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The effect of climate warming on the structure characteristic of the timberline

in Laotudingzi Mountain
WANG Xiao-Chun, ZHOU Xiao-Feng, LI Shu-Juan, SUN Long, MU Chang-Cheng  (Cottege of Forestry.

Northeast Forestry University, Harbin 150040, China). Acta Ecologica Sinica,2004,24(11) :2412~2421.

Abstract: Ecotones, the boundary zones between major ecosystems, are important sites for examining the effects of climate
change on ecosystem structure. The forest-tundra ecotone, formed by alpine timberline, may be especially sensitive to climate
change. This paper analyzed the timberline stand structure related climate factors at Laotudingzi Mountain in Dahailin region
by using transect investigation and dendrochronological methods. There was a trend of climate warming during the past 30
years, especially in winter seasons. February was the most sensitive month in a year. Both summer and winter temperature
increased, and the later was greater. The temperature difference between summer and winter decreased, but the accumulated
temperature slightly increased, indicating that the yearly heat increased. The climate warming in Dahailin region greatly
influenced the structure characteristic of the timberline. The rate of regeneration and survival in the upper timberline ecotone
and forest coverage increase, but stand age decreased. The trees class was clumped distributed structure with and an inversed
"J" type age structive. The regeneration in the lower timberline was poor and exhibits scattered distributed. The diameter and
height growth increased because of the climate warming. The trend of the ring index was consistent with the temperature
variation during the past 30 years. The tree ring index at timberline was strongly correlated to the temperature and slightly to

precipitation. The warm period temperature and accumulated temperature were positively correlated to the ring index, while
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the cold period temperature and mean annul temperature were negatively correlated to the ring index. These suggested that the

warm period temperature control the timberline elevation, and the cold period temperature determine the type of tree species at

timberline. The sensitivity analysis indicated that the tree at the upper timberline was more sensitive than those at lower

timberline, but not at the most upper timberline. The sensitivity of Betula ermanii was better than spruce-fir by comparing,

which mainly related with the location of Betula ermanii, and the mid-age tree had the better sensitivity.
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Fig.1 The variation of temperature in recent 30 years in Dahailin
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Table 1 Basic characteristic at the timberline ecotone plots in Laotuding Mountain
Characteristics 1 No. 1 plot 2 No. 2 plot 3 No. 3 plot 4 No. 4 plot
Altitude (m) 1650 1633 1602 1582
Aspect West-North West-South West-South West
Slope 5° 18° 10° 22°
. . L. . B N B. ermanii,
Dominant tree species B. ermanii B. ermanii B. ermanii .
spruce-fir
Shrub S. alpine Pall L. caerulea — S. alpina
Herbage coverage (%) 50 60 90 100
Moss coverage (%) 25 5 1 —
Lichen coverage(%) 5 1 — —
Shrub R&.
. 10 0.5 —
seedling coverage (%)
Canopy coverage (%) 30 80 50 30
Pteridophyte _
0.5

coverage (%)
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Table 2 The correlation matrix between annual ring index and climatic factors
Variable v x X xs x xs X x7
y 1. 00
x] —0.92 1. 00
ke 0.95 —0.76 1. 00
xs3 —0.96 0.97 —0.83 1. 00
Xy 0.96 —0.77 0.98 —0.88 1.00
x5 0.33 —0.49 0.10 —0.56 0. 27 1. 00
ks 0. 60 —0.74 0. 38 —0.79 0.51 0.95 1. 00
x7 0.50 —0.77 0.22 —0.72 0. 31 0. 85 0.92 1. 00
*y 21 sy 6~9 sy 12.1.2 sy >0C s 5 sag 6~9
sar 12.1.2 .y is the ring index; xis the mean annual temperature; x,is the mean temperature in summer

seasons; x3is the mean monthly temperature in winter seasons; xthe accumulated temperature above zero; xsis the mean annual precipitation;

xs1s the mean monthly precipitation in summer seasons; x7is the mean monthly precipitation in winter seasons
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