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Abstract Whether invasion of introduced plant
species may be aided by certain community properties
is poorly understood for species-rich ecosystems, such
as tropical montane forests. In Kenya, the non-native
tree Fraxinus pennsylvanica has invaded degraded
montane forests. We used generalized linear mixed
models to examine the relative importance of different
community properties to Fraxinus invasion after
agricultural abandonment and in the secondary forest.
Fraxinus invasion was positively related to plant
community species diversity and the abundance of tree
saplings, shrubs, ferns, and herbs in the abandoned
fallows, but negatively related to the same community
properties in the secondary forest. The number of
Fraxinus recruits declined with declining propagule
pressure in the fallows, but not in the secondary forest.
Although adult and saplings of Fraxinus were posi-
tively related to community diversity in the fallows,
Fraxinus appeared to decrease diversity in the sec-
ondary forest. These results show that the success of
non-native species invasion and the effects of an
invader on the resident community may depend both
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on properties and degree of disturbance of the
community. Plant community diversity and evenness
appeared to determine the invasion success by increas-
ing invasibility of the abandoned fallows, but decreas-
ing invasibility of the secondary forest. Our results
from a tropical degraded forest emphasize the impor-
tance of including habitat characteristics when pre-
dicting both the potential of non-native plant invasion
and effects of invasives on the particular community.

Keywords Community species diversity -
Disturbance - Degraded forest - Tree invasions -
Regeneration

Introduction

There is a need for studies on the effects of non-native
species on native plant community diversity across a
range of ecosystems and invasion levels. Tropical
forests are of particularly value globally due to their
carbon uptake and biodiversity, and at the same time,
they are also prone to degradation. Human activities
have resulted in degraded forests on local and global
scales, leading to dramatic changes in tree species
composition and richness, either due to loss of native
species or to introduction of non-native species
(Richardson 1998; Ortega and Pearson 2005; Ditham
et al. 2007). Introduced species often establish
successfully in communities that have already been
altered by human disturbances (Hobbs and Huenneke
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1992; Gilbert and Lechowizc 2005), generally prefer-
ring moist habitats with high availability of light and
nutrients (Milbau and Nijs 2004). Surprisingly, studies
assessing invasibility (i.e. the susceptibility of a
community to invasion of new species; Burke and
Grime 1996 and effects of plant invasions on plant
community diversity are scarce in the tropics in
general (Hejda et al. 2009), and in Africa in particular
(Nunez and Pauchard 2010).

Higher species richness may increase resistance to
species invasions, i.e. decrease invasibility (e.g. Elton
1958; Hooper et al. 2005). This hypothesis has been
evaluated by a considerable number of observational,
experimental, and theoretical studies, but with incon-
sistent results (e.g. Levine and D’Antonio 1999;
Hector et al. 2001; Shea and Chesson 2002; Hejda
et al. 2009). The theory is based on the presumptive
‘niche filling” whereby communities of greater species
diversity exploit more completely the available
resources and leave fewer open niches for colonization
(Levine and D’Antonio 1999). Observational and
experimental studies both acknowledge that vulnera-
bility to invasion depends not only on species richness
but also on many other components, such as species
composition and interactions (Hejda et al. 2009; Shea
and Chesson 2002). Moreover, high indigenous spe-
cies richness and evenness may also facilitate species
invasion by means of habitat amelioration or protec-
tion from pests or predators (Bruno et al. 2003;
Dunstan and Johnson 2006).

At community level, the suppression of native
plants is a result of the dominance introduced species
may achieve in invaded habitats (Richardson 1998).
Non-native species may displace resident species
through competition for resources, such as space,
water, nutrients, and light (Walck et al. 1999; Vila and
Weiner 2004), and modify or ‘engineer’ processes and
physical resources of the recipient community, such as
disturbance regimes and nutrient cycling (Mack and
D’Antonio 1998; Yurkonis et al. 2005). Previous
studies also show that non-native invasive species may
inhibit the recruitment of resident native species by
preventing seedling establishment and growth (Gorc-
hov and Trisel 2003). A few studies that have examined
the relationship between invasive species and commu-
nity properties have shown that impacts on species
diversity and composition depend on the individual
invader (Hulme and Bremner 2006; Hejda and Pysek
2006). Similarly, native species also differ in their
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relationship with the invader, as some are excluded
from the communities more easily than others (Stan-
dish et al. 2001). The establishment of an introduced
invasive species does not necessarily constitute a
problem per se, but high abundance of the introduced
species may threaten native communities as a result of
competitive displacement (Levine et al. 2003).

