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Abstract Distribution of ungulates is regulated by natural
factors, such as presence of other species, climate, and hab-
itat variability, as well as human activities, including live-
stock grazing and mining. Understanding the spatial dynam-
ics of landscape use can help solve problems of access to key
resources by native herbivores. Laguna Brava Reserve is a
protected area of Argentina where the two wild South
American camelids, guanacos and vicufias, coexist with
cattle, mules, horses, and goats. Information about the effects
of livestock and mining activities, which are widespread
throughout the region, on wild camelids is scarce. We used
variable-width transects to determine the distribution of gua-
nacos, vicufias, equids, and cattle in relation to five habitat
types defined according to vegetation and topography in the
reserve. We carried out a correspondence analysis between
the proportion of groups observed in and the proportion of
area occupied by each habitat, and a x> goodness of fit test to
establish if camelids and livestock selected a particular hab-
itat type. Vicufias were associated with grasslands at high
altitudes while guanacos and livestock were associated with
shrublands at lower elevations. This coevolutionary segre-
gation between guanacos and vicufias possibly reduced com-
petition between the two species. Competition between
camelids and livestock is probably low because of the low
density of livestock. Vegas were preferred by all species year
round but used more intensively in summer. In order to
conserve the wild camelids of the region, governments must
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implement measures to conserve the critical habitat provided
by the vegas.
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Introduction

Understanding the spatial dynamics of landscape use can help
solve problems of access to key resources by native herbivores
(Williamson et al. 1988; Coughenour and Singer 1991; Yeo
et al. 1993). Ungulates commonly experience considerable
seasonal, climatic, and spatial variation in resource availabil-
ity, especially in arid and semiarid tropical environments,
where such variation is extreme (Illius and O’Connor 2000).
Forage availability and productivity is primarily affected by
climatic variation in annual precipitation that typically has a
coefficient of variation greater than 25 % and strong season-
ality (Ellis and Swift 1988; Owen-Smith 1990), while spatial
variation arises from differences in soil characteristics and
topography, causing changes in nutrient content and hydrolo-
gy (Illius and O’Connor 2000). Human activities can also
limit the access of native ungulates to key resources.
Information on the relationships among species of an herbi-
vore assemblage, its environment, and the possible negative
effect of human activities can help in the design and imple-
mentation of effective management measures.

The two most representative ungulates of western South
America are the camelids, guanaco (Lama guanicoe guanicoe,
Miiller 1776; Marin et al. 2008) and vicufa (Vicugna vicugna
vicugna, Molina 1782; Marin et al. 2007). Both species inhabit
arid regions of Argentina, Peru, Bolivia, and Chile. Although
their populations were abundant before the arrival of the
Europeans, over the past century their numbers have declined
and their ranges have been reduced, mainly due to overhunting,
habitat destruction, and the introduction of livestock (Mares
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and Ojeda 1984; Gonzélez et al. 2006; Baigun et al. 2008; Baldi
et al. 2010). The overlap in the distribution of guanacos and
vicunas is limited to the foothills of the Andes of Chile, Peru,
and the northwestern Argentinian provinces of San Juan, La
Rioja, and Catamarca.

The two species have different strategies of habitat use.
Guanacos can occupy habitats with different vegetation struc-
ture, topography, and climate, from sea level up to 4,500 masl,
and can move seasonally where the winters are rigorous (Puig
1995; De Lamo et al. 1998), whereas vicufias only occupy
areas above 3,300 masl and are found mainly on grasslands
throughout the year (Arzamendia et al. 2006; Borgnia et al.
2008, 2010), although they can use shrubby habitats when
grass cover is high (Mosca Torres and Puig 2012).

The probability that two sympatric native species compete
is low because coevolution favors resource partitioning
(Voeten and Prins 1999). There is little information about
how resources are partitioned between the two camelids in
areas of sympatry. Cajal et al. (2010) defined three levels of
interactions between guanacos and vicuiias: (a) in the north-
ern portion of their distribution, they are altitudinally segre-
gated; (b) in the central portion of their distribution except
the Puna, they are found at the same altitude but with a small
degree of spatial segregation; and (c) in the altipampas of the
Cordillera Frontal between 27°56" S and 29° 35’ S, they are
not spatially segregated at all. This pattern is supported by
findings in the Puna of Catamarca, where the two camelids
segregated spatially along an altitudinal gradient (Lucherini
1996; Lucherini and Birochio 1997), and in the foothills of
the Andes of San Juan and La Rioja, where both camelids
shared available habitats (Cajal 1998).

