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Abstract - Chronic browsing by Odocoileus virginianus (White-tailed Deer) has poten-
tial to alter the life history of trees within Mid-Atlantic forests, including seedling size 
and abundance in the short term to overstory composition in the long term. Most studies 
quantify the effects of deer browse using small plots (<1 ha) and short time frames (<10 
years), which may misrepresent larger-scale and longer-term impacts. We maintained a 
4-ha deer exclusion plot for 20 years in a mesic northern Virginia temperate deciduous 
forest to examine the impacts of browsing on forest trees at multiple life-history stages. 
We compared the abundance and species composition, as well as seedling height, of 
woody stems across the seedling, small-sapling, and large-sapling size classes inside 
the deer exclosure and within an adjacent reference area. There were no significant dif-
ferences in seedling abundance or community composition, but seedling height was on 
average 2.25 times greater in the exclosure than the reference plot. Small-sapling (1–5 cm 
DBH) stem count was 4.1 times greater inside the exclosure, with all species more abun-
dant in the exclosure except Asimina triloba (Pawpaw) and Carya tomentosa (Mockernut 
Hickory). Differences were smaller in the large-sapling size class (5–10 cm DBH), with 
relative total large-sapling stem count only 1.25 times greater in the exclosure. Brows-
ing pressure appeared to influence the composition and size structure of smaller stems 
in the past 20 years, but has had little effect on larger stems. While the lack of replica-
tion limited the scope of inference of our study, our findings suggest that natural delays 
in mature tree recruitment in a closed-canopy forest may mask the full impact of deer 
herbivory for decades. 

