ABSTRACT

LONG-TERM INTERACTIVE IMPACTS OF THE INVASIVE SHRUB, LONICERA
MAACKIL, AND WHITE-TAILED DEER, ODOCOILEUS IV'IRGINLANUS, ON WOODY
VEGETATION

By Marco Uriel Donoso

Direct effects of white-tailed deer (Odocoilens virginianus) and the invasive shrub Lonicera maackii on
woody vegetation are well documented, but studies exploring their long-term interactive effects are
limited. I investigated effects after 11 years of deer exclusion or access and L. maackii removal or
presence on woody vegetation responses in the Miami University Natural Areas in Oxford, Ohio.
Deer exclusion resulted in greater tree seedling richness, density, and basal area, native and non-
native shrub richness, native vine density and basal area, change in understory tree richness since
2015, and cover at 0.3 m above ground. Deer exclusion also resulted in greater basal area growth of
L. maackii shrubs. Lonicera maackii, in contrast, had no direct effects. Deer and L. maackii interactions
impacted native tree seedling richness and density, and total vine density. All significant interactions
revealed synergy between deer exclusion and L. waackii removal, most likely due to deer reducing L.
maackii cover (via herbivory) and therefore mitigating its negative competitive effects on seedlings
and vines Therefore, in areas with high deer densities and dense L. #aackii stands, 1 recommend a

reduction of both stressors to prevent tree regeneration failure.
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I. INTRODUCTION AND BACKGROUND

Invasive understory shrubs have demonstrated various negative impacts on native woody
vegetation in forest understories (Boyce 2009). The presence of invasive shrubs can promote
regeneration failure (Miller and McGill 2019), the inability of current tree species to regenerate, in
forest understories via reduced native tree seedling diversity, modification of soil nutrient dynamics,
competition for resources, and promotion of other invasive species (Merriam and Feil 2002;
Ehrenfeld et al. 2001; Frappier et al. 2003; Hartman and McCarthy 2004; Boyce 2009; Shields et. al
2015).

One such invasive shrub is Lonzcera maackii (Rupr.) Herder (Amur honeysuckle), a large shrub
native to East Asia that was introduced and has spread across much of the eastern United States.
Lonicera maackii is known to negatively impact native woody vegetation in mature forest understories
(reviewed by McNeish and McEwan 2016). Several studies have shown that L. maackzi reduced
growth, richness, and density of native woody plants (Hutchinson and Vankat 1997; Shields et al.
2015). Miller and Gorchov (2004) proposed that because L. 7zaackii has a long photosynthetic
season, expanding its leaves earlier (McEwan et al. 2009) and retaining them later in the winter
(McEwan et al. 2009; Wilfong et al. 2009), it successfully competes with native species for light
(Shields et al. 2015). Comparative studies suggest that areas not yet invaded by L. maackii have
greater richness and densities of tree seedlings as well as greater richness of herbs (Collier et al. 2002;
Hartman and McCarthy 2008).

In addition to the negative impacts of invasive shrubs, negative impacts of certain ungulates on
native woody vegetation in forest understories have been well recognized (Waller and Alverson
1997; Rooney and Waller 2003; Russell et al. 2017). Odocoileus virginianus (white-tailed deer, hereafter
‘deer’), an ungulate, is a keystone species that has experienced drastic increases in population density
in many parts of the United States (Rooney 2001). Deer are ungulate browsers that, in high densities,
adversely affect woody species survival, recruitment and growth (Waller and Alverson 1997; Rooney
2001; Horsley et al. 2003; Rooney & Waller 2003; Habeck and Shultz 2015; Bradshaw and Waller
2016). Densities greater than ~20 deer/sq mi are expected to impact forest regeneration (Tilghman
1989; Hortsley et al. 2003; Nuttle et al. 2014). As deer are selective herbivores, they directly seek out
leaves and branches of highly palatable tree species, resulting in greater densities of lesser palatable
species in forest understories (Frelich and Lorimer 1985; Tilghman 1989; Horsley et al. 2003;
Bradshaw and Waller 2016; Ward et al. 2018). This intense deer browse pressure results in

regeneration failure of highly palatable species, resulting in significant changes to overall forest
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structure, composition, and ecosystem services (Tilghman 1989; Rooney et al. 2002; Horsely et al.
2003; Rooney & Waller 2003; Bradshaw and Waller 2016; Ward et al. 2018).

Although the direct effects of deer and L. maackii are well documented in the literature, less is
known of the interaction effects between the two stressors and different ways these stressors
interact to impact vegetation. The effects of deer and the invasive plant may be additive, where both
species directly impact native plant responses without any interactive effects (Fig. A1, top) (Peebles-
Spencer et al. 2017; Gorchov et al. 2021), as deer and invasive plants impact plant communities in
different ways. Sub-additive interactions occur if the joint negative effect of deer access and invasive
plant presence on the native plant response are less negative than the additive response of the
individual treatments (Fig. A1, bottom) (Peebles-Spencer et al. 2017; Gorchov et al. 2021). This
interaction is also viewed as synergistic as the joint positive effect of excluding deer and removing
the invasive plant is greater than the sum of the individual effects (Gorchov et al. 2021). This
interaction results if deer do not browse in areas where the invasive plant is abundant as the shrubs
act as a physical barrier, thereby mitigating the negative effect of deer browse on tree seedlings
(Peebles-Spencer and Gorchov 2017). This sub-additive interaction also results if deer actively
browse on L. maackii shrubs in the understory (Martinod and Gorchov 2017), reducing its overall
cover (Peebles-Spencer et al. 2018) and diminishing negative impacts on native plants.

Knowledge of direct effects of invasive plants and deer browse on native plants is extensive,
but there are limited long term studies focused on their interactions. Out of 25 publications in
eastern North America investigating deer and invasive plant interactions experimentally, only ten
publications involved studies greater than five years (Gorchov et al. 2021). Several of these studies
found that deer and invasive plant interaction effects caused various deleterious effects on native
plants. One long-term study (> 8 year) involving deer exclosures and the removal of Aliaria petiolata
found interactive effects of deer and invasive plants on soil chemistry conditions, arbuscular
mycorrhizae community structure, and T7illium erectum survival (Burke et al. 2019). Additionally,
Waller and Maas (2013) identified synergistic interactive effects of deer exclusion and the removal of
invasive A. petiolata on the growth of Quercus rubra (red oak) seedlings. Bourg et al. (2017) also found
synergistic interactive effects on native herb richness after five years of deer exclusion and invasive
plant removal. Alternatively, numerous studies have found no deer and invasive plant interactive
effects on forest understories. Dornbush and Hahn (2013) found only additive deer and A. petiolata
effects on native woody species after four years of deer exclusion and invasive removal. Aronson

and Handel (2011) also found only additive effects of deer exclusion and Microsteginm viminenm
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removal on growth and survival of native tree seedlings. Results from these and other related studies
suggest that long-term deer and invasive plant interaction effects on native plants are variable. Based
on these and other reviewed studies, Gorchov et al. (2021) concluded that deer were more impactful
than invasive plants and that the interaction of deer and invasive plants on native plant species was
infrequently significant. Where interactions were significant, they were usually synergistic in nature,
where the removal of both stressors had greater combined impacts than removing only deer or only
the invasive plant (Gorchov et al. 2021).

To better understand the long-term (>10 years) direct and interactive effects of the deer and L
maackii treatments on richness, density, and basal area of woody vegetation, I reassessed the plots
investigated from 2011 to 2014 by Peebles-Spencer et al. (2017) and in 2015 by Haffey and Gorchov
(2019). The goal of this study was to investigate the effects of deer, L. maackiz, and their interactions,
including whether they have become more apparent over time. Given that previous studies at my
site identified trends of sub-additive interactive effects of deer and L. maackii on certain response
variables (Peebles-Spencer et al. 2017; Haffey and Gorchov 2019), I hypothesize that deer and L.
maackii interact sub-additively to impact woody plants. I predicted that woody plant response
variables would be much greater where deer were excluded and L. maackii was removed compared
to the other treatment combinations. I also predicted that woody plant response variables would be
greater after 11 years compared to 5 years of deer exclusion and L. maackii removal. In addition to
identifying long-term direct and interactive effects of deer and L. maackii on woody vegetation, I also
investigated the long-term treatment effects on light availability at 0.3 m above ground for all sites.
Finally, to determine whether deer limited L. maackii growth, I measured the basal area of all L.

maackii shrubs in 2021 and compared them to earlier values.

I1. STUDY SITE AND PREVIOUS RESEARCH

Study Site

This study was conducted across five sites located in the Miami University Natural Areas in
Oxford, Ohio (39°29'-39°31'N, 84°42'-84°43"). The Miami University Natural Areas consist of
~400 ha, most of which is eatly successional to mature eastern deciduous forest. Each site contains a
deer exclosure and a paired deer access plot; these were established in 2010 (Peebles-Spencer et al.
2017). All site locations (College Woods, Western Woods, Bachelor Preserve, Kramer Preserve,

Reinhart Preserve) were separated by =1 km and were chosen to have level topography, closed



canopy deciduous forest, and intermediate levels of L. maackii invasion (stem basal area 0.58—

1.57 m® ha™', Peebles-Spencer 2016). Deer densities of all site locations were estimated during winter
and early spring in 2014 (Barrett 2014) and during spring and summer in 2017 (Peterson 2018)
(Table Al). Estimated densities across most sites in spring and summer remained below the ~20
deer/sq mi expected to impact forest regeneration (Tilghman 1989; Horsley et al. 2003). Western
Woods and Bachelor Preserve were the only two sites to have deer densities above the ~20 deer/sq

mi threshold (Table A1).

At each site, two 20 x 20 m plots were randomly assigned to deer access and deer exclosure
treatments, with fencing 3 m high placed only around deer exclosures. One half of each plot (10 m x
20 m, exclosure and access) was randomly assigned as L. zaackii intact or removed (Peebles-Spencer
et al. 2017). In L. maackii removed half-plots, removal involved clipping the base of stems that were
> 1 mm in diameter and treating the stumps with Tordon RTU, an herbicide composed of a mixture
of 5.4% Picloram and 20.9% Dicholorphenoxyacetic acid (Dow AgroSciences 2011). Clipping and
herbicide application of all L. maackii shrubs in removal half-plots occurred in 2010 and again in
2011 as resprouting had occurred (Peebles-Spencer et al. 2017). Clipping and reapplication of
herbicide on new L. zaackii recruits occurred again in 2015 (Haffey and Gorchov 2019) and in 2021.