Since European colonization, livestock (mainly cows,
mules, horses, donkeys, and goats) coexist with wild camelids
in the Andean foothills. One of the most important problems
associated with the introduction of species is competition,
defined as the shortage of a forage resource being used by
two or more species (Birch 1957; Putnam 1996). The recent,
in evolutionary terms, introduction of exotic species to native
assemblages such as the introduction of livestock to guanacos
and vicuiias populations of Laguna Brava can generate inter-
specific competition because not enough time has passed for
partitioning of resources to occur (Putnam 1996; Voeten and
Prins 1999).

Although some studies have found evidence that live-
stock can compete with camelids (Baldi et al. 2001, 2004;
Bonacic et al. 2002; Puig et al. 2003; Borgnia et al. 2008;
Rojo et al. 2012), others have found no evidence of nega-
tive effects of livestock on native camelid populations
(Ovejero et al. 2011; Acebes et al. 2012). The studies which
found no evidence of competition took place in areas of very
low livestock density (Ovejero et al. 2011) or where the spatial
pattern of livestock distribution was distinct from that of
guanacos (Acebes et al. 2012).
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The ungulate species of the Andean foothills have differ-
ent behaviors or are subject to different management. Part of
the guanaco population moves seasonally to gain access to
resources and escape harsh weather conditions, while vicuiias
remain in the same areas throughout the year (Cajal 1998;
Waurstten, unpublished data). Goats and cows are moved by
shepherds to highlands in summer and to the lowlands in the
dry season, and horses and donkeys are mainly feral and move
freely. A more complete understanding of the potential for
competition between camelids and livestock in their arid
environment could be obtained by studying their habitat use
throughout the year and along an altitudinal gradient.

Since 1990, national and provincial governments of
Argentina have promoted mineral extraction along the
Andes Mountains through tax benefits. Intensive mining ex-
ploration has taken place in recent years in areas of sympatry
of guanacos and vicuias along the northern Andes of
Argentina, where at least four large new mines were built
and many more are in the planning stage (see http:/mineria.
gov.ar for more information). Mining can have negative ef-
fects on ungulate populations by causing habitat destruction
through direct removal of vegetation and soil or through
accidental waste discharge into streams and water courses
(Singh and Chowdhury 1999; Reglero et al. 2008; Ito et al.
2013). In the arid habitats of the Andes where guanacos and
vicufias coexist, water and plant resources are extremely
scarce and concentrated mainly in vegas, wet areas located
mostly along water courses, where vegetation cover is close to
100 %. Vegas have been reported to be important for wild
camelids (Lawrence 1986; Vila and Roig 1992; Renaudeau
d’Arc et al. 2000; Mosca Torres and Puig 2012), so the
impacts of mining may be more severe than in other habitats.

The objectives of this study were as follows: (a) to deter-
mine if there is preferential use of particular habitat types by
guanacos, vicuias, and domestic livestock; (b) to analyze the
overlap among camelids and livestock to evaluate the poten-
tial for competition for resource use; and (¢) to evaluate the
potential negative effects of human activities, particularly
mining, on camelid populations. Studies of the relationships
between native and domestic ungulates in arid and semiarid
biomes are relatively numerous for African savannas and
Asian steppes, but there are few studies from similar biomes
of South America (Acebes et al. 2012), and this is the first
that compares variation in habitat selection during winter and
summer seasons by sympatric guanacos, vicufias, and live-
stock in an area of low livestock density in the Andean
foothills. Studies about the effects of mining on ungulate
populations have also been carried out in other regions
(Grimalt et al. 1999; Weir et al. 2007; Bleich et al. 2009),
but this work is the first attempt to assess the potential effects
of mining on wild South American camelid populations. A
better understanding of the habitat use patterns of the ungulate
assemblage, the potential for competition between livestock
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and camelids, and the ways extractive industries can affect
wild South American camelids can provide information for
managing the human activities in and around reserves to
reduce the impact of humans on guanaco and vicuila
populations.

