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Effects of Browsing hy Captive Elk (Cervus canadensis) on a
Midwestern Woody Plant Community
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ABSTRACT.—Elk {Cervus canadensis) can significantly alter plant community composition and
reduce plant biodiversity, mass, seedling numbers and sapling growth. Yet, few studies have
examined the interactions of reintroduced elk with woody plant communities in eastern
North America. To test the hypothesis that elk herbivory would reduce woody plant diversity
and recruitment and also change woody plant community composition when compared to
deer, we evaluated herbivory effects of a captive elk herd and a free-roaming white-tailed deer
{Odocoileus vir^nianus) population in Land Between the Lakes National Recreation Area in
western Kentucky. Elk and deer herbivory did not differ in their effects upon overall woody
plant diversity. However, elk browsing significantly altered woody plant community
composition (Fi,]5 = 2.27, P = 0.005), reduced stem heights of Quercus 2Sià Camus genets.
(Ps < 0.036) and reduced frequencies of Quercus, Nyssa, and Sassafras {Ps < 0.045) when
compared to deer. Our results suggest elk herbivory pressure on Quercus, as well as other tree
and shrub species, will affect eastern forest regeneration and thus managing the growth and
distribution of reintroduced elk populations will be important for the viability of eastern and
midwestern deciduous forests within restoration zones.

INTRODUCTION

Reintroductions of formerly extirpated species have gained increased public support,
government funding, and media coverage in recent years, often with a goal of restoring
historical and healthy ecosystems {e.g., Hayward et ai, 2007; Morrison et ai, 2007). For
example, over the past several decades multiple eastern and midwestern states have
reintroduced elk {Cervus canadensis) into large tracts of their former range (Larkin et ai,
2003). Some states such as Kentucky and Tennessee began their reintroductions in the
1990s, while other states such as North Carolina, Virginia, and Missouri have just begun
reintroduction programs. Western herds often serve as the source populations for these
reintroductions, but some states are using elk from adjacent or nearby eastern states with
well-established reintroduced herds. In western Kentucky, Land Between the Lakes National
Recreation Area (LBL; 36.8569°N, 88.0747°W) is taking part in these elk restoration efforts.
The captive population at the Elk and Bison Prairie at LBL has served as a source for elk
releases in eastern Tennessee and western North Carolina (F. C. Fowler, Land Between the
Lakes, U.S.D.A. Forest Service, pers. comm.).

Although many studies have been published on the behavior and genetics of
reintroduced elk {e.g., Larkin et al, 2003; Wichrowski et al., 2005), few have examined the
impacts of this large herbivore on its relatively new eastern habitat. This data gap leaves land
managers and citizens near the restoration areas unprepared to understand or deal with the
consequences, beneficial and deleterious, of reintroducing a large herbivore into an
environment gready altered from its historic character, such as through the absence of
major predators and an increased level of human activity. The benefits of reintroduction are
obvious: the beginnings of ecosystem restoration and increased ecotourism and hunting
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revenues in reintroduction areas (Donovan and Champ, 2009). In contrast, the possible
positive and negative consequences on the surrounding ecosystem have thus far escaped
scrutiny, although studies of western elk provide some insight.

Western elk populations can significantly alter plant community composition and reduce
biodiversity, including the loss of shrub species richness (Johnson and Cushman, 2007),
reduction of tree and shrub mass and frequency (Schreiner et al, 1995; Riggs et al, 2000;
Endress et al, 2012), and reduction in tree seedling numbers and sapling growth (Kuiters
and Slim, 2002; Schoenecker et al, 2004). Woody browse is a major component of elk diet
and is often negatively affected by elk foraging (reviewed in Toweill et al, 2002; Huffman
and Moore, 2003; Johnson and Cushman, 2007). Dietary analysis has shown that eastern elk
select woody browse more than other forage types (Murphy, 1963; Schneider et al, 2006;
Lupardus et al, 2011) and thus have the potential to impact woody plant communities in
similar fashion to their western counterparts.

Given the findings of studies from western elk populations, we hypothesized that elk
herbivory would alter the composition of woody plant communities by reducing diversity,
stem heights, and relative abundance of genera when compared to the impacts of white-
tailed deer {Odocoileus virginianus) herbivory. We tested these hypotheses by studying the
effects of LBL's captive elk herd on woody plants and comparing these effects to an area
subject only to white-tailed deer browse.

