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Abstract.- Our study investigates the presence of Lama guanicoe guanicoe (guanacos) in two sites within
three protected areas in the Dry Chaco of Paraguay, areas that lie within their recognized geographic
range and are of paramount importance for conservation efforts of this species. Using camera traps,
with a total effort of 5,350 trap-nights, we documented a total of 87 guanacos records, all in Medanos
del Chaco National Park, capturing 1-3 individuals of guanacos per picture. Activity density functions
revealed activity peaks during the morning, noon, and early afternoon. Additionally, we documented
human and livestock presence in areas where guanacos occur and found moderate activity overlap. The
overlap coefficient between human activity and guanacos is A = 0.54 and overlap coefficient between
guanacos and livestock is A = 0.49. Our findings confirm the continued presence of guanacos in Paraguay
and highlight the pressing need for collaborative, local-driven and indigenous-led efforts in researching
and managing the Medanos region and this relict guanaco population.
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Resumen.- Nuestro estudio investiga la presencia de Lama guanicoe guanicoe (guanacos) en dos sitios
dentro del Chaco Seco de Paraguay, areas que se encuentran dentro de su rango geografico reconocido
y son de importancia primordial para los esfuerzos de conservacion de la especie. Utilizando camaras
trampa, con un esfuerzo total de 5.350 trampas-noche, documentamos un total de 87 registros de guana-
cos, todos en el Parque Nacional Medanos del Chaco. Documentamos de 1 a 3 individuos de guanacos
por imagen. Las funciones de densidad de actividad revelaron picos de actividad durante la mafana,
mediodia y primeras horas de la tarde. Ademas, documentamos la presencia de humanos y ganado
en areas donde se encuentran guanacos y encontramos una moderada superposicion de actividad. El
coeficiente de superposicion entre la actividad humana y los guanacos es A = 0.54 y el coeficiente de
superposicion entre los guanacos y el ganado es A = 0.49. Nuestros hallazgos confirman la continua
presencia de guanacos en Paraguay y resaltan la urgente necesidad de esfuerzos colaborativos, dirigidos
por la comunidad local y liderados por comunidades indigenas en lo que respecta a la investigacion y
gestion de la region de los Médanos y esta poblacion relictual de guanacos.

Palabras clave: Areas protegidas, Chaco Seco, guanaco, Medanos.

Guanacos, Lama guanicoe Miiller 1776, are her- ~ Fuego in Argentina, and the Navarino Islands in
bivores native to the arid and semiarid regions of ~ Chile. To the east, they extend into the Argentin-
South America. They are found from the western ~ ean pampas, southward Bolivia, and northwest
side of the Andes in northern Peru to Tierra del ~ of Paraguay, where they are restricted to the
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Dry Chaco region (Cartes et al., 2017; Cuellar
Soto et al., 2017; Franklin, 1982; Gonzalez et
al.,2006; Marin et al., 2013). The habitat of the
guanaco has been reduced to 26% of its original
range, with documented population declines
across its distribution (Baldi et al., 2016). In
addition, the negative effects from fencing, road
development, and competition with livestock,
as well as unregulated hunting, have further
contributed to changes in guanaco behavior and
local and regional extinctions (Antun & Baldi,
2020; Baldi et al., 2016; Cappa et al., 2020;
Cartes et al., 2017). Despite this concerning
scenario, guanacos are categorized as “Least
concern” at the global level, based upon their
wide continental distribution (Baldi et al., 2016).

The wide continental distribution of guana-
cos along different environments such as desert,
xeric shrublands, mountain grasslands and tem-
perate forests evidences ecophysiological (e.g.,
digestive, water-balance, thermo-regulation)
and behavioral adaptations (e.g., flexible social
behavior) as well as an extensive spectrum of
forage types (Franklin, 1982). Guanacos can
be classified as an intermediate herbivore or
opportunistic (mixed) feeder, foraging on a
highly diverse range of food sources, possibly
as “forced selectors”, among which are some
herbs, shrubs, lichens and cacti (Cuellar Soto
et al., 2017; Puig et al., 1997, 2001). Thus,
guanacos are an important species in preserving
ecosystem function, playing a key role main-
taining vegetation composition and structure
(Acebes et al., 2010; Bradshaw et al., 2003;
Flores et al., 2012).

