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Abstract Ungulate overabundance can strongly alter com-
position and structure of forest communities through selective
damage independently of the herbivory history of the recipient
system. In the early 1900s, red and fallow deer (Cervus
elaphus and Dama dama, respectively) were introduced to
northwestern Patagonia. We studied patterns of relative
habitat use, damage, and species selection by introduced
deer populations in three major plant communities that have
the longest history of invasion in the region. We also
evaluated community structure and composition character-
istics as possible explanatory factors for the observed
patterns of browsing, fraying, and bark-stripping. At the
species level, exotic deer browsed more than expected on
two evergreen species (Austrocedrus chilensis and Schinus
patagonicus) and two spiny species (Colletia hystrix and
Dasyphyllum diacanthoides), while one dominant shrubland
tree (Lomatia hirsuta) was selected for fraying and bark-

stripping. Browsing was the more widespread damage in all
plant communities, while fraying and bark-stripping occurred
at low incidence. Furthermore, species identity was found as
the main driver of deer damage over plant community type.
Finally, variation in damage and in habitat use was explained
by community structure and composition characteristics.
Bark-stripping and fraying are best predicted by community
composition, whereas browsing and habitat use are best
predicted by structural properties including understory cover,
cover of fallen logs, and tree density. The patterns of damage
and the association with community structure characteristics
reported here provide insight for developing management
strategies.

Keywords Browsing . Fraying . Bark-stripping . Impacts

Introduction

Invasive species can severely damage native ecosystems and
have consequently become one of the greatest threats to global
biodiversity (Mack et al. 2000; Vitousek et al. 1997).
Independently of the evolutionary history of herbivory in
an invaded system, introduced herbivores at high densities
impose a novel type and level of herbivory when they persist
in the landscape (Hobbs and Huenneke 1992). Selective
browsing often affects vegetation by reducing sapling growth
and survival, deforming stems, and inducing chemical
changes, all of which can eventually cause regeneration to
fail and thus can eliminate some species from the community
(Côté et al. 2004; Gill 1992a, b; Rooney and Waller 2003;
Vila et al. 2003). For example, in New Zealand, where plant
species are poorly adapted to browsing, the introduction of
deer more than a hundred years ago has caused dramatic
changes in the native flora (Bellingham and Lee 2006;
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Coomes et al. 2003; Forsyth et al. 2010; Husheer et al. 2003;
Nugent et al. 2001) as well as in ecosystem structure and
function (Forsyth et al. 2010; Wardle et al. 2001).

In northwestern Patagonia, red and fallow deer (Cervus
elaphus and Dama dama, respectively) were introduced a
century ago (Jaksic 1998; Jaksic et al. 2002; Novillo and
Ojeda 2008; Vazquez 2002). In Argentina, fallow deer are
confined to Isla Victoria and the Huemul Peninsula, whereas
red deer have become invasive and currently inhabit a wide
variety of habitats across Patagonia (Flueck et al. 2003).
Detrimental effects of red deer on the structure and
composition of some native communities have been demon-
strated for temperate forests of southern Argentina (Relva
and Veblen 1998; Relva et al. 2009, 2010; Vazquez 2002;
Veblen et al. 1989, 1992) and Chile (Ramirez et al. 1981).
However, these studies have considered browsing as the sole
type of damage by deer, and information about the frequency
and magnitude of other deer damage such as fraying and
bark-stripping is currently lacking. Fraying is the removal of
bark by the action of rubbing antlers up and down the stem,
and bark-stripping is the removal of bark with the animal’s
teeth (Gill 1992a). Both activities can have negative
ecological (Faber and Thorson 1996; Motta 1996) and
economic impacts (Faber and Edenius 1998; Gill 1992b;
Welch and Scott 2008). Fraying and bark-stripping are highly
selective (Gill 1992b; Motta 1996) and result in reduction in
growth rates, tree survival, and timber quality, plus increased
exposure to fungal infection (Faber and Edenius 1998;
Rooney and Waller 2003; Welch and Scott 2008). The
incidence and intensity of tree damage depends on the tree
species, community structure and composition, and deer
density among other variables (Gill 1992a). Together with
browsing, fraying and bark-stripping can profoundly affect
plant community composition and dynamics (Cotè et al.
2004; Gill 1992b; Rooney and Waller 2003; Russell et al.
2001) as well as biodiversity (Martin et al. 2010; van Wieren
and Bakker 2008). Therefore, quantifying the extent and
intensity of different types of damage by introduced deer is
required to identify the most susceptible communities and to
prioritize deer control measures.