METHODS

The fioral region that LBL occupies is characterized by oak-hickory ( Quercus-Carya) forests
and patches of native prairie (F.G. Fowler, pers. comm.), but the two study sites—the Elk
and Bison Prairie and the Oak-Grassland Demonstration Area—^varied considerably in
habitat composition as well as the species of herbivores. The Elk and Bison Prairie (EBP;
36.7897°N, 88.0536°W) provides a unique opportunity for research on elk; built in 1996, it
encloses 263 ha that is approximately 40% grassland, 30% woodland, and 30% forest.
During the study (Oct. 2010 to Mar. 2011) the EBP contained approximately 28 elk, 47
bison, and no white-tailed deer, the latter having been removed since 2007. Elk densities
have fiuctuated throughout the EBP's existence from approximately 11-19/km^ (F. C.
Fowler, pers. comm.). The facility was originally stocked with 29 individuals in 1996,
received six more in 1997, and 12 in 2002, all from Elk Island National Park, Alberta (F. C.
Fowler, pers. comm.). The elk population has also been reduced through several exports; in
2001, 25 elk were relocated to Great Smokey Mountains National Park, followed by 31 in
2003, and 34 in 2008. Deer density within the EBP was not recorded before their extirpation,
although they never reached densities observed outside the enclosure {see below) and were
occasionally culled (dates of cullings were unavailable; F. C. Fowler, pers. comm.). Within
the EBP, native prairie grasses have been reintroduced, creating prairie, oak-savannah, and
woodland habitats, and managers apply prescribed fire on a 2 y cycle.

The unenclosed Oak-Grassland Demonstration Area (OGDA; 36.8080°N, 88.0348°W) is
located immediately north of the EBP border fence, and provided a similar landscape that
has also been regularly burned using fire management but differed from EBP by the
presence of deer (8-9/km'^) and the absence of elk or bison (F. C. Fowler, pers. comm.).
Historical deer densities for the OGDA were not available as population studies have only
been conducted since 2010. In contrast to the EBP, the OGDA is approximately 80% forest,
10% woodland, 5% grassland, and 5% cropland, with substandally more contiguous forest
than the EBP. Prior ungulate browsing and detailed woody plant community data were not
available for reference for either the OGDA or EBP.
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To compare differences in the plant communities of the two areas, 11 quarter-hectare
plots were randomly selected at each site in forest, woodland, and shrub habitats. To
measure woody plant communities within these plots, three 4 X 50 m belt transects were
sampled at 25 m intervals, and three 4 m diameter circular subplots were evenly spaced
along the transects (Magurran, 2004). We recorded woody plant species presence in each
subplot. We then selected ten stems <2.5 m, the maximum browse height for elk, which
were closest to the center point of each subplot to measure species frequency, stem height,
and stem browse history (Baker et al, 1997). We measured browse history using the plant
architecture method for the year's growing season (Keigly and Frisna, 1998; Keigly et al,
2003). Because tree cover has been shown to affect understory plant growth and diversity
(Jenkins and Chambers, 1989; Gillet et al, 1999), we measured tree density and diameter at
breast height (DBH), which is directly related to tree crown cover, for all trees within the
belt transect (Gery and May, 1995). We also quantified scat event frequency by herbivore
species within each transect to directly compare ungulate area use to woody plant
community composition (Fuller, 1991; Thompson et al, 1998). Twelve transects in the EBP
with bison scat were removed from analysis so bison foraging did not bias our results.
Ungulate area usage was also compared with the magnitude of their effects upon woody
plants.

