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Abstract: Diet selection by Lepus europaeus was stud-
ied in high-altitude mountain environments with severe
weather, presence of wetlands, and no agricultural activi-
ties. Diet was assessed using fecal microhistological
analysis, and food availability by point-quadrat transects
in four habitats, two of them with wetlands. Significant
differences were determined with Kruskal-Wallis ANOVA,
similarities by Renkonen index, and feeding selection by
x>-test and Bailey’s confidence interval. The diet included
63% of all species present. Shrubs dominated the diet.
Food use was opportunistic in habitats without wetlands,
where grasses and shrubs were more available. Plant
cover and availability of grass-like plants were higher in
wetland habitats, where shrubs and forbs were preferred
and grass-like plants were avoided. Similarity between
diet and food availability was higher on dry soils, domi-
nated by grasses and shrubs, than in wetland microhabi-
tats with higher plant cover, diversity, and percentage
of grass-like plants. Dietary generalism was confirmed,
especially when excluding wetland vegetation. Hard Jun-
caceae cushions accounted for the pronounced selectivity
in habitats with wetlands. Dry soils, where shrub patches
provided good food and shelter, appear as major feed-
ing microhabitats for L. europaeus. Spatial heterogene-
ity protection, at landscape and microhabitat scales, is
relevant to the brown hare conservation in High Andean
environments.
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Introduction

Lepus europaeus (Pallas 1837) is a native lagomorph from
open woodlands, steppes, and subdeserts of the Palearc-
tic that has been successfully introduced into Australasia,
North America, and South America (Angermann et al.
1990). Such widespread expansion in range is believed
to be related to the species’ high rate of population
turnover and its considerable adaptation to ecologically
diverse environments (Chapman and Flux 1990). Expan-
sion occurred from their native range into Siberia and the
western Russian coast, naturally and through transloca-
tions, whereas the brown hare expanded naturally after
being introduced into South America, and today occupies
nearly the whole of Argentina, Chile, and Uruguay, as well
as the southern regions of Peru, Bolivia, Paraguay, and
Brazil (Bonino et al. 2010).

Brown hare occupies a wide variety of plant communi-
ties and habitats resulting in variable diets across its wide
distribution range, particularly in environments where
other species of Lepus are absent (Flux and Angermann
1990). A generalist diet characterizes diverse populations
of brown hares, such as in the Australian Alps montane
grasslands ecoregion, where dietary generalism increases
when the snow cover restricts access to food (Green
et al. 2013), or as in the Argentine High Monte and in the
Northern Patagonia ecoregions, where the diet includes
all plant categories (Puig et al. 2007, Reus et al. 2012).

Even though traditional agriculture in Europe ben-
efited hares due to their preference for open habitats, a
population decline occurred when chemical-intensive
farming and extensive monoculture fields prevailed (Flux
and Angermann 1990). The loss of landscape heterogene-
ity resulting from agricultural intensification meant less
diversity of both food and shelter for the brown hare, as
well as its increased vulnerability to predation and unfa-
vorable weather (Smith et al. 2005).
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Environments with steep topography, particularly
those affected by heavy snowfall, tend to cause strong
spatial differences in their food availability for herbivores
(Zweifel-Schielly et al. 2009). The distribution range of Lepus
europaeus includes environments of high altitude, such as
the mountains of Australia and New Zealand (up to 2000—
2200 m a.s.l.), and the High Andes of Chile and Argentina
(up to 3500-4000 m a.s.l.) (Green et al. 2013). Andean envi-
ronments are characterized by harsh climatic conditions and
spatiotemporal heterogeneity in topography and vegeta-
tion (Cabrera and Willink 1980, Cavieres et al. 2000). These
high-altitude environments offer valuable opportunities for
evaluating the feeding strategies of brown hares under harsh
climatic conditions and in the absence of environmental
changes caused by agricultural, livestock, and forestry activi-
ties (Lopez-Cortés et al. 2007). Several sites in the High Andes
of Argentina and Chile are, however, affected by mining
activities (Contreras et al. 2002, Brown et al. 2006).