Large herbivores interact with forage resources in a
heterogeneous environment, selecting for plant species in
communities and plant communities in the landscape (Skarpe
et al. 2000; Stockton et al. 2005). Diet selection is based in
part on palatability, while selection for plant communities is
generally a linear function of the relative abundance of the
preferred plant species in the community (Senft et al. 1987).
The differential consumption of species can be estimated
through diet studies that include analysis of feces or
stomachs, direct animal observation, or recording traces on
vegetation. However, the latter has been suggested to be
more relevant to woody species because browsing traces
persist on plants and can be accurately evaluated (Boulanger

et al. 2009). Previous studies in northwestern Patagonia
show that fallow and red deer rely on woody species for their
year-round diet, with use of graminoids and herbs increasing
during spring and summer (Bahamonde 1984; Galende and
Grigera 1998; Ortiz and Bonino 2007; Relva and Caldiz
1998). However, none of these studies reflect species
selection because they do not consider diet composition
relative to the availability of the species in the communities.
Determining whether deer are browsing each species
proportionally to its availability and how browsing selection
varies among diverse plant communities may also have
important implications for browsing management. This
information will allow managers to identify susceptible plant
species or communities on which management efforts should
focus. Additionally, many factors have been related to the
occurrence and intensity of damage. Biotic factors such as
deer density are positively related to damage (Gill and
Morgan 2010; Horsley et al. 2003; Kay 1993), but tree
density, canopy closure, stand composition, and understory
abundance have also been observed to be closely related to
damage (Gill 1992a; Moore et al. 1999). Predicting where
severe damage is likely to occur is necessary for risk
assessment and also for the development of management
polices (Spear and Chown 2009).

In this paper, we seek: (1) to quantify damage by red and
fallow deer and to determine selectivity of browsing, fraying,
and bark-stripping of plant species and native plant commu-
nities, (2) to identify patterns of relative habitat use (via pellet
and paths counts), and (3) to determine plant community
characteristics that are related to use and damage by deer in
order to assess community susceptibility. The long history of
establishment by introduced deer on Isla Victoria, Patagonia,
Argentina, makes this island an ideal natural experiment for
assessing long-term impacts of a well-established and invasive
deer population on temperate forests of the southern Andes.
We predict that (1) deer damage is species-, size-, and
community-specific through deer selection; (2) deer differen-
tially use plant communities as they provide different structure
and composition characteristics relevant to foraging and
cover, and (3) the structure and composition of the community,
understory cover, and accessibility to the site are the main
factors related to damage and use by deer.

Methods

Study area

This research was conducted on Isla Victoria, an island of
3710 ha in Lake Nahuel Huapi, Nahuel Huapi National
Park, Argentina (40°57′S, 71°33′W). This island is mainly
covered by pure southern beech Nothofagus dombeyi
forests, pure Austrocedrus chilensis forests, and mixed N.

138 Eur J Wildl Res (2012) 58:137–146



dombeyi–A. chilensis forests. Shrublands are co-dominated
by Lomatia hirsuta, Maytenus boaria, and Nothofagus
antarctica, while Luma apiculata, Myrceugenia exsucca,
and Dasyphillum diacanthoides are subdominant species in
these communities. The understory is diverse, with shrubs,
ferns, herbs, bamboo, and other graminoids. Between 1917
and 1922 red and fallow deer were introduced to Isla
Victoria (Anziano 1962), and currently combined density is
estimated through the clearance dung plot method to be as
high as 26 deer/km2 (Relva, unpublished data). In addition,
in 1999 wild boar (Sus scrofa) arrived on the island and are
currently found throughout the island (Barrios-Garcia,
unpublished data). The only native ungulate on the island
is pudú (Pudu pudu), which have become very rare, likely
owing to human activities (Vazquez 2002). Therefore,
herbivory and track signs registered during this study
correspond only to red and fallow deer. There is no predator
on the island, and hunting is performed only by park
rangers to control deer populations, but not systematically.
Thus, the population is self-regulated and attains very high
densities.

