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Abstract

« Context Selective logging followed by natural regenera-
tion is rarely employed for restocking subtropical evergreen
broad-leaved forests in East Asia compared with the use of
clear-cutting.

» Aims To clarify the succession of these forests, the effects
of selective logging on stand structure, species diversity, and
community similarity were studied in a mature and
regenerating forest in Okinawa, Japan.

« Methods Four study plots were established, and trees
>1.2 m height were identified by species name, tree height,
and diameter at breast height.

* Results The results showed that the species composition of
regenerating forest was similar to mature forest; however, the
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former had a greater species density and Shannon—Wiener
index than the latter. Castanopsis sieboldii and Distylium
racemosum, the predominant trees in the mature forest, con-
tinued to dominate the regenerating forest, with a broad layer
distribution. High Serensen and Jaccard community similarity
indices for mature and regenerating forest indicated that the
regeneration occurred in a progressive succession.

+ Conclusion The similar species composition and stand
structure for both mature and regenerating forest, and the
higher species diversity for the latter, provided no evidence
of forest degeneration and suggested that the regenerating
forest may develop into a stand similar to preselective
logging forest.

Keywords Selective logging - Natural regeneration - Stand
structure - Species diversity - Evergreen broad-leaved forest

1 Introduction

The selective logging system is one of the most widely
employed methods for commercial timber production in trop-
ical forests, with clear-cutting more commonplace (Andrej et
al. 2007; Bischoff et al. 2005; Castro-Luna et al. 2011).
Selective logging can benefit conservation and sustainability
of the forest resource as well as enhance environmental sta-
bility and quality, because trees can generate from not only the
residual trees but also stump sprouts, new seedlings, and
seedling banks (Okuda et al. 2003; Pakhriazad et al. 2004;
Rodriguez-Calcerrada et al. 2011). However, in the subtrop-
ics, especially in East Asia, such as in China, Korea, and
Japan, selective logging is not a popular practice for the
regeneration of evergreen broad-leaved forest (EBLF), which
is an important global vegetation formation that contributes to
both the biodiversity and the sustainable development in
subtropical regions (Wang et al. 2007; Wu et al. 2006).
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The primary reason for the unpopularity of selective
logging of EBLF in these regions is its uncertainty of
secondary succession, which may result in inappropriate
forest structure, low volume production of target species
because of low density, and poor distribution of the primary
target trees, as well as significant invasion of tree species of
low commercial value (Aramoto et al. 1977; Wang et al.
2007). Secondly, selective logging may not be suitable for
large-scale operations because it is a labor-intensive and
high-cost method compared with clear-cutting (Aramoto et
al. 1977; Watanabe 2003). For these reasons, natural regen-
eration with selective logging has rarely been used for
restocking of EBLFs in East Asia. As a consequence, the
natural regeneration of EBLFs in subtropical regions has
been a matter of concern for a long time (Aramoto et al.
1977), and following the rapid reduction in natural EBLFs
in subtropical regions in recent decades, there have been
increasing calls for the protection and restoration of these
forests because of environmental and natural conservation
benefits (Kira 1991). Although a number of studies on forest
natural regeneration have been undertaken in subtropical
regions, most of them have focused on deciduous or conif-
erous forests (Carlos et al. 1994; Vincent et al. 2000), not on
EBLFs. There is a pressing need to elucidate the effects of
selective logging on natural regeneration, stand structure,
species diversity, and the abundance of plant species in
EBLF, and to make the systems practical for local people
from both ecological and silvicultural standpoints.

Okinawa, a unique subtropical county in Japan, consists
of the southernmost islands of the country and is character-
ized by a subtropical maritime climate. In the northern part
of Okinawa Island, well-developed subtropical EBLF dom-
inated by Castanopsis sieboldii is widely distributed with
other associated EBLF trees, such as Distylium racemosum,
Schima wallichii ssp. liukiuensis, and Persea thunbergii
(Miura and Yamamoto 2003; Xu et al. 2001). With the rapid
development of tourism in Okinawa in recent decades, con-
servation of such unique forest resources in Japan has been
emphasized and is now an urgent project aimed at protecting
the EBLFs (Shinzato et al. 1995, 2000). To realize these
objectives, and to establish working techniques of forest man-
agement, experimental studies on clear-cutting (Shinzato et al.
2000; Wu et al. 2008), strip clear-cutting (Wu et al. 2012), and
selective logging (Shinzato et al. 1995; Wu et al. 2006) in
EBLF followed by natural regeneration were carried out.
Since the selective logging system is relatively new to the
region, we do not know enough about the dynamics of these
types of forests after selective logging.

