” -

TR B AL Leaf C:N ratio C:N - -

- ZUBELL Leaf N:P ratio N:P - -

LEHREK Specific root length SRL cm-g! AR E /AR T i & Fine root length/dry mass
LLARF A Specific root surface area SRA em?-g! AR K T B4R TS & Fine root surface area/dry mass
WAL E Root tissue density RTD gem” AR5 2/4HR AR F Fine root dry mass/volume

T3 FURHIT AL S AR LS 3% 00

B RAHECT Y ELhRE R, n =3)

Table 3 Climate and soil nutrient content characteristics of each site in the Qinghai Lake Basin, China (mean + SE, n = 3)

Feis TR ERRKR 0-10 em HIELHE &
Serial Mean annual Mean annual Soil total nitrogen

content in 0-10 cm
layer (mg-g—1)

number  airtemperature (‘C) precipitation (mm)

0-10 em EIEABE SR 1020 cm AR S &
Soil total phosphorus
content in 0—10 cm

10-20 cm+- 4B 5
Soil total phosphorus
content in 10-20 cm

layer (mg-g—1)

Soil total nitrogen
content in 10-20 cm

layer (mg-g—1) layer (mg-g—1)

1 1 348 0.39 +0.003° 0.66 + 0.164° 0.34+0.033° 0.62+0.001™
2 -1 434 0.39 £ 0.003° 0.62 + 0.008" 0.31 £0.033° 0.63 + 0.004
3 -2 430 0.43 +0.003° 0.65 + 0.004* 0.26 + 0.000" 0.57 +0.015™
4 -4 401 0.49 +0.001° 0.59 + 0.004* 0.38 £ 0.000° 0.59 + 0.002°
5 -6 371 0.32 +0.003¢ 0.53 + 0.005° 0.18 +0.033° 0.53 +0.007¢

[ —BIARR/ING B R S AR ] 22 53 B 2 (p < 0.05).

Different lowercase letters in the same column indicate significant differences among sites (p < 0.05).
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F R PCIAIPC2, JEfli T o BRIk £
[8] 94 #1(Chevan & Sutherland, 1991; Both et al.,
2019)EALPCIFIPC2% CWMARAL IR RE 2R

7ER 3.4.37Ffli fl“FD" Wit H &4 CWM (Lalib-
erté & Legendre, 2010; R Core Team, 2019), 1
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“heir.part” £, SE 3L 53 2 Kl 43 ¥ B9 1H 5 (Both et al.,
2019). FUHEMIIES AL . B AR DL
ANOVAFIPCATESPSS 20.0%#H47. Frf B
F| F OriginPro 20174l .

2 GRS

2.1 BERIKFEMIIEEIERBE SR T L AFIE
LR 3R Z A 45 R (E12)3K B, LCC. SRLAN
RTDWIREIE AT SE A B R K AR 8k, H
RGCWMIEAFIGR I B B2 % 57 . H kT
3 PR (BI2F) . LNC. LPCHER T 3 T
(E2A. 2B), FEiEHRAE(=4 000 m)FIH FC:NL N:P
(R TE IO I W R TRk X (2D 2H),
R4 200 mALIH FNCP/N T 14, HEARBRIEFR AL
BIKT16. SLAMEHEER T & B35, R4 000
mAbIA B K AE, Ef k4 200 mibA it A&