Study design

We studied patterns of use and damage by deer in three
major community types by surveying 18 randomly selected
sites at least 1 km apart (Fig. 1) during the summers of
2004 and 2005. The communities were forests dominated
by A. chilensis (hereafter, A. chilensis forests), forests
dominated by Nothofagus dombeyi (hereafter, N. dombeyi
forests) and shrublands dominated by M. boaria–L. hirsuta
(hereafter, shrublands). At each site (six for each plant
community) we systematically recorded overstory and
understory structure and composition as well as deer
damage and use in 20 circular plots with centers spaced
30 m apart. The circular plots had different radii depending
on which variables were being measured. We used 150 m2

plots to identify adult tree species and to measure the
diameters at breast height (dbh; stems≥4.0 cm dbh) as well
as presence, type, and level of damage (fraying and bark-
stripping). In addition, we recorded canopy cover with a
densiometer and slope with a compass. In 50-m2 circular
plots, within the larger 150-m2 plots, we recorded sapling
(stems<4.0 cm dbh) density, height, and accumulated
browsing (intensity: 0—no browsing; 1—light, 1–25% of
the branches browsed; 2—moderate, 25–75% of the
branches browsed; and 3—heavy, 75–100% of the
branches browsed). We also recorded relative cover of
all vascular species using the Braun–Blanquet modified
scale (0%, <1%, 1–5%, 6–25%, 26–50%, 51–75%, 75–
100%). Use of this scale is by visual estimation of the
proportion of the ground surface occupied by a single species
(or group of them) in a plot. We also measured height and

recorded accumulated browsing of each of the woody species
in the understory. Plant species were identified according to
Ezcurra and Brion (2005). The degree of site accessibility to
deer was estimated by measuring the maximum height of
fallen trees and by estimating their cover as was done in the
understory plots. Finally, in order to determine relative
habitat use we counted pellet groups in 10 m2 plots and
deer paths in 150 m2 plots. We considered a pellet group to
be more than six intact pellets voided in the same defecation
(Mayle et al. 1999), and all groups were counted regardless
of decomposition stage, thus recording cumulative deer
presence in the site. All measurements were taken during
the same visit to the sites and no significant changes
occurred in weather or management across the years of
sampling that could affect deer densities or behavior.

Data analysis

A selection index (Motta 1996; Petrides 1975; Skarpe et al.
2000) was calculated for species and plant communities and
compared to incidence of all types of damage. We use the
term “selection” instead of “preference” because measuring
preference requires food types to be equally available
(Norbury and Sanson 1992). Selected species are those
used at a higher frequency than their availability in the
environment. The selection index (SI) is:

SI ¼ Di=Dt

Ai=At

where Di is the number of damaged saplings/trees of
species i, Dt is the total number of damaged saplings/trees
of all species, Ai is the number of available saplings/trees of
species i, and At is the total number of available saplings/
trees of all species. The index centers on 1 as a reference
point (the species is neither selected nor avoided; that is, the
species is eaten in proportion to its abundance in the field).
Species with SI values above 1 are selected and below 1 are
avoided. By contrast, incidence refers to the proportion of
damaged saplings/trees of species i to the number of
available saplings/trees of that species, and intensity refers
to the average of the accumulated browsing of particular
species (scale 0 to 3). The statistical significance of the
selection index was tested by comparing the statistic
Savage¼ ðSI�1Þ2

SEðSIÞ2 with the critical value of a χ2 distribution
with 1 degree of freedom (Manly et al. 1993). The standard
error of the index was calculated bySEðSIÞ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1�ðAi At= Þ
Dt»ðAi At= Þ

q

. The
selection index was also calculated for plant communities;
in this case, Di is the number of damaged saplings/trees in
plant community i, Dt is the number of damaged saplings/
trees in all plant communities, Ai is the number of available
saplings/trees in plant community i, and At is the total
number of available saplings/trees in all plant communities.

