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Abstract—Desertification processes in Central Asia are largely dependent on soil degradation induced by
excessive livestock grazing, besides climate changes. Desertification represents a threat to wildlife species liv-
ing in arid environments, since reduced accessibility to water strongly affects their distribution and behavior.
Moreover, livestock presence exacerbates competition with wildlife for scarce water resources. Given their
crucial importance to wildlife persistence, water sources in arid environments are critical to the study of wild-
life behavior and interspecific competition. The Small Gobi A is one such environment of Mongolia, char-
acterized by high grazing pressure despite low human presence. Between September and October 2017, we
conducted camera trapping surveys at two waterholes identified as potential drinking sources for wildlife. We
aimed to explore the spatio-temporal interactions among large domestic ungulates (e.g., Bactrian camel
Camelus bactrianus), and wild ungulates (e.g., Asian wild ass Equus hemionus, and goitered gazelle Gazella
subgutturosa), which are among the most iconic and threatened ungulates of Mongolia. The results showed a
complete spatial segregation between domestic and wild ungulates, and a high temporal segregation among
wild ungulates. This study confirms spatial and temporal niche partitioning as a strategy adopted by wild spe-
cies to reduce competition and allow species coexistence. We recommend enhanced management measures
of free-roaming livestock to reduce the pressure on wild species at drinking sites.
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Water availability is becoming increasingly limited
in the arid regions of Central Asia, as a result of cli-
mate changes and of increased human activities such
as herding and mineral extraction (Kaczensky et al.,
2011; Ito et al., 2013). Particularly, large-scale patterns
of livestock management necessitate extensive water
resources, hindering their use on behalf of wildlife
(Kaczensky et al., 2016; Wakefield, Attum, 2006). As
a result, wild and domestic species compete for food
and territory, and wildlife is often displaced from areas
occupied by livestock (Rovero et al., 2020; Salvatori
et al., 2021). In particular, wild ungulates are among
the species most impacted by livestock due to their
wide dietary and habitat overlap (Berger et al., 2013).
Previous studies (Zhang et al., 2015; Nandintsetseg
et al., 2016) demonstrated that human and livestock
disturbance induces changes in spatio-temporal activ-
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ity patterns of wild ungulates. Studies on the interac-
tions between feral horses and native ungulates showed
that interference competition occurs at watering sites,
especially in periods of water scarcity (Kaczensky
et al., 2016; Hall et al., 2016). Thus, reduced accessi-
bility to water in desert ecosystems exacerbates com-
petition between domestic and wild ungulates, induc-
ing both spatial and temporal niche segregation
(Ostermann-Kelm et al., 2008; Hall et al., 2016;
Gooch et al., 2017) to avoid direct competition at
waterholes (Xue et al., 2018). Segregation could be a
successful strategy to limit interactions, minimizing
strife among species, thus enabling coexistence in
shared habitats (Edwards et al., 2015; Torretta et al.,
2016; Nagy-Reis et al., 2019).

In Central Asia, Mongolia has steadily suffered
from desertification during the last decades (Dorj
et al., 2013; Meng et al., 2021). Since the 1990s, eco-
nomic reforms and a growing demand for cashmere
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led to an increase in livestock numbers (Berger et al.,
2013; Menget al., 2021), which resulted in overgrazing
and soil degradation (Liu et al., 2018; Wang et al.,
2020), enhancing the process of desertification (Zolo-
tokrylin et al., 2016). Poaching, exploitation of natural
resources and development of infrastructures repre-
sent additional critical threats that increased the pres-
sure on wild ungulates and their habitat (Mallon, Zhi-
gang, 2009; Ito et al., 2013). Indeed, human distur-
bance and competition with livestock for pastures and
water is leading to a decrease in the availability of hab-
itat for wild ungulates (Reading et al., 2001; Buu-
veibaatar et al., 2016). Presence of households is
known to affect the distribution of wild ungulates. For
example, K.A. Olson et al. (2011) found that the den-
sity of Mongolian gazelle Procapra gutturosa in the
eastern steppe of Mongolia was significantly lower
within areas in which human settlements were present.
Hence, wild ungulates range is often limited to strictly
protected areas where human presence is negligible, as
observed in the Great Gobi A and Great Gobi B
(Kaczensky et al., 2017; Nasanbat et al., 2016).