Historically, four subspecies of guanacos
have been recognized (Wheeler, 1995) based
on their distribution and phenotype (i.e., body
and skull size, and coloration): Lama guanicoe
guanicoe (Miiller, 1776), L.g. huanacus (Mo-
lina, 1782); L. g. cacsilensis (Lonnberg, 1913)
and L. g. voglii (Krumbiegel, 1944). More
recently, comprehensive assessments of the
molecular diversity of guanacos throughout
its distribution have shown evidence of wide

range phylogeographic structure, confirming
the presence of two subspecies, L. g. cacsi-
lensis (northwest guanacos) which encompass
populations from Peru to northern Chile and,
L. g. guanicoe (southeast guanacos) which
includes populations from Argentina and the
Bolivian Chaco (Marin et al., 2008, 2013).
The guanaco populations of the Chaco, re-
stricted to southeast Bolivia and northwest
of Paraguay, are considered an Evolution-
ary Significant Units (ESU; Moritz 1994),
representing a group of guanacos adapted
to dry broadleaf forests, savannahs, temper-
ate grasslands and shrublands (Marin et al.,
2013). These populations are estimated to
be small, fragmented and isolated and thus
considered Critically Endangered in Paraguay
and Bolivia (Cartes et al., 2017; Cuellar Soto
& Nuiiez, 2009).

Despite the growing body of literature on
the ecology, behavior and population status of
guanacos in the Bolivian Chaco (Cuellar Soto et
al., 2017; Cuellar Soto & Nuiiez, 2009), in Para-
guay, records of guanacos remain scarce, with
only few reports published to the date (Villalba
& Bonacic, 2006; Yahnke et al., 1998). Up until
our research, the largest effort to collect pres-
ence and ecological data of guanacos dates to
2004, with a project led by the “Fundacion para
el Desarrollo Sustentable del Chaco” (DeSdel-
Chaco) and the current Ministry of Environment
and Sustainable Development (Villalba, 2004).
Considering the few documented, outdated, and
sparse records of the species for Paraguay, our
main objective was to report presence data of
guanacos within its geographical distribution in
Paraguay using camera traps.

Materials and methods
Study site

Our research was conducted in the Dry Chaco
ecoregion, a mosaic of grasslands, savannahs
and xerophytic woodlands forests, covering the
territories of Argentina, Bolivia and Paraguay
(Olson et al., 2001). We focused our sampling
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in the Medanos subregion (757,680 ha), within
the Paraguayan Dry Chaco (Mereles et al.,
2013; SEAM, 2013). The mean temperature
in Medanos is 25 °C, with maximum tempera-
tures reaching 45 to 48 °C during summer and
minimum temperatures reaching -3 to -7°C
during winter, with daily thermal variation of-
ten spanning 20 degrees, or more (Mereles &
Rodas, 2014). Precipitation is the lowest in the
country, ranging from 400-500 mm/year (Gill
et al., 2020; Mereles et al., 2013). The land-
scape is characterized by the presence of sandy
dunes of fine grain formed by wind action from
sediments of the rivers Grande and Parapeti in
Bolivia generating dunes (i.e., “medanos”). The
vegetation has a savannah physiognomy with

deciduous and semi-deciduous woody shrub-
lands with scattered trees that do not exceed 10
m high (Mereles et al., 2013).

