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EFFECTS OF SIMULATED DEER BROWSING

INTENSITY AND FRAGMENTATION ON
REGENERATIVE DYNAMICS OF ACER
SACCHARUM MARSH. (SUGAR MAPLE)
PLANTS IN TEMPERATE FORESTS

ABSTRACT

The deer browsing effects on the regeneration of woody plants in forested
ecosystems is not fully understood. More can be learned by clipping plants
in specific ways to mimic some aspect of a deer browsing regimen. espe-
cially intensity. Additionally, browsing effects are not understood in the con-
text of fragmented forests. A fragmented forest has a “forest interior” and a
“forest edge”, which is the area closer to the forest edge. In this study, we
simulated low and high levels of natural deer browsing intensity via “clip-
ping” of Acer saccharum Marsh. (sugar maple) in three fragmented forests
throughout northeastern Ohio, USA. At each site, 15 plants were randomly
selected in forested habitats within 40 m (forest edge) as well as 40-100 m
(forest interior) from the forest edge. In each habitat, leaves of plants were
either (1) clipped at high intensity (0.9 g of biomass). (2) low intensity (0.3
). or (3) no intensity (i.e. no clipping). Plant height, aerial crown cover. and
basal diameter as well as numerous branch characteristics (length, diameter,
leaf and bud production) were measured before and over two years following
clipping treatment. The results showed that the simulated deer browsing in-
tensities did not influence the response variables. They also showed that leaf
and bud production as well as total volume of plants were greater in forest
edge habitats than in forest inferiors. Our results suggest that natural levels
of deer browsing intensity do not interfere with growth dynamics of juvenile
sugar maple plants and that the forest edge has a higher rate of growth than
forest interiors despite the old age (~ 100 years) of forest edges.

INTRODUCTION

In forested ecosystems throughout the eastern United States. white-tailed
deer (Odocoileus virginianus Zimmerman) is a common predator of under-
story woody plant species (Johnson et al. 1995). Over the last 100 years,
some of these forests have experienced dramatic increases in deer densities
as a result of altered hunting regulations and anthropogenic removal of deer
predators (Russell et al. 2001). Increasing deer densities have led to concerns
about over-browsing of woody plant species (Russell et al. 2001). Excessive
browsing of juvenile woody plants. in particular, can prevent young canopy
trees from transitioning from smaller to larger size classes to complete their
natural life histories (Harmer 2001).
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The deer browsing effects on the regeneration of
woody plants in forested ecosystems is not fully under-
stood. More can be learned by clipping plants in specific
ways to mimic some aspect of a deer browsing regimen,
especially intensity. (Danell et al. 1994). However, most
simulated deer clipping experiments are not realistic be-
cause deer browsing regimens were not accurately charac-
terized. One such characteristic of the browsing regimen
commonly misunderstood is browsing intensity. Other
studies have used low levels of simulated browsing inten-
sity (25-30% removal of green biomass via clipping) to
increase plant growth (Bergstrom and Danell 1987) and
higher levels (75-100%). in contrast, to slow growth and
lower survivorship (Puetmann and Saunders 2001). How-
ever, this use of percentages rarely reflects natural levels
of deer browsing intensity. Also, these studies are not con-
ducted in natural settings. so interactive effects involving
browsing and other environmental factors are not imple-
mented.

One such environmental factor is fragmentation.
Forest fragmentation. due to anthropogenic disturbance,
has increased the total area of forest habitats with forest
edges over 100 years of age (Chen et al. 1992, Saunders
et al. 1991). Compared to forest interiors. forest edges can
have different levels of resources (e.g.. light) (Euskirchen
et al. 2000) altering plant growth and regeneration (Mat-
lack 1994, Murcia 1995). How interactive effects like deer
browsing intensity and forest fragmentation influence the
regenerative dynamics of young woody plants has been
poorly understood.

