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Abstract The effects of habitat fragmentation on rem-
nant plant populations have rarely been studied exten-
sively using a single species. We have attempted to
quantify the effects of forest fragmentation (primarily
that of population size) on populations of Trillium
camschatcense, a representative spring herb in the Tok-
achi plain of Hokkaido, Japan. In this region, intensive
agricultural development over the past 100 years has
divided once-large, continuous populations of this spe-
cies into small, isolated fragments. Small populations
generally produced fewer seeds than large populations,
although this result differed between years. The level of
seed production is unlikely to explain demographic
structures based on life-history stages. Instead, the stage
structure was better explained by population size, seed-
ling recruitment being limited in smaller populations.
This could be associated with edge effects because the
stage structure in small populations corresponded well
to that observed in forest edges, where altered micro-
climatic conditions strongly limit seedling recruitment.
Small populations also experienced stochastic loss of
rare alleles at allozyme loci as well as biparental
inbreeding. Although one consequence of these changes
is reduced fertility, the long-term effects on population
growth can be controversial in long-lived forest herbs,
since the negative effect on fertility may vary across
years, and population growth rate may not be sensitive
to changes in fertility. Further studies of long-term
demography will reveal whether and how habitat frag-
mentation could limit population growth of remnant
populations more than a century after fragmentation.

Keywords Demography Æ Edge effects Æ Forest
fragmentation Æ Genetic diversity Æ Population size Æ
Seedling recruitment

Introduction

Destruction of natural habitat by humans leads to a
reduction in total habitat area (i.e., habitat loss) as well
as a change in habitat configuration (i.e., habitat frag-
mentation; Fahrig 2003). Whereas habitat loss
undoubtedly has a large negative impact on biodiversity,
many studies have suggested that habitat fragmentation
can pose an important additional threat (e.g., Lindborg
and Eriksson 2004; Verheyen et al. 2004). Fragmenta-
tion reduces the size of individual habitat remnants,
increases their spatial isolation, thereby altering abiotic
and biotic environmental conditions (Wilcove et al.
1986; Saunders et al. 1991), all of which can affect many
fitness components of plants. Although interest in hab-
itat fragmentation has increased over the past 15 years
(citations of keywords ‘‘habitat fragmentation’’ in the
ISI Web of Science database, 1980–1984, 1; 1985–1989,
6; 1990–1994, 99; 1995–1999, 471; 2000–2004, 1102), the
effects of fragmentation have rarely been studied
extensively using a single species.

This paper provides an overview of how we have
quantified the effects of habitat fragmentation in Tril-
lium camschatcense Ker Gawler (Trilliaceae or Melan-
thiaceae; Table. 1), a representative forest herb in
northern Japan. In the Tokachi plain of eastern Hok-
kaido, intensive land development since the 1880s has
resulted in a highly fragmented landscape with a large
number of forest remnants, many of which are smaller
than 1 ha (Fig. 1). T. camschatcense is now often found
in the understory of small remnant forests surrounded
by pastureland or agricultural fields. Because this species
commonly occurs in the region and originally forms
large (>5 ha) populations, we can assume that once-
large, continuous populations have been divided into
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small, isolated pieces due to forest fragmentation. Here
we focus on three subjects related to our research: (1)
reduced pollination and seed production, (2) edge effects
on recruitment, and (3) loss of genetic diversity and
inbreeding. In our research, we consider primarily the
effect of remnant population size and also that of the
condition of the surrounding landscape. In the final
section of this paper, we summarize the research findings
and their implications for conservation, and discuss the
effects of fragmentation on the long-term persistence of
remnant populations.

Although T. camschatcense is not considered as
endangered in the foreseeable future, there are several
reasons why we have studied this still abundant species.
First, common species should be primary contributors
to ecosystem productivity. Changes in abundance of
common species are likely to cause significant changes in
the abundance or extinction of other ecologically linked
species (Simberloff 1998). Second, it is increasingly rec-
ognized that remnant plant populations respond slowly
to changes in landscape structure (Lindborg and Eriks-
son 2004; Helm et al. 2006), thus, under the deterministic
effects of fragmentation, even still abundant species may
decline to extinction long after fragmentation (‘‘extinc-
tion debt’’; sensu Tilman et al. 1994). Finally, a meta-
population model considering a community of species
predicts that, after habitat destruction and fragmenta-
tion, common species are the first to become extinct
(Hanski and Ovaskainen 2002). Although we are una-
ware of any study testing this prediction, this model
motivated us to evaluate the consequences of habitat
fragmentation for common species.

