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Abstract: Forest fragmentation can promote non-native plant invasions by increasing invasive plant
seed dispersal and resource availability along edges. These effects can vary based on forest age
and may be influenced by differences in traits of native and invasive plant species. To determine
how native versus invasive plant species respond to forest edges and forest successional age, we
experimentally evaluated germination, survival, and growth of three native and three invasive woody
plant species in eastern USA forests. Across all species, increasing distance from the edge resulted
in more germination and less seedling growth, but had no effect on seedling survival. Generally,
seedling growth was greater in younger forests and invasive species outperformed native species;
however, there were significant species-specific differences in performance. For example, among
native species, spicebush had poor growth performance but high survival, while redbud had low
germination but high growth performance and survival. By contrast, the invasive privet and autumn
olive produced more biomass with high relative growth rates, and autumn olive had exceptionally
high germination but the lowest survival. Overall, our results suggest that while there are some
general characteristics of invasive species, species-specific traits may better inform management
strategies and improve predictions about biological invasions along forest edges.

Keywords: edge effects; seedling growth; survival; invasion; Elaeagnus; Lonicera; Ligustrum; Cornus;
Cercis; Lindera

1. Introduction

The susceptibility of forests to plant invasions is determined by both characteristics of invaders
and environmental conditions of forest stands [1]. Natural and anthropogenic disturbances have
increased forest fragmentation such that, globally, approximately 70% of forests are within 1 km of a
forest edge [2]. Forest fragmentation and proximity to forest edges have frequently been associated
with non-native plant invasions (e.g., [3–5]), predominantly due to a combination of greater invasive
plant propagule dispersal and higher resource availability (e.g., light) along edges compared to forest
interiors [6–8]. Anthropogenic disturbances that fragment forests and create edges may increase
propagule pressure through direct introductions on contaminated forestry or road building equipment.
In addition, fragmenting forests can create travel corridors where animals and human activity disperse
propagules along edges [9–11].

Forest edges can have unique biotic and abiotic conditions compared to forest interiors [12,13],
including differences in productivity, nutrient cycling, and evapotranspiration due to modification of
tree density and canopy cover along edges [14]. These effects in turn influence invasive and native
plant species recruitment, growth, reproduction, and exposure to herbivory, often resulting in distinct
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plant communities at forest edges compared to forest interiors [14–16]. The magnitude of edge effects
can vary with distance from edge, age, and site-specific characteristics such as topography and soil
type [13,14,17]. Younger forests and newer, more recent, edges may be more prone to invasion due in
part to a greater light availability and greater exposure to invader propagules compared to mature
forests [18,19]. Mature forests also may exhibit more biotic resistance due to greater abundance of
resident native species and generalist herbivores that suppress invader establishment [20].

In addition to edge effects, plant community composition may be influenced by plant traits
(e.g., phenology and fecundity) that are related to species origin (native vs. non-native invasive).
Traits of invasive plant species, such as extended leaf phenology, rapid growth, high fecundity, and
persistence in marginal habitats, can enable these species to capitalize on higher resource availability
such as canopy gaps and soil disturbance [21–24]. Additionally, invasive species may benefit from
enemy-release in their new habitat [25,26]. In contrast, many native species have later spring and
earlier fall phenology, are slower growing, and experience more damage from natural enemies, and
therefore are slower to respond to greater resource availability across forest successional ages and
proximity to forest edges.

Traits that might explain dominance of invasive over native species, particularly at forest edges,
often are inferred from observations where the invader already is dominant (e.g., [5,27,28]). Yet, the
high abundance of invasive species observed near forest edges could be simply due to high propagule
pressure at edges compared to forest interiors, not because of particular invader traits [27]. Moreover,
it is unclear whether the invader characteristics identified in invader-dominated communities provide
advantages over native species during the early stage of invasion (i.e., seed germination and seedling
growth) or if such differences are only realized later in the succession process. Experimental tests of
seed germination and seedling survival and growth are needed to disentangle propagule pressure
from traits that may drive differences in the establishment and performance of invasive versus native
species at forest edges compared to forest interiors.

