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Chapter 4
Sociality, Foraging and Habitat Use by Vicuiia

Marcelo Cassini, Mariela Borgnia, Yanina Arzamendia, Veronica Benitez,
and Bibiana Vila

4.1 Introduction

In this chapter, we review the information on three aspects of vicufia (Vicugna
vicugna) behaviour and ecology (1) intra-specific relationships, (2) foraging behav-
iour and ecology and (3) habitat utilization. We will also compare some of the
behaviour and ecology of the vicufia with that of other South American camelid
species, the wild guanaco Lama guanicoe, and the domestic llama Llama glama
and alpaca Lama pacos. We will emphasize the spatial dimension of the vicufia’s
behaviour and the implications for the management of vicufia in protected areas.

4.2 Social Behaviour

We analyse three aspects of sociality of vicufias (1) the social pattern of distribution
or territoriality; (2) the differential distribution of sex and age categories between
groups or group composition and (3) the distribution of individuals within groups.

4.2.1 Territorial Behaviour

Franklin (1974, 1982, 1983) conducted one of the first research projects on the
social behaviour of vicufia; he concluded that they defend fixed group territories all
year round. This study became a paradigm of animal behaviour studies, after being
included as a main example in the famous book Sociobiology by E. O. Wilson
(1980). The evolutionary argument was straightforward: In the extreme, harsh
environment of the Puna desert, it was not enough for males to defend a territory
only during the reproductive season to get access to females, but they must do it
permanently. At the time when Wilson was writing his book, mating systems and
social organizations were viewed as species-specific properties, so vicufia were
seen as one of the clearest examples of a territorial mammal.

1.J. Gordon (ed.) The Vicuna, 35
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In studies that followed, it was assumed that vicufia defended permanent territo-
ries, but there were no systematic attempts to validate Franklin’s result in other
populations. The main difficulty was that laws prevented vicufia from being dis-
turbed and captured and animals do not have pelage characteristics that can be used
for individual identification. The only exception was the study conducted by Vila
(1994) who described the use of communal defecating sites (dung piles) by three
well-known families, in Abrapampa (Argentina). She found some overlapping and
tolerance between families that were found using the border areas and sharing the
use of the peripheral dung piles (Vild, 1994), in contrast to the fixed boundaries
described by Franklin (1982). Similarly, a recent study at Cieneguillas (Argentina)
(Arzamendia and Vild unpublished data), for the first time, followed a large group
of marked vicufia; they found that 19 harems and 1 bachelor group (a total of 98
vicufia) used specific portions of the landscape. However, there was overlap of
harem areas, tolerance of neighbours, and the range of a harem was frequently used
by another harem when the “owners” were absent. This suggests that territoriality
is not as common as was initially postulated by Franklin.

4.2.2 Group Composition

Vicuiia show three types of groups (1) family groups or harems, (2) bachelor groups
and (3) solitary individuals. Harems are stable and permanent (all year round) while
bachelor groups vary in size and can change in composition over a day (Vila, 1995).
In a comparative study, Vild (2000) found that the mean harem size and composi-
tion was one male, three or four females and two calves, irrespective of environ-
ments, geographical areas, subspecies or seasons (Table 4.1).

There are some problems with the methodology used for determining harem
composition — vicuifia are not sexually dimorphic, so it is difficult to sex members

Table 4.1 Mean harem size of different populations (sites without country refer to Argentina)

Mean harem size

Location Females Calves Reference

Ulla-ulla (Bolivia) 3.1 1.6 Cardozo (1981)

Pampa Galeras (Pert) 3.0 2.0 Franklin (1983)

Las Cuevas (Chile) 3.1 1.6 Glade and Cattan (1987)

Arequipa (Pert) 3.7 1.6 Davies 2003

Abrapampa (Argentina) 3.5 1.8 Vil (1990)

Laguna Blanca (Argentina) 3.6 1.9 Vilé and Roig (1992)

Cieneguillas (Argentina) 34 2.0 Arzamendia and Vila
(2003)

Pozuelos (Argentina) 34 1.7 Renaudeau d’Arc and Vila
(1998)

Laguna Blanca Reserve (Argentina) 3.2 14 Borgnia et al. (2006a)

Olaroz Cauchari Reserve (Argentina) 3.9 1.8 Arzamendia et al. (2001)

Lagunas de Vilama (Argentina) 34 22 Arzamendia et al. (2001)
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of groups in the field, and it is normally done using behavioural responses, which
can produce uncontrolled errors. Even with the methodological limitations, several
questions arise from this remarkably stable pattern of social organization:

e Why are harems not as large as bachelor groups?

