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Abstract

N. Fuentes-Allende, C.S. Quilodran, A. Jofré, and B.A. Gonzalez. 2023. Behavioral
responses of vicuiias to human activities at priority feeding sites associated with roads in
the highland desert of northern Chile. Int. J. Agric. Nat. Resour. 75-83. Human activities
associated with roads are frequently perceived to be negative for ungulates in arid environments
because they may affect the use of feeding areas. Here, we focused on the behavior of vicuna
(Vicugna vicugna), which feeds in four different, high-altitude wetlands affected by human
activities (tourism, ranching, poaching and undisturbed). The results showed that vicufias were
more abundant and had higher feeding rates and lower flight distances in wetlands with tourism
than in the other wetlands, suggesting that they have become desensitized to the presence of
people at these sites. Management Implication: Noninvasive tourism could help safeguard wild
ungulates.

Keywords: Andean puna, feeding use, human disturbance, predation risk perception, roadside
disturbance, tourism, Vicugna vicugna mensalis.

Introduction

Human activities associated with roads are
frequently identified as being negative to ungu-
lates because they can escalate the perception
of predation risk, thereby resulting in modified
behavior and altered local distributions (Stanko-
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wich, 2008). Such changes are especially critical
for ungulates in arid environments (Rivas et al.,
2015; Cappa et al., 2020; Jones et al., 2022). Here,
water and forage are patchily distributed across
the landscape and are frequently located in val-
ley bottoms next to streams (Bleich et al., 2010),
where roads are often built, and wild ungulates
generally avoid feeding next to roads (Frid &
Dill, 2002). Although less documented, in the



76 INTERNATIONAL JOURNAL OF AGRICULTURE AND NATURAL RESOURCES

absence of harassment, ungulates can become
habituated to roads (Marino & Johnson, 2012)
or even attracted to them (Mubhly et al., 2011).

Here, we assessed whether human activities associ-
ated with roads adjacent to feeding areas were per-
ceived as a threat or an attractor to vicuia (Vicugna
vicugna). We focused our study on a population
that inhabited a highland puna desert in northern
Chile. Four wetland types located next to dirt roads
were visited weekly from May 2011 to May 2012.
Vegetation composition and water availability were
similar among wetlands, but human disturbances
varied. We assessed whether feeding rates, first
flight distances to an approaching observer and
density of family groups per wetland type were
associated with human disturbance.

Methods

The study was conducted across four wetland
types (locally called mojadales or bofedales),
between 4,200 and 4,600 m above sea level, in
the puna—highland desert of the Reserva Nacio-
nal Las Vicufias, Arica and Parinacota district
(18°11°49°’S, 69°33°35* W). The reserve contains
a population of sedentary vicufias of ~20,000 ani-
mals with an average density of 10 vicufias/km?.
The monthly average temperature is lower than 6
°C, and the annual precipitation is less than 320
mm. Vegetation is dominated by high elevation
chaparral with a mean height >0.5 m (Luebert &
Pliscoff 2006). Wetland types were categorized
based upon prior experience and knowledge of
the sites: undisturbed (control), poaching, ranch-
ing, and tourism. Mojadal wetlands are relatively
scarce, limited to bottomlands near streams, and
dominated by grass species (pak’o, Oxychloe an-
dina, and turba, Distichia muscoides). Wetlands
are important feeding areas for vicuiia (Franklin,
1982) and livestock, mostly llamas (Lama glama),
alpacas (Vicugna pacos) and sheep (Ovis aries).

Fieldwork was conducted between 21 May 2011
and 30 May 2012. Data were collected by two