Eur J Wildl Res (2012) 58:137–146 139



As with the species index, values above 1 indicate selection
of a community and below 1 avoidance; significance was
tested with the Savage statistic.

To identify differences in deer use (via pellet and path
counts) among plant communities (A. chilensis forests, N.
dombeyi forests, and shrublands; n=6 for each plant

community), we performed a one-way analysis of variance
(ANOVA) and post-hoc Tukey’s tests. Using a two-way
ANOVA and post-hoc Tukey’s tests, we evaluated (1) the
effect of species and plant community type on the incidence
and selection index of the different deer damages and (2) if
selection at species level changes with plant community

Fig. 1 Map of Isla Victoria with
study sites
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(interaction effect) (Hjältén et al. 1993). Additionally, we
evaluated the strength of the relations between different
types of damage and deer use indicators with Spearman
correlation coefficients (n=18). Finally, we used stepwise
multiple regressions to identify forest attributes that account
for variation in use and damage by deer (n=18). We used
the different types of damage (browsing, bark-stripping,
and fraying) and deer use indicators (number of pellets and
paths) as response variables and structural and composi-
tional characteristics as predictors. In particular, we used the
average of overstory attributes (basal area, tree density,
canopy cover), composition (basal area of the dominant tree
in each community, i.e., N. dombeyi, A. chilensis, and M.
boaria–L. hirsuta), and understory traits (height and density
of saplings, cover and height of woody understory and herb
cover). Counts (number of pellet groups and paths) and
measures (heights and basal area) were log-transformed and
proportions (understory cover and incidence of damage)
were arcsine square-root transformed to meet normality and
homoscedasticity requirements. Because damage cannot be
attributed to a particular deer species, results refer to the
combined damage by both red and fallow deer.

Results

Introduced deer selectivity at individual and species levels

In all three plant communities, deer used some plant species
at a higher frequency than their availability in the
environment. The selection index showed that deer browsed
more than expected on two evergreen species, A. chilensis
and Schinus patagonicus, and two spiny species, Colletia
hystrix andDasyphyllum diacanthoides (Table 1). However,
the Savage statistic showed only that deer significantly
avoided N. dombeyi (Table 1). Similarly, the selection index
showed that fraying occurred selectively on two species, S.

patagonicus and L. hirsuta, although deer significantly
avoided only M. boaria and N. dombeyi (Table 2). Bark-
stripping occurred selectively and significantly on only one
species, L. hirsuta, while Aristotelia chilensis and S.
patagonicus were significantly avoided (Table 2). Incidence
and intensity of all types of damage were highest for the
same species that deer selected (Tables 1 and 2). Deer also
selected particular tree diameters: small stems (mode of
2.10 cm for saplings and 5.00 cm for adult trees) were used
for fraying and relatively larger diameters for bark-stripping
(17.00 cm), and the resulting scars varied in length
according to the type of damage; fraying scars were longer
than the relatively smaller scars produced by bark-stripping
(66.80±3.30 and 51.20±2.20 cm, respectively). Overall,
5.50% of adult trees were either frayed or bark-stripped, of
which 17.00% presented more than one scar, implying
multiple damage events.