Here, we experimentally introduced native and non-native invasive (hereafter “invasive”) woody
plant species to deciduous forests of the eastern USA to compare germination, survival, and growth
among the species across distance from forest edge and forest successional age. Three native
woody species (Cornus florida, Cercis canadensis, Lindera benzoin) and three invasive woody species
(Elaeagnus umbellata, Ligustrum obtusifolium, and Lonicera maackii) common to these forests were used in
this experiment. These invasive species have been identified as some of the most problematic invaders
in the region [19,29]. Previously, Flory and Clay [30] showed that as a group these invasive species
generally outperformed the native species group in germination, survival, and growth, but they did
not evaluate how the individual species contributed to differences between groups. Here, we examined
seed germination and seedling survival and performance at the species level to identify particular
species that contributed to the broader differences between these invasive and native species groups.
Then, we focused on particular traits, such as shade tolerance, phenology, and higher growth rates,
that may enable species to take advantage of greater resource availability associated with forest edge
effects and forest successional age. Examining how edge effects influence both native and invasive
seedling establishment and performance can help elucidate how understory plant community structure
is realized.

2. Materials and Methods

2.1. Species Description

We selected three invasive woody species currently impacting eastern deciduous forests and
three native woody species that occupy the forest understory. Elaeagnus umbellata (autumn olive),
Ligustrum obtusifolium (border privet), and Lonicera maackii (Amur honeysuckle) share many traits
of other invasive species such as high fecundity, germination rates, and relative growth rates,
moderate to high shade tolerance, and the ability to grow in low nutrition and variable soil moisture
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conditions [31–33]. They have also benefited from an apparent release from natural enemies and
are potentially allelopathic [34–37]. All three invasive shrubs occupy a temporal resource niche in
deciduous forests by leafing out in early spring before the canopy trees and retaining leaves late in the
growing season [22]. For example, privet is described as “semi-evergreen” [38] and honeysuckle often
retains green, frost tolerant leaves through November or even December [39].

The native species, Cercis canadensis (redbud), Cornus florida (flowering dogwood), and
Lindera benzoin (spicebush), also share common characteristics including high shade tolerance, lower
relative growth rates, and susceptibility to native and introduced natural enemies [40–42]. For example,
dogwoods infected with the introduced fungus Discula destructiva suffer from anthracnose, which has
up to a 90% mortality rate [40,43]. Numerous damaging enemies (wood borers, various Lepidoptera,
spittlebugs, and pathogens) have been observed on redbud [44]. Unlike the invasive species in this
study, these native species flower before leaf-out, often in phase with the budburst of the overstory
trees [45]. The native species allocate to early reproduction at a time when a more open canopy
promotes pollinator visitation [46].

2.2. Site Selection and Habitat Characterization

In June of 2004, we located 12 research sites bordering two-lane public roads that were mixtures of
Quercus-Carya (oak-hickory) and Fagus-Acer (beech-maple) dominated forests in southern Indiana, USA.
Site selection was stratified to have six mature forest sites (trees >60 years old) and six young forest
sites (trees <40 years old). At each of the 12 sites we selected a random point along the road and ran a
60 m transect into the forest perpendicular to the forest edge. Along each transect, light availability,
soil moisture, and litter were measured at 0, 5, 10, 20, 40, and 60 m from the edge. These distances
were selected because previous observations showed high abundances of these invasive species within
10 m of forest edges and extending at least 30 m into the forest [19]. Light availability was calculated
from measurements of photosynthetically active radiation (PAR) made at each location relative to
PAR measurements taken in open sun (AccuPAR Linear PAR/LAI ceptometer, Decagon Devices, Inc.,
Pullman, WA, USA). A 125 cm3 mineral soil sample was collected at each location to calculate the
gravimetric water content (soil moisture). Litter was collected from within a 25 cm × 25 cm area at
each location, dried to a constant mass, and weighed. We characterized forest structure at each point
by quantifying tree basal area using a wedge prism. See Flory and Clay [30] for additional details on
the study area and site selection.

2.3. Experimental Design

To assess species-level differences in survival, growth, and incidence of herbivory related to edge
effects, we transplanted four seedlings of each species at each of the distances from the edge at each
site, i.e., 24 plants of each species for each combination of distance and forest age. Seedlings were
reared under common conditions in an Indiana University shaded greenhouse and were between
10 and 15 cm height at the time of planting in June 2004. Seedlings that died within two weeks of
planting were replaced. In September 2004, 2005, and 2006 we scored each seedling for survivorship
and evaluated incidence of herbivory. The height, basal diameter, and above-ground biomass of all
seedlings surviving to September 2006 were measured. Above-ground biomass was dried to a constant
mass at 60 ◦C and weighed (±0.01 g). All seedlings were removed before they reached a reproductive
age. To assess germination related to edge effects, ten seeds of each species were enclosed in
10 cm × 10 cm seed bags (0.09 mm2 mesh size) and placed under leaf litter (0.5–1.9 kg m2) at each
distance from the forest edge. Seeds were set out in October 2004 and collected in late June 2005 to
score germination.