Introduction

 In many temperate forests of the eastern United States, populations of Odocoi-
leus virginianus Zimmermann (White-tailed Deer) have increased dramatically 
over the past 50 years (McShea et al. 1997). Suggested reasons for their popula-
tion growth include hunting restrictions, a decline in the number of hunters due 
to social, ecological, and political challenges associated with deer population 
management, reduced predator populations, and improved habitat (Brown et al. 
2000, Côté et al. 2004, Rooney 2001). High White-tailed Deer densities have 
been shown to affect short-term vegetation dynamics in deciduous forests of the 
eastern United States by manipulating nutrient cycles and availability (Hobbs 
1996), facilitating the spread of exotic species (Eschtruth and Battles 2009), and 
reducing understory and woody species abundance (Rooney and Dress 1997). 
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Short-term effects of deer browsing on woody vegetation may compound over 
time, eventually causing alternate stable states in woody vegetation communities 
(Stromayer and Warren 1997) and re-directing successional trends (Liang and 
Seagle 2002). 
 The vast majority of stems regenerating under a closed canopy fail to reach the 
overstory due to insufficient light, water, or nutrients (Mladenoff and Stearns 1993, 
Peet and Christensen 1987). In addition, intense browsing by deer has the poten-
tial to influence long-term successional dynamics by limiting seedling survival 
and sapling growth. At an individual level, browsing of leaves and shoots delays 
aboveground growth of seedlings, consequently reducing seedling survival rates 
and densities (Dzieciolowski 1980, Gill and Beardall 2001, Healy 1997, Konig 
1976, Putman et al. 1989). High deer densities may further inhibit seedling surviv-
al and growth by facilitating invasion of weedy forbs and grasses that compete with 
native seedlings (Horsley and Marquis 1983). Deer browsing has a similarly direct 
effect on small-sapling growth and survival by reducing photosynthetic capability, 
increasing mortality risk (Tripler et al. 2002), and inhibiting vertical recruitment 
(Liang and Seagle 2002). Selective browsing on palatable species at these two 
life-history stages potentially influences successional dynamics by altering the 
composition, density, and diversity of the understory layer (Horsley et al. 2003, 
Matonis et al. 2011, Rooney and Waller 2003, Stoeckeler et al. 1957). Healy (1997) 
predicted that loss of Quercus spp. (oak) seedlings due to chronic deer browsing 
in an oak-dominated forest in central Massachusetts eventually would cause the 
elimination of oaks from the overstory. Intense browsing on seedlings and small 
saplings may further impact successional status by changing stand structure to one 
where large saplings and mature trees are disproportionately represented (Ander-
son and Loucks 1979, Côté et al. 2004, Potvin et al. 2003, Stromayer and Warren 
1997, Tilghman 1989). Finally, deer browsing may accelerate the rate of change 
to late-successional species. For example, Liang and Seagle (2002) predicted that 
the increased mortality of shade-intolerant Liriodendron tulipifera L. (Tulip Pop-
lar) due to browsing by deer would cause stands in a riparian forest in Maryland to 
more quickly succeed to the shade-tolerant Fagus grandifolia Ehrh. (American 
Beech). Overall, deer may inhibit colonization, growth, and survival of seedlings 
and saplings, to eventually alter forest succession (Côté et al. 2004, Hobbs 1996, 
Ritchie et al. 1998).
 Other exclosure studies indicate the challenge of detecting the long-term 
effects of chronic deer browsing within the constraints of short-term study dura-
tions. Apsley and McCarthy (2004) observed a significant increase in woody stem 
height following the exclusion of deer for two years after harvest in southern 
Ohio mixed oak forests, but no difference in community composition or density, 
suggesting it was too early to detect a significant effect of deer browsing on 
woody vegetation regeneration. After twelve years of deer exclusion, hemlock 
seedlings were able to re-establish in a northern Wisconsin forest, but there 
were no detectable changes in sapling regeneration (Anderson and Katz 1993). 
Similarly, following eighteen years of deer exclusion in a mixed-oak forest in 
Pennsylvania, Abrams and Johnson (2012) observed an increase in tree seedling 
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number, but no stimulation of oak regeneration and sapling recruitment. Overall, 
the long-term influence of persistent deer browsing on forest stand dynamics is 
not well understood, as previous studies typically have been spatially and tempo-
rally limited with deer exclosures smaller than 1 ha or experiments often lasting 
less than ten years (Bowersox et al. 1995, Long et al. 2007, Rossell et al. 2005, 
Sage et al. 2003, Tilghman 1989). 
 We quantified the impacts of intense deer browsing on tree composition and 
structure by contrasting a 20-year, 4-ha deer exclosure with a comparable for-
est area within the same stand of a Mid-Atlantic temperate deciduous forest 
subjected to persistently high deer densities. Specifically we asked: Do woody 
seedling species abundance, height, and composition differ between the deer-
excluded and reference areas? Also, does the composition of small and large 
saplings differ between the treatment and reference areas? 

