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Abstract — Litterfall was measured for eight years (1991-1998) in a Castanopsis cuspidata coppice forest in southwestern Japan. An
extraordinarily strong typhoon (T9119) hit a study site in September 1991 and caused defoliation. The mean annual total litterfall was 6.0 t-ha™!
but annual variations (maximum-minimum ratio: 3.9) were very large throughout the observation period. The high ratio of annual fluctuation
can probably be explained by a combination of coppice stand structure and presence of typhoon disturbance. The leaf litterfall formed the bulk
of total litterfall and showed bimodal peak; leaf abscission in spring (April-May) and facultative peak in late summer (July—September). Small
wood (less than 2 cm in diameter) input were associated with typhoon disturbances and showed no clear seasonality. Over the 7 years period
following T9119, annual leaf input had recovered to 94% of pre-disturbance values. The recovery of leaf litterfall would be achieved with re-
leafing of typhoon survivors.
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Résumé — La dynamique de la chute de litiere apres une perturbation tourbillonnaire dans un taillis de Castanopsis cuspidata dans le
sud-ouest du Japon. La chute de litiere a été mesurée pendant huit années (1991-1998) dans une forét de taillis de Castanopsis cuspidata dans
le sud-ouest du Japon. Un typhon d’une force extraordinaire (T9119) s’est abattu sur notre site d’étude en septembre 1991 et a provoqué une
défoliation. La chute de litiére totale moyenne annuelle était de 6,0 t-ha~1, cependant I’oscillation annuelle a grandement varié pendant toute la
durée de I’observation. Le ratio élevé entre la chute de litiere maximale et minimale (3,9) peut probablement s’expliquer par une combinaison
de la structure du peuplement des taillis et de la perturbation tourbillonnaire. La chute des feuilles composait la majeure partie de la chute de
litiere totale et indiquait une variation saisonniére bi-modale, avec une chute de feuilles au printemps (avril-mai) et un maximum facultatif en
fin d’été (juillet—septembre). La production de petit bois (branches de moins de 2 cm de diametre) était associée aux perturbations
tourbillonnaires et n’indiquait aucun caractere saisonnier évident. Sur la période de sept ans qui a suivi le T9119, la production annuelle du
feuillage est revenue a 94 % de la valeur d’avant la perturbation. Le recouvrement des chutes de feuilles s’est effectué a partir des brins qui
avaient résisté au typhon.
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1. INTRODUCTION

The short-term pulsed input of fine litterfall after typhoon
disturbance is well documented in lucidophyllous (warm tem-
perate evergreen broad-leaved) forests of eastern Asia [7, 25].

The importance of typhoon disturbance in affecting the
structure and regeneration of lucidophyllous forest ecosystems
is widely acknowledged [3, 21, 30, 48]. On the other hand, the
rate of forest reorganization of litterfall and productivity fol-
lowing severe typhoon disturbances are less well understood
because most studies document only short-time post-disturbance
patterns. Ecosystem studies in Puerto Rican wet subtropical
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forests show that responses to severe disturbance vary in dif-
ferent ecosystem components: i.e. forest floor biomass, soil
nutrient pool, net production, fine litterfall, animal population,
etc. [51]. These differences in the recovery process imply that
long-term observation of ecosystem components is important
in ecosystem studies after severe disturbance.

In southwestern Japan, Castanopsis cuspidata (Thunb.)
Schottky is a common evergreen broad-leaved species that is
widely distributed in secondary forests [9, 22]. Castanopsis
cuspidata has good sprouting ability, and is used as firewood
and to make charcoal under a 15- to 30-year rotation [34, 49].
However, other fuel resources have replaced firewood and
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Table 1. Changes of stand structure in Castanopsis cuspidata stand at Kumamoto, Japan. Trees are defined as having a height more of than

1.3 m. Data from FFPRI [4, 5].

