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Abstract: There is growing concern about the effect of live-
stock on wild ungulate populations, particularly in arid eco-
systems, where waterholes are an extremely scarce resource, 
around which animals tend to gather, primarily in the dry 
season. This situation is worrying in South American deserts, 
where guanaco is the native species that often shares trophic 
and water resources with livestock from local communities, 
even inside protected areas. We assess through general linear 
modeling (GLM) the use of waterholes by guanaco and two 
introduced species, free-ranging cattle and feral donkeys, 
during the summer-wet and winter-dry seasons, in an arid, 
water-limited region in northwestern Argentina. Waterholes 
were more intensively used in the dry than the wet season 
by all three herbivores. However, introduced ungulates did 
not use all of the waterholes, whereas guanaco used them 
all with equal intensity, which points to an apparent absence 
of interference probably due to the low density of the intro-
duced species. Nevertheless these results could mask nega-
tive effects regarding the risk of parasite transmission, the 
under-use of one of the waterholes, and the risk related to 
increasing livestock density in a near future. Therefore, it 
would be advisable to make long-term monitoring to prevent 
potentially negative effects on guanacos.

Keywords: cattle; coexistence; feral donkeys; ungulates; 
waterholes.

Introduction
Growing concern about the effects of free-ranging livestock 
on wildlife has arisen in various ecosystems around the 
world (Voeten and Prins 1999, Bagchi et  al. 2004; Mishra 

et al. 2004, Young et al. 2005, Yoshihara et al. 2008, Sitters 
et al. 2009). This concern is particularly evident in arid eco-
systems, where waterholes are limited resources linked to 
biodiversity conservation (Leeuw et  al. 2001, Attum et  al. 
2009, Sitters et al. 2009) and are often used by low density 
populations found at their extreme of the species’ distri-
bution. In these ecosystems, wildlife distribution is thus 
related to surface-water availability, especially during the 
dry season, when animals drink more frequently to meet 
their body requirements (Western 1975). These waterholes 
are often used by livestock of the surrounding human com-
munities as well, with potential negative consequences on 
wildlife populations (Western 1975, Leeuw et al. 2001, Sitters 
et  al. 2009). Several authors have shown that cattle (Bos 
taurus Linnaeus), horses (Equus ferus caballus Linnaeus) 
and feral donkeys (Equus asinus Linnaeus) can compete 
with wild ungulates for water resources in arid and semiarid 
ecosystems, mostly in dry periods, by gathering around the 
remaining waterholes, apparently displacing wild ungu-
lates and reducing availability of the resource (Leeuw et al. 
2001, Ostermann-Kelm et al. 2008, Attum et al. 2009).

In drylands of South America, it is frequent to find 
the guanaco (Lama guanicoe Müller), the largest and most 
widely distributed wild herbivore (Franklin 1983), in sym-
patry with livestock, mainly sheep (Ovis aries Linnaeus), 
and to a lesser extent with cattle and feral donkeys (pack 
animals abandoned by herders). Various authors have 
shown the existence of competitive processes of sheep 
on the native species (Baldi et al. 2001, Puig et al. 2001), 
regarding such competition as one of the major causes 
of its continental population decline (Baldi et  al. 2008). 
Ovejero et  al. (2011) and Acebes et  al. (2012) have dem-
onstrated that habitat overlap among guanacos, feral 
donkeys and free-ranging cattle in the Argentinean Monte 
Desert is relatively low, with differences being found in 
habitat selection and space use between the wild and 
the introduced species. While livestock species tended 
to appear together, these authors have shown that the 
guanaco had a wider niche breadth and its distribution 
was independent from the former species, so potential 
for competition was low (Ovejero et al. 2011, Acebes et al. 
2012), although a recent study in the same area has shown 
that guanacos and donkeys overlap in trophic resources, 
specially in the dry season, when food resources are less 
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abundant (Reus et al. 2014). However, little is known about 
the possible interference on the use of waterholes in the 
wet and dry seasons, especially in the last one, when the 
water resource is extremely scarce and can be a limiting 
factor for the survival of wildlife species. These ungulates 
differ in their water requirement: guanacos and donkeys 
are well adapted to low-quality arid environments and to 
the shortage of water resources (Franklin 2011, Ruben-
stein 2011), while cattle show higher dependence on water 
sources for subsistence (Groves et al. 2011). In addition, the 
donkey is a species that is expanding in arid ecosystems of 
South America, and given that territorial males can make 
an active defense of waterholes (Moehlman 1998), this 
could affect the guanaco’s use of waterholes.

