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Browse by White-tailed Deer Decreases Cover and Growth of
the Invasive Shrub, Lonicera maackii
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ABSTRACT.—While arthropod herbivory on invasive plant species is generally low, herbivory
by generalist mammals is often high. We tested whether exclusion of white-tailed deer,
Odocoileus virginianus, increased the cover and growth of Lonicera maackii, an invasive shrub, in
forested natural areas in Ohio, U.S.A. We found leaf frequency of L. maackii in two height
ranges, 0.5–1 m and 1–1.5 m, was significantly greater where deer had been excluded for 4 y.
Furthermore, the basal area growth of these shrubs over 5 y tended to be higher, and the final
basal area of small shrubs was significantly higher, in exclosures. These findings, along with
direct evidence of deer browse from the literature, indicate deer browse on this invasive shrub
is sufficient to affect its architecture and growth, and potentially mitigate its negative effect on
native plants.

INTRODUCTION

Herbivory on many invasive nonnative plant species is low (Cappuccino and Carpenter,
2005), consistent with the Enemy Release Hypothesis (ERH; Keane and Crawley, 2002;
Colautti et al., 2004). However, native herbivores often do consume nonnative plants
(Morrison and Hay, 2011), suppressing invasion, consistent with the biotic resistance
hypothesis (BRH, Elton, 1958). While novel chemical defenses likely account for the
minimal herbivory by native arthropods (Cappuccino and Carpenter, 2005), generalist
mammalian herbivores are expected to tolerate these novel toxins by consuming a wide
variety of plants with diverse toxins (Verhoeven et al., 2009). This strategy is hypothesized
to explain the finding that native generalist vertebrates commonly suppress nonnative
plant species (Parker et al., 2006a, b; Ricciardi and Ward, 2006). However, Parker et al.’s
(2006a) review included no studies from temperate deciduous forest; therefore, the
effects of native herbivores on invasive plants in these forests are as of yet poorly
understood.

Generalist mammalian herbivores now occur at densities greater than historical levels with
negative impacts on native plant communities (Côté et al., 2004). Of particular concern in
many areas of North America plants is white-tailed deer, Odocoileus virginianus Zimmerman,
hereafter deer. Deer are notorious generalists, consuming several hundred different species
of algae, fungi, herbs, shrubs, and trees (Atwood,1941). Deer densities in many parts of the
United States are well above historical levels (McCabe and McCabe, 1997; McShea, 2012),
causing negative impacts on tree regeneration (Horsley et al., 2003, Côté et al., 2004). At even
moderate densities, deer greatly alter structure and composition of forests (Rooney, 2009;
Bradshaw and Waller, 2016; Russell et al., 2017). At densities as low as 3–10 deer/km2, deer
negatively impact preferred browse species (McShea, 2012).

Because many natural areas in North America are impacted by both abundant deer and
invasive plants, attention is focused on how these drivers interact to impact native plant
communities. Some invasive plant species increase where deer are abundant, apparently due
to reduced competition from native plants that deer prefer to browse (Knight et al., 2009;
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Eschtruth and Battles, 2009). However, a recent experiment showed deer preferences for
invasive species varied widely, with some preferred over most native species and others
avoided (Averill et al., 2016).

We investigated whether deer herbivory on an invasive nonnative shrub is sufficient to
reduce its growth and cover and potentially mitigate its effect on native plants. Lonicera
maackii (Rupr.) Herder (Caprifoliaceae), Amur honeysuckle, is a large shrub native to east
Asia (Luken and Thieret, 1995) and one of several bush honeysuckles invasive in the eastern
United States. The current distribution of L. maackii spans the eastern half of the United
States, where this species is considered invasive and regulated in eight states (EDDMapS,
2015). Impacts of L. maackii on native species, communities, and ecosystems has been
reviewed by McNeish and McEwan (2016). The success of L. maackii in North America has
been attributed to its phenotypic plasticity (Luken et al., 1995; 1997), extended leaf
phenology (McEwan et al., 2009; Wilfong et al., 2009), and escape from specialist herbivores
(Lieurance and Cipollini, 2012).