High densities of brown hares were found in Patag-
onian “mallines” (wetlands covered with hydrophytic
grasses and Juncaceae), where grasses prevailed in the
diet of Lepus europaeus (Bonino 2007). “Vegas” are
mountain wetlands of High Andean environments, where
the dietary study of brown hares can help detect whether
the feeding attractiveness of wetlands that was observed
in Patagonian environments with mallines also holds for
High Andean environments with vegas. High Andean
wetlands have been differentiated into two types: wet-
lands with hydrophytic grasses and those with cushions
of Juncaceae (Squeo et al. 2006a,b). In High Andean envi-
ronments of northern Chile, where the wetlands are of the
first type, the main dietary items for brown hares were
hydrophytic grasses (Lopez-Cortés et al. 2007).

The overall goal of this study is to analyze diet compo-
sition and food availability for a High Andean population
of brown hares during summer. Specific objectives are to
detect (a) whether the diet is broader and less selective at
the sites where food availability is poorer (i.e., with less
plant cover and food diversity), as is expected from the
optimal foraging theory, and (b) whether plant species of
dry soils are excluded from the diet in habitats with vegas,
due to the expected feeding attractiveness of wetlands.

Materials and methods

Study area and habitat characteristics

The study area, belonging to the “Laguna del Diamante”
protected area (34°10’S 69°41'W, 1700 km? Mendoza,
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Argentina), is representative of the High Andean bio-
geographic province (Cabrera and Willink 1980) and of
the Southern Andean Steppe ecoregion (Dinerstein et al.
1995). With altitudes over 3300 m, this area corresponds to
the Main Andes Cordillera (Mesozoic period). The Maipo
volcanic complex (5323 m a.s.l.), the Diamante lagoon
(18 km?), and the extensive Vegas del Yaucha mountain
wetland (14 km?) stand out in the area. The environment is
characterized by glacial deposits such as tills, moraines,
thermokarst, rock glaciers, glacial valleys, avalanches,
and landslides (Abraham 2000, Sruoga et al. 2005). Agri-
cultural and mining activities are currently absent in the
protected area (Ménaco et al. 2005).

A tundra climate dominates this high mountain envi-
ronment, with an ice cap climate at the heights of the Maipo
volcano (Norte 2000). The study area is only accessible
during summer, because of the deep snow cover that per-
sists for at least 8 months. Snowfall and frosts occur all the
year round, mainly from April to September, and annual
precipitation averages 600 mm (Moénaco et al. 2005). The
numerous vegas in the study area are mountain wetlands
of the first type described by Squeo et al. (2006a,b), domi-
nated by hard cushions of grass-like plants (Juncaceae
and Cyperaceae). These “islands” of green vegetation
sharply contrast with the surrounding dry soils with arid
vegetation characterized by nanophanerophytes (woody
plants) and grasses (Roig et al. 2000). Four sampling sites
were selected, representative of the main habitats used by
brown hares during summer, with vegas being present in
two habitats (Laguna and Yaucha) and absent from the
other two (Durazno and Avestruces) (Table 1).

Field and laboratory design

Samplings were conducted during mid-summer (February
2007). Plant cover and relative percentages of plant species
were estimated by the point-quadrat method (Daget and
Poissonet 1971), applied on 10-20 transects per sampling
site, depending on the habitat heterogeneity associated
with the presence of wetlands. Vegetation sampling was
stratified according to the contrasting microhabitats recog-
nized at both sites with wetlands. All 30-m transects (100
points per transect) were distributed within each sampling
site in a stratified random design, separated from one
another by >100 m. Ten fecal samples were collected from
each sampling site. Each fecal sample, composed of 10
fresh pellets, was collected from a different group of feces.

Fecal samples were analyzed with the microhis-
tological method of Baumgartner and Martin (1939),
modified by Duci (1949) and Holechek (1982). After
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Table 1: Identification of the sampling sites, and characteristics of the corresponding habitats.

Sampling sites
(altitude in m a.s.l.)

Topography and extension of the

habitats (in km?) geology?