Year
Forest structure variables
1990 1994 1998
Tree density (n-ha=!)
Less than 4 cm in DBH 8300 7450 4350
4 cmto 18 cm in DBH 1 400 1525 1325
More than 18 cm in DBH 660 660 690
Total 10 360 9635 6 365
g::iirgl Z_fll)):jSt_Tgl 19 regeneration _ 1700 600
Tree basal area (m2-ha—1) 46.6 479 48,7
Tree volume (m3-ha-1) 338.5 3327 354.0
Maximum tree height (m) 18.5 20.4 21.2
Mean tree height (m)** 16.8 17.3 17.5
Mean DBH (cm)** 23.1 24.7 26.4

* Post-T9119 regeneration trees, comprised trees having less than 1 cm in DBH, were emerged after T9119 disturbance, September 1991. Density of
post-T9119 regeneration trees decreased from 1 700 to 600 between 1994 and 1998. ** Values calculated from top 30 trees in tree height.

charcoal in the last 50 years; therefore, most Castanopsis cop-
pice forests have been abandoned [6, 28, 32]. Currently, these
abandoned coppices have reached a stand age of 40-50 years
and 20 m in tree height without any silvicultural management
and have covered large areas in southwestern Japan [6].

Over the last few decades, the role of these abandoned cop-
pices has changed from wood production to environmental con-
tribution to species biodiversity, aesthetic quality of the lands-
cape and recreation areas [6]. Because Castanopsis trees over
50 years old are more susceptible to typhoon disturbance due
to trunk rot fungus [40] and thread blight disease [19], new
management methods are needed to develop usage of abando-
ned coppices under typhoon disturbance. Thus, understanding
the subsequent pattern of litterfall, one of the major ecosystem
components affecting productivity and nutrient cycling, after
disturbance is important for improving abandoned coppice
management.

On 27 September 1991, a record-breaking typhoon struck a
large area of western Japan [47], causing serious damage to
forests [8, 27]. This typhoon provided a unique opportunity to
study the litterfall pattern associated with severe disturbance.
This paper documents how one strong typhoon alters the pat-
tern of litterfall in an abandoned Castanopsis cuspidata coppice
in southwestern Japan.

2. MATERIALS AND METHODS

2.1. Study area

The study was conducted in the experimental forest of the Kyushu
Research Center, Forestry and Forest Products Research Institute
(FFPRI), Kumamoto City, southwestern Japan. The study site (0.78 ha)
was on a southwest-facing slope of Mt. Tatsuta (152 m a.s.l.; 32°49’ N,

130°44’ E). According to the climatic data collected at the Kumamoto
Local Meteorological Observatory (38 m a.s.l.), 2.5 km west of the
site, the mean annual temperature is 16.2 °C, and the annual precipi-
tation is 1 967.8 mm [18]. About 40% of the annual precipitation is
concentrated in the rainy season (June—July).

The site was a coppice stand that originated after clearcutting in
1951. The evergreen broad-leaved species Castanopsis cuspidata pre-
dominated in the site although there were a few other evergreen species,
such as Quercus glauca Thunb. and Symplocos lucida Sieb. et Zucc.
This stand is located at 90 m a.s.l. on weakly dried brown forest soil
formed from andesite. In 1961, thinning was conducted once at the site,
then 10-year-old coppicing, to set up experimental plots with different
densities [37]. The primary production of the young Castanopsis cus-
pidata stand was estimated using these experimental plots between
1961 and 1967 [35, 36, 38, 39]. There has been no record of coppice
management since then. With over 30 years of abandoned manage-
ment, the amount of multiple-stemmed sprout clumps seriously
decreased, and most of the trees had single stems at the beginning of
this study.

In 1990, a 0.1 ha plot was set up within the site for monitoring acid
rain and air pollution. Although this 0.1 ha plot lies on former exper-
imental plots that had different densities after thinning, there were no
clear differences among the former plots in 1990 [37]. Three tree cen-
suses have been conducted in the plot since 1990. Table I summarizes
the results of stand structure in the plot during the observation period
(1991-1998) [4, 5].