Herbivory by arthropods on L. maackii in its introduced range is very low (Lieurance and
Cipollini, 2012; 2013), but herbivory by deer has only recently been reported, although the
vine, L. japonica, has long been planted as deer forage (Stransky,1984). Guiden et al. (2015)
reported 62 6 14% of fruiting L. maackii branches in forest edge habitat near our southwest
Ohio study area showed evidence of deer browse (severed branch or twig with shredded bark
and no teeth marks during a 3 mo period from mid-fall to mid-winter (Swift and Gross,
2008). In our study area (deciduous forest in the Miami University Natural Areas), 26% of
first-year twigs of L. maackii between the heights of 0.3 and 2.1 m incurred deer browse
damage over a 12 mo period (Martinod and Gorchov, 2017). Browsing was greatest in early
spring and late summer and consisted primarily of leaf tissue (Martinod and Gorchov,
2017). A similar invasive congeneric shrub, L. morrowii A. Gray, was highly preferred by deer
in multiple choice preference trials (Averill et al., 2016). DNA of introduced Lonicera spp. was
recovered from fecal pellets of all 12 free-ranging deer in Virginia analyzed by Erickson et al.,
(2017).

METHODS

Field methods.— This study utilized deer exclosures and paired deer access plots in five sites
in the Miami University Natural Areas, Butler County, Ohio (398290–398310N, 848420–
848430W). Sites were separated by �1 km and chosen to have (1) a similar, moderate level of
invasion by L. maackii (stem basal area (BA) 0.58–1.57 m2/ha), (2) closed-canopy deciduous
forest, and (3) level topography. Deer densities in this area range from 11.2 6 0.6 (Mean 6

SE) deer per km2 in the summer to 15.4 6 4.4 deer per km2 in the winter (Barrett, 2014).
Within each site, two 20 3 20 m plots that were very similar were selected and randomly
assigned to deer exclosure and deer access treatments. Three meter tall fencing was placed
around the deer exclosure plots in summer 2010. Each plot was divided into two 10 3 20 m
‘‘half-plots’’ that were randomly assigned to have all L. maackii removed or left intact (‘‘L.
maackii present’’). Removal was done in fall 2010 by clipping all L. maackii stems � 1 mm
diameter and treating stumps with Tordon RTU. A few treated shrubs resprouted in 2011;
these new stems were cut and treated with Tordon RTU.

The BA of L. maackii in each half-plot was determined in Oct. 2010 before stems were cut
and again in May–June 2015, by measuring the diameter of each L. maackii stem � 1 mm,
using these to calculate each shrub’s BA, and summing for all shrubs in the half-plot. For
each L. maackii-present half-plot we calculated BA growth as BA2015–BA2010.
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We distinguished three classes of L. maackii shrubs in the 2015 census; those that were too
tall to be impacted much by deer herbivory, those that had much of their leaf mass within
the range accessible to deer (0.3–2.1 m; Frelich and Lorimer, 1985), and young plants that
recruited into the plots after the experiment was set up. Shrubs with basal diameter of the
largest stem � 30 mm were classified as ‘large,’ based on a sample at College Woods in which
10 of 13 of such shrubs had the vast majority of their leaves above 2.1 m, whereas all seven
shrubs with largest stem 20–30 mm had most of their leaves , 2.1 m. ‘Recruits’ were
identified as shrubs with the largest stem of basal diameter � 2 mm based on annual ring
counts and diameters in a nearby woodlot. Shrubs intermediate between these two size
classes (largest stem 3–29 mm in diameter) were classified as ‘small.’

To determine the effect of deer on the cover of L. maackii we sampled 18 20 3 50 cm (1000
cm2) subplots (every 2 m along two 20 m transects) in each of the 10 L. maackii-present half-
plots. Between 16–22 July 2014, we recorded the presence/absence of L. maackii leaves in
each of three height ranges, 0–0.5 m, 0.5–1 m, and 1–1.5 m in each subplot. From these we
calculated the frequency of L. maackii in each height range in each half-plot.

