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Effects of disturbance history on the structure and dynamics of
an old-growth Chamaecyparis — Thujopsis forest
in central Japan

Takahiro ASAI, Daisuke HOSHINO!®, Naoyuki NISHIMURA? and Shin-Ichi Y AMAMOTO!

To evaluate the effects of different disturbance histories (typhoon vs. human disturbances) on the
structure and dynamics of an old-growth forest, we investigated the structure and ten-year dynamics of a
stand with no evidence of disturbance (Stand N), a stand with severe typhoon disturbance (Stand T), and
a stand disturbed by humans (e.g., by selection cutting; Stand H). The study site was located in an
old-growth Chamaecyparis obtusa (canopy dominant) - Thujopsis dolabrata (understory dominant)
forest in the Akasawa Forest Reserve of central Japan. Stands T and N had the highest and lowest
percentage of canopy gaps, respectively. The total density and basal area of canopy stems were highest
and largest, respectively, in Stand N, and lowest and smallest in Stand H, but the reverse trend was
observed for understory stems. Generally, mortality and recruitment were very low among canopy stems,
but high among understory stems. The recruitment rate of understory stems was clearly higher than the
mortality rate in Stand T, while the reverse was typical in Stands N and H. Various states of mortality
were observed among understory stems. In Stands N and T, understory stems tended to be physically
damaged, whereas in Stand H, we recorded more standing dead trees than physical damaged trees.
Different disturbance histories clearly affected the structure and dynamics of this forest, although
disturbance itself induced understory regeneration. Human disturbance such as selection cutting enhanced
understory regeneration of 7. dolabrata more than C. obtusa, due to ensuing light conditions that favored
the growth of 7. dolabrata in the understory.

Keywords: human disturbance, typhoon disturbance, Chamaecyparis obtusa, Thujopsis dolabrata, gap

Introduction

Disturbance is one of the major factors affect-
ing the structure and dynamics of forests (e.g.,
White 1979; Pickett and White 1985; Franklin et
al. 2002),
conducted to elucidate the role of disturbance on
structure and dynamics in many forest types, in

Therefore, many studies have been

various parts of the world (e.g., Bormann and
Likens 1979; White 1979; Pickett and White [985;
Foster 1988; Lawton and Putz 1988; Franklin e?
al. 2002). From these studies we understand that

frequency, scale, severity, and magnitude are

among the more important components of distur-
bance (Pickett and White 1985). In addition,
disturbance history or types of disturbance are
factors that have been emphasized recently, typi-
cally in studies investigating the differential effects
of natural and human disturbances (Orwig and
Abrams 1994; Ruffner and Abrams 1998; Motta
et al. 2002). Generally, strong winds and fire are
typical natural disturbances, whereas logging is a
common human disturbance that affects forest
structure and dynamics (Barnes ef a/. 1998). It is
likely that human disturbances and natural distur-
bances affect forest structure and dynamics in
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different ways. For examples, a stand which
developed after recent human disturbances is not
likely to be affected by the effects of natural
disturbances; more stable and tolerant to blow
down than a natural old-growth stand (Oliver and
Larson 1996).

also bring a variation in cycle of natural distur-

Human disturbances or control

bances which affect some species depending on
disturbances.
have investigated these different impacts.

However, few comparative studies,

Chamaecyparis forests occur regionally in the
temperate montane zone of the Pacific sea side in
central Japan (Maeda 1951; Maeda and Yoshioka
1952; Yamamoto 1998); the Kiso district is at the
center of this area, and many old-growth
Chamaecyparis forests grow in this region. Akas-
awa Forest Reserve is a representative C. obtusa
forest in the Kiso district. The old-growth C
obtusa stands in this reserve, like other C. obtusa
forests in the Kiso district, were probably estab-
lished following severe logging between 1688 and
1703. Since then, most stands have been protected
from clear-cutting, although a little selection cut-
ting has been made locally for purposes of forest
management (NRFO 1985). Although 7. dola-
brata saplings dominate the understories of most
old-growth C. obtusa stands in this reserve, there
has been very little regeneration of C. obtusa.
Since 7. dolabrata is a highly shade-tolerant tree
species that can reproduce by layering under
closed canopy conditions (Yamamoto and Suto
1994), it is likely that if the present situation
continues, C. obtusa will disappear, and these
stands will gradually change to a forest dominated
by T. dolabrata (NRFO 1985; Yamamoto 1993).
C. obtusa is a less shade-tolerant species that
reproduces only by seeds and cannot establish
itself under an intact closed canopy (Yamamoto
1998).
than that of 7. dolabrata: therefore, a decline in
C. obtusa regeneration will greatly decrease the
economic value of this forest.