Previous Research

In each half plot established in 2010, Peebles-Spencer et al. (2017) identified and measured
cover of various growth forms twice per growing season from 2011 to 2014 using modified versions
of Daubenmire plots (Abrahamson et al. 2011). Peebles-Spencer et al. (2017) then analyzed various
plant responses for all treatments to investigate the direct effects of deer and L. zaackii and their
interaction on the forest floor. In spring and summer 2014, there was a significant positive effect of
L. maackii removal on cover of tree seedlings, spring perennial forbs, vines, and graminoids (Peebles-
Spencer et al. 2017). In summer of 2014, there was a significant positive effect of deer exclusion on
tree seedlings and shrubs. Peebles-Spencer et al. (2017) identified one significant synergistic
interaction between the deer access and L. zaackii presence treatment on bare ground cover in
spring 2013. Peebles-Spencer et al. (2017) also identified a trend for a sub-additive deer* L. maackii

interaction effect on species richness during summer seasons of the study.

Peebles-Spencer et al. (2017) also noted that deer browse on L. maackii may be sufficient to

reduce its cover and therefore mitigate negative effects on certain growth forms. They found greater



cover of L. maackii shrubs between 0.5 and 1.5 m tall where deer were excluded, evidence that deer
actively suppressed the growth of L. maackii. Additionally, Peebles-Spencer et al. (2018) found that
the basal area of small I. #aackii shrubs (shrubs with largest stem between 3-29 mm in basal
diameter) was greater where deer were excluded, providing evidence that deer reduced growth of L.
maackii shrubs. This trend was also supported by Martinod and Gorchov (2017), who found that

that deer actively browsed on L. maackii twigs throughout the year.

Haffey and Gorchov (2019) reassessed the forest floor in the paired plots at each site during
spring and summer 2016 using the same methods as Peebles-Spencer et al. (2017). Haffey and
Gorchov (2019) found that deer exclusion significantly increased understory richness, cover of
annuals, and bare ground cover. Where L. maackii was removed, Haffey and Gorchov (2019) found
greater total cover, greater non-native species richness, and greater total species richness. These
results were only significant after the first four years of growth, emphasizing the need for more long-
term studies (>4 years) to accurately determine how deer and L. waackzi impact plant communities.
In addition to the direct effects of deer and L. zaackii on the forest floor, Haffey and Gorchov
(2019) observed several significant synergistic deer and L. zaackzi interaction effects on spring tree

seedling cover, summer vine cover, and spring perennial cover.

In addition to analyzing forest floor vegetation, Haffey and Gorchov (2019) identified and
measured every tree seedling and shrub in 2015 in each half-plot between 0.3 m and 2 m tall, the
typical deer browse height range (Frelich and Lorimer 1985). They found that deer exclusion
significantly increased native tree seedling density, richness, and shrub basal area, results that were
attributed to release of browse pressure. However, there were no L. maackii or interaction effects on

woody plant responses.
III. METHODS

Woody Stems

To determine effects of deer exclusion and L. #aackii removal, in summer 2021, within each
half-plot at each site, I identified and measured the basal diameter of all woody stems taller than 0.3
m, counting stems of species within 10 cm of each other as the same individual (Haffey and
Gorchov 2019). Stems were classified as trees, shrubs, or vines (i.e., all shrub response variables
reported exclude L. maackii). Seedlings were classified as being between 0.3 and 2 m tall, the typical

deer browse height (Frelich and Lorimer 1985). Shrubs and vines taller than 2 m were grouped with
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all other shrubs and vines. Tree stems taller than 2 m with diameter at breast height (DBH) <10 cm
were considered understory trees while those with DBH >10 cm were considered overstory trees.
Native and non-native status for shrubs and vines was determined using USDA (2016). All trees
were native species. Within each half-plot, basal diameter measurements were used to calculate basal
area (BA) for seedlings, shrubs, and vines. Basal diameter was used to determine BA for woody
stems shorter than 2 m whereas DBH was used for stems taller than 2 m. For my analysis, stems = 2
m with DBH<10 cm in 2015 were considered understory trees, even if the DBH had increased
above 10 cm in 2021. Change in understory tree richness and BA was determined by subtracting
2015 values from 2021 across each plot. All vegetation sampling was performed prior to L. mwaackii

removal.
L. maackii shrubs

To determine the effects of deer on L. maackii growth, I measured the basal diameter of every
L. maackii shrub within each half-plot at each site to determine the basal area of all L. maackii shrubs
and compared it to L. maackii measurements from earlier years. I distinguished three different size
classes of L. maackii shrubs based on the basal diameter of the largest stem, using criteria that were
used in 2015 by Peebles-Spencer et al. (2018). Shrubs with basal diameter of the largest stem = 30
mm were considered large, as these diameters characterized shrubs with most of their leaves at a
height taller than the typical deer browse height range (0.3 to 2.1 m, Frelich and Lorimer 1985).
Shrubs with basal diameter of the largest stem = 2 mm were considered recruits based on annual
ring counts (Peebles-Spencer et al. 2018) while shrubs with basal diameter between of the largest
stem between to the other size classes (3-29 mm) were considered small. L. maackii stems within 10

cm of each other were considered stems of the same individual.
Canopy Cover

To investigate deer and L. maackii impacts on light availability within half-plots, I took 16
photographs of the canopy at 0.3 m above ground along two transects established along the interior
of each half-plot (Fig. 1) from August 1st to August 24™. Photographs were taken using a Samsung
Galaxy S10 which utilizes a 10-megapixel front facing camera module. To ensure that all
photographs taken were level, the Samsung Galaxy and an iPhone 11 were placed next to each other
on a flat clipboard. The Measure application was open on the iPhone while every photograph was

being taken to ensure a level surface at each location along the transect. The Measure app was tested



to ensure accuracy using a beam level prior to being utilized in the field. The Measure app was used
in lieu of the beam level due to greater visibility of level status under dense vegetation. All
photographs taken were then analyzed using the mobile app GLAMA (percent cover using Gap
Light Analysis Mobile Application) (Tichy 2014) available on the Android operating system to
determine canopy openness, percent cover, canopy cover index, and modified canopy cover index.
For this study, the modified canopy cover index value was used as it accounts for various anomalies

that are unaccounted for in the canopy cover index value.
Site Differences

To determine differences in canopy tree composition, BA of large trees, and percent canopy
cover amonyg sites, I established a 40 x 40 m plot based on the center of 20 x 20 m treatment plots at
each site. Plot size was determined by the maximum distance allowed without overlap between the
paired deer treatment plots. Within each 40 x 40 m plot, I took 9 canopy photographs at 2 m above
ground at each site inside each half-plot and around the exterior of each 20 x 20 m plot (Fig. 1).
Within the 40 x 40 m plots at each site, I identified and measured all overstory trees in addition to
those already sampled in the 20 x 20 m plots. All overstory trees were native species. Basal area
(m*/ha) of overstory trees, overstory tree composition, and modified canopy cover index values

were used to determine differences among sites.
Data Analysis

For seedlings, shrubs, vines, and change in understory trees, response variables were pooled for
each half-plot for analyses. For seedlings, shrubs (total, native, non-native), and understory trees,
deer and L. maackii treatment effects on species richness, density, and basal area were assessed. For
vines (total, native, non-native), only density and basal area were assessed as the number of species
present was too low for species richness analysis. Data analyses for these response variables involved
using split-plot analysis with both L. maackii removed and intact treatments nested within deer
exclosure and access treatment plots, which were paired across each site. Data analysis was
performed using the R programming language (R Development Core Team 2017) utilizing the Ime4
(linear mixed-effects models using ‘Eigen’ and S4, Bates et al. 2017) and ImerTest (provides p-values
for ANOVA tables for linear mixed effects models via Satterthwaites’ df method, Kuznetsova et al.

2017) packages. A split-plot ANOVA was performed using Imer while assuming Gaussian responses



for richness, density, and basal area. P-values were obtained via Satterthwaites’ degrees of freedom

method. Values of p<0.05 were considered significant.

For L. maackii analysis, I investigated treatment effects of deer on basal area of all shrubs as well
as small shrubs in half-plots where L. zaackii was not removed. I also investigated the effects of deer
on recruitment of L. waackii using recruits in half-plots where the shrub was removed and where it
remained intact. Analyses focused only on deer effects on L. maackii involved using a linear mixed
effect model with site as the random effect. Analysis of L. maackii recruits involved used glmer while
assuming Poisson responses for density. Analysis of small L. #aackii shrubs used Imer, a linear

mixed effects model with site as the random effect.

Deer and L. maackii treatment effects were also assessed for percent forest floor cover at 0.3 m
above ground using the GLAMA app. Canopy cover for all canopy photographs was determined
using the GLAMA app (Tichy 2014, 2016). To calibrate the camera lens for accurate canopy cover
estimation, a photograph of a circular object was taken to calculate diameter in pixels which allowed
the app to determine hemisphere diameter and the recommended horizon mask angle. Since a built-
in camera lens was used, the polar projection option was chosen within the app. The level of
preciseness chosen was ‘All Pixels” and the color channels used was ‘All RGB’. Cut level was
determined independently for each site by visually assessing images to ensure pixels were accurately
defined as ‘white’ (sky) or ‘black’ (canopy). Photographs at 0.3 m above ground from Western
Woods were excluded from analysis as I mistakenly cut L. zaackiz in the L. maackii present half-plot

in the deer access plot, which influenced percent forest floor cover values at the site.

To determine if the presence of a certain species was indicative of certain combinations of
treatments, indicator species analyses was also performed using the indicspecies package (De
Caceres and Legendre 2009, 2010) in R. I used the multipatt, IndVal.g function and the total number
of stems of each woody species to investigate the relationship among species presence and deer and
L. maackii treatments. Indicator species analysis was performed using abundances of each species of

tree seedlings, shrubs, and vines for summer 2021.

Seedlings were grouped into deer palatability classes compiled by Koon 2022 (Master’s Thesis).
These deer palatability classes were based on deer preference during summer months that was

investigated by Latham et al. (2005) and other sources. Seedlings were grouped into different deer



palatability classes (high, moderate, low, no preference) and were then grouped by treatment to

determine average seedling abundance in each treatment combination.

Seedlings were also grouped into shade tolerance classes based on Niinemets and Valladares
(2000). Shade tolerance categories for seedlings were classified as high (>3.75), medium
(2.75<x<3.75), and low (<2.75) (Fig. A2). Seedlings were then grouped by treatment to determine

average abundance of seedlings of varying shade tolerance classes in each treatment combination.
IV. RESULTS

Site differences

Within all 40 x 40 m plots at all sites, there were 28 species and a total of 416 stems that were
classified as overstory trees (Table A2). The five most common species were Acer saccharum (256
stems), Quercus alba (19 stems), Carya cordiformis (15 stems), Quercus mueblenbergii (15 stems), and
Quercus rubra (14 stems). These five species represent 76.7% of all large stems. Western Woods had

the lowest number of tree species (14); College Woods had the most tree species (23).