Use and damage by deer across plant communities

Pellet and path densities were similar among plant
communities (one-way ANOVA (F2,15=0.93; p=0.42) and
(F2,15=0.29; p=0.75), respectively; Table 3). The two-way
ANOVA for both selection index and incidence of deer
browsing indicated differences owing to species (two-way
ANOVA, F=4.96, p<0.01 and F=4.18, p<0.01, respec-
tively), but not owing to plant community (two-way
ANOVA, F=0.49, p=0.48 and F=0.68, p=0.41, respec-
tively; Table 3), or to the interaction between them (two-
way ANOVA, F=0.53, p=0.91 and F=0.52, p=0.92,
respectively). A post-hoc Tukey’s test indicates that the
species significantly browsed are the same as those found
as selected by the selection index (i.e., A. chilensis, C.
hystrix, D. diacanthoides, L. apiculata, N. dombeyi, and S.
patagonicus,). Similarly, the selection index and incidence
of fraying varied significantly by species (two-way
ANOVA, F=6.47, p<0.01 and F=3.38, p<0.01, respec-

Species SI Savage statistic p Selection Incidence (%) Intensity

Trees

Austrocedrus chilensis 1.50 1.40 >0.05 71.85 1.68

Lomatia hirsuta 0.83 0.30 >0.05 47.41 0.79

Luma apiculata 0.72 1.51 >0.05 53.55 0.62

Maytenus boaria 0.69 1.63 >0.05 32.03 0.81

Nothofagus dombeyi 0.67 11.28 <0.01 (−) 59.10 0.66

Shrubs

Aristotelia chilensis 0.70 1.70 >0.05 40.76 0.79

Colletia hystrix 1.70 0.63 >0.05 95.83 1.52

Dasyphyllum diacanthoides 1.25 0.20 >0.05 63.07 1.61

Schinus patagonicus 1.53 3.75 >0.05 81.73 1.74

Total 57.98

Table 1 Selection index of
native species for browsing
(SI<1: species avoided, SI>1:
species selected, SI=1: neither
selected nor avoided). Mean of
incidence (%, relative number of
damaged individuals over all
sampled individuals) and inten-
sity (the average accumulated
browsing)
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tively) but did not differ by community (two-way ANOVA,
F=1.21, p=0.30 and F=2.20, p=0.11, respectively; Table 3)
or the interaction between them (two-way ANOVA, F=
1.18, p=0.30 and F=0.90, p=0.55, respectively). Likewise,
for bark stripping, the selection index and incidence
indicated differences owing to species (two-way ANOVA,
F=4.72, p<0.05 and F=9.23, p<0.01, respectively), but

not owing to plant community (two-way ANOVA, F=1.55,
p=0.23 and F=0.79, p=0.46, respectively; Table 3), or to
the interaction between them (two-way ANOVA, F=0.96,
p=0.13 and F=1.81, p=0.15, respectively). Finally, in
agreement with the selection index, the post-hoc Tukey’s
test indicated that L. hirsuta is significantly more damaged
by both fraying and bark-stripping than the other species.

Table 2 Selection index of native species for fraying and bark-stripping (SI<1: species avoided, SI>1: species selected, SI=1: neither selected
nor avoided) and mean of incidence (%, relative number of damaged individuals over all sampled individuals)

Species Fraying Bark-stripping

SI Savage statistic p Section Incidence (%) SI Savage statistic p Section Incidence (%)

Trees

Austrocedrus chilensis 0.66 1.37 >0.05 0.16 0.00 – 0.00

Lomatia hirsuta 3.30 2.71 >0.05 11.90 3.49 4.00 <0.05 (+) 21.83

Luma apiculata 0.63 1.04 >0.05 2.18 0.00 – 0.00

Maytenus boaria 0.26 16.34 <0.01 (−) 0.00 0.00 – 0.00

Nothofagus dombeyi 0.24 76.61 <0.01 (−) 0.43 0.00 – 0.00

Shrubs

Aristotelia chilensis 0.89 0.04 >0.05 2.77 0.32 11.74 <0.01 (−) 2.29

Dasyphyllum diacanthoides 0.60 0.57 >0.05 0.00 0.00 – 0.00

Schinus patagonicus 1.05 0.02 >0.05 3.47 0.07 1143.63 <0.01 (−) 0.37

Total 2.21 3.38

Table 3 Mean (and SE) of stand attributes, deer use indicators, and damage recorded in the major three communities studied on Isla Victoria,
Patagonia, Argentina