Site Description

 The 4-ha deer exclosure was erected in 1990. It is located within a 25.6-ha 
Smithsonian Institute Global Earth Observatory (SIGEO; www.si.sigeo.edu) for-
est dynamics plot at the Smithsonian Conservation Biology Institute (SCBI), a 
1295-ha research facility located 3 km SE of Front Royal, VA (38°54N, 78°09W). 
A 2.4-m wire fence surrounds the exclosure. The fence is maintained through 
regular inspections for fallen tree limbs or trunks. Any deer that gain entry into 
the exclosure are pushed out through a southwest-facing gate. The SIGEO plot is 
located in a mature secondary mixed deciduous forest, with overstory tree ages 
ranging from 84 to 124 years (J.R. Thompson and J.C. McGarvey,  unpubl. data). 
The canopy is dominated by Tulip Poplar, Quercus alba L. (White Oak), Q. rubra 
L. (Northern Red Oak), Q. prinus L. (Chestnut Oak), Q. velutina Lam. (Black 
Oak), Fraxinus americana L. (White Ash), Carya glabra Mill. (Pignut Hickory), 
C. tomentosa (Lam. ex Pior.) Nutt. (Mockernut Hickory), and Nyssa sylvatica 
Marsh. (Blackgum). Prominent understory components include Lindera ben-
zoin L. (Spicebush), Asimina triloba L. (Pawpaw), Carpinus caroliniana Walter 
(American Hornbeam/Ironwood), Cercis canadensis L. (Eastern Redbud), and 
Cornus florida L. (Flowering Dogwood). The plot is composed primarily of My-
ersville and Montalto series soils, which are stony, steep, and well-drained. The 
mean annual temperature for the area based on a nearby site is 12.7 ± 0.66 °C and 
the mean annual cumulative precipitation is 96.2 ± 15.8 cm (D.E. Carr, Univer-
sity of Virginia, Charlottesville, VA, 2011 unpubl. data). Elevation ranges from 
273 to 338 m. The deer exclosure is on an average slope of 10° (range =  4–17°) 
with a western aspect (average = 267°, range = 228–332°). Since the exclosure 
was constructed, estimates of deer density in the entirety of SCBI have fluctu-
ated at around 30 to 40 deer/km2 (Heckel et al. 2010, McShea 2000, McShea and 
Schwede 1993) based on distance sampling methods and match estimates for the 
past 20 years.
 In January 2011, we identified a similarly sized area subjected to deer browse 
to compare to the exclosure. We selected this “reference plot” on the criteria that 
it was within the SIGEO plot, and had similar: (1) size, (2) overstory composition, 
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and (3) topographic setting to the exclosure. To objectively make this selection, 
we classified each of the six hundred forty 20- x 20-m (400-m2) quadrats that form 
the SIGEO plot to a group based on its overstory composition (i.e., basal area by 
species) following Ward’s method of hierarchical cluster analysis with a Euclid-
ian distance matrix using the vegan library (Oksanen et al. 2011) within the R 
statistical language (R Development Core Team 2010). Ward’s method minimizes 
group sites by reducing the distance from each site to the centroid of the group 
and is a robust method of classifying ecological community data (McCune and 
Medford 1999). While Sørensen is a preferred measure of compositional dis-
similarity (and is what we used elsewhere in our analysis), it is incompatible with 
Ward’s method; Euclidean distance, in contrast, is reliable and effective for use 
in clustering (McCune et al. 2000). By examining the resulting dendrogram and 
the percentage of information remaining after the formation of each cluster, we 
settled on eight groups and mapped them on the SIGEO plot. We then identified the 
proportion of quadrats assigned to each group within the deer exclosure and found 
an approximately equal-sized area with the most similar overstory compositional 
distribution. The identified site was 4 ha, and closely matched the exclosure in 
terms of overstory composition (Fig. 1), land-use history, slope (mean = 11°, range 
=  1–20°), and aspect (mean = 260°, range = 4–360°).
 Neither the deer exclosure nor the reference area was replicated. Therefore, 
our samples of seed rain and our seedling plots that were randomly distributed 
throughout the two areas (as described below) were pseudoreplicates (sensu 
Hurlbert 1984). Similarly, our analyses of the small and large saplings (1–10 cm 
DBH [diameter-at-breast-height; also described below]) is based on a complete 
census of the areas and no greater inference is implied or warranted. 

