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Abstract

Aims The objective of this study was to determine the relationships between radial growth in Picea likiangensis
and climate variables along an atitudinal gradient in Yulong Snow Mountain of southwest China.

Methods Tree-ring samples were collected at low (2898 m), intermediate (3 309 m) and high (3639 m) altitudes
in Yulong Snow Mountain. Residual chronologies were established by using the tree-ring width data. Relation-
ships between the residual chronologies and climatic factors were determined by using response function analysis
(RFA), redundancy analysis (RDA) and moving interval response analysis (MIRA).

Important findings The radial growth in P. likiangensis was influenced by both temperature and precipitation
along an altitudinal gradient in Yulong Snow Mountain, but the seasonal response patterns varied with atitudes. It
was significantly and positively correlated with precipitation from January through March of the current year at all
the three altitudinal sites. The precipitation in post-growing season of the current year imposed a negative influ-
ence on radial growth at the sites of low and intermediate altitudes; whereas the effect was positive at the high
altitude site. Spring drought of the current year was found to be another important factor affecting tree growth at
the low and intermediate altitudes, while the current July temperature accelerated the radial growth at the high
atitude. Results of RDA were generaly consistent with that of RFA, indicating the effectiveness of RDA for
quantifying the relationships between tree-ring width index and climatic factors. The results of MIRA indicated
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that variations in temperature and precipitation on a short-term scale also influenced tree growth. Based on the
responses of tree growth to climate at the three altitudes and future climate predictions, the radial growth in P.
likiangensis would likely be enhanced at the high altitude in the Yulong Snow Mountain, but the response patterns

are uncertain at the low and intermediate altitudes.

Key words southeastern margin of Qinghai-Xizang Plateau; dendrochronology; climate response; temperature;

precipitation
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ARG XA AE KRR AR AE S R G 25
Sohfer= B EERm, FifAasRAR R 5t R RME
A R G0N S5 R e R R R B 7 B AT IR 56 v (van
Mantgem et al., 2009). M AAEAFRMA S R G 3E
AHTG, R EARAK S SRR G R T
TRIEARIRAZS 2 Gont =057 A 1) i R A1) (29 s 5,
2014) . AR A AZ SR R 1A A IR R 1 3%
IR, B AR TR R R AR KBRS AER
B R (IR G, WA AE AL 58 BE R AICK R B R &
FEMGAENIE R, B ARERY) T Z R TS
i e )87 5 5 Ak 2 AT A (Fritts, 1991).

TR AR A IE I K A T 25 S R R AR A2 1) A K
(Fritts, 1976). fE X, MARGEMAKZAK
ZES R IR, T AR K ZE 1 B 7K PR M T R R X
REARAZ ) A K S (Yu et al., 2007). {H
AN [ 1 X B ) B A4 [ 2B K R S DR 7 A7 22 5,
DAL T Y 45 A PR AR A A2 ) A St S A A i [ A 5
ANE (Liang et al., 2010). 5140, ALK A LR E
WK E V& RS (Larix olgensis) iz [ A K FE 2 |
EAR K ZEYT AN AE K 2 B SRR 1, T g 4R 1
B AR FEZ YN KR M8 H /R BT
FIE(PDI) 2 m (T %5, 2016) . Hdb 2 2F 1 BH
i ¥ % # Jb % ™ #4 (Larix gmelinii var. principis-
rupprechtii) £ [a] 4£ K 5 224 H P 35 A E A1
HEKERBEFEMMIKR, . SRR E
K5 EAE10H P IATG 6 ] MK 2 52 5
KRR (TS, 2015) . PHALRT JE 00 1L AR i
PR AR 7% 5 41 (Sabina przewal skii) 4% [ 4 K A 32 |
FE8H FIMAES H B K REm, 1652 14E6 Al F4E1L
HABRI N, 1 SR AR ) AR K 3R B2 M AET
8H SRR HI (22 811855, 2010). T 7H FE X ik
P P AR AR K 5 S0 6 R A E FEAE X 5520 (Panthi- et
al., 2018).
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VR PG A T R R AR R 2, AR R AL
e BA R R IX AL (Fan et al., 2009). T4F
K, OFFHF MR TR EE T XSRS
HZAm T F54(Berg et al.,, 2008; Li et al.,
2012), [ i) B 7 Pk B BR 3 A A Rl AR 1 A
KESHERTFHRKR. 04 RS LiEER RS
12 (Picea likiangensi s) 1% ] A= 4 52 A K 2 i A L BR il
MK AR IS EHE R EIR KA1 (Abies
georgel) & M4 K (Zhang et al., 2017); &ZFS iR
SRR L S S iR IR KA A AR R A
K F BRI T-(Fan et al., 2009); HiAHEEZR A
bel % i < 4% (Picea brachytyla) flH #5442 4% i) 4= K
FEZS W, KR LA (Larix potaninii var.
australis) 1257 /K (R RS, 2017). B RS
U AETE L R I SR 1, DU RS S 5T
Z T TR RREAR _E IR AR A A K 5 S R -1
KAk LHEEE, 2017), k= A FER R AR H A4
K 55 MEE 752 RIXTELAFFT, N ops 5 B
AR AR AKX A A e i 7 22 SR (RO 56 R 1 7 mE
T2 X SR A A K PR S S R