[ Wi 458 RO 5 IR AUV KT D REPEIRI 2 5

2C), LDMCH RKAH HIAES 600-3 700 mAb(E12G).
SRABEHF Tt =y B B PR (E121)
22 EEERKFHEYDNGEHERBE SR TN SRIR
B Y PR A S AR AL T AN B VAR KPR ) Th g
R (BELCC. SRLFIRTD) 1 A8 53 5K 8 1) fift B Ry
52.03%-95.99%, FHHSLA. LNCFISRAN] =48 7 fift
B 0N52.03% 59.02%K1166.14%, HABMIR K
AR SRR R I R, N82.39%-95.99% (I&13). LPC
(A N AR TR AR R AN B2, —FH HAAOE
[ 1R B0 A8 RS2, T NPt B TE [ e B AR 2%
SLAMIF A MR AN 3  BRLPCHY, HARFTE M
I 0T 2H RS A P AR 6 K T A IR AR 5o
2.3 IMEEFEEEKEE AR R0
X6 IR R T3 47 A o, BRECH A
M EHIT . PCIIIMREEN46.39%, PC2IHIMEREZR N
28.4%, SMEFERNTAT% (Kl4). HPCLEEAHK
MEBRFAH: F PR 1020 em B3 BES
#.10-20 em HEEAE S E, SPC2m MK FE
K7 KR, 0-10 emTIES R S E. 0-10 cm
ISR, B, AKUEFROEPCLIAYE A HGE A
RIZFE 7, PC2AAN N K AR E TR R T
X T BEE A B AR A BEVE BT 35 1
R(EIS), PCIFIPC2HEfiEREZ(PCL + PC2)f N
80.49% (LPC), 1% N37.88% (LNC), “V-Ifikex
N59.53%. PCIFIPC2%fSLA. LDMCFILNCHEEEK
A A () SRR RN T 50%, W H A PR Y A iR
KF60%, Hodrnt LPCFIH: F NP s il B R e,
43 5980.49%F178.40% . SLA N 4% A5 A, 7] 4 fif e
(130 7 HPC2 L UK, RN AL T B K
F0-10 em 3R & &7 TR SLAR K, LNC
I 4R A8 A0 T 6 A R 3 4> H PC1 5 PC2 EL E
AH 25 AR SN PEIR B A8 A T A R D 0
PCl L E K, £ g H AL T B8R L&
10-20 ecm- 3777 & B AR (X LEREVE /K P AE A T
REMERA B BB AR 2 (52
3 g
3.1 BERKTAEYITIEEIEIRBE B R AT (L AHE
TET WA, Bl A AR T = VR H 2 35 PR A
(K2F), nTRERABE A g3kt s, Y2 2RI K
RS I, HEP B R R, B2 A R
AR o R v B R 4 B B A7 AE R AL o )82, BT
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Fig. 2 The one-way ANOVA of commuity-weighted mean functional traits along altitude (mean + SE). Different lowercase letters
indicate significant differences between different altitudes (p < 0.05). C:N, leaf carbon to nitrogen ratio; H, plant height; LCC, leaf
carbon content; LDMC, leaf dry matter content; LNC, leaf nitrogen content; LPC, leaf phosphorus content; N:P, leaf nitrogen to
phosphorus ratio; RTD, root tissue density; SLA, specific leaf area; SRA, specific root surface area; SRL, specific root length.

WL, WA ERERL, EE FRREET BT8R E K E, XK
R AR VR AR =1 B BRI (Moles et al., 2009; de Frenne et B SRAFPERRAR, BPFF 544 T SLA L EK T
al,, 2013). SLARILHFEEHRT S BT NIRRT KT, X —45 5 5 Campetellads(2019) 16 7T &5

LR (KE20), "TRERBIABEE R LT, K —8. TREIE FREYY A EESH BRI
SRR IN(ER3), 4200 mibfE 4R E BEAI Y)Z (Poorter et al., 2009), A2 2V
AR A A, T4 1, SURAK, BEkEAD, % EFREAGE, FHSLARU/N. LDMCRK. {EAH
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Fig. 3 Decomposition of total variability in community-
weighted mean functional traits. The space between the top of
the column and the bar corresponds to the effect of covariation.
If the bar is above the column, the covariation is positive, if the
bar crosses the column, the covariation is negative. *, p < 0.05;
** p<0.01. See Table 2 for abbreviation of traits.
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phosphorus content in 0-10 cm layer (mg-g™); P20, soil total
phosphorus content in 10-20 cm layer (mg-g™); z, mean annual
air temperature (C).
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Fig. 5 Proportion of variance in community-weighted mean
functional traits explained by PC1 and PC2. PC1, temperature
and deep soil nutrient content; PC2, precipitation and surface
soil nutrient content. See Table 2 for abbreviation of traits.
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