Geomorphology and

Vegetation

Durazno (3332) Rolling piedmont near El Durazno
stream (7.7)

Laguna (3370) Slopes of Laguna hill with several

vegas (7.3)
(Cenozoic)
Yaucha (3294) Ravine with broad vegas from
Yaucha stream (9.7) (Cenozoic)
Avestruces (3598) High arid plain of Pampa

Avestruces (8.3)

Glacial deposits
(Cenozoic)

Alluvial, colluvial, and
mass-wasting deposits

Huincan Formation

Andesites and dacites
(Cenozoic)

Dry soils: codominance of nanophanerophytes and
grasses

Dry soils: dominance of nanophanerophytes,
followed by grasses; edge of vegas: codominance
of the four plant categories; vegas: dominance of
grass-like plants, followed by grasses

Dry soils: dominance of nanophanerophytes;
vegas: dominance of grass-like plants, followed by
chamaephytes and grasses

Dry soils: dominance of grasses, followed by forbs
and nanophanerophytes

Vegetation is described per microhabitat (dry soils, edge of vegas, and vegas) for the sites with vegas (moist zones associated to streams
and ponds, with dense hydrophytic vegetation). 2Extracted from Sruoga et al. 2005.

being oven-dried at 60°C, each fecal sample was milled,
cleared with diluted lye (aqueous sodium hypochlorite,
25%, w/v), and passed through a 210-um sieve. Two
microscope slides were created from the material trapped
in a second sieve (149 um), placed under the first, in order
to homogenize particle size (Smith and Shandruk 1979).
Fifty fields on each slide were systematically examined
under a microscope at 400xmagnification, and all identi-
fiable fragments (those showing at least three diagnostic
features) were counted. A microscopic field at high reso-
lution contained only one or two fragments, whose epi-
dermal features were easily identified. Plant cuticle was
identified to genus level, and to species level when pos-
sible, using reference plant material from the “Laguna
del Diamante” Reserve, collected and identified during
the present study and stored in the Ruiz Leal Herbarium
(IADIZA, Argentina). Several authors have pointed out
some limitations in the fecal microhistological analysis
applied to studies of herbivore diets, related to differen-
tial digestibility and fragmentation among plant taxa and
parts (Smith and Shandruk 1979, Holechek et al. 1982).
Non-ruminant herbivores, like the brown hare, are less
efficient in fiber digestion, and a bias due to differential
digestibility is less expected (Holechek et al. 1982). Micro-
histology is a state-of-art tool for identifying diet compo-
sition and detecting general feeding selectivity patterns
(Holechek and Gross 1982). In addition, it is a non-
invasive technique as animals are not injured or killed.

Statistical analyses

Plant cover was determined for each point-quadrat
transect by dividing the number of points at which any

plant species was contacted (except dead individuals) by
the 100 transect points. The relative frequency of a given
plant species in the environment was determined by
dividing its absolute frequency by the sum of absolute fre-
quencies for all species identified on each point-quadrat
transect. Food availability included only those plant
species observed in at least one fecal sample. The relative
frequency of a given species in the diet was determined for
each sample by dividing the number of microscopic fields
where that species was observed by the number of fields for
all observed species (Holechek and Gross 1982). Relative
frequencies of species were determined without includ-
ing undetermined fragments, because these represented
negligible percentages of the fecal samples analyzed
(0.3-2%). Plant species were grouped into four categories
according to life form: grass-like plants, grasses, shrubs,
and forbs. Diversity of food availability and diet was esti-
mated using the Shannon-Wiener function (H’, Colwell
and Futuyma 1971), along with Margalef’s richness index
and Pielou’s equitability index (Moreno 2001). Percent
overlap (O, Hurlbert 1978) was used to estimate similari-
ties between diet and food availability, between diets at
the different sites, between food availabilities at the differ-
ent sites, and in the different microhabitats.

Significant spatial differences in plant cover, diversity,
and percentage of plant species and categories were found
using Kruskal-Wallis ANOVA and multiple comparisons of
mean ranks for all groups (Siegel and Castellan 1988). The
level of significance obtained was mostly p<0.001; if oth-
erwise, it is mentioned in the text. Feeding selection was
detected from significant differences between observed
and expected dietary percentages by using the x>test
(Zar 1984). Bailey’s confidence interval (Cherry 1996) was
used to identify selective use of the main plant species
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(species with frequencies >5% in the diet and/or in the
food availability). Plant use was classified as preference,
use in proportion to availability or avoidance, depending
on whether each species’ availability fell, respectively,
below, within, or above the confidence interval of dietary
frequency.