The Small Gobi A Strictly Protected Area (hereaf-
ter, SGA) represents a significant hotspot of biodiver-
sity in the South Gobi and provides an important ref-
uge for wild ungulates (Augugliaro et al., 2019). The
area supports important populations of ungulates
under protection at a global level, such as the Asian
wild ass FEquus hemionus (Reading et al., 2001;
Kaczensky et al., 2015), categorized as Near Threat-
ened by the IUCN Red List (JUCN, 2020) and the
goitered gazelle Gazella subgutturosa (Reading et al.,
2001; Buuveibaatar et al., 2017) categorized as Vulner-
able by the IUCN Red List.

Previous studies conducted in other areas of the
Mongolian Gobi observed both spatial and temporal
segregation at water sources among wild ungulates
(Nasanbat et al., 2016). However, that study consid-
ered only interactions among wild species due to the
absence of humans and livestock in the area. Explor-
ing the interactions between wild and domestic ungu-
lates is pivotal where both occur, since wild ungulates
could avoid livestock, influencing their distribution
and behavior, and leading to habitat contraction
(Michler et al., 2021). For instance, reduction and
degradation of habitat due to livestock presence may
limit the chances of accessibility to water sources for
wild ungulates, especially in an arid environment.
Hence, a better comprehension of how livestock dis-
tribution around waterholes could affect wildlife is
essential in the SGA. Among the most iconic ungu-
lates of the SGA, the Asian wild ass and the goitered
gazelle were observed to positively co-occur at water-
holes, since the two species do not compete in normal
circumstances in a shared habitat. Since water rep-
resents a considerable limiting factor in the SGA, a
better understanding of its usage by these two threat-
ened species is mandatory for their proper manage-
ment and conservation.

FRANCESCO RAIMONDI et al.

In this study, we aimed to assess the interactions
among the Asiatic wild ass, the goitered gazelle, and
the livestock at water sources of the SGA. We pre-
dicted absence of direct competition in favour of niche
partitioning in order to enable coexistence among the
different species (Xue et al., 2018). Considering the
small dimension of the waterholes, we expected a
marked spatial segregation between wild ungulates and
the livestock. Moreover, as the presence of the Asian
wild ass is known to be positively related with the pres-
ence of the goitered gazelle (Nandintsetseg et al.,
2016), we did not expect spatial segregation between
these two wild ungulates, but instead a temporal segre-
gation allowing both species to rely on these small
water sources.

