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Abstract: White-tailed deer (Odocoileus virginianus) can cause major changes in the composition and struc-
ture of forest communities by browsing shrubs and tree seedlings and grazing understory forbs. Such effects
have become an increasingly pervasive management concern in protected natural areas and parks where con-
servation of native plant communities is a primary objective. The magnitude of these effects can vary widely
according to variations in local deer numbers and availability of alternate food sources. We used measurements
from 11 maple-basswood forest fragments in southcentral Minnesota to examine the predictability of deer
grazing intensity on understory forbs based on local winter deer density, composition of the landscape sur-
rounding each forest fragment, and characteristics of forb populations within the forest. In early summer,
grazing intensity on 6 palatable forb species at most sites was inversely correlated with the availability of alfalfa
within a 1.5-km radius of the stand (2 = 0.66); winter deer density and forb flowering rate within the stand
were additional important predictors of grazing intensity. Later in the growing season, most variability in the
intensity of grazing among forest fragments could be explained either by the availability of row crops, alfalfa,
and fields within a 1.5-km radius of the stand (r2 = 0.75) or by a combination of winter deer density and forb
abundance within the stand (r2 = 0.75). Results show that parks and preserves with low densities of palatable
plant species in the forest understory may be especially susceptible to effects of deer grazing. Changes in
landscape composition (e.g., increased row-cropping or conversion of land to residential developments) should
be an important consideration in the management of deer densities in areas designed to protect native forest
communities.
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Over the past 150 years, much of the decid-
uous forest region of the upper midwestern
United States (Minnesota, Wisconsin, Michi-
gan) has been converted to agriculture (Stearns
1988). Only approximately 2% of old-growth
hardwood forests remain, with mostly small,
scattered woodlots in the southern regions of
these states (Frelich 1995). During the 1800s,
white-tailed deer were extirpated in many areas,
but populations recovered in the mid-1900s af-
ter the establishment of protective hunting laws
(Gladfelter 1984). Today, deer populations often
reach high densities in parks and preserves de-
signed to protect remaining fragments of decid-
uous forest, with significant consequences for
these plant communities (Alverson et al. 1988,
Miller et al. 1992, Anderson and Katz 1993, An-
derson 1994).

In southcentral Minnesota, some 8,000 km?
of contiguous deciduous forest dominated by
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sugar maple (Acer saccharum), basswood (Tilia
americana), and elms (Ulmus spp.; Daubenmire
1936, Grimm 1984) were converted primarily to
agricultural and residential land uses following
European settlement. Only a few old-growth
fragments remain, and most are <35 ha (Jakes
1980, Vasilevsky and Hackett 1980). The con-
servation of these remnants is a primary objec-
tive of the Minnesota Department of Natural
Resources’ Scientific and Natural Areas Pro-
gram and private conservation organizations. Al-
though deer in agricultural landscapes forage
primarily on crops, they also consume understo-
ry forest vegetation in addition to using forest
fragments for cover, parturition sites, and travel
corridors (Nixon et al. 1991). Deer forage se-
lectively on understory forbs in forest fragments
during the summer and can have major effects
on species characteristic of these forests such as
trillium (Trillium spp.) in early summer (Augus-
tine and Frelich 1998), and wood nettle (La-
portea canadensis) and enchanter’s nightshade
(Circaea lutetiana) in mid-late summer (Au-
gustine 1997).
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Effects of deer are hypothesized to be af-
fected by deer density, landscape composition,
and characteristics of the understory plant com-
munity. Managers typically use estimates of
winter deer density in deciding whether and
how often to control local deer densities.
Whether winter deer density provides a useful
indicator of summer grazing intensity within a
given forest fragment is unknown, because deer
migration and dispersal can result in significant
seasonal shifts in density (Nixon et al. 1991). In
addition, the availability of agricultural crops in
the landscape surrounding forest fragments,
and the abundance of understory forbs, may af-
fect the amount of foraging by deer within a
forest fragment. Finally, because deer selective-
ly graze large flowering plants (Augustine and
Frelich 1998), the availability of large plants in
a population could affect the overall proportion
grazed. We therefore examined the predictabil-
ity of summer deer grazing intensity within ma-
ple-basswood forest fragments based on (1) lo-
cal winter deer density, (2) composition of the
landscape surrounding the forest fragment, and
(3) characteristics of forb populations within the
forest fragment.