C. obtusa timber is valued more highly

Several studies have been conducted in this
reserve to assess the dynamics of stands disturbed

by selection cutting and to estimate the future state
of these stands (Yamamoto 1993; Hoshino et al.
2001, 2002, 2003). In these studies, Hoshino ef al.
(2003) indicated that the occurrence of abundant
advanced growth of T. dolabrata does not neces-
sarily entail the monopolization of every gap that
occurs in these stands; some deciduous broad-
leaved trees and a few Chamaecyparis trees
occupy these gaps. They also suggested that these
stands will develop into more diverse stands, with
a shifting mosaic of developmental stages, as a
While numbers of 7.
dolabrata tend to decrease by suppression or

result of gap formation.

natural disturbances such as frost, the regeneration
potential of this species can be observed in small
openings or in the vicinity of gaps. However,
these indications and suggestions were based on a
stand that was affected by human interference,
which does not necessarily represent the natural
succession processes in this old-growth forest.

In this reserve, there is one small stand that has
not been logged and has been strictly preserved
from human disturbance since its establishment.
This stand constitutes a good reference site against
which to compare other stands where there has
been selection cutting; it also offers a way to
assess the effects of disturbance history on forest
structure and dynamics.

In this study, we investigated the structure and
ten-year dynamics of a stand that showed no
evidence of disturbance, a stand that had experi-
enced typhoon disturbances, and a stand that had
been disturbed by humans, to evaluate the effects
of different disturbance histories (typhoon vs.
human) on the structure and dynamics of an
old-growth forest.

Methods

Study site

The study stands were located in the Akasawa
Forest Reserve at Agematsu-cho in the Kiso
Valley (Nagano Prefecture, central Japan; 3543
S57”N, 137°37’50”E; for a map of the area, see
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Hoshino et a/. (2002)). The altitude of the reserve
ranges from [080-1558 m a.s.l.,, annual precipita-
tion is approximately 2500 mm, and snow accumu-
lation ranges from 50-100 cm. The average annual
temperature is 7.8°C at an elevation of 1113 m
(NRFO 1[985).
elevated peneplain with a gentle slope, on a bed-

The reserve is situated on an

rock of granite, granite porphyry, and rhyolite.
Soils are mainly dry and wet podozol, while
brown forest soils are found on hillsides and
along mountain streams (NRFO 1985). The vege-
tation is primarily Disantho - Chamaecypar-
idetum obtusae Yokouchi 1970 (Miyawaki and
Okuda 1990).
canopy, with occasional associates such as 7.
dolabrata, C. pisifera (Sieb. et Zucc.) Endlicher,
Thuja standishii Carriere, and Pinus parviflora
Sieb. et Zucc., or hardwoods such as Quercus
mongolica Fischer ex Turcz. var. grosseserrata
(BL.) Rehder et Wilson, Magrnolia obovata Thunb.,
and Betula grossa Sieb. et Zucc.

Dominant canopy trees in the reserve are about
300 years old (Hoshino et al. 2001). Although the
reserve has been protected for 200 years, human

C. obtusa dominates the main

disturbances such as selection cutting occurred
locally for purposes of forest management between
1914 and 1945 (NRFO 1985).
selection cuttings were carried out at three times
for canopy trees of 7. dolabrata, C. pisifera and
hardwoods, with the result that one-third of can-
opy trees were lost during 31 years (NRFO 1985).
Natural disturbances, such as the strong Isewan
Typhoon of 1959, have severely disturbed the
At the Gifu Weather Sta-
tion, 90 km west-southwest of the reserve, the

Generally, these

forests in the reserve.

average recorded wind velocity and lowest air
pressure of the Isewan Typhoon were 32.5 m s™!
and 956 hPa, respectively (Japan Meteorological
Agency 1960). In early 1998, the weight of freez-
ing rain that coated leaf surfaces of canopy and
understory trees during a winter ice storm broke
and uprooted trunks (Hoshino et al. 2002); we
termed this a “frost disturbance”, Most dead tree
boles produced by these disturbances have been

removed from the reserve.

