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American beech and pin cherry, two species at the extremes
of the shade tolerance spectrum (Pacala et al. 1996; Niine-
mets and Valladares 2006; Humbert et al. 2007).
For all six species across all sites, fenced plots that

eliminated browsing did not increase fiber content of
browse biomass (as indicated by NDF and DMD; Table 1)
as we had expected. We hypothesized that browsing of
plants in the control plots would limit development of
structural defenses in the form of fiber and instead allocate
energy toward new growth high in protein. We did find
that red maple stems in fenced plots had greater DMD
than controls (Figure 2), but this was not enough to drive a
fencing effect overall (Table 2). Isolating the leaves and
stems of pin cherry, alternatively, showed browse biomass
had greater DP in the control plots than in the fenced plots
that are protected from browsing (Figures 1 and 2; Table
2). We found the fast-growing, highly shade-intolerant pin
cherry presented less structural defenses in the form of car-
bohydrates (as indicated by NDF) and more in new growth
(as indicated by DP). Shabel and Peart (1994) found pin
cherry at low density, like our control plots, had greater
compensatory growth after browsing than plots with high
pin cherry density. Continual herbivory of pin cherry may
result in an increase in lateral stem growth and this new,
younger growth has greater protein than other macromol-
ecules, suggesting DP itself is sensitive to foraging in a fast-
growing species. None of the five other taxa exhibited consis-
tent browsing-induced differences in nutritive components.
We suggest the failure to find browsing effects in these
species is a direct result of weak to nonexistent browsing
pressure on these species via both defensive allocations
and a lack of apparency (see Table S1). Apart from pin cherry,
all the species studied rate as moderate-to-low preference for
deer, particularly in summer (Horsley et al. 2003; Latham et al.
2005; Rossell et al. 2005), making it difficult to detect a
browsing-induced effect. Although these six species form
the bulk of the regenerating tree community (Table S1),
they differ considerably in their frequency of occurrence
among sites, their overall relative abundance, and stem
height, thus diminishing not only their apparency to deer,
but likely also weakening our ability to detect a statistical
difference. For example, white ash, often considered highly
preferred (Sample et al. 2023), was only found in 7 of 16 sites
and represented only approximately 6% of the available
browse (Table S1). Our analysis also reports that white ash
and black cherry, both considered moderately shade-intoler-
ant, present contrasting foliar nutritional profiles, with ash
containing greater structural carbohydrate allocation and
lesser digestibility (i.e., DMD) relative to black cherry. Incon-
sistencies among species in nutritive value in our analysis
may arise from variations in phytochemical, rather than
structural, defensive allocations. In some species (e.g.,
American beech), defense strategies focus on high alloca-
tion to structural components (high NDF). Others, including
birch and black cherry, allocation toward phytochemical
defenses may help deter browsing (Palo 1984; Burns and
Honkala 1990; Bryant et al. 1994; Champagne et al. 2021),
whereas white ash invests relatively little in these compounds
(Cipollini et al. 2011).
The results of the FRESH model (Hanley et al. 2012) do

not support our hypothesis that compensatory growth

of browsed plants (quality) in control plots would com-
pensate for reductions in overall browse biomass (quantity).
However, we also did not find the opposite to be true either:
the greater browse biomass within fenced plots did not
significantly increase the number of days the six species
could support. When analyzing pin cherry alone, fenced plots
could support a lactating female with one fawn nearly three
times as long as controls, which was statistically significant
despite lower DP of pin cherry in fenced plots. The lack of
fencing effect overall on the six species together along with
the significant fencing effect of pin cherry alone suggests
that difference in quality is not enough to alter the nutritional
capacity in dense plots. We acknowledge that deer eat more
than the six hardwood species assessed. Although these six
species dominated the regenerating tree community within
the plots, other preferred taxa, including forbs and shrubs
(e.g., Rubus spp.) were abundant (Royo et al. 2017). Our focus
on nutrition available from only six hardwoods precludes
definitive conclusions about how many deer the landscape
can support; however, the goal of our study was to deter-
mine the effects of herbivory on these six species, not the car-
rying capacity of sites. Our hypotheses made predictions on
how the energetic needs of deer, and their browsing impacts,
could be structured by both forage quantity and quality,
which is why we used the FRESH model–derived nutritional
carrying capacity as a relative index that integrates quantity
and quality of the six species alone. Deer will alter their selec-
tion based on both quality and quantity (Robbins 1993), and
foraging theory predicts the increase in browse biomass
would result in longer patch residence times even if quality is
low (Hobbs and Swift 1985; Shipley and Spalinger 1995). The
lack of significance between the plots may suggest that qual-
ity can temper quantity, but further research testing foraging
decisions in plots with uniform species occurrence, including
forbs, is needed.
Our equivocal results could also reflect landscape level