STUDY AREA

We conducted surveys of understory vegeta-
tion at 11 old-growth, maple-basswood stands
in Rice County (44°15’'N, 93°20'W), Hennepin
County (45°N, 93°30'W), and Wright County
(45°10’N, 93°50’W) in southcentral Minnesota.
Most sites were protected as Scientific and Nat-
ural Areas, state parks, or county parks, and 2
sites were privately owned. No 2 sites were <5
km apart, and all sites were considered inde-
pendent of each other with regard to plant
growth and deer herbivory during the growing
season. The 11 stands were 5-32 ha in size,
which is representative of the remaining old-
growth fragments in southcentral Minnesota.
All sites contained a closed canopy dominated
by sugar maple, American basswood, and elms
(>50% of relative dominance by basal area), ex-
hibited an all-aged distribution of tree sizes, and
contained large (50-100 cm dbh) individuals of
the 3 dominant tree species (Augustine 1997).
Ironwood (Ostrya virginiana) was an important
subcanopy species. The history of these sites
since European settlement was not always
known, but 2 sites experienced some historic
grazing by cattle and oxen. Most other sites
have not been grazed by domestic livestock.
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Soils were either loamy and developed from
glacial deposits, or silty and developed from lo-
ess-covered glacial till (Grimm 1984). Climate
is continental, cold-temperate humid, with
warm summers and cold winters.

The landscape surrounding each forest frag-
ment was a mosaic of agricultural crops, pas-
tures and old fields, wetlands, second-growth
forests, and residential developments. The pre-
dominant agricultural crops were com, soy-
beans, and alfalfa.

Deer occurred at all sites but varied in den-
sity as a result of management. Deer were not
hunted at 2 sites, and these had the highest
densities; at other sites, deer were hunted either
on a yearly or variable-year basis. Hunting is the
major factor regulating deer densities. In areas
with no hunting, vehicle collisions, emigration,
and some poaching may be important mortality
factors because no evidence of malnutrition was
observed during 1994-96. Given the wide-
spread availability of agricultural crops, high
fawn pregnancy rate, and high proportion of
adult does bearing twins (Harder 1980), we be-
lieve deer densities at all sites were well below
ecological carrying capacity (sensu McCullough
1979). The highest deer densities occurred in
winter; when deer use forest fragments for cov-
er; deer disperse into the surrounding agricul-
tural lands during the growing season.

METHODS
Deer Density

To examine the relation between winter deer
abundance and summer grazing intensity, we
used pellet-group counts to estimate winter
deer density at all 11 study sites, and we used
aerial counts at 6 study sites to check the pellet-
count estimates. We conducted pellet counts
immediately following snowmelt during 1-12
April 1996, in 45-50 50.3-m? circular plots at
each site. We converted pellet counts to density
of overwintering deer (deer/km?) based on a
150-day deposition period and 13 pellet groups-
deer~1.day~! (Eberhardt and van Etten 1956).
In addition, aerial counts were conducted in
January 1996 by 2 deer managers from Hen-
nepin County Parks and the Minnesota De-
partment of Natural Resources who have count-
ed these sites for =5 years. Counts were con-
ducted when snow cover and weather were
judged by the managers to maximize accuracy.
A fixed-wing Piper Supercub aircraft was used



1078

DEER GRAZING IN FRAGMENTED FORESTS * Augustine and Jordan

J. Wildl. Manage. 62(3):1998

Table 1. Forb species sampled in early and late summer at 11 study sites in southcentral Minnesota, 1996.