Materials and methods
Study area

The study area covers approximately 6,700 km?* and includ-
ed part of the Laguna Brava Reserve and adjacent areas in the
province of La Rioja in Argentina (between 28° 18’ S and
28° 53" S and 68° 30’ W and 68° 57" O) with an altitudinal
gradient between 2,000 and 4,000 masl (Fig. 1). The land-
scape includes plains, mountain chains, and salt flats and
ponds produced by closed basins. The average annual tem-
perature is 12 °C, with a maximum annual average of 28 °C
and minimum annual average of —2 °C. The annual rainfall is
less than 100 mm per year and occurs mainly during summer.
The scarce precipitation in autumn and winter is in the form
of snow (Combina and Pasarello 1980).

The dominant vegetation up to 3,100 masl corresponds to
the Monte Phytogeographic Province. Between 3,100 and
3,800 masl, the vegetation is characteristic of the Prepuna,

Fig.1 Location of the study area
in La Rioja Province. Guanaco
and vicuia distributions are
adapted from Baigun et al.
(2008). Information about
mining activities is from the
webpage of the Secretary of
Mining of Argentina (http://
Www.mineria.gov.ar)

represented mainly by a xerophytic steppe of shrubs where the
genera Larrea, typical of the Monte Province, is absent. About
3,800 masl, the vegetation belongs exclusively to the Puna and
is limited to scattered grasses of the genus Stipa and cushion
plants of the genus Adesmia (Hunzicker 1952; Cabrera 1976).

A single village of 400 inhabitants dedicated mainly to
livestock breeding at a minor scale lies 20 km south of the
study area. The southern entrance to the Laguna Brava
Reserve (Fig. 1) is used for access to an area of active mining
exploration in the northwestern part of the San Guillermo
Biosphere Reserve.

Data collection and habitat classification

Variable-width transects were used to determine the distribu-
tion of guanacos, vicuiias, and livestock (Buckland et al.
2001). Six surveys were carried out between January 2008
and February 2011: one during each summer (770 km in all
the surveys combined), one during winter of 2008, and one
during winter of 2010 (585 km in the two surveys combined)
in Laguna Brava Reserve and adjacent areas. The same routes
were surveyed in each season, at least two times in summer
and three times in winter between 1000 and 1800 hours.
Transects were traveled by vehicle with two observers stand-
ing in the back. For each ungulate observation, location, group
size, and habitat type were recorded.

\
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Vicufia distribution
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The study area was divided into five habitat types according
to vegetation physiognomy and topography: (a) shrubland on
plains (SHRPL), located between 2,000 and 3,500 masl on flat
areas with slopes less than 15°, with larger, more scattered
shrubs of Larrea spp., Bulnesia retamo, and Flourencia
polyclada in the lowlands, and shorter, more densely grouped
shrubs of Adesmia spp., Lycium spp., and Artemisia
mendozana in the uplands; (b) shrubland on steep terrain
(SHRST), located between 2,900 and 3,500 masl, with a slope
greater than 15°, and vegetation represented mainly by shrubs
of genera Ephedra, Gognatchia, and Atriplex; (c) grassland on
steep terrain (GRAST) represented by areas with slopes steeper
than 15° with cushion plants of genus Adesmia and variable
grass cover of Stipa spp. located about 3,700 masl; (d) grass-
land on plains (GRAPL) at the same altitude and with the same
vegetation type as GRAST but with slopes lesser than 15°; and
(e) vegas (VEGA) habitats found in the wet areas close to
streams with high vegetation cover (greater than 70 %) of
species such as Festuca scirpifolia and Juncus balticus.

ArcGIS was used to delimit the habitat types and quantify
the area occupied by each. A strip of 800 m at each side of the
transect was considered to be the study area, as this was the
maximum distance at which it was possible to detect the
animals.

Statistical analyses

Proportions of groups were used for all statistical analyses
instead of proportions of individuals because we assume that
due to the social nature of these herbivores, the selection of
an area by an animal is not independent of the selections of
the rest of the animals in the group. However, the average
group size may differ among habitat types. As count data fail
to meet the parametric statistical assumptions due to their
nature, and our sample sizes varied greatly between ungu-
lates species, we used nonparametric statistical tests.