2.2. Typhoon record

According to the definition of the Japan Meteorological Agency,
a tropical cyclone with maximum sustained surface winds exceeding
17.2 m-s~! is a “typhoon,” and the area with maximum sustained sur-
face winds of 15 m-s~! or more is considered the typhoon area [44].
In this study, the study area was considered to have been struck by a
typhoon when the eye of the typhoon passed within 200 km of
Kumamoto City. Nineteen such typhoons were observed within the
observation period. All of the typhoons were observed between July
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Table II. Composition of litterfall (t-ha~!-year-!) during the measurement period (1991-1998) in Castanopsis cuspidata coppice at Kuma-
moto, Japan. Values within parentheses represent percentage of each fraction.

Typhoon
disturbance Post-typhoon
1991 1992 1993 1994 1995 1996 1997 1998 Mean o /Min
(1991-1998) 2
Number of strong 2 0 2 0 0 1 0 0 - -
typhoons()
L 4.32 1.70 2.82 3.94 2.53 5.15 3.99 4.57 3.63 3.03
eaves
39.1) (59.2) (52.7) (73.7) (60.6) (64.3) (76.1) (77.0) (60.5)
5.71 0.75 1.79 0.35 0.32 1.03 0.44 0.59 1.37 17.99
Small wood®
517 (26.3) (33.5) (6.5) (7.6) (12.8) (8.4) 9.9) (22.9)
0.25 0.02 0.18 0.64 0.90 1.26 0.34 0.32 0.49 55.38
Reproductive parts
2.2) 0.8) (3.4) (12.0) (21.6) (15.7) (6.6) (5.5) (8.2)
0.77 0.39 0.56 0.42 0.43 0.57 0.47 0.45 0.51 1.96
Miscellaneous
(7.0) (13.7) (10.4) (7.9) (10.3) (7.1) (8.9) (7.6) (8.5)
| 11.05 2.87 5.35 5.35 4.18 8.00 5.24 5.94 6.00 3.85
Tota
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

() Typhoon with maximum sustained surface winds of more than 15 m-s~! in Kumamoto city is defined as a strong typhoon.

(@ Branches less than 2 cm in diameter.

and September, except one in June 1997 and one in October 1998. This
study defines the “typhoon period” as the months between June and
October.

Only five typhoons reached maximum sustained surface winds
exceeding 15 m-s~! in Kumamoto City [18]. On 27 September 1991,
an extraordinary typhoon (T9119), one of these five strong typhoons,
hit a large area of western Japan. The local maximum instantaneous
wind speed of T9119 was 52.6 m-s~! at the Kumamoto Local Mete-
orological Observatory [47]. Based on the local maximum instanta-
neous wind speed, T9119 was the most powerful typhoon ever
recorded at the Kumamoto Local Meteorological Observatory [47].
The other four strong typhoons were the following: T9117 in Septem-
ber 1991, T9306 in July 1993, T9313 in September 1993 and T9612
in August 1996.

2.3. Litterfall collection

Litterfall was collected in 0.58 m? circular traps placed about 1.3 m
above ground level. Ten traps were placed in the site, and accumulated
litter was collected monthly. Each sample collected was separated into
four fractions as recommended by Proctor [29]: (i) leaves, (ii) small wood
(branches less than 2 cm in diameter), (iii) reproductive parts (flowers
and seeds), and (iv) miscellaneous, which included bud scale, frass,
bark, and dead animal bodies. Samples were then oven-dried at 70 °C
for 72 h, and their dry weight was recorded. The observation period
was from July 1990 to December 1998. Since data for only six months
were available in 1990, I estimated the annual litterfall input since
1991. Because there is wide agreement that a 2-cm diameter is a rea-
sonable upper limit for collecting woody litterfall in small traps [29],
large branches (> 2 cm in diameter) were not considered in this study.

To compare litterfall fluctuation before and after the T9119 distur-
bance, I estimated litterfall input before T9119 using data from Kaminaka
[11] and his unpublished data (Kaminaka, personal communication).
These data were obtained from a similarly aged (ca. 50 years) Castan-
opsis cuspidata stand near the study site. This adjacent stand has
almost same average tree height and DBH values as the study site [11].