We calculated three growth metrics, survival, and germination to assess species-level responses
to edge effects in the two forest successional ages. To characterize seedling growth, we calculated
averages of biomass, basal diameter, and relative growth rate of height for each species at each distance
from edge at each site. Relative growth rate was calculated as:
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Relative growth rate = [ln(height 2) − ln(height 1)]/(time 2 − time 1),

where height 1 and height 2 are plant heights at the time of transplanting in 2004 (time 1) and at the
end of the study in 2006 (time 2), respectively.

Survival was calculated as the proportion of seedlings alive in 2006 out of the initial number of
seedlings planted. Germination was calculated as the number of seeds that germinated divided by
the total number of seeds recovered because some seeds may have been lost to rodents. We did not
estimate seed viability, so it is possible that the proportion of germinated seeds was underestimated
because the rodents may have preferred viable seeds. We calculated the average herbivory incidence
of invertebrate foliar herbivory from three yes/no observations (2004, 2005, 2006) for each species at
each distance and site to use as an explanatory variable in growth response models.

2.4. Data Analysis

We fit linear mixed-effects models to the averages of each growth response variable: biomass,
diameter, and relative growth rate of height. Models were of the following form:

(y|B = b) ~N(X × β + Z × b, σ2) (1)

B ~N(0,D) (2)

where y is the n-length vector of observed values for the response variable, which is multivariate
normal conditional on B = b; X is the n × p fixed-effects matrix of predictor variables, with p equal to
the number of explanatory variables; β is the p-length vector of fixed-effects coefficients to be estimated
and apply to all species and sites; Z is the n × q random-effects model matrix for the q-dimensional
unobserved random-effects variable B whose value is fixed at b, where q is the total number of levels
in the grouping factors (i.e., 12 sites plus six species). B has an unconditional multivariate normal
distribution with a mean of zero and covariance matrix D; σ2 is the residual error.

Our main goal was to compare species responses to the influences of edge effects and forest
successional age. We assessed all potential explanatory variables for collinearity using scatterplots
and Pearson’s correlation coefficients (threshold value of ±0.5) between continuous variables, and box
and whisker plots between continuous and categorical variables. We selected forest successional age,
distance from edge, average herbivory incidence, and the averaged percentage of available light as
fixed effects. We included random effects for site and species, to account for unmeasured species-level
and site-level variation (random intercepts). We also allowed the relationship between herbivory
incidence and the responses to vary by species (random slopes), reflecting potential interaction between
species and herbivory due to species differences in defense or compensatory responses. Soil moisture
and forest basal area were excluded from the models due to correlations with distance from edge
and forest successional age, respectively. Biomass and diameter response variables were natural
logarithm-transformed to improve homogeneity of residual variance and normality.

We fit binomial mixed-effects logistic regressions to model the probability of survival and
germination for each species:

(y|B = b) ~Binomial(n, p|b) (3)

logit(p|b) = X × β + Z × b (4)

where y is binomially distributed with an occurrence probability p, which is modeled as a function of
linear predictors using the logit link function. The details of the linear predictors are the same as those
in linear model described above. In all models we allowed the intercepts to vary for species and site,
enabling comparison of species performance relative to each other and accounting for unmeasured
site characteristics. We checked the residual plots of the final models to ensure no major violations of
homogeneity in the residual variance.
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All models were fit using the “lme4” [47] and “lmerTest” [48] packages in the R statistical
computing environment [49]. The coefficient estimates from rescaled continuous variables are reported
in the figures. Percent light, litter mass, and distance from edge were centered on a mean of zero
and divided by two standard deviations, and distance was rescaled to be between zero and one by
dividing by the maximum distance value. Dividing continuous input variables by two standard
deviations instead of one standard deviation effectively puts them on the same scale as binary
predictors, facilitating a more direct comparison of relative importance [50].

3. Results

3.1. Habitat Conditions

Basal area and litter mass were both greater in mature than in young forests and neither showed
a relationship with distance (Figure 1a,c). Soil moisture and light availability showed no distinctive
pattern between forest successional ages (Figure 1b,d). Soil moisture tended to increase with distance
in both forest successional ages (Figure 1b). Light availability tended to decrease with distance in
mature but not young forests (Figure 1c).
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Figure 1. The mean and standard error of the forest structure and environmental variables measured
at each distance at each site. (a) Basal area, (b) soil moisture, (c) litter mass, (d) light availability.

