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Abstract
Wildlife conservation efforts in the Mesoamerican Biological Corridor have focused on reducing neg-
ative interactions between humans and charismatic species. In recent years, droughts have increased 
in frequency and intensity in southeastern Mexico exacerbating conflicts with wildlife as they com-
pete with humans for limited water. In the Yucatan Peninsula, Greater Calakmul Region of southeast-
ern Mexico, Baird’s tapirs (Tapirus bairdii) are increasingly encroaching into local villages (ejidos) in 
search of water. This behavior could increase tapir mortality from hunting by Calakmul ejidos resi-
dents. We evaluated the trends between annual precipitation and tapir sightings near or within Calak-
mul ejidos from 2008 to 2019 to determine if the frequency of reported conflicts increased relative to 
decreased precipitation. In addition, with community participation, from 2016 to 2018 we monitored 
one of the ejidos where human-tapir conflicts were reported to be increasing to better describe the 
nature of conflicts. We did not find any relationship between the number of tapir sightings reported 
and annual precipitation. However, more tapirs were documented near ejidos in 2019, which is one 
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of the years with the lowest rainfall (626.6 mm) in the last decade. Tapirs were reported as the most 
common wildlife species observed at waterholes (35.4%) and apiaries (32.1%). Our findings suggested 
that water scarcity has increased tapirs’ incursions into human-populated areas and subsequently the 
potential for human-tapir conflicts. We recommend that managers consider developing alternative 
water sources that could mitigate human-tapir conflicts and contribute to the long-term viability of 
other wildlife species that inhabit the Greater Calakmul Region of southeastern Mexico.
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Introduction

The Mesoamerican Biological Corridor is a biodiversity hotspot and a natural land 
bridge that connects North and South America; it encompasses southern Mexico, 
Belize, Guatemala, El Salvador, Honduras, Nicaragua, Costa Rica and Panama (Fin-
ley-Brook 2007; Harvey et al. 2008; Mendoza et al. 2013). Wildlife conservation 
efforts in the Mesoamerican Biological Corridor have typically focused on reducing 
conflicts between humans and large charismatic carnivore species such as jaguar 
(Panthera onca) and puma (Puma concolor; Garcia-Alaniz et al. 2010; Amit et al. 
2013; Miller 2015; Steinberg 2016; Peña-Mondragón et al. 2017). The major con-
flict is increased predation on domestic livestock as ranching is the primary land-
use throughout the geographical distribution of these species. However, livestock 
predation is not the only rural activity that could be affected by wildlife in this re-
gion. Other conflicts, whether perceived or actual may result when wildlife damages 
crops, are involved in collisions, or threaten and kills people (Messmer 2000; Mad-
den and McQuinn 2014).

Efforts and resources to manage human-wildlife conflicts (HWCs) in Mesoa-
merica and worldwide are inequitable, with charismatic species receiving the ma-
jority of economic resources for conservation (Macdonald et al. 2015). Therefore, 
conflicts with non-charismatic species have been underestimated and understudied. 
In some rural areas of Latin America, the socio-economic and ecological impact, 
perceptions and attitudes of local people towards non-charismatic species such as 
monkeys, rodents, small omnivores, reptiles and birds have received little attention 
(Spagnoletti et al. 2016; de Lima et al. 2020; Salom et al. 2021). Despite the fact that 
HWCs are one of the main causes of the reduction and extinction of species popula-
tions (Nyhus 2016).

In Mesoamerica, 36.2% of the population lives in rural areas and are dependent on 
subsistence agriculture (World Bank-WB 2018). Concomitantly, agriculture and live-
stock production are steadily increasing to meet the growing demand for food (Laur-
ance et al. 2014). As per capita consumption of natural resources in this region continues 
to increase, HWCs will likely increase in both frequency and severity (Messmer 2000).

In the center of the Mesoamerican Biological Corridor resides the Greater 
Calakmul Region, which is part of the Selva Maya, the second largest area of 
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tropical forests in the Americas (O’Farrill et al. 2014). Around 90% of the Calakmul 
region is protected either by federal (Calakmul Biosphere Reserve [CBR]) or state 
reserves (Balam-kin and Balam-Kú). The CBR is divided in two areas: the strictly 
protected area (core area 248,260 ha) and the surrounding buffer zone (474,924 
ha) (Instituto Nacional Electoral [INE] 1999). In the latter, there are communal 
lands called "ejidos", whose main economic activity is subsistence agriculture. 
Agriculture activities include planting corn (Zea mays), beans (Phaseolus vulgaris), 
jalapeño (Capsicum annuum) and citrus fruits, beekeeping, forestry, handcrafting, 
non-timber forest extraction, cattle (Bos taurus) ranching and subsistence hunting 
(Mercer et al. 2005; Porter-Bolland et al. 2006). Many activities of the ejidos are 
changing the landscape through habitat loss, fragmentation, land-use change, and 
habitat degradation and contributing to increasing trends in negative interactions 
between humans and wildlife (Pérez-Flores et al. 2020).

In addition to landscape changes, recent droughts could exacerbate HWCs in 
the region (Pérez-Flores et al. 2020). According to the Campeche State Climate 
Change Action Program, maximum temperatures in the Calakmul Region will in-
crease less than 1 °C average between 2015 and 2039 ( Secretaria de Medio Ambiente 
y Recursos Naturales de Campeche [SEMARNATCAM] 2015). However, this slight 
increase in temperature in association with recurrent droughts can lead to increased 
habitat desiccation and HWCs (Trenberth et al. 2014). For instance, in Africa, ris-
ing temperatures and habitat loss have increased movement of large mammalian 
herbivores in search of water and high-quality food, which has increased HWCs 
incidents due to competition for limited resources (Mukeka et al. 2019).

Regional climate projections for the Yucatan Peninsula suggest the area will 
experience more extreme droughts (Intergovernmental Panel on Climate Change 
[IPCC] 2007, 2013; Orellana et al. 2009). Across Calakmul, drought frequencies 
have increased over the last 50 years (Mardero et al. 2012). Some of the reported 
consequences for wildlife include water scarcity, fires, and increased animal move-
ments in search of food and water (Reyna-Hurtado et al. 2009; O’Farrill et al. 2014).

Water available for wildlife consumption in Calakmul is stored in natural (called 
aguadas) and artificial (called jagüeyes) waterholes, and in small seasonal streams 
(Fig. 1). Some of these waterholes may remain flooded throughout the year, but 
during the dry season (December to May) many dry out (García-Gil et al. 2002). 
Because of the extended drought some aguadas have dried up and loss their water-
retention capability (Reyna-Hurtado et al. 2010). Since 2008, more tapirs have been 
observed near or inside different communal lands of the municipality of Calakmul; 
most of them were in poor body condition and were dehydrated (Pérez-Flores et al. 
2016). The lack of available water resources forces tapirs to search food and water in 
places where people store water and carry out productive activities.

Large bodied species such as Baird’s tapirs (Tapirus bairdii; Fig. 2) could be the 
most affected wildlife species, as they require 10–15 L of water per day (MacFarlane 
and Howard 1972). Tapirs adapt their behaviour to the extent that they become com-
pletely nocturnal because their low surface/volume ratio makes it difficult to disperse 
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Figure 1. Different waterholes locally known as aguadas of the Calakmul region, Campeche, Mexico: 
A) aerial drone photography of a dry aguada of the ejido “Bel-ha” in 2019 B) aerial drone photography 
of a full aguada of the ejido “Nueva Vida” in 2019 C) a dry aguada of the ejido “Nuevo Becal” in 2017 
and D) an aguada of the Calakmul Biosphere Reserve in 2019.