AL 242 /2 3R [ 7 R (2 AL R D911 76 g
T PR AR A 0 ) o LLORR X 2 LA, iR i
A EARME, SHEK RIFRRME 58, R B A KE L
ERAEIAS . IS AP 2R AL, BEE AR T
FE o AEVE Y AL 2 B Al i [ 793 100-3 810 m,
FLARMR L T RR 5 ¥ A2 (Abi es fabri ) MORH i LR
(Pinus densata) Al 22 2 (SR AEH , 1987) . A SR S
Pobh B L S22 A KRR S G T, B
RIS A AR 1) AR K A2 BRI, iR R AR A% )
ARKZARERW, iz AMARERE T, FRE
T AN [FIHER TR T 2 A2 A% ) AR AR A3 A8 A 1 ]
R, BE BT SRR, NI 1 B 5 12 X SR VL 2= A2
1) AR K R D S A IR T
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1 MRFEE

11 #ARXER

£ 111(27.17°=27.67° N, 100.17°-100.33° E)
PF =AML T PaAGER, A2 3 E 4 R A i — i
Tl FIEHEIHKS5596 m, HER R, HERRE
B . {EHER2 000-2 800 mI: A LA L#A (Pinus
armandii). =2 (P. yunnanensis) v 3 B i 14
H-#K; ¥4k 2 800-3500 m ¥ 4y 4 LA = B Bk A2
(Tsuga dumosa) 1= Ll FA A4 E IR U AT Ak, gk
32004 200 mEZES A LUK R . THLaE. K
A K2R E R FERPEE AR, 4R 4 200 mLL 4
i UL 1L+ 8% (Rhododendron  Iapponi cum) i1 & ] A
FIFERMEEN (R AE S, 1987).

T 5 L AR P R R KSR X, 2
PG RCER IR G B 2 XA ), 2 R TR
2, SR EA TN IR 0 A RNV 501951~
20104F 28I i o (1), HA PSR N12.8 C,
& H @A) PSS C, & HGH)FHSE
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2016410 f120174E11 A 43 HIAE L5 L INTT
AL AT AR « AR v R VB R (R
1), KAERR R IR A KR R4 8 55 K R L
=2, FNAEN5.15 mmir) A K HE AR R i 5 (4
1.3 m)AbESHUREES, BB AN [F) 7 [ SR B2 2 L5,
FNFLMESRE NIORTE, JEH TR T .

TR SRR Z E BN A2, EEE
RPN ERE(Betula platyphylla); HHiEERCRAE R AR
BEEERWILE5KEAY, FEEERNINE
1EMk(Sorbus vilmorinii). FRYLH(Acer forrestii)AilZ
% J& (Lonicera spp. )Y, et AL TR )= F 2

RL R ML

Tablel Description of sampling sites

AL B S KEARE, WRNBCZEW, DHR
J& (Rhododendron spp.) &4 .
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Fig. 1 Meteorologica data from the Lijiang Meteorological
Station (1951-2010). PREC, precipitation; Tyean, Monthly mean
air temperature; Ty, monthly maximum air temperature; Tyin,
monthly minimum air temperature.