To determine overall effects of browsing on alpha diversity in woody plant communities,
we calculated Shannon diversity indices for woody species <2.5 m in the EBP and OGDA
and tested the null hypothesis of no difference in the measures with bootstrapping using the
R statistical language (R Development Core Team, 2013). In order to address the impact of
browsing on the richness and abundance of plant species, permutational multivariate
analysis of variance (PERMANOVA; Anderson, 2001; Sitzia et al, 2012) was used to test for
differences in woody plant <2.5 m species composition between the EBP and OGDA sites.
Since the PERMANOVA method is sensitive to relative dispersion within groups, we
employed a permutational analysis of multivariate dispersions (PERMDISP; Anderson et al,
2006; Sitzia et al, 2012) to determine whether a difference found in community
composition would be within or between sites. Both of these analyses were performed
with the 'vegan' package in R (Oksanen et al, 2013; R Development Core Team, 2013). Elk
and deer area use and browse percentages were compared to the Shannon indices using
linear regression. Browse percentage was calculated as browse events divided by plant
species abundance XIOO. We also used linear regression to compare elk and deer use to
stem heights. We calculated Ivlev's electivity index to compare differences in elk and deer
foraging behavior (Lechowicz, 1982). Stem heights and percent of stems browsed were
compared between the EBP and OGDA using multivariate ANOVA. Although we recorded
species for each stem, we did not have a large enough sample size to compare stem heights,
percent browsed, and Ivlev indices between species within a genus; and thus we compared
across genera. We also compared stem frequencies for species browsed at both sites, the
difference in tree DBH between sites, and the difference in tree density between sites with a
one-tailed student's ¿-test.

RESULTS

EBP (H' = 3.00) and the OGDA (H' = 3.03) did not differ significantly in Shannon
diversity (bootstrapped t = 0.025, P = 0.68). The PERMANOVA showed a significant
community dissimilarity between sites (Fj ,5 = 2.27, P = 0.005), and the PERMDISP was not
significant, indicating no evidence for a lack of homogeneity within the sites (Fi 1;; = 0.05, P
= 0.83). These results indicate that communities were different between sites but not within
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TABLE 1.—Species present at each site. " X " indicates species presence

Species EBP OGDA

Acer rubrum
Amelanchier arbórea
Aralia spinosa
Carya glabra
Carya tomentosa
Cerds canadensis
Cornus florida
Corylus americana
Crataegus sp.
Eleagnus umbellata
Eagus grandifolia
Eraxinus pennsylvanica
Gleditsia triancanthos
Ilex deddua
Juniperus canadensis
Ligustnim vulgäre
Liquidambar styradflua
Lonicera japónica
Nyssa sylvatica
Ostrya vir^niana
Pinus taeda
Pmnus serótina
Quercus alba
Quercus cocdnea
Quercus falcata
Quercus imbricaría
Quercus marilandica
Quercus rubra
Quercus stellata
Rhus alata
Rosa multiflora
Rubus allegheniensis
Rubus sp.
Sassafras albidum
Smilax rotundifolia
Symphoricarpos orbiculatus
Toxicodendron radicanS
Ulmus alata
Vacdnium sp.
Vitus sp.

X
X

X
X
X

X
X

X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X

X
X
X
X
X
X
X
X
X

sites, suggesting that community differences between sites were significant (Sitzia et al.,
2012). The EBP sampling revealed 32 woody plant species with five unique species whereas
the OGDA had 35 species with eight unique species (Table 1). Regression relationships
between elk and deer use and diversity of the woody plant communities as well as elk and
deer browse percentages and diversity of the woody plant communides were not significant
(Fi<2.42, P5> 0.15).

Stem heights varied significantly across sites (F3 jg = 4.4, P = 0.016), with Quercus and
Cornus stems lower in the EBP than in the OGDA (Ps < 0.036). Percentage browsed was
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TABLE 2.—Genera browsed, the percent of each genus browsed, and resulting Ivlev electivity indices
for each site

Genus

Acer
Amelanchier
Aratia
Carpinus
Carya
Cercis
Camus
Corylus
Crataegus
Eleagnus
Fagas
Fraxinus
Gleditsia
Itex
Juniperus
Ligustrum
Liquidambar
Lonicera
Nyssa
Pinus
Prunus
Quercus
Rhus
Rosa
Rubus
Sassafras
Smilax
Symphoricarpos
Toxicodendron
Ulmus
Vacdnium
Vitus