Methods

 We examined seed rain composition within the exclosure and reference area 
to further evaluate our rationale for comparing the two sites (i.e., that similar 
overstory would result in similar seed production and, in turn, similar regen-
eration potential). Seed rain was monitored from April 2009 to April 2011 in 
randomly placed 0.5-m2 traps with a minimum of 20-m between each trap. Traps 
were distributed based on habitat types, with a set number of traps in each type. 
Samples were collected biweekly from the traps within the exclosure (n = 38) 
and the reference plot (n = 32), with the exception of monthly collections from 
December 2010 to March 2011 and no collections from January to April 2010 due 
to heavy snow accumulations. Sampling efforts varied between collection dates 
due to trap damage, and so relative annual seed abundances (seeds/total seeds/m2/
year) rather than total seed counts (seeds/m2/year) were used in the analysis to ac-
count for variability. Traps were elevated off the ground and frequently sampled 
to reduce risk of seed predation. All seeds and fruits collected were identified to 
species whenever possible. Counts of individuals per species during each sam-
pling period were categorized into four bins: 1, 2–5, 5–20, and >21 individuals. 
The mid-point values for each of the first three bins, and the minimum value for 
the fourth bin, were then used to estimate abundance for each species. Because 
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seeds still attached to multi-seeded fruits were not physically removed and 
counted, fruits and seeds were considered equivalent during analysis. We tested 
for differences in overall community composition between the exclosure and the 
reference using a permutation-based MANOVA (i.e., PerMANOVA; Anderson 
2001), with a Sørensen’s distance matrix and 9999 permutations as implemented 
in the adonis() function of the Vegan library (Oksanen et al. 2011) within the R 
statistical language (R Development Core Team 2010). In addition, we compared 
absolute and relative (seeds/m2/basal area m2/yr) seed abundance by species be-
tween the exclosure and the reference area by identifying any overlap in the 95% 
confidence intervals of the means based on the Student’s t-distribution.
 We surveyed seedlings from July to August 2010, and re-surveyed from June 
to August 2011. Seedlings were defined as woody tree stems <1 cm DBH. We 
identified to species and measured the height of all seedlings in three 1-m2 sub-
plots placed 2 m away to the east, west, and south of randomly-selected seed rain 
traps within the exclosure (n = 30) and the reference area (n = 17). The proximity 
of the seedling plots to the seed traps allowed for accurate evaluation of seed-to-
seedling transitions. Data from the three sub-plots at each seed trap were pooled 

Figure 1. The relative proportion of each cluster group in the exclosure and the reference 
plot. The numbers refer to overstory community types using a cluster analysis based on 
basal area of the ten dominant tree species in each unit. Each community type is described 
here based on the species that make up approximately 80% of the basal area in that group, 
where 1 = Fraxinus americana, Liriodendron tulipifera, Quercus prinus, and Carya gla-
bra; 2 = L. tulipifera; 3 = L. tulipifera, Q. velutina, C. glabra, and C. tomentosa; 4 = Q. 
rubra, L. tulipifera, Q. velutina, and C. glabra; 5 = Acer rubrum, Nyssa sylvatica, and Q. 
prinus; 6 = Q. alba, L. tulipifera, Q. rubra, and Q. velutina; 7 = Q. velutina, L. tulipifera, 
and Q. alba; 8 = variable. 
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together and averaged across the two sampling years to calculate species abun-
dance. While woody shrubs and to a lesser extent vines were both components 
of the understory vegetation, our analyses focused on the understory and canopy 
tree species that had the physiological potential to grow into the large-sapling 
size class. We compared average relative seedling abundance (seedlings/m2/
year), average seedling height, and small- and large-sapling density of the twenty 
most abundant tree species relative to their size class for the reference area and 
the exclosure by identifying any overlap in the 95% confidence intervals around 
the means (using the Student’s t-distribution). We compared overall seedling 
community composition between the exclosure and reference area, again using a 
PerMANOVA and a Sørenson distance matrix. 
 The seed rain and seedling surveys were part of larger-scale studies conducted 
throughout the SIGEO plot. As a result, differences in sampling efforts between 
the reference plot and the exclosure reflect the sampling design of the larger-
scale studies. Specifically, seedling plots were randomly stratified to adequately 
sample stream courses in the plot and the exclosure, resulting in a greater sam-
pling effort in the exclosure than the reference area. The 95% confidence interval 
estimates for seed rain and seedling abundance and the subsequent analysis may 
reflect differences in sampling effort, as well as variability within the sample.
 From June to December 2008, a census of all woody stems ≥1 cm DBH was 
completed in the SIGEO plot using the methodology of Condit (1998). All stems 
were identified to species, measured for DBH, tagged and mapped on a global 
x, y-coordinate system where any given stem was measured in meters relative 
to the southwest corner of the SIGEO plot. Stems ranging from 1 to 5 cm DBH 
were classified as small saplings, and stems ranging from 5.1 to 10 cm DBH were 
classified as large saplings for our analysis. Because we had a complete census of 
all saplings, no statistical tests were needed to compare differences between the 
exclosure and reference areas. 