variation in biomass. For example, 7 of the 16 fenced plots
and 10 of the 16 control plots could support a lactating
female with one fawn for less than 1 dd/ha. Yet the maxi-
mum support for fenced and control plots is 41.5 and 30.1
dd/ha, respectively (Table 1). The lack of statistical differ-
ence in the number of days each site could support may
result from landscape variation rather than fencing effects.
However, we chose our 16 sites specifically to maximize
site productivity differences and broaden the generality of
findings. The effects of landscape heterogeneity may only
be confirmed with careful manipulation and control of
available browse in field sites or use of tractable deer in
captive environments that restrict browsing. Finally, deer
will alter diet selection based on seasonal nutritional needs
(Robbins 1993) and biomass availability (Ford et al. 1993;
Morrison et al. 2002; Lashley et al. 2011). Because deer
select more protein in the summer to support growth and
lactation compared with fiber and fat in the autumn (Dos-
taler et al. 2011), we expected the continued selection of
the high protein new growth. Furthermore, plants allocate
resources toward the production of more structural carbo-
hydrates later in the growing season at the same time deer
select for digestibility over protein. If we continued our
study into the fall, we may have seen more distinct, overall
fencing effects on NDF and DMD.
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Browsing significantly decreased the available biomass
of leaves and stems for the six species by 60%, while also
enhancing the nutritional quality of browse accessible to
deer. Our data highlight pin cherry as the most nutritious
among the six taxa and suggest a sensitivity to herbivory
that drove the observed treatment differences. Exposure
to herbivory in pin cherry likely induced a shift in energy
allocation from structural defenses to new growth rich in
protein, making it a valuable resource during crucial months
for parturition and lactation, specifically spring and summer.
Despite the increased nutritional value of pin cherry under
herbivory, our results did not support the hypothesis that
compensatory growth in control plots would counterbal-
ance reductions in browse biomass for all six taxa, including
pin cherry alone. Our study underscores the significance of
considering both quantity and quality of forage in compre-
hending the effects of deer herbivory, yet further investiga-
tion into all vegetation accessible to deer beyond the
six species is warranted. A more comprehensive analysis,
incorporating available shrubs and forbs, along with account-
ing for seasonal diet variations, could offer a more robust
understanding of the impact of exclosures on nutritional
quality in future research.

Supplemental Material

Please note: The Journal of Fish and Wildlife Management
is not responsible for the content or functionality of any
supplemental material. Queries should be directed to the
corresponding author for the article.

Table S1. Frequency (N sites found out of 16), stem
density (N stem/m2), and relative abundance (%) of all woody
individuals (trees and arborescent shrubs) surveyed in the 16
paired plots (fenced plots and control plots) in the Allegheny
Hardwood forests of northwestern Pennsylvania, USA, from
June to August of 2017. Species represented in this study are
in bold.
Available: https://doi.org/10.3996/JFWM-23-031.S1 (19

KB DOC).

Figure S1. Available browse biomass (reachable by
white-tailed deer, Odocoileus virginianus, at 180 cm high) of
six hardwood species (red maple Acer rubrum, black cherry
Prunus serotina, birch Betula spp., pin cherry Prunus pennsyl-
vanica, white ash Fraxinus americana, and American beech
Fagus grandifolia) estimated using previously derived allo-
metric equations at the same sites (Morgan et al. 2019) in
16 paired plots (fenced plots and control plots) in the Alle-
gheny Hardwood forests of northwestern Pennsylvania,
USA (surveyed from June to August of 2017). Error bars
represent standard error. Different letters denote statisti-
cal difference between species, and asterisks denote sta-
tistical fencing treatment3 species effects.
Available: https://doi.org/10.3996/JFWM-23-031.S2 (131

KB PDF).

Reference S1. Morgan Q, Johnstone-Yellin TL, Pinchot
CC, Peters M, Royo AA. 2019. Partitioning and predicting
forage biomass from total aboveground biomass of

regenerating tree species using dimensional analyses.
Canadian Journal of Forest Research 49:309–316.

Archived Material

Please note: The Journal of Fish and Wildlife Management
is not responsible for the content or functionality of any
archived material. Queries should be directed to the corre-
sponding author for the article.

To cite this archived material, please cite both the journal
article (formatting found in the Abstract section of this
article) and the following recommended format for the
archived material.

Data A1. Total browse biomass and estimated nutritional
carrying capacity (i.e., deer days per hectare) for white-
tailed deer, Odocoileus virginianus, based on six dominant
regenerating hardwood species (red maple Acer rubrum,
black cherry Prunus serotina, birch Betula spp., pin cherry
Prunus pennsylvanica, white ash Fraxinus americana, and
American beech Fagus grandifolia) for 16 regenerating Alle-
gheny hardwood forest sites in northwestern Pennsylvania,
USA (surveyed from June to August of 2017). Data are pro-
vided as averages by treatment (fenced plots and control
plots; Glover et al. 2023).
Available: https://doi.org/10.2737/RDS-2023-0058 (2

KB XLSX).

Data A2. Browse biomass for both stem and leaf tissue
as well as average nutritional quality data (neutral deter-
gent fiber [NDF], dry matter digestibility [DMD], and digest-
ible protein [DP]) for 16 regenerating Allegheny hardwood
forest sites in northwestern Pennsylvania, USA (surveyed
from June to August of 2017). Data are provided by treat-
ment (fenced plots and control plots) and species, for six
dominant regenerating hardwood species (red maple Acer
rubrum, black cherry Prunus serotina, birch Betula spp., pin
cherry Prunus pennsylvanica, white ash Fraxinus americana,
and American beech Fagus grandifolia; Glover et al. 2023).
Available: https://doi.org/10.2737/RDS-2023-0058 (16

KB XLSX).

Reference A1. Glover LM, Volponi SN, Royo AA,
Johnstone-Yellin TL. 2023. Biomass and nutritional qualities
of six regenerating hardwood species in the Allegheny
hardwood forest type. Fort Collins, Colorado: Forest Service
Research Data Archive.
Available: https://doi.org/10.2737/RDS-2023-0058
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