EBP

Percent browsed

0
0
—
7.78
0

50
0
0 .
0
—

50

0
—
0

27.3
0

29.44
0

31.25
18.71
0
0
9.25

15.28
0
8.07
—
6.91
0
0

Ivlev index

- 1
- 1

—
0.244

- 1
0.151

- 1
- 1
- 1

—
0.341
—

- 1
—

- 1
0.638

- 1
0.567

- 1
-0.141

0.185
- 1

1
0.341
0.0343

- 1
0.104
—

-0.215
- 1
- 1

OGDA

Percent browsed

0
0
0
0
0
0

50
0
—
0
0
0
0

0
—
—
0

15.89
—
0
1.64
0.89

0.85
1
0
0
0
1.25
1.59
0

Ivlev index

- 1
- 1
- 1
- 1
- 1
- 1

0.559
1
—

- 1
- 1
- 1
- 1

- 1
—
—

0.847
—

- 1
-0.0621

0.0612

-0.207
0.0815

- 1
- 1
- 1
-0.268

0.103
- 1

highest for Cornus and Fraxinus, with averages of 50% browsed (Table 2). Due to resource
and ungulate browsing variability across sites, we were not able to conduct statistical analyses
on the Ivlev indices but can illustrate several disparities between sites. More genera had
positive Ivlev indices at the EBP than the OGDA (Table 2) and elk exhibited positive
electivity for Quercus at the EBP (0.185) versus a negative electivity in the presence of deer
foraging at the OGDA (—0.0621). We also observed a trend of higher electivity for Comusat
the OGDA (0.559) than the EBP (0.151) and similar electivities for Nyssa and Sassafras at
both sites (Table 2). Although percent browsed values tended to be higher in the EBP, they
were only marginally different (F2,i9 = 2.95, P = 0.076). Browsed stem frequencies between
sites differed significantly for Quercus (t = -1.88, 10 df, P = 0.045), Nyssa (t = -3.15, 10 df,
P = 0.005), and Sassafras (t = -3.97, 10 df, P = 0.001), and all these genera were less
numerous at the EBP than the OGDA. Tree DBH (i = 0.381, 9 df, P = 0.67) and density (t =
1.484, 9 df, P = 0.086) did not differ between sites.
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DISCUSSION

Elk browsing did not affect woody plant diversity differently than deer browsing during
our study; however, elk herbivory did alter the frequencies and growth of certain genera,
resulting in significant differences in woody plant community composition between sites.
Our results are consistent with numerous other studies that have shown differences in
composition but not diversity of woody plant commtinities when experiencing elk and other
ungulate browse pressure (Ammer, 1996; Hobbs, 1996; Moser and Witmer, 2000; Peinetti et
al, 2001; Rooney and Waller, 2003; Sankaran et al, 2008; but 5«« Johnson and Cushman,
2007; Beschta and Ripple, 2008). Elk foraging is also known to reduce tree sapling and
seedling density, biomass, and regeneration (McPherson, 1993; Scheiner et al, 1995; Baker
et al, 1997; Zeigenfuss et al, 2002; Endress et al, 2012) and shrub biomass and regeneration
(Scheiner et al, 1995; Singer and Renkin, 1995; Huffman and Moore, 2003; Johnson and
Cushman, 2007). White-tailed deer appear to affect woody plant communities similarly
(Rooney and Waller, 2003). However, we know of no previous studies that have directly
compared the effects of elk and white-tailed deer on woody plant communities (Bellhouse
andRosatte, 2007).

The reduced stem heights and frequencies of multiple genera of woody plants in
response to elk herbivory that we observed have the potential to slow or inhibit regeneration
and alter woody plant community structure (Beschta and Ripple, 2008). Elk are expected to
have a proportionally greater per capita effect on plant communities than deer because the
consumption rate of an adult elk is approximately three times that of an adult white-tailed
deer (Habitat Monitoring Committee, 1996). This suggests that, over time and given similar
population densities, elk herbivory should have a much greater effect on woody plant
community structure and the abundance of certain preferred genera than deer. Although
elk might influence woody plant communities in multiple, interactive ways {e.g., throvigh
nutrient additions), our results suggest that impacts from elk foraging on eastern and
midwestern forests are likely to be substantial as restoration efforts expand.

