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Abstract Gap regeneration is an important mode of forest regeneration in the warm
temperate evergreen broad-leaved forests of Japan. This paper characterizes the gap
disturbance regime and gap-regeneration behaviors of major tree species of warm-temperate 
evergreen broad-leaved forests compared with those of other forest types in Japan, using results 
obtained from recent studies. The gap-disturbance regime was similar to that of cool-temperate 
forests, but not similar to that of subalpine forests. On the basis of the gap-phase replacement 
pattern, major tree species of warm-temperate evergreen broad-leaved forests were divided into 
four typical types of gap-regeneration behavior, and these four types were evident for major 
tree species of cool-temperate forests. For major tree species of subalpine forests, only two 
types of gap-regeneration behavior were found. 
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Evergreen broad-leaved (lucidophyllous or 
laurel-leaved) forests are thought to be a 
climax forest community in the warm
temperate zone of Japan (Kira, 1978). Most of 
the present forests are secondary ones due to 
previous past human disturbance, but rela
tively undisturbed primary forests remain in 
mountainous regions or islands of southwest
ern Japan, even though they occupy a small 
area (Numata et al., 1972; Miyawaki, 1981). 
Recent studies have revealed the dynamics 
of these primary forests from various view
points; modeling of the dynamics of tree size 
distribution (Nagano, 1978; Kohyama, 1986, 
1987, 1988, 1989, 1991), tree seedling demog
raphy (Tagawa, 1978; Sato et al., 1994; Shi
mada et al., 1994; Tanouchi et al., 1994), gap 
dynamics (Morita and Tagawa, 1981; Naka, 
1982; Naka and Yoda, 1984; Naka and 
Yoneda, 1984; Yamamoto, 1992a), succes
sional dynamics (Taoda, 1981) and spatial 
pattern of canopy trees (Tanouchi and Ya
mamoto, 1995). 

The warm-temperate zone in which ever
green broad-leaved forests are distributed is 

frequently swept by typhoons, which are an 
important agent of natural disturbance af
fecting forest dynamics (e.g. Naka, 1982; 
Yamamoto, 1992a). Despite this disturbance, 
the damage is not severe or extensive in com
parison with subalpine or boreal forest, but 
small openings (area< 0.1 ha, called "gaps") 
are formed in the forest canopy. Regenera
tion in gaps is an important mechanism main
taining the composition and structure of 
mature or old-growth stands (e.g. Watt, 194 7; 
Brokaw, 1985; Runkle, 1985; Yamamoto, 
1992b), and also an important mode of forest 
regeneration in the warm-temperate ever
green broad-leaved forests of Japan, which 
are not susceptible to large-scale natural dis
turbances (Yamamoto, 1984). In this paper, I 
characterize the gap-disturbance regime and 
gap-regeneration behaviors of major tree spe
cies in warm-temperate evergreen broad
leaved forests in comparison with those of 
other forest types in Japan, using results ob
tained from recent studies (Yamamoto, 1992 
a, 1994, 1996, in press; Tanouchi and Yama
moto, 1995). I also discuss the regeneration 
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Fig. 1. Percentage gap area (percentage of total gap area to total forested area surveyed), gap 
density (/ha) and mean gap size (m2) of the different forest types in Japan. WTF=warm-temperate 
forest, CTF=cool-temperate forest, and SAF=subalpine forest. 

dynamics characteristic of warm-temperate 
evergreen broad-leaved forests. 

Gap-disturbance Regime 

Various parameters of gap-disturbance 
regimes (percentage gap area, gap density 
and gap size) affect the structure and dynam
ics of forests. Percentage gap area (percent
age of total gap area to total forested area 
surveyed) of warm-temperate evergreen 
broad-leaved forest (WTF) is 17.0%, similar 
to the figure for cool-temperate deciduous 
broad-leaved forest (CTF, dominated by 
Fagus crenata), and is larger than the figure 
for subalpine evergreen coniferous forest 
(SAF, dominated by Abies spp.; Fig. 1). Gap 
density of WTF is 19.5 gaps ha- 1. The mean 
gap size is 77.1 m2, similar to the figure for 
CTF, but is about double that for SAF. The 
largest gap size surveyed was 568.3 m2 in 
WTF, 768.2 m2 in CTF and 285.0 m2 in SAF 
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Fig. 2. Gap size distribution of warm
temperate evergreen broad-leaved forest in 
Japan. 

(Yamamoto, 1992a). Gap size distribution 
has a characteristic inverse-] shape, which 
indicates that gaps < 80 m2 are much more 
frequent than those larger than this, and that 
gaps >400 m2 are rare (Fig. 2). Gapmaker 
density of WTF is 25.0 trees ha- 1, and is 
higher than and lower than that of CTF and 
SAF, respectively (Fig.3). Gaps formed by a 
single gapmaker are the dominant mode of 
gap formation in WTF, as in other forest 
types. Gaps formed by multiple gapmakers 
are important because they account for most 
of the larger gaps and constitute 19.9% of the 
total gaps in WTF. The parameters of the 
gap-disturbance regime in WTF are nearly 
the same as those in CTF, but do not corre
spond to those in SAF. 

