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Abstract — We compared the plant species diversity of forest-floor vegetation in long-rotation Larix kaempferi plantations with standard-
rotation plantations and abandoned coppice forest in central Japan. Species diversity and richness did not differ between the standard- and long-
rotation plantations. However, the composition of tall-tree species, of different seed-dispersal types, in long-rotation plantations differed from
that in standard-rotation plantations, but was similar to that in abandoned coppice forest. These results indicate that, in particular, long-rotation
plantations contained more tall-tree species with animal-dispersed seeds, which in turn suggests that long-rotation plantations may be better for
colonization of tall-tree species with this type of seed dispersal. The relatively long period since management in long-rotation plantations may
play a significant role in the growth, reproduction, and seedfall of naturally regenerated tall-tree species with animal-dispersed seeds. Therefore,
long-rotation plantations may maintain and restore species composition via recovering ecological function.
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Résumé - Effets de I’allongement de la période de rotation des plantations de Larix kaempferi au centre du Japon sur la diversité en
especes végétales. Nous avons comparé la diversité en espéces végétales du sous bois entre des plantations de Larix kaempferi menées en
rotations longues par rapport a des rotations classiques courtes ou des taillis abandonnés. La diversité et la richesse en especes végétales ne
different pas entre les plantations classiques et les plantations a longue rotation. Cependant, la diversité de la strate arborée, avec des stratégies
de dispersion des graines différentes, differe entre les plantations a longue durée par rapport aux plantations classiques mais est semblable aux
taillis abandonnés. Les résultats indiquent en particulier que les plantations avec de longues rotations contiennent plus d’especes arborées avec
une stratégie de dissémination des graines par zoochorie ce qui suggere également que ce type de plantation longue soit favorable aux arbres
avec ce type de dissémination. La longue période apres la derniere intervention en forét dans les plantations a longue rotation semble donc jouer
un réle important dans la croissance, la reproduction et la dispersion des graines par zoochorie pour les arbres se régénérant naturellement. Par
conséquent, les plantations a longue rotation pourraient maintenir et restaurer la composition en especes végétales par rétablissement de la
fonction écologique.
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1. INTRODUCTION

Biological diversity is considered important in plantation
ecosystems, as forest management increasingly focuses on
being ecologically sustainable and plantations take on multiple
functions, such as habitat for wildlife and plants, rather than the
single function of timber production [12, 15, 29, 30]. Studies
of plant species diversity in plantations have recently increased
in number (e.g., [7, 25, 31]). However, data are still lacking on
which to base the management of both biological conservation
and timber production in plantations. Some researchers have
recommended long-rotation plantations as one source of such
data [12, 19, 36, 37, 41]. Long-rotation plantations have been
found to maintain and restore species diversity and stand struc-
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ture, important factors for wildlife and plant habitat, to a greater
extent than standard-rotation plantations [7, 14, 19, 27]. Peterken
etal. [36] showed that the stand structure of long-rotation plan-
tations could provide ‘old growth’ habitats. Full investigation
of how extending the length of rotation affects the biological
diversity of plantations is imperative, because such empirical
data are, to date, limited.

Many studies have used indices of species diversity (e.g.,
Shannon diversity [H'], equitability [J']) and species richness
to evaluate plant species diversity in forests (e.g., [9, 47]).
However, these indices do not directly represent the specific
ecological characteristics of the community [5, 24, 35]. There-
fore, species with ecological characteristics that are sensitive
to specific management regimes need to be identified [31, 43].
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Figure 1. Location of the study area and the study
plots; @: OLD (long-rotation plantations, n = 7),
0 Ao H: MID (standard-rotation plantations, n = 10),
1 A : SEC (abandoned coppice forests, n = 7).

Nagaike [31] showed that the species composition, which is
characterized by differences in life form and seed dispersal
types, clearly differed between broad-leaved secondary forest
and Larix kaempferi plantations. Type of life form and seed dis-
persal are thought to be ecologically important traits in res-
ponse to disturbance [4, 11, 26]. In an Appalachian hardwood
forest, the herbaceous component of the herb layer was signi-
ficantly greater in young clear-cut stands than in mature stands,
whereas the woody component of the herb layer was signifi-
cantly greater in mature stands [9]. Pinard et al. [39] also sug-
gested that forest management decisions should consider the
type of plant-animal interaction in relation to seed dispersal.
Since such traits are probably good indicators of the effects of
the forest management systems used, we focused not only on
diversity indices but also on the ecological characteristics of the
species found in each type of forest.