MATERIALS AND METHODS
Study Area

The study was conducted in the Small Gobi A
Strictly Protected Area (42°39” N, 105°79” E, datum
WGS84), South Gobi province, Mongolia. The SGA
cover an area of approximately 11,500 km? in the
southernmost part of Mongolia, at the border with
China. The Mongolian Gobi is part of the Central
Asian dryland region and represents the easternmost
desert in the Palearctic realm (Von Wehrden et al.,
2009). The climate of the region is arid with cold win-
ters (January mean value —17.5°C) and short hot sum-
mers (July mean value 22.5°C; Weischet, Endlicher,
2020). The annual rainfall ranges from 33 to 100 mm
(Von Wehrden et al., 2009). The vegetation is sparse
and dominated by desert and desert-steppe plant com-
munities, mainly including Arfemisia spp., Allium spp.,
Stipa spp., and Anabasis spp. The plant community of
the driest areas is dominated by Chenopodiaceae
(Haloxylon spp.), while trees species, such as Haloxy-
lon ammodendron (C.A. Mey.) Bunge ex Fenzl, Ulmus
pumila L., and Populus euphratica Olivier, are
restricted to river valleys and large basins (von Weh-
rden et al., 2009). As the other mammal spots in the
Mongolian Gobi, such as the Great Gobi A (Nasanbat
et al., 2016), the SGA hosts rare and globally threat-
ened species such as the goitered gazelle, the Asian
wild ass, and the snow leopard Panthera uncia, among
others (Augugliaro et al., 2019). The area is scarcely
inhabited, with less than 10 households breeding
domestic Bactrian camels Camelus bactrianus as well
as small herds of sheep Ovis aries and goats Capra hir-
cus in the north-eastern side of the protected area. Few
rare natural and artificial water springs are sparse
across the area and visited by both wild and domestic
species. Mining activity is widely spread through
North and East areas adjoining the SGA. Therefore,
the area between the SGA and the easternmost Small
Gobi B Strictly Protected Area is intensively crossed
by trucks carrying extraction materials from the South
Gobi to China.
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Fig. 1. Overview of the study site (Small Gobi-A Strictly Protected Area, SGA). Site A and site B represent the watering sites. For
each location, a schematic representation of the sighted species is provided (Augugliaro et al., 2019).

Data Collection

As part of a larger project (Augugliaro et al., 2019),
we placed camera traps on the only two water sources
lying in the SGA easternmost area (Fig. 1). All the
camera traps were placed on 24th September 2017, left
unattended in the field until 20th October 2017, and
were set to work h24 without time delay among photos.
The northernmost camera site (hereafter, “site A”) was
placed 20 km west from the closest herder settlement
and approximately 24 km from the protected area
northern border. In site A, we placed two camera traps
on either side of an artificial pond with a diameter of
approximately 20 m (at positioning time). The pond
diameter had shrunk to approximately 10 m when the
cameras were removed (Fig. 2). The pond was located
at 910 m above sea level (a.s.l.) surrounded by open
flatland. We set a single camera trap at the southern-
most site (hereafter, “site B”). Site B was located
approximately 21 km south from site A, 22 km from
the Chinese border, at 1120 m a.s.l. on a low mountain
foothill. The camera at site B was set in front of a nat-
ural water source with a diameter of approximately 6 m
(at positioning time), which was reduced to approxi-
mately 2 m when the camera was retrieved (Fig. 2). We
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used two Reconyx HC600 (one each site) and a Cud-
deback Black Flash E3 at site A, placing the camera
traps on big rocks at an average height of 40 cm above
the ground (Tobler et al., 2008). We identified all spe-
cies from photographic records using the book by N.
Batsaikhan et al. (2014). Since we detected only
domestic ungulates at the site A, and only wild ungu-
lates at the site B, we did not proceed with further spa-
tial analysis.

Assessment of Temporal Activity Patterns and Overlap

For each species and site, the dataset was filtered by
collapsing all detections spaced less than 30 minutes in
one single event, to reduce pseudo-replication (Mere-
dith, Ridout, 2021). Target species (i.e., Bactrial
camel, Asian wild ass and goitered gazelle) provided us
with more than 20 independent detections, thus we
could proceed with the analyses (Ridout, Linkie,
2009). Temporal activity patterns of the different spe-
cies were analysed through the R package overlap
(Meredith, Ridout, 2021). To estimate whether a ran-
dom activity pattern was exhibited by each species
(Viviano et al., 2021), we used the Hermans—Rasson
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Fig. 2. Site A—Bactrian camels at water source, site B—Asian wild asses at water source within the Small Gobi-A.