Figure 2. Baird’s tapir (Tapirus bairdii) in the Yucatan Peninsula, Greater Calakmul Region of south-
erneastern Mexico.
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body heat (Foerster and Vaughan 2002; Medici 2010). Same way, tapirs also spend 
more time in the water to cool down as temperatures increase (Pérez-Flores pers. 
obs.). Their dependence on water is forcing tapirs to move closer to human settle-
ments, where habitat may be better because of increased water availability (O’Farrill 
et al. 2014; Fig. 3). However, the principal documented conflict between tapirs and 
humans is crop raiding, which has resulted in the killing of tapirs that exhibit this be-
haviour (Suarez and Lizcano 2002; Haddad et al. 2005; Koster 2006; Waters et al. 2006; 
Reyna-Hurtado and Tanner 2007; Waters 2015; Serrano-MacGregor 2017). Tapirs’ 
populations continue to decline worldwide (García et al. 2016), and although several 
of the primary drivers contributing to their declines are present in the Calakmul re-
gion, few studies have focused on understanding how serious a threat HWCs are and 
how they can affect the survival of one of the world’s largest Baird’s tapir populations.

The purpose of our study was to determine precipitation trends from 2008–
2019 near Calakmul ejidos where increased tapir sightings have been recorded, 
as well as to identify potential areas of conflict between humans and tapirs under 
communal land management. Based on our research, we proposed strategies to 
mitigate water scarcity in the region and promote human-tapir coexistence in the 
Greater Calakmul region.

Figure 3. Baird’s tapir (Tapirus bairdii) drinking through the steel mesh from a livestock watering 
trough at ejido “Nueva Vida” in May of 2017, in the Yucatan Peninsula, Greater Calakmul Region 
southeastern Mexico.
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Methods

Study area

The Calakmul Region is located in the southeastern portion of the state of Campe-
che, Mexico (19°12'–17°48'N, 89°09'–90°28'W; Fig. 4). The municipality of Calak-
mul covers 13,849 km2 with a total population around 30,000 inhabitants (Instituto 
Nacional de Estadística Geografía e Informática [INEGI] 2015). Eighty-five per-
cent of the population lives in 157 rural settlements and 15% in Xpujil City (INEGI 
2015). Many of these ejidos border Mexico´s largest protected tropical forest the 
CBR, which encompasses 7,238 km2. The climate is tropical sub-humid with sum-
mer rains (Aw) (García-Amaro 2004). Annual average precipitation is highly vari-
able, ranging from 900 mm in the northwest to 1400 mm in southeast and charac-
terized by two seasons: a dry season between December to May, followed by a rainy 
season from June to November (Vidal-Zepeda 2005; Mardero et al. 2012). Average 
annual temperature ranges from 24 to 26 °C (Vester et al. 2007), and the predomi-

Figure 4. Location of the 14 villages (ejidos) where Baird’s tapirs (Tapirus bairdii) were sighted dur-
ing 2008 to 2019 in the municipality of Calakmul, Campeche, Mexico. We deployed camera-traps only 
at ejido “Unión 20 de Junio” during the rainy seasons of 2016 to 2018 to document tapir activity and 
identify areas of potential conflicts.
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nant vegetation type is tropical subdeciduous and deciduous forests with heavy clay 
soils with poor drainage (causing water-logged areas locally called Ak’alches; Mo-
rales 1999; Vester et al. 2007).

To identify the potential areas of conflict between humans and tapirs, we 
select the ejido Unión 20 de Junio (U20J) because Pronatura Península de Yuca-
tán A.C. has been collaborating on different projects with this community for 5 
years, so we were aware of previous reports of tapir sightings in potential conflict 
areas, especially during droughts. Unión 20 de Junio (18°48'38"N, 89°16'59"W) 
is an ejido in the northeast portion of the municipality of Calakmul, Campeche 
that encompasses approximately 60 km2 and is inhabited by 449 people. The ma-
jority of its population is indigenous people from Chiapas (INEGI 2015). The 
main land uses are subsistence agriculture, beekeeping, forestry, handcrafting, 
and small-scale cattle production. The water available in U20J for consumption 
by domestic and wild animals, and for productive activities is stored in aguadas 
and jagüeyes. The size of waterholes varies between 50 to 20000 m2 and the depth 
between 1 to 5 m.

Tapir observations

From 2008 to date, we asked local residents, researchers, rangers, police and tourists 
about photographic records of tapirs sighted close or inside ejidos of the Calakmul 
region, in an area of approximately 8000 km2. For each record, we obtained the 
name of the person, coordinates of the place where the animal was observed, as well 
as the date and time of the last sighting. In most of the cases, tapirs were sighted and 
clinically assisted by the authors.

Precipitation trends

We used monthly data from the Zoh Laguna, Campeche meteorological station (lo-
cated in the center of the municipality of Calakmul), available from the Comisión 
Nacional del Agua (CONAGUA) to analyze the annual precipitation from 2008 to 
2019. We conducted a Mann-Kendall test to test for the presence of monotonic in-
creasing or decreasing trend, and the Sen´s Slope Estimates for calculating the slope 
of the linear trend (Yue and Wang 2004; Mavromatis and Stathis 2011). Although 
our research occurred from 2008–2019, we also calculated the trend and the slope 
for all the available data from the Zoh Laguna Station (1951 to 2019) to show a more 
general picture of rainfall behavior in the area.

Camera trap monitoring system

From 2016 to 2018, the NGO Pronatura Península de Yucatán, A.C. and local peo-
ple of U20J operated a community-based wildlife monitoring program. The princi-
pal objectives of the monitoring program were to determine species richness, and 
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to identify potential areas for HWCs. We placed camera traps in sites where people 
carried out productive activities (e.g., beekeeping, cultivation zones, areas where 
animals graze and drink water) and in sites where there was enough evidence that 
wildlife was passing by or causing some damages, especially tapirs. We used one 
camera model (Cuddeback Black Flash E3, Non-Typical Inc., Green Bay, WI, USA; 
www.cuddeback.com).

We placed camera traps in two jagüeyes (one per jagüey), two cultivation 
zones (one per cultivation zone) where people grow mainly corn, squash (Cu-
curbita spp.) and beans, and an apiary (one). Only five cameras were used as they 
could be stolen because many people pass through these sites. The cameras re-
mained active 24 hours per day and were checked every 30 to 45 days, to change 
batteries and empty memory cards during the dry season (December to May) of 
each year (2016–2018).

The visitation frequency of each species at each site was defined as the mean 
number of visits (independent records) during the dry seasons of 2016–2018. We 
only considered independent records in the analyses to avoid under and overestima-
tion. We considered one independent record as a single photograph of the species 
every 24 h. In cases where more than one individual was recorded on a photograph, 
the number of independent records was considered to be equal to the number of 
individuals observed on the same photograph (Monroy-Vilchis et al. 2011).

Data analyses

We assessed annual precipitation behavior during two periods (1951–2019 and 
2008–2019) using the Mann-Kendall test to test the presence of trends, and the 
Sen´s Slope Estimates to calculate the slope of the linear trend (for more details see 
Hussain et al. 2015). By analyzing trends, we also described examples that show the 
great interannual variability and mentioned some years in which precipitation was 
below the average in the area. We assessed relationships between annual precipita-
tion trends and annual tapir sightings using Pearson’s product-moment correlation 
with R 3.6.0 (R Core Team 2019).