A. chilensis forest N. dombeyi forest L. hirsuta–M. boaria shrubland

Number of sites sampled 6 6 6

Total basal area (m2/ha) 72.95 (7.03) 89.95 (7.09) 42.48 (2.09)

Proportion (%) of main tree species 70.87 86.43 55.94

Adult tree density (number/ha) 19,066.66 (2745.20) 5,755.55 (776.20) 17,033.33 (5,974.10)

Number of vascular plant species in the understory 39 32 37

Woody cover (%) 20.51 (3.37) 15.91 (3.62) 24.79 (4.52)

Herb cover (%) 32.52 (12.48) 11.42 (4.78) 38.38 (13.31)

Fallen log cover (%) 15.99 (4.28) 28.87 (3.75) 12.98 (2.82)

Fallen log height (cm) 58.90 (4.20) 69.14 (9.07) 57.62 (9.13)

Browsing incidence (%) 64.70 (8.51)a 61.58 (8.84)a 68.30 (6.43)a

Browsing intensity 1.35 (0.24)a 1.33 (0.22)a 1.41 (0.12)a

Browsing selection index 1.19 (0.16)a 1.14 (0.16)a 1.26 (0.12)a

Fraying incidence (%) 2.07 (0.64)a 0.85 (0.27)a 3.31 (0.49)a

Fraying selection index 1.08 (0.33)a 0.44 (0.13)a 1.73 (0.25)a

Bark-stripping incidence (%) 3.81 (1.15)a 0.48 (0.31)a 7.03 (1.73)a

Bark-stripping selection index 0.89 (0.35)a 0.11 (0.07)a 1.65 (0.41)a

Pellets (n/plot) 3.51 (0.25)a 2.28 (0.19)a 3.96 (0.46)a

Paths (n/plot) 1.06 (0.06)a 0.95 (0.06)a 0.98 (0.06)a

Different uppercase letters indicate significant statistical differences among plant communities at p<0.05 (one way and two-way ANOVA, for deer
use and damages, respectively). Statistical analyses were conducted on the transformed values of variables, but original values are shown in the
table
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Community factors related to damage

There were significant and distinct associations among
different types of damage and forest characteristics. Areas
with higher deer use as shown by pellet densities suffered
higher bark-stripping and fraying damage, while areas with
higher path density showed higher sapling and understory
browsing (p<0.01 and p<0.05, respectively; Table 4). In
addition, the multiple regression analyses showed that
fraying and bark-stripping are related to plant community
structural and compositional characteristics, whereas
browsing and deer use (pellets and paths) are related only
to structural characteristics (Table 5). Seventy-four percent
of the variance in fraying is related to tree density (+) and
the basal area of N. dombeyi (−) (p<0.01). Bark-stripping
was positively related to the basal area of M. boaria–L.
hirsuta and canopy density and negatively to the basal area
of uprooted trees and woody cover (r2=0.78, p<0.01).
Fifty-two percent of the variance in browsing was
explained by sapling cover (−) and cover by fallen logs
(+) (p<0.01). For deer use indicators, pellet density was
positively related to tree density and negatively to woody
cover (r2=0.67, p<0.01), whereas path density was
positively related to canopy density and negatively related
to sapling density (r2=0.36, p<0.05; Table 5).

Discussion

In light of the current spread of exotic deer in forests in
Patagonia and the expectation that the invasion process will
continue in the next decades (Flueck et al. 2003),
understanding how deer use and damage plant communities
is critical to managing potential deer impacts, as is
determining the main factors related to this damage. Our
findings indicate that 100 years after introduction to Isla
Victoria, deer roam and browse in the three main native
plant communities, but they used some plant species more

frequently than others as well as selecting for sizes for each
type of damage. Additionally, community structure and
composition seem to be important factors for the prediction
of damage and thus provide further insight for developing
management strategies.