Season Palatability Scientific name Common name

Early summer Palatable Trillium spp.2 Trillium
Palatable Uvularia grandiflora Large-flowered bellwort
Palatable Smilacina racemosa False Solomon’s seal
Palatable Sanguinaria canadensis Bloodroot
Palatable Smilax ecirrata® Carrion flower
Palatable Polygonatum biflorum True Solomon’s seal
Unpalatable Arisaema triphyllum Jack-in-the-pulpit

Late summer Palatable Laportea canadensis Wood nettle
Palatable Circaea lutetiana Enchanter’s nightshade
Palatable Solidago flexicaulis Zig-zag goldenrod
Palatable Impatiens pallida Jewelweed
Palatable Caulophyllum thalictroides Blue cohosh
Unpalatable Eupatorium rugosum White snakeroot
Unpalatable Hackelia virginiana Stickseed

2 T. grandiflorum, T. cernuum, T. flexipes.
b May include Smilax herbaceae.

at 4 sites and a Robinson R-22 helicopter at 2
sites. For each site, the area flown included the
old-growth fragment sampled for understory
forbs and a surrounding mosaic of second-
growth forest, shrubland, and wetlands. Deer
density was calculated from the number of deer
observed, uncorrected for visibility, within the
area flown that was also within a 3-km radius of
the center of the study stand. Reported densi-
ties are the number of deer observed divided
by the area of winter cover, where winter cover
was defined as deciduous and coniferous forest,
shrubland, and wooded wetlands.

Understory Forbs

We used systematic plot sampling to survey
the abundance and proportion grazed of 7 ear-
ly-summer forb species during 10-20 June and
7 late-summer forb species during 3-14 August
1996 (Table 1). Species were chosen because
they are characteristic of late-successional, me-
sic deciduous forests (Curtis 1959, Rogers
1981). The 7 early-summer species represent a
guild of long-lived, nonclonal forbs that initiate
growth in spring, have a single, central stem,
and flower in early June. These species were of
interest because their growth form may be es-
pecially sensitive to deer, as a single bite re-
moves most or all leaves, and no leaf regrowth
occurs after being grazed.

The 7 late-summer species (Table 1) all have
a single, central stem, except stickseed (Hack-
elia virginiana), which has a basal rosette of
leaves and a central stem. These species flower
in mid-August, except for blue cohosh (Caulo-
phyllum thalictroides), which flowers in early

summer but remains green and develops fruits
in late summer. Life-history strategies of the
late-summer species vary widely from an an-
nual, jewelweed (Impatiens pallida), to the pre-
dominantly clonally reproducing zig-zag gold-
enrod (Solidago flexicaulis).

At each site, we counted forbs in 46-50 6-m?
circular plots, using 50-m spacing at 8 sites and
25-m spacing at the 3 smallest sites. For species
with low abundance at a given site, we con-
ducted additional sampling with shorter spacing
between plots (80-96 6-m? plots for moderately
abundant species and 145-250 6-m? plots for
sparse species). In each plot, we counted the
number of grazed, ungrazed, and flowering
plants, where a “plant” was defined as any stem
with no aboveground connection to other
stems. Due to our focus on deer effects to the
plants, we only counted stems as grazed if
>50% of the leaf area was removed.

In the August sampling season, we distin-
guished between recently grazed and old-
grazed stems. The definition of a recently
grazed stem was based on the degree of senes-
cence of the bite point. We developed defini-
tions for each species based on observations of
marked plants with simulated grazing that were
monitored repeatedly in 1995 and 1996 such
that recently grazed stems approximate a 30-day
grazing rate. Late-summer grazing calculations
were based on recently grazed stems only.

We defined grazing intensity as the propor-
tion of stems of a species or group of species
grazed by deer. For each site, we used Coch-
ran’s (1977:175-176) jacknife technique to cal-
culate the proportion grazed. This method ac-
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Table 2. Land-use categories used to describe composition of the landscape surrounding maple—basswood forest fragments

in southcentral Minnesota, 1996.

Land-use category

Definitions

Row crops

Alfalfa fields

Fields

Deciduous forest
Coniferous forest
Shrubland

Wooded wetlands
Nonwooded wetlands

Corn and soybean fields

wet meadows
Residential
Forested residential
Urban
Open water

Alfalfa or alfalfa—clover-hay mixtures dominated by alfalfa or clover

Hay, old fields, pastures, restored prairie, golf courses

Contiguous canopy cover of deciduous tree species

Contiguous canopy cover of coniferous tree species

Noncontiguous tree canopy with >10% cover of woody species

Wetlands with >10% cover of woody species

Primarily cattail (Typhus spp.) and phragmites (Phragmites australis) marshes;

Residential housing developments and farmsteads
Dispersed residences in contiguous forest cover
Industrial parks, town centers, highways, gravel pits

counts for stems within a given plot not being
independent of each other by treating the plot
rather than individual stems as the sampling
unit. We calculated the combined grazing in-
tensities on all 6 palatable early-summer species
and all 5 palatable late-summer species because
the abundance of some individual species varied
widely among sites. We also individually exam-
ined grazing intensity for the most highly pal-
atable species in each season.