One way to understand the processes that determine
the success of invasive plants is to study survival
during the initial stages of establishment (i.e. seedlings
and saplings) (Green et al. 2004). In Mau forest,
Fraxinus pennsylvanica Marsh. (hereafter referred to
as Fraxinus) was planted in 1948 as a fire break around
commercial forest plantations. Fraxinus seedlings,
saplings and adults are now growing in several
habitats outside the areas of the original planting
(Maundu and Tengnas 2005). Mau forest consists of a
matrix of abandoned fallows and secondary forest,
which makes it ideal to assess the role of disturbances
for the invasion of a non-native species, and how the
relationship between Fraxinus establishment and
different community properties may vary between
areas of different degrees of disturbance. Other studies
have suggested that Fraxinus invasion has negative
impacts on native plant performance (Kremer et al.
2006; Lesica 2009). The seedling and sapling stages of
a tree’s life cycle are critical stages of tree establish-
ment, and it is therefore important to examine how the
performance of these may be related with Fraxinus
density. Specifically, we ask (1) if invasion of
Fraxinus depend on habitat disturbance and commu-
nity attributes, such as species richness and abundance
of other species, (2) if invasion of Fraxinus is related
to propagule pressure, measured as distance from the
seed source, and (3) if Fraxinus decrease diversity and
abundance of other species.

Methods
Study species and site

Fraxinus pennsylvanica is a shade-tolerant tree species
native to North America, which was introduced to
Europe and South America in the early nineteenth
century and to East Africa in the late 1940s (Hegi 1908
as quoted by Kremer et al. 2006; Ghersa et al. 2002;
Maundu and Tengnas 2005; Lesica 2009). Several life
history traits, such as massive seed production of
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relatively small, wind-dispersed seeds, vegetative
reproduction, fire-resistance, and fast growth, provide
fast invasion of new habitats (Lesica 2009; Groninger
et al. 2004). Since the early 1960s, it has spread
throughout the Great Plains in the United States,
Canada, and Europe (Kremer et al. 2006; Lesica 2009).

The study was conducted in a degraded tropical
montane forest in the Western Mau Forest (0°30'S.
35°27'E). The study area is at 2,120 m altitude where
annual rainfall is around 1,500 mm. The mean annual
temperature range from 12 to 16 °C and the potential
evapo-transpiration is between 1,400 and 1,800 mm
(Jackson and Mccarter 1994). The 22,748 ha forest
ranges from secondary forest in the interior to
degraded areas bordering human settlements. A pre-
viously cleared, cultivated, and then abandoned area
(ca 11 ha) surrounded by secondary forest (ca
3,680 ha) and a planted belt of Fraxinus (ca 13 ha)
was chosen for this study. The abandoned fallows had
Cupressus lusitanica plantation that was clear-felled
in 1982, after which the area was cultivated under the
shamba system (farmers tending tree seedlings on
state-owned forest land in return for being permitted to
intercrop annual food crops until canopy closure). The
farmers removed logs and stumps, and hoed soil by
hand. The Shamba cultivation was banned in 2002 and
the land abandoned except for periodic grazing by
cattle, donkeys and goats thereafter. 5 years after
abandonment, the fallows consisted of two zones of
different degrees of degradation due to different
intensities of disturbance before abandonment, and
continued grazing, logging, charcoal burning, and
firewood collection activities thereafter. The most
disturbed zone was in an early state of recovery with
colonizing herbs, shrubs, and a few tree seedlings,
whereas the less disturbed zone had shrubs, tree
seedlings, saplings and adult trees. The secondary
forest surrounding the fallows consists of Afromon-
tane bamboo forest at the higher altitudes and
secondary plant communities derived from logged
rainforest at lower altitudes. The forest has a high
biodiversity with more than 280 vascular plant species
consisting of ca 64 trees, 38 shrubs, 46 climbers and
132 herbaceous species (Kinyanjui 2009).