Results

 There was no significant difference between the exclosure and the reference 
site in overall community composition of the seed rain, whether scaled by basal 
area or not (df = 70, P = 0.09 and 0.95, respectively). Of the twenty most abun-
dant tree species, average yearly relative seed rain abundance was significantly 
different for only Platanus occidentalis L. (American Sycamore) and White 
Oak. American Sycamore was significantly more abundant inside the exclosure 
(exclosure = 0.07 ± 0.011 seeds/total seeds/m2/year, reference = 0.030 ± 0.007 
seeds/total seeds/m2/year) and in the reference for White Oak (exclosure = 0.001 
± 0.001 seeds/total seeds/m2/year, reference = 0.015 ± 0.012 seeds/total seeds/m2/
year) (Fig. 2). Only two species had significantly different average relative seed 

Figure 2 (opposite page). Mean annual relative seed abundance of the 20 most abun-
dant tree species (top) and with LITU removed to show minor species (bottom). In 
both graphs, error bars represent 95% confidence intervals around the mean based on 
t-distribution. See Appendix A for definitions of species codes.
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production, with Acer negundo L. (Box Elder) (exclosure = 0.029 ± 0.020 seeds/
m2/basal area m2/yr, reference = 0.0 seeds/m2/basal area m2/yr) and Ailanthus 
altissima Mill. (Tree-of-heaven) (exclosure = 0.124 ± 0.042 seeds/m2/basal area 
m2/yr, reference = 0.0 seeds/m2/basal area m2/yr) having greater relative seed 
production in the exclosure than the reference (Fig. 3). Notably, while seed rain 
overall was an accurate predictor of canopy composition, a major portion of the 
American Sycamore and Tree-of-Heaven seeds likely came from off the plots, as 
there are few American Sycamores and no mature Tree-of-Heaven individuals in 
either the exclosure or the reference plots.
 Mean seedling height was nearly 2.25 times greater in the exclosure than in 
the reference area (exclosure = 18.0 ± 1.0 cm, reference = 8.76 ± 0.39 cm). In 
contrast, there were few differences in seedling abundances. Specifically, there 
were no differences in species-level abundance, and the rank abundance for the 
top ten species were the same in the exclosure and reference area (Fig. 4). The 
tests for difference in overall community change were insignificant with a mar-
ginal P-value (df = 69, P = 0.06). 
 In the census of the twenty most abundant small tree saplings (1–5 cm DBH), 
total stem count for all species was 4.1 times greater in the exclosure than the 
reference area. With the exception of Pawpaw and Mockernut Hickory, all spe-
cies were more abundant in the exclosure (Fig. 5A). There was a less notable 
difference in large-sapling (5.1–10 cm DBH) abundance than small-sapling 
abundance. Stem count was only 1.25 times greater for large tree saplings. Only 
eighteen species occurred in this size class in both the exclosure and the reference 
area, and seven of these species were more abundant in the exclosure (Fig. 5B).

Discussion

 Of the four life-history stages examined, seedling height and small-sapling 
abundance were most notably reduced by deer browsing. Seedling height was 
over twice that in the exclosure than in the reference plot. Previous studies have 
observed similar effects of deer browsing on seedlings. Apsley and McCarthy 
(2004) found no differences in the seedling densities of ten hardwood species 
(with the exception of Blackgum) in southern Ohio mixed oak forests following 
two years of deer exclusion, but seedlings were on average approximately 16.1% 
shorter in the non-excluded areas. This effect of deer browsing on seedling height 
in the SIGEO plot and at other deciduous forest sites also has been documented 
for herbaceous species (Anderson 1994, Fletcher et al. 2001, Goetsch et al. 2011, 
Heckel et al. 2010). Inhibiting stem growth at this stage has the potential to alter 
species composition and stand structure. Limiting seedling height may increase 
mortality risk through competition with other understory vegetation, thereby 