For the group of 6 palatable, early-summer
forbs, we used the proportion of plants flower-
ing as an index of the proportion of the popu-
lation consisting of large individuals because
flowering plants are typically the largest individ-
uals in the population (Kawano et al. 1986,
Hanzawa and Kalisz 1993). This proportion was
also calculated via Cochrans (1977) jacknife
technique. For late-summer species, percent
flowering could not be used as an index of pop-
ulation size structure, because these species

vary widely in life-history strategy.

Landscape Composition Surrounding
Forest Fragments

To examine whether the landscape surround-
ing remnant forest fragments affects deer graz-
ing intensity within a stand, we mapped com-
position of the landscape within a 3-km radius
of each study site during ground surveys con-
ducted from 25 May to 5 June 1996. During
ground surveys, we used color infrared aerial
photographs taken in April 1991 and 1992 as a
base template. We digitized maps derived from
the ground surveys with a Geographic Infor-
mation System (GIS; ARC/INFO 3.4.2b), and
we classified land use into 12 categories (Table
2).

To examine effects of availability of alterna-
tive forage sources such as row crops (soybeans,
corn) and forage crops (alfalfa, clover) in the
landscape immediately surrounding forest frag-
ments on spring and summer deer grazing in-
tensity within the stand, we calculated the pro-
portion of total land area within a 1.5-km radius
of each study site that was occupied by these
agricultural crops. This distance was chosen be-
cause, during the growing season, deer in agri-
cultural regions typically make only local move-
ments of about 500-750 m between bedding
sites and crop fields (Nixon et al. 1991).

Statistical Analysis

We examined the relation between summer
deer grazing intensity and (1) winter deer den-
sity, (2) forb availability within the stand, (3)
forb flowering rate, and (4) availability of alter-
native forage patches in the surrounding land-
scape via multiple linear regression (Weisberg
1985). In each analysis, we fitted regression
models for all possible combinations of predic-
tors. Comparison of the significance of overall
regression F-tests, coefficients of variation, and
t-statistics for significance of individual predic-
tors were used in model selection. For early and
late-summer analyses, we tested for the need to
transform the response following the Box-Cox
procedure for each predictor (Box and Cox
1964). This analysis indicated a nonlinear rela-
tion between grazing intensity on late-summer
forbs and all 3 predictors, and between grazing
intensity on wood nettle and all 3 predictors.
The analysis conducted for each predictor sep-
arately suggested a 0.15-0.35 power transfor-
mation, so we used 0.25.
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Fig. 1. Correlation between estimates of winter deer density
for 6 maple—basswood forest fragments in southcentral Min-
nesota, based on pellet counts versus aerial counts. Solid cir-
cles show results for 5 study sites for the 199596 winter.
Open symbols show density estimates for a sixth site where
the pellet count estimate changed significantly between 1994—
95 (triangle) and 1995-96 (circle), but the aerial count was
nearly identical in both years. From the 1994-95 data for this
latter site: [(aerial deer/km2) = 1.064 (pellet deer/km?) —3.270;
2= 0.76, P = 0.024].