Comparing plant species diversity among the forest types
caused by different management regimes in a forested lands-
cape is a useful way to understand how management affects
such diversity (e.g., [3, 17, 31]). Thus, investigation of plant
species diversity in long-rotation plantations requires compa-
rison with standard-rotation plantations. Roberts and Zhu [42]
compared a plantation that had been clear-cut and subsequently
replanted with an abandoned coppice forest that had been clear-
cut and allowed to regenerate naturally. They showed that plant
species diversity was much more severely affected in the plan-
tation. Thus, comparison of plantations with abandoned cop-
pice forest should help determine whether long rotation can
mitigate the effects of standard rotation in plantations.

We evaluated the plant species diversity of forest-floor vege-
tation in long-rotation L. kaempferi plantations, as compared
with that of standard-rotation plantations and abandoned cop-
pice forest, in central Japan. Our specific objectives were to
determine the effects of stand age and different management
practices on species composition in relation to species’ ecolo-

gical characteristics (i.e., life form type), which are thought to
reflect the intensity and frequency of management of an area,
and to determine the link between such effects and types of seed
dispersal.

2. STUDY SITE AND METHODS

This study was conducted in a forested area of approximately 900 ha,
comprised mainly of L. kaempferi plantations and broad-leaved
abandoned coppice forests (Fig. 1, Sutama, Yamanashi Prefecture,
central Japan [1200-1600 m a.s.1.; 35° N, 138° E]). About 53% of the
study area was covered by plantation (50% standard rotation and 3%
long rotation) and 29% was covered by abandoned coppice forests.
The area receives approximately 1120 mm mean annual precipitation;
the mean annual temperature is 9.9 °C, and snow cover in winter is
less than 1 m. These climatic data indicate that the study site is located
in the low-snow, cool-temperate zone of Japan. Dry inland areas in
Japan (similar to the study site), typified by light snow cover and cold
winters, are the usual plantation sites for Larix kaempferi, a tall decid-
uous conifer. The natural vegetation of this area is thought to have been
mixed forest, dominated mainly by Quercus crispula, Fagus japonica,
and Abies homolepis. Beginning in the 1940s, the primary and sec-
ondary broad-leaved deciduous forests in the area were drastically
overcut, and L. kaempferi plantations were established. In addition to
these plantations, primary and old growth forests were replaced by
coppice forests (subsequently abandoned), characterized by Q. crisp-
ula, Q. serrata, and Betula platyphylla.

In 1999 and 2000, we established 24 study plots (10 x 100 m each;
2.4 hatotal area) in three types of forest (L. kaempferi plantations with
stands of two different ages and abandoned coppice forests). The plan-
tation study plots were classified by stand age: 34 to 43 years (MID;
n=10), and 57 to 78 years (OLD; n = 7). The MID plots had not been
thinned for at least 5 years, and the OLD plots for about 30 years.
Because the standard rotation of L. kaempferi plantations in this area
is 40 years, the OLD plots were considered long-rotation plantations.
In all of the plantations sampled in this study, normal management
practices had been carried out (i.e., weeding, salvage cutting, and thin-
ning) at scheduled times (e.g., the 37-year-old plot had been weeded
twice, thinned once, and subjected to salvage cutting four times). The
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Table 1. Parameters of stand structure and light environment for the three forest types. Mean diameter at breast height (DBH), basal area (BA),
and relative photosynthetic photon flux density (RPPFD) were compared using the Kruskal-Wallis test, and the relative dominance of planted
Larix was compared using the Mann-Whitney U test. When a significant difference was calculated by the Kruskal-Wallis test, each pair of
types was analyzed using a Mann-Whitney U test with adjusted Bonferroni multiple comparisons. Different letters indicate significant diffe-
rences by adjusted Bonferroni multiple comparisons among forest types at P < 0.017.

MID (n = 10) OLD (n=17) SEC (n=17)
Mean S.D. Mean S.D. Mean S.D.
Mean DBH (cm) 15.6 3.5 12.7 1.9 12.7 1.3 0.107
BA (m%ha) 31.7 4.8 34.7 6.7 38.5 15.4 0.470
Relative dominance of planted Larix (%) 84.3 12.6 69.6 16.7 - - 0.043
RPPFD (%) 11.6 10.6 a 3.2 1.3b 19.2 10.1a 0.002

MID: standard-rotation plantations, OLD: long-rotation plantations, SEC: abandoned coppice forests, S.D.: standard deviation.

age of the abandoned coppice forest plots (SEC; n = 7) was approxi-
mated at 50 years using tree ring analysis of cores. The SEC plots had
not been recently managed. The belt-shaped plots were designed to
sample the topographical variation of each forest and thus minimize
variation in natural conditions among the forest types [8, 16, 31, 32,
33]. All plots were located at the center of each forest to avoid any
edge effects caused by differences in neighboring forest.