Reduced pollination and seed production

Reduced reproduction is the best documented impact of
fragmentation in animal-pollinated plants. Because
small populations may be less attractive to pollinators
than large populations (Sih and Baltus 1987), a reduc-
tion in population size results in decreased fruit and seed

production due to insufficient pollen transfer. Moreover,
in small populations, low genetic variation at the self-
incompatibility (S) locus may limit the availability of
compatible mates, thereby limiting seed production
(Byers and Meagher 1992; Young et al. 2000). The
availability of pollinators can also be affected by the
landscape that surrounds a focal population. For
example, because pollinators need flowering plant spe-
cies continuously over their entire life-span, and often
have specific nesting requirements (Kearns and Inouye
1997), a limited quantity of available habitat for poll-
inators may decrease pollinator abundance and activity,
thus lowering reproductive output in plants. Jennersten
(1988) showed that, due to decreased pollinator visita-
tion, flowering individuals of maiden pink (Dianthus
deltoides) set fewer seeds in a fragmented habitat than in
a continuous habitat. Since that time, many investiga-
tions have tested these expectations based on a variety of
fragmentation measures, such as population size and
isolation. Hobbs and Yates (2003) reviewed studies of 60
species and found significant declines in reproductive
success in 58% of cases (n=85; measurements were ta-
ken in more than 1 year for some species). Aizen et al.
(2002) found that the incidence of negative effects on
reproduction was independent of species breeding sys-
tem and pollination specialization (i.e., the number of
taxonomically similar animal species that plants depend
on for pollination). A major criticism of previous re-
search is that most studies have been conducted for only
1 year (Hobbs and Yates 2003), so that we still under-
stand little about temporal variations in fragmentation
effects.

Using 14 populations of T. camschatcense, we
examined the effects of population size and surround-
ing landscape conditions on seed production for two
consecutive years (Tomimatsu and Ohara 2002). Pop-
ulation size, defined as the estimated number of flow-
ering plants, was determined by multiplying population
area by flowering plant density (range =4–153,600).
The surrounding landscape type was evaluated by
classifying the study populations into two types:

Table 1 Description of the
study species, Trillium
camschatcense, in the Tokachi
plain, northern Japan

bConditional total life span
(average life span of individuals
that survive to reach flowering)
calculated using the method of
Cochran and Ellner (1992)

Habitat Understory of mesic,
broad-leaved deciduous forests

Life cycle Long life span [>50 yearsa (53.4 yearsb)] aOhara and Kawano 2005;
bH. Tomimatsu, unpublished

Four growth stages (seedling, one-leaf,
three-leaf, and flowering)

Ohara and Kawano 2005

Stems and leaves emerge annually in spring
Flowers in May; fruits mature in July
Seeds normally require two winter seasons
to germinate fully

Samejima and Samejima 1962

Reproductive
characters

Nonclonal and polycarpic Ohara and Kawano 1986
Self-incompatible Ohara et al. 1996; Tomimatsu and

Ohara 2006
Mostly produces 1–2 flowers Tomimatsu and Ohara 2006
Flowers visited primarily by beetles and flies Tomimatsu and Ohara 2003b
Each flower has �170 ovules and each
fruit contains �80 seeds

Tomimatsu and Ohara 2002
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continuous and isolated. All the populations were dis-
tant from other T. camschatcense populations, so we
did not consider the effect of population isolation. We
found a significantly positive relationship between
population size and seed production in 1999 but not in
1998 (Fig. 2). However, note that small populations of

Fig. 1a,b Forest fragmentation process on two typical landscapes
in the Tokachi plain, Hokkaido, Japan, during the past 100 years.
a Mainly residential area, b mainly agricultural area. Forest area
(black) had decreased to <5% due to anthropogenic land
conversion since the 1880s, when the Japanese government
encouraged farmers to emigrate from the mainland. Figure
courtesy of Yasuo Konno

N
um

be
r 

of
 s

ee
ds

 p
er

 fl
ow

er

Log  population size

1998

0

20

40

60

80

0 1 2 3 4 5 5

Size: ns

Type: ns

S x T: ns

0 2 5

1999

0

20

40

60

80

Continuous

Isolated

Size: 