We conducted our sampling on two sites
(Site 1 and Site 2), located within three ma-
jor protected areas located in the Medanos
ecoregion. Site 1 was within the Medanos del
Chaco National Park (605,075 ha; MChNP),
managed by the Ministry of Environment
and Sustainable Development, and Site 2
comprised stations within the Pykasu Indig-
enous Reserve (46,300 ha; PK), managed by
the indigenous Guarani Nandeva peoples,
and Campo Iris Nature Reserve (3,500 ha;
CI), managed by the national NGO Guyra
Paraguay (Fig. 1).
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Figure 1: Study site. A) The Dry Chaco ecoregion in South America. B) The Dry Chaco and Medanos subregion in
Paraguay. C) Site 1 within the Medanos del Chaco National Park, and Site 2 including the Pykasu Indigenous Reserve
and Campo Iris Nature Reserve. D) and E) views of secondary roads and vegetation of the Medanos subregion.
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Table 1. Characteristics of camera trap sites in the Medanos subregion. *) Number of active 24-hour cycles completed

by independent cameras.

q ] ] ] Number of sampling s
Site Location Sampling period stations Trap nights
. Medanos del Chaco 2018-10-24 to 2019-05-17 and
Site 1 National Park 2019-05-18 to 2019-10-29 28 3.315.5
CmmeD ot NS 2018-07-17 to 2018-10-21 1 1,065
Reserve
Site 2
Pykasu Indigenous 2018-07-18 to 2018-10-22 1 969.5
Reserve

Data collection

Field sampling was conducted from July 2018
to November 2019. A total of 50 camera trap
stations were deployed, spaced 1-2 km apart.
Of these, 48 stations featured paired, opposing
camera traps, while two stations used a single
camera trap. Browning Strike Force camera
traps were mounted on tree trunks or on stakes
where trees were unavailable, positioned ap-
proximately 35—40 cm above the ground. The
traps were unbaited, operated 24 hours a day,
and were configured to capture 6—8 images
per trigger, with a 5-second interval between
triggers.

Site accessibility posed significant challeng-
es due to the sandy dunes that restrict navigable
roads and trails, rendering the landscape nearly
impenetrable. Consequently, our sampling
covered only 4% of the park's total area at Site
1 and 24% at Site 2. Despite these constraints,
this study represents the most extensive camera
trap effort to date in the region for monitoring
guanaco presence. The average minimum con-
vex polygon of our sampling grids was 185.36
km? (Fig. 1).

Data analysis

Images were processed and their contents identi-
fied using the digiKam software (available at:
https://www.digikam.org/) and managed and
analyzed using the camtrapR package (Nied-
balla et al., 2016) in R version 4.1.3 (R Core

Team, 2022). We calculated the average num-
ber of individuals captured in pictures, activity
patterns of guanacos and activity overlap (A)
with livestock and human activity (e.g., hu-
mans by foot or vehicle) throughout the study
area using the function activityOverlap of the
camtrapR package. The estimator used was A ,
indicated for small samples (n < 50; Ridout
& Linkie, 2009). We chose not to implement
a time-to-independence filter because it could
bias estimates of some species activity patterns
(Peral et al., 2022).

Results

From 5,350 trap nights (Table 1) there were a
total of 87 guanaco records in seven camera trap
stations, all from Site 1, Medanos del Chaco
National Park (Fig. 2). Guanacos were detected
mostly during daylight hours (6 am — 6 pm),
with activity density functions revealing day-
light activity peaks, during the morning, noon,
and early afternoon. We recorded between 1 —3
individuals of guanacos per picture (Fig. 2).
Within the stations where guanacos were
detected, we gathered 28 records of human
activity, including people on foot (25%) and in
vehicles (75%). The overlap coefficient between
human activity and guanacos was A =0.54, with
consistent overlap during most of activity hours
of guanacos, except for the early morning (Fig.
3). In addition, we documented 9 records of
livestock, which included goats (67%) and cattle
(33%). The overlap coefficient between guana-
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Figure 2: Guanaco records in monitoring stations in Site 1, within Medanos del Chaco National Park. Yellow triangles
show military posts surrounding the sites and the location of former hydrocarbon settlement, “Pozo Independencia”.
Deforestation from 2020 until 2023 shown in grey (Hansen et al., 2013).

cos and livestock was A = 0.49, with consistent
overlap towards afternoon hours (Fig. 3).