Results

Tapir observations

Since 2008, 26 tapir sightings were recorded by residents near or inside the ejidos. 
The years with the highest number of sightings were 2017 and 2019 with 4 and 13 
sightings, respectively (Fig. 5). Seventy-seven percent of the observations (n = 20) oc-
curred during the dry season. Twenty-three (88.5%) of the individual tapirs observed 
were in poor body condition, and in the cases where the animals were clinically eval-
uated, we observed dehydration, emaciation, low alertness and responsiveness (in 
many cases no aggressive behaviour was evident). The age classes documented in-
cluded 24 adults and two offspring. We recorded tapirs at 14 different ejidos (Fig. 4).
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Precipitation trends

The average annual precipitation at Zoh Laguna station was 1007 mm. During the 
period 1951–2019, annual precipitation declined (Z = -2.97, p = .0029), decreasing 
around 375 mm on average, according to the Sen’s Slope Estimates (Fig. 6). In ad-
dition to a general trend of decreasing precipitation, there was greater interannual 
variability, observed for example in years with round 1500 mm of precipitation, fol-
lowed immediately by a year with 700 mm.

During our study period (2008–2019), rainfall also showed a negative trend of up 
to 70 mm less rain in the last 12 years. However, these numbers should be taken with 
caution because the trend was not significant (Z = -0.34, p = 0.7338). Although the neg-
ative trend of precipitation in the last 12 years was not significant, in 8 of the 12 years 
of that period the precipitation was below the average in the area, with 2009 and 2019 
having the highest precipitation deficit (60% and 62% below average, respectively). We 
also observed high interannual precipitation variability; for example, a difference of 
500 mm between one year and the following, such as is the case of 2014–2015 period.

According to the Pearson’s product-moment correlation test, we did not detect 
a relationship between annual precipitation trends and annual tapirs sighted during 
our study period (2008–2019).

Camera traps

We monitored our five camera traps for 13,104 hours over 78 weeks during the dry 
season from 2016–2018 and documented 187 visits of 22 species visiting the two 

Figure 5. Average annual precipitation and number of Baird’s tapirs (Tapirus bairdii) sighted in the 
ejidos of the municipality of Calakmul, Campeche, Mexico from 2008 to 2019.
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Figure 6. Precipitation in the Calakmul region, Campeche, Mexico (1951–2019).

Figure 7. Crop raiding species identified with camera traps during the dry seasons at ejido“Unión 20 
de Junio”, Calakmul, Campeche, Mexico: A) Baird’s tapir (Tapirus bairdii) B) white-tailed deer (Odoc-
oileus virginianus) C) coati (Nasua narica) and D) armed villagers walking through cultivation zones.

cultivated sites. The most frequent visitors to cultivated crops were the gray fox 
(Urocyon cinereoargenteus) 18.7% (n = 35) and Central American agouti (Dasyproc-
ta punctata) 14.9% (n = 26) (Table 1; Fig. 7). At the apiary, we recorded 28 visits of 
7 species, with tapir’s 32.1% (n = 9) and being the most frequent species that visited 
this site (Table 1; Fig. 8). Finally, at the jagüeyes we documented 347 visits of 36 spe-
cies, with tapirs the most frequent visitor 35.4% (n = 123; Table 1; Fig. 9). All visi-
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Table 1. Species identified and visit frequency during the dry seasons of 2016 to 2018 for the three poten-
tial conflict areas (jagüey, apiary and crop) at ejido “Unión 20 de Junio”, Calakmul, Campeche, Mexico.

Camera trap records dry seasons of 2016 to 2018
 Mammal Species Jagüey

% (n)
Apiary
% (n)

Crop
% (n)

Avian species Jagüey
% (n)

Apiary
% (n)

Crop
% (n)

Bos taurus 0 0 0.5 (1) Aramides cajaneus 1.1 (4) 0 0
Canis lupus familiaris 2.3 (8) 0 0.5 (1) Ardea herodias 0.6 (2) 0 0
Cuniculus paca 6.9 (24) 0 4.3 (8) Buteo albicaudatus 0.3 (1) 0 0
Dasyprocta punctata 1.4 (5) 0 14.9 (26) Buteo plagiatus 0.3 (1) 0 0
Didelphis virginiana 1.1 (4) 0 0.5 (1) Buteogallus anthracinus 1.4 (5) 0 0
Herpailurus yagouaroundi 0.3 (1) 0 1 (2) Buteogallus urubitinga 1.4 (5) 0 0
Homo sapiens 2 (7) 25 (7) 4.8 (9) Butorides virescens 0.3 (1) 0 0
Leopardus pardalis 2.6 (9) 10.7 (3) 4.8 (9) Cathartes aura 1.7 (6) 0 0
Leopardus wiedii 1.1 (4) 0 0.5 (1) Coragyps atratus 4.9 (17) 0 0
Mazama sp  1.7 (6) 14.3 (4) 11.8 (22) Crax rubra 2.6 (9) 0 0
Nasua narica 5.8 (20) 10.7 (3) 6.9 (13) Crypturellus cinnamomeus 0 3.6 (1) 0
Odocoileus virginianus 3.7 (13) 0 2 (4) Egretta caerulea 0.3 (1) 0 0
Panthera onca 0 3.6 (1) 1 (2) Leptotila verreauxi 1.4 (5) 0 2 (4)
Pecari tajacu 0 0 3.2 (6) Meleagris ocellata 0 0 1 (2) 
Procyon lotor 0 0 0.5 (1) Micrastur semitorquatus 1.4 (5) 0 0
Puma concolor 0.6 (2) 0 0.5 (1) Mycteria americana 0.3 (1) 0 0
Spilogale angustifrons 0.3 (1) 0 0 Ortalis vetula 2.6 (9) 0 8.6 (16)
Tapirus bairdii 35.4 (123) 32.1 (9) 11.8 (22) Patagioenas nigrirostris 0.9 (3) 0 0.5 (1)
Urocyon cinereoargenteus 6.3 (22) 0 18.7 (35) Ramphastos sulfuratus 4.3 (15) 0 0

Sarcoramphus papa 0.3 (1) 0 0
Spizaetus ornatus 0.3 (1) 0 0

Spizaetus tyrannus 0.3 (1) 0 0
Tigrisoma mexicanum 1.4 (5) 0 0

tors could be identified to species level, except brocket deer which were identified 
only up to genus because it is difficult to distinguish between the Central American 
red brocket (Mazama temama) and Yucatan brown brocket (Mazama pandora) in 
photos, especially from night or poor quality photographs.

Discussion

We designed our study to identify relationships between precipitation trends and ta-
pir sightings in the communal forests in the Calakmul region of Mexico’s Yucatan 
Peninsula; however, our results did not detect a relationship between the number 
of tapir sightings and annual rainfall, although we observed a dramatic increase in 
tapir sightings during the dry season of 2019. We identified jagüeyes and apiaries as 
the areas with the highest potential for human-tapir conflicts due to the availability 
of water at these sites during the dry season. In addition, we documented that tapirs 
were not the main raiders of cultivated crops despite what people believed. Through 
our results we found that during the dry season tapirs will be forced to visit more fre-
quently communal forests, which could precipitate negative events that lead to HTCs.

Precipitation trends

Our analyzes revealed reduced annual precipitation during 1951–2019, but espe-
cially since the 1990’s, coinciding with reports from the Economic Commission for 
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Figure 9. Camera trap photographic records from an artificial waterhole (jagüey) at the ejido “Unión 
20 de Junio”, Calakmul, Campeche, Mexico: A) Baird’s tapir at the beginning of the dry season (jagüey 
is almost full) B) probably the same tapir a month later, the water has started to decrease C) 23 days 
after picture B people with domestic animals visiting the jagüey and D) six days after picture C at the 
end of the dry season a tapir passes through the jagüey which is completely dry.