Our objective was to evaluate the effects of deer
browsing intensity on juvenile plant growth. using Acer
saccharum Marsh. (sugar maple) in fragmented forests of
northeastern Ohio. We administered three different inten-
sities of deer browsing via clipping, and evaluated plant
growth patterns over 3 years. We sought to answer two
questions: (1) Do juvenile sugar maples respond differ-
ently to deer browsing at various intensities? (2) If so. do
these responses differ between juvenile sugar maples lo-
cated in forest edge habitats versus forest interiors?

METHODS
Study Sites

Our study was conducted at three different sites near
Cleveland. Ohio. Both Bole and Firman Woods are locat-
ed at The Holden Arboretum, Geauga and Lake Counties
(41°36°N, 81°18* W: 8645 ha; 244 m above sea level), and

the third site is located at Furnace Run Metro Park (41°15°
N. 81°36° W: 360 ha: 340 m above sea level), which is
part of the Summit County Metro Parks System. Regional
temperature averages 10.8 °C, and mean monthly maxi-
mum and minimum temperatures occur in July (23.4 °C)
and January (-2.7 °C), respectively (1971-2000: NCDC
2004). Annual rainfall is 91.6 cm on average. of which
60% occurs during the growing season from April through
September.

The three forested sites are situated on the Glaci-
ated Allegheny Plateau of the Beech-Maple Forest Region
(Braun 1950). They are second-growth temperate forests
with a canopy composed of mainly sugar maple along
with Fagus grandifolia Ehth.. Fraxinus americana L.,
Carya Spp.. Prunus serotina Ehrh.. and Acer rubrum L. In
the understory. sugar maple, Fraxinus americana L., and
Lindera benzoin Blume. predominate.

Our sites have straight. north-facing edges that
are > 100 m long. Furnace Run (Summit County. 41°15°
N. 81°37° W: 156 ha) is located along a residential road.
Bole Woods (Geauga County: 40° 57° N, 82° 28° W: 200
ha) is situated next to an abandoned agricultural field, and
Firman Woods (Lake County: 41° 37" N, 82° 18" W: 170
ha) is adjacent to a privately owned and maintained field.
Aerial photographs suggest these edges are ~100 years
old.

All three forests are on gentle (2-6%) to moder-
ately steep (6-15%) slopes and have deep soils (depth of
105-150 cm) and acidic subsoils (Williams and McCleary
1982, Ritchie and Reeder 1991, USDA 2008). The poor-
ly drained soils that characterize Bole Woods are mostly
Platea silt loams on medium textured glacial till with a silt
loam surface and a silty clay loam substratum (Williams
and McCleary 1982). They also contain a fragipan layer
where the water table above is seasonally perched. The
moderately drained soils at Firman Woods have a season-
ally high water table. but are Ellsworth silt loams with a
shale substratum (Ritchie and Reeder 1991). In confrast,
the soils in Furnace Run overlay a silty clay loam substra-
tum and are characterized as a Mahoning silt loam formed
from glacial till (USDA 2008).

Data Collection

Data were collected over three years (2006-2008) from in-
dividually tagged sugar maple plants. In June and July of
2006, 30 juvenile plants between 30 cm and 1 m tall were
randomly selected at each of the three forest habitat sites.
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15 plants were selected < 40 m from the forest edge. and
15 were selected in the forest interior (40-100 m from an
edge). Following plant selection, pre-clipping data were
collected. Each plant was measured for height and basal
diameter of the main stem. We then measured each branch
off the main stem for length. diameter (at each end of a
branch). as well as the number of buds and leaves. Addi-
tionally, each branch was marked with a uniquely colored
piece of phone wire to keep track of the changes in these
characteristics for each branch over time. A branch was
defined as any living woody stem > 2 cm in length or any
woody stem < 2 c¢cm but with a living woody sub-branch
> 2 cm long. Branch diameter was measured using digital
calipers (accurate to £0.01 mm: Mitutoyo Series 500, Ka-
nagawa, Japan).

Browsing intensity via clipping was administered
in July 2006. In each forest habitat, terminal branches from
each plant were randomly selected and received either one
of three infensity clippings: (1) low-intensity involving
the removal of 2-4 leaves (~0.3 g dry biomass) from a
branch, (2) high-intensity or the removal of ~0.3 g of dry
biomass from each of three branches (~0.9 g in total). or
(3) no clipping.