Field methods

Two 0.6-ha (150X 40 m) plots were established
in 1989 in the strictly preserved stand; in this
stand the forest floor is covered mainly by small 7.
dolabrata saplings (height<0.7 m) that originated
from layering.
(Stand N) was in a part that showed no evidence
of disturbance (e.g., canopy gaps or root mounds),

One of these permanent plots

and the other plot (Stand T) was established in a
part that was included a large gap formed by
severe typhoon disturbance in 1959 (Table 1). A
4-ha plot was established in 1988 on a gentle slope
located ca. 2 km southeast of Stands N and T
(Hoshino et al. 2001); most of the understory of
this stand is also dominated by 7. dolabrata
saplings that originated from layering. Within
this large plot, a 0.6-ha permanent plot (Stand H)
was established. This site contained many 7.
dolabrata saplings and some canopy gaps formed
by human disturbances, e.g., selection cutting,
around 1940,

Stem maps of these plots were made during the

Table 1. Characteristics of three stands in an old-growth

Chamaecyparis obtusa forest in the Akasawa
Forest Reserve.

Stand Stand N Stand T  Stand H

Topographic ~ Middle Middle Middle

position slope slope slope

Slope

. SE SE NW
direction

Elevation 1170 1170 1190

Census year 1989 1989 1988
2000 2000 1998
Geology granitite  granitite  granitite
. BFS and
Soil BFS BFS DPS

Stand N : without any disturbance evidence
Stand T: with severe tyhoon disturbance
Stand H: with selection cuttings

BFS: Brown forest soils

DPS: Dry podzolic soils
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first census (Stands N and T in 1989, Stand H in
1988). All stems of trees and shrubs over 5.0 cm
diameter at breast height (DBH) were included,
and each was identified to species and character-
ized as either live or dead. Stems were mapped to
the nearest 0.1 m, tagged for the next census, and
measured to the nearest 0.1 cm DBH.

Vertical structural layers were classified into
the following two classes of crown position or tree
height: canopy layer: over 25 m tall, understory
layer: less than 25 m tall, in 1989 (Stand N and T)
and 1993 (Stand H).
layer consists of trees in the canopy layer only, and

In this paper, the canopy

canopy gaps include trees in the understory. Each
plot was divided into 240 quadrats (5X 5 m) above
which canopy condition was recorded by visual
estimation: closed canopy (canopy cover over
30 %) by evergreen conifers and deciduous broad-
leaved trees, and canopy gaps (canopy cover less
than 30 %). Nomenclature followed Kitamura and
Murata (1971, 1979).

In the second census (Stands N and T in 2000,
Stand H in 1998), the tagged stems were measured
again, together with newly recruited stems over 5
cm DBH that had grown since the first census, and
the mortality state of dead stems was recorded.

In 2001, to assess the light environment above
T. dolabrata saplings, photonsynthetic photon
flux density (PPFD) was measured using a photon
flux density meter (L1-190, LI-COR, Inc). When
the sky was overcast, PPFD was measured under
the sky and above the understory canopy in each
plot (Stands N and T: n=16, Stand H: n=8).
Readings above the understory canopy were pair-
ed to calculate relative values, using data that were
recorded at similar times.

Data analysis
The stem age of two major conifer tree species
(C. obtusa and T. dolabrata) in each plot was
estimated by the following regression formula and
constants (Hoshino et a/. 2001):
Age= {axXDBH/(b-+DBH)}-+c, (1
where a, b, and ¢ are constants for the two species,

determined from the best fit between DBH and
age, based on ring counts from this forest. For C.
obtusa, a=450.4, b=13.5, and ¢c=—66.5; for T.
dolabrata, a=1390.3, b=167.8, and ¢c=—1.5.
Demographic and growth parameters were

calculated using a logarithmic model (Sheil et al.
1995; Condit et al. 1999; Miura et al. 2001;
Hoshino et al. 2002). The annual mortality (m)
and recruitment (r) rates were calculated from the
following equations:

m=(aN,~InN)/T (2)

r=(nN,—InN)/T (3)
where &, is the number of living stems in the first
census, Ny is the number of surviving stems in the
second census (=N, —number of dead stems), N,
is Ns-+the number of recruited stems, and 7 is the
time interval. The annual loss (/), gain (g), and
ingrowth (7) rates of the basal area (BA) were
calculated from the following equations:

[=(nBA,—1InBAs))/ T (4)
g=(nBA,—InBAs))/T (5)
i=(InBAs,—InBAs,)/T (6)

where BA, is the BA of living stems in the first
census, BAs, is the BA in the first census of stems
that survived to the second census, BAs, is the BA
of stems that survived to the second census, and
BA,= BAs,+BA of recruited stems in the second
census.

