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Abstract: The formation of alpine timberline has always been in focus in alpine mountain forest ecology, and the threshold
temperature of tree growth at timberline has always been a hot spot of research. We used the radial growth data of Minjiang
fir (Abies faxoniana) at the timberline of Gonggang Mountain, Jiuzhaigou, Western Sichuan Plateau to test the effects of
threshold and accumulated temperatures on Minjiang fir growth through the response function analysis. The results showed
that the radial growth of Minjiang fir is mainly limited by temperature. Furthermore, the radial growth positively correlated

with temperatures during the growing season ( July—September) , during winter ( previous December—February) , and in
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September and October of the previous year (P<0.05). However, the effect of precipitation on Minjiang fir growth was
weak. The fir radial growth negatively and positively correlated with the first and last days of growth at different threshold
temperatures, respectively. The strongest correlations between fir growth and the first and last days of growth at different
threshold temperatures occurred at 9.5 and 6.5 °C, respectively. The fir radial growth at timberline also positively correlated
with the accumulated temperatures (starting at 7, 7.5, 8, 8.5, 9, and 9.5 °C) and the duration at 9.5 °C (P<0.05),
which indicates that 7 - 9.5 °C might be the threshold temperature of cambium activity, especially the temperature of 7 °C
might be the initial temperature of photosynthesis and growth of Minjiang fir at the timberline. The growth period of Minjiang
fir at timberline is from the mid-April to the beginning of October. With a significant increase in temperature after 1980, the
accumulated temperature during the growing season began to increase, the first day of growth has shifted to an earlier date
(4.6 d/10a, r*=0.19, P=0.01), the last day of growth has been postponed (1.8 d/10 a, r*=0.04, P=0.25), the
growing season has become longer (6.4 d/10 a, r*=0.19, P=0.01), thus, significantly promoting the radial growth of
Minjiang fir at the timberline. The results suggest that future climate warming might increase tree growth at the timberline in

the West Sichuan Plateau, and the timberline might move upward.

Key Words: alpine timberline; radial growth; accumulated temperature ; tree ring; climate warming; Abies faxoniana
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Fig. 1 Variations of monthly mean temperature and total

precipitation in Songpan meteorological station (1951—2013)
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Table 1 Sampled site information of treeline Abies faxoniana

FE Tf i | Y G ik
Latitude (N) Longitude (E) Elevation /m

Site Tree species Aspect Core numbers

SATIR AL L IRES 7

Gonggangling timberline (Abies faxoniana)

bk 33°02'46.8" 103°43'06.7" 3620 40
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Table 2 Major statistic characteristics for standard chronologies of treeline Abies faxoniana

i H Ttems ZH{E Value I H Ttems S5 Value
Fit /5] 5 B Time span ( SSS>0.85) 1809—2013 {52 L Signal-to-noise ratio 8.70
FIHURE Mean sensitivity 0.12 —Br A HI5E Autocorrelation orderl 0.80
FrifE2E Standard deviation 0.23 FEAARE N Expressed population signal 0.90
A Correlation within trees 0.70 S —FHEAR i Variance in firsteigenvector /% 44.72
WTE]AA2E Correlation between trees 0.34

Note: SSS—FHA(ESIRIE, subsample signal strength
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Fig.3 Correlation coefficients between tree-ring standard chronologies of treeline Abies faxoniana and monthly climatic factors
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Fig.4 Correlation coefficients between tree-ring standard chronologies of treeline Abies faxoniana and the first and last dates of the growing

season at various temperature thresholds
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Fig.5 Correlation coefficients between tree-ring standard chronologies of treeline Abies faxoniana and the cumulative temperature and

continuous days of growth season at various temperature thresholds
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Fig.6 Mann-Kendall test of the correlation coefficients between the tree-ring index of Abies faxoniana at treeline and the initial (A) and

final (B) date of the growing season at various threshold temperature
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Fig.8 Variation of the climatic parameters during the growing season at Songpan before and after 1080
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