Figure 8. Different species recorded by camera traps during the dry seasons at the apiary of the ejido 
“Union 20 de Junio”, Calakmul, Campeche, Mexico: A) Baird’s tapir (Tapirus bairdii) B) ocelot (Leop-
ardus pardalis) C) coati (Nasua narica) and D) armed people recorded working at the apiary.
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Latin America and the Caribbean (CEPAL 2015), and the IPCC (2013). Dow and 
Downing (2016) and Bouroncle et al. (2017) reported that more variable precipi-
tation and droughts will likely happen in Central America, including the Mayan 
lowlands of Mexico. The Yucatan Peninsula, including the Calakmul region, has a 
long record of periodic droughts, which scholars believe contributed to the collapse 
of Mayan civilization (Haug et al. 2003; Douglas et al. 2015).

During our study period (2008–2019) rainfall had not significantly decreased 
despite the widespread perception of the inhabitants and local media (Chim 2017) 
that Calakmul has experienced its worst drought in recent years. This could be due 
to the fact that, according to some scholars, investigations of changing precipitation 
patterns require at least a 30-year data series, given temporal climate oscillations 
(Onyutha et al. 2016), especially in trend detection (Camberlin 2009; Di Baldassarre 
et al. 2011).

Another reason could be that, even if the total annual precipitation may not be 
decreasing significantly, recent studies (Mardero et al. 2019) have shown changes in 
the distribution and intensity of precipitation in the area, with rainfall concentrat-
ing on fewer events, longer periods of drought between them, and with frequent late 
starts of the rainy season. If precipitation variability in Calakmul keeps intensifying 
and the rains during the wet season are not enough to replenish the aguadas, ani-
mals may broaden their migratory ranges to survive the dry season, increasing the 
risk of hunting and the risk of conflicts with rural communities.

Human-tapir conflicts

Although we did not detect a statistical relationship in the Calakmul region be-
tween precipitation trends and tapir sightings, water scarcity has resulted in more 
tapir sightings near or within human settlements, and those tapirs sighted presented 
poor body condition and symptoms of dehydration. The number of sightings in the 
municipality of Calakmul have increased in the last five years. The highest recorded 
observations were associated with the intense and prolonged drought of 2019.

It has been previously documented that in Calakmul, white-lipped peccaries 
(Tayassu pecari) and tapirs increase or decrease their movements depending on wa-
ter availability (Reyna-Hurtado et al. 2012; 2016). Water scarcity is leading to tapirs 
approaching human settlements and visiting jagüeyes and apiaries more frequently 
until the water runs out or when people and jaguars scare them off. With this in 
mind, we believe that the search and need for water associated with the increase in 
frequency and intensity of droughts could increase the number of cases of HTCs in 
the Calakmul region (Fig. 10).

Increasing conflicts between humans and wildlife is one of the main threats to the 
long-term survival of many species in the world (Nyhus 2016). Armillas et al. (2020) 
reported that areas adjacent to the CBR were the least studied in terms of HWC. This 
does not mean that there are fewer negative events in these areas, but on the contrary, 
it is evident that this theme has been ignored by researchers (Armillas et al. 2020).
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Droughts are considered one of the principal factors for increasing HWCs in 
some developing countries in Africa and Asia (Saberwal et al. 1994; Dapash 2002, 
Lee and Graham 2006; Lamarque et al. 2009; Gemeda and Meles 2018). In those 
countries, an increase in livestock predation, attacks on humans by other animals, 
crop raiding, and destruction of water pipes during droughts have been document-
ed (Gemeda and Meles 2018; Mukeka et al. 2019).

Potential areas of human-tapir conflicts during droughts

Based on records obtained from local monitoring conducted at U20J, we identified 
potential areas that could increase human-tapir conflicts. Crop raiding is the most 
studied human-tapir conflict in Mesoamerica (Koster 2006; Waters et al. 2006; Waters 
2015; Serrano-MacGregor 2017). In some ejidos of Calakmul there is a certain ani-
mosity towards tapirs, because people believe tapirs cause greater loss or damage to 
crops (tapirs eat between 12–15 kg daily) than small animals (López-Cen pers. obs.). 
This could have a negative effect on tapir’s population, as they could become more 
susceptible to hunting or other methods of lethal control when the conflicts arise 

Figure 10. Sightings of Baird’s tapirs (Tapirus bairdii) in different ejidos of Calakmul, Campeche, 
Mexico: A) tapir searching for water in a jagüey B) tapir tied by local people who offered water in a 
bucket C) carcass of a tapir shot at the edge of a waterhole and D) female and offspring covered with 
mud as a consequence of water scarcity in waterholes.
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between tapirs and rural producers (Naranjo 2019). To date we do not have sufficient 
data to know how many tapirs have been killed in retaliation, but in several ejidos 
we have found tapir skulls with bullet remains (22 skulls in four years; Pérez-Flores 
pers. obs.). This suggests that there is still high hunting pressure on this species in 
the region, although it is not known whether it is for retaliation or for consumption.

Similar to the studies of Waters (2015) and Serrano-MacGregor (2017), we ob-
served that tapirs are not the principal crop-raiders, but several farmers mentioned 
that tapirs fed and stepped on the crops of beans, corn and squash. Crop raiding by 
large herbivores increases with decreased natural forage during droughts (Wein-
man 2018). Crop raiding behavior exhibited by some tapirs might be related to the 
palatability of certain foods (e.g., beans, cabbage [Brassica spp.], corn, pineapple 
[Ananas comosus], plantain [Musa paradisiaca], potatoes [Solanum spp.], squash, 
watermelon [Citrullus lanatus] and yam [Dioscorea spp.]) rather than to a necessity 
to consume more nutritious forage, as we have observed that in Calakmul there is 
availability of different food items throughout the year (Pérez-Flores pers. obs.).

In recent years, and as a consequence of droughts, (less water for agriculture 
and livestock) apiculture has gained popularity in several of Calakmul’s ejidos re-
sulting in greater economic and ecological benefits. However, this activity could 
increase negative interactions between humans and tapirs, especially during the dry 
season when the highest honey production is reported (Coh-Martínez et al. 2019). 
This is because tapirs and other species drink the water that beekeepers place near 
the hives in buckets or plastic/iron drums and because they break and drop the 
wooden hives. For beekeepers, this represents an economic loss, which can result 
in beekeepers persecuting or even killing some tapirs (Pérez-Flores pers. obs.). The 
demand for honey in the state of Campeche (Mexico´s top ranked state for honey 
production; SEMARNATCAM 2013) could have serious consequences for tapir 
populations not only in Calakmul, but also in other municipalities (Hecelchakán, 
Hopelchén and Tenabo) where large quantities of honey are produced and where 
the presence of tapirs has been recorded (Contreras-Moreno et al. 2013; Carrillo-
Reyna et al. 2015; Naranjo et al. 2015). Therefore, it is necessary to create a strategy 
for the adequate management of aguadas and jagüeyes that allow wildlife to always 
have access to water.

