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In order to detect the response of tree growth to climate change in the northwestern Yunnan Plateau,
we used residual chronologies of three major conifers, i. e. Picea brachytyla, Larix potaninii and Abies
georget at their upper distribution limits in Potatso National Park, to study the characteristics of the
residual chronologies and the relationships between radial growth and climatic factors (temperature and
precipitation). We aimed to find out the main climatic factors affecting tree growth in the area and to
detect differences of growth responses to climates among the studied species. The results showed that; 1)
The climatic factors ( temperature and precipitation ) of post growing season were the main factors
affecting tree growth at the upper distribution limits in Potatso National Park, but varied with tree

species. 2) The radial growth of P. brachytyla was mainly limited by temperature condition during the

post growing season ( September— October of previous year), and was negatively correlated with mean

Fs HEE: 2016-06-02 f&EIHHA: 2016-09-20

EEWA: a2MAEETESILESIH (20152136) PYRML KEERHIFG SI3E430 H (111428) 2 F5 44 = R BLABIH AT BA (2012HC007 )

E—EE. NMER, FEIRTE . BIARER 5528, Email; 18669035075@ yeah. net  Hihl:650224 = 5544 B AT 84 I IX 14 8 <
300 5 PG p oL A 2 R 5 7 S A 5

FEVEE . B, L DVERRE ST B, EERESCOTIN . ST AR W) SRR B R I TS A A 1R A SR AR A A AR A K B
S A MARER S 45 0E 04T, Email ; zhangyuncool@ 163. com il . [a] F o

ZSF P9 4k - http : //j. bjfu. edu. enj http://journal. bjfu. edu. cn



44 G| AN N AN S

%39 %

temperature of post growing season in previous year ( September-October of previous year), meanwhile

higher temperature during the growing season ( June—August) of current year positively affected its radial

growth. 3) Precipitation in October and the post growing season of previous year ( September— October)

was the main factor limiting the radial growth of L. potaninii, with a significant and negative correlation

between the residual chronology and precipitation. 4) The radial growth of A. georgei was mainly limited

by climatic factors of the growing season, presented by a significant and positive correlation between

radial growth and mean temperature of growing season ( June- August) and post growing season

(September—October) in current year. This study can provide basic data for climate reconstruction in

Shangri-La, northwestern Yunnan of southwestern China.

Key words

S BRI AR R O X BRAR A 28 R G077 A R A 5
matt, AEARRE AR B T H B R I FE S At
WA AR (S HIR AR L) s m > iR
FREIK IR MR A AR [0) A2 K B ZE A BE R - T
FRE AR AR 10 T SO A A= BRAR 2 72 & A= A8 1k, AL

SR A 1 AR R A AR K R R AR R
() TE 7 AR ARG B et I s A I 284k, SR ARG 1Y
WFgEad B B AR FH R 2o 47 46 98 i 4
5 SR TR AH SCPE 2 A, FT LS 7R R e A X
SRt A AR R R DS S R, T SR AR A T
PEST S BRLG REARAE R0 2 1 A 4 BRI AR AL 5
RBGT KA IR Bk

VAL 1 PR AR A A= A o A AR A Ry R, 52 3]
PZOGEE o il A VR B AR A X T B
JET ) G BT 3 R L v g S 4 AR R ( Juniperus
przewalskii) FEXF 7 A VIR S WEAHES L
Je V1148 Fi it B35 N B IIR VT8 A2 (Abies faxoniana )
Sl B 8 AR DG K O R R A
W5 3% B 4K B BR AR AR A 4K 32 B8 K T I iR 2 5%
e O A G I 1L AR B U R AR BRI T i s A2
( Picea crassifolia ) X ¢ 8L T 5 B K B9 8 2 HH
S B R Az ek e O N
MREE Ab 1) f11 85 = K2 (P. jezoensis ) 5 5 ME ( Betula
ermanii ) #X L BE IR K BB R B T 4 25 A0 OC
DA T R K AN SRRy B2 1T ) e
AU X AR L rp R L BR 1 T I s A2 9T
Hv ) D IO 0 3 K g g by AN S 3 DRI i
PR BRAR A A R A R 1 e oy 2 A UM AN
B AN A 2w AL i — 2B

TEL PG b g S T 7 8 e Do 7R R %, A AT L B
AR DX, 2 B0 R 2 R i) < AT g A 757 980 1 i 1
AKIEIE R AR A UK X A 2
WA I 2 — 1 B S SR P AL
H S5 11 BRI AL A2 (Abies georgei ) FIHE
B BRI ZE T =42 (Picea brachytyla) #17

tree ring; climatic response; upper distribution limits; Potatso National Park

AR RS BT FT 7 45 5 R I R R A I
PR 2 DR B PR AR A 4 A £ A 7 (HAR ]
RS Aol AR AR i) A A X A 72 P 4 W S A A ] 6 X
R2E SR, WAL IO AR 58 B R A T I X
MR ZRE S BT RIS ) A O SR 2R Y
W IS A AR ] 25 55, B8 7ol 4 s 2 ) F 5 9 A~ i
T DX AR R T 2 PR TR B RS [
AR AR o) AR A A 28 Ak i 7 ) BIF Y, BEA8 BE n42
TET 46 735 S ] DX BB AR A K ) SC B A Mg R 5, % o
SREATH 5 TR ARA R BAT B R E X,