This study was designed to examine the effects of selec-
tive logging on the stand structure, species diversity, and
tree community similarity of subtropical EBLF. Taking pre-
vious studies into account, we hypothesized that (1)
regenerating plots after selective logging would have higher
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tree species diversity than the pre-mature plots and (2) the
community composition in regenerating plots would be
similar to that in the pre-mature plots. In order to test these
hypotheses, we focused on both commercial timber species
and nontimber species for trees with a stem height >1.2 m.

2 Materials and methods
2.1 Study site

The study was carried out at Yona Field, Subtropical Field
Science Center, Faculty of Agriculture, University of the
Ryukyus, located in the northern part of Okinawa Island,
southern Japan (26°45’ N and 128°13’ E). The region is
characterized by a subtropical maritime climate with abundant
rainfall throughout the year. Typhoons with strong winds and
rain frequently strike the island from July to October. It never
freezes in winter, and the temperature does not fall below
2.0 °C. The mean monthly maximum temperature and mean
monthly minimum temperature are 32.1 °C (in August) and
10.8 °C (in February), respectively. The annual precipitation
averages from 1,900 to 4,000 mm year ' (mean,
2,750 mm year '), with a mean annual temperature of 21.8 °C.

The topography of the area is hilly, with a gradient of
15°, and the altitude ranges from 320 to 350 m above sea
level. The soil type of the study area is Xanthi-Udic
Ferralosols, which derives mainly from shale and Tertiary
sandstone. The study area before selective logging was a
mature EBLF dominated by C. sieboldii, a long-lived cli-
max species. The forest before the experiment had not
received any management treatment such as logging or
thinning since 1954. This type of forest has a relatively
low canopy (usually less than 15 m tall) compared with
other subtropical EBLF forests on mainland Japan (usually
over 25 m tall). The mean basal area of the forests for trees
with a diameter at breast height (DBH) >3.0 cm was esti-
mated to be 55 m? ha™' (Xu et al. 2001), and the mean tree
height was 8.5 m with a mean DBH of 10.5 cm for trees
with a DBH >4.0 cm (unpublished data). The present study
site is located in a typical forest in the region, in which C.
sieboldii shared 64.7 % of the total stand volume with a
mean basal area 61.7 m? ha ' for all trees higher than 1.2 m.

2.2 Experimental design

Four sample plots (each 20 mx10 m in size) were
established as two adjacent parallel rows (two plots each)
in the center of a 0.44-ha study area in the typical mature
EBLF described above, in 1994. Each plot was divided into
two 10 mx 10 m subplots, with 25 cells (2 m*2 m) for ease
of investigation. In the center of each subplot, a I mx1 m
quadrat was set up for plant survey. Prior to the selective
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logging, trees >1.2 m in height were investigated cell by cell
in the study plots, recording the species name, tree height,
and DBH. Trees <1.2 m in height and all plants present in
each quadrat were also identified, including species name
and height. In February 1994, all trees (DBH >8.0 cm) that
may have commercial value were felled at their base, ap-
proximately 0.2 m above the soil surface, in the whole study
area. The total harvest intensity in terms of stems was 7.1 %.
The basal area of the study plots was reduced to 12.9 m* ha '
for the residual unlogged trees (>1.2 m in height) immediately
after the selective logging in 1994. C. sieboldii, the primary
target species, had the highest harvest intensity of 50.3 %. The
forest was then left undisturbed by natural regeneration until
the next tree survey, in December 2002.