* Why do females not breed alone or in pairs?

*  Why do males remain in female groups outside the reproductive season?
* Why does group size not change between seasons or geographical areas?

Bonacic et al. (2002) found that female reproductive success, estimated as observed
mean number of calves per female, decreased linearly with the number of females
per group (Bonacic et al., 2002). Thus, from the point of view of the females, large
groups represent a reproductive cost. Vild and Cassini (1994) analysed the costs to
males of group defence and they found a significant and substantial decrease in the
foraging time of males when the number of females increased in their harems. In
summary, there are advantages to both males and females in keeping family groups
relatively small.

In the same way that there is evidence of costs to both males and females from living
in large harems, we would expect to find costs associated with living in small ones.
Arzamendia et al. (2006) found that solitary vicufia spent more time standing up (i.e.
vigilant) and less time foraging than did members of groups (Fig. 4.1). They interpreted
this result with the classical hypothesis within behavioural ecology that individuals can
share vigilance behaviour within groups so that each individual spends less time
scanning for predators, but that when added together groups are more vigilant than
solitary individuals (reviewed by Krause and Ruxton, 2002). This means that individuals
within groups are less likely to be predated upon and also have less time taken up with
vigilance that could be put to other, more productive, behaviours.
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Fig. 4.1 Percentage of family and bachelor groups and solitary individuals of vicufia exhibiting
different behaviours. Solitary vicufia spend more time standing (vigilant) and less time foraging
than members of groups (from Arzamendia et al., 2006)
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Another explanation for the lack of small groups in the wild is social constraints.
In behavioural ecology theory, group size is viewed as the result of a “game” in
which individuals distribute themselves between groups in a way that they maxim-
ise their reproductive fitness (Sutherland, 1996). There is a cost associated with
intra-group competition for, for example, food and benefit from protection against
predators, or selecting mates. A typical case is in foraging groups in which the cost
of sharing food resources is compensated for by benefits of increased vigilance by
the group. Under these conditions, it has been demonstrated that actual group sizes
are generally larger than the predicted optimal group sizes, i.e., the sizes that maxi-
mize the benefit/cost balance (reviewed by Krause and Ruxton, 2002). In summary,
the trade-off in social costs and benefits in small and large harems probably
explains the size of harems and its constancy across areas and seasons.

Another enigma is why all female groups contain a male, and only one male,
outside the reproductive season. The “harem” structure of winter groups clearly
suggests that there is some kind of reproductive investment being made by males
all year round. Franklin (1983) postulated that the extreme environmental condi-
tions promote the defence of permanent territories by males; however, as previously
discussed, territoriality does not appear to be a universal phenomenon for vicuiia.
So, rather than the defence of a patch of resources, family males probably contrib-
ute significantly to anti-predation vigilance and, more importantly, protect females
from disturbance of vicufia of other groups, especially sexual harassment from
bachelor males, even outside the breeding season. The role of male harassment
avoidance in the evolution of breeding systems has been addressed for artiodactyls
(Clutton-Brock et al., 1992, 1993) and other mammals (Cassini, 1999; Galimberti
et al., 2000). In vicuiia, harem holding males exhibit a strong intolerance for mem-
bers of bachelor groups (Koford, 1957; Franklin, 1974; Vila, 1995) which represent
to constant source of disturbance for females within family groups.

The formation of year-round harems is a rare social organisation in mammals,
however it is not exclusive to vicufia; guanaco males may also stay with female
groups during the winter (although the social structure of this species is more plas-
tic than that of vicuiia, Franklin, 1982) suggesting that this behaviour is an ancestral
social strategy of South American camelids.