Browsing was the most extensive and intensive damage
on native plant communities. Deer browsed most of the 30
woody species recorded in this study; however, deer
browsed more than expected on two evergreen species (A.
chilensis and S. patagonicus) and two spinescent species
(C. hystrix and D. diacanthoides). These findings are
partially consistent with previous studies in the region, in
which A. chilensis and S. patagonicus were described as
heavily browsed by deer (Veblen et al. 1989, 1992; Galende
and Grigera 1998; Relva and Veblen 1998). In addition,
recent studies showed that exotic deer strongly delay
sapling growth of one of the dominant trees, A. chilensis,
possibly facilitating the invasion of an exotic invasive tree
species, Pseudotsuga menziesii (Relva et al. 2010). How-
ever, both evergreen and spiny plants are often adduced as
having high content of fiber and chemical deterrents to deer
(Skarpe and Hester 2008). Selection for highly defended
plant species by deer has been previously documented
(Cooper and Owen-Smith 1986). The selection of these
presumably unpalatable species could be interpreted as
indicating depletion of more palatable species owing to
high herbivory pressure. Moreover, deer produce salivary
tannin-binding proteins that may minimize the detrimental
effects of defences present in plants (Austin et al. 1989).
This finding might help to explain the fact that the Savage
statistic was usually not significant for the selected species.
It seems that the selected species are not significantly used
but rather that deer forage on the best of the quite poor
species available in this impoverished situation. Further-
more, Aristotelia chilensis, a species highly susceptible to
browsing (Blackhall et al. 2008; Veblen et al. 1992), was
not determined to be a selected species in our study.
Presumably, historically heavy deer browsing may have

Table 4 Spearman rank correlation coefficients between deer damage and habitat use indicators

Scar frequency Browsing intensity Use indicators

Fraying Bark-stripping Saplings Shrubs Pellets Paths

Scar frequency Fraying 0.71** −0.26 0.00 0.67** 0.19

Bark-stripping 0.00 0.31 0.56* 0.19

Browsing intensity Saplings 0.57* 0.14 0.57*

Shrubs 0.25 0.29

Use indicators Pellets 0.23

Paths

*p<0.05

**p<0.01
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caused Aristotelia chilensis saplings to become rare (Relva
et al. 2010; Vazquez 2002; Veblen et al. 1989). Our field
observations suggest that the population might by split into
two groups, established individuals with heights above the
browsing line, and individuals found in “natural refuges”
such as amidst fallen trees. This pattern was also observed
by Relva et al. (2009), where cover of palatable species was
associated with severity of A. chilensis canopy mortality.
Additionally, it has been suggested that intense deer
browsing can change understory composition, increasing
the abundance of browse-resistant species and reducing the
browse-sensitive species (Relva et al. 2010; Veblen et al
1989). However, to date, we have no information about the
nutritional quality of the selected and avoided plant species;
thus further research should investigate the role of plant
palatability in the selection process.

Fraying and bark-stripping by introduced deer were also
selective in terms of species and individual size. Deer
almost exclusively frayed L. hirsuta of smaller diameters
and stripped bark from those with larger diameters. This
finding may suggest that L. hirsuta has certain physical and
chemical characteristics that make it uniquely susceptible to
damage. Previous studies elsewhere have shown that
physical characteristics such as size appeared to be more
important than tree species identity for fraying (Ramos et
al. 2006; Vila et al. 2004), while bark-stripping would be
driven by nutrient content of the bark (Faber and Edenius
1998) or the ease with which bark can be peeled and the
low lignin content of bark (Akashi and Nakashizuka 1999).
However, no previous records on these subjects are
available for Patagonia, so future research should explore
the underlying mechanisms causing this pattern. While
more than 50% of recorded saplings were browsed, fraying
and bark-stripping occurred to a very limited extent (2.21%
and 3.38% of recorded individuals, respectively). These
results align with others reporting similar levels of fraying

and bark-stripping incidence (Bergqvist et al. 2001; Faber
and Thorson 1996). For this region, the low incidence of
the damage and the fact that L. hirsuta is a vigorous
resprouter suggest that the consequences of fraying and
bark-stripping on the structure of these native communities
might be negligible.