In the present study, we assess the use of perennial 
water sources by three ungulate species that occur in sym-
patry: guanacos, feral donkeys and free-ranging cattle, in 
the wet and dry seasons, in an arid, water-limited region 
of Northwestern Argentina (Monte Desert biome), with the 
aim to evaluate (i) if the three species overlap in the use of 
waterholes and/or (ii) if the use of waterholes by livestock 
provokes the under-use or even the avoidance of water-
holes by guanacos. The guanaco population in this region 
is small (probably  < 400 individuals), and of interest due 
to its location in the most arid part of the Monte Desert 
(Acebes et al. 2010a), where guanaco seems to select the 
driest areas to reduce the risk of predation by puma (Acebes 
et al. 2013). The two introduced species show low densities 
and, overall, lower than the native one (Acebes et al. 2012), 
estimated to be 0.38 guanacos/km2 (Acebes et al. 2010a).

We expect that (i) during the dry season, cattle and 
donkeys will do a more intense use of permanent water-
holes, which represent the only and small watering points 
in the study area, and guanacos will remain away from 
these waterholes as a result of, or to avoid livestock, which 
will be therefore reflected in a lesser use of waterholes by 
guanacos; (ii) during the wet season, as a consequence of 
a higher availability of drinking points in the landscape 
(permanent+ephemeral waterholes), cattle and donkeys 
will not gather in the surroundings of permanent water-
holes, so their use by guanacos will not be constrained by 
the presence of the introduced ungulates.

Materials and methods

Study area

The study was conducted in the Ischigualasto Provincial 
Park (San Juan, Argentina), part of the Ischigualasto- 

Talampaya World Heritage Site. Ischigualasto PP (29°55′S, 
68°05′W) covers 60,369 ha at an altitude of approxi-
mately 1300  m above sea level, with a desert climate of  
80–140 mm annual summer rainfall (November to Febru-
ary), mean annual temperature below 18°C and a wide 
thermal regime (-10°C to 45°C, Poblete and Minetti 1999). 
The predominant vegetation is sparse xeric shrubland 
( < 20% of plant cover), dominated by species of Zygo-
phyllaceae (Larrea spp., Zuccagnia punctata), Fabaceae 
(Prosopis spp., Cercidium praecox, Geoffroea decorticans) 
and Chenopodiacae (Atriplex spp. and Suaeda divari-
cata). Cactaceae (Echinopsis spp., Tephrocactus spp. and 
Opuntia sulphurea) and Bromeliaceae (Deuterocohnia 
longipetala and Tillandsia spp.) are also frequent but to a 
lesser extent (see Acebes et al. 2010b for a description of 
plant communities in the area).

The main land use in the surroundings is exten-
sive livestock ranching of cattle and goats although in 
low numbers. Inside the protected area, three ungulate 
species move freely: one wild species, guanaco, and two 
introduced species, feral donkeys and free-ranging cattle. 
One village about 20 km SE from the protected area is the 
major source of cattle and donkeys. Feral donkeys are a 
mixture of old animals abandoned by herders and/or 
their offspring, while cattle range throughout the terri-
tory without herders. Only once a year herders get into the 
park to mark newborn calves, therefore herder’s presence 
do not alter the use of waterholes by guanacos.