All study plots were divided into 5 x 5-m subplots, and a 1 x 1-m
quadrat was established in each subplot to study forest-floor vegeta-
tion. Thus, we had 40 subplots and quadrats in each plot, 960 subplots
and quadrats in total. In every subplot, we identified all living trees
greater than 3 cm in diameter at breast height (DBH) and measured
their girth at breast height. Their DBH was calculated by their girth.
We also recorded the species of all vascular plant species less than 2 m
high in each 1 x 1-m quadrat to determine the presence and absence
of species in each quadrat. Species diversity and richness in each plot
were quantified using the Shannon diversity index (H'), equitability
index (J', [38]), and number of species per unit area. The H'and J' val-
ues were calculated from the frequency (1 to 40) of occurrence of each
species in each plot. The H' and J' indices were given using the fol-
lowing formulas: m

H = ¥ pilnpi,
i=1

J =H / Inm,

where pi is the relative frequency of occurrence of each species in each
plot, and m is the number of species occurring in each plot.

We also determined the association between species and forest
type. Species found to be unique to, or biased toward, a particular type
of forest were then used in the analyses. To characterize the properties
of species found in each forest type, we analyzed the species with a
bias toward a particular type (by chi-square and Fisher’s exact tests)
in addition to the species that occurred in one type only. For example,
species described as tending to inhabit OLD plots occurred signifi-
cantly more frequently in OLD than in MID or SEC plots or occurred
in only OLD plots.

We focused on species type and seed-dispersal type as ecological
characteristics. Species were classified on the basis of life form as tall
trees, sub-tall trees, shrubs, vines, perennials, winter annuals, annuals,
or ferns. The four seed-dispersal types were based on the principal
agent of dispersal: birds, small animals, wind, or gravity. For species
with several modes of dispersal, we classified the dispersal agent of
acorn-bearing species as small animals and that of fleshy-fruit species
as birds. We used illustrated guidebooks to identify species type and
dispersal type [20-23, 34].

To quantify the light environment in the study plots, we used a dig-
ital camera with a fish-eye converter (Nikon Cool Pix 950) to take
hemispherical photographs of the canopy from 1 m above the ground
every 5 m along the center line of each 10 x 100-m plot (n = 480 in
total). We used the computer program HEMIPHOTO [45] to analyze
light levels in the hemispherical photographs; values were calculated
as the relative photosynthetic photon flux density compared with that
under conditions of full sun.

3. RESULTS

Both the mean DBH and the basal area did not differ signi-
ficantly among the forest types (Tab. I). Planted L. kaempferi
were significantly less dominant in OLD plots than in MID
plots. The OLD plots were mixed forest composed of planted
L. kaempferi and naturally regenerated deciduous broad-leaved
species (e.g., Cornus controversa, Carpinus cordata, and Prunus
maximowiczii). The relative photosynthetic photon flux density
was significantly lower in OLD plots than in the other two types
of forest.

The pattern of differences in species diversity and richness
among the forest types is shown in Table II. Fewer species were
found in SEC than in OLD, whereas MID and OLD contained
statistically similar numbers of species. A total of 237 species
were found in all plots: 163 in MID, 163 in OLD, and 109 in
SEC plots (Fig. 2). The percentage of all species found in the
study area that were unique to, or biased toward, a forest type
was 37.4% in MID, 47.2% in OLD, and 24.8% in SEC plots.
The species composition of each forest type was notably dif-
ferent (Figs. 3 and 4). Species composition in SEC plots diffe-
red significantly from those in MID and OLD plots; tall-tree
species were significantly less common in plantations than in
abandoned coppice forests (Fig. 3), particularly among species
that were unique to, or biased toward, a forest type. To clarify
the decline of tall-tree species in plantations compared with
abandoned coppice forests, we focused on seed-dispersal types
among the tall-tree species that were unique to, or biased
toward, one type of forest (Fig. 4). Tall-tree species in SEC
plots tended to use animals for seed dispersal. Although MID
and OLD plots contained equal numbers of tall-tree species, the
species had quite different seed-dispersal strategies. None of
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Table II. Species diversity index (H'), equitability (J'), and the number of species per unit area of each of the three forest types. Differences in
these parameters among types were analyzed using the Kruskal-Wallis test, and the Mann-Whitney U test with adjusted Bonferroni multiple
comparisons was performed for each pair of types. Different letters indicate significant differences by adjusted Bonferroni multiple compari-

sons among forest types at P < 0.017.

MID (1 = 10) OLD (n=7) SEC (n="7) Kruskal-Wallis
test
Mean S.D. Mean S.D. Mean S.D. (P value)
Diversity (H") 4.597 1.017 a 4.967 0.653 a 4.094 0.605 a 0.041
Equitability " 0.831 0.094 0.854 0.057 0.798 0.065 0.215
Number of species (/40m?2) 48.1 16.1 ab 57.9 149a 35.7 9.6b 0.015
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the tall-tree species in MID plots had animal-dispersed seeds,
whereas OLD plots were comprised of species similar to those
found in SEC plots, with animal-dispersed seeds.