Trees >1.2 m in height in the study plots were termed
“overstory” species, while trees <1.2 m in height and all plants
in each quadrat were termed “understory.” A plot before
selective logging in the study area was termed a “mature”
plot, while a plot in the secondary forest restocked by natural
regeneration in 2002 was denoted a “regenerating” plot.

To forecast the dynamics of the forest layer structure, the
woody plants (phanerophytes) enumerated in the survey
were classified as megaphanerophytes (Mega; arbor),
mesophanerophytes (Meso; mid-arbor), microphanerophytes
(Micro; sub-arbor), and nanophanerophytes (Nano; shrub),
according to Flora of the Ryukyus (Hatusima 1971). The
nomenclature of species in this paper also follows Flora of

the Ryukyus.
2.3 Data analysis

The species importance value (IV) was evaluated according
to Basnet (1992) as follows:

IV = (RD + RBA)/2

where RD is the relative density, calculated as the number of
stems of a given species in plots, divided by the total
number of stems of all species within the same plots (in
percent), and RBA is the relative basal area, calculated as
for the RD, using the basal area instead of the number of
stems (in percent). The dominant species were defined as
those with IVs over 5.0.

The Shannon—Wiener index (H') and the evenness index
(E) were estimated for species diversity as follows:

Hl = —Zpilog2pi
i=1
E = H'/log, S

where S is the total number of species encountered in a
given plot and p; is the proportion of trees of the ith species
(Magurran 1988).

The degree of community similarity between the study
plots was calculated using the Serensen coefficient of com-
munity (Serensen 1948) and the Jaccard similarity coeffi-
cient (Mueller and Ellenberg 1974):

CC =2¢/(a+b)
BC=c¢/(a+b—c)

where CC is the Serensen coefficient of community, BC is
the Jaccard coefficient, a is the number of tree species in
plot A, b is the number of tree species in plot B, and c is the
number of species shared by both plots.

The statistical difference in the IV between mature and
regenerating plots for each species was analyzed using one-
way analysis of variance. The DBH, basal area, S, H', and £
for the mature and regenerating plots were analyzed using
two-way analysis of variance, with one factor being forest
type (mature or regenerating plot) and the other four phan-
erophyte types. The differences in tree size class distribution
patterns for dominant species between the mature and the
regenerating plots were examined by the Mann—Whitney U
test. Statistical analyses were completed with SPSS 15.0.

3 Results
3.1 Species composition and species diversity

A total of 27 families, 48 genera, and 65 overstory tree species
were identified in the mature plots, while the corresponding
values in the regenerating plots were 31, 57, and 82, respec-
tively. The number of species (S) was significantly higher in
the regenerating plots than in the mature plots (Fig. la;
F=25.74, p<0.001). Four dominant species, according to
their IVs, were present in the mature plots (Table 1): C.
sieboldii (IV=27.3), D. racemosum (15.3), Ardisia
quinquegona (9.1), and Camellia japonica (5.7). C. sieboldii
(IV=16.3), D. racemosum (12.1), and A. quinquegona (9.5)
reappeared as dominant tree species in the regenerating plots.
C. sieboldii exhibited significant decreases in the mean IV in
the regenerating plots (range, 13.6-22.1) relative to mature
plots (range, 22.1-31.3), although it ranked as the primary
dominant species in both the mature and the regenerating plots
(F=15.82, p=0.007). For other dominant species, the IV
values did not differ significantly between the mature and
the regenerating plots (p>0.05). However, C. japonica (5.7),
one of the primary dominant Micro species, became non-
dominant (3.9) in the regenerating plots, although the differ-
ence was not significant between the mature and regenerating
plots (F=2.42, p=0.171).