4.2.3 Individual Distances

The spatial relationships and interaction between individuals are two important fac-
tors in describing social organization of wild mammals. Space maintenance had
different interpretations of its selective advantages, including minimization of dis-
turbance while feeding, reduction of interference while fleeing from danger and
avoidance of transmission of infectious diseases (Wilson, 1980).

The distance between individuals has been traditionally used in sociobiology as
a measured of the degree of social tolerance (Wilson, 1980). Individual distances
within groups varied substantially depending on group types and the sex and age of
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group members. The mean individual distance in bachelor groups (1.7 m) was
smaller than between females in family groups (2.6 m) (Vil4, 1995). Harem holding
males were peripheral to this group of females and the distance between the harem
holding male and the closest females varied from 6 m while grazing and lying and
a much greater when the male was involved in defence activities. The mean dis-
tance between a calf and its mother was related to age of the calf and occurred
together with a reduction in the duration and frequency of suckling (Vild and Roig,
1992) as predicted by the theory of parent—offspring conflict (Trivers, 1985). In
family groups with more than one calf, calves tended to form “clubs” in which
members played, stood and grazed together. Calves in clubs stayed further apart
from their mothers than did solitary calves (Vil4, 1995).

4.3 Foraging Behaviour

Foraging behaviour is divided into four components: search for, selection of, inges-
tion of and digestion of food. While in carnivores, searching for food (including
capturing it) is normally the most consuming component of foraging behaviour, in
herbivorous mammals, the low quality of food means that ingestion and digestion
requires more time than searching and selection of food (Stephens and Krebs,
1986). In this section, we describe the foraging behaviour of vicufia and other South
American camelids, because some of the underlying mechanisms of foraging spa-
tial decisions emerge from these inter-specific comparisons. Recent molecular
studies of the taxonomy of South American camelids indicate that the alpaca is a
domesticated form of the vicufia, while the llama derived from the guanaco
(Kadwell et al., 2001); therefore, it is expected that vicufias share more behavioural
and physiological traits with alpacas than they do with llamas or guanaco.

4.3.1 Activity Budgets and Overall Foraging Time

Vicuifias vary the proportion of time invested in foraging depending on climatic
conditions; Lucherini (1996) found that vicufia in Laguna Verde (Catamarca,
Argentina) spent 69% of diurnal period foraging in summer, and in the same season,
Vild and Cassini (1993) obtained a similar value (71%) for a population in
Abrapampa (Jujuy, Argentina). In the latter study, vicuiia significantly increased
foraging time in autumn, the beginning of the dry and cold season. In Laguna
Blanca (Catamarca, Argentina) 78% of vicufias were observed foraging at the end
of dry season (Renaudeau d’ Arc et al., 2000). Menard (1982) estimated this propor-
tion in 89% for a population from Pampas Galeras (Perd) in a dry year, after several
years of drought. Arzamendia and Vila (2003, 2006) and Arzamendia et al. (2006)
obtained a typical annual mean figure of 70% of the time foraging in Laguna
Pozuelos (Jujuy, Argentina). This adjustment of foraging time to climatic conditions
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likely to result from the digestive capabilities of camelids as, in the dry season, they
need to ingest more low-quality grasses meet their need for energy and nutrients.

In a comparison of behaviour between the sexes, it was found that adult females
spent more time foraging than did adult males (Vild and Cassini, 1994; Arzamendia
and Vil4, 2003; Arzamendia et al., 2006), probably because of the costs of gestation
and lactation which increase both nutritive and energetic demands on emales.

Although they had a similar total grazing time, the time that individuals spent at
a feeding station (i.e. an area that a foraging animal can reach without moving its
feet) is longer in llamas than alpacas but bite rate is greater in alpacas than in llamas
(Pfister et al., 1989). Guanaco spent more time foraging than did vicuifia (Lucherini,
1996) probably because of differences in body size, with llamas and guanaco
requiring a greater absolute amount of food than alpacas and vicufia. All camelids
had larger foraging time than did sheep have (Pfister et al., 1989), most likely due
to the digestive differences between groups of Artiodactyls (see later).

