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Growth responses of broad-leaf and Korean pine mixed forests at different successional stages
to climate change in the Shengshan Nature Reserve of Heilongjiang Province, China
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Abstract

Aims This research examined the different response of tree growth to climate change at the early, middle, late
and matured successional stages of Korean pine (Pinus koraiensis) and broadleaf mixed forest.

Methods This research used dendroecological methods to analyze radial growth at different successional stages
of Korean pine forests in response to climatic change in the Shengshan Nature Reserve of Heilongjiang.
Important findings Chronology statistics indicated that the sensitivity of radial growth to inter-annual climate
variability decreased from early to later successional stage. Meanwhile, the influence of some climate indices to
radial growth also changed during the successional process. Radial growth of matured forest was positively re-
lated to mean monthly temperature in June and December of previous year, revealing an obvious “lag effect” of
temperature. The ring-width of matured forest had a negative correlation with mean monthly temperature but a
positive correlation with monthly precipitation in June of current year, reflecting the limiting role of growing sea-
son water availability. However, these limiting effects gradually disappeared towards the earlier stages of forest
succession. On the contrary, the growth of early successional forest was negatively correlated to precipitation in
June of previous year, and this effect disappeared towards the later successional stages. These differences revealed
increased demand of water by dominant species from early to later successional stages. A moving correlation
analysis showed that the increased warming and drying climate in the research area had both positive and negative
influences on radial growth of each forest type. Earlier successional forests did not show clear long-term growth
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responses, but Korean pine forests had decreased radial growth in the past decades due to reduced water availabil-
ity. Climate warming and drying in the future may impose negative impact on the growth, succession and distribu-

tion of Korean pine forests.
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Table 1 Stand characteristics of the plots for different succession stages
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Successional stage Dominant species Mean DBH Mean tree height Max DBH Max tree height Stem density
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FH Early (4 Betula platyphylla 13.2 13.3 29.8 22.6 953

i Middle ik Quercus mongolica 1.1 8.9 43.8 24.3 1576

S Mid-late ZIFA Pinus koraiensis, 11.9 12.0 51.8 28.9 1723

2L =A% Picea koraiensis
W3 Late 21K Pinus koraiensis, 16.6 13.1 67.7 28.6 1180

41 )% K% Picea koraiensis

DBH, diameter at breast height.
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Fig. 1 Changes in mean annual temperature and precipitation in the study
area.
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Table 2 Correlations among the residual chronologies for four succession-
al stages during the period from 1960 to 2012
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Fig. 2 The residual chronology and number of samples for
different successional stages.
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Table 3 Summary statistics for residual chronology of different successional stages

WM BL Successional stage R Barly ] Middle  HiEH Mid-late  BEH] Late
FL[E] X B Common interval time span of year 1957-2013  1969-2013 1951-2013 1949-2013
FEA KL (B B850 Number of cores/trees 63/48 50/41 63/48 43/33
PHIBURE Mean sensitivity 0.289 0.236 0.248 0.178
PR 2 Standard deviation 0.280 0.188 0.216 0.177
—Br I FH5< R %0 Autocorrelation order 1 0.165 —0.244 -0.166 0.188
RIFEAAT-HI4H55 5250 Mean correlations among all radii 0.473 0.251 0.341 0.299
R2ANFIR A 2 6] 24 F5< /2 % Mean correlations between trees 0.729 0.402 0.689 0.700
R3[A]—# AR A FIREA 2 [ T #4455 2 % Mean correlations between trees and within trees  0.470 0.250 0.336 0.293
&ML Signal-to-noise ratio 26.043 6.380 13.459 10.682
FEAR SRR M Express population signal 0.963 0.864 0.931 0.914
B—EWIr T i £ R PCAL (%) 0.501 0.308 0.377 0.347
PCAL, variance in the first principal component.
g =007 4 031
5 0.047
2 02 0.2
=3 0.134 0.12 0.168 0.1
W& 3 ' '
82 -03
S 0
=S 0.4 0.356
(3] =\ — »
E 0.001 0.1 0341
~ 05 . . . - -02 . . . -
Early Middle Mid-late Late Early Middle Mid-late Late
w 0470 03¢
g € 0007 ozl P
5 03 ’
= 0.1}
2 02 ol
W 3
K2 ol =01}
3 -02}
E ot . 0.036 0.017
S 0.705 =037
-0.1 —04

Early Middle Mid-late Late

& T B Successional stage

Early Middle Mid-late Late

HE T B Successional stage

B3 A FEE Y B S fa A B H AU B T IR AR G R (B 8= Jupfl) - A, BAE6HBEK. B, EF12 HFHSIR. C, 2
HEOHMEK. D, ME6H PSR, Early, F8; Middle, #Hi; Mid-late, i H; Late, HHA.

Fig. 3 Correlation coefficient between ring-width indices and monthly climate parameters of different successional stage (the num-
ber associated with each coefficient was p value). A, Precipitation in June of the previous year. B, Mean air temperature in December
of the previous year. C, Precipitation in June of the current year. D, Mean air temperature in June of the current year.
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Table 4 Correlations between ring-width indices and monthly climatic indices for different successional stages

AP35 Monthly mean air temperature

H Bk & Monthly precipitation

R Early fii] Middle FEE ) Mid-late i3hl Late R Early F Middle R Mid-late B Late
p6 0.175 0.246 0.107 —0.428™ -0.207 -0.214 -0.190
p7 -0.023 -0.059 0.088 0.068 -0.112 0.028 -0.077 -0.155
p8 -0.074 0.069 -0.232 -0.120 -0.266 -0.037 -0.009 0.032
p9 0.060 0.058 0.021 -0.151 -0.022 0.147 0.091 0.114
p10 -0.147 0.139 -0.061 0.131 -0.199 -0.102 0.068 -0.025
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Fig. 4 Correlations with moving intervals between ring-width indices and monthly climatic indices for different successional stages.
T, monthly mean air temperature; P, monthly precipitation. Capital letters before T or P (e.g. JUNE) denote the climatic indices for the
previous year, and the first letter capitalized (e.g. June) is for the current year. Green color indicates non-significant correlations.
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