observers who walked one 3-km length tran-
sect per wetland looking for vicufias in family
groups (adult male with a herd of females and
offspring; Franklin, 1983) and taking notes about
the proportion of feeding individuals per group
(animals grazing within a group at the moment
of detection divided by total individuals in the
group), flight distance of the nearest individual to
one approaching observer, probability of running
when fleeing, and number of family groups per
wetland. Transects were located in open and flat
areas that followed the mainstream across each
wetland, allowing the observers high visibility of
their surroundings at all times. Observers walked
together and visited no more than one site each
afternoon (between 12 and 3 pm) because vicuias
mainly visit wetlands during the daytime (Frank-
lin, 1982). When direct encounters with family
groups occurred, observers recorded herd size
and number of individuals feeding. Using a range-
finder (Bushnell® Sport 450), the flight distance
(Stankowich, 2008) of the nearest individual to an
approaching observer (Malo et al., 2011) and the
mode of escape (running or walking) were also
recorded. The density of livestock in the wetland
and the number of vehicles using the adjacent road
were recorded each time a transect was visited.
Sightings and signs (feces, footprints and kills)
of natural predators (puma, Puma concolor, and
culpeo, Lycalopex culpaeus) were also recorded
along transects during each visit. Wetlands were
similar in topography (gully with a stream), ac-
cess (with a dirt road next to them) and vegeta-
tion (Oxychloe andina and Distichia muscoides
grasses) but differed in size, human disturbance
(tourism, ranching, poaching and control), density
of livestock, and traffic rate on roads (see Table
1 for further details about each feeding site). The
wetland with tourism had a viewing point for
sighting wildlife and the highest vehicle traffic
on the adjacent road during the year of sampling
(6.197+0.85 cars h'"). The wetland with ranching
had the highest density of livestock (1.18+0.07
animals ha') and a herdsman with his two dogs
living on site. From historical records, local po-
lice recognized the wetland with poaching as a
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poaching area (Enrique Miranda, Chilean National
Forestry Corporation, pers. comm.), and empty
firearm cartridges were found there during the
year of sampling. The undisturbed wetland had
the lowest traffic level (0.1+0.04 cars h™') and no
apparent use by people. Although this study was
not designed to estimate the abundance of natural
predators of vicufia, from direct encounters and
signs (footprints and kills), we could confirm the
presence of puma (Puma concolor) in wetlands
with ranching and the control (Table 1). Feeding
sites were considered to be independent units
because they were separated from each other by
6-21 km. Wetlands with tourism, ranching and
the control were visited weekly (45, 43, 48 weeks,
respectively), and as part of an antipoaching ac-
tion, the wetland with poaching was visited twice
per week (99 days, 50 weeks).

We explored the explanatory effects of the type
of disturbance (tourism, ranching, poaching,
control), season (autumn, winter, spring, summer),
traffic on adjacent roads (cars/h), and density of
livestock in wetlands. All these variables were
considered fixed effects in generalized linear
mixed models (GLMMs) with a Poisson error.
To control for the lack of independence of the
observations collected during the same week
and wetland (survey), “survey” was considered a
random effect. Because family groups have small
home ranges (<2.6 km? in the Atacama Desert;

Gonzalez et al., 2013; Arzamendia et al., 2018)
and wetlands were separated by longer distances
from each other (>6 km), we assumed observa-
tions among wetlands to be independent. Type 111
sum-of-squares accounted for unbalanced data,
and the surface area of the wetlands was used as
an offset. The goodness-of-fit of fixed variables
was estimated using marginal R* (Nakagawa &
Schielzeth, 2013). The Akaike information cri-
terion (AIC) was used for model selection, and
Akaike weights (i) were used for model averag-
ing (Symonds & Moussalli, 2011). We considered
models with a AAIC<2 as equivalent models.

We calculated the proportion of feeding individuals
(beta error) per group and tested the explanatory
effect of the type of disturbance and season. Flight
distance (log-normal error) was included in a
model that tested the effect of type of disturbance
and mode of escape (running, walking) as fixed
variables. The latter factor was also incorporated
as a response (binomial error) to estimate running
probability according to the type of disturbance.
Both analyses incorporated the group size as a
covariate. Bonferroni corrections were used to
perform multiple comparisons for each analysis
(Bonferroni, 1936).

All statistical analyses were performed using R
3.2.2 (R Development Core Team, 2015). GLMMs
with Poisson, log-normal and binomial errors

Table 1. Description of the four wetland sites. Traffic levels at neighboring roads, density of livestock and density of
vicufia refer to the daily mean + standard error during the year of data collection (May 2011-May 2012). The density of

vicuiia only considers individuals in family groups.

Classification Undisturbed Poaching Ranching Tourism

Location 18°26°59”S 18°32°46”S 18°28°32”S 18°21°317S
69°17°24"W 69°22°8"W 69°17°40"W 69°22°44”W

Weeks sampled 48 50 (99 days) 43 46

Wetland area (ha) 41.6 31.2 197.5 55.3

Puma concolor signs direct encounters no evidence kills and no evidence
and footprints footprints

Density of livestock (ind/ha) 0.15+0.06 0.07+0.01 1.18+0.07 0.21+0.05

Road traffic (cars/hour) 0.1+0.04 0.2+0.1 0.440.1 6.1+0.8

Density of vicuila (ind/ha) 0.27+0.04 0.03+0.01 0.02+0.01 0.75+0.06

Poaching signs no signs empty rifle bullet no signs no signs

cartridges
People living near feeding area no no herdsman and 2 no

dogs
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were performed in the package ‘lme4’, and the
model with beta error was performed in the pack-
age ‘glmmADMB’. We summarized the results
using the Type I1I Wald test in the ‘car’ package
and pairwise comparisons for fixed variables
with the package ‘multcomp’. Model averaging
and estimation of marginal R? for GLMMs were
computed with the package ‘MuMIn’. Generalized
linear mixed models (GLMMs) with beta, log-
normal, binomial and Poisson errors were used
to explain the proportion of feeding individuals,
flight distance, probability of running, and the
number of family groups per wetland, respectively.