Discussion

Our study confirms the continued presence of
guanacos in Paraguay within the Medanos del
Chaco National Park and highlights the impor-
tance of this protected area for the conservation
of the guanacos at the national and regional
levels. We recorded solitary individuals as
well as groups of 2-3 individuals, with daily
activity patterns mainly diurnal, patterns that
are congruent with other behavioral studies
of guanacos in the Chaco (Cuellar Soto et al.,
2017). We also documented livestock within the
limits of the park and show moderate overlap in
activity patterns with guanacos and livestock as
well as humans within the Medanos del Chaco

National Park.

Most records of human activity and all re-
cords of livestock were within the vicinity of
the former hydrocarbon settlement “Pozo Inde-
pendencia”, in the northern part of Site 1. The
unregulated presence of people inside the park
poses a threat to guanacos as hunting has been
identified as a main threat to the species (Cartes
etal., 2017, SEAM & FMB, 2016). Moreover,
the presence of livestock could exacerbate the
risk to guanacos, as potential resource compe-
tition may have adverse effects on this native
species (Cappa et al., 2020; Traba et al., 2017).

Although the presence of guanacos in the
Paraguayan Medanos has long been recognized
by local indigenous communities, the first
documented records of guanacos in the region,
almost 20 years ago (Villalba, 2004), prompted
a greater emphasis on the guanaco’s ecological
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and cultural value. This highlighted the need
to prioritize research on the ecology of the
species and the implementation of conserva-
tion strategies to reduce threats. However, the
scarce information on the conservation status
of the species has limited informed conser-
vation efforts both for the guanaco and the
Medanos ecoregion. Furthermore, members of
indigenous communities note that the guanaco
formerly occupied larger areas of the Medanos
(Isabelino Bogado, pers. comm), including
Site 2 where the species was not detected in
the present study.

The potential reduction in the distribution
range of guanacos in Paraguay could be at-
tributed to the previously mentioned threats,
compounded by the expanding habitat loss and
fragmentation for the Medanos region. A parallel
trend has been documented in the Bolivian Cha-
co, where increased woody plant encroachment,
driven by increased cattle ranching and shifts

A. Activity pattern of Lama guanicoe guanicoe
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in fire regime (both in severity and frequency),
has led to habitat degradation and fragmenta-
tion, imperiling the relict and isolated guanaco
population due to reduced availability of their
preferred habitat (Cuellar-Soto et al., 2020).
Hence, there is a pressing need to con-
tinue monitoring guanaco populations in the
Medanos ecoregion, expanding sampling effort
within the Medanos del Chaco National Park
and surrounding private cattle ranches which
are rapidly developing. We also advocate for
locally driven, indigenous-led initiatives to
oversee the management of Medanos. This
could involve the potential restoration of fire
management practices, alongside the impera-
tive for demographic and genetic monitoring of
guanacos. Additionally, transboundary conser-
vation strategies with Bolivia should be imple-
mented, considering the cultural significance
of the species, local population dynamics,
and the preservation of adaptive variation and

Activity overlap

- Human (n= 28)
= Guanaco (n = 87) H

A =054

Density of activity

Livestack (n= 9)
— Guanaco (n = 87)

Time (h)

Figure 3: Activity patterns and overlap. A) Activity patterns of guanacos. B) overlap between human (by foot or car)
and guanacos (A = 0.54). C) Overlap between livestock (goats and cattle) and guanacos (A = 0.49).
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evolutionary processes, all of which are crucial
for safeguarding guanacos in the easternmost
extent of their distribution.
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