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Abstract The taruka Hippocamelus antisensis, a species
of deer categorized as Vulnerable on the IUCN Red List,
was thought to be locally extinct in the environs of La Paz,
Bolivia. However, local people fromMecapaca municipality
reported seeing tarukas at their former community
establishment, which had been abandoned several years
previously. After confirming the presence of taruka we
conducted intensive surveys from which we estimated
minimum abundance, and then calibrated relative abun-
dance indices (faecal and track counts) to the abundance
estimate. Using these calibrated indices we carried out a
preliminary estimate of the total abundance of the species in
the municipality of Mecapaca. We also carried out
conservation education activities with teachers and students
at local schools, which we discuss here in terms of the long-
term conservation of this threatened species.
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Introduction

The taruka Hippocamelus antisensis is found in high-
altitude (2,300–5,000m) habitats of Peru, Bolivia, Chile

and Argentina (Redford & Eisenberg, 1992; Anderson, 1997)
and is categorized as Vulnerable on the IUCN Red List of
Threatened Species (Barrio & Ferreyra, 2008). Based on
national assessments the species is Endangered in Argentina
(Díaz & Ojeda, 2000) and Vulnerable in Chile (Gonzáles
et al., 2000) and Peru (Decreto Supremo No 034-2004-AG).
It is considered to be extinct in Ecuador, although it may
never have occurred there (Tirira, 2001). Archaeological

studies have shown that the taruka was once present in
Colombia (Díaz, 1995) but the species probably never
occurred further north than Peru (Barrio, 2010).

In Bolivia the main threats to taruka are illegal
hunting (all hunting of this species is illegal), habitat
destruction and expansion of agricultural frontiers (Nuñez,
2009). Tarukas were once common in the dry valleys
surrounding the city of La Paz, where they were hunted by
local people for sport (LFP, pers. obs.). By the late 1980s the
species was considered locally extinct (Mercado & Miralles,
1991), probably as a result of sport hunting activities
given that relatively large patches of slightly degraded
habitat areas were still available close to La Paz (Forno &
Baudoin, 1991).

Following conversations with local people from the
Mecapaca municipality in 2009, a systematic search for
taruka signs was carried out and we confirmed the return
of this species to areas where it was reported to be extinct
c. 30 years ago. Here we present our findings on the
distribution and abundance of tarukas in an area close to La
Paz and discuss opportunities for improving conservation
efforts for the taruka through educational activities.

Study area

The municipality of Mecapaca is adjacent to the city of
La Paz and is located to the south, south-east and south-
west of the city (Fig. 1). It covers c. 405 km2, at altitudes
of 2,450–3,700 m. Urban development is restricted to the
centre of the municipality and next to the southern
extension of La Paz. Mecapaca is accessible from La Paz
by a two-way, partially paved road, with the exception of
a small number of communities that are accessible only
by foot.

Vegetation in the study area is dominated by shrubs
(Acacia macracantha, Tecoma arequipensis, Adesmia
spinosa, Baccharis boliviensis, Stevia bangii, Baccharis tola
var. incarum, Baccharis obtusifolia, Aristida asplundii,
Nassella meyeniana and Bidens andicola) and cacti
(Oreocereus pseudofossulatus, Trichocereus lageniformis
and Corryocactus melanotrichus) (R.P. López, pers. comm.,
2010) . There are some open woodlands, with species such
as Schinus molle, Prosopis flexuosa and Carica quercifolia.
Grass and herbaceous species include Stipa ichu, Nassella
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meyeniana, Dichondra microcalyx, Aristida asplundii and
Festuca dolichophylla.

Methods

We carried out field work in three phases. The first two
consisted of 15-day periods in November 2009 and January
2010, focused on the community of Llacasa, one of the
closest to La Paz. This community was chosen based on
local people reporting the presence of tarukas in areas where
dwellings had been abandoned because residents wanted to
move closer to the road to La Paz and the La Paz River. The
field surveys were carried out in an area of 2,000 ha, at an
altitude of 3,300–3,600 m. Although the study area is used
extensively for sheep ranching and as seasonal grazing land

for a small number of horses and cows during the rainy
season (December–March) it is not visited frequently
during the rest of the year and is free of livestock during
April–November.

During the third phase of field work (15 days in May
and June 2010) we visited 17 other communities across
the municipality. We assessed the occurrence and relative
abundance of taruka sign (tracks and faeces) at each
community and conducted some informal interviews with
local residents.

We also carried out conservation education
workshops and activities at five local schools, focused on
the Cycle of Inquiry (Feinsinger et al., 1997, 2010). A total of
708 children aged 5–13 and their teachers participated in 27

activities, including 1-day research projects, a science fair
and role play. Role-playing activities involved 80 older

km
FIG. 1 Location of the study area, near
La Paz, Bolivia, showing the distribution
of taruka Hippocamelus antisensis in the
municipality of Mecapaca.
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children (. 12 years) at three schools, and students had to
defend their positions as hunters, ecotourism entrepreneurs
or conservationists.