In this protected area there are three permanent 
natural waterholes (named WHA, WHB and WHC) from 4 
to 15  m2 in size, on silt or rocky substrates. These small 
waterholes represent the only source of water in the area 
during the dry season. They are placed along a distance 
and aridity gradient to the nearest village: WHA is at 
17 km (least arid area), WHB at 25 km and WHC at 32 km 
(most arid area), although all three of them are potentially 
usable by the three ungulate species. Cacti, some grasses 
and shrubs are found around WHA, while there are only 
scant shrubs in the surroundings of WHB. In WHC no 
plant cover occurs. In contrast, in the wet season, tempo-
rary waterholes can be found along rivers and creeks after 
rainfall events. No ranches are found between the village 
and waterholes.

Use of waterholes

The study was conducted in the 2006 summer-wet (Feb-
ruary) and winter-dry seasons (August). To determine the 
use of waterholes by all three ungulates, in both seasons 
we set up 10 plots of 50 × 20 m (sampling units) within a 
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100  m radius around each of the three waterholes, thus 
completing a total of 60 plots (60,000 m2). At each season 
ten plots were surveyed in each waterhole within a radius 
of 100 m around waterholes. Four plots were located at the 
four cardinal points at a distance of 2 m from the water-
holes. The rest of them were randomly placed at least 5 m 
separated each other within the 100 m radius. The use of 
waterholes by guanaco, donkey and cattle was recorded 
from fecal pellets within each plot: scattered pellets were 
scored as 1, dung heaps as 2 and accumulated dung heaps 
were scored as 3. These data were used to obtain a use 
index (UI) per transect aimed at having an estimate of 
local frequentation by herbivores, which was determined 
as follows:

2 3UI a b c= + +

where a is the number of scattered deposits, b is the 
number of dung piles or pellet groups, and c the number 
of dung aggregations. This index was formulated to 
measure dung abundance in a (approximately) logarith-
mic scale since counting the actual number of depositions 
in areas of animal concentration (e.g. latrines, resting 
areas) would be an unfeasible task. Bleached pellets were 
ignored, to ensure that counts reflected recent presence 
(Acebes et al. 2012). Fecal counting has been broadly used 
in ecology as an indirect indicator of abundance, habitat 
use and spatial segregation in medium to large-sized her-
bivores, especially when species densities are low and it 
is difficult to determine relative abundances from animals 
observed by transect or fixed-point counts (Bailey and 
Putman 1981, Putman 1984).

Statistical analyses

In order to assess the use of waterholes (WHA, WHB and 
WHC) by the species within and between seasons (dry and 
wet season), several models were built and compared. As 
dung types and defecation rates vary among the species, 
three models were performed, one for each of the species. 
The response variable was the use index, and the pre-
dictor variables were season, waterhole, and the inter-
action season × waterhole. All model comparisons were 
made using Akaike information criterion (AIC) (Zuur et al. 
2009). We first built a generalized mixed model (GLMM) 
in which plots were nested within waterhole, which was 
a random factor, and assuming a negative binomial dis-
tribution of residuals (NB). Then, we built a similar gener-
alized linear model (GLM, i.e. without the random effect) 
and compared the fit of this model to the previous one. 
Finally, after selecting the model that best fitted the data, 

Table 1: Results of the simplified GLM negative binomial models to 
explain the use of waterholes by guanacos, donkeys and cattle in 
the Ischigualasto Provincial Park (San Juan, Argentina).