Results

Stand structure

Canopy conditions varied among the three
stands, such that Stand T had the highest percent-
age of canopy gaps, and Stand N had the lowest
(Table 2). One large gap was observed in Stand T;
there were relatively numerous small gaps in Stand
H (Fig. 1). The surface of the understory canopy
was significantly lighter in Stand T than in the
other stands, as shown by relative PPFD values
(t-test, P<0.001).

The total density and basal area of canopy
stems were highest and largest in Stand N and
lowest and smallest in Stand H, but the reverse
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Table 2.

-

Canopy characteristics, light conditions and stand parame-

ters in three stands of an old-growth Chamaecyparis obtusa
forest in the Akasawa Forest Reserve at first census.

Stand N Stand T Stand H
Canopy characteristics
Coverage of canopy
Closed canopy (%) 98.7 629 912!
Canopy gap (%) 1.3 37.1 8.8'
Canopy gap
Number (0.6 ha™) 3 8 13!
Maximum size (m®) 25 1525 150
Average size (m®%) 25 278 44!
Light condition
Relative PPED (%) 54*  285° 9.4°
+8.D. +3.6 127 4.1
Stand parameter
Canopy layer
Stem density (ha™) 373 247 168
Basal area (m2 ha'l) 81.2 52.0 51.3
Understory layer
Stem density (ha™) 723 1838 2375
Basal area (m2 ha'l) 6.1 13.3 14.6
Total of plot
Stem density (ha™) 1097 2085 2543
Basal area (m*ha™) 87.2 65.4 65.9
Number of woody 5 ” 13

plant species (0.6 ha™)

"Walues at second census.
*Values in 2001.

trend was observed in the understory; this contrast
between canopy and understory stems was typical
(Table 2). Total stem density and basal area were
lowest and largest, respectively, in Stand N. In
Stand H, total stem density was highest and total
basal area was small.

The number of woody plant species was high-
est in Stand T (Table 2).
=0.6 % relative stem density throughout the three
stands were two conifers, C. obtusa and T. dola-
brata, and two deciduous broad-leaved (DBL)
tree species, Quercus mongolica var. grosseserrata

Common species with

and Magnolia obovata; hereafter, the latter two

will be lumped together as DBL species. We
The
stem density and basal area of C. obtusa and T.

considered these to be major tree species.

dolabrata in the canopy layer was highest in Stand
N, both in 1989 (Table 3). On the other hand, the
stem density and basal area of 7. dolabrata and
DBL species in the understory was highest and
largest in Stand H, both in 1988.
stems of DBL species were very abundant in this

Understory

stand, as compared to the others.

The size and age distribution of C. obtusa was
rather unimodally bell-shaped in Stand N and had
a bimodal bell-shaped distribution in Stands T
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Stand N Stand T Stand H

B Closed canopy
(by conifers)

Closed canopy

(by deciduous broad-leaved trees)

[0 Canopy gap

0 ? 400 T b(m)

Figure 1. Canopy conditions of plot in Stands N and T in 1991 and Stand H in 1998,
Slope direction was indicated by arrows. Stand N; without any disturbance
evidence, Stand T; with severe typhoon disturbance, Stand H; with selection

cuttings.

Table 3. Population parameters of major tree species in each layer in three stands in an old-growth

Chamaecyparis obtusa forest in the Akasawa Forest Reserve,

Stand N Stand T Stand H
Species Stem density Basal area Stem density Basal area Stem density Basal area
(ha™) (m*ha™) (ha™) (m*ha™) (ha™) (m*ha™)
1989 2000 1989 2000 1989 2000 1989 2000 1988 1998 1988 1998

Canopy layer

C.obtusa 313 310 711 727 220 223 474 492 157 157 485 493

T.dolabrata 47 43 6.0 57 10 12 1.3 1.5 5 5 1.1 1.1

DBL species 5 3 1.5 14 12 12 20 21 - - - -

All species 373 363 812 823 247 248 520 531 168 168 513 522
Understory layer

C.obtusa 20 15 07 04 40 38 .1 07 23 15 02 02

T.dolabrata 662 653 52 50 1450 1647 95 128 1832 1542 120 117

DBL species 13 8 0.1 01 53 57 05 08 438 435 21 27

All species 723 705 6.1 55 1838 2028 13.3  16.1 2375 2093 146 150
Total of the plot