KB A Sampling site 2% Longitude 2% Latitude R Altitude (m) FEAS & (B/FEE5) No. (treefradii)
KK Low altitude 100.25° E 27.13°N 21898 27/53
HHiEHR Intermediate altitude 100.23° E 27.11°N 3309 35/70
iR High altitude 100.22° E 27.10° N 3639 31/62
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FERE R TFRPEAR F 0 =, fFFARNT G
FHFLB A FEASRE MG AE R AR o, R ARIE AT
BEFERS E R RTEMW T I, SEEXUE R TR
S AT H WL E 4, 28 5 FI EPSON  Scan 43 ## 1Y
(Expression 11000XL, EPSON, Tokyo, Japan)*}#:ts
BATHESE, FSEO T R240 2, 7%
793200 dpi, 54 £ 4F % K+ A CDendro and
CooRecorder ver. 7.3% 1 (Larsson, 2010)J & 4E4 5
¥, % RSG5 H0.001 mm, /5 ) H COFECHA
T2 (Holmes, 1983) X # 4% i3k AT 38 X & 4 I ) 25 3
BATACSS, IBR5 37 5 S AR AR S, A 23
RSB 170 FEAS ] T4E R 5T,

iz FHARSTANFE /7 (Cook & Holmes, 1986)%: 7.
R, KPP K NOT%IMFE KRBT IA, Lk
WA B (13845 TR RO F 30 56 4 O RE A . AR NT.
T AR N = A2 AR HEAE R (STD) . Bk %
FER(RES)F H [ HFER(ARS). T AT RN
FRPEAERREGE, MikZEFERE) PR TS
JoR R R AT B (RR S5 ME AN SR 52, 1994), (R AHT
FURTER IR 22 R 5 SR AT 0T
13 [Hx&HER

PR DAAE 12 X I A A 50 2200 72 R (Liang et
al., 2010; #&7°%%, 2013; Panthi et al., 2018), < %k
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KA B 05 BT I B TR RR A AR K S f
A Ak P o R, BT AR SR R A L R Gk
(26.87° N, 100.22° E, #Fk2 393 m)¥dzidtir L%
25 LA [ g R A 56 0 B S S A R A 5% 4 BT
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(http://data.cmaccn), ¥k B A1951-20104F, F0.45
HPERIRM A K EAN SRR T B R LS
X MR A E K s, JEH EAE9H 2 410
H EAEAEKFRH PRI A BKE, 54
IR AR RIMAT b B TSR R 7%
A A K 1 52 ) B A AR 2R (Yu et al.,
2013), H— ot TRAREK 5AKFESER T
KR B EKFR DN EFEAKFE (4910
). 4F1-83H . UFEAKFEVICYTELSH) 4
FAEKERI(YT6-8H) KU FAKER (YT
9-10H)(Zhang et al., 2017).
1.4 HIESH

NI B3N AR R 2 (A (R AH SG P, i SPSSHE
Spearman /7 V2.5 34 FE sV L 2= 42 4F fe e Hust AT
FHIRATHT o

NI E WL E 2R RAEKSSBERTFIRXR,
¥ FlDendroClim 2002%{+(Biondi & Waikul, 2004)
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Fig. 2 Residua tree-ring chronologies at the three sites. L, low dltitude; M, intermediate atitude; H, high altitude.

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



KRB BT AL S 2R A K URAE SRR 633

R2 AERGI SR A LX) B

Table2 Statistics of ring-width chronologies and common interval analysis

Gt HIE Statistic characters L M H
FEA B (B /815 Sample depth (treefradii) 25/50 31/62 29/58
F5IKE Time span (A.D) 1925-2016 18892016 19452017
EPS > 0.85f 244/ 541 Year since EPS > 0.85/cores 1964/11 1901/7 1957/11
PR E Mean sensitivity 0.28 0.17 0.16

A FE[X [H](1967-2016) 4+ #7 Common interval analysis (1967—2016)

FrdE% Standard deviation 0.23 0.16 0.14
{51t Signal-to-noiseratio 101 44.9 13.0
FEA SR M: Expressed population signal 0.91 0.98 0.93
H—E W T E PR Variancein first eigenvector (%) 41.44 49.09 40.55

L, KH#ER; M, PR H, miliik.  EPS, FEA B,

L, low atitude; M, intermediate altitude; H, high atitude. EPS, expressed population signal .