uniformity test (#) using the function HR fest in the
package CircMLE (Fitak, Johnsen, 2017). Through
the R package overlap, we also quantified the overlap
in activity patterns between the Asian wild ass and the
goitered gazelle using the coefficient of overlap (A),
measured non-parametrically using kernel density
estimates (Schmid, Schmidt, 2006). Owing to the
complete spatial segregation between wildlife and live-
stock we did not analyse the activity overlap between
wild ungulates and Bactrian camel. Overlap coeffi-
cient is defined as the area under the two kernel den-
sity curves and it varies between 0 (i.e., no overlap)
and 1 (i.e., total overlap; Ridout, Linkie, 2009). We
used the “A, estimator” for the pairwise comparison
since the goitered gazelle provided us with less than 75
records (Ridout, Linkie, 2009; Meredith, Ridout,
2021). Temporal overlap was considered as “very low”
with A <0.35, “low” with 0.35 < A<0.50, “moderate”
with 0.5 <A <0.75, “high” with A > 0.75 (Monterroso
etal., 2014; Sogliani et al., 2021). The 95% confidence

intervals (hereafter, 95% CIs) of the overlap coeffi-
cients were estimated through bootstrap resampling
(10000 replicates; Meredith, Ridout, 2021). Owing to
the purely descriptive nature of these estimators (no
associated p-value; Monterroso et al., 2014) we used
the Mardia-Watson-Wheeler test (). The MMW test
was applied through the R package circular (Mori
et al., 2021; Panzeri et al., 2021), to assess whether the
activity times of the two species were significantly dif-
ferent. An additional bootstrap test was calculated to
estimate “the probability that two sets of circular obser-
vations come from the same distribution” (Rowcliffe
et al., 2014), using the function compareCkern in the R
package activity. A chi-square test was used to assess if
records of each species were evenly distributed
throughout the lunar phases (Viviano et al., 2021),
assessed for each camera-trap day through the R pack-
age suncalc, using the function getMoonlllumination
(Simmons et al., 2021). Moon phases were classified
as follows: phase (1) from new moon to 1/4 (retrieved
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value of lunar phase [LP]: 0 < LP<0.1250r 0.875 < LP <
1); phase (2) from 1/4 to 1/2 (0.125 < LP <£0.250 or
0.750 < LP < 0.875); phase (3) from 1/2 to 3/4
(0.250 < LP<£0.375 or 0.625 < LP £0.750) and phase
(4) from 3/4 to full moon (0.375<LP<0.50r0.5<LP
< 0.625). The darkest nights include phases (1) and
(2), while phases (3) and (4) the brightest ones (Pan-
zerietal., 2021; Viviano et al., 2021). Finally, using the
function getSunlightTimes of package suncalc, we cal-
culated sunrise and sunset mean values for our camera
trap survey period; useful in the classification of the
species as nocturnal, diurnal, crepuscular, or cathem-
eral depending on the percentage of observations
recorded at day, night, and twilight period (Azevedo et
al., 2018; Houngbégnon et al., 2020). All the analyses
were implemented in the software R, version 4.1.1
(R Development Core Team 2021).

RESULTS AND DISCUSSION

The total camera trapping effort was 56 camera-
trap days (i.e., N of camera-traps X N days they were
active). At site B, we detected only wild mammal spe-
cies (Fig. 1): the Asian wild ass, the goitered gazelle,
the argali (Ovis ammon), the red fox (Vulpes vulpes)
and the Eurasian lynx (Lynx lynx). Whereas the Bac-
trian camel was the only species detected at site A (Fig. 1).
The Bactrian camel was the most detected species
(N= 812, where N is the number of independent
detection events), followed by the Asian wild ass (N =
172) and the goitered gazelle (N = 25). At water
sources, the Bactrian camel was cathemeral (34% of
diurnal, 23% of crepuscular, and 43% of nocturnal
detections) and the goitered gazelle was mostly diurnal
(80% of diurnal detections; Fig. 3). In addition, the
Bactrian camel showed a marked peak of activity at
dusk. On contrary, the Asian wild ass was mostly noc-
turnal (72% of nocturnal detections; Fig. 3).