Basal area (m*/ha) for overstory trees differed among sites, with greatest basal area at Bachelor
Preserve, followed by (in decreasing order) College Woods, Reinhart Preserve, Kramer Preserve, and
Western Woods (Table A3). For photographs taken at 2 m above ground, modified canopy cover
was greatest at Reinhart Preserve, followed by (in decreasing order) Western Woods, Kramer
Preserve, Bachelor Preserve, and College Woods (Appendix Table A3). Canopy cover showed no

relationship to basal area (m*/ha) of overstory trees across plots (Fig. 2, Table A3).
Tree seedlings

A total of 28 species with 2,137 individual stems were measured and identified as tree seedlings
(0.3- 2 m height) across the 20 x 20 m study plots. Species with the greatest number of seedlings
present included Fraxinus americana (white ash, 843 stems), P. serotina (black cherry, 520 stems),
Fraxinus quadrangulata (blue ash, 177 stems), and Asimina triloba (pawpaw, 105 stems) (Table A4).

These four tree species represented 76.9% of all seedlings encountered within the study plots.

Deer significantly reduced seedling richness and density with no effect of L. maackii on either
response (Tables 1, A5). There was also a significant synergistic deer and L. 7aackii interaction
effect, with greatest richness and density where deer were excluded and L. maackii was removed

(Figs. 3, 4). Tree seedling basal area showed a weak negative effect of deer, but no effect of L.
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maackii (Table 1). There was a weak synergistic deer and L. waackii interaction, with greatest basal

area where deer were excluded and L. maackii was removed (Fig. 5, Table 1).
Shrubs

Deer significantly reduced total shrub species richness and non-native shrub richness, but there
was no L. maackii or interaction effect on either variable (Figs. 6, 7, Tables 1, A6, A7, A8). Deer
impacts on the BA of total and non-native shrubs were weak, but there was no L. waackii interaction
effect (T'able 1). There was no significant effect of deer, L. maackii, or their interaction on richness,

density, or BA of native shrubs (Tables 1, A8, A9).
Vines

Species richness analysis was not performed on vines as the number of species per plot was too
low, ranging only from 1 to 5 across treatments and sites. Total vine stem density showed no direct
effect of deer or L. maackii, but there was a significant synergistic deer and L. waackii interaction
effect, with greatest density where deer were excluded and L. maackii was removed (Fig. 8, Tables 1,
A10). Total vine basal area showed no direct effect of deer or L. maackii, but there was a weak
synergistic deer and L. zaackii interaction effect, with greatest basal area where deer were excluded
and L. maackii was removed (Tables 1, A10). Native vine density showed a weak negative effect of
deer, no effect of L. maackii, and a weak synergistic deer and L. maackii interaction effect, with
greatest density where deer were excluded and L. maackii was removed (Fig. 9, Tables 1, A11). Non-
native vine density showed no direct deer or L. maackii effect, but there was a weak synergistic deer
and L. maackii interaction effect, with greatest density where deer were excluded and L. waackii was
removed (Tables 1, A12). There was no effect of deer, .. maackiz, or their interaction on native or

non-native vine basal area (Table 1).
Change in understory trees

Deer significantly affected change in understory tree richness from 2015 to 2021 (Fig. 10, Tables
1, A13), where deer exclusion resulted in greater understory tree richness. There were no L. maackii
or interaction effects on change in understory richness. L. maackii contributions to change in
understory tree basal area from 2015 to 2021 were weak (Fig. 11, Tables 1, A13), but there were no

deer or interactive effects. There was no significant effect of deer, L. maackz, or their interaction on

change in understory density from 2015 to 2021 (Tables 1, A13).
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Lonicera maackii

In plots where L. maackii was present, total 2021 L. maackii basal area was greater where deer
were excluded than where deer had access (Fig. 12, Table 2). Where deer had access, mean basal area
showed limited growth from 2015 to 2021, but where deer were excluded, mean basal area increased
from 2015 to 2021 (Fig. 12). At Bachelor Preserve, Reinhart Preserve, and Western Woods, L.
maackii basal area was greater where deer were excluded than where deer had access for both 2015
and 2021 (Fig. 13). At Kramer Preserve, 2015 basal area was similar whether deer had access or were
excluded, but greater where deer were excluded in 2021 (Fig. 13). At College Woods, basal area was
greater where deer had access for both 2015 and 2021 (Fig. 13).

In plots where L. maackii was present, there was a significant negative effect of deer on basal area
of small L. maackii shrubs (shrubs with largest stem 3-29 mm in basal diameter) (Fig. 14, Table 2), with
lower basal area where deer had access than where deer were excluded. For the number of L. waackii
recruits (shrubs with largest stem basal diameter < 2 mm), there was no effect of deer or L. maackii
but there was a weak interaction effect (Table 2), with lowest recruit counts where deer were excluded

and L. maackii was removed (Fig. 15).
Forest floor Cover

Percent forest floor cover for photographs taken 0.3 m above ground was significantly reduced
by deer, but there was no effect of L. waackii or their interaction (Fig. 16, Tables 1, 3). Western
Woods was excluded from forest floor percent cover analysis due to accidentally removing L.

maackii shrubs in the 1. maackii present x deer access plot.
Indicator species

Indicator species of a combination of deer exclusion and L. maackzi removal treatments
included seedlings of Prunus serotina, Carya cordiformis, Cercis canadensis, Quercus rubra, Ulmus rubra; the
non-native shrub Ewonymus alatus; and the native vines Parthenocissus guinguefolia and Swilax tammoides
(Table 4). However, U. mubra and S. tamnoides seedlings were also indicator species of the
combination of deer exclusion and L. aackii presence, with S. tamnoides also being an indicator

species of the combination of deer access and L. maackii presence (Table 4).

Deer preference
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Across all treatment combinations, tree seedlings of moderate palatability to deer were most
abundant, followed by, in decreasing order, seedlings of low preference, not preferred, and seedlings

of high preference (Table A14).
Shade tolerance

Among all treatment combinations, tree seedlings with low shade tolerance were most abundant,
followed by, in decreasing order, seedlings with high shade tolerance and seedlings with medium shade

tolerance. (Table A15).

V. DISCUSSION

I found that deer directly negatively impacted a greater number of woody plant responses than
L. maackii at my site. This finding was consistent with Gorchov et al.’s (2021) review, which also
found that deer impacts were more common than invasive plant impacts on herbaceous plants and
ecosystem functions. Additionally, my results showed that where significant interactions occurred,
the patterns were synergistic, as the exclusion of deer and the removal of L. maackii resulted in the
greatest values. This pattern was found in most studies that found interactive effects of deer and

invasive plants as reviewed by Gorchov et al. (2021).

I found that the combination of deer exclusion and L. zaackii removal resulted in synergistic
interaction effects, with the greatest woody plant response variables found in this treatment
combination. This finding matched my prediction that woody plant response variables where deer
were excluded and L. maackii was removed would be greater than response variables in other
treatment combinations, therefore supporting my hypothesis that woody plants would be impacted
by deer and L. maackii interactions. Additionally, when I compared my results to eatlier studies
conducted at my study site by Peebles-Spencer et al. (2017) and Haffey and Gorchov (2019), I found
a greater number of woody plant responses that were impacted by deer and L. maackii interaction
effects in 2021, a result that is most likely due to a combination of increased time since deer
exclusion and a release from the competitive effects of L. maackzi. This finding was consistent with
my prediction that woody plant responses would be greater after 11 years compared to 5 years after
the exclusion of deer and the removal of L. maackiz, therefore supporting my hypothesis that the
lack of browse pressure from deer and the lack of competition from L. aackii had the greatest

impact on woody plants over time.
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Deer effects

My findings that the exclusion of deer after 11 years resulted in greater richness, density, and
basal area of native tree seedlings were consistent with other studies that found that the prolonged
exclusion of deer resulted in greater seedling responses (Aronson and Handel 2011; Habeck and
Schultz 2015). This direct negative effect of deer on tree seedlings was likely due to consistent deer
herbivory of seedlings between 0.3 and 2 m tall, the typical deer browse height range (Frelich and
Lorimer 1985). Direct deer effects were also only evident on the richness of total, native, and non-
native shrubs, results that differed from the 2015 study at my site by Haffey and Gorchov (2019),
who found only reduced BA of shrubs and no effect on shrub richness where deer were present. My
result of a synergistic interaction effect of deer exclusion and L. zaackii removal on total vine
density was comparable to Haffey and Gorchov’s (2019) finding of a similar synergistic interaction

effect on vine covet.

I also found that the exclusion of deer directly resulted in increased richness of understory trees
(> 2 m but < 10 cm DBH) from 2015 to 2021 (Fig. 10), a result that was unexpected, as most
understory trees have foliage above the typical deer browse height range (0.3 to 2.1 m). To explore
this, I examined which understory tree species were gained or lost from 2015 to 2021 in each site for
each treatment combination. Where a plot gained or lost a tree species, I noted the DBH of the
individual tree responsible for this gain or loss. I found that the trees responsible for a gain in
richness within a plot had DBH <4 cm (Table A16). These trees had recruited into the understory
most likely due to the lack of deer herbivory. Most of the understory trees responsible for the loss in
richness within a plot in 2015 had between 3 — 6.3 cm DBH. As these understory trees that were lost
were too tall for deer to browse on their twigs and leaves, mortality may have been induced via

antler rubbing or bark stripping by deer (Gill 1992).

My results of negative deer effects on woody plants were consistent with the findings of
Bradshaw and Waller (2016), who found that areas with high deer densities resulted in negative
impacts on woody plant responses. Deer density estimates from 2018 at College Woods (spring),
Western Woods, Bachelor Preserve, and Reinhart Preserve were at or above the threshold 7 deer
km™ (Table A1) where deer begin to negatively impact forest regeneration (Tilghman 1989). In a
broad-scale comparative study, Bradshaw and Waller (2016) found that high deer densities (2.3 to 23
per km?) impacted the regeneration of seedlings and saplings of high to intermediate palatability. At

my study site, I found that seedlings of highly palatable tree species (Liriodendron tuljpifera, Ulmus alata,
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Quercus rubra) (Koon Master’s Thesis 2022) were extremely rare across all deer and L. waackii
treatment combinations (Table A4), findings that were similar to those of Bradshaw and Waller
(2016), who found that deer browse negatively impacted the densities of several highly palatable tree
species in northern Wisconsin. Additionally, I found that the greatest abundance of seedlings of
moderate and high deer palatability were found where both deer were excluded and L. maackii had
been removed, conditions that are in line with Tilghman’s (1989) finding that moderate and highly

preferred seedlings are primarily targeted by deer over less preferred species.

In plots where both deer were excluded and L. maackiz was removed in 2021, tree seedling
densities were well above the estimated threshold of 0.25 seedlings/m? that was considered
sufficient for forest regeneration by Miller and McGill (2019) (Fig. 4). In contrast, tree seedling
densities in all other treatment combinations ranged from 0.2 to 0.3 seedlings/m?, very close to that
estimated threshold. However, in my study, seedlings were classified as being between 0.3 to 2 m tall
while Miller and McGill (2019) classified seedlings as being taller than 0.3 m (for deciduous species)
with DBH <2.54 cm. Given this difference in seedling classification, my ‘seedling’ class is a subset
of Miller and McGill’s ‘seedlings’, so the threshold for seedlings sufficient for regeneration at my site
would be slightly lower than 0.25 seedlings/m* Based on these conditions, regeneration failure may
be occurring in plots of all treatment combinations except for where both deer were excluded and L.

maackii was removed.