Deer relative use estimated through pellet group counts
and the numbers of paths was similar among the three plant
communities. This pattern is surprising in light of the fact
that plant communities differ substantially in terms of
structure and composition (Table 3) but coincides with the
pattern observed for all deer damage. Furthermore, we
found that species identity is the main driver of deer
damage over plant community and that there is no
interaction between species identity and community type.
Factors such as type and density of ground cover and size
and shape of the plots influence pellets counts (Neff 1968).
However, the technique of standing crop pellet accumula-
tion has been successfully used in the assessment of habitat
use by deer (Putman 1984). Additionally, the use of the
small plots and the same observer throughout the study
reduces the chance of overlooking pellet groups (Neff
1968). The persistence of deer pellets is determined by
moisture and canopy (Harestad and Bunnell 1987), but
studies in the region indicate that the standing crop
of pellet groups can be considered to represent deposition
from 1 year (Flueck et al. 1999). Therefore, even though we
did not consider the possible seasonality of deer activity,
our observations account for the cumulative use of the
different plant communities throughout the year.

Plant community structure and composition character-
istics can be important factors for the prediction of future
deer damage. Compositional traits are important determi-
nants of fraying and bark-stripping, while structural
characteristics are more important in determining browsing
and relative habitat use. Deer strongly avoided N. dombeyi

Table 5 Results of stepwise multiple regressions examining the relationship of community structure and composition characteristics that predict
deer damage or use

Variable Predictor variables β Partial r2 Model r2 F Probability

Fraying Tree density 0.56 0.24 0.74 21.27 <0.01
Basal area of N. dombeyi −0.42 0.13

Bark-stripping Basal area of Maytenus–Lomatia 0.91 0.63 0.78 11.88 <0.01
Canopy density 0.33 0.08

Basal area of uprooted trees −0.51 0.19

Woody cover −0.52 0.19

Browsing Cover by fallen logs 0.57 0.25 0.52 8.11 <0.01
Sapling cover −0.78 0.47

Pellets Tree density 0.57 0.32 0.67 15.16 <0.01
Woody cover −0.50 0.25

Paths Canopy density 0.65 0.30 0.36 4.32 0.03
Sapling density −0.60 0.25
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forests and selected sites with high tree density for fraying,
while bark-stripping was best predicted by the presence of
L. hirsuta and M. boaria. These facts indicate that plant
community composition is of greater importance than
community structure in predicting fraying and bark-
stripping. In contrast, sites with high cover of fallen trees
and low sapling cover are threatened by severe deer
browsing; whereas sites with high tree density, canopy
density, and understory cover were more used (pellets and
paths). These community characteristics and the fact that
continual impacts of deer could potentially inhibit the
development of forest cover or alter successional pathways
(Gill 1992b; Relva et al. 2010; Veblen et al. 1989) suggest
that shrublands might be most vulnerable and should be a
priority in the design of management strategies.

Although this research was conducted on an island, our
results reflect the consequences of the oldest introduction in
the region and the communities with the highest deer
densities. The observed damage is the result of two different
deer species with overlapping ranges. Pooling the impact of
red and fallow deer could be problematic; however, in this
system it is not possible to differentiate them based on the
indicators we used. Because bite size is similar for both
species and pellet sizes also overlap for most of their lifetime,
the identification of browsing patterns by individual deer
species is possible only through direct observation, when the
two species occupy similar but non-overlapping ranges, or by
use of stomach content analyses (Gill 1992a; Neff 1968). It is
possible that effects of each herbivore in isolation might be
different (Allcock and Hik 2004). However, the similarity
found between browsed species in this study and previous
studies on red deer in the region (Bahamonde 1984; Galende
and Grigera 1998; Ortiz and Bonino 2007; Relva and Caldiz
1998; Relva and Veblen 1998; Relva et al. 2009, 2010;
Vázquez 2002; Veblen et al. 1989, 1992) suggest that the two
species could behave similarly. Our findings suggest that
deer in northwest Patagonia are selective for species and
community types for browsing, fraying, and bark-stripping.
This study is the first to record all patterns of damage by
introduced deer among native communities in the region and
should alert managers to the potential impact deer might
have on the mainland, encouraging the design of effective
management plans.
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