Historically, natural waterholes (aguadas) have represented a fundamental re-
source for the survival of wildlife in Calakmul (Reyna-Hurtado et al. 2010; O’Farrill 
et al. 2014), and in the last decades the creation of artificial water bodies in some 
ejidos has provided wildlife with an alternate source of water (Fig. 10A). Both types 
of waterbodies are sensitive to the duration of the dry season, and if climate change 
predictions of severe droughts persist for Yucatan Peninsula (IPCC 2007), the in-
cidences of conflicts between humans and tapirs will become more frequent and 
intense as a result of competition for water. Water scarcity leads to increased inci-
dences of ambush for tapirs and other species (e.g., peccaries T. pecari and Pecari 
tajacu; deer M. pandora, M. temama and Odocoileus virginianus; and turtles Trache-
mys venusta, Kinosternon spp.) (Fig. 10B). Hunters wait for their prey at the edge 
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of waterbodies (Reyna-Hurtado et al. 2010). In some of Calakmul’s ejidos there is 
a high hunting pressure on tapirs (Fig. 10C) and water scarcity could favor their 
hunting. In addition, during droughts, the size of waterholes shrinks and some of 
them become muddy (Fig. 10D), which could turn them into a potential health 
threat not only for tapirs but also for humans and other wild and domestic animals 
that become entrapped in them. These waterbodies are the only source of water for 
the local communities during the dry season (Reyna-Hurtado et al. 2010); some 
of the inhabitants’ wash their clothes, drink, bathe at these places; and, most of the 
time they bring their domestic animals along (e.g., cows [Bos taurus × indicus], 
dogs [Canis lupus familiaris], goats [Capra aegagrus], horses [Equus ferus cabal-
lus], sheep [Ovis aries]) which generally presents additional health problems (e.g., 
malnutrition, ecto and endoparasites, abscesses, wounds, tumors; Pérez-Flores pers. 
obs.). Although there are no studies in Calakmul that demonstrate the transmission 
of diseases between tapirs and humans/domestic animals or vice versa, we must 
remember that sometimes tapirs defecate and urinate into the water. Therefore, we 
must be careful, since potential zoonotic diseases (leptospirosis, linguatulosis) and 
vector arthropods (ticks and fleas) have been documented in tapirs in this region 
(Pérez-Flores and González-Solís 2018; Pérez-Flores et al. 2019).

Even though road-kill is one of the main threats to tapir populations worldwide 
(Medici 2010), few cases of road-killed tapirs have been recorded in the last ten years 
in the Yucatan Peninsula (approximately 15 cases; Contreras-Moreno et al. 2013, 
Pérez-Flores et al. 2019). The number of road-killed tapirs may be underestimated 
because some cases are not reported, and people from nearby villages pick them up 
and eat them (Contreras-Moreno and Pérez-Flores pers. obs.). These events could 
increase as a result of droughts, as several of the tapirs observed during 2019 have 
been close to roads, probably trying to cross roads in search of sources of water.

Strategies to cope with water scarcity

The installation of artificial troughs for wildlife has been a strategy used for many years 
in arid sites (Epaphras et al. 2008; Hayward and Hayward 2012). Since 2015, the Mexi-
can National Commission of Natural Protected Areas strategically installed five arti-
ficial troughs in the CBR to cope with water shortage during the dry seasons. Further 
in 2018, as part of the GEF Species at Risk Project, 10 more artificial troughs were in-
stalled; and in 2019, the number of artificial troughs increased to 30 (Fig. 11A and B).

Camera-traps were placed near the drinking troughs to record the species that 
visited them. Several species of cryptic mammals were recorded, including tapirs, 
which were frequently recorded during this last dry season (2019) (Fig. 11C and D). 
Water is a very important issue since the lack of it, due to a decrease in rainfall, can 
cause death by dehydration of animals with large bodies such as jaguars, tapirs, and 
white-lipped peccaries (Gandiwa et al. 2016). Therefore, the use of artificial drink-
ing troughs is a good alternative to guarantee the availability of water in the dry 
season (Mandujano-Rodríguez and Hernández 2019). It should be noted that water 
supply for wildlife is important to reduce the problem of water scarcity (Epaphras 
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et al. 2008). Because of this, artificial water sources are a good tool to address the 
problems brought on by droughts that affect native fauna so much. In addition to 
allowing some individuals to obtain water, drinking fountains make it possible for 
individuals from various populations to interact with each other, which could be 
considered a site for socialization. This strategy is currently being adopted by the 
ejidos, as well as NGO’s working locally, so that soon, community establishment 
of artificial troughs can be generalized to all Calakmul, allowing wildlife access to 
water during the dry season.

Human-tapir coexistence

Some ejidos have implemented lethal and non-lethal methods to mitigate HWC. 
Among the lethal methods are hunting with gunfire and dogs in aguadas and mil-
pas, and poison (carbofuran and glyphosate on seeds or fruits) for birds and small 

Figure 11. Installation of artificial troughs in different points of the Calakmul Biosphere Reserve 
(CBR), Campeche, Mexico: A) digging to install the artificial trough in the CBR B) filling them manu-
ally with water C) female Baird’s tapir (Tapirus bairdii) and calf recorded with camera trap drinking 
water from the trough in the CBR and D) jaguar (Panthera onca) recorded with camera trap drinking 
water on a different trough in the CBR.
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mammals, methods that are extensively used in southeast Mexico (Rodríguez-Cal-
derón et al. 2018). On the other hand, non-lethal methods used include the con-
struction of barriers (wire fences in milpas), increased vigilance of crops and wa-
terholes, placement of water containers (plastic or iron drums) on the periphery of 
the production areas (apiaries and jagüeyes), and some people spread urine or feces 
from different animals (carnivores) and even of themselves to scare off raiders. We 
do not recommend the use of lethal methods, as we believe in the balance between 
protection of endangered species and the needs of local communities.

Conclusions

Human-wildlife conflicts have not been recognized as one of the main threats to 
Baird’s tapir populations in Mesoamerica. Our proposal has a multidisciplinary vi-
sion, as the region of Calakmul has a wide diversity of customs and cultures.

We propose: Intensified surveillance in apiaries and milpas: this is the 
most successful method to reduce HWC, especially in species that fear humans 
(Lamarque et al. 2009). The use of watchtowers around cultivated fields has been 
shown to be effective with some species in Africa (Lamarque et al. 2009). A rotating 
guard system for patrolling at night or the use of simple alarm systems with bells or 
tins full of stones can also be effective (Lamarque et al. 2009). The establishment 
of buffer zones around crops: where farmers plant palatable species for wildlife 
consumption, thus preventing tapirs and other species from damaging or destroy-
ing fewer crops, as well as the placement of water containers around apiaries during 
the dry season, since these strategies will reduce damage to crops and prevent tapirs 
from drinking the water placed near the hives or from breaking the wooden hives. 
Implementation of an advisory program between those responsible for monitor-
ing (NGOs, biologists, researchers, and government institutions) and the beekeep-
ers that will allow for peaceful coexistence between tapirs and apiculturists (e. g., 
improvement of facilities, strategies to cope with water shortage). A community-
based strategy in which ejidos establish voluntary conservation areas for tapirs and 
other species, and one which alternative economic activities such as ecotourism and 
scientific tourism are implemented. Development of hunting and management 
agreements with local communities: these participatory agreements will consist 
of prohibiting or restricting tapir hunting, especially in ejidos where hunting pres-
sure is high. The implementation of these agreements will raise awareness among 
the population and allow for a gradual cultural, economic and legislative change in 
the long term (Oliveira and Calouro 2019). Development and implementation of 
an environmental education program in communities, schools, governmental and 
non-governmental institutions, and other key actors, focused on promoting knowl-
edge about the ecological importance of tapirs, and the coexistence between tapirs 
and humans. Implementation of a monitoring program of economically produc-
tive areas, natural and artificial water bodies to establish a calendar for placing 
artificial troughs in the ejidos and the CBR to cope with water scarcity. Design, 
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implement and evaluate an emergency protocol for the management, care and 
rehabilitation of tapirs (healthy and unhealthy) that wander into ejidos, roads and 
other economically productive areas. Implementation of routine health surveil-
lance strategy that includes humans, domestic and wild animals in the region so as 
to identify potential infectious diseases.