Results

Food availability

Of the 60 plant species recorded on the four sampling sites,
63% were feed upon by brown hares. The percentage of
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species contained in the diet was high in habitats without
vegas (87%), and considerable in habitats with vegas
(72%). In habitats with vegas, the diet included almost all
plant species of the adjacent dry soils (88%) and edges
of vegas (84%), but only a moderate percentage of plant
species present within the wetland itself (53%).

In terms of relative percentages of plant categories
in food availability in the sampling sites, shrubs were
dominant (37%), followed by grasses (31%) and grass-
like plants (20%). Major available species were the shrubs
Adesmia aegiceras (23%, Table 2) and Discaria nana (7%),
the grasses Poa durifolia (15%) and Poa holciformis (7%),
and the grass-like species Oxychloe bisexualis (9%).

Habitats without vegas (Durazno and Avestruces)
differed from those with vegas (Table 2) by having higher

Table 2: Significant differences among habitats (and microhabitats) in food availability and in the diet of brown hares.

Food availability in habitats

Food availability in Diet of brown hares

microhabitats

H=17.77

H=9.20, p=0.027
H=10.13, p=0.018
H=10.88, p=0.012

Plant cover

Species diversity

Species richness

Equitability

Similarity comparing habitats or

microhabitats H=45.48 (plant species)

GRASS-LIKE PLANTS H=19.35
Oxychloe bisexualis Kuntze (Barros) H=18.04
Carex gayana E. Desv. H=20.55
Patosia clandestina (Phil.) Buchenau

Carex sp.

GRASSES H=32.55
Poa holciformis ). Presl. H=36.46
Poa durifolia Giussani, Nicora and Roig H=49.57

Hordeum pubiflorum Hook. f. (Griseb.)
Baden and Bothmer
Festuca magellanica Lam.

H=11.57, p=0.009

SHRUBS
Adesmia aegiceras Phil.

H=15.42

Azorella monantha Clos H=43.50
Ochetophila nana (Clos) J. Kellerm., H=19.32
Medan and Aegesen

Senecio looseri Cabrera

FORBS H=15.58
Adesmia stenocaulon Hauman H=39.93
Oxalis erythrorhiza Gillies ex Hook. H=24.33

and Arn.

Species in the diet (%)
Similarity between diet and food
availability

H=16.61 (in Durazno)
H=15.04, p=0.002 (plant

species)

H=30.59 (plant categories),

H=10.78, p=0.013 (in Durazno)

categories), H=22.89 (plant

H=42.45

H=25.80

H=19.50

H=25.83

H=57.96 (plant categories),
H=63.17 (plant species)

H=30.86 (plant categories),
H=36.27 (plant species)

H=47.70 H=15.03, p=0.002
H=50.51
H=47.36 H=19.62
H=47.03
H=41.68
H=9.22, p=0.010 H=19.83
H=26.03
H=35.05
H=17.68 H=26.89
H=47.85
H=15.13 H=17.15
H=44.34 H=22.34
H=13.60
H=43.48
H=19.20
H=37.87
H=18.25
H=15.46 H=20.54
H=24.84

H=33.03 (plant categories),
H=48.77 (plant species)

H stands for the value of Kruskal-Wallis test.
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Figure 1: Percentages of grass-like plants (GL), grasses (GR), shrubs (SH), and forbs (FO) in the diet of brown hares, and in food availability

of habitats and microhabitats, whose description is in Table 1.

percentages of grasses (Figure 1, particularly Poa hol-
ciformis and Poa durifolia, Table 3) and forbs (particu-
larly Adesmia stenocaulon and Oxalis erythrorhiza). The
Durazno habitat showed a higher percentage of plant
species included in the diet (Table 2), higher species rich-
ness in food availability (Figure 2), and a higher percent-
age of shrubs (Figure 1, particularly Adesmia aegiceras
and Azorella monantha, Table 3).