3.2. Germination and Survival

Seed germination was higher in mature compared to young forests across all species except for
spicebush and was overall higher for invasive than native species (Figure 2a). The average proportion
of seeds germinated ranged from 1% for redbud in young forests to 67% for autumn olive in mature
forests (Table A1). The greater germination success of invasive species was driven by autumn olive,
which had the highest germination in both mature and young forest types.
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Figure 2. The mean and standard error of the observed seed germination and seedling survival of each
species in (a,c) mature or (b,d) young forests at each distance from the forest edge. The brown shading
indicates the group of invasive species while the blue shading indicates the group of native species.
Points are slightly jittered to reduce overlap at each distance.

Average seedling survival ranged from 42% for native dogwood in young forests to 96% for
invasive honeysuckle in mature forests (Table A2). The native dogwood and invasive autumn olive
seedlings had the lowest overall survival: 51% and 50%, respectively. Autumn olive survival decreased
with increasing distance from forest edge in mature but not young forests (Figure 2c,d), whereas other
species’ survival was minimally affected by distance from edge in both forest types.

Model results indicate that the probability of germination was significantly greater with greater
distance from edge and tended to be lower in young forests and greater with higher litter mass,
although these two relationships were not statistically significant (Figure 3a, Table A3). No explanatory
variables had a statistically significant effect on seedling survival (Figure 3b, Table A3). Species
differences accounted for much of the variation in both germination and survival, with some having
a high proportion of germination in the seed experiment but low survival in the seedling transplant
experiment (Figure 4). Autumn olive had the highest proportion of germinated seeds in the germination
experiment but the lowest survival in the seedling transplant experiment. Dogwood showed a
similar pattern of relatively greater germination but lower survival. Privet had the opposite pattern
with greater survival, though not significantly different from the average, but lower germination.
Redbud and spicebush both had low germination and seedling survival was near the overall average.
Honeysuckle stood out as having above average germination (trailing only autumn olive) and the
greatest survival with over 95% of seedlings surviving to the end of the experiment (Table A2).
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3.3. Seedling Performance

Invasive species generally performed better than the native species across forest successional age;
however, the performance of just two or three species drove this pattern. For example, the invasive
autumn olive and privet consistently produced larger amounts of biomass, while the native spicebush
produced little biomass (Figure 5a,b). Similar patterns were observed for diameter (Figure 5c,d) and
relative growth rate (Figure 5e,f).
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Model results indicated that proximity to forest edge, forest successional age, light availability,
and herbivory all similarly influenced the biomass, diameter, and relative growth rate of height of
transplanted seedlings (Figure 6, Table A4). Across all species, performance was greater closer to forest
edge, in young forests, and under higher light availability.
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Model estimated average biomass of privet, autumn olive, and honeysuckle was greater than
the mean across all species, though only privet had 95% confidence intervals that did not cross zero
(Figure 7a). The average biomass estimated from the model was less than the overall mean for all the
native species, though only spicebush had confidence intervals that did not overlap zero (Figure 7a).
On average, invasive privet had the greatest relative diameter while native spicebush had the smallest
relative diameter, while the model estimates for all other species had confidence intervals crossing
zero (Figure 7c). Model results indicated that autumn olive had the highest average relative growth
rate in height while spicebush had the lowest (Figure 7e,f).
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Figure 7. Results from linear mixed effects models of growth measurements. (a,c,e) Differences between
the overall model intercept and the estimated intercept for each species ±95% confidence intervals,
and (b,d,f) the marginal effect of distance on three of the performance responses, biomass, diameter,
and relative growth rate. The brown shading indicates the group of invasive species while the blue
shading indicates the group of native species.

3.4. Growth Response to Herbivory

Model results showed that species also responded differently to observed average herbivory
incidence (Figure 8). Native redbud and dogwood tended to maintain biomass regardless of herbivory,
while the invasive privet and honeysuckle produced less biomass with greater herbivory. The invasive
autumn olive and native spicebush both tended to have greater biomass and diameter with more
herbivory. The relative growth rate was maintained for all species regardless of average herbivory
incidence (not shown).
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Figure 8. Random-slope-intercept plots for the model estimated marginal between average herbivory
incidence and (a) biomass or (b) diameter of each species. The brown shading indicates the group of
invasive species while the blue shading indicates the group of native species.