AR SCLATEL PG A s B A T 5 SR 4l 2 8 el Sl
FEX A, PRI XN T2 A R 22 RRAL
¥ (Larix potaninii) FHE G K2 AW FEXT 42, iz R
ARAEEF ERIIT IR ST 3 Bl B4R R AL, R e
N7 BRSO3 BT A %S T8 4 B0 TR EE N R K B A OGO
2, VARG A SE S BRI 50 4E R IR EE, BTER
NS MR DX U A A Y DG B A I, $R AN [
BT ) A ROR UM 78 A 8 Wi 7 2 S, DT Ay A
AT ST BARARE B S PR A SR HE BRI AR Y .

1 BRI G B R T %

1.1 #HREER

EN TN VAR =Nt s i E DA T RSN S S /N |
(26°20'08" ~27°40'31"N,99°10'22" ~ 100°03"17"
E) |, A 7 58 5 )5 2R R 2 B BT LUK Y rheg R R T
RS — M ER AR, bR E IR E S
DI, A H T2 B A R d 5 B Al B IR v Y
= ARSI T 2o R i VA AR 2 A A
W, AR T 4k 2 i U SR B I AR ( Pinus
densata) Pz A2 ( Tsuga dumosa) Fy F HIBEYE IR
DR AR 4K 2 390 ~3 200 m) 5 AZZ R =42 K
FEAFERAEET AR (4K 3 200 ~3 700 m) 5 AL
Y12 (Abies delavayi) TN {1 2= ¥ ( Picea likiangensis)
IR IRELAZ 55 g W FE WA B AR (W4 3 400 ~
4000 m) 5 I AZ L2 o 1L DA s ) A9 R 2 1)



%1

RAERRSE . kA KA R BB 3 A B R AR o] A 1O A5 A8 A B e b

45

HB I (3R 3 700 ~4 159 m) '

F A BN AR R, RS R, 75
RO R R RIE HEK R R R v e skl
PR A ERK R, R ERIR N T
5o it T A S I W R A R R R e e T
5 R AR A KL il B ) BRAK M AR K R AF
R A TN I R W (730 T w2 v T A =N [ |
SRR IR A = e e L by A K R AT

W5 X T W 3Ry 2 RS, P 2245 AR 4l
Tk RS 406 1960—2011 4F 19S50, 4511
WEERNS5.9C, &mAA 1A CFHIREN -3.0C , &
WA 7 AR N 13. 6 °C Bk A Fiili 45
KK i 600 mm 7247, (HATC I ) R ¥y 5] | FEE AR
e 6—9 H, HRFERKER 73% (Kl 1a) . 3 50
RO, Ak EPLAE IR BT B (1) AR
KA 2GS AR E (K 1),

- ~116 8.0 10001
E 200 s y=0.038 5x-70.49 E }-j0.096 Sx—1543.55
E o o 15r 2 + R*=0.03
Z 160} 2% g k=011 I P=0.2402
.8 5 £ 70+ P<0.000 1 = L -
] s 5 E = 800
E 1201 18 £ E g5l z
35 g g6 ‘S 700F
£ £ Ee60f £
&~ 80 44 < < -9
o’ = = S 600F
j 0 o omy S5 ﬂ
e&_?% 40 1Y B 5ol Q&E 500+
1 ! 1 1 1 Il 1 1 1 1 1 ]
0 h 4'51960 1970 1980 1990 2000 2010 4001960 1970 1980 1990 2000 2010
H 1> Month AE)y Year AEA)y Year
o T EIRIE ROk B b AT o FHE A
Monthly mean temperature and precipitation Variation of annual temperature Variation of annual precipitation
0 AR H PRk ~- ZAEH R

Multi-year monthly mean precipitation
Bt LRI R 0 1960—2011 4R Z TR

Climate data from the Shangri-La meteorological station(1960-2011)

[ 1
Fig. 1

1.2 BARESFERET

2015 4F8 AN 11 A AT 1T HEAS HORBE AR
FEF [ PR A AF 42 50 3 2 ( International tree-ring
data bank , ITRDB) b5 e | ZERF 5 X 4K 3 700 m
Loty JRBURAF SE B 1Y KRR (KRR 5E M=
FZBR SR 72 R — RAERCR KR L i =
¥ AEMER 3 900 m 7oy KAV A2 2 MR B2 K A 18