On the other hand, habitats with vegas (Laguna and
Yaucha) differed from those without vegas (Table 2) by
having a higher plant cover (Figure 2), higher percentages
of grass-like plants (Figure 1, especially Carex gayana,
Table 3), and of the shrub Discaria nana. The Laguna
habitat showed a higher percentage of the grass Hordeum
halophilum, and Yaucha contained a higher percentage of
the grass-like species Oxychloe bisexualis. Food diversity
and equitability were higher at Laguna than at Avestruces
(Figure 2).

Within the habitats with vegas, the adjacent dry soils
differed from other microhabitats (Table 2) by having
higher percentages of grasses and shrubs (Figure 1,
particularly the shrubs Adesmia aegiceras and Azorella
monantha, Table 3), lower plant cover and food diver-
sity (Figure 2), and lower percentages of grass-like plants
(Figure 1, particularly Carex gayana, Table 3) and of the
shrub Discaria nana. The wetland itself differed from
other microhabitats by having higher percentages of the
grass-like species Oxychloe bisexualis, Patosia clandes-
tina, and Carex sp., and of the grass Festuca magellanica,
a lower percentage of forbs (particularly Oxalis eryth-
rorhiza), lower species richness, higher equitability, and
a lower percentage of plant species included in the diet
(Table 2). Edges of vegas differed from other microhabitats

by having a higher percentage of the grass Hordeum
halophilum.

There was higher similarity in food availability
between sites with vegas than between these and dryland
habitats, for both plant categories and plant species
(Figure 3A, Table 2). As would be expected in microhabi-
tats, similarity in food availability was higher between
wetlands and between dry soils, than between wetlands
and dry soils (Figure 3C).

Brown hare’s diet

The diet included 38 plant species (4 grass-like plants,
8 grasses, 7 shrubs, and 19 forbs). Shrubs clearly domi-
nated the diet (50% of relative percentage in the diet),
followed by grasses (24%) and forbs (19%), with a minor
percentage of grass-like plants (7%). The main dietary
species were the shrubs Adesmia aegiceras (35% of rela-
tive percentage in the diet) and Senecio looseri (9%), and
the grasses Poa durifolia (13%) and Poa holciformis (5%).

Hare diet in habitats without vegas (Durazno and Ave-
struces) differed from that in habitats with vegas (Table 2)
by containing a higher percentage of grasses (Figure 1,
particularly Poa holciformis at Durazno and Poa durifolia
at Avestruces, Table 3), a lower percentage of shrubs (par-
ticularly Adesmia aegiceras), a higher percentage of the
shrub Senecio looseri, and a lower percentage of the forb
Oxalis erythrorhiza in Durazno.

Brown hare diet in habitats with vegas (Laguna and
Yaucha) differed from that in habitats without vegas
(Table 2) due to higher percentages of grass-like plants at
Laguna (Figure 1, particularly Carex gayana, Table 3), and
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higher percentages of the grass Hordeum halophilum and
of the forb Adesmia stenocaulon at Yaucha.

Considering percentages of plant categories in the
diet (Figure 3B), the similarity of Yaucha with Durazno
and Laguna was higher than the similarity of Avestruces
with the other sites (Table 2). Considering percentages of
plant species in the diet (Figure 3C), the similarity between
sites with vegas was higher than between sites with and
without vegas.

Dietary preferences

Similarity between diet and food availability was higher
(Table 2) in a habitat without vegas (Avestruces: 0=89%
for plant categories and 77% for species) than in either
of the habitats with vegas (Laguna: 0=68% and 43%;
Yaucha: 0=67% and 45%, respectively). Considering food
availability in different microhabitats, the diet showed
a higher similarity with food availability on dry soils
(0=71% for plant categories and 60% for species) than in
vegas (0=43% and 14%, respectively). A selective use of
plant species was detected both in habitats without vegas
(Durazno: ¥2=2050.68, Avestruces: }>=401.42) and in habi-
tats with vegas (Laguna: %?=1530.38, Yaucha: y?=1324.40).