Data collection

We collected data in October 2006 (dry season) and in
April 2007 (rainy season). We randomly positioned ten

plots in each of the two disturbance zones of the
abandoned fallows and fourteen in the surrounding
secondary forest. The plots in the secondary forest
were positioned at least 200 m away from the edge of
the closest plot in the abandoned fallows. We used
plotsof 5 x 30 min the most degraded fallows lacking
adult trees, and 10 x 30 min the less degraded fallows
and in the secondary forest. We used larger plots in the
latter in order to capture the variation in adult tree
species richness and abundance. Each plot was divided
into six sub-plots (for the 5 x 30 m plots) and twelve
sub-plots (for the 10 x 30 m plots) and each sub-plot
had a 1 x 1 m quadrat in its centre. Adult trees and
lianas (taller than 1.3 m) were counted as number of
individuals in all the sub-plots. Tree saplings (young
trees of dbh less than 10 cm and height more than
1.3 m) and shrubs were counted in every other sub-
plot. Tree seedlings (less than 1.3 m height) and ferns
were counted as number of individuals, and herbs were
recorded as percentage coverinevery 1 x 1 mquadrat
within each sub-plot. Fraxinus seedlings and saplings
data were collected following the same procedure. To
enable comparison between different plot sizes, cor-
rection was done for the double plot sizes before data
analysis by dividing abundance within the 10 x 30 m
plots by two. For the species richness data, we
calculated the mean number of species within each of
the two 5 x 30 m plots and used the mean of these in
the analyses. For each plot in the abandoned fallows
and in the secondary forest we estimated the distance to
the seed source as proxy for the propagule pressure. A
taxonomist, assisted by a local para-taxonomist and
Kenya Forest service staff identified the plant species
in the field. All unidentified species were deposited at
the National Herbarium of Kenya for identification,
and voucher species were kept there.

Statistical analysis

We used generalized linear mixed models (GLMM)
with a loglink function and Poisson distribution to
examine the relative importance of factors that poten-
tially could promote or inhibit the establishment and
invasion of Fraxinus. Initial analyses showed no
effects of the two different fallow zones, and data
from these were therefore pooled. Fraxinus invasion
was explained by habitat (abandoned fallow vs.
secondary forest) and season (wet vs. dry) as categor-
ical variables, and community richness, diversity,
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evenness, and the abundance of saplings and adults of
other tree species, shrubs, lianas, ferns, and herbs, and
distance to the source (propagule pressure) as contin-
uous variables, and their interactions. The models are
based on contrast matrices with abandoned fallows and
dry season as reference categorical variables. Fraxinus
seedling and sapling density were used as dependent
variables in two separate analyses. The plots were used
as arandom term and nested in habitat and season. The
models were built using backward deletion of non-
significant explanatory variables starting with the full
model (F test, P = 0.05). R 2.10.0 (R-Development
Core Team 2009) was used in all the analyses.

We used simple linear regressions to examine the
relationships between Fraxinus density and commu-
nity richness, diversity and evenness, and species
richness and abundance of various functional groups.
In the analysis we used the sum of adults and saplings
(for sound statistical analyses) to represent the density
of Fraxinus as an independent variable. Mean abun-
dance and species richness of seedlings and saplings of
other tree species, shrubs, lianas and herbs, commu-
nity richness, diversity, and evenness were used as
dependent variables in separate analyses. We per-
formed separate analyses for plots in the abandoned
fallows and in the secondary forest. R 2.10.0 (R-
Development Core Team 2009) was used in all the
analyses. We calculated Shannon diversity (H') and
evenness (Pielou 1975) indices per plot.

Results

Fraxinus pennsylvanica invasion and community
type and properties

Generalized linear mixed models showed that there
was a positive relationship between Fraxinus recruit-
ment (seedling density) and community evenness in
the abandoned fallows and a reverse relationship in the
secondary forest (Table 1; Fig. 1b). There was also a
positive relationship between Fraxinus sapling density
and community diversity (Fig. 1c) in the abandoned
fallows, with a significant interaction showing that
Fraxinus saplings decreased with diversity in the
secondary forest (Table 2; Fig. 1d). In contrast, Frax-
inus sapling density was negatively related with
evenness in abandoned fallows and positively in the
secondary forest (Table 2). Fraxinus sapling density
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Table 1 Results of generalized linear mixed model (GLMM)
showing relationship between Fraxinus seedling density and
community type (abandoned fallows vs. secondary forest) as a
categorical variable, and community evenness, abundance of
adult trees of other species, shrubs, lianas, ferns, and herbs as
continuous variables, and their interactions