Selective logging affected the relative abundance of plant
life (Fig. 1a). Statistical analysis showed significant differ-
ences among phanerophyte types, of which Micro species
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4 Fig. 1 a Changes (mean + SE) of the number of tree species, b the
Shannon—-Wiener index, and ¢ species evenness for mature and
regenerating plots following 8 years of selective logging in an EBLF
in Okinawa. Significant differences are indicated by capital letters for
the four phanerophyte types and by corresponding lowercase letters for
mature and regenerating plots based on least significant difference
(LSD) comparison (p<0.05)

had the highest S values, followed by Mega, Nano, and Meso
(F=57.12,p<0.001). Meso and Mega forms increased by one
and two species, respectively, in the regenerating plots
according to the investigation data, but Micro and Nano forms
increased by six and eight species, respectively, indicating that
the increase of S in the regenerating plots was mainly from
Micro and Nano phanerophyte types, rather than from Meso
and Mega species. In addition, all the primary tree species
occurred in the mature plots before selective logging
reoccurred in the regenerating plots.

The mean A’ value of overstory trees in the regenerating
plots was significantly higher than that in the mature plots
(Fig. 1b, F=19.05, p<0.001). The mean E index, however,
was not significantly different between mature and
regenerating plots (Fig. 1c; F'=3.49, p=0.074).

3.2 Characteristics of stand structure

The mean density of overstory trees in the regenerating plot
(a total of 89,800 stems ha ') following 8 years of selective
logging (Fig. 2a; F=188.26, p<0.001) was significantly
higher than that in the mature plot (a total of 31,850
stems ha ). Significant differences occurred for mean stem
densities among the four phanerophytes (F=33.27, p<0.01).
The densities of Mega, Meso, Micro, and Nano species in
the mature plots were 12,313, 3,288, 7,850, and 8,400
stems ha ', respectively, whereas the corresponding values
in the regenerating plots were 31,088, 11,363, 20,275, and
26,875 stems ha ', respectively.

The mean basal area in the regenerating plot (a total of
33.4m” ha ') was noticeably lower than that (61.7 m* ha ') in
the mature plot (Fig. 2b; F=80.35, p<0.001), while signifi-
cant differences also occurred among the four phanerophytes
(F=337.45, p<0.001). The basal areas of Mega, Meso, Micro,
and Nano species were 47.1, 5.3, 8.6, and 0.7 m? ha !, re-
spectively, in the mature plots, while the corresponding values
were 19.5, 4.6, 7.3, and 1.9 m? haﬁl, respectively, in the
regenerating plots. Thus, selective logging did not result in
degeneration of Mega species since the mature Mega species
mentioned above were still dominant in the regenerating plot,
with abundant stems and basal area.

Two distribution patterns for the tree size class were
found for the dominant species (Fig. 3). A reverse-J-type
distribution was observed for 4. quinquegona, C. japonica,
and D. racemosum, which had similar distributions in both
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Table 1 Comparison of species IV for the main tree species in mature and regenerating plots followed by 8 years of selective logging in an EBLF

in Okinawa
Species Type Regenerating plot Mature plot p value
1 II 1 v Mean SE I I I v Mean  SE
Ardisia quinquegona Nano 10.3 9.6 9.0 8.9 9.5 0.32 123 9.6 6.7 7.9 9.1 1.21  0.805
Camellia japonica Micro 2.3 3.5 2.5 6.9 3.8 1.07 53 4.7 5.4 7.3 5.7 0.56  0.171
Castanopsis sieboldii ~ Mega 221  15.6 13.6 14.0 16.3 1.97 313 221 274 282 27.3 191 0.007™
Daphniphyllum Mega 1.3 1.8 1.5 39 2.1 0.60 1.6 33 5.1 2.8 32 073 0.298
glaucescens

Distylium racemosum ~ Mega 80 129 140 135 121 139 11.7 212 159 122 153 2.19 0270
Schima wallichii Mega 2.7 6.3 5.4 1.0 3.9 1.22 2.5 1.7 2.0 0.5 1.7 043 0.380

The dominant species in each plot with an importance value >5.0 are highlighted in bold

** p<0.01 indicates the level of significance of the differences between mature tree species and regenerating tree species

the mature and the regenerating plots (p>0.05). Castanopsis
sieboldii, Daphniphyllum glaucescens, and S. wallichii, which
have a broad height distribution, exhibited a unimodal pattern
characterized by having the highest frequency in the interme-
diate size layers and lower frequencies to the smaller and
larger layers. Of these species, the tree size distribution pat-
terns differed significantly for both C. sieboldii (p=0. 018)
and S. wallichii (p=0.018) between mature and regenerating
plots, but this was not the case for D. glaucescens, which had
no significant difference (p=0. 09).