Proctor [29] points out that wood size limits vary among studies, so
wood litterfall must be compared with caution. Since Kaminaka [11]
does not mention excluding branches larger than 2 cm in diameter, it
was difficult to compare small wood litter before and after the T9119
disturbance. In contrast, the leaf fraction is usually the best defined
[29]; consequently, only leaf input before and after the T9119 distur-
bance was compared.

2.4. Statistical analysis

To compare differences in leaf input between seasons, the follow-
ing categories were defined. First, monthly input during the typhoon
period (June—October, n = 40) was extracted from all data during the
observation period (1991-1998, n = 96). The extracted data were then
divided into two categories: input with typhoon records (n = 14) and input
without typhoon records (n =26). The remainder of the combined data
was also divided into a further two categories: the spring period (April—
May, n=16) and the autumn—winter period (November—March, n =40).
These four categories (spring period, autumn—winter period, input with
typhoon records and input without typhoon records) were tested using the
non-parametric Kruskal-Wallis test followed by Scheffe’s F-test.

The differences between annual leaf input were analyzed using the
Kruskal-Wallis test. Following the Kruskal-Wallis test, Dunnett’s test
was used to compare the pre-T9119 value to the mean values of other
years. The 0.05 probability level was used for all comparisons. All sta-
tistical analyses were carried out using StatView software (SAS Insti-
tute Inc., Cary, NC, USA).

3. RESULTS

3.1. Annual fluctuation in litterfall

Throughout the observation period (1991-1998), the mean
total litterfall was 6.0 t-ha~! -year~ L at the site. Total litterfall varied,
and the ratio of maximum to minimum was 3.9:1 (Tab. II).
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A maximum mass exceeding 10 t-ha~! was recorded in 1991.
Nearly 70% of the total mass fell between July and September,
when five typhoons, including T9119, were recorded. The daily
leaf input in September 1991 (3.03 g-m~2-.day~!) was 1.8 times
the average input of the pre-T9119 period calculated from
Kaminaka [11, personal communication]. In 1992, the total lit-
terfall decreased drastically, in spite of three typhoons in
August. The total mass in 1993 was nearly twice that in 1992.
As in 1991, the increment in the total mass was due to the four
typhoons recorded between July and September, and 49.2% of
the total 1993 mass fell in this period. In 1996, total litterfall
reached 8 t-ha~! with a record-strong typhoon (Tab. II). These
annual fluctuations indicate that increases in total litterfall are
associated with strong typhoons.

Leaflitterfall formed the bulk of the total litterfall, averaging
60.5% of the total (range 39.1 to 77.0%) (Tab. II). In 1991,
small wood contributed a remarkable percentage, more than
50% of the total litterfall. Small wood exceeding 1 t-ha~! was
also recorded in 1993 and 1996. Each of these high values was
associated with strong typhoons. The reproductive parts, which
are mainly the flowers and nuts of Castanopsis cuspidata, were
the smallest fraction at the site, exceptin 1994, 1995 and 1996.
Compared with the other fractions, “miscellaneous” had a
smaller annual fluctuation in percentage and mass (Tab. II).

3.2. Seasonal fluctuation in litterfall

Leaf input showed bimodal distribution each year (Fig. 1)
and significant differences between seasons (Fig. 2a; Kruskal-
Wallis test, P < 0.0001). The first peak (April-May) averaged
35% of the annual input and ranged from 23 to 47%. The second
peak almost coincided with the typhoon period (June—October).
Although leaf input with typhoon disturbances was not signi-
ficantly higher than input without typhoon disturbances (Scheffe’s
F-test, P > 0.05), increase in leaf input coincided with typhoon
disturbances (Fig. 2a). Occasionally, there was a second peak
without a typhoon disturbance (e.g., August—September 1994,
September 1996 and August—September 1998). Theses peaks
coincided with high temperatures and less precipitation (Fig. 1).