Results

The proportion of feeding individuals per group
was significantly affected by the type of dis-
turbance (Wald test: F=18.74, DF=3, P<0.01)
and season (Wald test: £=10.09, DF=3, P<0.01).
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After Bonferroni corrections, the proportions of
feeding individuals per family group in wetlands
with tourism (estimate = 0.64, SE=0.09, Z=6.55,
P<0.01) and ranching (estimate = 0.54, SE=0.14,
7=3.63, P=0.01) were significantly higher than
those in the control (Figure la). We did not find
significant differences between the poaching site
and the ranching, tourism and control sites. These
fixed effects explained 15% of the total variation
in feeding groups.

The type of disturbance and mode of flight (run-
ning or walking) had a significant effect on flight
distance, explaining 53% of the variation (Wald
test: type of disturbance, F=72.5, DF=3, P<0.01;
running or walking, F=8.4, DF=1, P<0.01). Indi-
viduals from the area with tourism had the shortest
flight initiation distance, which was at least 150
m shorter than in the other areas (Figure 1b). The
probability of running instead of walking when
fleeing away from an approaching observer was
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Figure 1. Comparison among wetlands. a) Proportion of animals feeding in a group, b) flight distance (m) to
one approaching observer, c) probability of running when escaping from observer, d) predicted number of
family groups per 100 ha of wetland. Different letters over bars indicate significant differences after Bonferroni

corrections of pairwise comparisons.
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also significantly affected by the type of disturbance
(33% of the variance explained), where individu-
als from the area with tourism had the lowest
probability of running when fleeing (Figure Ic).
Group size had a significant negative effect on the
probability of running (F=8.23, DF=1, P<0.01).

The number of family groups in feeding areas
was assessed by averaging the best four models
(0i>0.12), which included the type of disturbance,
season, traffic rate and density of livestock, and
explained 32% of the variance. The wetland with
tourism had the highest density of families, followed
by the control, then wetlands with ranching and
poaching (Figure 1d). Further results are shown
in Supplementary Material SI.

Discussion

This study focused on understanding the influence
of human activities associated with roads on the
use of feeding areas by family groups of vicufias
in Andean wetlands of northern Chile. Other
studies have reported on the effects of poaching
(Radovani et al., 2015), ranching (Rivas et al.,
2015) and tourism (Marino & Johnson, 2012)
on the flight distances of New World camelids.
However, we analyzed foraging behaviors (grazing
and browsing) and a more fine-scale level of social
organization (family groups). Our results highlight
that monitoring the response of family groups to
human disturbances must be considered for road
planning and impact mitigation, especially when
roads may increase human access to scarce and
preferred feeding areas. Franklin (1978) found
that vicufias in the highlands of Peru showed a
high preference (utilization vs. availability) for
the plant community present in these wetlands.

Wetlands adjacent to roads used for tourism
seem to be the most attractive feeding areas for
vicufias, even more attractive than undisturbed
areas. There, we recorded the highest proportion
of feeding individuals per group and density of
family groups, as well as individuals with the

shortest flight distance and the lowest probability
of running when escaping. Other studies have
reported that ungulates can perceive tourism to
be less threatening than other human disturbances
(Stankowich, 2008; Dwinnell et al., 2020), but
few have reported that touristic areas can attract
more individuals than undisturbed areas (Berger,
2007; Saltz et al., 2019). We suggest that there is
a neutral relationship between tourists and un-
gulates in this area because tourists maintain a
predictable, nonthreatening behavior perceived by
animals (Marino & Johnson, 2012). Conversely,
tourism may affect predators. We did not find any
sign of puma presence in the touristic area, which
may indicate that the predator abundance in this
area may be lower than that in the undisturbed
area. Furthermore, Leighton et al. (2010) reported
that tourist presence can displace predators, thus
making such areas safer for prey.

The wetlands with poaching and ranching had the
lowest density of family groups, suggesting that such
wetlands are less attractive for vicuias. Poaching
could cause vicuifias to avoid these feeding areas
due to increased perception of predation risk. This
is in accordance with findings in other ungulates
where either poaching or hunting provoked a high
perception of predation risk (Stankowich, 2008;
Radovani et al., 2015; Cappa et al., 2019; Liu et
al., 2023). Unfortunately, from our results, we
cannot elucidate whether the low density of family
groups in the wetland with ranching is provoked
by a high perception of predation risk in response
to the herdsmen and their dogs or to the density
of livestock (Acebes et al., 2012).