3.3 Community similarity

The CC and BC values for overstory trees in the mature and
regenerating plots showed similar trends, although the CC
values were slightly higher than the BC values (Table 2).
The CC and BC values within whole plots were 87.1 and
77.1, respectively. More than 77 % of the community sim-
ilarity indices reflected the high general similarity between
the mature and regenerating plots following 8 years of
selective logging.

3.4 Understory changes

The number of individuals for all plants and understory trees
decreased from 278 in the mature quadrats to 254 in the
regenerating quadrats (Table 3). However, the understory
species increased from 44 in the mature quadrats to 56 in the
regenerating quadrats. The regenerating quadrats had slight-
ly higher H' and E values (5.0 and 0.86, respectively)
compared with those in the mature quadrats (4.6 and 0.84,
respectively). Eleven dominant tree species occurred either
in the mature or the regenerating quadrats. Of these, one
dominant tree species, A. quinquegona, was present in the
mature quadrats; however, in the regenerating quadrats,
Glochidion acuminatum and Rapanea neriifolia were also
present as dominant species in addition to 4. quinquegona.

For plants, nine dominant species were present in either the
mature or the regenerating quadrats. Alpinia intermedia,
Microlepia marginata, Psychotria serpens, and Smilax
bracteata were present as dominant plant species in the
mature quadrats; however, in the regenerating quadrats, only
two of the primary species, 4. intermedia and P. serpens,
reappeared as dominant herb species. M. marginata had
disappeared and S. bracteata had become non-dominant in
the regenerating quadrats.

4 Discussion

We found that the primary dominant Mega species contin-
ued to be the dominant species in the regenerating plots in
the early stage, suggesting that they might continue to
dominate in the secondary forest in the future. These species
contributed to a majority of the total basal area, over 31,088
stems ha ! in the regenerating plot (Fig. 2). The high stump
sprouting ability, low mortality rate of the residual trees, and
abundance of seedling-origin stems of the primary dominant
species may be responsible for the dominance of Mega
species in the regenerating forest. C. sieboldii, which can
be considered a climax species in this investigation, contin-
ued to rank as the primary dominant species, with the
highest IV (16.3) in the regenerating plot. Previous studies
clarify why C. sieboldii eventually reached the canopy layer
and dominated the regenerating forest: Wu and coworkers
(Wu and Shinzato 2003; Wu et al. 2006) found that C.
sieboldii had a low stump mortality rate (6.8 %) with abun-
dant fast-growing sprouts (3,363 stems ha ') and seedling-
origin stems (5,358 stems ha '), contributing to both the
highest stem numbers and the highest basal areas in the
regenerating forest after selective logging. D. racemosum,
the second dominant Mega species (IV=15.3) in the mature
plot, was still ranked as the second dominant species (IV=
12.1) in the regenerating plot. This observation suggests that
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Mega species might continue to dominate the plot in the
future from a long-term perspective and that selective log-
ging does not result in degeneration of Mega species.
While the above-mentioned Mega species reoccurred
abundantly in the regenerating plots, a wide variety of
Meso, Micro, and Nano species were also present in the
regenerating plots (see Fig. 2), demonstrating that the forest
structure was complex due to the efficacious development of
multiple canopy layers. 4. quinquegona, the primary dom-
inant Nano species, is widely distributed in EBLF in East

@ Springer ?; gﬁ“{t

and Southeast Asia, and has a strong sprouting capacity after
disturbance (Hatusima 1971; Shinzato et al. 2000). In the
present study, it had a slightly higher IV (9.4) in the
regenerating plots than that in the mature plots (8.8) because
of the abundance of residual stems (4,250 stems ha ') and
seedling-origin stems (8,350 stems ha ') (Wu et al. 2006).
However, C. japonica, the primary Micro species, was
somewhat different from 4. quinquegona: it had a low IV
(3.9) and became a non-dominant species in the
regenerating plots. The high stump mortality rate (66.7 %)
and low sprouting ability of C. japonica after selective
logging may be responsible for its non-dominance in the
regenerating plots (Wu and Shinzato 2003).