4. Discussion

The functional traits of invasive species and local environmental conditions are key determinants
of habitat susceptibility to invasion. Areas of greater resource availability, such as forest edges, can
be more susceptible to invasions if the functional traits of invaders enable them to outperform native
species under such conditions [1,3,51,52]. Here, we compared the performance of commonly occurring
native and invasive species at multiple distances from forest edges in both young and mature forests.
We found that species performance was variable across the range of conditions regardless of nativity.
The invasive species generally outperformed native species, but the differences between the groups
were largely driven by a few species. The variability in species responses is likely related to different
resource allocation strategies among species. Factors contributing to better performance by invaders
may include advantageous use of temporally variable light availability, enemy release, allelopathy, and
association with nitrogen-fixing bacteria [53]. Using experimental introductions to evaluate if invasive
and native species respond differently to variable forest conditions can help identify non-native species
likely to be invasive and the most vigorous native species.

Many invasive plants exhibit common traits that can contribute to their success, such as extended
leaf phenology, rapid growth, tolerance to low resource conditions, and relatively little damage from
natural enemies [21–24,26], but individual invaders likely only benefit from a few of these traits.
For example, one invasive species may experience enemy release and high fecundity while another
tolerates low resource conditions and has extended leaf phenology. These trait differences may
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explain some of the species-specific variation in invader performance we observed in this study. All
three invasive species in this study have been characterized as having longer leaf duration during
the growing season than native species, so the relatively greater growth of autumn olive, privet,
and honeysuckle is perhaps due to advantages conferred by early photosynthesis before native
species leaf out [38,39,54,55]. In contrast to shade-tolerance exhibited by privet and honeysuckle,
autumn-olive showed characteristics of a sun-demanding species, with the greatest growth at forest
edges and less growth in the forest interior. Despite the shade-intolerance of autumn olive, our results
indicate that this species performs as well or better than the native species in most situations, perhaps
due to other common invader traits such as drought tolerance or a nitrogen-fixing symbiont [3,31].
Dechoum et al. [56] found that Hovenia dulcis, an invasive tree in Brazil, exhibited a growth response
similar to autumn olive, growing at about the same rate in closed and semi-open successional habitats,
while having somewhat greater growth in more open areas. Greater production of fine roots by
invasive species has also been linked to their greater production of aboveground biomass [57].

The invasive species in this study all tend to have greater abundance at forest edges than interiors.
Previous studies on honeysuckle have shown that it produces abundant fruit and seed in high light
environments but still produces fruit and seed in forest interiors [32], and that density is positively
related to amount of edge in the landscape [58]. Similar relationships of greater abundance along
forest edges have been observed for autumn olive [59] and privet [60,61], and all of these species can
dominate the understory and reduce diversity and abundance of native species. In each case, the
abundance of the invasive species declined but still persisted farther from the forest edge. Our results
showing less growth farther from forest edges support these previous findings.

While proximity to edge often correlates positively with the occurrence and abundance of invasive
species [19,62], the relatively poor performance of native species under the same conditions may be due
to adaptations to their interior understory niche. The relatively low germination but high survivorship
of native species in combination with traits such as shade tolerance and slow growth enable these
species to persist in the resource-limited understory of interior eastern USA forests. A similar response
of a native tree was observed in a tropical forest in Amazonia where seedling survival and leaf number
increased with distance from edge for native Chrysophyllum pomiferum (Sapotaceae) seedlings over a
9.5-year period [63]. Yet, the traits enabling the success of native species in resource-limited interior
forest habitats may put them at a disadvantage to phenotypically plastic invaders that are more
effective at acquiring and allocating resources when availability increases due to large-scale forest
fragmentation [64].

Although some invasive species are persistent, the density and distribution of invasive plants
may decline over time under certain conditions. For example, Flory et al. [65] found that experimental
Microstegium vimineum invasions declined over eight years after dominating the herbaceous layer for
the first four years. Multiple factors may contribute to the decline of Microstegium and other invasive
species, such as succession of competitive native species or accumulation of pathogens [66,67]. Of the
invasive species in our study, we are aware of the potential decline of only one species, honeysuckle,
which exhibited leaf-blight in the midwestern USA [68], suggesting that this species could be suffering
from pathogen accumulation. Additional research is needed to determine how patterns in success of
early life-history stages relate to longer-term invasive species success.