Type: ns

S x T: ns

6431

 *

Fig. 2 The number of seeds per flower was associated with the size
of populations of Trillium camschatcense in 1999, but not in 1998.
Two landscape types, continuous and isolated, were discriminated
to describe the quantity and distribution of forests around
populations; although not significant, ‘‘continuous’’ populations
with nearby abundant forest series tended to produce more seeds
than ‘‘isolated’’ populations located in small, isolated forests. These
data are from 14 different populations: 12 in 1998 and 13 in 1999. A
summary of results from analyses of covariance with population
size (covariate) and landscape type (categorical, fixed effect) as
main effects is also shown (*P<0.05). The solid line in 1999
indicates the regression line for all 13 populations where the
regression coefficient was significantly different from zero.
Redrawn from Tomimatsu and Ohara (2002)
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<50 flowering plants consistently produced fewer seeds
in both years. Although the effect of landscape type
was not statistically significant, ‘‘continuous’’ popula-
tions with abundant forest series nearby tended to
produce more seeds than ‘‘isolated’’ populations lo-
cated in small, isolated forests. These results indicate
that small, fragmented populations produce fewer seeds
than large, continuous populations, although the effect
differed between the 2 years of study. The decrease in
seed production could be attributed to pollen limita-
tion, because the outcross pollen load was positively
associated with seed production and hand-outcrossing
increased seed production.

The consequences of reduced seed production have
rarely been examined (Ward and Johnson 2005). As
this species is long-lived, we observed the stage
structure (relative frequency of four growth stages) in
six populations of different size (Fig. 3). The stage
structure in small populations was characterized by a
lower frequency of seedlings and a higher frequency of
three-leaf plants. In populations of <220 flowering
plants, almost no seedling recruitment was observed.
However, these indices were highly correlated with
population size (seedling, Kendall’s s=0.97; three-leaf,
s=�1.00) but not with seed production, implying that
seed production was unlikely to contribute much to
subsequent demography. A possible explanation for
the increased frequency of three-leaf plants is regres-
sion of flowering plants to the three-leaf stage. Flow-
ering plants that suffer accidental damage to their
stems or leaves sometimes return to the three-leaf
stage the following year. Thus, regression may also
have occurred due to environmental changes such as
edge effects. This result is similar to the response of a

related species, Trillium grandiflorum, to deer herbiv-
ory (Knight 2004).

Edge effects on recruitment

Another important consequence of habitat fragmenta-
tion is a marked increase in edges (Saunders et al. 1991;
Murcia 1995), where many physical conditions are often
altered. For instance, forest edges are characterized by
higher air and soil temperatures, and lower relative
humidity and soil moisture than forest interiors (Kapos
1989; Matlack 1993; Chen et al. 1995). An altered
environment around habitat edges could directly influ-
ence plant reproduction and recruitment (e.g., Ferreira
and Laurance 1997; Laurance et al. 1998). Recruitment
could also be affected indirectly through modification of
biological interactions such as pollination (Powell and
Powell 1987), seed predation (Jules and Rathcke 1999),
and herbivory (Restrepo and Vargas 1999). Because
small populations of T. camschatcense, which typically
grow in small forest fragments, have high proportions of
edges, edge-related changes in abiotic and biotic envi-
ronments may provide better explanations for the low
seedling recruitment observed in small populations
(Fig. 3).

We evaluated edge effects on recruitment within a
small fragment of ca. 0.8 ha (Tomimatsu and Ohara
2004). The size of this population was 10,200 flower-
ing plants and the topography was generally gentle.
Within this fragment we established six transects along
which the density of plants at each of the four growth
stages was investigated (Fig. 4). The density of seed-
lings and one-leaf plants was considerably lower in the
forest edges than in the interiors, whereas the edge
effects experienced by flowering plants were much
more moderate. This result suggests that seedling
recruitment is strongly limited around forest edges. In
our study, seed production did not differ between
forest edges and interiors; neither fruit set nor the
number of seeds per flower showed any relationship
with distance from the nearest forest edge. Also, seed
dispersal distance by ants is likely to be short (0.6 m
on average; Ohara and Higashi 1987) and we did not
observe significant seed predation. We therefore sug-
gest that microclimatic edge effects limit seed germi-
nation and subsequent survival. The density of
seedlings was indeed related to some microclimatic
changes (see Table 3 in Tomimatsu and Ohara 2004),
which can affect the cues required for germination.
Edge orientation also appears to play a significant role
in the demography of T. camschatcense; edge effects
on young stages were particularly strong in edges with
a southerly orientation (Fig. 4). This is an expected
result, because south-facing edges receive high solar
radiation at mid- to high-latitudes in the northern
hemisphere (Wales 1972; Matlack 1993; Chen et al.
1995). Moderate edge effects in flowering plants can be
accounted by the long life span of this plant
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Fig. 3 Stage structure (relative frequency of four growth stages) for
six populations of T. camschatcense in 2000 is shown. Smaller
populations were characterized by a lower proportion of seedlings
and a higher proportion of three-leaf plants. Populations with 220
flowering plants or less showed almost no seedling recruitment.
Neither of these indices were associated with seed production,
implying that seed production was unlikely to contribute much to
subsequent demography. Data are from Table 4 in Tomimatsu and
Ohara (2002)
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(>50 years) and its high survival rate. Because adult
plants are often less sensitive to environmental chan-
ges than juveniles (Bach et al. 2005), it is possible that
many flowering plants have survived fragmentation.