RESULTS
Deer Density

Winter deer densities based on pellet counts
varied between 0.7 and 33.4 deer/km? among
study sites. Inspection of the relation between
aerial count estimates and pellet count esti-
mates at sites where both were conducted (n =
6) identified 1 site where results were inconsis-
tent (Fig. 1). At this site, pellets probably un-
derestimated density due to a local shift in hab-
itat use to adjacent south-facing shrubland and
2 nearby conifer stands during the more severe
winter of 1995-96, which included low mean
temperature, high snow depths, and a long pe-
riod of snow cover. We also surveyed this site
with both methods during the more mild winter
of 1994-95. Aerial counts indicated the same
density between years, while pellet counts were
dramatically lower in 1995-96 compared to
1994-95 (Fig. 1). In subsequent analyses, the
1995 pellet estimate was used for the site where
the 1996 result was a known underestimate. A
strong linear relation was observed between
pellet count and aerial count estimates: [aerial
deer/km? = 1.064 (pellet deer/km?) — 3.270];
(F14 = 12,68, r2 = 0.76, P = 0.024; Fig. 1).
Analysis of the landscape within a 3-km radius
of the 5 study sites where aerial counts were
not conducted indicated pellet counts were not
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likely to have underestimated local deer density,
because alternative winter habitat was absent.

Grazing Patterns

Surveys documented selective foraging on
understory species. Grazing in early summer
was focused on species in 6 genera (Sanguinar-
ia, Smilacina, Smilax, Polygonatum, Trillium,
Uvularia; Table 1), while jack-in-the-pulpit (Ar-
isaema triphyllum) was consistently avoided.
Stems of early-summer species grazed in the
first week of spring may have senesced prior to
sampling in June, but no other grazed stems are
believed to have been missed. The range of
grazing intensities observed among sites was
1.0-37.0% for the most palatable species (tril-
lium), 1.2-9.6% for all 6 palatable species com-
bined, and 0.04.1% for jack-in-the-pulpit. In
late summer, species in 5 genera experienced
high grazing intensity (Laportea, Circaea, Im-
patiens, Solidago, Caulophyllum; 0.4-35.5% for
all 5 combined), with the highest grazing inten-
sity on wood nettle (0.2-72.4%). Two other spe-
cies, white snakeroot (Eupatorium rugosum)
and stickseed, were avoided by deer (0.0%
grazed) in late summer at the sites where these
species occurred.

Predictors of Grazing Intensity

Regression models showed no evidence of
nonconstant variance, nonlinearity, Oor nonnor-
mality based on the diagnostics outlined by
Weisberg (1985:128-163), although the small
sample size limited the power of tests for non-
normality.

Early Summer.—Regression analyses showed
that alfalfa availability alone was the most im-
portant predictor of grazing intensity (Fyg =
5.14, P = 0.049) but explained only a third of
the variability among sites. Grazing intensity
was inversely related to alfalfa availability (r2 =
0.36), with 1 clear outlier (Fig. 2). When this
site was excluded, alfalfa availability explained
most variation among sites in grazing intensity
(Fs = 15.20, r2 = 0.66, P = 0.005; Fig. 2).

The outlier site was unusual in the low abun-
dance (0.09 stems/m?) and low flowering rate
(1.9%) of palatable, early-summer forbs. Flow-
ering rates of long-lived, early-summer forbs
may be low due to effects of historic grazing by
domestic livestock, historic grazing by deer at
sites with high deer density, or both. The coun-
teracting influences of high deer density but
few large, flowering plants could result in an
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Fig. 2. Correlation between availability of alfalfa (percentage
of the landscape within a 1.5-km radius of each stand occupied
by alfalfa fields) surrounding 11 forest fragments in southcen-
tral Minnesota and deer grazing intensity on 6 palatable, early-
summer forb species in 1996. The solid circle shows 1 outlier
site. Exclusive of this site, a highly significant inverse relation
was observed (2 = 0.66, P = 0.005).

intermediate level of grazing on the overall pop-
ulation in a given forest fragment. Because such
interactions may be difficult to detect with the
small number of sites in this study and the scat-
terplot for winter deer density versus grazing
intensity (Fig. 3) showed a pattern that cannot
be directly analyzed with standard regression
techniques (Thomson et al. 1996), we examined
this interaction with categorical rankings for
deer density (high vs. low) and flowering rate
(high vs. low). Based on figure 3, sites were giv-
en a deer density rank of 1 if winter deer den-
sity was >20/km?, and zero for lower overwinter
density. Similarly, the 2 sites with the lowest
flowering rate for palatable, early-summer spe-
cies were assigned a categorical flowering rate
rank of zero, with all other sites equal to 1.
When these 2 variables were included in a mul-
tiple regression with alfalfa availability, all 3
were significant predictors of grazing intensity:
[percent grazed = 2.72 — 1.07 (alfalfa) + 3.39
(deer density rank) + 5.27 (flowering rank)];
(Fy7 = 15.70, r2 = 0.87, P = 0.002; alfalfa: t =
5.08, P = 0.001; deer rank: t = 3.62, P = 0.009;
flowering rank: ¢ = 4.41, P = 0.003).