Species   Variable   Estimate  SE  Z  p-Value

Guanaco  Intercept   1.214  0.225  5.406   < 0.001
  Season [wet]   -1.725  0.383  -4.506   < 0.001

Donkey   Intercept   2.190  0.175  12.501   < 0.001
  Season [wet]   -2.423  0.409  -5.912   < 0.001
  Waterhole [WHB]   -3.871  0.734  -5.283   < 0.001
  Waterhole [WHC]   -3.871  0.734  -5.283   < 0.001

Cattle   Intercept   1.833  0.435  4.215   < 0.001
  Season [wet]   -3.102  0.816  -3.795   < 0.001
  Waterhole [WHB]   -3.499  0.916  -3.822   < 0.001
  Waterhole [WHC]   -4.186  1.158  -3.614   < 0.001

SE, Standard error; Z, statistical value; p, significance of each term.

we used maximum likelihood estimator (logLik) and AIC 
to simplify the model. Prior to these analyses, Negative 
binomial, Poisson and zero inflated Poisson distribution 
models were compared, being NB the best models. All 
analyses were performed using R 3.1.1 (R Development 
Core Team 2014) and the MASS, lme4 and lmtest packages 
(Zeileis and Hothorn 2002, Zeileis et al. 2008, Bates et al. 
2014).

Results
Comparison between GLMM and GLM showed the last 
one as a better model for the three species: guanaco 
(GLMM, AIC = 220.2; GLM, AIC = 218.2), donkey (GLMM, 
AIC = 95.4; GLM, AIC = 94.3) and cattle (GLMM, AIC = 114.0; 
GLM, AIC = 102.2). After simplification, the best model to 
predict the use of waterholes by guanacos (logLik = -102.1, 
AIC = 210.2) included season (Table 1). Guanacos only 
showed different use of waterholes between seasons, 
being much more intensive in the dry than in the wet 
season (Figure 1A). The best model to predict the use of 
waterholes by donkeys after simplification (logLik = -56.1, 
AIC = 112.1) included season and waterhole (Table  1), 
indicating differences in waterholes use between 
seasons, with a much more intense use in the dry season 
(Figure  1B). In addition, donkeys used exclusively WHA 
in both the dry and the wet seasons (Figure 1B). In rela-
tion to cattle, after simplification the best model to predict 
the use of waterholes (logLik = -44.3, AIC = 98.5) included 
season and waterhole (Table 1), as cattle used waterholes 
differently between seasons, being more intense in the 
dry period (Figure 1C). All waterholes were used in the dry 
season, being WHA the most intensively used, whereas 
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the use of the other two waterholes was completely anec-
dotal (Figure 1C). In the wet season, cattle only used WHA, 
though sparsely (Figure 1C).

Discussion
According to our results, guanaco used the waterholes 
without apparently being affected by the use of livestock. 
Because of the shortage of natural waterholes in arid 
areas, and their importance to wildlife, knowing the likely 
effect of their use by livestock has major implications for 
management and conservation. On the whole, the three 
ungulates made a much more intensive use of waterholes 
in the dry season. Moreover, the guanaco maintained 
a similar use of all three waterholes in both seasons, 
although to a lesser extent during the wet season. Con-
versely, the introduced species used almost exclusively, 
and with great intensity, one of the waterholes in the 
dry season (WHA), whereas the remaining waterholes 
were barely used. This pattern was replicated in the wet 
season, albeit much less markedly, and may apparently be 
explained in both seasons by the shorter distance of WHA 
to the nearest village, but also due to the aridity, where 
WHA and its surroundings had sparse plant cover, while 
the other two waterholes had almost no vegetation, par-
ticularly WHC, where no plant cover occurred.

Overall, habitat and diet overlap between wildlife and 
livestock is often acknowledged as the primary mecha-
nism whereby exploitation competition occurs when these 
resources are limited, and affects negatively the perfor-
mance of either or both species (Voeten and Prins 1999, 
Mishra et  al. 2004, Young et  al. 2005, Georgiadis et  al. 
2007). However, some authors also interpret the absence 
of overlap as a consequence of spatial displacement (i.e. 
avoidance), and therefore it is also used as evidence of com-
petitive exclusion (Stewart et al. 2002, Hibert et al. 2010). 
Unlike what was described by other authors for African 
savannas (Leeuw et  al. 2001), the use of waterholes by 
free-ranging cattle and feral donkeys appears not to affect 
their use by the native species in this hyper-arid area of 
 Argentina. Thus, because guanacos are distributed over the 
entire protected area (Acebes et al. 2012), a likely response 
from them would be under-using the waterhole inten-
sively used by the introduced species, while concomitantly 
making higher use of the other waterholes, as was reported 
for the desert bighorn sheep (Ovis canadensis nelsoni 
Merriam) in the presence of feral horses (Ostermann-Kelm 
et al. 2008). Still, this response did not occur in the area. 
During the dry season, where the permanent waterholes 
are the only and scarce water sources, the guanaco made 