C.obtusa 333 325 71.8 732 260 262 48.5 498 180 172 486 495

T.dolabrata 708 697 11.3 107 1460 1658 109 143 1837 1547 131 128

DBL species 18 12 1.6 15 65 68 25 28 438 435 2.1 27

All species 1097 1068 872 879 2085 2277 654 692 2543 2262 659 673
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and H (Fig. 2). The median of the size distribu-
tion was larger in Stand H than in the other
stands, which indicates that the canopy of Stand H
consisted of larger C. obtusa canopy trees than the
canopy of the other stands. On the other hand, the
size and age distribution of T. dolabrata was
inverse-J shaped and continuous in Stands N and
T, and L-shape and discontinuous in Stand H.
The peak of size and age distribution was clearly
very small and young in all stands, as compared to
C. obtusa. The oldest individuals were estimated
to 327 (C. obtusa) and 356 years (T. dolabrata),
which was essentially almost the same.

Stand dynamics

Canopy stem density in Stand N was 373 ha™!
in 1989 and slightly less in 2000, but the total
basal area increased; the density and basal area of
understory stems in this stand decreased slightly
(Table 3). In Stand T, canopy stem density was
247 ha~' in 1989, and was nearly unchanged in
2000, while the total basal area increased. The
understory stems in this stand, most of which were
T. dolabrata, typically increased in density and
basal area. Canopy stem density in Stand H did
not change, but the total basal area increased.
Understory stems in this stand largely decreased in
density, which was typical for 7. dolabrata, but
slightly increased in basal area.

The annual mortality rate of all stems in these
plots ranged from 0.78 to 1.50 % year™!, and the
annual recruitment rate ranged from 0.43 to 1.59 %
year™! (Table 4).
canopy stems, and the gain rate was larger than the

Only mortality occurred for

loss rate in Stand N. In Stand T, the recruitment
rate was higher than the mortality rate for canopy
stems, and the gain rate was larger than the loss
rate; ingrowth was highest in this stand, as
compared to the others. We recorded no recruit-
ment or mortality for canopy stems in Stand H;
only ingrowth was observed.

For understory stems, the mortality rate was
slightly higher than the recruitment rate, and the

loss rate was substantially higher in Stand N. The

recruitment rate was highest in Stand T, and was
much higher than the mortality rate. The gain rate
of this stand, which consisted mostly of 7. dola-
brata and DBL species, was the highest. Mortality
was much higher than recruitment in Stand H, and
gain was slightly higher than loss. The highest
ingrowth rate of understory stems was observed in
Stand T, and ingrowth in Stand H much higher
than that in Stand N. In all stands, ingrowth rate

of DBL species was higher than that of conifers.

Mortality state

Five canopy stems died in Stand N; two were
C. obtusa, two were T. dolabrata, and one was a
DBL species. These dead stems were all standing
dead, except for one broken C. obtusa stem. One
canopy C. obtusa stem broke in Stand T, and no
canopy stems died in Stand H.

In the understory layer, various mortality states
were observed (Table 5). In Stand N, all dead C.
obtusa stems and 27 % of all dead 7. dolabrata
stems were standing dead, and 50 % of all dead T.
dolabrata stems were the result of physical damage
(stem broken, uprooted, or leaning). In Stand T,
about 70 % of all stem death in 7. dolabrata was
the result of physical damage. In Stand H, how-
ever, 44 % of all dead T. dolabrata stems and 79 %
of all dead DBL stems were standing dead. Only
T. dolabrata had the effect of the 1998 frost
disturbance. In the mortality state of physical
damage, the ratio of frost disturbance in Stands T
and H was much larger than that in Stand N.

Discussion

Stand structure

The stand that had experienced no distur-
bances (Stand N) clearly had a very dense stock of
canopy trees and was considered overcrowded,
based on its mortality rate and the causes
(standing-dead) of mortality among canopy trees.
This, in addition to fewer and smaller gaps, result-
ed in darker light conditions on the surface of the

understory crown, which may have led to poorer
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Table 5. Number (ha~!) of dead understory stems of
major tree species by each mortality state.
State C.obtusa  T. dolabrata DBL species
Stand N
Standing dead 5 27 2
Stembroken 0  (0) 32 (5 0 (O
Uprooted 0 ©) 15 ®)] 0 )
Leaning 0 ©) 3 (] 0 ©)
Unknown 0 22 3
Stand T
Standing dead 0 28 2
Stembroken 0  (0) 33 (55) 0 (0
Uprooted 1 ) 18 (36) 0 ©
Leaning 0 (V)] 32 (53) 0 0)
Unknown 0 8 0
Stand H
Standing dead 0 153 18
Stem broken 5 © 132 (52) 2 0)
Uprooted 2 )] 15 (44 2 )
Leaning 2 ©) 37 ©) 0 )]
Unknown 0 8 2