The seasonal pattern of small wood fall was clearly related
to typhoon disturbances (Figs. 1 and 2b; Kruskal-Wallis test,
P < 0.0001). During the typhoon season (June—October), the
small wood input increased significantly with typhoon distur-
bances (Fig. 2b; Scheffe’s F-test, P < 0.05).

The reproductive parts showed clear seasonal peaks that
occurred in May for the flowers and from October to December
for the nuts. Since it takes two years for Castanopsis cuspidata
nuts to mature [17], a large pulse in the nut input followed the
mass production of flowers the previous year (e.g., increased
flower input in 1995 led to increased nut input in 1996).

Miscellaneous input includes bud scales that fall after new
leaves flush between April and May. From August to October
in 1990, a remarkable herbivory event was observed due to an
infestation of tea bagworm (Eumeta minuscula) in the site.
Most of the miscellaneous input during this period, amounting
to 1.1 t-ha~!, was teabagworm frass. The consumption of leaves
was estimated from the amount of frass using the following
equation [50]:

Lw = 1.7 E0-964
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Figure 1. Seasonal change in meteorological data (monthly air tem-
perature and precipitation) and litterfall in a Castanopsis cuspidata
coppice before and after the T9119 disturbance. The shaded area of
the meteorological data shows the period below the average monthly
values. The average monthly temperature and precipitation values of
are calculated using 30 years of data from 1961 to 1990 (Kumamoto
Local Meteorological Observatory, 1991-1998). The open bars in
leaf and small wood input show input with typhoon disturbances; the
shaded bars show input due to strong typhoons.

where Lw stands for the dry weight of leaves eaten by the tea
bagworm, and E stands for the dry weight of the frass. Estima-
ted leaf consumption (Lw) in 1990 was estimated to be 1.9 t-ha-l.
Field observations suggest that the consumption of leaves by
herbivores was not great, except in late 1990.

3.3. Recovery of litterfall rates after the T9119 typhoon
disturbance

Before the T9119 disturbance, the study plot had more than
10 000 trees, and about 80% of these were small trees with less
than 4 cm in DBH (Tab. I). The density of these small trees
decreased continuously throughout the period in spite of emer-
gence of many trees after T9119 (i.e. post-T9119 regeneration
trees). The decrease in density of small trees was caused by the
T9119 disturbance during the first half of the period, and natu-
ral thinning during the second half of the period. Over the
8 years following the T9119 disturbance, the tree volume attai-
ned 105% of its pre-T9119 value. Since most of the regenerated
trees during the observation period were less than 1 cm in diameter
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Figure 2. Comparison of litterfall input between different seasons.
The average of each category was calculated combining data from
the measuring period (1991-1998). The bars with different letters
are significantly different from each other (Scheffe’s F-test; P <
0.05). The typhoon season (June—October) was classified into two
categories: months with typhoon records (n = 14) and months
without typhoon records (n = 26).

(FFPRI, unpublished data), the tree volume increment was for-
med by previously established trees (i.e., typhoon survivors).

In 1992, the annual leaf input and the first peak of leaf input
(April-May) decreased to 35% and 25% of the respective pre-
T9119 disturbance values obtained for an adjacent stand
(annual leaf input: 4.8 tha—l.yr-l, first peak of leaf input:
1.7 tha~l.yr-1[11, Kaminaka, personal communication]). The
Kruskal-Wallis test showed significant differences in both the
annual and the first peak of leaf litter (Fig. 3, annual input: P <
0.0001, the first input: P < 0.0001). Although there were large
fluctuations, leaf input increased throughout the observation
period (Fig. 3). Based on Dunnett’s post-hoc procedure, the
annual leaf input increased in 1996 and did not differ significantly
from the pre-T9119 value (Fig. 3). Atthe end of the observation
period, seven years after T9119, the annual and first peak inputs
had recovered to 94% and 93% of the pre-disturbance values,
respectively.