4.3.2 Food Searching and Daily and Seasonal Movements

The movements of the herbivores in their search for food follow a route that can be
described as a daily spatial pattern of activity. In vicufia, daily movements from
sleeping areas on the mountain slopes to foraging and drinking areas on the plains
have been described (Franklin, 1974; Vila and Roig, 1992). This pattern was not
observed in areas where water sources are abundant suggesting that daily move-
ments are governed by the vicufia’s daily need for drinking water (Franklin, 1983).
In pioneering work, Koford (1957) said that vicuiias were never found more than a
mile away from water.

Vild and Cassini (1993) found a change in the daily rhythm of activity over the
year: in the warm/wet season there was a peak of resting and standing at noon that
disappeared in the cold/dry season.

Recently, Laker and Mundsen (personal communication) have postulated the
occurrence of seasonal movements or of annual migrations of vicufia in response to
seasonal changes of food availability at a landscape scale.

4.3.3 Botanical Composition of Diets and Diet Selection

There are few studies of the diet of vicufia; traditionally vicufia have been described
as grass feeders (Koford, 1957; Franklin, 1982; Ménard, 1984), mainly adapted for
grazing on forbs and perennial grasses close to the ground. They are the only
Artiodactyls with open-rooted, continuously growing incisors. In Pampa Galeras,
Franklin found that vicufia avoided some tall coarse bunch grass such as Festuca dolicho-
phyla and Stipa spp. but preferred other more nutritious plants such as Festuca rigesens
and Deyeuxia vicugnarum. Aguilar et al. (1995) described an annual pattern of diet
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selection in Abrapampa (Jujuy, Argentina), where in the dry season (winter) vicufia
consumed mainly Festuca scirpifolia, a tall grass with low quality but high biomass.
In the wet season (summer), vicufia preferred short grasses as Deyeuxia nardifolia,
Hordeum andicola, Distichlis humilis, Carex spp. and Eleocharis spp. Cajal (1989)
studied the diet of vicufia and guanaco in San Guillermo Reserve (San Juan,
Argentina). There, the diet of both species was similar but guanaco ate more tall
grasses, while vicufia fed on forbs and short grasses more intensively. Cajal’s study
area included some shrub steppes, and vicufia were also found to browse on them to
a limited extent. Foraging on shrubs was also found in Laguna Blanca Reserve
(Catamarca, Argentina) (Benitez et al., 2006) and in Laguna Pozuelos (Jujuy, Argentina)
(Arzamendia, unpublished data). The genera of shrubs preferentially consumed by
vicufia are Adesmia, Verbena, Acantholippia and Tetraglochin spp.

During the wet season in Laguna Pozuelos, vicufias were more likely to use the low
gramineous—herbaceous stratum, with high nutritional value (FIDA, 1991) and/or high
biomass annual grasses like Bouteloua simplex, Aristida spp., Adesmia spp. and
Eragrostis curvula. In the dry season, they were more likely to use the vegetation units
with high cover of grass and shrubs in both stratums (Arzamendia and Vil4, 2006).

The differences found between vicufla and guanaco were similar to those found
between their domestic relatives, alpacas and llamas. Several studies have been
conducted on the diet of llamas, alpacas and sheep in the Peruvian Puna. Although
the results are variable, the overall trend is that alpacas have a diet that is intermedi-
ate in competition between llamas and sheep; llamas select for tall, coarse bunch
grasses, while sheep consume short grasses and forbs (San Martin and Bryant,
1989; Pfister et al., 1989). Alpacas appear to have the most catholic foraging behav-
iour, depending on the condition of vegetation; in the wet season, they use tall
grasses as llamas do, while in dry season they move to feed on short grasses, forbs
and sedges (Reiner and Bryant, 1986).

In summary, vicufias forage mainly on poaceae and ciperaceae, adding variable
proportions of shrubs to their diet in steppes habitats. Vicufias and alpacas show
similar food preferences, and have a diet that is intermediate between llamas (and
guanaco) and sheep.