Ratio (%) of dead stems by frost disturbance in 1998 are given
in parentheses.

development of the understory layer in this stand.
The stand that had experienced typhoon distur-
bance (Stand T) was moderately dense, and less
well stocked in terms of canopy trees. The forma-
tion of large gaps resulted in high light conditions
on the surface of the understory canopy. Develop-
ment of the understory layer was intermediate. In
contrast, the stand that had been disturbed by
human activity (Stand H) was clearly less dense
(46 % of density in Stand N), and poorly stocked
(63 % of basal area in Stand N) in terms of canopy
trees. This situation may be the result of past
selection cutting; one-third loss of basal area
conforms them in the around stands with selection
cuttings. Numerous medium-sized gaps, distribut-
ed fairly evenly throughout the plot, resulted in
moderate light conditions on the surface of the
understory canopy. The good development of the
understory, including 7% dolabrata as well as DBL
species, may have been due to these light condi-
tions.

The bimodal bell-shaped size and age distribu-
tions of C. obtusa show that there has been recent
regeneration of this species in stands with typhoon

and human disturbances. On the other hand, the
L- or inverse-J-shaped size and age distribution of
T. dolabrata indicate recent active regeneration of
this species in all stands, especially in the stand
with human disturbance. Past selection cutting
may have induced this active regeneration of T.

dolabrata.

Stand dynamics and mortality

In the stand that had experienced no distur-
bances, mortality was observed only among can-
opy trees, and recruitment to the canopy layer did
not occur. Under current light conditions (5.4 %
of relative PPFD), understory stems are unable to
grow to the canopy layer, so they grow and die
within the understory; this is evidenced by the
almost balanced recruitment and mortality rates
during 11 years. On the contrary, continuously of
size and age distribution of 7. dolabrata in this
stand is the evidence that a slightly recruitment
into canopy layer was continued for a long time
(Fig. 2). Most T. dolabrata stems are reproduced
by layering (Yamamoto and Suto 1994); T. dola-
brata juveniles remain prostrate on the ground
when light conditions are unfavorable for growth
and begin to grow straight up only when light
conditions become favorable. For T. dolabrata, a
small gap formation may be enough to recruit into
canopy layer, because one of their favorable regen-
eration sites is smaller gaps (Hoshino er al. 2003).

In the stand with typhoon disturbance, recruit-
ment into the canopy layer was observed; recruit-
ment was higher than mortality for canopy trees as
well as for understory trees. This higher recruit-
ment may have been due to improved light condi-
tions (28.5 % of relative PPFD) in the interior of
this stand. Clearly, T. dolabrata understory stems
increased between 1989 and 2000.

On the other hand, numerical changes in can-
opy stems did not occur in the stand disturbed by
human activities. The lack of mortality may have
been due to release from density-dependent mor-
tality by selection cutting. Much higher mortality
than recruitment was obvious for understory trees
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in this stand, which indicated density-dependent
mortality (Hoshino ef a/. 2002).

Various mortality states were observed among
understory stems. In Stands N and T, dead trees
tended to be physically damaged, whereas Stand H
contained more standing dead. A large portion of
the standing-dead mortality originated from den-
sity effects (Kikuzawa 1988; Ogawa and Hagihara
2003).
understory stems of 7. dolabrata in Stands N and
T which has canopy gaps. Understory stems of 7.
dolabrata are thin for density effects but have
thick, heavy evergreen leaves at the top; they may

Frost disturbance occurred only in the

be vulnerable to physical damages such as freezing
rain or ice loads making through canopy gaps.

Especially in the understory, different effects of
typhoon and human disturbances may be included
into the time-lag (20 years); the different length
after disturbance will produce difference of the
initiation time of understory development. In the
stand with typhoon disturbance, much higher
recruitment and growth rates than mortality and
loss rates may indicate the pre-occurrence of
density-dependent mortality in the stand disturbed
by human activity.

Different disturbance histories have clearly
affected the structure and dynamics of this forest,
although disturbance itself induced understory
regeneration. Human disturbance such as selec-
tion cutting enhanced understory regeneration of
T. dolabrata more than that of C obtusa, due to
the favorable light conditions for the growth of
Light
conditions similar to small openings or the vicin-
ity of gaps (Hoshino ez af. 2003) may be produced
by selection cutting, which then promotes the
dolabrata and DBL

understory stems created by the cutting.

growth of understory T.
species.
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