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Responses of radial growth in Larix principis-rupprechtii to climate change along

an elevation gradient on the southern slope of Luya Mountain
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Abstract: Many studies have addressed the effects of climatic factors on the radial growth of trees in different habitats.
However, changes in climate can modify the relationships between tree growth and climate, and this, in turn, can modify
the annual growth patterns of trees. Luya Mountain, located in the north of central China, has experienced a clear increase
in air temperature over the last several decades according to the findings of the Intergovernmental Panel on Climate Change.
The Wuzhai County Meteorology Station has also recorded an increasing trend in the annual mean air temperature and a
slight decrease in total annual precipitation from 1996 to 2007.

Trees at three different elevations on the southern slopes of Luya Mountain (low, 2330 m; middle, 2440 m; and high,
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2540 m) were selected for study, and tree-ring chronologies were created to study variation in radial growth response of
Larix principis-rupprechtii trees to climate change along an elevation gradient. A total of 92 cores from 46 trees were
collected, and ultimately three residual chronologies were created, one for each of the three elevations. Statistical analysis of
the chronologies revealed the expressed population signals of all three chronologies exceeded 0.85, the minimum threshold
indicating a strong climatic signal in tree ring chronologies. This implies that the three chronologies were all suitable for
growth-climate relationship studies. Pearson’s correlations were calculated between the tree-ring chronologies and monthly
climatic factors ( monthly means of temperature, maximum temperature, and minimum temperature as well as total monthly
precipitation) to investigate the climatic responses of trees. Moving correlation analysis was also applied to the tree-ring data
and these monthly climatic factors. This allowed further analysis of the stability of the relationships between each pair of
chronologies, and the relationships between tree growth and climate.

The annual growth rthythms of Larix principis-rupprechiii and their relationships with climatic factors varied over time
and among the three elevations. Similar annual growth rhythms were found at the mid-elevation (2440 m) and high elevation
sites (2540 m) , but these differed from those of trees at the low elevation site (2330 m). As for the relationship between
tree growth and climate, growth at low elevation showed significant negative correlations with both monthly mean temperature
in April and total monthly precipitation in the previous November, whereas the trees at middle and high elevations exhibited
significant negative correlations with monthly mean temperature in the previous October and total monthly precipitation in
June. However, none of these relationships between tree growth and climatic factors at the three elevations were stable based
on the moving correlation analysis. The correlations between tree growth and the main climatic factors became significant in
1996, when the annual mean air temperature showed an abrupt increase. Similarly, the elevational variation in the
relationships between tree growth and climate, as well as in the growth rhythms, both of which also are first apparent in
1996, suggest climatic warming drives elevational variation in growth-climate relationships and growth rhythms. The findings

of this study build on our knowledge of elevational variation in the influence of climate change on vegetation.
Key Words: Climate change; Elevation gradient; Larix principis-rupprechtii; Luya Mountain; Tree rings
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Table 1 General situation of sampling sites

RHE R ER AR (G /B) Motz e 73 Bt
Samping site Altitude/m Sample size (core/tree) DBH/cm Tree height/m Period
L 2330 30715 22.6+1.3 16.2+0.6 1874—2007
M 2440 30715 18.7+0.7 14.0+0.6 1932—2007
H 2540 32/16 19.9+0.6 13.6+0.5 1931—2007
a: DBH, diameter at breast height; a,b; V¥ +brifEiR %
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Fig.1 The variation and the abrupt change of (a) annual mean temperature and (b) annual precipitation
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3.1 ERMGITEE

24N T 3 REAE M IAMER ST S8 Hrh - EUREE A T 0.16—0.21  ARifEZE AT 0.14—0.19,
JEHE AR DG R BN 0.39—0.59 , 55— F U i B i 1A 5] 47.9%—61.1% , 3R 3 A RAE SR AR ZE K XS
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Table 2 Statistical parameters of chronologies

KFE S Sampling site JF5KJE Period MS SD R PCA1% SNR EPS
L 1874—2007 0.21 0.19 0.42 522 13.8 0.93
M 1932—2007 0.16 0.14 0.39 47.9 6.50 0.87
H 1931—2007 0.19 0.17 0.59 61.1 28. 6 0.97

MS, V- BUKE (Mean sensitivity) ;SD, ##fE22 (Standard deviation) ; R , AN ] 5 51 [A] A9 F- 441 5 B 4L (Inter-series mean correlations) ; PCA1%,
— E WA (The variance expressed by the first principal component) ;SNR, {58 LE ( Signal to noise ratio) ; EPS, FEA BB ( Expressed

population signal )
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Fig.3 Correlation coefficient between monthly climatic factors and chronologies at different sampling sites
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