Death or injury of gapmakers affects the 
regeneration dynamics after gap formation, 
and three states - standing-dead, trunk
broken and uprooting - have been recognized 
in WTF as well as in other forest types (Fig. 
4). Standing-dead accounts for 17.3%, trunk
broken 51.5%, and uprooting 22.3% of all 
gapmakers in WTF. Uprooted gapmakers 
are uncommon, but uprooting may expose 
buried viable seeds to the environments re-
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Fig. 3. Density of gapmakers (/ha) and 
percentage of multiple treefall for different 
forest types in Japan. See Fig. 1 for ab
breviations of forest types. 
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Fig. 4. State of death or injury of gapmakers in the different forest types in Japan. See Fig. 1 for 
abbreviations of forest types. 

quired for germination and provide a suitable 
substrate for tree species requiring mineral 
soil for establishment (Putz, 1983; Yamamoto 
1992a). Standing-dead is less frequent and 
trunk-broken more frequent in WTF than in 
other forest types. One of the reasons seems 
to be that stems of standing-dead gapmakers 
are easily broken down by the strong winds 
generated by typhoons in WTF, which are 
more frequently exposed to such storms. 

Gap-regeneration Behaviors of 
Major Tree Species 

From analysis of the gap-phase tree re
placement pattern (Yamamoto, 1992a), four 
typical gap-regeneration behaviors have 
been recognized for the major tree species of 
WTF (Table 1): Type I; canopy trees regener
ate in gaps from saplings recruited before 
gap formation, Type II; canopy trees regener
ate in gaps from saplings recruited after gap 
formation, Type III; "sub-canopy tree species" 

that regenerates in gaps from saplings re
cruited before gap formation, but rarely 
reach the canopy layer, and Type IV; trees 
can not regenerate in gaps formed under the 
current gap-disturbance regime. 

Type I gap-regeneration behavior has been 
termed "primary tree species" (Brokaw, 1985) 
or "climax (non-pioneer) species" (Whitmore, 
1989). Distylium racemosum is a typical spe
cies showing Type I gap-regeneration behav
ior. D. racemosum can replace not only its 
own gaps, but also gaps of other species, 
created by the death of single trees (Yama
moto, 1992a). Persea thunbergii also belongs 
to Type I. There are two types of WTFs, that 
with and that without D. racemosum. In 
WTF with D. racemosum, Castanopsis cuspi
data is a species with Type II gap
regeneration behavior, but C. cuspidata is a 
Type I species in WTF without D. race
mosum. C. cuspidata regenerates not only 
from seeds but also by sprouting from in-

Table 1. Gap-regeneration behavior of major tree species in different forest types in Japan. See Fig. 1 for 
abbreviations of forest types. 

Regeneration type 

II 

III 

IV 

WTF 

Distylium racemosum 
Persea thunbergii 

Castanopsis cuspidata* 
Fagara ailanthoides 

Camellia japonica 
Cleyera japonica 

Quercus acuta 
Quercus salicina 

* Type I species in forests without Distylium racemosum. 
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Forest type 

CTF 

Fagus crenata 
Acer mono 

Betula grossa 

Acanthopanax 
sciadophylloides 

Acer japonicum 

Quercus mongolica 

SAF 

A bies mariesii 
A bies veitchii 

Picea jezoensis 
Betula ermanii 
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jured gapmakers in gaps. Most deciduous 
broad-leaved tree species including Fagara 
ailanthoides may belong to this type. Some 
Type II tree species maintain their popula
tions by seedling establishment on exposed 
mineral soils of root mounds formed by up
rooted gapmakers. Type II gap-regeneration 
behavior has been termed "pioneer tree spe
cies" (Brokaw, 1985; Whitmore, 1989). Camel
lia japonica and Cleyera japonica show Type 
III gap-regeneration behavior and are typical 
"subtree species" without attaining a size of 
about 30 cm diameter at breast height (Ya
mamoto 1992a). Quercus acuta and Q. sali
cina show Type IV gap-regeneration be
havior and have no or very little regenera
tion. Though there may be old-growth 
stands dominated by Quercus acuta without 
regeneration, the regeneration mechanism of 
these stands has not been clarified. 

Other Features of Regeneration Dynamics 

Dwarf bamboos do not affect the forest 
dynamics of WTF, and differ from the case in 
CTF and SAF because WTF with a dwarf
bamboo understory does not occur. Regener
ation on logs or stumps is not an important 
mode of regeneration in WTF, compared 
with the case in SAF. In old-growth stands of 
WTF, some major canopy tree species (e.g. 
Castanopsis cuspidata and Persea thunbergii) 
can regenerate by base sprouting, and thus 
regeneration by sprouting seems to be an 
important mode of regeneration in WTF. 
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