Figure 1: Box-plots indicating the use of waterholes (WHA, WHB, 
WHC) by guanacos (A), feral donkeys (B) and free ranging cattle 
(C) in the dry (gray boxes) and wet (white boxes) seasons through 
dung sampling in the Ischigualasto Provincial Park (San Juan, 
Argentina). Black lines within the boxes represent the median, 
while the upper and lower hinges of boxes indicate 75th and 25th 
percentiles, respectively. The whiskers above and below the boxes 
indicate the minimum and maximum values.
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a relatively intensive use of WHA (the one highly used by 
cattle and donkeys) as well as the waterholes from which 
the livestock were absent or where their presence was anec-
dotal. Moreover, the waterhole intensively used by donkeys 
and cattle (WHA) showed large accumulations of feces in 
the dry season, but even under these circumstances gua-
nacos still used it in the same way as they used the other 
waterholes. Nonetheless, the risk of disease transmission 
cannot be ruled out (Beldomenico et al. 2003). In the wet 
season, where other temporary (ephemeral) sources of 
surface water can be found, the use of the three perma-
nent waterholes dropped considerably in all three species. 
Consequently, our study provides no evidence of spatial 
displacement of guanacos by free-ranging cattle and feral 
donkeys for any of the two seasons. Nevertheless, it could 
be hypothesized that guanacos under-used WHA, the one 
with greater plant cover, as a consequence of the intensive 
use of both donkeys and cattle. Unfortunately, to test this 
hypothesis an experiment is need.

Some authors argue that effects on wild ungulates are 
partly due to the pressure exerted by herders on wildlife 
and not only by the influence of livestock (Leeuw et  al. 
2001, Sitters et  al. 2009, Burt and Turner 2012), which 
could account for the detected pattern. However both 
donkeys and cattle moved freely without being led by 
herders. In addition, the fact that there were waterholes 
not used by the introduced ungulates, but indeed used by 
the native species, which would operate as natural con-
trols in an experimental design, facilitates interpretation 
of these interspecific relationships.

Our sampling protocol however does not allow us to 
determine whether some behavioral interference exists, 
that is, if guanacos avoided waterholes at moments when 
feral donkeys or free-ranging cattle were present nearby. 
Other authors have reported temporal partitioning of 
water resources for desert bighorn sheep and feral horses 
in North America (Ostermann-Kelm et al. 2008), although 
we found no agonistic behaviors when the introduced 
ungulates were near the guanaco (pers. obs.). It is likely, 
however, that the guanaco increases its rate of vigilance 
in the presence of livestock, to the detriment of foraging 
or drinking water.

To conclude, despite these results point to an appar-
ent lack of interference in the use of waterholes, several 
points with conservation implications can be raised: 
First, although no evidence of displacement was detected, 
it could be speculated that guanacos were under-using 
WHA as a response of its over-use by livestock. Second, an 
increase in livestock density could have negative effects 
on the wild population. Third, the potential deleterious 
effects from the risk of parasite transmission, so that 

health studies are needed; hence measures for monitor-
ing and control of the introduced species should be taken, 
always seeking to involve local communities, with the aim 
to prevent conflicts between wildlife conservation and 
sustainable resource use. Getting local people involved in 
conservation is the only viable option to reduce conflict 
with livestock and for an effective human stewardship in 
the vast areas inhabited by the species (Lichtenstein and 
Carmanchahi 2012).
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