Among the 6 early-summer, palatable forbs,
trillium was consistently the most preferred.
For all sites where trillium occurred (n = 10),
a regression analysis examining winter deer
density, alfalfa availability in the surrounding
landscape, trillium abundance (stems/m?), and
trillium flowering rate suggested winter deer
density was the most significant predictor of
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Fig. 3. The relation between winter deer density based on
pellet group counts at each of 11 forest fragments in south-
central Minnesota and grazing intensity on 6 palatable, early-
summer forb species in 1996. The dashed line separates sites
with high deer density and high grazing intensity from sites
with low deer density and variable grazing intensities.

grazing on trillium (F;g = 6.79, r2 = 0.46, P =
0.031). Inspection of the scatterplot of percent
grazed versus alfalfa availability again showed a
strong inverse relation, with 1 obvious outlier
(Fig. 4). When the outlier was excluded, alfalfa
availability was a highly significant predictor of
grazing intensity (Fy7; = 13.26, r2 = 0.65, P =
0.008; Fig. 4). This outlier was the highest deer
density site. We did not find a significant cor-
relation between trillium abundance or flower-
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Fig. 4. Correlation between alfalfa availability (percentage of
the landscape within a 1.5-km radius occupied by alfalfa fields)
and the percentage of trillium (triangles) and jack-in-the-pulpit
(circles) stems grazed at 11 forest fragments in southcentral
Minnesota in 1996. Grazing intensity for both species was
much higher than expected, based on alfalfa availability at the
highest deer density site (solid symbols). For the other sites,
alfalfa availability was a highly significant predictor of grazing
on trillium (open triangles; r> = 0.65, P = 0.008), while grazing
on jack-in-the-pulpit was consistently close to zero and unre-
lated to alfalfa availability (open circles; P = 0.51).
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Fig. 5. Correlation between alternative forage availability in
the vicinity of each of 11 forest fragments in southcentral Min-
nesota and deer grazing intensity on 5 late-summer palatable
forb species in 1996. Results are for 2 closely related mea-
sures of alternative forage: percent row crops, alfalfa, and
fields within a 1.5-km radius of the stand (open circles, dashed
line: 2 = 0.75, P = 0.001), and percent row crops and alfalfa
within a 1.5-km radius of the stand (closed circles, solid line:
r2 =053, P=0.011).

ing rate within a stand and grazing intensity
(Fg = 2.65, P = 0.142).

The degree of selective foraging by deer in
early summer was exemplified by the contrast
between the high observed grazing intensities
for trillium at certain study sites and the con-
sistent avoidance of a morphologically and phe-
nologically similar forb, jack-in-the-pulpit (Fig.
4). Grazing intensity on this latter species was
consistently near zero at all sites (Fig. 4).

Late Summer.—For palatable, late-summer
forbs, most variation in deer grazing intensity
among sites was explained by the combination
of winter deer density, abundance of palatable
forbs within each stand, and percentage of the
surrounding landscape consisting of alfalfa, row
crops, and fields (F37 = 22.01, r2 = 0.90, P =
0.001). Highly significant predictors were deer
density (¢t = 3.15, P = 0.016) and the combined
availability of alfalfa, row crops, and fields (¢t =
3.34, P = 0.012), while forb abundance was
marginally significant (¢ = 2.20, P = 0.064). A
combination of winter deer density and palat-
able forb abundance within the stand accounts
for much of the variability in grazing intensity
(Fog = 12.13, r2 = 0.75, P = 0.004; deer den-
sity: t = 3.44, P = 0.009; forb abundance: ¢t =
3.61, P = 0.007). However, an equally valid ex-
planation for a similar level of variation is pro-
vided by the availability of row crops, alfalfa,
and fields as the only predictor (F) g = 26.40, r2
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=) N
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ABUNDANCE OF PALATABLE FORBS (STEMS/M?)
Fig. 6. (A) Correlation between winter deer density at 11 for-
est fragments in southcentral Minnesota and deer grazing in-
tensity on 5 late-summer forb species in 1996, and (B) the
residuals from (A) as a function of palatable forb abundance
(stems/m?) within each stand (r2 = 0.75; winter deer density:
P = 0.009; forb abundance: P = 0.007).