Acknowledgements

For his invaluable help in the field, we thank C. López-Díaz. Special thanks to SEY-
BA AC, N. Arias-Domínguez, E. Hernández-Pérez, M. Álvaro-Méndez, J. Figueroa-
Nahuath for sharing photographic material. We are very grateful to the authorities 
of Union 20 de Junio and authorities of the Calakmul Biosphere Reserve for their 
support in this research. Thanks to project 00092169 “Fortalecimiento del manejo 
del Sistema de Áreas Protegidas para mejorar la conservación de especies en riesgo y 
sus hábitats “, implemented by the United Nations Development Program (UNDP), 
executed by the National Commission of Protected Natural Areas and financed by 
the Global Environment Facility. Special thanks to the WWF's Project "Salvando al 
jaguar: embajador de América" for the contribution of data collected in the study 
area. The map was produced by H. Weissenberger. JPF was supported by a scholar-
ship (361517) granted by the Mexican government through CONACYT.

References

Amit R, Gordillo-Chávez EJ, Bone R (2013) Jaguar and puma attacks on livestock in Costa 
Rica. Human Wildlife Interactions 7(1): 77–84.

Armillas VH, Valenzuela-Galván D, Peña-Mondragón JL, López-Medellín X (2020) Hu-
man-wildlife conflicts in Mexico: Review of status and perspectives. Ecosistemas Re-
cursos Agropecuarios 7(1): e2274. https://doi.org/10.19136/era.a7n1.2274

Bouroncle C, Imbach P, Rodríguez-Sánchez B, Medellín C, Martinez-Valle A, Läderach P 
(2017) Mapping climate change adaptive capacity and vulnerability of smallholder ag-
ricultural livelihoods in Central America: Ranking and descriptive approaches to sup-
port adaptation strategies. Climatic Change 141(1): 123–137. https://doi.org/10.1007/
s10584-016-1792-0

Camberlin P (2009) Nile basin climates. In: Dumont HJ (Ed.) The Nile. Monographiae Biolog-
icae. Springer-Verlag, New York, 307–333. https://doi.org/10.1007/978-1-4020-9726-3_16

Carrillo-Reyna NL, Reyna-Hurtado R, Schmook B (2015) Abundancia relativa y selec-
ción de hábitat de Tapirus bairdii en las reservas de Calakmul y Balam Ku, Campe-
che. Revista Mexicana de Biodiversidad 86(1): 202–207. https://doi.org/10.7550/
rmb.40247

Chim L (2017) Calakmul, en crisis por sequía. La Jornada. https://www.jornada.com.
mx/2017/04/06/estados/028n2est

Coh-Martínez ME, Cetzal-Ix W, Martínez-Puc JF, Basu SK, Noguera-Savelli E, Cuevas MJ 
(2019) Perceptions of the local beekeepers on the diversity and flowering phenology of the 

https://doi.org/10.19136/era.a7n1.2274
https://doi.org/10.1007/s10584-016-1792-0
https://doi.org/10.1007/s10584-016-1792-0
https://doi.org/10.1007/978-1-4020-9726-3_16
https://doi.org/10.7550/rmb.40247
https://doi.org/10.7550/rmb.40247
https://www.jornada.com.mx/2017/04/06/estados/028n2est
https://www.jornada.com.mx/2017/04/06/estados/028n2est


Jonathan Pérez-Flores et al.558

melliferous flora in the community of Xmabén, Hopelchén, Campeche, Mexico. Journal of 
Ethnobiology and Ethnomedicine 15(1): 1–16. https://doi.org/10.1186/s13002-019-0296-1

Contreras-Moreno FM, Hidalgo-Mihart MG, Pérez-Solano LA, Vázquez-Maldonado YA 
(2013) Nuevo registro de tapir centroamericano en el Noroeste del estado de Campeche, 
México. Newsletter IUCN/SSC Tapir Specialist Group 22: 22–25.

Dapash MO (2002) Coexisting in Kenya: The human–elephant conflict. Animal Welfare 
Institute Quarterly 51: 1.

de Lima NS, Napiwoski SJ, Oliveira MA (2020) Human-wildlife conflict in the Southwestern 
Amazon: Poaching and its motivations. Nature Conservation Research 5(1): 109–114. 
https://doi.org/10.24189/ncr.2020.006

Di Baldassarre G, Elshamy M, van Griensven A, Soliman E, Kigobe M, Ndomba P, Solo-
matine D (2011) Future hydrology and climate in the River Nile basin: A review. Hydro-
logical Sciences Journal 56(2): 199–211. https://doi.org/10.1080/02626667.2011.557378

Douglas PM, Pagani M, Canuto MA, Brenner M, Hodell DA, Eglinton TI, Curtis JH (2015) 
Drought, agricultural adaptation, and sociopolitical collapse in the Maya Lowlands. 
Proceedings of the National Academy of Sciences of the United States of America 
112(18): 5607–5612. https://doi.org/10.1073/pnas.1419133112

Dow K, Downing TE (2016) The atlas of climate change: mapping the world’s greatest chal-
lenge. University of California Press, Oakland. https://doi.org/10.1525/9780520966826

Economic Commission for Latin America and the Caribbean (CEPAL) (2015) Cambio 
Climático en Centroamérica: impactos potenciales y opciones de política pública. Co-
misión Nacional para América Latina y el Caribe.

Epaphras AM, Gereta E, Lejora IA, Meing’ataki G, Ng’umbi G, Kiwango Y, Mtahiko MG 
(2008) Wildlife water utilization and importance of artificial waterholes during dry 
season at Ruaha National Park, Tanzania. Wetlands Ecology and Management 16(3): 
183–188. https://doi.org/10.1007/s11273-007-9065-3

Finley-Brook M (2007) Green neoliberal space: The Mesoamerican biological corridor. Jour-
nal of Latin American Geography 6(1): 101–124. https://doi.org/10.1353/lag.2007.0000

Foerster CR, Vaughan C (2002) Home Range, habitat use, and activity of Baird’s tapir in Cos-
ta Rica. Biotropica 34(3): 423–437. https://doi.org/10.1111/j.1744-7429.2002.tb00556.x

Gandiwa E, Heitkönig I, Eilers P, Prins H (2016) Rainfall variability and its impact on large 
mammal populations in a complex of semi-arid African savanna protected areas. Tropi-
cal Ecology 57(1): 163–180.

García M, Jordan C, O’Farril G, Poot C, Meyer N, Estrada N, Leonardo R, Naranjo E, Si-
mons Á, Herrera A, Urgilés C, Schank C, Boshoff L, Ruiz-Galeano M (2016) Tapirus 
bairdii. The IUCN Red List of Threatened Species, e.T21471A45173340.