We found that the regenerating plots after selective log-
ging had greater S and H’ values (82 and 4.83, respectively)
than those for the mature plots (65 and 4.35, respectively)
for overstory trees, indicating that the selective logging did
not result in a decrease in species diversity. The course of
succession in Japanese subtropical forests seems to support
the intermediate disturbance hypothesis (Aiba et al. 2001).
The greater S and H' values for regenerating forests may,
however, occur simply because secondary forests contain
both pioneer and climax tree species in the early regenera-
tion stage (Aiba et al. 2001; Connell 1978). In the present
study, not only all of the mature tree species but also 17
invading tree species (with Micro and Nano tree species
especially abundant) were present in the regenerating plots.
The presence of the mature tree species as well as the
invasion of Micro and Nano tree species would appear to
be responsible for the increase in the S and H' values in the
regenerating plots.

The high community similarity (77) between the above-
mentioned plots suggests that the selective logging followed
by 8 years of natural regeneration did not result in a decrease
in the community similarity indices. The CC value was
calculated as 85.1 for mature forest and regenerating forest
after 6 years of clear-cutting in a nearby EBLF study site,
according to previous data (Shinzato et al. 2000). An 8-year-
old strip-clear-cutting study has also shown a CC value of
over 77 for primary and regenerating forests in another
nearby EBLF study site (Wu et al. 2012). The CC values
of over 77 in the present study suggest high community
similarity between the mature and its regenerating plots
(Bureau of Land Management 2001).

The vegetation census for both understory trees and
plants conducted in the subplots revealed that the
regenerating quadrats had higher S, H', and E values than
the mature quadrats. However, the number of individuals in
the regenerating quadrats was considerably lower than that
in the mature quadrats. Furthermore, we found that the
decreased number of individuals was mainly from plant
species, which showed a significant decrease, with 61 in-
dividuals in the regenerating quadrats, versus the 150 in the
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Fig. 3 Tree size variations for the dominant species following 8 years of selective logging in an EBLF in Okinawa

mature quadrats (Table 3). The main reason for this differ-
ence may be the change in niche after selective logging,
which resulted in the widespread death of the shade-tolerant
species. For example, there were 31 individuals of the
shade-tolerant plant S. bracteata in the mature quadrats;
however, in the regenerating plots, there were only three
individuals of the species, and it had disappeared from plots
1 and 2. M. marginata, another shade-tolerant species, was
absent from the regenerating quadrats, whereas 24 individ-
uals were present in the mature quadrats in the sampling
subplots (Table 3). Similar results were also found in an
EBLF restocked by natural regeneration after clear-cutting—
burning on Iriomote Island, Okinawa, Japan. Wu et al.
(2008) reported that S. bracteata was present in abundance

in both clear-cutting—burning and clear-cutting-only plots
(37 and 46 individuals, respectively) before treatment; how-
ever, it was absent after the two treatments followed by
20 years of natural regeneration. The more drastic the silvi-
cultural treatments, the greater the decrease in shade-tolerant
species. The above results from the plant census show that

Table 2 Community similarities for trees in mature and regenerating
plots after 8 years of selective logging in an EBLF in Okinawa

Plot 1 I 111 v Total
Serensen index (CC) 82.5 81.0 89.4 93.2 87.1
Jaccard index (BC) 70.1 68.1 80.9 87.3 77.1
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Table 3 Number of individuals, species number (S), Shannon—-Wiener index (H'), and species evenness (E) of dominant plant species (for both
understory trees <1.2 m height and all plants) and the number of stems/relative density (in percent) in the 1 mx 1 m quadrats in an EBLF in Okinawa