Figure 3 (opposite page). Mean annual relative seed production of the 20 most abundant 
tree species scaled by basal area of tree species (top) and with LITU removed to show 
minor species (bottom). In both graphs, error bars represent 95% confidence intervals 
around the mean based on t-distribution. See Appendix A for definitions of species codes.
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altering future species composition (Tilghman 1989). While these implications 
are compelling, greater seedling height in the exclosure will only be advanta-
geous, in successional terms, if other resources (i.e., water, light, and nutrients) 
are also available to the seedling.
 Similar seedling abundances suggest that factors other than deer browsing 
determine seedling establishment and short-term survival. Two possible factors 
may be light availability and leaf-litter depth. Light availability is widely 
considered a key factor in determining species composition, favoring early-
successional seedlings in high light levels and to a lesser extent in low levels 
(Beaudet and Messier 1998, Cornelissen et al. 1996, Walters et al. 1993). 
Similarly, leaf-litter depth may affect seedling species richness (Xiong and 
Nilsson 1999). Litter accumulation is correlated with reduced species diversity, 
inhibiting seedling establishment by acting as a barrier to seeds accessing soil 
moisture (Kota et al. 2007). Above all, seedling mortality frequently is unpre-
dictable because of considerable annual variability in both precipitation and 
seed production by canopy trees (Boerner and Brinkman 1996). This variability 
may mask effects of deer browsing on seedling abundance.   
 We observed a delayed effect of deer herbivory on species abundance 
between the seedling and small-sapling size classes. Small saplings were 
overwhelmingly more abundant in the exclosure than in the reference area for 
all species, with the exception of Pawpaw and Mockernut Hickory (Fig. 5A). 
Our results support findings from smaller-scale exclosure studies, with deer 
browsing having the most notable effect on woody stems at this life-history 
stage (Rooney et al. 2000). Pawpaw is unpalatable to deer (Asnani et al. 2006), 
perhaps explaining why it was more successful in the reference plot. We do not 
know why Mockernut Hickory was slightly more abundant in the reference plot 
as it is palatable, and previous studies have identified herbivory as a primary 
factor limiting Mockernut Hickory seedling establishment (e.g., McCarthy 
1994, Myster and McCarthy 1989). 
 Differences in large-sapling abundances were less apparent than those ob-
served in the small-sapling class (Fig. 5B). Once the leader stem is out of the 
browse zone (approximately 2 m), deer-caused mortality is less likely (Vila et al. 
2002). These larger saplings might have reached this height prior to the instal-
lation of the deer exclosure, and so did not benefit from the reduced browsing 
pressure. However, another explanation might be that deer had no role promoting 
or inhibiting the transition of stems from small to large saplings; rather, other 
environmental variables determined the survivorship of small saplings. Without 
knowing the age of the larger saplings, we cannot determine whether they gener-
ated before the exclosure installation, and so were subjected to deer browsing, or 

Figure 4 (opposite page). Average annual relative abundance of the 20 most abundant tree 
seedlings (top) and with LITU and FRAM2 removed to show minor species (bottom). In 
both graphs, error bars indicate 95% confidence intervals around the mean based on a 
t-distribution. See Appendix A for definitions of species codes.
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Figure 5. (A) Census of the 20 most abundant small saplings (1–5 cm DBH). (B) Census 
of the 18 most abundant large saplings (5.1–10 cm DBH). Graphs sorted by the most 
abundant species in the exclosure followed by species most abundant in the reference 
area. The inset graphs are of the sum total of the 20 most abundant tree saplings. Confi-
dence intervals and P-values were not calculated because we had a complete census of 
stems >1 cm DBH. See Appendix A for definitions of species codes. 
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afterwards, implying large-sapling abundance was controlled by other variables. 
We addressed this age question post hoc by sampling large saplings (n = 30) from 
along the northern and eastern edge of the SIGEO study area in November 2011. 
We did not collect sapling cores from inside the reference or exclosure in order 
to preserve the integrity of other on-going studies. The overstory in this ancil-
lary sampling area had a similar species composition and age to the reference 
and exclosure. We selected both potential canopy and understory tree species to 
reflect the sapling species composition seen in the exclosure and reference area. 
On average, saplings were notably older than 20 years (47 ± 5.5 years), and so 
were well-established at the time of the exclosure installation. This result sup-
ports our first conclusion, that many of the large saplings in both the reference 
and exclosure were subjected to the same browsing pressure in the small sapling 
stage. It also implies that the predominant size-class transition to occur since the 
installation of the deer exclosure was from seedling to small sapling. 