In addition to the direct effect of deer on tree seedlings, I found that deer negatively impacted
the richness of total and non-native shrubs (Table A7, A8, A9), but not native shrubs, results that
contradict Averill et al.’s (2018) findings that deer negatively impacted native shrub richness. Deer
also had a weak negative impacts on the density of total vines, whereas non-native vines were not
impacted, a finding similar to that of Ashton and Lerdau (2008), who found that non-native vines
were more tolerant to herbivory compared to native vines. Specifically, they found that the non-
native vine C. orbiculatus, which was the most abundant vine in the plots, overcompensated for

damage and therefore allocated more resources to growth following herbivory.

My analysis on L. zaackii growth revealed a significant negative effect of deer on basal area
across all sites in 2021 (Fig. 12, Table 2), a result that is most likely due to deer herbivory. I believe
herbivory was the main cause of this negative effect as Martinod and Gorchov (2017) found that L.
maackii was an important food source for deer in the Miami University Natural Areas. To

understand the effect of deer herbivory on L. maackiz shrubs in the study plots, I chose to investigate
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small L. maackii shrubs (basal diameter of largest stem between 3-29 mm), as large shrubs (basal
diameter of the largest stem = 30 mm) were typically too tall to have twigs within the deer browse
height range of 0.3 to 2 m (Peebles-Spencer et al. 2018). I indeed found a pattern of negative effects
of deer on basal area of small L. waackii shrubs (Table 2, Fig. 14), with greater basal area of small
shrubs where deer had been excluded, results similar to those of Peebles-Spencer et al. (2018). Based
on these findings, I can reasonably determine that deer actively limited the growth of L. maackii
outside of deer exclosures via suppression of small, not large, L. maackii shrubs (Table 2). Further
evidence for this is my finding that the difference in total L. waackii BA between deer treatments
(Fig. 12) matched almost exactly with the difference in BA of small .. zaackii shrubs (Fig. 14) for
2021.

The analysis on L. maackii recruitment (L. maackii shrubs with basal diameter between 0-2 mm)
revealed a different pattern, as I found only a weak interactive effect of deer exclusion and L. waackii
presence, resulting in the lowest recruit counts where deer were excluded and L. waackii was present
(Fig. 15, Table 1). These results were most likely due to greater competitive effects from other, larger
L. maackii shrubs and surrounding native and non-native vegetation. These results suggest that deer
have no effect on recruitment of L. zaackiz and that the effects of deer on L. maackii were due to

herbivory on small shrubs.

I found this pattern of lower L. zaackii basal area where deer had access at Reinhart Preserve,
Bachelor Preserve, and Western Woods (Fig. 13). This pattern did not apply at College Woods,
which showed greater L. maackii BA where deer had access compared to where deer were excluded
(Fig. 13). This distinctive pattern at College Woods could be due to a greater proportion of large,
deer resistant L. maackii shrubs relative to other sites or to lower deer densities relative to other sites.
I indeed found that College Woods contained the greatest proportion of L. maackii basal area in
large rather than small shrubs, among all plots where deer had access (Table A18). As for my second
explanation, deer densities at College Woods were not drastically different than deer densities of
other sites (Table A1), making this possibility unlikely. Therefore, this interesting pattern at College
Woods is most likely due to the greater proportion of L. zaackii basal area consisting of shrubs too

tall to be browsed.

L. maackii effects
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There were no direct effects of L. maackii on richness, density, or basal area of seedlings,
shrubs, or vines after 11 years of L. maackii removal (Table 1), results that were contrary to other
investigations of L. maackii impacts on understory woody plants using comparative (Hutchinson and
Vankat 1997; Collier et al. 2002; Hartman and McCarthy 2008) and experimental approaches
(Gorchov and Trisel 2003; Hartman and McCarthy 2004; Runkle et al. 2007). Additionally, I found
no significant effects on seedling, shrub, or vine responses as a result of L. waackii removal, results
that were similar to those found in 2015 (Haffey and Gorchov 2019). Several studies have found
that effects of L. maackii were primarily manifest on herbaceous plants as opposed to woody plants
(e.g., Peebles-Spencer et al. 2017), while other studies that investigated L. zaackii (Collier et al. 2002)
have found impacts on woody plant responses, making my results of no direct impacts notable.
However, I did find that the presence of L. maackii resulted in a weak positive effect on understory
tree basal area growth from 2015 to 2021 (Fig. 11, Table 1). This result was surprising, as I expected
that the presence of L. maackii would result in decreased basal area of woody vegetation via
competitive effects. These results contradicted those of Hartman and McCarthy (2007), who found
that the presence of L. maackii reduced the overall rate of basal area growth of large trees. This weak
positive effect on understory tree BA occurred only where deer had access (Fig. 11) and may have
been due to L. maackii acting as a bartier to deer (Gorchov and Trisel 2003), as the presence of the
larger L. maackii shrubs that had not been removed may have made the understory trees less
susceptible to deer herbivory. It was also possible that deer preferred to browse small L. zaackii
shrubs (Fig. 14) instead of the twigs and leaves of understory trees which would have been taller and

more difficult to reach.

Although cover, as quantified by the GLAMA app, near the forest floor was slightly lower in
half-plots where L. maackzi had been removed, there was not a significant effect of the removal
treatment. These results suggest that the removal of L. zaackii alone would not result in impactful
reductions in cover values at a height of 0.3 m above ground. Utilizing my measures of cover as a
proxy to determine light availability at 0.3 m above ground, I infer that the removal of L. zaackii had
no impact on light availability at my specified height. My finding of no L. maackii removal effects on
light availability contradicts that of Owings et al. (2017), who found that the removal of L. waackii
resulted in greater levels of photosynthetically active radiation (PAR) at ~1 m above ground. Chen
and Matter (2018) also found that L. maackii impacted light, as they found reduced light levels at 1 m

above ground where L. maackii was present relative to native understory vegetation. However, they
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found no effect of L. maackii on light relative to native vegetation at ground level, providing
evidence that measured height (ground level vs 1 m above ground) influences light levels
measurements. These differing results between these studies and mine of .. maackii light impacts
may be due difference in height of measurements (0.3 m compared to 1 m above ground).
Differences in L. maackii abundance among sites may also explain these differences. The density of
L. maackii shrubs >1 m in height at Owings et al.’s (2017) study sites ranged from 0.08 to 0.31
shrubs/m” (mean 0.17 (shrubs/m?) was lower than the density of L. maackii shrubs >1 m in height
at my sites (range 0.09 to 0.52; mean 0.33 (shrubs/m?) (Table A18) (Chen and Matter (2018)
provides no data on L. waackii abundance). Another possible explanation may involve my use of
cover as a proxy for light while Owings et al. (2017) and Chen and Matter (2018) both measured
light availability directly. Lonicera maackzi may have a significant impact on light due to the shrub
directly blocking incoming rays from being detected by the measuring device, whereas it can have no
impact on percent forest floor cover if the sky is already being blocked by vegetation in the
understory and canopy layers. This is most likely occurred at my site as evidenced by the high

percent canopy cover at my sites at 2 m above ground (Table A3).

Although I did not find cover at 0.3 m above ground to be impacted by L. waackii, it was
negatively impacted by deer (Fig. 16, Table 1). My result of lower forest floor cover where deer had
access was similar to the finding of Walters et al. (2016), who noted that light availability for
seedlings at 0.2 m above ground was greater where deer had access than where deer were excluded.
They suspected that browsing of Sambucus shrubs by deer contributed to this increased light
penetration, as Sambucus shrub density was greater where deer were excluded. My finding was also
similar to the findings of Heberling et al. (2017), who reported greater light availability in plots

where deer had access compared where they had been fenced off.
Deer and L. maackii Interactions

The synergistic pattern I found for tree seedling richness and density, as well as for total vine
density, where values were highest where deer were excluded and L. maackii was removed, was in
line with what was reported in the review by Gorchov et al. (2021), which found that this synergy
was the most common type of interaction between deer and invasive plant effects. In my study, this
synergy was most likely due to herbivory by deer on L. maackii, reducing its cover and therefore
mitigating its negative competitive effects on seedlings and vines. I found evidence that deer actively

suppressed L. maackii growth, as BA of small L. maackii shrubs was significantly lower where deer
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had access than where deer were excluded (Figs. 12, 14). In addition to deer mitigating the effects of
L. maactkir, there have been studies that have found that L. zaackii mitigated the negative effects of
deer. Specifically, L. maackii had positive impacts on tree seedlings (facilitation) where deer were
present by conferring protection from deer herbivory. Gorchov and Trisel (2003), while studying L.
maackii impacts on A. saccharum seedlings, found greater seedling mass where L. maackii was present.
Additionally, in a one-year study, Peebles-Spencer and Gorchov (2017) found that A. saccharum
seedlings planted under L. maackii shrubs where deer had access resulted in greater survival as well
as leaf count, I found no evidence of this positive interaction between L. zaackii and seedlings in my
study, as seedling responses and vine density were not greater where L. maackii was present

compared to where L. zaackii was removed in plots where deer had access.

My results of greatest native tree seedling richness and density where deer were excluded and L.
maackii was removed (Figs. 3, 4) were notable, as Haffey and Gorchov (2019) found no significant
interaction effect on these responses in 2015, suggesting that interaction effects grew stronger as
time since deer exclusion and L. waackii removal increased. These findings suggest that forests in the
MU Natural Areas would require at least 6 years of both deer exclusion and L. maackii removal to
experience increases in these seedling responses. This delayed response of seedlings was likely due to
slow, gradual changes in seedling responses to an environment without constant deer browse
pressure as well as competitive and allelopathic effects of L. maackii (Cipollini and Flint 2013).
Tanentzap et al. (2011) noted that consumption of biomass by deer relative to plant growth rates as
well as reductions in seed abundance can influence the time required for vegetation to respond to a

release from herbivory.

Of all tree seedling species that were indicative of the deer exclusion and L. #aackii removal
treatment combination (Table 4), only Q. rubra was of high deer browse preference (Koon 2022),
with other seedling species being of low or moderate deer browse preference (Table A4). This
surprised me, as I expected that low or moderate preference seedlings would be indicative of
treatments where deer had access. Additionally, I found that U. rubra (moderate deer preference) was
indicative of treatment combinations where deer were excluded and L. zaackii was present or absent
(Table 4), indicating that it was sensitive to deer browse and was unaffected by the presence of L.
maackii. The native vine S. Zamnoides was indicative of all treatment combinations except for where
deer had access and L. mwaackii was removed (Table 4), suggesting that this vine was sensitive to deer

browse and was more vulnerable to browse due to the lack of L. maackii (Table A19). It should be
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noted that Fraxinus americana seedlings were not listed as an indicator species for any treatment

combination as it was the most abundant seedling across all study plots.
Tree seedling composition

My findings on the species composition of tree seedlings provide evidence for regeneration
mismatch, where current overstory tree composition differs from the juvenile composition (Miller
and McGill (2019). Given the dominance of A. saccharum in the canopy (256 stems, 61.5% of all tress
measured) (Table A2) and the low abundance of A. saccharum seedlings in all treatment combinations
(70 seedlings, 3.28% of all seedlings measured) (Table A4), the Miami University Natural Areas are
experiencing regeneration mismatch in all plots. This difference in composition between the
overstory and understory layers and the seedling layer are a direct result of deer herbivory and a

combination of deer and L. maackii interactions.