Although tourism seems to be beneficial for vicufias,
this activity may be detrimental for shy individu-
als within the population (Peksa & Ciach, 2015),
as well as for the plant community (Frid & Dill,
2002) and natural predators. As reported for other
ungulate species (Peksa & Ciach, 2015; Found,
2018), shyer individuals may avoid human contact
and be displaced to less productive areas. Higher
densities of family groups in touristic areas than
in undisturbed areas may suggest that vegetation
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could be overgrazed at first (Frid & Dill, 2002), as
has been found for vicuifia and alpaca in Bolivia
(Mufioz et al., 2015). A high proportion of ani-
mals feeding in the touristic area in comparison
to the undisturbed area may also indicate that
animals perceive a lower predation risk in the
former. Although our monitoring program was
not designed for studying predators, our results
suggest that predator density may be reduced in
wetlands frequented by tourists (Leighton et al.,
2010; Muhly et al., 2011) because ambushing
prey may become more difficult there (it may be
easier for prey to detect predators at sites with
higher densities of people than undisturbed sites;
Leighton et al., 2010) and because they experience
potentially higher persecution in areas where
people concentrate (Valeix et al., 2012). According
to the ecology of fear theory, successful hunting
depends on predators being undetected by prey
(Brown et al., 1999). Therefore, tourists could be
making some wetlands safer for vicuiias but less
suitable for their predators.

Human activities that do not provoke negative
relationships between people and ungulates,
such as well-regulated and noninvasive tour-
ism (e.g., people adopt predictable attitudes
toward wildlife that do not interfere with
natural processes; Marino & Johnson, 2012),
could contribute to the protection of endangered
large herbivores in arid environments. Some
measures that can be taken are to limit the
numbers of people who visit feeding sites at the
same time and to define movement zones for
both vehicles and people within feeding areas.
Additionally, monitoring signs of overgrazing
and low predator density should be considered

when the density of ungulates increases as a
consequence of habituation to people. We suggest
that community interactions (e.g., grazing and
natural predation, Frid & Dill, 2002; Berger,
2007; Saltz et al., 2019; Valente et al., 2020;
Mehlhoop et al., 2021) should be considered in
monitoring programs that aim for successful
conservation. Future research would benefit
from including more feeding areas across the
Andes to verify the patterns reported here and
the consequences on individual vicufia fitness.

Acknowledgments

This was an observational study, and data were
collected with no animal manipulation and respect-
ing the rules of the Las Vicufias National Reserve.
We thank Genaro Mamani and Federico Mamani
for their assistance during fieldwork and Wayne
Dawson, Marco Festa-Bianchet and Erik Sandvig
for their useful comments on early versions of
this document. We also thank two anonymous
reviewers for their comments and suggestions
on the final version of this document. Fieldwork
was funded by Southern Copper Corporation
as one of their environmental commitments
with the Chilean National Forestry Corporation
(CONAF) in the project “Exploracion Minera
Catanave”. Data analysis and manuscript writing
were funded by the Chilean National Agency
for Research and Development (ANID; https://
www.anid.cl/) in the framework of the programs
“BecasChile, Doctorado en el extranjero (Convo-
catoria 2015)” and “FONDECYT Postdoctorado
3220370 ETAPA 2023”.

Resumen

N. Fuentes-Allende, C.S. Quilodran, A. Jofré, y B.A. Gonzilez. 2023. Respuestas
comportamentales de la vicufia a actividades humanas en sitios de alimentacion asociados
a caminos vehiculares en el desierto de alta montafia del Norte de Chile.. Int. J. Agric. Nat.
Resour. 75-83. Las actividades humanas asociadas a caminos vehiculares son frecuentemente
percividas como negativas por ungulados silvestres que habitan ambientes aridos ya que



VOLUME 50 N°2 MAY - AUGUST 2023 81

podrian afectar el uso de sitios de alimentacion. Aqui nos centramos en el comportamiento

de las vicufias (Vicugna vicugna) que se alimentan en cuatro diferentes bofedales afectados

por actividades humanas (turismo, ganaderia, caza ilegal y sin perturbacion). Los resultados

reportan que las vicufias fueron mas abundantes, tenian tasas de alimentacion mas elevadas, y

distancias de huida mas cortas en el bofedal con turismo. Esto podria sugerir que los animales

estan mas acostumbrados a la presencia humana en ese bofedal. Implicancia para el manejo: Se

sugiere que el turismo no invasivo podria ayudar a proteger a ungulados silvestres.

Palabras clave: Altiplano, percepcion de riesgo de depredacion, perturbaciones asociadas a

caminos vehiculares, perturbacion humana, turismo, uso alimenticio, Vicugna vicugna mensalis.
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