ZE S DR AT e N 43 B o Ve 8 BRSO S T 5
PEHE S5 P AT [ 43, R B o e gt
HRE AR BUHE 52 1 55 R - I s e F2 2 (Blasing et al.,
1984), [F; gk B oR E 25 R, SR LR 70 ks
R ROE R TR MBI RS S EAT 2 [
VA 3 B3 SR 23 BT AN AR AAR [ AR R 5 Ak BT 1 1Y)
KER, AT LG R e 2R W58 58 B2 s B < A
FIf1 % % (Brask, 1994). | CANOCO 4.5% 14
(Braak & Smilauer, 2002) 1704343 T (RDA) J5 2
XA SUs R 14T 404, SR IR A IR R VE RS
AR B AT BN, IR 58~ 2R 5 k47 HE
B, HEFERAE 999K, 2 /K F hp < 0.05. FIH
SigmaPlot 10.0% 4% 58 1§45

R AT = A2 AR ) AR 5 A BT 56 B
[B] ) £ %€ 1, F] A DendroClim 2002%% 14 # Evolu-
tionary and Moving Response and Correlationf&bi,
HEiEMoving forward’y = (& H 4 B S 284F) 73 4%
I 4K 555 H I Eh A R R

2 LR

21 FRGITFHEE

FRF WA FEFR L = 25 R G RHE
EUIR2F7R, 3MFE R Z R BAT B = 11
PJRURE . BMELUANES — Tl 7 E R, FEA
SRR (EPS) th 75 (>0.85), U W 4F 3K i = 42
of, EEHT5SEE TR0

AR I = A2 22 R AR 50 BE AR KU AR
RO ERI)RM]: 2R, PiRRFERS
e FEHRER ML) AR 7 B2 K, TR
WM R (B B A R

R3 BT B3R SR ENL S AR ZE 4R A FH 5% & $(1967-2016)
Table 3 Correlation coefficients of the residua chronologies in Picea
likiangensis among three sampling sites in Yulong Snow Mountain (1967—
2016)

L M
M 0.629" -
H 0.177 0.435"

L, fRiEk; M, ik, H, mifER.
L, low atitude; M, intermediate altitude; H, high altitude. **p < 0.01
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MAELH FI9H oK 43 i) 5 25 IE AR RN B 2 A o
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WA AR A K S 2 H BEK 2838 TEAH K
R, SYFETHFHRIRERZEIEMHKKR,

Wk 22 AE 3R 5 AR KRR DR (e B 4y A 5 SRR
B, AR INTL =2 R K 5 45 1-3H fl A K 4]
WIRE K2 IEA O, HAKFYINA R 2 B3 7AH
KK ZR; PRI 24 K0 55 45 1-3H Al
M KRR AR K 2 3 A SR R 38 fUk 5656
R, BRI s 2K A KSR FE T
Rk B 5 E KT
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(I 8] Sh A AT 04 (4), B ARmAKSS
(R 7 (e N M 45 R, IEBUCSAESH . THARA
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Fig. 3 Response function analysis between the residual chronologies and climatic factors (1952-2010). L, low atitude; M,
intermediate altitude; H, high altitude. p, previous year; pPG , post-growing season of previous year; JM, January through March of
the current year; EG , early growing season; G, growing season; PG , post-growing season. *, p < 0.05.
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Fig. 5 Redundancy analysis between climatic factors and
residual chronologies (1952-2010). Only significant climatic
factors (p < 0.05) are shown. The longer vector of climate
factor indicates the greater contribution; correlation coefficients
between the climatic factors and the chronologies are illustrated
by the cosine of the angle between the two vectors. Vectors
pointing in the same directions indicate a positive correlation,
and in opposite directions indicate a negative correlation.
Numbers represent the corresponding months, and T and P
indicate the temperature and precipitation, respectively. L, low
atitude; M, intermediate altitude; H, high altitude.
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FIFR AR, MFE9H MK ST a2 AKX
R IEAHRE N A DS (BI3); iy ARIEIK YL = 42
BmA K B2 YESH TR ifi4), BRI N
Lo r A KE ES H SR K 5 B 53
U R IE M DG K R (K13, WE5); sl i i A4z [m]
A KIER 2T H SRR (2 IR A K, E13).