Sampling at Llacasa community

During the first 7 days of our first visit to Llacasa two
experienced researchers (JR and OM) searched the area for
signs of taruka (sightings, tracks and faeces). We used these
data to estimate the relative abundance of signs, to be used as
a calibrated index for the other sites. We then established
eight 500-m transects in the area actively used by tarukas.
Transects were spaced at least 100 m apart. Immediately
after establishment each transect was searched thoroughly
and deer signs were erased after data had been collected.
Each transect was then surveyed twice per day (early in the
morning and before sunset) over 6 consecutive days. Tracks
and faecal samples were recorded, as well as any sightings
of taruka. There were no sheep in the study area during
our survey, nor were there other deer or camelid species,
virtually eliminating the possibility of mistaking tracks
or faeces of other wildlife or livestock for those of taruka.
Two transects (separated by at least 300 m) were surveyed
simultaneously by one or two observers to increase the
probability of direct sightings and reduce the possibility
of double counting. As a further measure against double
counting we considered the timing of observations and
the distance between simultaneous observations. Direct
observations made at the same time on different transects
allowed us to estimate the minimum abundance of
individuals in the area (modified from Povilitis, 2002;
Barrio, 2007; Wittmer et al., 2010), which we used to
calculate the minimum density for calibration of our
indirect abundance indices. We used tracks to confirm
that no other tarukas were using the area at the same time on
other transects and we are confident that our abundance
estimate is only for a minimum number of individuals.

Preliminary estimate of abundance for Mecapaca
municipality

Given the similarity of all the sampled sites in terms of
vegetation, altitude and past perturbations and that the
same human migration patterns occur at all sites, we
assumed that sampling using the same methods and
protocols as used at Llacasa would give comparable results
at other localities. To estimate the relative abundance of
tarukas at other sites we used a calibrated index based on
mean values of the number of faecal samples collected and
tracks recorded per day during the 3-day search at Llacasa;
i.e. the index of faecal samples per day and tracks per day
(sequence of tracks, not individual marks) obtained during
1-day surveys at the other communities where tarukas were

confirmed to be present were used to estimate the
density of individuals as a proportion of the density at
the Llacasa site, where we considered that we had a good
estimate of minimum abundance. Using this estimated
density and the size of the sampled area (calculated using
ArcView v. 9.3; ESRI, Redlands, USA) we estimated the
abundance at each of the other areas (groups of communi-
ties) visited. Based on the assumption that our relative
density indices are linearly related to absolute density, this
provided a preliminary estimate of the total population in
the municipality.

Results

We confirmed the presence of taruka at nine of the 18 sites
surveyed, covering an estimated 20.1%of the total area of the
Mecapaca municipality. Sites where the presence of tarukas
was confirmed were grouped according to their sharing of
contiguous taruka habitat.

At Llacasa community, which is relatively isolated
from the other sites (Fig. 1), we estimated that a minimum
of eight adult tarukas (2–3males and 5–6 females) inhabited
an area of c. 4.63 km2. Data from the 3-day search at Llacasa
yielded abundance indices of 7.6 ± SD 0.58 tracks per day
and 15.3 ± SD 8.50 faecal groups per day. Using this index
as a calibrated relative abundance index at the other five
sites we estimated densities of 13–63% of that at Llacasa,
abundance of 5–23 deer per site, and a total of 58 tarukas in
the entire municipality of Mecapaca (Table 1).

Direct observations of deer were not common and
yielded the most variable data (having a relatively large
coefficient of variation). The smallest coefficient of variation
was obtained when all data gathered during transect surveys
were considered recordable (Table 2). There was a concern
that tarukas might move away from an area used intensively
by humans, resulting in data from consecutive days being
flawed. However, the highest (negative) correlation between
sampling day and index of abundance was found for the
track counts and was not statistically significant (rs5 −0.42,
P5 0.39, n5 6), suggesting that the presence of researchers
in the area was not affecting our sampling, at least within
this time frame.