These clipping intensities differ from most simu-
lated browsing studies because we did not defoliate our
plants based on percentages. Instead. we simulated natu-
ral levels of deer browsing intensity. In other simulated
browsing studies, researchers would remove a percentage
of green biomass, ranging from 25 to 50% for low infen-
sity (Cooper et al. 2003, Saunders and Puettmann 1999b)
and 75 to 100% for high intensity (Canham et al. 1994,
Saunders and Puettmann 1999a). These percentages work
well for understanding plant responses to defoliation and
heavy browsing. However. deers do not prefer sugar ma-
ple (Strole and Anderson 1992) and generally would not
completely defoliate them. Thus, we clipped at intensities
based on a typical bite size of deer (.3 g per bite) and the
number of bites expected per deer browsing event (1-3
bites on average) (Shipley and Spalinger 1995).

Following clipping. each plant was fenced to pre-
vent natural deer browsing over the course of the study.
Cylindrical-shaped fences were made of 2.54 cm poultry
cloth and were 2 m tall and 1 m in diameter. Plants were
re-measured in July 2007 and 2008.

AN

Statistical Analysis

Data were analyzed in the context of a randomized block,
multi-factorial experimental design with repeated mea-
sures and sampling, with simulated deer browsing inten-
sity, location with respect to a forest edge. and time as
fixed factors. At the plant level, we evaluated the effect of
clipping on the collective response of unclipped branches
of each plant. Response variables included total plant vol-
ume (calculated by summing all branch volumes), height
to basal diameter rafio, and total number of leaves, buds,
and branches per plant. Branch volume was calculated as
the volume of a frustum using the following equation,

*length

y=L (BD,,> +BD

bot

*BD,, + BDWE)

These data were analyzed using analysis of covariance
(ANCOVA) with pre-treatment data used as the covari-
ate.

At the branch level, we examined mean branch
volume and mean branch length involving all branches.
These data was analyzed using ANOVA. Also. we com-
pared those branches which were clipped in 2006 to ran-
domly selected terminal branches from unclipped control
plants and examined changes in the number of leaves and
buds per branch. Branches that died in 2007 and 2008 were
excluded from these analyses. and data were analyzed us-
ing ANCOVA. Analyses were performed using PROC
MIXED in SAS 9.1 for Windows (SAS, 2001). When nec-
essary, data were natural-log transformed fo meet model
assumptions: for all analyses, o = 0.05.

RESULTS
Plant level responses

At the plant level. the separate and interactive effects of
deer browsing intensity and fragmentation were generally
not detected (Table 1). However, plant volume was af-
fected by an interaction involving fragmentation and time
(p = 0.049). In 2008. plant volume in edge habitats was
32% greater than that in forest interiors (Tukey-Kramer p
= 0.007. Figure 1. next page). Additionally. while an in-
teractive effect of time, fragmentation, and browsing in-
tensity on the number of branches per plant was detected
(p = 0.021). this was attributed to changes over time in
edge habitats receiving low clipping and interior habitats
receiving high clipping (Tukey-Kramer p = 0.003 and p =
0.012 respectively) as well as a difference in edge habitats
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receiving low clipping in 2007 versus interior habitats re-
ceiving high clipping in 2008 (Tukey-Kramer p = 0.050).

Branch level responses

Fragmentation. alone. affected branch level responses of
juvenile plants (Table 2). Specifically. fragmentation in-
fluenced bud (p = 0.053) and leaf (p = 0.037) production.
Plants in edge habitats had 45% more buds than those in
forest inferiors (Figure 2a). Similarly, plants near a for-
est edge had 53% more leaves than those located in forest
interior habitats (Figure 2b).

DISCUSSION

Compared to plants in forest interiors, plants had greater
volume as well as more leaves and buds in forest edge
habitats where light levels are likely elevated (Euskirchen
et al. 2000). Since our edges were ~100 years old. these re-
sults were unexpected. Light levels in forest edge habitats
usually diminish after 40-50 years: edges “close up” fol-
lowing adventitious lateral growth of canopy adults near
such edges (Matlack 1994). In confrast, our fragmented
sites likely remained open. causing plant growth and re-
generation.