FIVL = A2 AR A K 24 E -8 H B K (B 5 T 20)
RIHIEM KK R —J7H, WILBAZ NIRRT
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ZEAIGUR S R AR R 455, WA FIT#ARTEAE
KB A K (Zhang et al., 2015). 55 —J71H, 4
Z[E S AR T TR R 3T, SRR K
AT 7K 201 %6 (Vaganov et al., 1999). X ZE[4 55 -~
2 AR K R AR F AE 7 A 6% X 3R VT 2 42 (Guo
et al., 2009). K L4k #BE5 14 42 (Picea schrenkiana)
(Qin et al., 2016) L\ K &= KAk 5 Picea mariana
(Payette et al., 1996) (1) i 46 HF 71 1 45145 4138

W AR IR I L A K32 2T 5 e i 2
XA R S AL = A2 AR 2 S 1 5 AR B i oK
ARV 2 AZ FE A K B SRR IR IR 5, RIZL 0 725 1
E F 2 B AR AL 3 SR LG I, AT 52
WA AV (ZE 75 1K, 1991) . IRIT.3H THE A &,
I UERHL, HA-5H K ER/D(EL), [Ed s
51 FR s VR AN 3K 4 2K R IR, 2 R R
2 SE AL T K AR /L, T4 3 AR K 2R A K
TR, FEWAGE RIS, AR T LA
LB FHAA R 4: K (Rolland, 1993). 534k, Tl
L EHKRBE 5, DR EKEKEREE, &
5y FBUKDA R BT R i . L5 AXS
ZIX VL 4% (Guo et al., 2009; 7k T [E %5, 2017).
AFAT) 1 PG B SRR XRS5 bk X AR DR T
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RHZ(A. faxoniana)(F 5745, 2010; 1R T4, 2013;
FRUEAELE, 2016) M EE I L A RIE . XFILER
AR, 20 AREHERP T GRS
RE R, R X B TR T R R,
AERKFVIRR 21 . ZZRAEREBUD, SR &N o
AT T re R L 2o A 2 R AR R T M 5 2 o

29 H R AR A [F) 4R I VL 25 42 A K ) 5
Z5E, AR SINL A AR S MDA R B RS 1
FERIIAR A 6. — RIS, UFEEKEG
WL R Z 10 B e 415 1035 B, MoK g F) 1w
RBATCEER, TR R I8 70 3 R AR K
(Rolland, 1993) . {HiZ{E#E/EFH RAEE e % (L =
12 iR E R AT DRI, MR, fEF RIER RN
IIEIEH . AT, H. AR S iRk
FEriBKE 2, BEH LR - FA2I3500 mit, [
KBl R > (R RS AR, 2007). L RIER
i 22 PR R K 2t Rl 338 B A B PRI T C ORI B2 19
/b 33 AL AT I PR R AR RIS Sh AT
A 1F F )35 M (Bazzoffi & Nieddu, 2011).

BRI s 2 A KI5 HETH FHRIE R
B AR R, Ul E RN SR AR K
MEEM . B4 KRR, BEi
SIRA R THABAT AR, R RIE YT
PR 4 K (Salzer et al., 2009). X HFFE1E5:
WA, 9B 2SR A 5 ) SR AR AR ) A K
SRS T-(Yu et al., 2007). KU E ZS IR
B R AR AR K 4510 78 B A\ L g 4t
¥} (Takahashi et al., 2005). 4t 3& P & L1 10 X ik
Pinus longaeva (Salzer et al., 2009) 1 /R B3 111 &
HFR NN =42 (Picea abies) (Meyer & Braker, 2001)
FRIAR FCAIT 58 PP S5 ik TE

TUAR A3 AT 4 Rt — 2B B0 AE T Wi B 43 BT 1 45 R
RBP4 4 1-3H 9 H B /KR 4 4E5 H P24 SR 2 2 &
TS AL AL AR A K E AR T, (A
BT AR A AR AR AR 1) A K S5 U3 R (1)
K F o AHME R4 BT A0 TUAR 5 B 45 R A7 7E 22
LUREDNA ey walll ESIESEE RV RN o DK 1R %7 e
KAIFEME J AR T H T35 SR i R R A K 1)
SOMA A, T RO P 22 R R D BRL AT R R RO VR 1 4
THR A G X P2 S AEAR AT A R 3 LA 7L (5K
B, 2018) A SR B FE R AR AR K 5 AR 7k &
W (T4, 2016) A K. Kk, —FHHILZEE
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I FH Fit B9 A TH 17 74 A e s R e DX 3l A A% ) A=
KA D AR