Regarding the habitats without vegas, there was an
opportunistic use of plant categories at Durazno (3?=4.86
p=0.183), whereas at Avestruces the selective use was
weak (y?>=74.57) because grasses, shrubs, and forbs were
used in proportion to availability (Figure 1). The main
species were mostly used in proportion to availability
(Table 3), such as the grasses Poa holciformis at Durazno
and Poa durifolia at Avestruces, the shrub Adesmia aegi-
ceras in both habitats, and the forbs Oxalis erythrorhiza
at Durazno and Cerastium arvense at Avestruces. On the
other hand, two shrubs were selectively used in Durazno:
Senecio looseri was preferred and Azorella monantha was
avoided.

A selective use of plant categories was found at
Laguna (x?=112.24) and Yaucha (}?=229.08), the habi-
tats with vegas, where grass-like plants were avoided
(Figure 1, particularly Oxychloe bisexualis at both sites, as
well as Carex gayana and Patosia clandestina at Yaucha,
Table 3). Grasses were used in proportion to availability
(particularly Hordeum halophilum at Laguna and Festuca
magellanica at Yaucha); however, Festuca magellanica, a
grass of vegas, was avoided at Laguna. Shrubs and forbs
were preferred in Laguna and Yaucha, respectively. The
shrub Adesmia aegiceras and the forb Oxalis erythrorhiza
were preferred in both habitats, whereas the shrub Dis-
caria nana was avoided.

DE GRUYTER

Discussion and conclusion

The generalist diet of brown hares was confirmed in this
High Andean mountain environment, as the diet included
a considerable percentage of the plant species present
in the vegetation, especially when excluding the vegeta-
tion of vegas. There were several evidences supporting
the dietary opportunism of brown hares, such as the high
similarity between diet and food availability, consider-
ing both plant categories and plant species. For example,
the major species in the diet were also the main species
in the available vegetation (the shrub Adesmia aegiceras
and the grass Poa durifolia). The higher dietary similarity
between habitats with vegas than between habitats with
and without vegas also reflected the respective differences
in food availability. In habitats without vegas, plant cat-
egories were used with weak selectivity, even with oppor-
tunism, and the most common grasses, shrubs, and forbs
were used in proportion to availability. Most grasses were
also used in proportion to availability in habitats with
vegas. Dietary generalism and opportunism are part of
the adaptive features of Lepus europaeus that facilitated
the documented successful expansion of its distribution
range, which occurred both naturally and by liberations
(Flux and Angermann 1990).

Only two shrub species were used with selectivity
by brown hares in habitats without vegas (one of these
species was preferred and the other avoided). Conversely,
a pronounced selectivity occurred in habitats with vegas,
where shrubs and forbs were used with preference, par-
ticularly two dry-soil species: the shrub Adesmia aegi-
ceras and the forb Oxalis erythrorhiza, whereas the most
common species of vegas were avoided: all grass-like
plants and the grass Festuca magellanica. Avoidance of
wetland plant species appears to be in response to the
type of vegas present in the study environments, consist-
ing of dense hard cushions of Oxychloe bisexualis and
Patosia clandestina (Juncaceae), taking into account the
rigid leaves with sharp apexes of O. bisexualis and the
low forage quality of Oxychloe species (Alzérreca et al.
2006, Novara 2009). Instead, in the other type of wet-
lands present in High Andean environments of Northern
Chile, the dominant hydrophytic grasses (Deschampsia
cespitosa and Deyeuxia velutina) were major food items
for brown hares (Lopez-Cortés et al. 2007). In the High
Andean environments with one or another type of wet-
lands, the diet of Lepus europaeus contained plant species
of dry soils. Also in Patagonian environments with mal-
lines, the diet of brown hares included grasses and grass-
like plants of wetlands, as well as dry-soil grasses and
shrubs (Bonino 2007).
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Seasonal and spatial changes have been observed in
the diet of Lepus europaeus in response to available vege-
tation, with dietary shifts from grasses and forbs to woody
plants in situations of food scarcity (Flux and Angermann
1990). Indeed, trees and shrubs constituted the prevalent
items in the winter diets of brown hares in environments
of its native (van der Wal et al. 2000, R6del et al. 2004) and
introduced ranges (Pelliza-Shriller et al. 1997, Kufner et al.
2008, Green et al. 2013). Moreover, the dietary prevalence
of woody plants was maintained throughout the year in
scrublands of the Argentine High Monte ecoregion (Reus
et al. 2012). In this study, the severe climate conditions,
which included snowfall and daily frosts even in summer,
and the high-altitude wetlands whose vegetation was
restricted to hard cushions of Juncaceae species, provided
poor quality of food for brown hares that accounted for the
prevalence of shrubs in their summer diet studied here.
This dietary prevalence of shrubs is expected to be even
more important during winter, as occurred in other envi-
ronments such as Northern Patagonia (Puig et al. 2007).