Stage structure in the forest edges corresponded well
with that observed in small populations, i.e., low fre-
quency of seedlings and high frequency of three-leaf
plants (Figs. 3, 5). Because smaller populations were
expected to have high proportions of edges, the corre-
spondence in the stage structures between small popu-
lations and forest edges points to the importance of edge
effects in limiting recruitment. The magnitude of edge
effects may be related to population size. The distance
from the center of the population to the nearest forest
edge was highly correlated with the size of the 14 study
populations (Kendall’s s=0.729, P<0.001). Although
previous literature has emphasized disruption of polli-
nation and seed production as particularly important for
population persistence (Rathcke and Jules 1993; Olesen
and Jain 1994), some recent studies, including ours,
suggest that survival processes after seed production can
also be crucial. For example, Bruna (1999, 2002) found
that seed germination of the understory herb Heliconia
acuminata was much lower in forest fragments than in
continuous forest, probably because of microclimatic
edge effects, leading to decreased seedling density. In
western trillium (Trillium ovatum), populations within
�65 m of forest edges showed almost no recruitment of
young plants due to increased seed predation by deer
mice (Peromyscus maniculatus; Jules and Rathcke 1999;

Tallmon et al. 2003). Despite these concerns, edge
effects have received relatively little attention in plant
studies.
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Fig. 4 A strong edge effect on seedling recruitment was observed
within a small, isolated population of T. camschatcense. The
average plant density of each growth stage was investigated every
10 m along six transects (left, bold lines). Every sample point
(n=55) is indexed by its spatial coordinates (x, y) and the results of
quadratic regression analysis (z=a+bx+cx2+dy+ey2+fxy,
where z is plant density) are shown for the seedling (R2=0.45),
one-leaf (R2=0.25), and flowering (R2=0.29) stages. The result for

the three-leaf stage is not shown because the fitted model did not
differ from the null model. The interval between grids is 10 m and
the point where plant density was predicted to be highest by the
model is indicated by a cross (·). Shaded areas indicate the forest
fragment. The density of seedlings and one-leaf plants was
considerably lower in the forest edges than in the interiors, whereas
the edge effects experienced by flowering plants were much more
moderate. Modified from Tomimatsu and Ohara (2004)
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of T. camschatcense is shown. All sample points (n=55) were
placed into four discrete categories based on the distance from the
nearest forest edge (0 £ x<10, 10 £ x<20, 20 £ x<30, x‡30 m).
Stage structure in the forest edges was characterized by a lower
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significant (P<0.001). A similar effect was also observed in two
other small populations (see Fig. 5 in Tomimatsu and Ohara 2004),
emphasizing the role of edge-related decreases in seed germination
and subsequent survival in limiting recruitment. Redrawn from
Tomimatsu and Ohara (2004)
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Genetic diversity and inbreeding

In summary, small and fragmented populations face
three genetic threats. First, loss of allelic diversity erodes
the ability of populations to evolve with long-term
environmental changes (Frankel et al. 1995). Frag-
mented populations are predicted to experience sto-
chastic loss of rare alleles first, because only a small
portion of the original gene pool remains after frag-
mentation (reviewed by Ellstrand and Elam 1993;
Young et al. 1996). Subsequently, random genetic drift
will reduce allelic richness, although it takes several
generations for drift to have significant impact. Second,
fragmentation may elevate inbreeding by restricting
potential mates and/or changing pollination systems
(Rajimann et al. 1994; Frankham 2005). In contrast to
the loss of genetic diversity, inbreeding can act rapidly
and results in the reduction of fitness (i.e., inbreeding
depression). Finally, deleterious mutations will accu-
mulate and reduce fitness because selection is less effec-
tive in small populations (Lynch et al. 1995). The latter
impact appears to be less important than the other fac-
tors (reviewed by Frankham 2005), so we will not con-
sider this issue here.