BT XIS A R S (PRECIS) (Jones et al.,
2004) 5, #2100 E E TR HIX . 2L K &
ZP SR B ETF2.6, 3.10 2.7A13.1 C, 1[4
JKI 53 HI 8%, 7%, 6%7118% (Xu et al., 2006).
ghA B USRI I VL 2 A2 45 1) A 6 S Ak IR (1)
M IR, AR SR A ZE /K3 I DA K B SR =
AT EERIEL 2R A M, (K
WL = AZ, ARRAUEAL T RIS AT 5%,
AT KB I AR RE R BRI E L, (HRK =R K1)
SEIMAR T H A, 53403 35 2 B I 1S 00 4 e 22 41K
AT RIS R B e, Rk AR AR At
L R I S A2 AR 1) A KA IR
32 MMXEMMZERE

LR, AR B R BB KA B i &
P, B P K AE R B I 1] RUBE AR Al e
AN, AT S BN = 2452 ) AR K5 SRR (1 3)
BRAREZM . WEERINLEZAEK S SET7
H AR IE M 5% 5% 275 19904 /2 A7 HH B ik 25 1 ey
e, X ] RE S B AN VT HE X 7E 19904F /2 47 R iR B
s R (E L), RERIIL a2 EKE 445 H
AURAELI9904 /i A SAAH AR B B 2 4 o, Xt 5[]
B 31 S 2 1R A %, AR ST R TR R
BRI TR Wig; 5 AMGHEE R R AR A K 5 24 4E5 /]
B 7K 1) 1 AH 26 5% 2 7F 19804F F120004F 7 A7 Hi B &
BT B, X AT RES [ B R K H I P e A A
Ko IXFRBNAS I R WA st AR AT B 7K L3S
N ) ROBE AR At 2 B ma A AR K

XPARAR I D5 LA R LA R R KA
IR EC T 70 &% Bl (Panthi et al., 2018), H <R
NS AN R AR KA AL AR ) AR K ) E SR T,
BT WA R S A2 R B e, R SEAR, R
HES R E IR, AR T EiE R s A2
ERERBERARNLS RS2 8, #—BiFHEZE
AT IR X R R AT R R AR K
B MR R 7o 4R 77 55 (2003) % 1| PE K & bR X
AN AR IR T A2 A R FOR B, A IR
ARAEKFEZHEFT RS, ARG RS2 HEBL,
T e R AR A K 2 B2 A RIS ), X 7] e
BT KSR IX EE AR 78 X 46 B T v, LA AZ o0 A
WKL A2 E, B2 RURRGEFENpE. B
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145 (2010) % 7 78 1 iR AR 3 51 MR LU AN R ER VA AZ 1R
FRIBT TR, AR EIRW AR 3 B2 4T H
SARBIL), ARFFREEREGZ R AHFFLiie 5H
AR R T e (SRR AR LE K 4518 4
K, XAREE BT TR AR T B L K E S
B, HA RSB, A RF RIS A
M T AL BEM RIE L Z TSR, ERKRAEKE
(Graumlich, 1991).

4 ZEip

gi b, L E (AR = 242 A AR
KX ARA A i A AR 2 5, HF1-8A 5
AR B AT R K SR B 7
J3 U A R A2 DX VL 25 42 A K R G B =k TR
To H AREER I A2 4K 3 N 32 24 K =4
TR A P, TR T S A2 K RN A 2
HZRMTN . W R ECS TUR TR AR 58
AU TE T RENS A R o WIRFIROBR LA AR AR
) A= K 5 S R 0% &R M AU B T HE R 7 s
P XA AR AR R SR A 7, AT i X iRk
WA RGO 5 8 BR BERL 2K

gt Bt = s #F T A F AR A4 (20152136
F22017Y JS094) -84 .
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