4.3.4 Intake Rate and Digestive Capabilities

Recently, Van Saun (2006) reviewed the nutrient requirements of domestic South
American camelids; there are several studies on ingestion and digestion of llamas
and alpacas, but none on vicufia. These studies indicated that camelids showed
several morphological and physiological differences to the other ruminants of the
order Artiodactyla (Jouany, 2000), that appear to be adaptations to consuming
coarse forage where nutrients are diluted by structural carbohydrates which are dif-
ficult to digest (San Martin and Bryant, 1989). The feed intake in alpacas was
clearly related to forage quality, being negatively correlated with lignin content of
forages and positively correlated with their digestibility (Lopez et al., 1998).
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As expected, South American camelids have higher digestive efficiencies than
goats (Capra hircus) when fed on C4 grass hay, but not on C3 grass hay (Sponheimer
et al., 2003). C4 grasses tend to have lower nitrogen and higher cell wall concentra-
tions than their C3 counterparts, and they concentrate protein in highly vascularised
buddle sheath cells, which are more difficult to digest (review by Sponheimer et al.,
2003). South American camelids have a high capacity to digest hemicellulose,
which is very important under natural conditions, since they are very selective for
grasses which contain high levels of hemicellulose (Lopez et al., 1998).

The ability of camelids to digest fibrous forages has been attributed to several
mechanisms (review by Lopez et al., 1998) (1) efficient nitrogen recycling due to a
low renal excretion, and a high ruminal retention time for the solid phase, which
favours cell wall degradation via a longer exposure time to microorganisms; (2) the
pH of the rumen contents, which is close to neutral favouring cellulolytic digestion;
this is due to bicarbonate secretion in the first two stomachs of the rumen and (3)
high concentrations of volatile fatty acids in the first two stomachs, which could be
explained by the high pH that neutralised these acids, keeping them as ions which
are more slowly absorbed, therefore they can be used as an energy source.

Although llamas and alpacas are generally considered to have identical nutri-
tional requirements when corrected for body size (e.g. San Martin and Bryant,
1989), Sponheimer et al. (2003) demonstrated that llamas have much higher digest-
ible dry matter intake relative to metabolic weight, suggesting that llamas perform
better on low-quality forages than do alpacas (Sponheimer et al., 2003).

In summary, camelids show physiological adaptations to foraging on the vegeta-
tion of dry environments, especially grasses. However, alpacas and vicufias perform
worse than llamas and guanaco, and so depend more on selecting high quality
grasses and forbs.

4.4 Habitat Use

One of the key aspects of vicuiia ecology is habitat use because it is well known
that vicufias use only a small proportion of their potential habitat in protected areas.
This phenomenon was originally recognized in a seminal paper by Koford (1957),
and subsequently described in several studies conducted in different protected areas
of the vicufia’s geographical range (Cajal, 1989; Franklin, 1983; Renandeau d’ Arc
et al., 2000; Arzamendia and Vila, 2003, 2006).

The Puna region is characterized by three types of landscapes: the typical ele-
vated plain that defines the region (“altiplano” or “puna”); the peaks and pro-
nounced slopes of the mountains; and the intermediate fringe of smooth slopes
(“piedemonte”). Vicufia used both the piedemonte and the plain.

The most common habitats types in the Puna are (1) xerophytic shrub steppes
frequently mixed with short grasses and forbs; (2) bunchgrasses steepes; (3) open
rocky areas with sparse vegetation; and (4) wetlands of short plants with high
ground cover (“vegas” or “bofedales”). Several studies analysed the use of these
types of habitats; in Pampas Galeras (Perd) vicufia preferred foraging on three
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vegetation types: two grassed steppes dominated by Festuca rigesens, Calamagrostis
vicunarum; and the vegas (Franklin, 1983). In the Ulla-Ulla (Bolivia), two main
habitats are found: grass steppe and vegas, and vicuiia preferred vegas, although the
availability of this habitat depended on the presence of people and alpacas (Villalba,
2003). In the San Guillermo Reserve (Argentina) three main habitats are found (1)
plains with tussock grassland; (2) gentle, grassy slopes and (3) rocky slopes (Cajal,
1989); vicuilas were more abundant in the grassland plain and there was a positive
correlation between vicufla density and plant cover. In the Laguna Pozuelos
(Argentina) vicufia also preferred vegetation communities dominated by grasses
(“pajonal” and “esporal”), with high plant cover (located in plains and “piede-
monte”) and were less frequently observed than expected in habitats with low
vegetation cover dominated by shrubs (located in the peaks and pronounced slopes
of the mountains) (Arzamendia et al., 2006). In the Laguna Blanca (Argentina),
vicufia avoided the open rocky areas and the areas dominated by the shrub
Acantholippia hastulata (Renandeau d’ Arc et al., 2000). A more recent study in the
same reserve, analysing a larger area, indicated that grass and mixed steppes were
also intensively used by vicuifia (Borgnia et al., unpublished data).