Out of the four most common seedlings present across all plots (F. americana, F. guadrangnlata,
A. triloba, P. serotina; Table A4), the two Fraxinus species will be unable to recruit into the overstory
canopy due to the presence of the invasive emerald ash borer (EAB), an invasive insect introduced
from Asia into the United States circa 2002 (Cappaert et al. 2005). After an adult EAB lays her eggs
inside the bark of an ash tree, the larvae begin feeding on the xylem, girdling the tree until its
eventual death (Poland et al. 2000). Fraxinus trees are highly susceptible to EAB attacks, with 99% of

trees with 2.5 cm diameter experiencing mortality (Klooster et al. 2013).

Out of the most abundant seedling species, only P. serotina is capable of recruiting into the
canopy as it is not susceptible to EAB and is able to grow tall enough, unlike the fourth most
abundant species, Asimina triloba. Prunus serotina tree seedlings were also not highly preferred by deer
as noted by Koon (2022). It should be noted, however, that the majority (99.6%) of all P. serotina
seedlings identified in my study plots were found where both deer were excluded and L. maackii was
removed (Table A4), indicating that P. serotina seedlings had low survivorship in plots where deer
had access or where L. maackii was present, perhaps due to its low shade tolerance (Table A4).
Because of this, I only expect P. serotina will become abundant in the overstory at my site where deer
are excluded and L. maackii is removed, and to a lesser extent, where deer are excluded and L.
maackii is present. I found only one P. serotina understory tree across all my study plots, suggesting
that P. serotina seedlings did not successfully recruit into the understory layer due to high shade. If L.

maackii alone were to be appropriately managed at my site, I would ultimately expect species with
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low shade tolerance, such as P. serotina and Carya cordiformis (Table A4) to successfully recruit into the
canopy layer. If only deer were managed, it would be expected that there would be greater
abundances of highly and moderately preferred species, such as A. saccharum and Quercus species
(Table A4). If they are both managed appropriately, it would be expected that the forest would
regenerate successfully with no regeneration mismatch, with .A. saccharum, Carya cordiformis, and

Quercus species successfully recruiting into the canopy.
VI. MANAGEMENT IMPLICATIONS

Based on my findings, I recommend that both deer and L. maackii be controlled simultaneously
in order to achieve greater native tree seedling richness and density. However, given that high costs
associated with the various methods of deer and L. zaackii control (hunting deer, cutting and
treating shrub with pesticide), if the control of only one stressor is feasible, I recommend controlling
deer as they directly negatively impacted several growth forms (seedlings, shrubs, vines) in my study,
whereas L. maackii had no significant impacts. If cost is not a concern, I have shown that the

management of both deer and L. maacki; will result in the greatest benefit for tree seedlings.

If resources allow, I also recommend that more invasive understory plants be controlled. The
control of both deer and L. waackii would likely result in greater abundances of E. alatus, an invasive
shrub that has negative impacts on forest floor plants (Swearingen et al. 2010), as this shrub was
indicative of the deer exclusion and L. maackii removal treatment. The most common invasive shrub
in my plots, Ligustrum obtusifolinm, was not an indicator species for any of my treatment
combinations, but it should still be controlled if resources allow due to its negative, competitive

impacts on tree seedlings and herbs (Maynard-Bean et al. 2019).
VII. CONCLUSIONS

Given that my study utilized a small number of 20 x 20 m study plots (n=5) localized to a
general area, I am cautious in applying my results to larger forested areas. However, my study makes
clear that at least 6 years of both the exclusion of deer and the removal of L. maackii are required for
tree seedling densities in the MU Natural Areas to reach and pass the threshold of 0.25 seedlings/m?
estimated by Miller and McGill (2019) for successful forest regeneration. My study also makes clear
that both stressors have caused regeneration failure as well as regeneration mismatch in the MU
Natural Areas. Additionally, my finding of deer impacting the growth of L. #aack:i builds on

Peebles-Spencer et al’s (2018) findings and provides evidence that the effects of L. maackii on woody
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plants can be mitigated by deer. My study involved the complete exclusion of deer, which is not a
realistic, practicable possibility in most forests. To better understand interactive impacts of realistic
densities of deer and invasive plants, future studies should utilize other methods such as deer
enclosures that include a certain density of deer or experiments that utilize variable deer densities in

forests (Tilghman 1989; Horsley et al. 2003).
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Table 1: P-values from nested split-plot two-way ANOV As of richness, density (growth form/m?), and basal area (cm®) of understory
woody vegetation in half plots subjected to a combination of deer treatments (access, exclosure) and L. zaackii treatments (present,
absent) in summer 2021. Additionally, P-va/ues from nested split-plot two-way ANOVA of cover at 0.3 m above ground in half plots
subjected to same deer and L. waackii treatments in summer-fall 2021. P-values from split-plot two-way ANOVA of L. maackii recruit
counts subjected to the same deer and L. maackii treatments are included. Bold and shaded indicates P<0.05, shaded only indicates
P<0.10. Appendix contains statistics for each ANOVA.

Deer treatment L. maackii treatment Interaction
Richness seedlings 0.0003 0.6840 0.0210
total shrubs 0.0206 0.4812 0.1558
native shrubs 0.3011 0.6180 0.8961
non-native shrubs 0.0356 0.7411 0.0799
change in understory trees 0.0440 0.3630 0.5170
Density (vegetation/m?) seedlings 0.0062 0.6815 0.0472
total shrubs 0.1420 0.3860 0.9180
native shrubs 0.5835 0.1874 0.8738
non-native shrubs 0.1510 0.7230 0.8830
change in understory trees 0.7360 0.4140 0.6230
total vines 0.1198 0.8381 0.0178
native vines 0.0538 0.7160 0.0545
non-native vines 0.3030 1.0000 0.0917
L. maackii recruits 0.2104 0.2599 0.0542
Basal area (cm’) seedlings 0.0709 0.6599 0.0757
total shrubs 0.0623 0.8837 0.1541
native shrubs 0.9701 0.3292 0.6043
non-native shrubs 0.0602 0.9853 0.1042
change in understory trees 0.5370 0.0660 0.1570
total vines 0.2948 0.8223 0.0718
native vines 0.2677 0.7891 0.9195
non-native vines 0.9550 0.9930 0.1240
Cover 0.3 m above ground 0.0148 0.2980 0.8338
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Table 2: P-values from linear mixed models with site as the random effect of basal area of small L.
maackii shrubs, large L. maackii shrubs, and total L. maackii shrubs subjected to a combination of
deer (access, exclosure) treatments in summer 2021. Bold and shaded indicates P<0.05, shaded only
indicates P<0.10

Deer Treatment

Basal area (cm?) L. maackii small 0.0124
L. maackii large 0.8756
L. maackii total 0.0339
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Table 3: Mean modified percent forest floor cover index values (%) for 2021
in half-plots where deer had access or were excluded and Lonicera maackii was
present or absent. Photographs were taken at 0.3m above ground. See Fig.
25 for photograph locations within half-plots. Values for Western Woods
were not used for analysis because L. maackii was inadvertently cut in the
Access/Present treatment.

Mean Modified Percent Cover Index (%)

Exclosure Access

Site Present Absent Present Absent

Reinhart 94.1 92.6 90.1 89.6
Western 90.2 88.6 85.8 87.2
Kramer 87.4 87.7 84.4 82.2
Bachelor 88.4 87.1 87.1 82.3
College 84.0 82.9 80.6 83.4
Mean 88.2 87.8 85.6 84.9
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Table 4: Results of indicator species analysis. P-values of seedlings, shrubs (indicated by *), and vines
(indicated by **) that are indicative of certain treatment combinations. Only reporting species where
P<0.05. Indicator values measure the statistical significance of species abundance and any relationship to a
treatment(s), with a higher indicator value suggesting greater significance.

Indicator Species Indicator of Indicator P-value
Value
Prunus serotina deer excluded, L. 7aackii removed 0.949  0.0002
Carya cordiformis deer excluded, L. maackii removed 0.886  0.0016
*Euonymus alatus deer excluded, L. maackii removed 0.931  0.0091
Cercis canadensis deer excluded, 1.. maackii removed 0.846 0.0108
**Parthenocissus quinquefolia  deer excluded, L. maackii removed 0.829  0.0182
Quercus rubra deer excluded, L. maackii removed 0.775  0.0342
Ults rubra deer excluded, L.. maackii removed + 0.770 0.0452

deer excluded, L. 7aackii present

deer excluded, L. maackii removed +
**Smilax tannoides deer excluded, L. maackii present + 0912 0.0494
deer access, L. maackii present
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Legend 5m

e K|

* 03m _ 20m $m

10m
< » -
3 :
»Q =i >
5m N 5mr ? = H
im— "GJ
3 S
] g
g - ’ 10m R
~+ + >

Figure 1: Diagram showing where canopy cover photographs were
taken inside and around exterior of each 20 x 20 m plot at each site in
2021. Shaded stars represent photographs taken 0.3 m above ground
and non-shaded stars represent photographs taken 2 m above ground.
Non-shaded stars with shaded stars within them represent photographs
taken at 0.3 m and 2 m above ground.
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Figure 2: Mean modified canopy cover index values vs. basal area (m®/ha) of trees taller

