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ABSTRACT

Objective: To evaluate the diversity of terrestrial mammals visiting artificial drinking troughs in the
conservation zone of the Technological University of Calakmul, as well as their conservation status, activity
patterns and behavior at these sites.

Methodology: Four artificial water sources were installed in strategic locations, each equipped with a camera
trap station to record the species using the water sources and document their behavior in five categories:
passing through, feeding, foraging, hydration, and temperature regulation. The data were analyzed using
accumulation curves and ecological interaction networks.

Results: Twelve species were recorded, highlighting the use of water as a fundamental resource, especially
during dry periods. Among the observed species, the jaguar and puma stood out as key predators in the
ecosystem.

Limitations: This study was limited to a small conservation area within UTC and would benefit from greater
sampling coverage.

Conclusions: Artificial water sources are an effective strategy for maintaining the availability of water during
critical periods and provide important interaction points for wildlife. The data obtained in this study suggest
that university conservation areas are crucial for protecting biodiversity and the academic training of students.
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INTRODUCTION

Green areas and peri-urban forests are essential for the sustainability of cities, due to
the various environmental benefits they provide such as noise mitigation, air purification,
water infiltration, soil erosion reduction, and helping regulate the microclimate (Al-paidze

and Salukvadze, 2023). These areas are of utmost importance for biodiversity, as they offer

habitats and resources for the subsistence of native species (Verdi-Vazquez et al., 2021).
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Universities have green areas thatin most cases accurately represent the local biodiversity.
These areas function as conservation sites that host a high diversity of wildlife and in recent
years have gained increased relevance as they serve as ideal laboratories to study the effects
of urbanization on biodiversity (MacGregor-Fors, 2005; Lin ¢ al., 2020). Authors such
as Faggi and Perepelizin (2006) state that species richness is lower in urban areas than in
suburban peripheries. Therefore, these spaces can be reservoirs of unexplored biodiversity
in different institutions and their green areas or peri-urban ecosystems.

Water is essential for all living organisms and its availability can influence the spatial
distribution of wildlife to varying degrees (Paredes ¢t al., 2017). Climate change has become
a topic of great importance in research, encompassing predictable climate fluctuations,
impacts and adaptive or resilience responses observed in diverse ecosystems and human
communities in Calakmul (Revollo and Rios, 2023).

The implementation of artificial water sources in strategic locations is a positive
measure to mitigate human-wildlife conflicts and can serve as an accessible alternative
for animals in need of hydration (Contreras-Moreno ¢t al., 2024a,b). These water sourcers
play a crucial role in mitigating the effects of drought on wildlife.

In the Calakmul Region, water is a major concern during the dry season, and the
implementation of artificial drinking stations for wildlife is a common management
practice (Contreras-Moreno et al., 2024b). Therefore, these drinking stations may have
a positive impact on the conservation of certain species; however, it is crucial to consider
how their presence might influence the overall ecosystem and the diversity of species
present (Hernandez-Goémez et al., 2020). Therefore, the objective of this study was to
assess the diversity and conservation status of terrestrial mammals visiting the artificial
drinking stations in two different vegetation types within the forest area of the Universidad
Tecnolégica de Calakmul (UTC).

Since the green areas of UTC are adjacent to the Voluntarily Designated Conservation
Area (Area Destinada Voluntariamente a la Conservacién, ADVC) Xpujil, and, in turn,
to the central zone of the Calakmul Biosphere Reserve, it is expected that the mammals
visiting the UTC drinking stations will be medium to large-sized species, some of which
may be classified as environmentally threatened according to Mexican environmental

regulations.