To evaluate associations of each species with different
habitat types, we carried out a correspondence analysis be-
tween the proportion of groups recorded in each habitat type
and the proportion of area occupied by each habitat. This
method consists of representation of objects (sites, species,
and sampling stations) as points through one or more axis
maximizing the correspondence between the variables and
the units. To avoid the arch effect produced by the use of
the x* distance, we used a detrended correspondence analy-
sis (Legendre and Legendre 1998). Due to the differences in
body size and efficiency of resource use among species, we
converted all ungulate groups into equivalent guanaco groups.
We used a relationship between group size of guanacos,
vicuias, cows, and equids of 1:1.43:0.6:0.48 (Vallentine
2001; Bonacic et al. 2002; Tadey 2008). To evaluate the effect
of group size on the correspondence analysis, we tested dif-
ferences between group size of guanacos and vicufias in
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different habitat types using Mann—Whitney U tests when
only two habitat types were used and Kruskal-Wallis tests
for more than two habitat types (Zar 1996).

We used a sequential Bonferroni procedure (Holm 1979)
as post hoc analyses when Kruskal-Wallis tests detected
significant differences. The sequential Bonferroni is an im-
provement over the Bonferroni procedure, where p values
are ranked from largest to smallest and the smallest p value is
tested at «/c, the next at a/c—1, and the next at a/c—2, etc.,
where « is the probability of making a type I error and c is the
number of paired tests. Testing stops when a nonsignificant
result occurs (Quinn and Keough 2002). The proportion of
expected guanaco, vicufia, and livestock groups in all habi-
tats type was estimated as the proportion of the area occupied
by each habitat type. We performed a x* goodness of fit test
to establish if there were statistically significant differences
between the expected and observed frequencies of guanaco,
vicufia, and livestock groups in different habitat types (Zar
1996).

Results
Habitat use

We observed 391 groups of guanacos, 101 groups of vicufias,
13 groups of horses and donkeys, and 12 groups of cattle
during the 2008-2011 surveys. Besides the species men-
tioned, we observed two groups of approximately 150 goats,
one in a shrubby habitat and one in a vega. Due to the
distortion that these data can generate, we eliminated it from
both correspondence analysis and the goodness of fit test.

Observations of guanacos were more abundant in summer
than winter, but observations of the other species did not vary
markedly between seasons. Seventy percent of the groups of
guanacos were found in shrublands (SHRPL and SHRST)
with equal proportions of groups on plains and steep terrains,
while 70.3 % of the groups of vicufias were observed in
grasslands, mostly in areas with steep terrain (GRAST).
The shrublands and the grassland on steep terrain were the
habitat types used most by both camelids when summer and
winter data are combined (25.8 and 28.3 %, respectively),
while 17 % of the groups of both species were observed on
vegas and less than 1 % in grassland on plains. From winter
to summer, the use of shrubland on plains by guanacos
decreased from 34.72 to 23.67 % and the use of vegas
increased from 7.76 to 25 % (Fig. 2).

The correspondence analysis for winter surveys generated
three axes that explained 55 % of the observed variability in
the data: the first explained 53.4 %, the second 1.6 %, and the
third 0.02 %. For summer, the correspondence analysis gen-
erated two axes, the first explained 25.02 % of the variability
and the second one 1.26 % (Fig. 3a, b). Vicuias were almost
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Fig. 2 Proportion of area
occupied by each habitat type
and proportion of groups of
guanacos, vicufias, and livestock
recorded in each habitat type.
SHRST shrubland on steep
terrain, SHRPL shrubland on
plains, GRAST grassland on
steep terrain, GRAPL grassland
on plains, VEGA meadow
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exclusively associated with grasslands while guanacos and
livestock were associated mostly with shrublands. Vegas
were not important as winter habitat for any of the species
considered. In summer, the pattern of habitat use changed,
guanacos, vicuias, and livestock were all strongly associated
with vegas, where 18—60 % of sightings were recorded
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Fig. 3 Correspondence analysis between groups of ungulates and
habitats in summer (/eff) and winter (right). Equivalent guanaco groups
were used instead of actual ungulate groups, relationship between
guanacos, vicufias, cows, and equids groups were 1:1.48:0.6:0.48.

despite the very small proportion of the study area (less than
1 %) represented by vegas (Fig. 3).