One of the largest impacts that elk could have on eastern deciduous forests is by affecting
the regeneration of Quercus (Lupardus et al, 2011), one of the most dominant tree genera
in the east (Dyer, 2001). The reduction of both stem heights and frequencies of Quercus by
elk in our study supports this hypothesis and is consistent with controlled simulated
mammalian herbivory experiments, studies on elk dietary preference, and historical
accounts of elk habitat use in eastern North America. McPherson (1993) and Meiners and
Handel (2000) found that Quercus seedlings showed increased mortality when clipped by
simulated herbivory. Likewise, a study on white oak {Quercus alba) seedlings' responses to
herbivory found seedling height growth and shoot elongation reduced due to herbivory
(Adams and Rieske, 2000). Elk have also been found to select for Quercus species in studies
of eastern and western elk diets, both as woody browse and as mast {e.g., Baldwin and Patton,
1938; Murphy, 1963; reviewed in Toweill et al, 2002; Schneider et al, 2006; Lupardus et al,
2011). Historically, oak savannah was a major habitat type in Kentucky and probably used by
elk, although the nature of their interaction with that habitat is uncertain (Schneider et al,
2006; Lupardus et al, 2011). However, the tendency of ungulate herbivory to maintain
savannah plant community structure by reducing woody plant biomass and frequency has
been well documented (Sankaran et al, 2008).

Elk herbivory in our study also significantly affected several other genera of woody plants
common to eastern and midwestern forests, incltiding Nyssa, Sassafras, and Comus. Although
Nyssa has not been previously observed in elk diets (Murphy, 1965; reviewed in Toweill et al,
2002; Schneider et al, 2006; Lupardus et al, 201\), we observed a strong positive electivity by
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both elk and deer and reduced stem frequency by elk, suggesting that elk browsing has a
greater negative effect than deer on this genus. Similarly, Sassafras stem frequency was
significantly reduced by elk browsing, but unlike Nyssa, Sassafras has been documented in
elk diets in eastern Tennessee (Lupardus et al, 2011).

Cornus is a major woody forage for elk in eastern Kentucky (Schneider et al, 2006) and in
the west (reviewed in Toweill et al, 2002), but it was not a tnajor component of elk diet in
other eastern studies {e.g.. Murphy, 1963; Lupardus et al, 2011). This difference may be due
to variability in the relative abundance of Cornus or other more palatable species in different
regions of the country. Within our study, browse percentages for Comus were some of the
highest of any genera at both sites (Table 2), but stem frequencies were similar across sites.
Nevertheless, elk foraging reduced Comus stem heights while deer browsing did not, which
contrasts with the electivities calculated for elk and deer on this genus (0.151 vs. 0.559,
respectively). Although these electivity values could not be evaluated for statistical
significance, our observation of increased preference for Comus among deer when
compared to elk is inconsistent with the reduced stem heights due to elk browse. It is
likely the similarly high browse percentages on Comus at both sites and the greater
consumption rate of elk (Lupardus et al, 2011) may exert a strong impact on Comus stem
height.

It is possible that the small deer population that persisted in the EBP until 2007 may have
created additive browsing pressure with the elk and thereby altered the woody plant
commttnity structure in the EBP before our study took place. However, the deer population
within the enclosure was always small, and the population was occasionally culled to
maintain that low population size (F. C. Fowler, pers. comm.). Our electivity indices also
indicated elk and deer diets were sufficiently different so that any additive browse pressure
by deer within the EBP may not have significantly affected any one genus, except perhaps
Nyssa that was strongly selected by both elk and deer (Table 2). Sassafras was not strongly
selected by deer, and although Comus was selected more strongly by deer, only stem heights
were different between sites, suggesting that deer and elk herbivory did not have long-term
effects on the genus (Table 2). The electivity data also suggested that as Quercus v/iis avoided
by deer and selected by elk, so it is unlikely that the deer within the EBP significantly
affected Quercus regeneration (Table 2). Given these results, previous studies that have
shown minimal effects of low densities of ungulates on plant communities (Olff and Ritchie,
1998; Stewart et al, 2009), and other studies that have shown low winter dietary overlap
between elk and Odocoileus species (Hobbs et al, 1983; Gogan and Barrett, 1995), it appears
unlikely the small, historical deer population within the EBP had a substantial impact on
our restilts.

As wildlife agencies contintie to restore elk and other species in the eastern and
midwestern U.S., scientists will need to further explore the community consequences of
such reintroductions to better understand the effects of restored species on their new
environment. Our results suggested elk browsing pressure on oaks and other woody species
are likely to be substantial throtighout elk restoration areas, and management plans for
these reintroduced elk populations should carefully consider the impacts of elk on woody
plant communities and long-term forest viability.
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