As with many studies (e.g., van Treuren et al. 1991;
Young et al. 1999), small populations of T. cams-
chatcense have lost rare alleles that were expected to
initially be present at low frequencies (Tomimatsu and
Ohara 2003a). Using 11 allozyme loci, we found a
significant relationship between population size and
the mean number of alleles per locus (Fig. 6a). When
common (frequency of p‡0.1) and rare (p<0.1) alleles
are analyzed separately, all alleles that were not ob-
served in small populations were rare, and the mean
number of common alleles was the same (1.18) for all
populations (Fig. 6b). Because only one or two gen-
erations have passed since fragmentation, the effect of
drift should be minor. Thus, the decrease in allelic
richness in small populations was attributable to ge-
netic bottlenecks at the time of fragmentation. Al-
though heterozygosity and inbreeding coefficient had
no relationship with population size (see Fig. 3 in
Tomimatsu and Ohara 2003a), we found significant
deficits of heterozygotes relative to Hardy–Weinberg
expectations in two small populations, probably due
to biparental inbreeding. Considering that biparental
inbreeding occurs as a result of localized pollen
transfer combined with the fine-scale spatial genetic
structure of flowering plants, fragmentation may have
affected pollinator fauna and their behavior in these
populations. This could hardly be tested, however,
because flowers are visited by a wide range of insects,
the visitation frequencies of which being too low to be
quantified (Tomimatsu and Ohara 2003b). Whereas
the loss of allelic diversity typically impacts over
the long-term, inbreeding depression may further re-
duce seed germination and subsequent survival (e.g.,
Oostermeijer et al. 2003) in addition to reduced

seed production and microclimatic edge effects.
However, the impacts of fragmentation on plant
mating systems are relatively poorly understood, and
even greater gene flow among populations has
been reported for some tree species (e.g., White et al.
2002).
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Conclusions and future prospects

Forest fragmentation affects the demographic and ge-
netic processes of remnant populations of T. camschat-
cense. Small, fragmented populations generally
experienced reduced seed production (Fig. 2), edge ef-
fects on recruitment (Figs. 4, 5), and loss of genetic
diversity (Fig. 6). Biparental inbreeding also appears to
occur in several small populations. Consequently, fer-
tility was more limited in smaller populations, in which
the stage structure was skewed toward more mature
stages (Fig. 3). The stage structure was better explained
by population size rather than the level of seed pro-
duction, emphasizing the significance of edge effects.
Our research is based entirely on the premise that cur-
rent population sizes reflect the history of forest frag-
mentation. This is highly likely because, prior to
Japanese settlement, the study area was mostly forested
(Fig. 1b) and at present the species usually occurs across
forest fragments that are fully surrounded by agricul-
tural fields (Fig. 4).

Implications for conservation

Our study provides some implications for conservation
of habitats of T. camschatcense (see Tomimatsu and
Ohara 2002, 2003a, 2004 for details). In short, popula-
tions of >1,000 flowering plants were successful in
constantly producing high seed output (Fig. 2), whereas
at least 550 flowering plants are required to retain high
allelic diversity (Fig. 6). At population sizes below that
number, some elevation of the inbreeding coefficient also
occurrs. In contrast, much larger sizes are needed to
avoid edge effects on recruitment. Because edge effects
occurred >70 m from edges into small fragments
(Fig. 4), forests of at least 2 ha (corresponding to ca.
20,000 flowering plants) may be needed to avoid any of
the effects examined here. Although these implications
also indicate the importance of edge effects, they depend
on both the shape of forest reserves and population
sizes. On the northern side of the forest where we studied
edge effects, the density of seedlings and one-leaf plants
was high even at 10–20 m from the forest edges (Fig. 4).
Thus, the edge effects can be greatly ameliorated if the
shape and orientation of remnant forests are taken into
consideration.