Data analysis.—For L. maackii-present half plots,, we tested whether BA growth of all
shrubs and BA2015 of small L. maackii differed between deer exclosure and access plots
with linear mixed models using lmer in the lme4 package of R, with site as the random
effect. For these same half-plots, we tested whether deer exclosure resulted in higher L.
maackii foliage frequency at each of the height ranges using mixed model logistic
regression using the glmer command in the lme4 package, with subplots as replicates,
foliage presence/absence as the response, exclosure as the fixed effect, and site as the
random effect. For all 20 half-plots we tested whether the number of recruits was affected
by deer treatment, L. maackii treatment, or their interaction with a split-plot generalized
linear mixed model fit by maximum likelihood (Laplace Approximation) using glmer.
Because the response variable (recruits) was a count variable, a Poisson link function was
used in this analysis. All analyses were completed using the lme4 package of R, version
3.3.0 (R Core Team 2016).

RESULTS

Lonicera maackii shrubs tended to grow more, based on change in total BA, in half-plots
where deer had been excluded than where they had access (F ¼ 4.99, df ¼ 1, 4.001, P ¼
0.0892, Fig. 1). Considering only ‘small’ L. maackii shrubs, BA was about 50% greater where
deer were excluded than where they had access (F¼ 11.648, df¼ 1, 4.00, P¼ 0.0270, Fig. 2).

Recruitment of new L. maackii shrubs was significantly affected by L. maackii treatment but
not by deer treatment (Table 1, Fig. 3), more recruits were present in the half-plots where L.
maackii shrubs had been removed in 2010. There was a marginally significant interaction
term (Table 1), with the Lonicera-removed plots tending to show lower recruitment where
deer were excluded compared to where they had access (Fig. 3).

In half-plots where L. maackii was left intact, the frequency of its leaf cover was significantly
greater where deer were excluded than where they had access at two height ranges; 0.5–1 m
and 1–1.5 m (P ¼ 0.0019 and P ¼ 0.0024, respectively, Fig. 4). Frequency of L. maackii leaf
frequency in the 0–0.5 m height range did not differ between deer treatments (P¼ 0.368).

DISCUSSION

Our findings indicate deer browse on L. maackii is sufficient to affect its cover and growth.
While deer browse does not kill L. maackii shrubs, the findings of our study indicate it is
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sufficient to impact its architecture, i.e., the vertical distribution of foliage. Exclusion of deer
resulted in greater cover of L. maackii leaves in two height ranges (0.5–1.0 m, 1.0–1.5 m)
while not impacting cover below 0.5 m. In our study area, nearly all deer browse on L.

maackii occurred on twigs 0.3–1.2 m above the ground, with less browse 1.2–1.7 m, and
virtually none 1.7–2.1 m (Martinod, 2016).

While the largest shrubs in these forests have most of their twigs above the height where
deer browse, most twigs of smaller shrubs are accessible to deer, and the loss of
photosynthetic tissue could be sufficient to reduce carbon gain and subsequently growth.
This hypothesis is supported by our finding that the basal area of small shrubs was
significantly greater where deer were excluded. This difference is not due to differential
survival but rather to some combination of growth of existing stems and recruitment of new
stems on existing shrubs, because the number of individual shrubs (excluding recruits) did
not differ between deer access and deer exclusion plots (linear mixed model F¼0.12, df¼1,

FIG. 1.—Boxplot of Lonicera maackii basal area change between 2010 and 2015 in half-plots where L.
maackii was present (not removed in 2010). N ¼ five sites, each with one deer access (AC) and a deer
exclosure (EX) plot. There was a trend (P ¼ 0.09) for greater growth where deer were excluded
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3.9997, P¼0.7475). These ‘small’ shrubs accounted for the majority (59–95%) of the total L.

maackii BA in eight of the 10 half-plots. The other two half-plots, in which most L. maackii BA

was comprised of large shrubs, were both at College Woods. This was the only one of the five
sites where total BA growth from 2010 to 2015 was not greater in the exclosure,
strengthening our inference that deer suppress growth of small, but not large, L. maackii

shrubs.