4. DISCUSSION

The results of research comparing plant species diversity and
richness among plantations and other types of forest are varied
(e.g., [6, 11,31, 40]). In this study, species richness was signi-
ficantly higher in long-rotation plantations than in abandoned
coppice forest, although the data for the long-rotation planta-
tions did not differ significantly from those for the standard-
rotation plantations (Tab. II). Whereas the plantations were
managed for timber production after planting (i.e., via weeding,
salvage cutting, and thinning), the abandoned coppice forest
seemed not to have been managed since last clear-cut for
firewood about 50 years ago. These differences in intensity and
frequency of management (i.e., human disturbance) seem to
have allowed many species to colonize the plantations rather
than the abandoned coppice forest [2, 31].

Differences in species type between standard- and long-rota-
tion plantations were relatively small, but the differences
between plantations and abandoned coppice forests were con-
siderable (Figs. 2 and 3). The percentage of all species that were
unique to, or biased toward, a particular forest type was higher
for plantation species than for species in abandoned coppice
forest; the plantations consisted mainly of species that did not

80%

60%

40%

20%

0%

MID OLD SEC

Figure 3. Life forms of species occurring in each forest type: (a) all
recorded species and (b) species unique to, or biased toward, a forest type.

occur in the abandoned coppice forests (Fig. 2). Michelsen
et al. [28] showed that most herbs in plantations were weeds
or invasive species from wooded grasslands. Wallace et al. [48]
also showed that cosmopolitan species were relatively resilient
to the effect of plantations. As shown in Figure 3, the species
that were unique to, or biased toward, a forest type differed
between plantations and abandoned coppice forests; the plan-
tations contained fewer tall-tree species. Plantation manage-
ment studies have shown that shrub species are more resistant
and recover more easily than tall-tree species [44]. Thomas
et al. [46] also showed that tree species (seedlings and saplings)
in a Pseudotsuga menziesii plantation in Washington, USA,
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Figure 4. Tall-tree species seed dispersal types for species that were unique to, or biased toward, a forest type.

responded negatively to thinning. The different results in this
study are probably due to different management strategies [31],
and suggest that some tall-tree species are not favored by plan-
tation management [13, 44].

Although species diversity, richness, and type did not differ
between standard- and long-rotation plantations, the seed-dis-
persal type of tall-tree species did (Figs. 3 and 4). Keenan et al.
[18] showed that the percentage of woody species with seeds
dispersed by mammals and birds increased with age in a Pinus
caribaea plantation in Australia. The tall-tree species in the
long-rotation plantations included trees with animal-dispersed
seeds (F. japonica, Q. serrata, Kalopanax pictus, and Cornus
controversa). The seed-dispersal type of the tall-tree species in
the long-rotation plantations differed from those in the stan-
dard-rotation plantations and was similar to those in the aban-
doned coppice forest (Fig. 4). These results suggest that long-
rotation plantations might provide better conditions for the
colonization of species with seeds that are dispersed by ani-
mals. Plantation management techniques, such as thinning,
effectively set back the plant community to an early successio-
nal stage [29, 44]. The period since last management differed
between the two types of plantation (5-10 years in the standard
rotation plantations versus more than 30 years for the long rota-
tion plantations). Some species with bird-dispersed seeds (e.g.,
Prunus maximowiczii and Cornus controversa) attain repro-
ductive age in long-rotation but not in standard-rotation plan-
tations (Nagaike & Hayashi, unpublished data). Keenan et al.
[18] pointed out that as plantations age, tree species that bear
fruit that is attractive to frugivores have a chance to reproduce
and, in turn, attract frugivorous birds [1, 49]. Wunderle [49]
demonstrated the importance of traits relevant to attaining seed
dispersers, including perch availability, structural complexity
of vegetation, and the presence of food resources, especially
fruit, as an attractant. The longer the period after last manage-
ment, the more significant the role of this period may be for the
growth, reproduction, and seed fall of naturally regenerated
tall-tree species with animal-dispersed seeds. Long-rotation
plantations could help restore not only plants but also their inte-
ractions with bird and mammal seed dispersers.

In conclusion, the species diversity and richness of long-
rotation plantations that had been unmanaged for 30 years were

not significantly more diverse than those of standard-rotation
plantations. Species composition in the standard-rotation plan-
tations differed greatly from that in the long-rotation planta-
tions and abandoned coppice forest, especially in terms of tall-
tree species with animal-dispersed seeds. Therefore, extending
the rotation period in standard-rotation plantations might res-
tore plant species diversity and their ecological function.
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