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Radial growth response of two conifers to temperature and precipitation at upper

forest limits in Shika Snow Mountain, Northwestern Yunnan Plateau
ZHANG Yun, YIN Dingcai, SUN Mei, LI Liping, TIAN Kun, ZHANG Weiguo "

National Plateaw Wetlands Research Center, Southwest Forestry University, Kunming 650224, China

Abstract; The Northwestern Yunnan Plateau, located in the southeastern edge of the Tibet Plateau, is a region sensitive to
global climate change. Multiple tree species form the upper treeline on different snow mountains within the region, making
the mountains ideal sites for dendrochronological studies. However, climate-growth relationships in the Shika Snow Mountain
(one of the typical snow mountains in the region) are unclear, and improved understanding of tree growth response to
climate change in Shika is fundamental to predicting growth under future climate change. To detect growth response of
multiple species to climate change, we developed residual chronologies of Picea likiangensis and Pinus densata at upper
distributional limits in Shika Snow Mountain, Northwestern Yunnan Plateau, using dendrochronology. We used response
function to study relationships between residual chronologies and climatic factors, aiming to elucidate the main climatic
factors affecting radial growth of conifers in the Northwestern Yunnan Plateau. To further analyze and verify the relationships
between radial growth and temperature and precipitation, redundancy analysis was applied. Results showed that temperature

was the main factor influencing conifer growth at the upper forest limits in the Shika Snow Mountain; temperature and
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precipitation have a lag effect on tree radial growth and the two conifers responded differently to climatic factors.
Specifically; (1) The radial growth of P. likiangensis was affected by temperature and precipitation, showing a significantly
negative correlation with mean minimum temperature of the previous October, and a significantly positive correlation with
mean maximum temperature of the previous November and temperature of the current July. Precipitation of the previous
August and current May inhibited growth of P. likiangensis. (2) The radial growth of P. densata was significantly and
positively correlated with mean temperature and maximum temperature of the previous October and mean temperature of the
previous November, and showed a significantly negative correlation with mean temperature and maximum temperature of the
current July. However, no significant correlation was detected between growth and precipitation. (3) The redundancy
analysis presented similar results as the response function analysis, further indicating that the method can effectively
quantify the relationship between tree radial growth and climatic factors. This study provides a theoretical basis for the

management and protection of forest ecosystems in the Northwestern Yunnan Plateau faced with climate change.

Key Words: upper forest limit; dendrochronology; climatic response; redundancy analysis
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Table 1 Descriptions of the sampling sites

ARl LhIE/N ZRE/E FEARE HEtk/m
Tree species Latitude Longitude Sample No. Elevation
WYL 42 P. likiangensis 27°52'52.20" 99°34'18.48" 18/33 3618
w5 LLAS P. densata 27°50'39.84" 99°37'34.72" 34/68 3625
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Fig.2 Residual tree-ring chronology ( solid line) and sample size ( dotted line)
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Table 2 Statistics of residual chronologies and common interval analysis

WL z=42 P. likiangensis LR P . densata

-3 Chronology BRI AT AR BRI A EAHAER

Standard chronology ~Residual chronology ~ Standard chronology ~ Residual chronology
KA Sample No. 16/26 16/26 33/59 33/59
11 E]/4E chronology span/a 1897—2014 1898—2014 1810—2015 1813—2015
SEXIHUBE Mean sensitivity 0.11 0.13 0.15 0.16
A FEX ] /4F Common interval/a 1945—2011 1945—2011 1926—2015 1926—2015
ANFEIX [E] G i1 Statistics of common interval analysis
S5 —HRE AR [ 40 HE Variance in first eigenvector/% 31.01 34.89 4221 44.10
¥R Standard deviation 0.13 0.12 0.16 0.14
%M [¥. Signal-to-noise ratio 4.81 7.62 25.13 27.45
FEA BRI Expressed population signal 0.828 0.884 0.962 0.965
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Table 3 Correlation analysis with moving intervals between the residual chronologies and the monthly climatic factors

R Fh SApER T B EAEA
Tree species Climatic factors Significant year
T A A 8 ABEKE 1992—2011(-)
P. likiangensis A 10 A EALR 2010—2011( -)
FAE 11 H P s 1992—2011( +)
MAES AREKE 1992—1999(-) , 2001—2011(-)
AR T HEHR 1992—2011( +)
MAE T P s R 1992—1996( +) , 2011( +)
AR 7 A EARR 1994—1996( +) , 1999( +), 2003—2011( +)
iei LA AF 10 AP 1992—2011( +)
P. densata AF 10 AP 5 i 2001(+), 2003—2004(+), 2007(+), 2009(+), 2011(+)
A 11 AR 2011(+)
WA T AR 1992—2011( -)
4R 7 PR IR 1992—2011( =)

(=) FTRAAKR RN BF AN ; (+) FRANRKF N LFIEMK ; = R7RIKF] 0.05 KLY L FHIK

2.4 AR SERN TR ICR

WYL 2 A2 e LA 22 (RLAF 3 55 A PR 5 TUAR Z3A 48 R A5 W 17 BRI M 28 R — B, i — 2D B0 iE 1 i 7L
TIZME LM ARG TURE TR, TR 64 N UBER A 6 NI A1 KTz A2 F i
Aol A2 R S IR B B 2 KR (P<0.05) o £ 1) 4 B LA S AR 32 i B 1) i TR K BE RN, 29 4F 7 H R iR
Fe il (IEAHSR) FLEAR 8 A K (URI50) HRTL A AZARRA HE RSB AAR M, AR 11 AP 7 A -
il 7 BRIV L S A — & et S I, s LA 1) AR 2 2852 4 7 B dRc i (BUA 5C) A
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Fig.3 Correlation analyses of response function between the residual chronologies and the monthly climatic factors
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Fig.4 The redundancy analysis between two residual

chronologies and the climatic factors
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