4. DISCUSSION

Severe wind disturbance (i.e. typhoons or hurricanes) have
a significant impact in changing the timing of litterfall input in
temperate and tropical forests [7, 20, 25, 45]. My results also
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Figure 3. Fluctuation in annual leaf input and the first peak of leaf
input (April-May) before and after the T9119 disturbance. The closed
circles are annual leaf input values; the closed squares are the first
peak input values. The pre-T9119 values were calculated from Kami-
naka [11] and Kaminaka (personal communication). The values labe-
led with the same letter do not differ significantly at the 95% level
(Dunnett’s test) when comparing the pre-T9119 value with annual
leaf input since 1991.

indicate that the timing of litterfall in an abandoned Castanopsis
coppice changes following a severe typhoon.

The total annual input with the T9119 disturbance was
11.1 tha™!, nearly two times higher than the average input in
Japanese lucidophyllous forests: 6.3 t-ha~! [32]. The high input
in 1991 was caused by the remarkably high value of small
wood. On the other hand, the 1992 input was the lowest during
the observation period. Tadaki and Kagawa [38] estimated the
lifespan of Castanopsis cuspidata leaves in this stand to be
2 years. This means that defoliation and damage to shoot struc-
ture caused by disturbance leads to change in the following
year’s litterfall production. The drastic decrease in the 1992
input demonstrates how typhoon disturbances affect the litter-
fall dynamics of forest ecosystems that consist of trees having
leaves with a long lifespan. The difference between 1991 and
1992 created the high ratio of maximum to minimum mass in
this study (3.9:1), and this ratio is rather high compared with
other studies (Tab. III). Tea bagworm infestation, causing the
loss of 1.9 t-ha=! of leaf biomass, was seen in late 1990. If this
infestation had not occurred in the site, vernal input in 1991
might have changed due to undamaged leaf biomass. The study
site has a typical coppice stand structure, i.e., evenly sized with
a simple canopy stratum. Nagano and Kira [23] showed that a
clear-cut peak in leaf biomass occurs in the shallow crown layer
of a Castanopsis coppice stand, which is only a few meters
thick. In my study, T9119 stressed the canopy layer, concen-
trating most of the leaf biomass and causing defoliation. The-
refore, the high ratio of maximum to minimum mass is probably
due to a combination of coppice stand structure and the occur-
rence of typhoon disturbance.

In lucidophyllous forests, the expansion of new leaves coin-
cides with leaf fall during April to June [26]. The leaf-fall pat-
tern in this study was bimodal. A bimodal leaf-fall pattern has



436 T. Sato

Table II1. Comparison data of other Castanopsis forests in Japan.

Total litterfall Max/Min Leaflitterfall

Measurement

Locality (tha—l.yr1) ratio (tha-l.yr1) period (Year) Remarks Reference
Minamata IBP 5.78 1.50 3.94 5 Castanopsis forest Nishioka and Kirita [25]
research area
Matsue, Shimane 7.25 1.24 3.72 3 Castanopsis forest Katagiri et al. [14]
Kinsakubaru, 491 1.11 3.60 3 Castanopsis-Schima Kaminaka et al. [12]
Kagoshima forest
Okinawa Island 7.74 - 5.02 3 Castanopsis-Schima Xu et al. [46]

forest
Mt. Tatsuta, 9.48 1.50 4.69 6 Castanopsis forest Kaminaka [11]
Kumamoto
Ibid. 6.13 3.00 3.75 3 Castanopsis forest Tadaki and Kagawa [38]
Ibid. 6.00 3.85 3.63 8 Castanopsis forest This study