MATERIALS AND METHODS
Study Area

The study was conducted within the conservation zone of the Universidad Tecnoldgica
de Calakmul (18° 31° 36.96” N, 89° 23* 59.57” W), located in the town of Xpuyjil, in the
municipality of Calakmul, Campeche (Figure 1). The area is situated near the Calakmul
Biosphere Reserve (REBICA) and the Voluntarily Designated Conservation Area
(ADVCQ) Xpujil, which together cover over 20,000 km? (Reyna-Hurtado et al., 2019).
It includes 20 hectares of seasonally flooded lowland semi-evergreen forest and semi-
deciduous medium-height forest. The area is located at an elevation of 242 meters above
sea level, with an average annual temperature of 26 to 27 °C (INEGI, 2024).
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Installation of Drinking Stations

Four artificial waters troughs made of black plastic (Rotoplas® brand), each with a
capacity of 300 liters, were installed (Contreras-Moreno et al., 2024a). These stations were
distributed along the access road to the institution’s forest conservation area, maintaining
a minimum distance of 350 meters between each station. Their purpose was to provide

water for the wildlife inhabiting the surrounding forest areas (Figure 1).
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Figure 1. Geographical location. a) Location of the Technological University of Calakmul on the Yucatan
Peninsula, b) polygon of the university and sampling sites, c) artificial water trough in medium sub evergreen
forest, d) artificial water trough in seasonally flooded lowland forest.
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Statistical analysis

To assess sampling completeness, accumulation and extrapolation curves were generated
using the iINEXT software in its different orders (Chao et al., 2016). To determine the
reasons for visiting the drinking troughs by terrestrial mammals, ecological interaction
networks were performed in the Rstudio software using the Bipartite interface (Dormann
et al., 2008). Mammal activities were categorized based on photographic evidence into
five behavioral types: passing, feeding, foraging, hydration, and temperature regulation.
Similarly, to identify the abundance of mammal species and their presence across camera
trap stations and vegetation types, chord diagrams were creating using OriginPro software
(OriginPro, 2023). Finally, to determine the conservation status of the recorded species, the
Mexican Official Standard NOM-059-SEMARNAT-2010 (SEMARNAT, 2010) and the
IUCN Red List of Threatened Species (IUCN, 2022) were consulted, and a systematized

list was generated.

RESULTS AND DISCUSSION

With a sampling effort of 155 nights/trap, 12 species of medium and large terrestrial
mammals were identified, representing six orders and nine families. The most diverse
family was Felidae, with three species: jaguar (Panthera onca Linnaeus), puma (Puma concolor
Linnaeus), and ocelot (Leopardus pardalis Linnaeus). In contrast, Myrmecophagidae and
Sciuridae were the least diverse, each represented by a single species. The species with the
highest number of records was the gray fox (Urocyon cinereoargenteus Schreber) (n=156),
followed by the sereque (Dasyprocta punctata Gray) (n=24). In contrast, the species with
the fewest records were the Yucatan squirrel (Sciurus yucatanensis J. A. Allen) (n=1) and
the anteater (Zamandua mexicana Saussure) (n=1) (Figure 2a). The vegetation type with
the greatest mammal diversity was seasonally flooded lowland forest, with a total of 13
species, compared to the semi-evergreen medium-height forest, where only four species
were recorded (Figure 2b).

The results of this study confirms that artificial water troughs is a functional alternative
to ensure water availability for wildlife in the Calakmul region (Contreras-Moreno et
al., 2024a). Although the sampling effort was significantly lower than that of Contreras-
Moreno et al. (2024a, b), the detection of ecologically important and elusive species, such
as jaguar and puma, suggests that the UTC conservation area maintains exceptional
conditions with a high degree of conservation. The presence of three of the region’s large
felids —puma, jaguar, and ocelot— underscores the conservation value of the area and the
urgent need to ensure its continued protection.