Multi-year monthly mean temperature

FZRERS, B SR 1 SR IX 3 1 T 3 155 22 4 ) 4 i
FE10m LA, HNAE R 5. 15 mm f9 A4 K HELE G =
Ab (BEHE 1.3 m) B BURESREAS o O B B 0
PR B 2—3 AN BRI K HCE ) R U A SR A
WL TS, B3 MR IR T 42 B,
86 ML (£ 1),

F1 WARERRESHFR

Tab.1 Description of the sampling sites
R Fh i 7 BEAC: (R /REES) K
Tree species Latitude Longitude Sample number ( tree/radii) Elevation/m
# M k2 Picea brachytyla 27°47'56"N 99°59'50"E 14/28 3786
KILLKS Larix potaninii 27°04'56"N 99°59'50"E 13/26 3786
KAELR K2 Abies georgei 27°47'10"N 100°00'12"E 15/32 3954
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Tab.2  Statistics characteristics of the three studied species chronologies in Pudacuo National Park

4E3 Residual chronologies rin st SRELR ARy

P. brachytyla L. potaninii A. georgei
FEAR (B /K% Sample number( tree/radii ) 14/26 13/25 13/27

FEFI K (4453 Length of series( year) 1933—2014 1914—2014 1761—2015
SRS Mean sensitivity 0.121 0.263 0.131
FRifE2Z Standard deviation 0.103 0.221 0.115

AN FEXA] (4E4)) ) Common interval time span( year) 1959—2010 1942—2014 1853—2015
5 ] SF- 4574 6 R EX Mean correlation between trees * 0. 450 0. 463 0.332
&M L Signal-to-noise ratio * 18. 853 18. 987 12. 417
FEAR B M Expressed population signal * 0. 950 0. 950 0.925
SE5—4FF (4 4> Variance in first eigen vector/% * 48.29 49.74 36. 20

T FoRILRI ALK E SR Note: * means data belong to statistics of common interval.
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Tab.3 Correlation analyses between the residual chronologies and the climatic factors in growing season

SFEIEE Mean temperature

[ 7Kt Precipitation

H: K Z% Growing season Zwmrulz KRN R A FEmats KRL2 YEIREY A
P. brachytyla L. potaninii  A. georgei P. brachytyla L. potaninii ~ A. georgei
PAEERKEH (B4 9—10 H ) Post growing season of
-0.476" 0. 084 -0.211 0. 059 -0.248" -0.062
previous year ( September to October of previous year)
WMAE A K A7) 1 ( MAE4—5 H) Early growing season of
0.110 0.092 0. 065 -0.223" -0. 066 -0.031
current year (April to May of current year)
YA A K] (244E 6—8 H ) Growing season of current
0.278 " 0.081 0.216  -0.032 0.025 0.011
year (June to August of current year)
MR JF ] (244 9—10 H ) Post growing season of
0.181 0.089 0.186*  -0.153 -0.149 -0.099

current year ( September to October of current year)

. FTARTE0.05 KFE L EEMEL, Note: *

2.3 ZFEEKESEERFHIHIEXR
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Je 3 BT A A K 17 1 BE AR 1961—2010 4F
HI0) 23 1) S BRARRE Y J 35 A OC 5 IEAE OG5 AR
10 A F #J8 BF 78 1962—1978 4F, 1980 4F LA M
1992—2010 4 i [a] 2 80 HH AU A9 I 2 TR DG OC &R

indicates significant correlation at P <0. 05 level.
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TG, 5 LA K G BIRE K AR 24 i B Br R B
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Tab.4 Moving correlation analyses between the residual chronologies and the climatic factors

EMTkP. brachyyla

KIRLK L potaninii KR A georgei

LA R S R

HEERENY SEERENT

oy .
URET RAE 10 AEY AT AEHE AR A R KR R
o " B Mean  HIRE Mean LA 10 A BK PO S Mean 19 Mean
Climatic L Mean J& Mean 7K Precipitation o 7K Precipitation
temperature o temperature of i Precipitation of temperature of ~ temperature of
factors temperature of ~ temperature of of current early of previous post
previous post current growing previous October current growing  current post
previous October  current July ) growing season growing season )
growing season  season season growing season
1962—1978( - ), 1962—1976( +), 1961—=2010( -) 1961—=2010( +) 1966—1974( - ), 1962—1981( - ), 1961( - ), 1966—1979( +), 1966—1968( + ),
1980( - ), 1979( +), 1980—1981( - ), 1992—=2011( =) 1969—1984( - ), 1987( +), 1976—1978( + ),
N 1992—2010( - )  1992—2010( +) 1983( - ), 1987( -), 1998( +), 1980( +),
BEFR
1995—1997( - ), 1990( - ), 2005—2006( +) 1989—1990( + ),
nificant vear
Significant year 2002( -) 1992—1997( - ), 2000( +),
2001—2005( - ), 2004( +)
2010—2011( -)

(- FRMHELR AT, (+) FRMIEIERZNIE, Notes: ( —) indicates negative correlation, ( + ) indicates positive correlation.
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