UsingMonitor v. 10.0 (Gibbs & Ene, 2010) we simulated a
10-year monitoring programme under the same conditions
(number of transects, number of surveys and coefficient
of variation) as this study. The sampling procedure was
sufficient to obtain an 80%power to detect trends as small as
a 6% annual decrease in the population of Llacasa, even
when only direct observations were used. Therefore, we are
confident that we can detect biologically relevant population
trends, using faecal counts, track counts or all the data,
including signs and direct observations. Our method of
choice is to consider data for tracks and faeces separately.
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Discussion

We acknowledge that the use of an index calibrated at one
site to estimate abundance at other sites is not recom-
mended, given that the index (faecal counts and track
counts in this case) may be affected by factors dependent
on the locality surveyed (these effects will have been
minimal in our case, given the similarity and closeness
of the sites) and by other factors (such as weather and
individual variations in sign production) associated with the
specific date of the survey (Walker et al., 2000). Our result
can therefore only be considered a first approximation of
the abundance of the taruka in Mecapaca and not as a basis
for management decisions. Furthermore, our density
estimate for each of the localities surveyed using the index
calibrated at Llacasa is based only on a 1-day effort
estimation. We did not try to calculate confidence intervals
for any of those estimates because of our small sample
size. However, we believe that an estimate of 58 tarukas in
Mecapaca municipality may be a reasonable minimum
estimate. Further work is required to test the hypothesis that
the probability of detection of signs is similar between sites,
and to examine the relationships of both faecal and track
counts with actual density in more locations in the study
area.

The recovery of the taruka population from presumed
extinction in an area to a population of c. 58 individuals is
a rare but not totally unexpected event. The site at Llacasa,
where our most intensive fieldwork was done, was
abandoned by residents about 3 years before our study
and local people had started to leave the area about 10 years
before our first visit. Grau & Aide (2008) described positive
effects of rural–urban migration on ecosystem recovery in
several parts of Central and South America. In this regard
the recovery of the taruka inMecapaca may be the result of a
common process among human societies in the Andes and
other regions in America.

Our density estimate for the taruka in Llacasa (1.7 km−2)
is similar to the highest recorded density of the taruka in
Peru (1.76 km−2; Barrio, 2007), which is the highest reported
for the species so far. Our density estimate was larger
than that reported by García et al. (2008) for huemul
Hippocamelus bisulcus in central Chile (, 1 km−2) and
comparable to that reported for huemul in Chilean
Patagonia (mean 1.79 ± SD 0.33 for 3 years; Corti et al.,
2010). Given the history of hunting and the fact that the
taruka population at Mecapaca may still be recovering from
local extinction, we believe that the population at Mecapaca
may not be at carrying capacity and hence we may expect
further increases in abundance in the coming years if habitat
is preserved and hunting does not occur.

Although Hippocamelus species may feed on some of
the same food as livestock (Barrio, 2007; Vila et al., 2009),
Bolivian ranchers do not generally complain about possibleT
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competitive interactions between tarukas and their dom-
estic animals (Nuñez, 2008). Hunting of tarukas is therefore
a consequence of other human interests, such as sport.
Tarukas were hunted by the Incas from as early as the 1500s,
and possibly used for ceremonies (Díaz, 1995). However, the
collapse of the taruka population in the 20th century is
thought to have been caused by extensive hunting in the
environs of La Paz during the 1960s and 1970s. Hunting of
tarukas in Mecapaca is not common although it still occurs
(LFP, pers. obs.). Based on our initial contact with local
people and children through this study and our conser-
vation education activities, we believe that they would be
willing to cease hunting taruka for meat. Sport hunting may
be the main threat to be addressed for the long-term
conservation of taruka in the vicinity of La Paz. Hunting
must be controlled to facilitate the continued recovery of
taruka populations, as demonstrated for other threatened
species (Ale et al., 2007; Recharte Uscamaita & Bodmer,
2009; Herrero et al., 2010).

The elimination of hunting both for meat and for sport
may not be possible if local people are not actively engaged
in the conservation effort, which requires them to know and
care for the species. Prior to our educational workshops only
5% of local children knew about the existence of the taruka
on their lands, and all of them lived in the communities
where the presence of the taruka was verified during field
work. In all three role-play sessions students decided not to
hunt deer but to use the species as an ecotourism attraction
or to conserve it for its intrinsic value (our participation in
those discussions was mostly as referees or moderators).

Our education activities also suggested that local people
may be willing to engage in conservation efforts, especially if
there are economic benefits, for example through eco-
tourism. The taruka is large, charismatic and easily visible,
with the potential to become a flagship species. It can be
found within an hour’s drive from La Paz, which is the most
visited city in the country, and one of the most populated.
We propose that an ecotourism initiative may be the best

way to ensure the conservation of this and other species in
the region while providing economic benefits for local
people.

Ecotourism alone is not a sufficient tool for the
conservation of a species and presents its own problems,
requirements and limitations (Krüger, 2005) but it is
worth exploring. Tarukas can serve as an entry point for
conservation education and awareness-raising, and the
participation of local people in conservation programmes
will increase the likelihood of their success. Since complet-
ing this study we have not conducted further work in the
field because the new community authorities at Llacasa were
not receptive to the idea of working to protect a threatened
species. However, we maintain contact with members of
the community at Llacasa and of other communities within
Mecapaca municipality and we are confident that we will
gain support for the idea of maintaining part of the
communal lands as a wildlife refuge.
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