Garcia-Alaniz N, Naranjo EJ, Mallory FF (2010) Human-felid interactions in three mestizo 
communities of the Selva Lacandona, Chiapas, Mexico: Benefits, conflicts and tradi-
tional uses of species. Human Ecology 38(3): 451–457. https://doi.org/10.1007/s10745-
010-9322-6

García-Amaro E (2004) Modificaciones al sistema de clasificación climática de Koppen 
[para adaptarlo a las condiciones de la República Mexicana]. Universidad Nacional Au-
tónoma de México, Instituto de Geografía, México.

https://doi.org/10.1186/s13002-019-0296-1
https://doi.org/10.24189/ncr.2020.006
https://doi.org/10.1080/02626667.2011.557378
https://doi.org/10.1073/pnas.1419133112
https://doi.org/10.1525/9780520966826
https://doi.org/10.1007/s11273-007-9065-3
https://doi.org/10.1353/lag.2007.0000
https://doi.org/10.1111/j.1744-7429.2002.tb00556.x
https://doi.org/10.1007/s10745-010-9322-6
https://doi.org/10.1007/s10745-010-9322-6


Human-tapir conflicts and drought in Calakmul, Mexico 559

García-Gil G, Palacio JL, Ortiz MA (2002) Geomorphological and hydrological survey of 
the Calakmul Biosphere Reserve, Mexico. Investigaciones Geográficas 48: 7–23.

Gemeda D, Meles SK (2018) Impacts of Human-wildlife conflict in developing countries. 
Journal of Applied Science & Environmental Management 22(8): 1233–1238. https://
doi.org/10.4314/jasem.v22i8.14

Haddad Jr V, Assuncao MC, de Mello RC, Duarte MR (2005) A fatal attack caused by a 
lowland tapir (Tapirus terrestris) in southeastern Brazil. Wilderness & Environmental 
Medicine 16(2): 97–100. https://doi.org/10.1580/PR29-04.1

Harvey CA, Komar O, Chazdon R, Ferguson BG, Finegan B, Griffith DM, Martínez-
Ramos M, Morales H, Nigh R, Soto-Pinto L, Van Breugel M, Wishnie M (2008) 
Integrating agricultural landscapes with biodiversity conservation in the Mesoa-
merican hotspot. Conservation Biology 22(1): 8–15. https://doi.org/10.1111/j.1523-
1739.2007.00863.x

Haug GH, Günther D, Peterson LC, Sigman DM, Hughen KA, Aeschlimann B (2003) 
Climate and the collapse of Maya civilization. Science 299(5613): 1731–1735. https://
doi.org/10.1126/science.1080444

Hayward MW, Hayward MD (2012) Waterhole use by African fauna. African Journal of 
Wildlife Research 42(2): 117–127. https://doi.org/10.3957/056.042.0209

Hussain F, Nabi G, Muhammad WB (2015) Rainfall trend analysis by using the Mann-Kendall 
Test & Sen’s Slope Estimates: A case of study of District Chakwal Rain Gauce, Barani Area, 
Northern Punjab Providence, Pakistan. Science International (Lahore) 27: 3159–3165.

Instituto Nacional de Estadística Geografía e Informática (INEGI) (2015) Conteo socioec-
onómico del 2015. Estado de Campeche, Campeche.

Instituto Nacional Electoral (INE) (1999) Programa de Manejo de la Reserva de la Biosfera 
de Calakmul. Secretaría de Medio Ambiente y Recursos Naturales, México.

Intergovernmental Panel on Climate Change [IPCC] (2007) Climatic Change 2007: the 
physical science basis, Contribution on Working Group I to the Fourth Assessment Re-
port of the Intergovernmental Panel on Climate Change. Intergovernmental Panel on 
Climate Change.

Intergovernmental Panel on Climate [IPCC] (2013) Climate change 2013: the physical sci-
ence basis. Contribution of working group I to the fifth assessment report of the inter-
governmental panel on climate change. Cambridge University Press, New York.

Koster JM (2006) Assessing the suitability of Baird’s tapir hunting in the Bosawas Reserve, 
Nicaragua. Newsletter IUCN/SSC Tapir Specialist Group 15: 23–28.

Lamarque F, Anderson J, Fergusson R, Lagrange M, Osei-Owusu Y, Bakker L (2009) Hu-
man–Wildlife conflict in Africa: causes, consequences and management strategies. FAO 
Forestry Paper, Rome, Italy.

Laurance WF, Sayer J, Cassman KG (2014) Agricultural expansion and its impacts 
on tropical nature. Trends in Ecology & Evolution 29(2): 107–116. https://doi.
org/10.1016/j.tree.2013.12.001

Lee PC, Graham MD (2006) African elephants Loxodonta africana and human–el-
ephant interactions: Implications for conservation. International Zoo Yearbook 
40(1): 9–19. https://doi.org/10.1111/j.1748-1090.2006.00009.x

https://doi.org/10.4314/jasem.v22i8.14
https://doi.org/10.4314/jasem.v22i8.14
https://doi.org/10.1580/PR29-04.1
https://doi.org/10.1111/j.1523-1739.2007.00863.x
https://doi.org/10.1111/j.1523-1739.2007.00863.x
https://doi.org/10.1126/science.1080444
https://doi.org/10.1126/science.1080444
https://doi.org/10.3957/056.042.0209
https://doi.org/10.1016/j.tree.2013.12.001
https://doi.org/10.1016/j.tree.2013.12.001
https://doi.org/10.1111/j.1748-1090.2006.00009.x


Jonathan Pérez-Flores et al.560

Macdonald EA, Burnham D, Hinks AE, Dickman AJ, Malhi Y, Macdonald DW (2015) 
Conservation inequality and the charismatic cat: Felis felicis. Global Ecology and 
Conservation 3: 851–866. https://doi.org/10.1016/j.gecco.2015.04.006

MacFarlane WV, Howard B (1972) Comparative water and energy economy of wild and 
domestic mammals. Symposium of the Zoological Society of London 31: 261–296.

Madden F, McQuinn B (2014) Conservation’s blind spot: The case for conflict transfor-
mation in wildlife conservation. Biological Conservation 178: 97–106. https://doi.
org/10.1016/j.biocon.2014.07.015

Mandujano-Rodríguez S, Hernández C (2019) Uso de bebederos artificiales por venado cola 
blanca en una UMA extensiva en la reserva de la biosfera Tehuacan-Cuicatlan, México. 
Agro Productividad 12(6): 37–42. https://doi.org/10.32854/agrop.v0i0.1406

Mardero S, Nickl E, Schmook B, Schneider L, Rogan J, Christman Z, Lawrence D (2012) 
Sequías en el sur de la península de Yucatán: Análisis de la variabilidad anual y es-
tacional de la precipitación. Investigaciones Geográficas 78(78): 19–33. https://doi.
org/10.14350/rig.32466

Mardero S, Schmook B, Christman Z, Metcalfe SE, De la Barreda-Bautista B (2019) Recent 
disruptions in the timing and intensity of precipitation in Calakmul, Mexico. Theoreti-
cal and Applied Climatology 149(1): 129–144.

Mavromatis T, Stathis D (2011) Response of the Water Balance in Greece to Temperature 
and Precipitation Trends. Theoretical and Applied Climatology 104(1–2): 13–24. htt-
ps://doi.org/10.1007/s00704-010-0320-9

Medici EP (2010) Assessing the viability of lowland Tapir populations in a fragmented land-
scape. PhD Thesis, University of Kent, Kent.