At our sites. a single natural deer browsing event at
various intensities did not affect growth and regeneration
of juvenile sugar maple plants. In contrast to our results,
woody plants have demonstrated in the past overcompen-
sation of growth after levels of simulated browsing inten-
sity (Bergstrom and Danell 1987, Danell 1985, Hjalten et
al. 1993). This response may represent an attempt to es-
cape a ruminant browse line (Bergstrom and Danell 1987)
or maintain a constant root to shoot ratio (Danell et al.
1985). Alternatively, overall plant growth can decrease

(Puetmann and Saunders 2001), possibly due to a decrease
in competitive ability (Augner et al. 1997). We did not ob-
serve either of these changes perhaps because our brows-
ing intensity treatments did not involve unnatural levels of
plant defoliation using arbitrary percentages.

Regenerative dynamics of juvenile sugar maple
plants may be affected by other characteristics of a deer
browsing regimen. including seasonal fiming, and fre-
quency (Pickett and White 1985). Seasonal timing of
browsing can affect plant responses (Hjalten et al. 1993).
Plants browsed in the early summer have a greater re-
sponse to clipping than those browsed in winter or late
summer (Reich et al. 1993). Little knowledge about the ef-
fects of browsing frequency on plant regeneration is avail-
able because most browsing studies do not imitate natural
frequencies and only clip once a year (see Bergstrom and
Danell 1987). Information about the effects of seasonal
timing and browsing frequency is crucial in accurately
simulating browsing regimens and could help research-
ers better understand how natural browsing affects woody
plant regeneration.

We therefore suggest two lines of research that
would help elucidate the natural effects of deer browsing
on woody plant regeneration. The first is to begin research
projects in line with the projects of Shipley and Spalinger
(1995) to gain a deeper understanding of deer browsing
regimens. In order to understand deer browsing regimen,
more research is needed on the frequency and seasonal
timing that deers browse woody plants. After the deer
browsing regimen is understood. we can more accurately
research the effects of natural browsing on plants to then
know how to most appropriately manage deer populations
in temperate forests.

/,
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Location™

Location™ Location™ Intensity™ Intensity™
Response Covariate Location Intensity Intensity Time Time Time Time
Volume < 0.001 0.210 0.278 0.125 =0.001 0.049 0.739 0.621
Height to BD ratio = 0.001 0773 0.236 0.873 0.740 0.291 0.374 0.874
Leaves 0.004 0.953 0.283 0.550 0.306 0.778 0.752 0.414
Buds < (0.001 0.771 0.144 0534 0.003 0.942 0.283 0.347
Branches 0.348 0.506 0.541 0.793 =0.001 0.337 0.086 0.021

Table 1: Sources of variation and P values for fixed effects following ANCOVA that was used to examine
plant level effects of simulated deer browsing intensity and fragmentation on juvenile sugar maple plants.

Location*
Location® Location* Intensity* Intensity™
Response Covariate Location Intensity Intensity Time Time Time Time
Mean Branch volume -- 0952 0.254 0.454 0.369 0.263 0.998 0.362
Mean Branch length -- 0.378 0.289 0.221 0294 0.143 0.708 0.313
Mean Buds per branch 0.020 0.053 0.210 0.992 0.017 0.080 0.954 0.716
Mean Leaves per branch 0.351 0.037 0318 0.843 0.168 0.296 0.666 0.845

Table 2: Sources of variation and P values for fixed effects following ANCOVA that was used to examine
branch level effects of simulated deer browsing intensity and fragmentation on juvenile sugar maple
plants.

AN
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Figure 1: Mean (£ SE) volume of juvenile sugar maple plants in forest edge and interior habitats before (2006) and after
(2007, 2008) simulated deer browsing intensity.
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Figure 2: Mean (£ SE) number of (a) buds per branch and (b) leaves per branch for juvenile sugar maple plants in forest
edge and interior habitats before (Pre-treatment) and after (Post-treatment) simulated deer browsing intensity.
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