This pattern of habitat selection with preferences for certain grassland steppes
and vegas is consistent with results on diet composition, that found that vicuiia for-
age mainly on poaceae and ciperaceae (Koford, 1957; Franklin, 1983; Cajal, 1989;
FIDA, 1991; Aguilar et al., 1999; Borgnia et al., unpublished data).

Arzamendia et al. (2006) described a change in habitat selectivity between years
in Laguna Pozuelos (Argentina) (Fig. 4.2); they found that, in 2002, availability of
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vegetation (grossly estimated from plant cover) was higher than in 2003 (a dry
year) for all habitat types. Habitat selection theory predicts that when resources are
concentrated in good habitats, most individuals will use these habitats; however,
when the availability of resources decreases in good habitats, the less competitive
individuals will move to low-quality habitats (Sutherland, 1996). The result is a
more homogeneous distribution between habitats, as it was observed in Pozuelos.
This phenomenon is called “buffer effect”, and its intensity depends on the nature
of intra-specific competition (Gill et al., 2001). Bonacic et al. (2002) recognized the
role of competition in the population ecology of vicufia. They found evidence of
density dependence in vicufia populations and suggest that long-term density-
dependent relationships are modulated by between-year changes in precipitation
and food availability. The buffer effect is a possible spatial mechanism that medi-
ates density-dependency in vicufia.

There is evidence of a negative relationship between the distribution of domestic
ungulates and vicufia (Arzamendia and Vild, 2003; Villalba, 2003). For example,
Borgnia et al. (2006b) found a significant negative correlation between the distribu-
tion of vicufia and domestic species (including cattle, donkeys, sheep and goats, and
llamas) in a 2-year study conducted in Laguna Blanca (Argentina) (Fig. 4.3).
Domestic species are normally taken to vegas for grazing, and vicuflas avoid using
the vegas when domestic species are present. There is no evidence of direct com-
petition, and vicufia and domestic species can be observed foraging in the same
areas without displacements or agonistic interactions. However, vicuflas are dis-
turbed by the presence of people and dogs, which is probably one reason for
vicufia’s avoidance of vegas when domestic species are present (Arzamendia and
Vil4, 2003; Villalba, 2003). Overgrazing of vegas is common in the Puna (Braun
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Fig. 4.3 Negative correlation between the distribution of vicufia and domestic ungulates (r =
—-0.53, p < 0.05) (from Borgnia et al., 2006b)
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Wilke et al., 1999; Céspedes et al., 2003; Alzerreca et al., 2003; Bautista et al.,
2003), so the use of vegas by domestic species can also substantially reduce the
biomass of vegetation available for vicufia, and could be an explanation for vicuiia’s
avoidance. Finally, the ability of camelids to use low quality grasses (as described
previously) can make them less dependent on vegas than are sheep and cattle, and
can explain the spatial segregation without the occurrence of competition or inter-
ference. Future work is required to discriminate between these hypotheses.

Few studies have investigated the spatial relationship between vicufia and the
other wild camelid, the guanaco. In the Laguna Verde (Catamarca, Argentina)
Lucherini and colleagues (Lucherini, 1996; Lucherini and Birochio, 1997;
Lucherini et al., 2000) found a degree of altitudinal segregation between the species
and a higher frequency of guanaco in close proximity to water than vicufia. In the
San Guillermo Reserve (San Juan, Argentina), Cajal (1989) found differences in
habitat use by family groups and solitary males of both species.

In a recent study conducted in Laguna Pozuelos, Arzamendia and Vila (2006)
found differential use of habitat between types of groups of vicufia. Family groups
were mainly associated with piedemote and paleolacoon (with smooth slopes and
major vegetation cover), while bachelor groups use mainly mountains (with high
slopes and low vegetation cover).