than 2 m with DBH>10 cm for 2021. Canopy photographs and tree measurements were
collected from 40-by-40 m plots at each site.
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Figure 3: Interaction plots of species richness of native tree seedlings for 2015 and 2021
in half-plots where deer had access or were excluded and where L. mwaackii was present or
absent. For each treatment combination, mean X (SE) of the five sites is plotted. Data
from 2015 are from Haffey and Gorchov (2019).
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Figure 4: Interaction plots of density (seedlings/m?) of native tree seedlings for 2015 and
2021 in half-plots where deer had access or were excluded and where L. waackii was
present or absent. For each treatment combination, mean * (SE) of the five sites is
plotted. Data from 2015 are from Haffey and Gorchov (2019).
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Figure 5: Interaction plots of basal area (cm?) of native tree seedlings for 2015 and 2021
in half-plots where deer had access or were excluded and where L. maackii was present or
absent. For each treatment combination, mean F (SE) of the five sites is plotted. Data
from 2015 are from Haffey and Gorchov (2019).
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Figure 6: Interaction plots of species richness of all shrubs for 2015 and 2021 in half-
plots where deer had access or were excluded and where L. maackii was present or
absent. For each treatment combination, mean  (SE) of the five sites is plotted. Data
from 2015 are from Haffey and Gorchov (2019).
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Figure 7: Interaction plots of species richness of non-native shrubs for 2015 and 2021 in
half-plots where deer had access or were excluded and where L. maackii was present or
absent. For each treatment combination, mean * (SE) of the five sites is plotted. Data
from 2015 are from Haffey and Gorchov (2019).
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Figure 8: Interaction plot of density (vines/m?) of all vines for 2021 in half-plots where
deer had access or were excluded and where L. waackii was present or absent. For each
treatment combination, mean * (SE) of the five sites is plotted.
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Figure 9: Interaction plot of density (vines/m?) of native vines for 2021 in half-plots
where deer had access or were excluded and where L. maackii was present or absent. For
each treatment combination, mean * (SE) of the five sites is plotted.
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Figure 10: Interaction plot of change in richness of understory trees from 2015 to 2021
in half-plots where deer had access or were excluded and where L. maackii was present
or absent. For each treatment combination, mean * (SE) of the five sites is plotted.
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Figure 11: Interaction plot of change in basal area (cm®) of understory trees from 2015 to
2021 in half-plots where deer had access or were excluded and where L. waackii was
present or absent. For each treatment combination, mean * (SE) of the five sites is

plotted.
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Figure 12: Plot of mean basal area (cm?) of Lonicera maackii for 2010, 2015, and 2021 in
half-plots where deer had access or were excluded and L. 7zaackii was not removed. For

each treatment combination, mean & (SE) of the five sites is plotted.
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Figure 13: Plot of mean basal atea (cm?) of Lonicera maackii for 2010, 2015, and 2021 in

half-plots at all sites where deer had access or were excluded and L. mwaackii was not

removed. Data from 2010 are from Peebles-Spencer and Gorchov (2016). Data from 2015
are from Haffey and Gorchov (2019).
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Figure 14: Mean (+SE) basal area (cm?) of small L. maackii shrubs in 2010, 2015 and 2021
(shrubs with largest stem of basal diameter between 3-29 mm) in plots where L. maackii

was left intact and where deer were excluded or had access. Data from 2015 Peebles-
Spencer et al. (2018) and Haffey and Gorchov (2019).
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Figure 15: Interaction plot of L. maackii recruit count in 2021 (shrubs with largest stem
basal diameter < 2 mm) in half-plots where L. zaackii was removed or left intact and
where deer were excluded or had access.
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Figure 16: Interaction plot of mean modified percent forest floor cover index values
from photographs taken in 2021 in half-plots at 0.3 m above ground where deer had
access or were excluded and where Lonicera maackii was present or absent. Canopy
photographs were taken every 4 m across two transects set 3.3m apart in each 10 x 20 m
half-plot. Data from Western Woods was excluded as L. #aackii was mistakenly removed
in L. maackii present half-plots. For each treatment combination, mean * (SE) of the five
sites is plotted. See Fig. 1 for photograph locations within half-plots.
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XI. APPENDIX
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Figure Al: Projected plant response responses (abundance,
richness, etc.) based on potential (top) additive effects of deer
exclusion and L. maackii removal, (middle) direct deer effects and
(bottom) sub-additive effect of deer access and L. maackii presence
= (synergistic interactive effect of deer exclusion and L. waackii
removal) (Peebles-Spencer et al. 2017).
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Figure A2: Frequency of shade tolerance values of tree species with seedlings across all study
plots. Shade tolerance values were from Niinemets and Valladares (2006). This shade
tolerance distribution was utilized to determine thresholds for shade tolerance classes for our
study. Shade tolerance categories for seedlings were classified as high (>3.75), medium
(2.75<x<3.75), and low (<2.75).
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Table Al: Estimated white-tailed deer densities at five sites within the Miami University Natural
Areas for summer and winter 2014 and spring and summer 2018 from Barret 2014 and Peterson
2018. Estimates were made using pellet-group distance sampling via transects.

Site Location

2014

2017

Summer
Estimated
Densities (deer

km™)

km™)

km™)

Winter Estimated ~ Spring Estimated

Densities (deer Densities (deer

Summer
Estimated
Densities (deer

km™)

College Woods

Western Woods
Bachelor
Preserve
Reinhart
Preserve

Kramer Preserve

11.3
12.1

13.0

9.6
9.9

6.8
258

13.7

30.0
7.3

8.0
13.6

18.2

7.9
6.00

5.0
8.8

9.5

7.8
4.2
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Table A2: Canopy tree composition for deer exclosure and control treatments across five sites in the Miami

University Natural Areas. All canopy tree composition was recorded within the temporary 40 x 40 m plots
established based on the center of each already established 20 x 20 m deer plots (Peebles-Spencer et al. 2017).
All stems were taller than 2 m with DBH>10 cm. Basal area (BA) in cm’ per 1600m” plot are included.

Bachelor Control ~ Bachelor Exclosure  College Control College Exclosure Western Control ~ Western Exclosure  Kramer Control ~ Kramer Exclosure  Reinhart Control ~ Reinhart Exclosure
Tree Species Stems  BAcm”™2  Stems BAcm®™2 Stems BAcm®™2 Stems BAcm®™2 Stems BAcm®™2 Stems BAcocm®™2 Stems BAcocm®2 Stems BAcm®™2  Stems BA cm®™2  Stems  BA cm®2
Acer saccharum 23 4763 30 8029 14 7000 16 8998 46 15367 44 21497 24 15579 17 13228 11 1463 31 14373
Quercus alba 4 2213 6 7237 5 5778 2 1455 - - 1 1590 - - 1 4963 - -
Carya cordiformis 4 4673 4 5853 1 254 1 292 1 373 - 1 892 - - 1 272 2 1315
Owercus mueblenbergii 2 695 7 9270 1 1158 1 1378 - 3 6589 1 2552 - -
lerm rubra 2 513 3 10191 10234 2 5509 - - - - 1 5027 1 1878 - 5 6084
Ostrya virginiana - - 2 343 - - - 1 181 2 333 4 1898 4 376
Juglans nigra - - - - 1 572 1 1647 2 1423 7 5715
Liriodendron tulipifera - - - - - 7 11540 3 5714
Carya glabra 1 78 5 7168 - 1 463 1 572 - - - 1 1176 -
Acer nigrum - 1 678 1 1562 1 526 - - 1 222 3 908
Prunus serotina - 2 409 - - - 1 2660 3 1243 1 1225
Acer platanoides - 2 251 1 660 - 2 845 - - -
Carpinus caroliniana - - 1 213 2 223 - - - 2 164 -
Celtis occidentalis 2 434 1 81 - - 1 814 - - - - - 1 471 -
Ulmus rubra 1 243 2 743 - - 1 320 - 1 133 - -
Fagus grandifolia - 1 213 1 143 - - 2 1160 - -
Aesculus glabra 1 678 - - - - 2 504 - -
Platanus occidentalis - - 1 1359 - - - - - - - 2 1350
Carya tomentosa - - 2 1216 - - - - -
Ouercus coccinea 1 12271 - 1 3653 - - - - -
Ouercus bicolor - 1 390 - - - - - - - - -
Carya ovata - 1 397 - - - - -
Ouercus imbricaria - - 1 1256 - - - N N
Fraxinus nigra - - - 1 804 - - R R
Populus deltoides - - - - - - - 1 1626 - -
Acer negundo - - - - - 1 79 -
Cormus spp. - - - - - - - 1 80
Acer rubrum - - - - - - - 1 141
Total 41 26561 55 40314 35 35657 30 26708 52 21690 53 26871 35 33926 23 18346 33 23953 59 36056
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Table A3: Basal area (BA) of large trees (DBH>10cm) and canopy cover inside each 40 x 40
m plot created from the center of every 20 x 20 m treatment plot. BA in cm® per 1600m? plot
and BA in m*/hectare are included. Mean modified canopy cover index values (%) for each

40x40m plot were based on 9 photographs taken 2 m above ground in each plot. See Fig. 1

for photograph locations for plots.

Site Deer BA (cm?) BA (m*/ha) Mean ModifiedCaCo (%)
Bachelor Access 26688 16.7 85.5
Bachelor Exclosure 40322 252 85.5
College Access 35664 223 82.4
College Exclosure 26744 16.7 83.6
Kramer Access 33929 21.2 84.8
Kramer Exclosure 18258 114 87.9
Reinhart Access 23952 15.0 92.1
Reinhart Exclosure 36033 22.5 91.8
Western Access 21703 13.6 89.2
Western Exclosure 26875 16.8 88.3
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Table A4: Native tree seedling species across all sites and deer treatments (exclosure or control) and L. maackii treatments (present or

absent) in the Miami University Natural Areas. Includes all trees measured in the 20 x 20 m plots were between 0.3 to 2 m tall. Deer

palatability classes are represented by N=No preference, L=Low, M=Moderate, and H=High based on Koon (2022). Shade tolerance

classes are represented by L=Low, M=Medium, and H=High based on Niinemets and Valladares (2006) and Figure A2.

Deer Palatability Class M L M N M M M L L M L M M N H H H M M M H M H L H H L L
Shade Tolerance Class L L L H M H H L M H L M M M L M H L H M L L L L M H L H
‘3 =2 H
R s § §: 4§ F 3 3 ¥ % & 3 3 : £ 3
BN EEEE N R A
EEEEEE R EEE R R
' : § by g = = 3 2 g 3 : 3 g ' 3 3
e e tmem & & & 5 8 ¥ FFESEEIIIL S EYIIES RS
Bachelor Control Absent 218 2 8 - - 1 12 6 1 - - - - 1 - 1 - - - 1 - - -
College Control Absent 19 2 7 - - - - - 1 - - - - - - - 1 - -
Reinhart Control Absent 9 2 - - 3 1 - - - - - - - - - -
Western Control Absent 5 - - - - 3 - - - - - 2 - - - - - - - - - -
Kramer Control Absent - - - - 1 - - - - - - - - - - - - - - - - -
Bachelor Control Present - 2 1 - - 66 5 - - - - - - 1 - - - - - - - - -
College Control Present 41 - 2 - - - 1 - - - - - - - - - -
Reinhart Control Present 18 - 3 - - 3 - 11 4 - - 3 - - - - - - - - 1 - - -
Western Control Present 4 - 1 - - 1 - 1 1 - 1 - - 1 - - - - - - - - - - -
Kramer Control Present 2 - - 1 - - - - - - - - - - - - - - -
Bachelor Exclosure Absent 221 306 52 - - 26 1 15 2 - 7 1 10 - - 7 - 3 1 - 2 2 - 1 -
College Exclosure Absent 113 34 81 8 - 23 4 - 1 7 8 - - 1 - 5 - 2 4 1 - - - -
Reinhart Exclosure Absent 9 17 - 34 20 8 - 2 20 4 4 1 7 - - - - - - - - - - -
Western Exclosure Absent 17 49 7 - 19 2 1 - 3 4 - - 5 - 2 - 3 - - - - - - 1
Kramer Exclosure Absent 120 62 3 - 7 1 3 1 - 1 - - - 1 - 1 1 - - - - -
Bachelor Exclosure Present - 26 10 — - 3 - 16 - - 3 - - - - _ _ _ _ - _ _ ~
College Exclosure Present 9 13 4 - - 1 - - - - - 1 - - - - - - - - - - - - - -
Reinhart Exclosure Present 5 - 1 54 6 - - 1 9 2 - - - - - - - - - - - 1 - - -
Western Exclosure Present 9 7 2 - 24 2 - - 2 - - - - - - 1 2 1 - - 1
Kramer Exclosure Present 21 2 - - 2 - - - - - - - - - 1 - - - - - - - - - - -
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Table A5: Seedling response variables across all sites and deer treatments (exclosure or
control) and L. maackii treatments (present or absent) in the Miami University Natural Areas.
Includes basal area (cm?) (BA), density (seedlings/m?), species richness, and abundance. All
seedlings measured in the 20 x 20 m plots were between 0.3 to 2 m tall.