Remnant population dynamics

The reduction in fertility is a typical consequence of
habitat fragmentation (e.g., Bruna 2002; Oostermeijer
et al. 2003; Tallmon et al. 2003; Ward and Johnson
2005). However, the effects of reduced fertility on rem-
nant population growth can be controversial in forest
herbs for two interrelated reasons. First, given the sto-
chastic nature of pollinator-mediated pollen transfer and

microclimatic environment, the negative effect of frag-
mentation on fertility may vary among years. Figure 7
shows the temporal variation in per-plant fertility for
small and large populations of T. camschatcense over
five census periods. It should be emphasized that the
fertility in the small population varied among years and
was exceptionally high in the second year. Forest herbs
are typically long-lived (Ehrlén and Lehtilä 2002), and
are capable of storage of reproductive potential over
extended time periods due to their long-lived reproduc-
tive plants (Eriksson 2000; Honnay et al. 2005). There-
fore, the negative effect of low fertility in a sequence of
years on remnant population growth may be compen-
sated by that of high fertility in occasional years
(‘‘storage effect’’; Higgins et al. 2000). Nevertheless, the
effect on fertility has rarely been quantified thus far
(Hobbs and Yates 2003).

Second, population growth rate may not be sensitive
to changes in fertility. The dynamics of a remnant
population are determined by its vital rates such as
survival, growth, and fertility, which can be analyzed
with matrix population models. In this kind of
model—assuming no covariance among vital rates—the
effect of changes in fertility (DF) on population growth
rate (k) depends on the sensitivity of k to changes in
fertility (¶k/¶F) and can be approximated by (Caswell
2001):

Dk � ð@k=@F ÞDF : ð1Þ
The sensitivity quantifies the absolute effect of infini-
tesimal changes in F on k, holding all the other vital
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rates constant. For interspecific comparison, we consider
the elasticity, or proportional sensitivity, of k, which is
given by F/kÆ¶k/¶F (see de Kroon et al. 2000 for details).
Comparative analysis of plant demography shows that
the elasticity of fertility generally decreases in plants
with increasing life span (Silvertown et al. 1996; Franco
and Silvertown 2004). Therefore, given the long life
history of forest herbs, even a large reduction in fertility
may have only a negligible effect on k. In our species, the
growth rate is also relatively insensitive to changes in
fertility (eF�0.05; H. Tomimatsu and M. Ohara,
unpublished data). This could reflect their ability to
store reproductive potential over a long period.

Sensitivity or elasticity is based on a derivative and
thus is a local analysis (Caswell 2000). If large changes in
fertility are involved, Eq. 1 may not provide good pre-
dictions of Dk. In addition, predictions may differ when
covariances among vital rates resulting from life-history
trade-offs and density-dependent processes are consid-
ered. Thus, an effective approach to evaluating the
consequences of fragmentation would be to analyze
long-term demographic data using matrix projections. If
k<1, the population will decline (Fig. 8a). As an alter-
native, there is also a possibility that the population has
already reached a new equilibrium after fragmentation
(i.e., k=1; Fig. 8b). Considering the slow response of
plant populations to fragmentation, it is also important
to determine how long it takes before the populations
reach the new equilibrium. A few studies have addressed
this problem in grassland communities. Lindborg and
Eriksson (2004) recently demonstrated that the current

species richness of Swedish seminatural grasslands de-
pends on the connectivity of habitats 50–100 years ago
but not on current areas and connectivity. Similarly,
Helm et al. (2006) found that the current species richness
of Estonian calcareous grasslands depends on the areas
and connectivity of habitats 70 years ago but not on
current conditions. The take-home message from these
studies is that a period of several decades or even a
century may be too short for plant communities to
respond to changes in landscape conditions and that
fragmentation may eventually lead to further substantial
loss of biodiversity in the future. Because no such study
has been conducted in forest ecosystems, it is an inter-
esting question whether the remnant populations of
T. camschatcense are still declining over a century after
fragmentation. In our populations, projection matrix
analysis including stochastic simulations is currently
underway and will be published elsewhere.

The goal of our research in the Tokachi plain is to
seek the key mechanisms of change in species diversity
and composition of the forest herb community following
habitat fragmentation. Forest herbs comprise most of
the vascular plant species diversity in temperate decid-
uous forests (Whigham 2004). Because the understory
community also includes many species on the national
and/or regional Red List, any deleterious effects on the
persistence of these species would be a cause for concern.
Species invasion can be another key mechanism.
Although exotic species in the community are few and
seem to be nonaggressive invaders, a dwarf bamboo
(Sasa nipponica) native to this area seems to have
expanded its range into forest interiors (H. Tomimatsu,
personal observation). Where it does occur, the dwarf
bamboo tends to form dense stands (up to 160 culms
m�2) that seem to result in the exclusion of native
understory species. The role of the dwarf bamboo in
changing plant communities also deserves further study.
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