Conclusions

 After 20 years of excluding deer, we found more than a two-fold difference in 
average tree seedling height and a four-fold increase in the abundance of small 
saplings, with significant increases found across nearly all sapling species. In 
contrast, we found little difference in seedling abundance or seedling community 
composition, and only a small difference in the abundance of large saplings. 
Given the differences in understory seedling height, the most significant impact 
of deer browse will only be realized through interactions with gap-scale distur-
bance. Clearly, whether or not advanced regeneration is present to utilize newly 
available resources is dramatically affected by chronic browsing. Relative to the 
complete absence of White-tailed Deer, deer browsing has been shown to nega-
tively influence woody vegetation height and species richness at densities as low 
as 4 deer/km2, a substantially lower deer density than observed at SCBI and in 
most eastern forests (Horsley et al. 2003). Nonetheless, as stated by Mladenoff 
and Stearns (1993) regarding hemlock in the Northern Great Lakes region, deer 
herbivory is only one of several pertinent factors that determine regeneration. 
There are many other variables, including climate, life-history characteristics, 
and particularly disturbance, that also influence regeneration. 
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Appendix A. Definitions of USDA-NRCS species codes.

Code Scientific name Common name

ACNE2 Acer negundo Box Elder
ACRU Acer rubrum Red Maple
ACER Acer sp. Maple
AIAL Ailanthus altissima Tree of Heaven
AMAR3 Amelanchier arborea (F.Michx.) Fernald Common Serviceberry
ASTR Asimina triloba Pawpaw
CACA18 Carpinus caroliniana American Hornbeam
CACO15 Carya cordiformis (Wangenh.) K.Koch Bitternut Hickory
CAGL8 Carya glabra Pignut Hickory
CAOV3 Carya ovalis (Wangenh.) Sarg. Red Hickory
CARYA Carya sp. Hickory
CATO6 Carya tomentosa Mockernut Hickory
CECA4 Cercis canadensis Eastern Redbud
CEOC Celtis occidentalis L. Common Hackberry
COFL2 Cornus florida Flowering Dogwood
FAGR Fagus grandifolia American Beech
FRAM2 Fraxinus americana White Ash
FRPE Fraxinus pennsylvanica Marshall Green Ash
FRAXI Fraxinus sp. Ash
HAVI4 Hamamelis virginiana L. Witch Hazel
LITU Liriodendron tulipifera Tulip Poplar
NYSY Nyssa sylvatica Blackgum
PINUS Pinus sp. Pine
PIST Pinus strobus L. White Pine
PLOC Platanus occidentalis American Sycamore
PRAV Prunus avium (L.) L. Sweet Cherry
PRSE2 Prunus serotina Ehrh. Black Cherry
PRUNU Prunus sp. 
QUAL Quercus alba White Oak
QUCO2 Quercus coccinea Muenchh. Scarlet Oak
QUPR2 Quercus prinus Chestnut Oak
QURU Quercus rubra Red Oak
QUERC Quercus sp. Oak
QUVE Quercus velutina Black Oak
TIAM Tilia americana L. American Basswood
ULAM Ulmus americana L. American Elm
ULRU Ulmus rubra Muhl. Slippery Elm
ULMUS Ulmus sp. Elm