Site Deer Lonicera BA Density Richness Abundance
Bachelor Exclosure Present 18.2 0.29 5 58
Bachelor Exclosure  Absent 168.3 3.26 15 657
Bachelor Control Present 13.7 0.38 5 75
Bachelor Control Absent 73.7 1.26 10 251
College  Exclosure  Present 4.7 0.14 5 28
College  Exclosure  Absent 85.8 1.46 13 291
College  Control Present 15.2 0.22 3 44
College  Control Absent 13.4 0.16 6 32
Reinhart Exclosute Present 23.1 0.42 9 83
Reinhart Exclosure  Absent 31.6 0.65 11 129
Reinhart  Control Present 116.3 0.22 7 43
Reinhart  Control Absent 4.6 0.12 6 24
Western Exclosure  Present 10.7 0.26 10 51
Western Exclosure  Absent 22.6 0.57 12 113
Western Control Present 12.3 0.1 7 20
Western  Control Absent 1.9 0.05 3 10
Kramer Exclosure Present 5.5 0.13 4 26
Kramer Exclosure Absent 40.6 1.02 12 203
Kramer  Control Present 0.5 0.02 2 3
Kramer Control Absent 8.2 0.02 2 4
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Table A6: Total shrub response variables across all sites and deer treatments (exclosure or
control) and L. mwaackii treatments (present or absent) in the Miami University Natural Areas
(excluding I.. maackii). Includes basal area (cm®) (BA), density (shrubs/m?), species richness,
and abundance. All shrubs measured in the 20-by20 m plots were taller than 0.3 m. Stems of
species within 10 cm of each other were counted as being from the same individual shrub.

Site Deer Lonicera BA Density  Richness Abundance
Bachelor Exclosure Present 8.6 0.13 3 26
Bachelor Exclosure Absent 67.4 0.11 5 22
Bachelor Control Present 9.2 0.06 2 11
Bachelor Control Absent 1.7 0.05 4 9
College  Exclosure Present 2.9 0.06 3 11
College  Exclosure Absent 107.9 0.68 6 136
College  Control Present 5.8 0.09 3 17
College  Control Absent 23.1 0.38 6 76
Reinhart Exclosure Present 258.1 1.63 7 326
Reinhart Exclosure Absent 292.1 1.28 9 255
Reinhart Control Present 55.6 0.35 9 69
Reinhart  Control Absent 53.5 0.57 6 114
Western Exclosure Present 5.2 0.05 4 10
Western Exclosure Absent 38.4 0.18 5 36
Western  Control Present 0.1 0.01 2 2
Western  Control Absent 0.3 0.02 2 3
Kramer Exclosure Present 96.4 0.44 6 87
Kramer Exclosure Absent 60 0.52 10 103
Kramer  Control Present 15.2 0.09 4 17
Kramer  Control Absent 19.7 0.12 5 24
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Table A7: Native shrub response variables across all sites and deer treatments (exclosure or
control) and L. mwaackii treatments (present or absent) in the Miami University Natural Areas.
Includes basal area (cm?) (BA), density (shrubs/m?), species richness, and abundance. See
Table A6 for ‘shrub’ criteria.

Site Deer Lonicera BA Density Richness Abundance
Bachelor Exclosure Present 7.6 0.11 2 23
Bachelor Exclosure Absent 0.4 0.01 1 1
Bachelor Control Present 1.5 0.01 1 2
Bachelor Control ~ Absent 0.4 0.02 1 4
College  Exclosure Present 0.4 0.01 1 2
College  Exclosure Absent 11.9 0.16 1 32
College  Control Present 0 0 0 0
College  Control Absent 8.3 0.27 2 54
Reinhart Exclosure Present 1.1 0.05 2 10
Reinhart Exclosure Absent 8.1 0.22 4 44
Reinhart  Control Present 0.6 0.02 3 4
Reinhart Control Absent 0.5 0.02 2 3
Western Exclosure Present 2.4 0.02 2 4
Western Exclosure Absent 0.4 0.01 1 1
Western  Control Present 0 0.01 1 1
Western Control Absent 0 0 0 0
Kramer Exclosure Present 14.4 0.07 4 13
Kramer Exclosure Absent 8.6 0.16 7 32
Kramer  Control Present 13 0.05 2 10
Kramer  Control Absent 19.7 0.12 4 23
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Table A8: Number of native and non-native shrub species across all sites and deer treatments (exclosure or control) and L. maackii

treatments (present or absent) in the Miami University Natural Areas. See Table A6 for ‘shrub’ criteria. For L. maackiz only the number of
recruits (basal diameter of the largest stem < 2 mm; Peebles-Spencer et al. 2018) is reported in all plots for all treatments.

Native Non-native

Q N o N

37 fge2ififosdaI®agfand
Site Deer Lonicera H
Bachelor Control Absent - 4 - - - - - - - - - 1 1 7 3 - - - - -
College  Control  Absent 2 52 - - - - - - - - - - 516 - 2 2 2 -
Reinhart  Control Absent 1 - - 2 - - - - - - - 88 3 7 9 - 10 - -
Western  Control Absent - - - - - - - - - - - 2 - 21 1 - - - - -
Kramer  Control Absent 1 10 11 - 1 - - - - - - 1 - 5 - - - - - -
Bachelor Control Present - - - 2 - - - - - - - 9 -0 - - - - - -
College  Control  Present - - - - - - - - - - - 132 3 2 - - - - -
Reinhart  Control Present 2 - - 1 - - - - - - 1 42 2 10 5 9 3 - - 2
Western  Control Present 1 1 - - - - - - - - - - - 19 - - - - - -
Kramer  Control Present - 1 9 - - - - - - - - 5 -0 2 - - - - -
Bachelor Exclosure Absent - - - - - 1 - - - - -1 5 5 - - 1 - - -
College  Exclosure Absent 32 - - - - - - - - - - 32 63 9 4 - 2 - 2 -
Reinhart Exclosure Absent - - - 18 22 -3 - - - - 164 3 3 15 13 1 - - -
Western  Exclosure Absent 1 - - - - - - - - - - 15 16 8 - - 1 - - -
Kramer Exclosure Absent 14 5 4 - 2 1 - - 2 - - - 63 2 4 - - 7 1 -
Bachelor Exclosure Present 10 - - - - 13 - - - - - 3 - 2 - - - - - -
College  Exclosure Present 2 - - - - - - - - - - 1 8 1 - - - - - -
Reinhart Exclosure Present 4 - - 5 1 - - - - - - 292 2 3 10 7 1 - - -
Western Exclosure Present - - - - - 1 - 3 - - - 3 3 3 - - - - - -
Kramer Exclosure Present 5 - 6 - 1 - - - - 1 - 068 2 0 - - - - - -
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Table A9: Non-native shrub (excluding L. zaackii) response variables across all sites and deer
treatments (exclosure or control) and L. maackii treatments (present or absent) in the Miami
University Natural Areas. Includes basal area (cm?®) (BA), density (shrubs/m?), species
richness, and abundance. See Table A6 for ‘shrub’ criteria.

Site Deer Lonicera BA Density Richness Abundance
Bachelor Exclosure Present 1 0.02 1 3
Bachelor Exclosure Absent 67 0.1 4 21
Bachelor Control Present 7.7 0.05 1 9
Bachelor Control Absent 1.2 0.03 3 5
College  Exclosure Present 2.5 0.05 2 9
College  Exclosure Absent 96 0.52 5 104
College  Control  Present 5.8 0.09 3 17
College  Control Absent 14.8 0.11 4 22
Reinhart Exclosure Present 257 1.58 5 316
Reinhart Exclosure Absent 284 1.06 5 211
Reinhart Control Present 55 0.33 6 65
Reinhart  Control Absent 53 0.56 4 111
Western Exclosure Present 2.75 0.03 2 6
Western Exclosure Absent 38 0.18 4 35
Western Control Present 0.1 0.01 1 1
Western  Control Absent 0.4 0.02 2 3
Kramer Exclosure Present 82 0.37 2 74
Kramer Exclosure Absent 514 0.36 3 71
Kramer  Control Present 2.2 0.04 2 7
Kramer Control Absent 0 0.01 1 1
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Table A10: Total vine response variables across all sites and deer treatments (exclosure or
control) and L. maackii treatments (present or absent) in the Miami University Natural Areas.
Includes basal area (cm?) (BA), density (vines/m?), species richness, and abundance. All vines
measured in the 20 x 20 m plots were taller than 0.3 m.

Site Deer Lonicera BA Density Richness Abundance
Bachelor Exclosure Present 1.3 0.03 2 6
Bachelor Exclosure Absent 3.8 0.24 4 48
Bachelor Control Present 0.7 0.05 3 9
Bachelor Control Absent 2.5 0.13 3 26
College  Exclosure Present 1 0.03 3 6
College  Exclosure Absent 5.3 0.47 5 93
College  Control Present 0.1 0.01 1 1
College  Control Absent 0 0 0 0
Reinhart Exclosure Present 0.2 0.02 3 4
Reinhart Exclosure Absent 0.8 0.07 6 13
Reinhart  Control Present 0.3 0.02 3 3
Reinhart Control Absent 0.2 0.02 2 3
Western Exclosure Present 0.4 0.03 3 5
Western Exclosure Absent 2.9 0.11 4 21
Western  Control Present 8.8 0.36 5 71
Western  Control Absent 5.8 0.23 3 46
Kramer Exclosure Present 0.2 0.01 1 2
Kramer Exclosure Absent 4.9 0.14 2 27
Kramer Control Present 0 0.01 3 2
Kramer  Control Absent 0 0 0 0
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Table Al1: Native vine response variables across all sites and deer treatments (exclosure or
control) and L. maackii treatments (present or absent) in the Miami University Natural Areas.
Includes basal area (cm®) (BA), density (vines/m?), species richness, and abundance. All vines
measured in the 20 x 20 m plots were taller than 0.3 m.

