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Reconstruction of disturbance history of a typical broad-leaved Pinus koraiensis forest and
mechanisms of disturbance occurrence
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Abstract

Aims The primary broad-leaved Pinus koraiensis forests in China are almost completely lost due to human and
natural disturbances in recent years. Hence, it is critical to quantify disturbance regimes in their typical
distribution areas. The aims of this study were to: (1) develop the disturbance chronology in a typical
broad-leaved P. koraiensis forest in Xiaoxing’an Mountain; (2) investigate the disturbance characteristics of forest
gaps; and (3) explore the possible mechanisms of disturbances.

Methods A total of 461 incremental cores in P. koraiensis and 145 cores in Abies nephrolepis were collected
from 44 forest gaps in a 6 hm? permanent monitoring plot. Two disturbance chronologies were developed respec-
tively for P. koraiensis and A. nephrolepis by detecting growth release with boundary-line release criteria. The
significant disturbance period was identified by the multi-taper method (MTM) of spectral analysis. In addition,
the disturbance mechanisms were evaluated by the superposed epoch analysis (SEA) between percentage growth
changes in the two tree species and wind speed, extreme temperatures and sunspot numbers by using the EVENT
program.

Important findings The variations of percentage growth changes (GC) in P. koraiensis and 4. nephrolepis at the
edges of forest gap were similar to those in closed canopy. However, there are apparent differences in GC among
different gaps; the forest gap disturbance and its impact varied greatly. The strong growth release in P. koraiensis
occurred in the periods 1733-1738, 1748-1752, 1769-1771, 1798-1801, 1827-1833, 1841-1844, 1935-1939, and
1968-1973, with significant disturbance peaks in 1752, 1770, 1800, 1830, 1842, 1937, and 1970. The growth re-
lease in A. nephrolepis occurred in the periods 1889-1904, 1932-1938, 1947-1973, and 1986-2005, with signifi-
cant disturbance peaks in 1894, 1934, 1951, 1968 and 1990. The disturbances occurred at intervals of 2.0 a, 3.5 a,
3.84a,7.3-794, and 9.1-18.2 a in P. koraiensis, and of 3.5-3.6 a, 7.5-48.8 a, and 65-85 a in 4. nephrolepis. Wind
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was a major mode of disturbances for producing forest gaps and resulting in tree growth releases in the primary
broad-leaved P. koraiensis forest in the Xiaoxing’an Mountain. In addition, extreme temperatures could also affect
the regime of tree growth release in this region. Solar activity may be another important mechanism of forest gap
disturbance and tree growth release in the primary broad-leaved P. koraiensis forest; it affects the forest gap dy-
namics by changing local wind speed, air temperature, precipitation, and other large-scale climate patterns in the
Xiaoxing’an Mountain.

Key words disturbance history, growth release, tree rings, the broad-leaved Pinus koraiensis forest, Xiaoxing’an
Mountain
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Table 1  Statistics of characteristics in growth release in Pinus koraiensis and Abies nephrolepis
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B, percentage of trees with release changes over time.

doi: 10.17521/cjpe.2015.0013



132

E4

Y HE A2 Chinese Journal of Plant Ecology 2015, 39 (2): 125-139

108 108
107 9.1-18.2a 107
106 106
o
B 5
g 105 10
£ 10 10*
8
& 10 10°
- 102
10
i 10!
100 10°
10_1 1 1 1 1 1 ]0_1 1 1 1 1 ]
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

#iZ Frequency (a-!)

JRi¥%  Raw spectral 99% B (57K 99% Confidence level

LLRA AV LA A2 (B) THRAER M 2 A0 1 0 #T o &1 B AR AR I B 0 . 2% (p < 0.01)
Fig. 4 Multi-taper method spectrums analysis for Pinus koraiensis (A) and Abies nephrolepis (B) disturbance chronologies. Values
shown in the figure represent significant periods (p < 0.01).
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Fig. 5 Correlation coefficients between percentage growth changes in Pinus koraiensis (black bar) and Abies nephrolepis (blank
bar) and monthly mean wind speed (A) and maximum anomalous wind speed (B). The gray columns indicate significant correlations
(p < 0.05). The letter P represents the previous year. For instance, “P8” represents the previous August.
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Fig. 7 Correlation coefficients between percentage growth changes in Pinus koraiensis (A) and Abies nephrolepis (B) and minimum
anomalous air temperature and maximum anomalous air temperature. The gray columns indicate significant correlations (p < 0.05).
The letter P represents the previous year. For instance, “P8” represents the previous August.
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Fig. 9 Photos of windthrow. A, Fraxinus mandschurica tree uprooted by the wind. B, Pinus koraiensis tree broken on trunk.
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Fig. 10 Correlation coefficients between percentage growth
changes in Pinus koraiensis and Abies nephrolepis and monthly
sunspot number anomalous value. The gray color of columns
indicate significant correlations (p < 0.05). The letter P in the
horizontal axis represents the previous year. For instance, “P8”
represents the previous August.
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Fig. 11 Superimposed events analysis between sunspot erup-
tion and percentage growth changes in Pinus koraiensis (A) and
Abies nephrolepis (B). The gray columns indicate significant
correlations (p < 0.05).

Table 2 Correlation coefficients between monthly sunspot values and monthly anomalous weather climate variables

EE) BRI T -84 e e il ety B IRl ety Bt e il S8 R 5 KR

Month Minimum mean air Maximum mean air Extremely minimum air Extremely maximum Mean wind Maximum wind
temperature temperature temperature air temperature speed speed

p7 0.22 -0.32 0.24 0.21 0.48 -0.01

P8 0.10 0.28 -0.07 0.25 0.39 0.56

P9 0.43 -0.27 0.41 -0.22 0.38 0.43

P10 0.22 0.03 0.13 -0.30 -0.09 -0.21

P11 0.49 0.22 0.60 -0.01 0.13 0.03

P12 0.32 0.39 0.51 0.25 0.32 0.35

1 0.34 0.38 0.51 0.16 -0.55 -041

2 0.50 0.50 0.39 0.11 -0.39 -0.15

3 0.31 0.42 0.39 0.21 0.06 -0.31

4 0.28 -0.02 0.45 -0.15 0.45 0.23

5 -0.31 -0.24 0.18 -0.21 -0.17 -0.39

6 -0.37 -0.47 -0.07 -0.36 0.07 -0.21

7 0.16 -0.40 0.18 0.11 0.32 -0.10

8 0.08 0.10 -0.24 0.03 0.37 0.40

9 0.53 -0.14 0.54 -0.19 0.02 0.14

10 0.18 -0.02 0.10 -0.49 0.00 -0.07

HHIR A3 BT IO Bk e KRG S i = 324, oAk #hn = 47, IHIEUE & Rp < 0.05. PRIRTT—4F, W"P8 fRHT—4F8 .
The maximum wind speed correlation coefficient analysis of outliers » = 32, and the rests » = 47. Bold values are the significant periods at 95% confidence
level. The letter P in the table represents the previous year. For instance, “P8” represents the previous August.
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