= 0.75, P = 0.001) or, to a lesser degree, just
by the availability of row crops and alfalfa (F, 4
= 10.08, r2 = 0.53, P = 0.011; Figs. 5, 6).

Analyses for the most intensively grazed late-
summer species, wood nettle, showed the same
patterns as with all palatable, late-summer spe-
cies combined. A multiple linear regression
with winter deer density, wood nettle abun-
dance, and availability of row crops, alfalfa, and
fields in the surrounding landscape showed all
3 are significant predictors of grazing on wood
nettle (F37 = 21.41, r2 = 0.90, P = 0.001; deer
density: ¢ = 3.31, P = 0.013; wood nettle abun-
dance: t = 2.60, P = 0.036; row crops, alfalfa,
and fields: ¢ = 2.87, P = 0.024). As with all late-
summer palatable species, most of the variation
in grazing on wood nettle could be explained
either by the combination of winter deer den-
sity and nettle abundance (Fp5 = 14.7, r2 =
0.79, P = 0.002) or the availability of row crops,
alfalfa, and fields (Fy o= 21.89,r2 = 0.71, P =
0.001).
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DISCUSSION

Understanding how management can influ-
ence the effects of large mammalian herbivores
on plant communities is critical for the success-
ful conservation of small fragments of native
plant communities. Where native forests have
been largely replaced by intensive agriculture,
many conservation efforts are focused on pro-
tecting remaining forest fragments, but high
levels of white-tailed deer herbivory can dra-
matically alter components of the native com-
munity (Alverson et al. 1988, Anderson and
Katz 1993, Anderson 1994, Waller and Alverson
1997, Augustine and Frelich 1998).

Our results indicate that for managers to suc-
cessfully mitigate deer effects on fragmented
native plant communities, goals for acceptable
numbers of deer in a given park or preserve
must be considered in the context of the local
landscape and the condition of populations of
sensitive plant species. In particular, the season-
al availability of agricultural crops is a critical
factor influencing grazing intensity within forest
fragments. In early summer, fields of row crops
are still bare soil, and residential developments
provide limited forage resources compared to
the high-protein forage in alfalfa fields. The in-
verse correlation between alfalfa availability and
grazing pressure on all 6 palatable, early-sum-
mer forbs and on trillium alone indicates sea-
sonal availability of different crops can strongly
influence deer effects on forbs of small forest
reserves.

Simultaneously, the level of grazing intensity
within forest fragments is not fully explained by
landscape composition: deer density is clearly
an important factor. Low grazing intensity was
never observed where winter deer densities
were >20 deer’km? (Fig. 3). Thus, increased
alfalfa availability may not dramatically reduce
grazing in areas with high deer density. Con-
versely, differences in grazing intensity among
sites with lower deer densities (Fig. 3) were
mainly negatively associated with alfalfa avail-
ability. Therefore, management to reduce deer
densities may not reduce grazing on sensitive
forest forbs unless alternative forage sources are
available in the surrounding landscape. Where
alternative forage is not available and cannot be
provided through management (e.g., urban
parks), extremely low densities or no deer (e.g.,
deer-proof fencing or deer removal) may be
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necessary to conserve the most highly palatable
species.

The lower grazing intensity on early-summer
forbs observed in forest fragments with low
flowering rates of forbs likely reflects that such
populations consist mainly of small plants. Be-
cause deer in farmlands appear to use forests
mainly for cover, travel, and fawning (Nixon et
al. 1991), and show highly selective foraging
(Fig. 4), they bypass small nonflowering plants.
Nevertheless, a forb population with low flow-
ering rate would still be adversely affected due
to deer selectively grazing on the few reproduc-
ing individuals. Thus, although information on
size structure in forb populations may not be
necessary to gauge immediate effects of deer,
this factor should be considered by managers
conducting understory surveys to assess grazing
intensity.

