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1. Introduction

Windfall often occurs in a sub-alpine forest zone of the Chichibu Mountains. In the windfall site,
once secondary succession has progressed, it is possible to observe the forest recovery process after
disturbance. Although analysis of secondary succession processes is believed to be important to
improve forest management, there has been little study of the vegetation recovery process after
windfall based on long-term observation efforts in Japan. This study aimed at analyzing the forest
recovery processes after windfall in sub-alpine forests of Chichibu Mountains by comparing
species composition on the forest succession processes. This study employed data from permanent
research plot of Sawada et al. (1997) and data from additional research plots observed in 2004 and
2005.

2. Study site and Methods

This study has been conducted at five study plots, which are regarded as windfall sites and are
scattered in the 17th compartment and the 22nd compartment located at University Forest of
Chichibu, Graduate School of Agriculture and Life Science, The University of Tokyo. The five
plots were designated A, B, C, D and E. From 1971 up to 2004, Sawada et al. (1997) have been
conducted continuously research on forest recovery from windfall in plot A, that was caused by
Isewan typhoon in 1959. In plot C, which was considered as a windfall site caused by the typhoons
occurring in the years 1840 and 1880, Sawada and Kaji (1992) have conducted study. In the plots
other than A and C, the disturbed years were estimated by employing the annual ring analysis. In
the study plots, tree ring cores of large-sized trees, which have probably grown from a time before
disturbances are formed, were sampled from a hill side located at height of 120 cm from the ground.
Then, by measuring a number and width of annual rings the tree ring cores, the disturbed year was
estimated as the year in which the width of annual ring is fluctuated. In each of plot, tree species,
diameters of breath height (DBH) and tree heights were measured for trees greater than 120 cm
height. Based on the abovementioned data, basal area (BA), number of trees, DBH, heights and
species diversity index were constructed. Forest recovery process in early time of the forest
succession was analyzed by using continuous observation data at plot A, and each succession stages
of long time forest succession processes at plots A-E was compared by using data collected in 2004
and 2005.

3. Results and discussion
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According to the change in BA that occurred in the research period from 1971 to 2004 (12-45 years
after windfall), Betula ermanii a pioneer species, was found to be the dominant throughout the
research period. Total BA has increased during 1971 to 2004. Although the dominance of Tsuga
diversifolia, regarded as a late succession species and residing in the peripheral area of the research
site, was smaller than that of Betula ermanii, the BA of Tsuga diversifolia has been increasing
throughout the research period. Many species share the BA, hence the species diversity was high
(Fig-1). From the annual ring analysis, it was estimated that the disturbance years at plot-B, plot-D
and plot-E were 1938, 1875 and a year earlier than 1636, respectively. When observing the BA of
each plot, the dominant species was Betula ermanii in plot A, and it could be thought that the level
of species diversity was high in plot A, since various kinds of species constituted the BA. However,
at the other plots, BA of Betula ermanii was small, and in plot D and E Betula ermanii was
occupied small area of BA. Tsuga diversifolia increased BA at plots where disturbance year was
long time ago. Total BA was larger at plot C and D, and it was smaller BA comparing with plot C
and D at plot A, B and E (Fig-2). At plot E, there was small number of saplings and number of trees
per hectare; it was thought these caused BA to decrease at plot E. From these results, in 12-45 years
after windfall, Betula ermanii, a pioneer species, had been the dominant species in study site.
However, 67 years after windfall, instead of Betula ermanii, Tsuga diversifolia, being a late
succession species, became the dominant species so as to increase BA ever afterwards. Further, at
the beginning after the windfall, the level of species diversity was relatively high. However, in the
late time of succession, the species diversity decreased.
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Fig-1. Total basal area of plot A in researched years Fig-2. Total basal areas of researched plots