Throughout the survey period, the Hermans-Ras-
son test indicated a non-random activity pattern at
water sources for all the species (p < 0.001; Asian wild
ass: r = 31.38; goitered gazelle: » = 29.12; Bactrian
camel: »=456.70). We detected a “very low” temporal
overlap between the Asian wild ass and the goitered
gazelle, sympatric at site B (Fig. 3). In addition, the
MWW test showed significant differences for the com-
parison between wild ungulates’ activity times (p <
0.001; Asian wild ass-Goitered gazelle: W= 31.83). At
water sources, the temporal activity of the Asian wild
ass differed significantly among lunar phases, with the
species being most active during bright nights (phases
3and 4; x*=11.57,df = 1, p < 0.001). Conversely, the
temporal activity of both the goitered gazelle and the
Bactrian camel at water sources seemed not to be
influenced by moon illumination (y? = 1.01, df = 1,
p=0.31;%*>=0.38,df = 1, p = 0.53, respectively).

Our findings highlighted a complete spatial segre-
gation between wild and domestic ungulates. Instead,
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Fig. 3. Density estimates of daily activity patterns of the
three ungulate species at water sources in the Small Gobi-
A Strictly Protected Area, Mongolia; sunrise is approx. at
07:00, while sunset is approx. at 18:30 (solar time). Leged:
dark rectangles—dark hours, faded lines around and inside
the dashed lines—bootstrapped estimates of activity pat-
terns, dashed lines—95% Cls. Bottom picture shows the
overlap in temporal distribution of water use between the
Asian wild ass and the goitered gazelle, the overlap coeffi-
cient (shaded area) is reported along with the 95% CI.
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wild species coexisted in the same site adjusting their
diel temporal activity patterns to reduce their overlap
and thus competition for water resources. Spatial seg-
regation between wild and domestic ungulates around
waterholes was also observed in other studies con-
ducted in arid environments (Ostermann-Kelm et al.,
2008; Gooch et al., 2017). However, results from pre-
vious research are contrasting, since spatio-temporal
segregation may depend on the topographic charac-
teristics of the sites, as well as the dimensions of the
waterholes across seasons. For instance, feral horses
and native ungulates exhibited spatial segregation at
water sources in areas devoid of human settlements
(Hall et al., 2016). In the Western Gobi Region, the
Asian wild ass and the livestock are known to use the
same waterholes, thus allowing coexistence by means
of temporal partitioning (Payne et al., 2021).

We speculate that Bactrian camel colonization of
waterhole at site A have induced a complete spatial
segregation of wild ungulates, indicating a case of high
level of interference competition (Hennig et al., 2021).
These findings support our initial prediction of low
level of direct competition dictated by avoidance
behavior, and it underlines how the constant presence
of a large domestic competitor at waterholes can lead
to wildlife exclusion from a precious resource in such
a harsh environment. Our results are supported by pre-
vious studies, which documented evidence that Asian
wild asses and goitered gazelles are negatively
impacted by human activities and livestock presence
in the Gobi Desert (Kaczensky et al., 2011; Buu-
veibaatar et al., 2016), especially in Autumn (Tsendjav,
Purevsuren, 2007) due to the reduction of waterholes
dimension and scarce availability of snow, as we
assessed during our research period.

In our study area, Bactrian camels at site A occu-
pied the water resources in proximity to herders’ set-
tlements, although within the protected area’s border.
As a consequence, wild ungulates seemed to prefer the
waterhole at site B, which is sheltered by mountain
outcrops and located farther from human settlements
(Yoshihara et al., 2008; Sheehy et al., 2010). Further
investigation should be related to the distribution of
wild ungulates around water sources previously occu-
pied by herder families, taking into the account the
rotational grazing system adopted by Mongolian
nomadic families for their livestock.

In contrast with other studies, the goitered gazelle
showed a clear diurnal pattern at watering sites, as
observed elsewhere in China (Xue et al., 2018). This
temporal pattern may be due to the small size of the
waterhole concomitant with the presence of a bigger
competitor such as the Asian wild ass at night-time.
Being the site B among the few rare water sources
available in the east SGA, the goitered gazelle may
have adapted its behavior to access this resource
undistrubed.

FRANCESCO RAIMONDI et al.