Guanaco and vicua group sizes were uneven between
habitat types, species, and seasons (Fig. 4). Average guanaco
group size was significantly greater in summer than in winter
(Mann—Whitney U test=20,631.5, p=0.021). Guanaco group
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SHRST shrubland on steep terrain, SHRPL shrubland on plains, GRAST
grassland on steep terrain, GRAPL grassland on plains, VEGA meadow,
GU guanacos, VI vicuiias, COW cattle, EQUI equines (horses, mules,
and donkeys)
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Fig. 4 Average group size

and standard error of guanacos
and vicuias in the different
habitat type in each season.
Summer data are shown in black
and winter data in gray. SHRST
shrubland on steep terrain,
SHRPL shrubland on plains,
GRAST grassland on steep
terrain, GRAPL grassland on
plains, VEGA meadow

10
|

average group size
[

GRAPL

size did not differ significantly among habitat types in winter
(Kruskal-Wallis x*=2.60, df=3, p=0.457), but differed sig-
nificantly during summer (Kruskal-Wallis y*=8.22, df=3,
p=0.041). Guanaco group size in summer was significantly
greater in vegas than in shrubland on plains (Mann—Whitney
U test=1,001.5, p=0.0128) and grassland on steep terrain
(Mann—Whitney U test=560, p=0.0085), but not shrubland
on steep terrain (Mann—Whitney U test=1,273.5, p=0.0417).
Guanaco group size did not vary significantly among non-
vega habitats (Kruskal-Wallis y>=11.1741, df=14,
p=0.6723). Vicuna group size did not vary significantly be-
tween habitats in winter (Kruskal-Wallis x*=0.1466, df=2,
p=0.9293), but group size was significantly greater in vegas
than in grassland on steep slopes in summer (Mann—Whitney
U test=243.5, p=0.0384).

Habitat selection

All habitat types were used disproportionately in relation to
availability in winter (y*=199.04, df=4, p<0.001) and sum-
mer (x*=2,395.50, df=4, p<0.001). The greatest departure
from the expected frequencies was observed in the shrubland
on steep slope (used less than expected) and vegas (used
more than expected) by all the species considered.
Differences between expected and observed proportions of
groups of guanacos and vicufias were statistically significant
for both summer and winter (Table 1). During winter, guanacos
used vegas and shrublands on plains located in the low areas
more than expected according to their availability, avoiding the
grasslands of the high altitudes. During summer, the only
habitat type used by guanacos more than its availability was
vega while shrubland on steppe slope and shrubland on plains
were used according to their availability. Vicufias were absent
on shrublands in winter and in shrublands and grasslands on
plains in summer, and used vegas and grasslands on steep
slopes more than expected during both seasons. Horses, don-
keys, and cattle used vegas more than expected in all seasons.
Vegas were strongly selected by both camelids and livestock
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during both seasons. More than 95 % of the total values of the
X statistics for all species and seasons were due to the values
obtained for the vega habitat type.

Discussion

Guanacos and vicuiias were spatially segregated for the most
part in this study, although guanacos were habitat generalists
that used all types of habitat to some extent and vicufias were
restricted to the grasslands and vegas above 3,500 masl. The
shrubland habitats where guanacos were often found were at
lower altitudes (2,000 to 3,500 masl) than the grasslands and
vegas used by vicufias, so this segregation was largely alti-
tudinal, as reported for guanacos and vicuiias in northern
Argentina (Lucherini 1996; Lucherini and Birochio 1997).
Our results differ from those which found no spatial segre-
gation between the two camelids in the provinces of La Rioja
and San Juan (Cajal et al. 2010), and no spatial segregation in
the San Guillermo Reserve adjacent to the Laguna Brava
Reserve (Cajal 1998). These differences in results probably
are due to the fact that the other studies were carried out only
at higher altitudes (between 3,300 and 3,800 masl) where
Guanacos are scarce. Sympatric species of similar foraging
strategies can compete if there is high overlap in their use of
space and the resources are scarce (Prins and OIff 1998;
Hulbert and Andersen 2001; Owen-Smith 2002). However,
segregation in habitat use can facilitate the coexistence of
similar species by reducing interspecific competition (Pianka
1978). It is probable that the spatial segregation between
guanacos and vicufias reported in our study, which occurred
over a wide (ca. 2,000 m) altitudinal range, facilitated their
coexistence. This segregation pattern was observed in other
assemblages of ungulates with similar foraging strategies
(Namgail et al. 2004; Focardi et al. 2006).

The large degree of overlap in habitat use between livestock
and guanacos during winter and between livestock, guanacos,
and vicufas during summer is in contrast to minimal overlap
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Table 1 x? goodness of fit test.