The species accumulation and extrapolation curve show asymptotes for the forest
conservation area, with the lowland flooded forest exhibiting a higher sampling effort,
while the medium sub-evergreen forest does not reach its asymptote (Figure 3a and b).
The species interaction networks and their activity at the artificial watering troughs reveal
that a total of 11 species visit the troughs in a passing manner, followed by seven species
classified under the hydration category, with the gray fox being the species with the highest

number of visits (Figure 3c).
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Figure 2. String diagrams. a) abundance of individuals in the different camera trap stations, b) abundance in
vegetation types.
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Figure 3. Accumulation curves and interaction networks. a) Species accumulation curve for the study site, b)
species accumulation curve for the two vegetation types, and c) ecological interaction network of species and
their visitation activity at the watering holes.

The presence of seven species from the carnivore group detected in this study highlights
a spatial coexistence between these species. Coexistence among large predators has
primarily been studied along three axes: feeding, space, and time (Avila-Ndjera et al.,
2016). The fact that these species coexist in the UTC conservation area suggests that the
region likely maintains a sufficient availability of prey, which helps sustain the ecological
balance. In this regard, it has been suggested that coexistence between top predator species
is mediated by the selection of prey with different activity patterns (Hernandez-Sanchez
and Santos-Moreno, 2020).

Of the 12 species recorded, some are listed under different protection categories
according to NOM-059-SEMARNAT-2010. In total, 33.33% of the species are considered
at risk, including felines such as the ocelot and jaguar, which are classified as Endangered
(Table 1; Figure 3).

Access to water is a matter of life and death for wildlife in the Maya Forest, as it has been
observed that the lack of water can lead to dehydration and death in large animals such as
jaguars, tapirs, and white-lipped peccaries (Gandiwa et al., 2016). In this regard, the use of
artificial drinking troughs serves as an alternative to ensure water availability during the
dry season for predators and other species (Mandujano-Rodriguez and Herndndez, 2019),
thus helping to mitigate the issue of water scarcity.
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Table 1. List of registered terrestrial mammal species. NOM-059-SEMARNAT-2010 categories: endangered
(P), threatened (A), subject to special protection (SP). IUCN category: endangered (EN), vulnerable (VU),
near threatened (N'T), least concern (L.C), not assessed (NA). Vegetation type: lowland flooded forest (LFF)
and medium sub evergreen forest (MSEF).

Family Specie NOM-059 IUCN LFF MSEF
Camidac Canis familiaris — — 22 —
Urocyon cinereoargenteus — LC 146 9
Cervidae Mazama pandora \'48 5
Dasyproctidae Dasyprocta punctata — LC 45 —
Didelphidae Didelphis marsupialis — LC 28 —
Leopardus pardalis A NT 6 —
Felidae Panthera onca P NT 3 —
Puma concolor LC 1 1
Mephitidae Spilogale angustifrons — DD 2 —
Myrmecophagidae Tamandua mexicana — LC 1 —
Procyonidae Nasua narica — LC 30 1
Sciuridae Sciurus yucatanensis Pr LC 1 —

Figure 4. Photographic record of species. a) Didelphis marsupialis Linnacus, b) Mazama pandora Merrian, c) Urocyon cinereoargenteus calves, d) female
and calf of Urocyon cinereoargenteus Schreber, e) Dasyprocta punctata Gray, f) Nasua narica Linnaeus, g) Leopardus pardalis Linnaeus, and h) Panthera
onca Linnaeus.
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The high diversity of species that continuously visit the troughs during the dry season
in the Maya Forest underscores the effectiveness of the water supply strategy provided
by artificial troughs in the UTC conservation zone. In addition to allowing individuals
to access water, the troughs facilitate interactions among individuals from different
populations, which could be considered a site for socialization (Contreras-Moreno et al.,
2024a).

Based on the results obtained, it is expected that there will be increased interest in
conducting research at sites near urban areas, such as botanical or ethnobiological gardens,

and green areas within educational institutions.

CONCLUSIONS

This study demonstrated that the UTC conservation area supports mammal species of
high ecological value. Maintaining the habitat quality of this area could serve as a functional
refuge for large mammals, especially if water is supplied through artificial drinking troughs
during the dry season.
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