also been reported in other evergreen broad-leaved forests,
including a Persea thunbergii forest [43], a Quercus acuta
forest [10], a secondary forest dominated by Castanopsis cus-
pidata and Quercus spp. [25], and a subtropical forest domina-
ted by Castanopsis sieboldii and Schima wallichii[12,46]. The
first peak represents vernal leaf abscission, in which the abs-
cission of old leaves is triggered by the development of new
leaves [1]. The second peak was rather irregular and is facul-
tatively shedding [1]. At the level of the individual tree, the
Castanopsis trees had a high leaf input peak in the spring and
were categorized into a unimodal pattern without typhoon dis-
turbance [14, 26]. In this study, the seasonal rhythms of leaf
input suggest that climatic factors including typhoon distur-
bance may emphasize the second peak. The combination of
high temperature and less precipitation was observed in the
summer of 1994 and 1998 (Fig. 1). Kabaya and Suzuki [10]
point out that summer droughts may enhance the second leaf
input peak in lucidophyllous forests. The summers of 1994 and
1998 in western Japan were dry [16, 42], and may have lead to
an emphasis of the second peak. Another clear peak, the highest
peak among the second peaks, was recorded on September
1996. This peak may have been caused by a combination of
summer drought and typhoon damage from preceding months.
Although the small wood input was associated with typhoon
disturbances (Fig. 2), there was no clear seasonality compared
with leaf input (Fig. 1).

Since most of the small wood collected was in a relatively
advanced state of decomposition during the months with strong
typhoons (e.g., August 1996), strong typhoons such as T9119
may “clean up” senescent branches that would otherwise fall
over a period of several months or years. Lodge et al. [20] point
out that hurricanes would generate a significant amount of sus-
pended small wood as well as small wood input to forest floors
in Puerto Rico. In the site, suspended small wood on the broken
crown may have been caused by T9119 and gradually decom-
posed throughout the observation period. Alvarez-Sanchez and
Guevara [2] report that seasonal winds cause mechanical
damage to loosely attached tree parts, forcing them to fall to
the forest floor. Although seasonal westerly winds flow from
the Asian continent in winter in a monsoon climate [31], no
clear peak in small wood input was observed in the winter in
this study.

In the 7-year period following T9119, leaf litterfall may not
have differed from the pre-typhoon values (Fig. 3). This reco-
very following T9119 disturbance is characterized by the re-
leafing of trees that survived the disturbance. Both the tree
volume and the density of large trees (more than 18 cm in DBH)
increased in number during the second half of the observation
period (Tab. I). These increments between 1994 and 1998
imply that the leaf biomass of typhoon survivors recover due
to re-leafing and that this contributes to the increase in leaf fall
mass. Scatena et al. [33] report that leaf fall recovered to 92%
of the pre-hurricane value over the five years following a strong
hurricane in a Puerto Rican subtropical forest due to the re-lea-
fing of hurricane survivors and post-hurricane regeneration.
Nagao et al. [24] reported that leaf input recovered within three
years of thinning young Castanopsis-Persea stands although
40% of the trees was removed. Tadaki [37] points out that the
mean net production (i.e. biomass increment plus litterfall) was
not different significantly among the different density plots by
the seventh year after thinning. These results imply that reco-
very after disturbance might be accomplished through re-leafing
of the remaining trees. Some pioneer species play an important
role in the recovery of litterfall and productivity after distur-
bance [33]. Although many trees regenerated after the T9119
disturbance between 1991 and 1994 in the site (Tab. I), their
contribution to recovery may be small due to their mortality and
small size.

Castanopsis cuspidata coppices have a simple stratum struc-
ture and a uniform canopy [9, 15, 23]; Castanopsis coppices
also have good sprouting ability and high productivity in the
warm, humid conditions of southwestern Japan [9, 13, 15].
These traits may induce great variability and lead to the recovery
of leaf litter production due to defoliation caused by typhoons.
However, old Castanopsis coppices (i.e., 50 to 80 years old)
are more susceptible to typhoon disturbances and accelerate the
regeneration of shade-tolerant species, such as Distylium race-
mosum [40,41]. Bellingham et al. [3] suggest that most tree spe-
cies in climax lucidophyllous forests may be relatively resistant
to typhoon disturbance. Vogt et al. [45] point out that different
recovery rates reflect the local dominance of different plant spe-
cies. The different stand structure of an aging stand may show
a different pattern of fine litterfall after typhoon disturbance.
Because disturbance-generated input can have a significant



Litterfall in Castanopsis coppice 437

impact on changing productivity and nutrient cycling in the
ecosystem [33, 45], further work is needed to clarify how
typhoons affect litterfall dynamics in different successional
forest ecosystems.
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