Treatment Mature plot Regenerating plot
1 1I 1 v Total 1 1I 1 v Total
Number of individuals 63 88 63 64 278 67 69 63 55 254
Species number (S) 20 30 21 15 44 29 24 34 25 56
Shannon—Wiener index (H') 4.04 430 4.00 3.10 4.60 4.40 3.90 4.70 4.10 5.00
Species evenness (E) 0.93 0.88 0.91 0.79 0.84 0.91 0.85 0.92 0.88 0.86
Dominant tree species
Adinandra ryukyuensis 5/7.9 512.0
Ardisia quinquegona 4/6.3 8/9.1 8/12.7  4/6.3 24/8.6 8/11.9 11/15.9 9/14.3 6/10.9 34/13.4
Camellia japonica 5/7.9 5/1.8 3/4.5 1/1.6 4/1.6
Cinnamomum 1/1.1 5/7.9 2/3.1 8/2.9 1/1.6 1/0.4
pseudo-pedunculatum
Eurya japonica 3/4.5 1/1.4 4/6.3 8/3.1
Glochidion acuminatum 2/2.3 2/0.7 6/9.0 5/7.2 2/3.2 2/3.6 15/5.9
Neolitsea aciculata 1/1.4 2/3.2 3/5.5 6/2.4
Persea thunbergii 4/4.5 2/3.1 6/2.2 2/2.9 3/5.5 5/2.0
Rapanea neriifolia 3/4.8 2/2.3 4/6.3 9/3.2 7/10.4 6/8.7 2/3.2 1/1.8 16/6.3
Schima wallichii 6/9.0 3/4.8 1/1.8 10/3.9
Tarenna gracilipes 5/7.9 3/3.4 1/1.6 9/3.2
Dominant plant species
Alpinia intermedia 5/7.9 9/10.2 5/7.9 8/12.5 27/9.7 4/6.0 2/2.9 1/1.9 10/18.2 17/6.7
Diplazium donianum 6/9.5 6/2.2 1/1.5 1/0.4
Dryopteris sordidipes 8/14.5 8/3.1
Microlepia marginata 24/37.5 24/8.6
Psychotria serpens 7/11.1 5/5.7 9/14.3 5/7.8 26/9.4 4/6.0 1521.7  2/3.2 2/3.6 23/9.1
Smilax bracteata 6/9.5 16/18.2 5/7.9 4/6.3 31/11.2 2/3.2 1/1.8 3/1.2
Trachelospermum asiaticum 1/1.1 6/9.4 7/2.5 2/3.0 5/7.2 1/1.6 8/3.1
Tylophora japonica 6/6.8 6/9.5 12/4.3 1/1.6 1/0.4
Unknown species 4/6.3 7/8.0 4/6.3 2/3.1 17/6.1

Dominant species were designated as those with relative density >5.0 in mature or regenerating forests in one plot. The dominant species are

highlighted in bold

the selective logging resulted in a decrease in the number of
individuals of plant species, followed by 8 years of natural
regeneration. The decrease in the number of individual
plants and the concomitant disappearance of shade-tolerant
species demonstrates that understory plant restocking may
be slower than tree regeneration after selective logging.

5 Conclusions

We close with three final points. First, a high stem density of
mature dominant Mega species, such as C. sieboldii and D.
racemosum, accompanied by a wide variety of other phan-
erophytes, indicates that the vertical structures of the forests
were complex, with multiple canopy layers in the
regenerating plot following 8 years of selective logging.
Secondly, selective logging resulted in greater S and H’

) Springer f ﬁif;é IN%

values and community similarity for woody species com-
pared with the mature plots. The high diversity of tree
species and the high community similarity demonstrate no
evidence of degeneration in the regenerating plot, but rather
a progressive succession, although selective logging did
result in a decrease in plant species, according to the vege-
tation census. Thirdly, related to the above points, we can
predict that the regeneration forest of subtropical EBLF after
selective logging on Okinawa Island may gradually recover
to a stand similar to the forest existing before selective
logging. Since selective logging did not give evidence of
forest degeneration from the present results, we consider
that the selective logging system may be one of the best
natural regeneration strategies to meet the dual objectives of
timber production and environmental conservation. It
should be pointed out, however, that since the investigation
was on a small scale and in the early stage of forest
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regeneration, further study is needed with increased plot
duplication to examine the effects of selective logging on
the forest-regenerating dynamics of EBLF.
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