Variable Estimate SE z value P (>lzl)
Intercept —8.696 1479 —-5.877  <0.001
Secondary forest 7.326  2.333 3.139 0.002
Evenness 8.668 1.428 6.069 <0.001
Shrubs 0.038  0.007 5.530  <0.001
Adults —-0.029  0.032 —-0.899 0.369
Lianas -0.117  0.016 -7.539  <0.001
Ferns 0.304  0.042 7.260  <0.001
Herb cover 0.017  0.006 2.9630 0.003
Secondary:lianas 0.098 0.021 4.792 <0.001
Secondary:shrubs —-0.064 0.018 -3.596 <0.001
Secondary:ferns —0.381 0.051 —-7.523  <0.001
Secondary:adults 0.115  0.046 2.504 0.012
Secondary:evenness —6.984  2.018 —3.443 <0.001

The reference categorical variable is abandoned fallows. Only
significant variables are shown

was positively related with the abundance of saplings
of other tree species and herbs in the abandoned
fallows, but with significant interactions showing that
Fraxinus saplings decreased with abundance of sap-
lings of other tree species and lianas in the secondary
forest (Table 2). Fraxinus sapling density was nega-
tively related with the abundance of adults of other tree
species, ferns, and propagule pressure (distance to the
source) in the abandoned fallows (Table 2). However,
significant interactions showed that Fraxinus sapling
density related positively with the abundance of adults
of other tree species in the secondary forest (Table 2).
Fraxinus seedling density was positively related to the
abundance of shrubs, ferns, and herbs, but negatively
related to abundance of lianas and adults of other trees
in the abandoned fallows (Table 1). In contrast,
significant interactions show that Fraxinus seedlings
density decreased with abundance of shrubs and ferns
in the secondary forest, but increased with abundance
of lianas and adults of other tree species (Table 1).
There was no significant relationship between Frax-
inus seedling density and the abundance of saplings
and community richness, diversity, season, or propa-
gule pressure (distance to the source) in the abandoned
fallows or in the secondary forest (Table 1).
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Table 2 Results of generalized linear mixed model (GLMM)
showing relationship between Fraxinus sapling density and
community type (abandoned fallows vs. secondary forest) as a
categorical variable, and community diversity, evenness,
abundance of saplings and adult trees of other species, lianas,
ferns, herbs, and distance to the seed source as continuous
variables, and their interactions

Variable Estimate SE zvalue P (>lzl)
Secondary forest 10.424 2.495 4.177 <0.001
Diversity (H') 1.079 0.223 4.831 <0.001
Evenness —5.079 1.670  —3.042 0.002
Adults —0.130 0.035 —3.742 <0.001
Saplings 0.012 0.002 5277 <0.001
Lianas 0.026 0.015 1.736 0.083
Ferns —0.077 0.025 —3.058 0.002
Herb cover 0.023 0.005 4.867 <0.001
Distance —0.025 0.004 —-5.834 <0.001
Secondary:lianas —0.048 0.006 —2.309 0.002
Secondary:saplings  —0.014 0.051 —7.523 0.021
Secondary:adult 0.102 0.039 0.010 0.009
Secondary:diversity — —1.481 0254 —-5.820 <0.001
Secondary:evenness 5.577 2.008 2.777 0.005

The reference categorical variable is abandoned fallows Only
significant variables are shown

Simple linear regressions showed that species

richness of seedlings and abundance of saplings of
other trees were positively related with Fraxinus

Table 3 Simple linear coefficients and P values (significant
values P < 0.05 in bold) of the relationships between Fraxinus
pennsylvanica (adults and saplings) density (predictor) and
community richness, diversity, evenness and species richness
and abundance of tree seedlings and saplings of other tree
species, shrubs, lianas and herbs in abandoned fallows and
secondary forest in Mau forest, Kenya

Responses Abandoned fallows Secondary forest
Est. P Est. P
Community properties
Richness 0.01 0.501 —0.08 0.022
Diversity 0.61 0.068 —0.35 0.004
Evenness —0.01 0.591 —0.21 0.232
Richness
Tree seedlings 0.24 0.001 0.01 0.410
Tree saplings 0.61 0.068 —-0.27 0.023
Shrubs —0.36 0.047 —0.25 0.021
Lianas —0.04 0916 0.00 0.948
Herbs 0.00 0.498 —0.00 0.438
Abundance
Tree seedlings 0.91 0.116 0.02 0.068
Tree saplings 0.46 0.001 0.12 0.232
Shrubs —0.02 0.371 —-0.32 0.002
Lianas 0.00 0.920 —0.19 0.177
Herbs 0.83 0.213 0.17 0.159

adults and saplings in the abandoned fallows
(Table 3). However, there was a negative relationship
between shrub richness and the density of Fraxinus in