For late-summer forbs, we identified 2 po-
tential explanations for the wide variation in
grazing intensity among sites. First, by midsum-
mer, row crops provide highly palatable forage
for deer, and fields (primarily old fields, hay
fields, golf courses) provide an additional forage
source. Availability of row crops and alfalfa was
correlated with late-summer grazing intensity,
and a significant additional amount of variation
in grazing was related to availability of fields
(Fig. 5). This correlation again suggests the crit-
ical role of adjacent crops relative to floral con-
servation in small parks and preserves.

Alternatively, much of the variation in late-
summer grazing among study sites was also as-
sociated with winter deer density and forb
abundance. Forb abundance in late summer,
which varied among sites from 0.01 to 20 stems/
m?, showed a clear, negative linear relation with
the transformed grazing values, after controlling
for local deer density (Fig. 6). Grazing intensity
was much higher than expected from deer den-
sity alone at sites where forb density was ex-
tremely low, decreased rapidly with increasing
forb abundance, and remained at a consistently
lower level than expected, based on deer den-
sity, where palatable forbs are abundant. Above
a threshold of forb abundance, deer may simply
not forage enough inside forest fragments to re-
move most of the available stems, but a similar
level of forb consumption removes most stems
when they are rare.

Distinguishing between the relative impor-
tance of landscape composition versus winter

deer density plus forb abundance is difficult be-
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cause they are in part collinear. Sites with more
residential neighborhoods in the landscape, and
therefore fewer agricultural fields, also have
limited hunting opportunities, and hence high
deer densities. However, our regression analysis
showed that after accounting for variability in
grazing associated with landscape composition,
both deer density and forb abundance were im-
portant predictors of grazing intensity. Compar-
ison of deer grazing pressure on wood nettle at
2 forest fragments with a similar landscape
(18% vs. 10% alfalfa and row crops; 18 vs. 21%
fields) and high deer density (>20 deer/km?)
illustrates the important influence of forb abun-
dance on deer grazing pressure, in addition to
landscape composition. Where wood nettle was
rare (0.01 stems/m2), deer consumed most
available stems (72%), and no flowering plants
were observed. However, at the site where this
species was abundant (3.7 stems/m?2), deer were
only able to consume 25% of stems, and 27%
were flowering in mid-August (Augustine 1997).

MANAGEMENT IMPLICATIONS

Deer density has often been identified as the
critical factor determining the degree to which
deer affect plant communities (Alverson et al.
1988, Anderson 1994). For protected forest
remnants in southcentral Minnesota, local deer
numbers are either controlled through some
format of public hunting or there is no managed
control. Where herd control is directed toward
protecting native vegetation, decisions on hunts
are based mainly on winter deer density, with
little or no information concerning threats to
herbaceous plants due to summer grazing of
deer. Our results show that winter deer density
does provide managers with important infor-
mation concerning deer effects on forest com-
munity conservation in small forest preserves:
where winter densities were >20 deer/km2,
high grazing intensity was consistently observed
during the growing season.

However, this analysis shows that numbers of
deer should not be the only consideration in
management: landscape composition and forb
abundance are also critically related to the ef-
fect deer can exert on a particular site. First,
where current populations of sensitive forest
forbs are unusually sparse, deer herbivory
should be recognized as a serious potential
threat to the local survival of such populations.
Secondly, the availability of alfalfa and row
crops in the surrounding landscape has seasonal
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influences on deer grazing in forest fragments.
Where winter deer numbers were <20/km2,
early-summer forb grazing was much lower at
sites where alfalfa was available compared to
sites where alfalfa was not available. Also, late-
summer grazing was quite low where some
combination of row crops, alfalfa, and fields sur-
rounded the forest fragment, as well as where
there was less agriculture but palatable forest
forbs were extremely abundant. If the sur-
rounding landscape is being altered with re-
duced cultivation of alfalfa or increased conver-
sion of row crops to residential developments,
then there may be a corresponding need to fur-
ther reduce local deer numbers.
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