4.5 Final Comments, Including Relevance to Conservation

We described the behaviour of vicufia, without offering an extensive description of
forms and functions. For example, we present new evidence that challenges the
“myth of permanent territorialism” and propose a plastic spatial organization, with
habitat selection and daily movements adjusted to the huge changes in resource
availability in the Puna desert. Another example is the importance of digestive
physiology as a foraging constraint that determines the range of food types con-
sumed and consequently governs habitat selection in different seasons. A third
example is the new evidence of spatial segregation between vicufia and other wild
and domestic ungulates.

There are still several traits of vicufia behaviour that require further study. It is
of fundamental importance to conduct research on a population of marked individu-
als that offers a more definitive explanation of the social organization of this spe-
cies. A study that simultaneously analyses population distribution at habitat and
landscape level, food availability and quality, and diet, both of vicufia and domestic
species, is also urgently required.

Most vicufia populations are now classified under Appendix II of the Convention
International for Trade on Endangered Species (CITES); as a consequence, many
projects of exploitation of vicuiia for their fibre have been initiated in the Andes, and
there is a strong pressure on local authorities and communities to expand the
commercial use of this species (Lichteinstein and Vila, 2003). Most of the research
conducted at present is technically orientated and has the practical objective to
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Wilke et al., 1999; Céspedes et al., 2003; Alzerreca et al., 2003; Bautista et al.,
2003), so the use of vegas by domestic species can also substantially reduce the
biomass of vegetation available for vicufia, and could be an explanation for vicuiia’s
avoidance. Finally, the ability of camelids to use low quality grasses (as described
previously) can make them less dependent on vegas than are sheep and cattle, and
can explain the spatial segregation without the occurrence of competition or inter-
ference. Future work is required to discriminate between these hypotheses.

Few studies have investigated the spatial relationship between vicufia and the
other wild camelid, the guanaco. In the Laguna Verde (Catamarca, Argentina)
Lucherini and colleagues (Lucherini, 1996; Lucherini and Birochio, 1997;
Lucherini et al., 2000) found a degree of altitudinal segregation between the species
and a higher frequency of guanaco in close proximity to water than vicufia. In the
San Guillermo Reserve (San Juan, Argentina), Cajal (1989) found differences in
habitat use by family groups and solitary males of both species.

In a recent study conducted in Laguna Pozuelos, Arzamendia and Vila (2006)
found differential use of habitat between types of groups of vicufia. Family groups
were mainly associated with piedemote and paleolacoon (with smooth slopes and
major vegetation cover), while bachelor groups use mainly mountains (with high
slopes and low vegetation cover).

4.5 Final Comments, Including Relevance to Conservation

We described the behaviour of vicufia, without offering an extensive description of
forms and functions. For example, we present new evidence that challenges the
“myth of permanent territorialism” and propose a plastic spatial organization, with
habitat selection and daily movements adjusted to the huge changes in resource
availability in the Puna desert. Another example is the importance of digestive
physiology as a foraging constraint that determines the range of food types con-
sumed and consequently governs habitat selection in different seasons. A third
example is the new evidence of spatial segregation between vicufia and other wild
and domestic ungulates.

There are still several traits of vicufia behaviour that require further study. It is
of fundamental importance to conduct research on a population of marked individu-
als that offers a more definitive explanation of the social organization of this spe-
cies. A study that simultaneously analyses population distribution at habitat and
landscape level, food availability and quality, and diet, both of vicufia and domestic
species, is also urgently required.

Most vicufia populations are now classified under Appendix II of the Convention
International for Trade on Endangered Species (CITES); as a consequence, many
projects of exploitation of vicuiia for their fibre have been initiated in the Andes, and
there is a strong pressure on local authorities and communities to expand the
commercial use of this species (Lichteinstein and Vila, 2003). Most of the research
conducted at present is technically orientated and has the practical objective to
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improve vicufia exploitation. However, effective sustainability in the long term can
only be achieved with deep knowledge on vicuiia ecology. Therefore, studies on key
aspects of the ecology of vicufia are urgently required to evaluate and if possible to
minimise the impact and guarantee environmental sustainability of the use.
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