The mountain wetlands scattered across the dry
Andean environments have been mentioned as confined
but important sources of succulent food and water for
wildlife (Roig and Roig 2004, Squeo et al. 2006a,b). The
lower similarity in food availability between vegas and dry
soils than between the same type of microhabitats (vegas
on the one hand, dry soils on the other hand) proved
that these wetlands are significantly different as feeding
sites for brown hares. These vegas proved to have feeding
attractiveness for the migratory population of guanacos
in the “Laguna Diamante” protected area, as the highest
similarity between the guanaco’s diet and food avail-
ability was found in the wetland microhabitats (Puig
et al. 2011). In contrast, the forage in these wetlands was
unattractive to the brown hare, given the low similarity
between the brown hare’s diet and the available food in
vegas and their edges, compared to the adjacent dry soils.
Nearly half the plant species eaten by brown hares in
habitats with vegas were used with avoidance; moreover,
almost all species belonging to the wetland microhabitat
were avoided. Dietary generalism was more pronounced
in habitats without vegas, whereas in the other habitats
the generalist feeding strategy was important once the
wetland microhabitat was discarded in the analysis and
only the vegetation of dry soils and edges of wetlands was
considered.

More than one century after the introduction of brown
hares into South America, this species has become fully
integrated into the different ecosystems. Considering the
top carnivores present in the study area (Moénaco et al.
2005): puma (Puma concolor), culpeo fox (Pseudalopex
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culpaeus), black-chested buzzard-eagle (Geranoaetus
melanoleucus), and large hawks (Buteo spp.), Lepus euro-
paeus constitutes a key prey for them (Montserrat et al.
2005, Bonino et al. 2010, Arriagada et al. 2011). Because
other medium-sized, native preys such as the mountain
vizcacha (Lagidium viscacia), plains vizcacha (Lagosto-
mus maximus), and mara (Dolichotis patagonum) were
not present in the studied high altitudes, the brown hare
is not concerning as potential competitor as it is in other
regions, for example, Northern Patagonia, where the
brown hare and the mara showed a high dietary overlap
(Puig et al. 2014). The conservation of these fragile High
Andean environments is jeopardized due to increasing
mining activities in the region (Brown et al. 2006), which
in turn is a potential threat to top carnivores, as brown
hares proved to be important prey for them in southern
South America (Franklin et al. 1999).

The least selective diet found in habitats without
vegas, which had lower food availability in terms of plant
cover and diversity, particularly the equitability, is con-
sistent with prediction (a), even though there were no
significant differences among habitats in diet diversity,
richness, or equitability. Results also agree with predic-
tion (a) when comparing microhabitats, considering the
few plant species selectively foraged in dry soils, where
plant cover and food diversity, particularly richness, were
lower than in wetlands and their edges.

The expected feeding attractiveness of wetlands
for the brown hare, according to prediction (b), was
not found in the study area. On the contrary, the diet
of brown hares excluded a significantly higher percent-
age of plant species of wetlands than those of dry soils
and edges. With the highest similarity between diet and
food availability, dry soils were the main feeding areas
for Lepus europaeus in this high-altitude environment.
Not only the unattractive hard cushions of Juncaceae
that prevail in wetlands, but also the shrub patches that
provide useful food and shelter on dry soils, together
with rocky outcrops, can explain the relevance of the dry-
soil ecosystem for brown hares. Although it is an intro-
duced species, the brown hare has become an important
prey for a number of indigenous, top-carnivore species.
As it has been found in native range environments for
L. europaeus, protection of the spatial heterogeneity at
landscape and microhabitat scales will be an important
tool for the conservation of brown hare populations in
High Andean environments.
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