@ Springer



C. J. A. Mullah et al.

the abandoned fallows (Table 3). Mean abundance of
tree seedlings and richness of tree saplings of other
tree species, herbs, lianas, shrubs, community rich-
ness, diversity, and evenness were not related to
Fraxinus density in the abandoned fallows (Table 3).
In the secondary forest, there was a negative relation-
ship between species richness of saplings of other
trees, shrubs, community diversity and the density of
Fraxinus (Table 3). Abundance of shrubs was nega-
tively related with Fraxinus density in the secondary
forest (Table 3). Species richness of seedlings of other
trees, lianas, herbs, community richness, evenness,
and mean abundance of seedlings of other tree species,
lianas, and herbs were not related with Fraxinus
density in the secondary forest (Table 3).

Discussion

There was a positive relationship between native plant
community diversity and evenness and Fraxinus
invasion in the abandoned fallows, but negative
relationships in the secondary forest. The abandoned
fallows are more open, drought stressed and under
more intensive grazing pressure than the secondary
forest. These environmental conditions may all have
been ameliorated by a higher number of species that
provide shade and protection from grazing, which
agrees with theories of facilitation in stressful envi-
ronments (Levine and D’ Antonio 1999; Hector et al.
2001; Bruno et al. 2003; Dunstan and Johnson 2006).
Conversely, other studies have found higher native
plant diversity to favor invasion due to habitat
amelioration, for instance through nitrogen-fixation
or disturbances (Levine and D’ Antonio 1999; Bruno
et al. 2003; Dunstan and Johnson 2006). In the
secondary forest on the other hand, the negative
relationship between community evenness and diver-
sity and Fraxinus seedling and sapling recruitment
may be due to more intensive competition for light and
space, limited propagule dispersal and less grazing
pressure. This agrees with the diversity—stability
theory and previous studies suggesting that habitats
with high species diversity have low invasibility
(Pysek and PysSek 1995; Hooper et al. 2005; Mattingly
et al. 2007; Martin et al. 2009) because communities
are more resistant to invasion when local niches are
filled by representatives from different functional
groups (Zavaleta and Hulvey 2007). Moreover, a
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decrease in invasibility with increasing native plant
diversity may also occur due to a greater probability of
including species with traits similar to the invader, by
more species utilizing a greater proportion of poten-
tially available niches (Elton 1958; Gilbert and
Lechowizc 2005), or a greater probability of including
a strong competitive species (Fridley et al. 2007).
Previous studies on characteristics that could make a
particular habitat more prone to invasion (Rejmanek
and Richardson 1996; Gracia-Robledo and Murcia
2005), and the patterns and processes of the invasion
by individual species to a specific habitat (Brown and
Peet 2003; Milbau and Nijs 2004; Moira and Glenda
2005; Dunstan and Johnson 2006, Fridley et al. 2007)
show that relationships between native diversity and
species invasion can change due to differences in site
characteristics. This fully agrees with our observations
of community properties that are negatively related
with Fraxinus invasion in the abandoned fallows and
positively in the secondary forest and vice-versa.

Anthropogenic disturbances which lead to gap
creation in the forest are considered necessary for
non-native invasion. Friday et al. (2008) reported a
greater recruitment of Fraxinus uhdei in gaps than at
the edge of gaps or under intact Acacia kao-Metro-
sideros polymorpha forest canopy in Hawaii. Gener-
ally, species richness and abundance of invasive plants
have been reported to increase with the fraction of tree
basal area harvested or the size of canopy gaps
(Totland et al. 2005; Belote et al. 2008). In our study
site, gap creation in the secondary forest may favor not
only Fraxinus but also lianas, herbs and shrubs
proliferation as a result of increased light intensity.
Thus, the negative relationship we observed between
liana, fern and shrub density and Fraxinus invasion in
the secondary forest is likely due to competition for
light and nutrients. This suggests that forest understory
may be less invaded when it has high abundances of
lianas, ferns, herbs and shrubs, as supported by Gilbert
and Lechowizc (2005) and Friday et al. (2008).
Moreover, the positive relationship between adults
of other tree species and Fraxinus invasion observed
in the secondary forest may be due to suppression of
competing herbs and shrubs (Pugnaire et al. 2004),
suggesting that a greater abundance of adult trees
indirectly facilitated Fraxinus recruitment.