Interestingly, recruitment of new L. maackii shrubs was not greater where deer were
excluded. Recruitment of L. maackii from 2011 to 2015 was significantly enhanced by

removal of established L. maackii shrubs in 2010, presumably due to the lack of intraspecific
competition. However, where L. maackii was removed, new recruitment of this invasive

actually tended to be greater where deer were present. This could be due to greater seed

FIG. 2.—Mean (þSE) basal area of small L. maackii shrubs (diameter of largest stem 3–29 mm) in 2015
in half-plots where L. maackii was present (not removed in 2010) and deer had access (AC) or were
excluded (EX)

TABLE 1.—Table of fixed effects of a split-plot generalized linear mixed model of the number of L.
maackii recruits (shrubs with largest stem � 2 mm diam.) in half-plots in 2015, fit by maximum
likelihood (Laplace Approximation) using glmer in R. Deer treatment (exclusion v access) and Lonicera
treatment (removed in 2010 v present) were fixed effects and site (N¼ 5) was a random effect

Estimate Std. error Z value Pr(.[z])

(Intercept) 3.1134 0.2864 10.870 ,0.0001
Deer Exclusion �0.2055 0.2256 �0.911 0.3624
Lonicera removal 0.6828 0.1013 6.742 ,0.0001
Deer *Lonicera �0.2741 0.1621 �1.691 0.0909
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dispersal, as deer disperse viable L. maackii seeds (Guiden et al., 2015), or reduced
competition on L. maackii seedlings where other plants in the understory are browsed by
deer. We suggest deer browse has minimal effect on the number of L. maackii recruits
because seedlings are initially below the typical browse height range (0.3–2.1 m; Frelich and
Lorimer, 1985) and later not killed when the tops are browsed.

The substantial deer browse on L. maackii in the study area is likely attributable to the low
frequencies of more preferred woody species, such as Quercus and Acer spp., in heights
accessible to deer (Martinod and Gorchov, 2017). In addition the early leaf expansion of this
invasive (McEwan et al., 2009) provides deer with leafy forage in early spring when protein
needs of deer are high and other native woody plants are leafless (Smith, 2013). Leafy spring
twigs of L. maackii contain 12.9% crude protein (Martinod and Gorchov, 2017), about
double that of leafless twigs of native woody species that co- occur in this study area.

These findings on the impact of deer browse on L. maackii are consistent with Bowers’
(1997) finding that deer exclosure resulted in higher prevalence of stems of the invasive
shrub, Lonicera tartarica L., after 8 y of succession in an old field. The differences in L. maackii
cover and BA reported here manifested after only 4 and 5 y of deer exclosure, respectively.
That L. maackii has grown to be the dominant shrub in these stands and others in the
Midwest may be a result of deer initially failing to recognize L. maackii as food source
(Morrison and Hay, 2011). Deer now seem to have overcome that naivety, exploiting L.
maackii for browse. While seedlings of this shrub appear little impacted by deer, when the
shrubs grow a bit larger deer browse is sufficient to slow their growth, at least where deer are
overabundant. But once shrubs reach sufficiently height, most of their leaves are out of
reach, and growth likely unaffected. At this point browse is limited to the lower twigs,
resulting in a ‘browse line’ of low cover in the understory.

FIG. 3.—Interaction plot showing the mean number of L. maackii recruits (shrubs with largest stem � 2
mm) in 2015 in half-plots where deer had access (AC) or were excluded (EX) and Lonicera maackii was
present or had been removed in 2010
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Our findings have implications for understanding the combined effects of deer and

invasive plants on native plants. Where deer reduce L. maackii cover, they would be expected

to mitigate its shading of native plants, which suggests the negative effects of deer and this

invasive plants would be antagonistic, i.e. the combined negative effect on natives would be

less than expected from the individual negative effects. This statistical interaction has been

found both for spring perennial herb abundance and Maianthemum racemosum L. leaf

number in an experiment that combined deer exclosure and L. maackii removal

(Christopher et al., 2014). Similarly, Peebles-Spencer et al. (2017) found a marginally

significant antagonistic interaction between L. maackii and deer on ground-layer plant

species richness; the negative effect of L. maackii was greater where deer were excluded. At a

larger scale, deer consumption of invasive shrubs might inflate the population density of this

generalist herbivore, which in turn may suppress native plants, an example of apparent

competition (Smith, 2013). The hypothesis L. maackii elevates deer populations in some

locations is supported by the finding that this shrub comprises 14–47% of the annual deer

FIG. 4.—Mean frequency of Lonicera maackii foliage at each height range in deer access and deer
exclosure plots. Error bars are SE based on data from five plots. Asterisk indicates significant difference
between treatments (P , 0.01)
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diet in the Miami University Natural Areas and provides high protein leafy twigs early in the
spring when native woody plants were leafless (Martinod and Gorchov, 2017).
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