2 of expected vs. observed Species Season Habitat type Partial x> Total x? df p value
number of groups in each habitat
type for each ungulate species Guanaco Winter SHRPL 92.41
and season SHRST 17.06
GRAPL 7.49
GRAST 81.16
VEGA 1,103.88 1,302 4 <0.001
Summer SHRPL 5.59
SHRST 18.32
GRAST 54.79
VEGA 12,382.53 12,461.23 3 <0.001
Vicufia Winter GRAPL 0.03
GRAST 2.15
VEGA 100.24 102.42 2 <0.001
Summer GRAST 99.73
VEGA 4,943.73 5,043.46 1 <0.001
Cattle Winter SHRPL 9.89
SHRST 10.44
VEGA 3,047.27 3,067.6 2 <0.001
Summer SHRPL 18.42
Values of x* statistic (x*), de- VEGA 1,105.51 1,123.93 1 <0.001
gree of freedom (df), and p Equids Winter SHRPL 0.07
values are shown
SHRPL shrubland on plains, SHRST 134
SHRST shrubland on steep ter- VEGA 79.63 81.04 2 <0.001
rain, GRAPL grassland on plains, Summer SHRPL 27
GRAST grassland on steep ter- VEGA 1,620.4 1,647.4 1 <0.001

rain, VEGA vegas

between guanacos and livestock found in the Talampaya
National Park in the Argentine Monte (Acebes et al. 2012).
This difference could be due to differences in methodology
between the two studies, as Acebes et al. did not evaluate
overlap in habitat use but rather the main habitat attributes
selected by each species. However, this does not mean that the
native and introduced herbivores in Laguna Brava Reserve
compete for resources. It is probable that competition between
camelids and livestock was minimal in the study area because
of the low density of cattle and equids (fewer than 30 guanaco
units in all the study area compared to 500 guanaco units of
camelids, personal observation). In studies of vicufias and
guanacos where evidence of competition with livestock has
been observed, the density of livestock was similar to or higher
than that of the camelids (Baldi et al. 2001, 2004; Bonacic et al.
2002; Puig et al. 2003; Rojo et al. 2012). Nevertheless, it is
necessary to evaluate dietary overlap between livestock and
camelids in our study area to assess thoroughly their potential
for competition.

Vegas were selected by all ungulates in this study, probably
due to the greater productivity, grass cover, and vegetation
quality of this habitat (Massy and Weeda 2003; Sixto 2003).
The use of vegas by all species (native and exotic) increased
significantly in summer, as reflected both by the number of

groups and group size relative to other habitat types. This
increase in use was likely the result of the increase in plant
biomass during summer, when productivity of vegas doubles
or triples that of winter months, while productivity of other
habitat types did not increase in a significant manner during
that season (Wurstten, unpublished data). Vegas are critical
habitats for guanacos and vicufias during the breeding season
allowing increased reproductive success compared to other
habitats by providing succulent nutritional forage for females
when they are coping with energetic demands of gestation and
lactation, as well as high visibility that facilitates escape from
predation (Bank et al. 2003; Donadio 2012). Therefore, any
anthropogenic activity that reduces the extent of vegas or
affects their forage quality will impact guanaco and vicufia
populations.

Large-scale mining exploration and exploitation expanded
greatly after 1990 in the high-altitude areas of the Andes where
vegas are present, including the Laguna Brava Reserve.
Because vegas represent a small proportion of the land cover,
this habitat type is often underestimated in the environmental
impact assessments that mining companies present to govern-
ment agencies (e.g., Knight Piésold Consulting 2006) but may
suffer the greatest relative impacts of all habitats. For example,
much of the road networks, camps, and all tailing dams of open
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pit mines built in the area have been constructed in valleys,
often involving the destruction of vegas (personal observation
by authors). Also, most mining projects in mountain areas are
accessible only by roads built to follow mountain streams often
modifying or disrupting the flow of water and drying up vegas
downstream.

According to local governments and mining companies,
many more large-scale mines for precious metals will be
built in the region in the coming years. This expansion of
mining will directly affect wild South American camelids
and other mountain biodiversity. To minimize these impacts,
governments must plan and implement measures to conserve
vegas, true oases in an arid environment with high solar
radiation and a short vegetation growing season.
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