Our results concerning the Asian wild ass temporal
activity are also in contrast with those found in previ-
ous studies, which described the absence of specific
diurnal or nocturnal pattern, that may be altered only
when external threats occur (Kaczensky et al., 2010,
2021). Our study area is located in the proximity of the
Chinese border, an area devoid of legal wildlife pro-
tection management, and possibly representing a crit-
ical migration route for wild ungulates. Poaching epi-
sodes are known to occur also through the SGA in
Mongolia (Stubbe et al., 2012), a fact that may have
affected the temporal patterns of the Asian wild ass, by
peaking its activity during bright nights at waterpoints.
Whereas human presence may represent a potential
threat mostly during the daytime, the Asian wild ass
activity rhythm could be potentially affected by large
predators such as the grey wolf Canis lupus, which
however appears to be present at a very low density in
the area (Augugliaro et al., 2019). Unlike other smaller
mammals which are more active during the darkest
nights to avoid natural predators (Kotler et al., 2010;
Panzeri et al., 2021), the Asian wild ass has not many
risks to face during brighter nights, when poaching
activities are likely negligible.

As we hypothesized, we observed co-existence
among wild ungulates by means of temporal segrega-
tion. Although very little is known about the activity
interactions between the Asian wild ass and the goi-
tered gazelle, temporal segregation among other wild
ungulates have been observed at the watering sites in
arid environments. Y. Zhang et al. (2015) observed a
high degree of spatial overlap between Asian wild asses
and Przewalski’s horses, which approached water-
holes at different times during the day. It was also
observed that, although the encounters between these
species were rare, Przewalski’s horses have priority
access to drinking sites respect to Asian wild assess
with the latter species waiting apart to avoid direct
competition (Zhang et al., 2015). This behavior was
also observed by J.D. Hennig et al. (2021), who
reported how the more aggressive and dominant spe-
cies had priority in accessing water resources. How-
ever, this does not represent a temporal segregation at
a landscape level, but rather a temporal partitioning
(Hall et al., 2016). Differences in temporal use of
watering sites were also observed within a guild of wild
ungulates in an arid region of the Altun Mountains in
China, where smaller ungulates modified their tempo-
ral patterns in order to avoid direct competition (Xue
et al., 2018). There is evidence of spatial overlap
around water sources between the Asian wild ass and
the goitered gazelle, in line with our results (Buu-
veibaatar et al., 2016; Nandintsetseg et al., 2016;
Payne et al., 2021). In the Altyn-Emel National Park
(Kazakhstan), D.A. Blank (2020) found that the goi-
tered gazelle did not perceive the Asian wild ass as a
threat, thus did not alter its behavior. This suggests
that the two species do not compete in normal circum-
stances in a shared habitat with adequate resources. In
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our study case, the small water sources could have
exacerbated competition. We believe temporal segre-
gation is an effective strategy to limit interspecific
competition, allowing the coexistence of sympatric
wild ungulates whenever water resources have a limit-
ing extent.

Owing to the scarce number of waterholes in the
SGA, this study evaluated only two distant waterholes
across a limited gradient of ecological conditions,
which could determine the species behavior. For a bet-
ter understanding, the ungulates’ activity patterns
should be evaluated over a larger area including a
higher number of waterholes beyond the protected
zone and distributed in a variety of biological and
topographic characteristics.

CONCLUSIONS

In conclusion, we suggest a more integrated and
systematic approach in assessing activity patterns and
behavior of desert ungulates in SGA, and in desert
environments in general, by focusing on connections
among water sources.

Finally, we believe that education campaigns can
be put in place to sensitize the herders, specifically on
managing free-roaming animals (e.g., free-roaming
camels or domestic apex predators such as dogs). We
suggest restricting livestock access to a limited number
of artificial water points located nearby the human set-
tlements, in order to reduce the competition with wild
ungulates at waterholes and to favorite the spatial seg-
regation with domestic animals in order to reduce the
pathogen transmission.
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