The number of Fraxinus recruits in the abandoned
fallows clearly declined with increasing distance to the
seed source, suggesting that propagule pressure is a
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significant determinant of Fraxinus invasion. These
results are consistent with previous studies by Edward
et al. (2008) who found propagule pressure to be the
main driver of alien species invasion in Usambara
Mountain forest in Tanzania. Similarly, Dawson et al.
(2008) reported that propagule pressure, as measured
by the number of plantations in Botanical gardens, was
a significant correlate of invasion success of 26
introduced woody species. Estimating invasibility
requires assessing disturbance, invasion potential and
propagule pressure (Lonsdale 1999; Chytry et al.
2008), with propagule pressure increasingly being
identified as one of the key drivers of invasion (Colautti
et al. 2006; Lonsdale 1999; Chytry et al. 2008; Edward
et al. 2008). In the secondary forest on the other hand,
there was no relationship between Fraxinus recruit-
ment and distance from the plantation, suggesting that
Fraxinus invasion in the forest is better explained by
the availability of suitable micro-habitats (gaps).
Currently, the Fraxinus plantation is regarded as the
main source of propagules, but according to our results,
adult Fraxinus trees inside the secondary forest may
become a new source of propagules in the near future.
From a conservation perspective, we may be at a
turning point, because when the Fraxinus adult pop-
ulation (‘daughter stands’) reaches reproductive age,
new invasion foci will occur within the secondary
forest.

Our results also show a positive relationship
between adults and saplings of Fraxinus and species
richness of seedlings and abundance of saplings of
other tree species in the abandoned fallows, but a
negative relationship between Fraxinus and plant
community diversity in the secondary forest. This
support the widespread perception that non-native
species invasion is detrimental to species diversity in
the long term (Groninger et al. 2004; Kremer et al.
2006). Although Fraxinus trees might facilitate other
species in the early successional stages in the fallows,
it might outcompete them and thereby decrease
diversity in later successional stages. Kremer et al.
(2006) found a similar trend of a decline in diversity
with increasing Fraxinus density. These results appear
to represent a general relationship between an invader
and native plant communities, where high abundances
of introduced species threatens native community
biodiversity through reductions in colonization rates
of native plants (Levine et al. 2003; Yurkonis and
Meiners 2004).

One of the fundamental questions is whether intro-
duced invasive trees are transient or persistent members
of the plant community. If an invader’s dominance is
ephemeral, its establishment maybe considered as an
initial step in a series of events leading to the recovery of
native forests, as seen in the fallows in this study, where
Fraxinus appeared to facilitate other species. In this
case, the community might converge to the pre-
disturbance community at a rate that depends on the
intensity, frequency, and time since the disturbance
(Yurkonis and Meiners 2004). Alternatively, if the
invaders endure, as suggested by the high abundance of
Fraxinus in the secondary forest in the study area,
fundamental, long lasting shifts in forest diversity
patterns and community structure can result in a novel
vegetation composition and assemblage (Lugo 2004).

The relationship between invasion success and
competitive ability has rarely been confirmed experi-
mentally (Davis 2003; Levine et al. 2003). Thus, the
general role of species invasion as a driver of diversity
decline has been challenged, since a correlation between
non-native invasion and decline in diversity does not
provide conclusive evidence of cause-effect relation-
ships (Gurevitch and Padilla 2004; Didham et al. 2005).
Due to the observational approach of this study,
observed relationships between community properties
and Fraxinus may have been coincidental or due to
other covarying factors. However, correlation studies
provide useful information which should be used to
develop hypothesis for experimental testing as the next
step. This study therefore adds valuable information
about forest community invasibility and on the effect of
invasive species on tropical forests and provides
relationships that validate and support existing empir-
ical studies (Groninger et al. 2004; Kremer et al. 2006).

Overall, our results show that Fraxinus is capable
of invading both abandoned fallows and secondary
forest. However, community diversity and evenness of
each of these habitats appear to determine the invasion
success by increasing invasibility of the abandoned
fallows but decreasing invasibility of the secondary
forest. These results from a tropical degraded forest
area support previous theoretical and empirical studies
from other systems that have emphasized the impor-
tance of specific habitat characteristics in determining
the success of invasion by non-native plant species.
Fraxinus invasion appears to impact community
diversity, species richness of seedlings and abundance
of tree sapling of other tree species in Mau forest.
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Thus, conservation or management decisions should
consider tree species potentially at risk from F.
pennsylvanica invasion for effective conservation
priorities and to facilitate effective policy and man-
agement strategies for areas of high conservation
value in Kenya and elsewhere.
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