Site Deer Lonicera BA Density Richness Abundance
Bachelor Exclosure Present 1 0.01 1 2
Bachelor Exclosure Absent 0.7 0.03 2 5
Bachelor Control Present 0.6 0.03 2 5
Bachelor Control ~ Absent 0.5 0.02 2 4
College  Exclosure Present 1 0.02 2 3
College  Exclosure Absent 3.9 0.17 3 34
College  Control Present 0.1 0.01 1 1
College  Control Absent 0 0 0 0
Reinhart Exclosure Present 0.2 0.02 2 3
Reinhart Exclosure Absent 0.5 0.04 5 7
Reinhart  Control Present 0 0.01 2 1
Reinhart Control Absent 11.3 0.01 1 1
Western Exclosure Present 0.3 0.02 2 3
Western Exclosure Absent 0.1 0.02 2 3
Western  Control Present 1.9 0.08 3 16
Western Control Absent 0.7 0.05 2 10
Kramer Exclosure Present 0.2 0.01 1 2
Kramer Exclosure Absent 4.9 0.14 2 27
Kramer  Control Present 0. 0.01 3 2
Kramer  Control Absent 0 0 0 0
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Table A12: Non-native vine response variables across all sites and deer treatments (exclosure
or control) and L. maackii treatments (present or absent) in the Miami University Natural
Areas. Includes basal area (cm®) (BA), density (vines/m?), species richness, and abundance. All
vines measured in the 20 x 20 m plots were taller than 0.3 m.

Site Deer Lonicera BA Density Richness Abundance
Bachelor Exclosure Present 0.3 0.02 1 4
Bachelor Exclosure Absent 3 0.22 2 43
Bachelor Control Present 0.1 0.02 1 4
Bachelor Control Absent 2 0.11 1 22
College  Exclosure Present 0.1 0.02 1 3
College  Exclosure Absent 1.4 0.30 2 59
College  Control  Present 0 0 0 0
College  Control  Absent 0 0 0 0
Reinhart Exclosure Present 0 0.01 1 1
Reinhart Exclosure Absent 0.3 0.03 1 6
Reinhart  Control Present 0.3 0.01 1 2
Reinhart Control Absent 0.2 0.02 1 3
Western Exclosure Present 0.1 0.01 2 2
Western Exclosure Absent 2.8 0.09 5 18
Western  Control Present 6.9 0.28 2 55
Western Control Absent 5.0 0.18 1 36

Kramer Exclosure Present
Kramer  Exclosure Absent
Kramer  Control Present
Kramer  Control Absent

S O O O
S O O O
S O O O
S O O O
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Table A13: Changes from 2015 to 2021 in understory tree response variables across all sites
and deer treatments (exclosure or control) and L. maackii treatments (present or absent) in the
Miami University Natural Areas. Includes basal area (cm®) (BA), density (trees/m?), species
richness, and abundance. All understory trees measured in the 20 x 20 m plots were taller than
2 m with DBH<10 cm. Also includes trees that passed the 10 cm DBH threshold from 2015
to 2021.

Site Deer Lonicera BA Density Richness Abundance
Bachelor  Exclosure Present 43 0.01 1 1
Bachelor  Exclosure Absent 27 0.03 4 6
Bachelor  Control Present 283 0.06 -3 11
Bachelor  Control Absent 181 0.09 0 18
College Exclosure Present -18 -0.01 0 -1
College Exclosure Absent 14 0.01 1

College Control Present 6 0 -1

College Control ~ Absent 39 0.02 0

Reinhart  Exclosure Present 2 0.04 -1 7
Reinhart  Exclosure Absent 39 0.06 3 12
Reinhart  Control Present -20 -0.05 -3 -9
Reinhart  Control Absent -10 -0.05 -2 -9
Western Exclosure Present 36 -0.02 0 -3
Western  Exclosure Absent 12 0 0 0
Western Control Present 114 -0.02 0 -3
Western  Control Absent 32 -0.01 0 -1
Kramer Exclosure Present 18 -0.01 0 -2
Kramer Exclosure Absent -2 -0.02 0 -4
Kramer Control Present 83 0.01 0 1
Kramer Control Absent -14 -0.02 0 -4
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Table A14: Average seedling abundance in half-plots subjected to a combination of deer

treatments (access, exclosure) and L. zaackii treatments and grouped using palatability classes.
Seedlings were grouped using palatability classes compiled by Koon (2022).

- Deer excluded, Deer exclud“ed, Deer acces“s, Deer access, L.
Deer Palatability .. L. maackii L. maackii ..
L. maackii absent maackii present
present absent

High 5.6 0.6 1.0 0.4
Moderate 158.1 23.2 55.6 29.4
Low 104.4 13.8 5.8 6.2
No preference 9.8 10.8 1.8 1.0
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Table A15: Average seedling abundance in half-plots subjected to a combination of deer
treatments (access, exclosure) and L. zaackii treatments, grouped shade by shade tolerance
categories. Seedlings were grouped using shade tolerance values according to Niinemets and
Valladares (20006). Shade tolerance values below 2.75 were considered low; values above 2.75 but
below 3.75 were considered medium; values above 3.75 were considered high.

Deer excluded,

Deer excluded, .. Deer access, L. Deer access, L.
Shade Tolerance - L. maackii . .
L. maackii absent maackii absent maackii present
present
High 26.8 14.4 3.6 15.4
Medium 19.4 11.0 2.4 3.6
Low 231.6 23.0 58.2 18.0
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Table A16: Understory tree species (see Table A13) that were lost (-) or gained (+) that
influenced species richness from 2015 to 2021 in each site in deer (exclosure or control) and
L. maackii (present or absent) treatments in the Miami University Natural Areas. Diameter
(cm) values of trees that were lost were from 2015 and diameter of trees that were gained

were from 2021 and correspond to individual understory trees that were responsible for loss
(-) or gain (+) in richness from 2015 to 2021.
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Site Deer Lonicera < < <Y O O & Q O A S A S
Bachelor Control Absent
College Control Absent
Reinhart Control Absent - 3.1
Western Control Absent
Kramer Control Absent
Bachelor Control Present - - 3.0, 9.6
College Control Present - 0.3
Reinhart Control Present - 4.4
Western Control Present
Kramer Control Present
Bachelor Exclosure  Absent + 1.2
College Exclosure  Absent + 2.3
Reinhart Exclosure  Absent + +  + + | 2.7,23,1.7, 1.1
Western Exclosure  Absent
Kramer Exclosure  Absent
Bachelor Exclosure  Present + 3.8
College Exclosure  Present
Reinhart Exclosure  Present 0.6
Western Exclosure  Present
Kramer Exclosure  Present
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Table A17: Understory tree species across all sites and deer treatments (exclosure or control)
and L. maackii treatments (present or absent) in the Miami University Natural Areas. Includes
all understory trees measured in the 20 x 20 m plots taller than 2 m with DBH<10 cm.

S

S 2 N T ] B N = X8
Site Deer loniceran < < < § & £ 5 & §
Bachelor  Control Absent 6 31 - - - - - 1 - -
College Control Absent 12 3 - - - - -1 -
Reinhart  Control Absent 8 - - 3 - 1 - - - -
Western Control Absent 2 - - - - - - - - -
Kramer Control Absent 8 - - - - - - - - -
Bachelor  Control Present 7 21 - - - - - - - -
College Control Present 7 - 1 - 2 - - - - -
Reinhart  Control Present 18 1 - 2 - 1 1 - - -
Western Control Present 11 - - - - - - - - 1
Kramer Control Present 15 - - - - - - - - -
Bachelor  Exclosure  Absent 5 - - - - - - - - -
College Exclosure  Absent 1 - 1 - - - - - - -
Reinhart  Exclosure  Absent 4 1 4 8 - - 1 - - -
Western Exclosure  Absent 1 - - - - - - - - -
Kramer Exclosure  Absent 3 - - - - - - - - -
Bachelor  Exclosure  Present 6 3 - - - - - - - -
College Exclosure  Present 4 - - - - - - - - -
Reinhart  Exclosure  Present 6 - 18 - - - - - - -
Western Exclosure  Present 8 - - - - - - - - -
Kramer Exclosure  Present 6 - - - - - - - - -

66



Table A18: Density (shrubs/m?) of all L. maackii shrubs >1 m in height and basal area (cm?) of
small (basal diameter of largest stem between 3-29 mm), large (basal diameter of the largest
stem = 30 mm), and total L. zaackii shrubs across all deer treatment (exclosure or control)
and L. maackii presence plots in the Miami University Natural Areas. Table also includes
proportion of basal area of small and large shrubs that comprise total shrub basal area.
Includes all small and large L. 7aackii shrubs in the 20 x 20 m plots. L. maackii recruit BA was
excluded as contribution to total shrub BA was miniscule. Stems of species within 10 cm of
each other were counted as being from the same individual shrub.

Small Large Total Prop. Prop.

Site Deer Lonicera | Density BA BA BA Small Large

Bachelor Control Present 0.33 271 245 516 0.53 0.47
Bachelor Exclosure Present 0.52 564 239 803 0.70 0.30
College  Control Present 0.26 226 319 545 0.41 0.59
College  Exclosure Present 0.28 237 149 386 0.61 0.39
Kramer  Control Present 0.23 224 249 473 0.47 0.53
Kramer Exclosure Present 0.52 519 146 665 0.78 0.22
Reinhart  Control Present 0.15 137 102 239 0.57 0.43
Reinhart Exclosure Present 0.51 422 427 849 0.50 0.50
Western  Control Present 0.09 131 0 131 1.00 0.00
Western Exclosure Present 0.49 460 62.5 522 0.88 0.12
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Table A19: Number of stems of native and non-native vine species across all sites and deer
treatments (exclosure or control) and L. maackii treatments (present or absent) in the Miami

University Natural Areas. Includes all vines measured in the 20 x 20 m plots taller than 0.3 m.

Native Non-native
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Site Deer Lonicera S AN & & = 3 3 o
Bachelor Control Absent 3 1 - - - 22 - -
College Control Absent - - - - - - -
Reinhart Control Absent - - - - - 3 - -
Western Control Absent - 9 1 - - 36 - -
Kramer Control Absent - - - - - - - -
Bachelor Control Present 1 - - 1 - - - -
College Control Present 1 14 1 - - 53 2 -
Reinhart Control Present - - - - 1 2 - -
Western Control Present 1 - - - - - - -
Kramer Control Present 4 1 - - - 4 - -
Bachelor Exclosure Absent - - 1 4 - 27 16 -
College Exclosure Absent 24 6 4 - - 3 56 -
Reinhart Exclosure Absent 4 1 1 - 1 6 - -
Western Exclosure Absent 1 - 2 - - 17 - 3
Kramer Exclosure Absent 24 - 3 - - - - -
Bachelor Exclosure Present 2 - - - - - - -
College Exclosure Present 1 - 2 - - 2 - -
Reinhart Exclosure Present 3 - - - - 1 - -
Western Exclosure Present 2 - 1 - - - 3 -
Kramer Exclosure Present 2 - - - - 4 - -
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