By conducting a multi-year field experiment we were able to examine the influence of natural
herbivory on plant performance over multiple growing seasons. The maintenance of biomass by native
species regardless of herbivory incidence suggests greater defense against herbivory, e.g., high phenolic
content in dogwood [69]. Meanwhile, the invasive privet and honeysuckle produced less biomass with
greater herbivory, indicating some susceptibility to herbivory in the seedling stage. However, Lieurance
and Cipollini [70] demonstrated that while honeysuckle experienced lower biomass in response to
generalist herbivory, it also had a greater root to shoot ratio, and more foliar protein with greater
herbivory, indicating both a tolerance and resistance to herbivory. The greater biomass with more
herbivory shown by the invasive autumn olive and native spicebush indicates a possible compensatory
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growth response to damage. These findings add to the increasing body of work documenting the
changes in herbivory across the landscape, particularly along forest edges [13,71].

5. Conclusions

Experimentally introducing multiple native and co-occurring invasive species in a natural setting
enabled the assessment of differences in species performance under similar environmental conditions.
These results indicate that accounting for species-specific traits may improve the efficacy of invasive
species management. Differences in species characteristics and traits enable some plants to more
rapidly utilize resources that become available after disturbance. The native redbud performed on par
with the invasive species under some conditions, indicating it may be a good species for restoration
management in these forests. Still, forest edges were most beneficial to invasive species due to the
relatively rapid growth response of invasive compared to native species. Thus, new edges that are
created through road building or development may increase the susceptibility of forests to invasive
plant species. Efficient invasive species management requires vigilance to detect invasive species at
the earliest stages, which can be aided by identification of species likely to become problematic due to
their specific traits. While species-specific differences confound the ability to generalize mechanisms of
invasion, they also highlight the importance of understanding species-specific processes contextually
in the research and management of invasive plants.
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Appendix A

Table A1. Average germination (%) of seeds for each species in each forest age and overall.

Species Status Mature Forest Young Forest Average

Autumn olive Invasive 67.19 44.07 55.63
Honeysuckle Invasive 29.99 25.34 27.66

Privet Invasive 8.21 0.97 4.59
Dogwood Native 23.85 12.34 18.09
Redbud Native 4.77 0.96 2.86

Spicebush Native 2.18 10.00 6.09

Table A2. Average percentage of seedlings of each species surviving after three years (to 2006) in
mature and young forests.

Species Status Mature Forest Young Forest Average

Autumn olive Invasive 48.53 50.69 49.61
Honeysuckle Invasive 95.56 95.14 95.35

Privet Invasive 85.29 93.06 89.17
Dogwood Native 61.03 41.67 51.35
Redbud Native 91.91 80.56 86.23

Spicebush Native 86.76 88.19 87.48
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Table A3. Results from generalized linear mixed effects models of germination and survival. Odds ratios
and 95% confidence intervals (CI) are reported using the scaled predictor variables.

Fixed Parts
Germination Survival

Odds Ratio CI Odds Ratio CI

(Intercept) 0.11 0.04–0.30 5.92 1.74–20.16
Distance 1.31 1.00–1.73 0.82 0.57–1.20

Forest age (Young) 0.67 0.44–1.03 0.87 0.32–2.37
Litter mass 1.25 0.97–1.62 1.08 0.91–1.29

Light availability 1.08 0.92–1.28

Random Parts

Variance, site_code 0.087 0.710
Variance, common_name 1.269 1.514

Table A4. Results from linear mixed effects models of biomass, diameter, and relative growth rate.
Estimates (B) and 95% confidence intervals (CI) are reported using the scaled predictor variables.

Fixed Parts
Biomass Diameter RGR

B CI B CI B CI

(Intercept) −0.39 −0.77–−0.01 0.95 0.83–1.07 2.30 2.12–2.49
Distance −0.27 −0.45–−0.09 −0.06 −0.13–0.01 −0.15 −0.24–−0.06

Light availability 0.41 0.27–0.55 0.13 0.08–0.19 0.14 0.08–0.21
Forest age (Young) 0.56 0.10–1.02 0.19 0.04–0.33 0.26 0.04–0.47

Herbivory incidence 0.14 −0.08–0.37 0.08 −0.02–0.17 0.02 −0.06–0.10

Random Parts

σ2 0.391 0.059 0.098
Variance, site 0.155 0.015 0.034

Variance, species 0.051 0.004 0.015
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