Mendoza E, Fuller TL, Thomassen HA, Buermann W, Ramírez‐Mejía D, Smith TB (2013) 
A preliminary assessment of the effectiveness of the Mesoamerican Biological Corridor 
for protecting potential Baird’s tapir (Tapirus bairdii) habitat in southern Mexico. Inte-
grative Zoology 8(1): 35–47. https://doi.org/10.1111/1749-4877.12005

Mercer DE, Haggar J, Snook A, Sosa M (2005) Agroforestry adoption in the Calakmul Bio-
sphere Reserve, Campeche, Mexico. Small-scale Forest Economics. Management and 
Policy 4: 63–185. https://doi.org/10.1007/s11842-005-0011-z

Messmer TA (2000) The emergence of human-wildlife conflict management: Turning chal-
lenges into opportunities. International Biodeterioration & Biodegradation 45(3–4): 
97–102. https://doi.org/10.1016/S0964-8305(00)00045-7

Miller JRB (2015) Mapping attack hotspots to mitigate human–carnivore conflict: Ap-
proaches and applications of spatial predation risk modeling. Biodiversity and Conser-
vation 24(12): 2887–2911. https://doi.org/10.1007/s10531-015-0993-6

Monroy-Vilchis O, Zarco-González M, Rodriguez-Soto C, Soria-Díaz L, Urios V (2011) Fo-
totrampeo de mamíferos en la Sierra Nanchititla, México. Revista de Biología Tropical 
59: 373–383. https://doi.org/10.15517/rbt.v59i1.3206

Morales J (1999) Suelos. In: Folang WJ, Sánchez MC, García J (Eds) Naturaleza y cultura en 
Calakmul, Campeche. Centro de investigaciones históricas y sociales, México, 41–49.

Mukeka JM, Ogutu JO, Kanga E, Røskaft E (2019) Human-wildlife conflicts and their cor-
relates in Narok County, Kenya. Global Ecology and Conservation 18: e00620. https://
doi.org/10.1016/j.gecco.2019.e00620

https://doi.org/10.1016/j.gecco.2015.04.006
https://doi.org/10.1016/j.biocon.2014.07.015
https://doi.org/10.1016/j.biocon.2014.07.015
https://doi.org/10.32854/agrop.v0i0.1406
https://doi.org/10.14350/rig.32466
https://doi.org/10.14350/rig.32466
https://doi.org/10.1007/s00704-010-0320-9
https://doi.org/10.1007/s00704-010-0320-9
https://doi.org/10.1111/1749-4877.12005
https://doi.org/10.1007/s11842-005-0011-z
https://doi.org/10.1016/S0964-8305(00)00045-7
https://doi.org/10.1007/s10531-015-0993-6
https://doi.org/10.15517/rbt.v59i1.3206
https://doi.org/10.1016/j.gecco.2019.e00620
https://doi.org/10.1016/j.gecco.2019.e00620


Human-tapir conflicts and drought in Calakmul, Mexico 561

Naranjo EJ (2019) Tapirs of the Neotropics. In: Gallina-Tessaro S (Ed.) Ecology and Con-
servation of Tropical Ungulates in Latin America. Springer, New York, 439–451. https://
doi.org/10.1007/978-3-030-28868-6_18

Naranjo EJ, Amador-Alcalá SA, Falconi-Briones FA, Reyna-Hurtado RA (2015) Dis-
tribución, abundancia y amenazas a las poblaciones de tapir centroamericano (Tapirus 
bairdii) y pecarí de labios blancos (Tayassu pecari) en México. Therya 6(1): 227–249. 
https://doi.org/10.12933/therya-15-246

Nyhus PJ (2016) Human-wildlife conflict and coexistence. Annual Review of Environment 
and Resources 41(1): 143–171. https://doi.org/10.1146/annurev-environ-110615-085634

O’Farrill G, Gauthier-Schampaert K, Rayfield B, Bodin Ö, Calmé S, Sengupta R, Gonzalez 
A (2014) The potential connectivity of waterhole networks and the effectiveness of a 
protected area under various drought scenarios. PLoS ONE 9(5): e95049. https://doi.
org/10.1371/journal.pone.0095049

Oliveira MA, Calouro AM (2019) Hunting agreements as a strategy for the conservation 
of species: The case of the Cazumbá-Iracema Extractive Reserve, state of Acre, Brazil. 
Oecologia Australis 23(02): 357–366. https://doi.org/10.4257/oeco.2019.2302.13

Onyutha C, Tabari H, Rutkowska A, Nyeko-Ogiramoi P, Willems P (2016) Comparison of 
different statistical downscaling methods for climate change rainfall projections over 
the Lake Victoria basin considering CMIP3 and CMIP5. Journal of Hydro-environment 
Research 12: 31–45. https://doi.org/10.1016/j.jher.2016.03.001

Orellana R, Espadas-Manrique C, Conde C, Gay-García C (2009) Atlas. Escenarios de Cam-
bio Climático en la Península de Yucatán. Centro de Investigación Científica de Yuca-
tán, A.C., Mérida.

Peña-Mondragón JL, Castillo A, Hoogesteijn A, Martínez-Meyer E (2017) Livestock preda-
tion by jaguars Panthera onca in south-eastern Mexico: The role of local peoples’ prac-
tices. Oryx 51(2): 254–262. https://doi.org/10.1017/S0030605315001088

Pérez-Flores J, González-Solís D (2018) First record of the spinose ear tick (Otobius megnini) 
on the Baird’s tapir. International Journal of Acarology 44(4–5): 189–191. https://doi.or
g/10.1080/01647954.2018.1490347

Pérez-Flores J, Calmé S, Reyna-Hurtado R (2016) Scoring body condition in wild Baird’s 
tapir (Tapirus bairdii) using camera traps and opportunistic photographic material. 
Tropical Conservation Science 9(4): 1–12. https://doi.org/10.1177/1940082916676128

Pérez-Flores J, Lagunas-Calvo O, González-Solís D, Oceguera-Figueroa A (2019) First 
molecular characterization of Linguatula recurvata (Pentastomida) and first record in 
Baird’s tapir (Tapirus bairdii) from Calakmul, Mexico. Comparative Parasitology 86(2): 
135–141. https://doi.org/10.1654/1525-2647-86.2.135

Pérez-Flores J, Weissenberger H, López-Cen A, Calmé S (2020) Environmental factors in-
fluencing the occurrence of unhealthy tapirs in the southern Yucatan Peninsula. Eco-
Health 17(3): 359–369. https://doi.org/10.1007/s10393-020-01496-7

Porter-Bolland L, Drew AP, Vergara-Tenorio C (2006) Analysis of a natural resources man-
agement system in the Calakmul Biosphere Reserve. Landscape and Urban Planning 
74(3-4): 223–241. https://doi.org/10.1016/j.landurbplan.2004.09.005

R Core Team (2019) R: A Language and Environment for Statistical Computing. R Founda-
tion for Statistical Computing, Vienna.

https://doi.org/10.1007/978-3-030-28868-6_18
https://doi.org/10.1007/978-3-030-28868-6_18
https://doi.org/10.12933/therya-15-246
https://doi.org/10.1146/annurev-environ-110615-085634
https://doi.org/10.1371/journal.pone.0095049
https://doi.org/10.1371/journal.pone.0095049
https://doi.org/10.4257/oeco.2019.2302.13
https://doi.org/10.1016/j.jher.2016.03.001
https://doi.org/10.1017/S0030605315001088
https://doi.org/10.1080/01647954.2018.1490347
https://doi.org/10.1080/01647954.2018.1490347
https://doi.org/10.1177/1940082916676128
https://doi.org/10.1654/1525-2647-86.2.135
https://doi.org/10.1007/s10393-020-01496-7
https://doi.org/10.1016/j.landurbplan.2004.09.005


Jonathan Pérez-Flores et al.562

Reyna-Hurtado R, Tanner G (2007) Ungulate relative abundance in hunted and non- hunt-
ed sites in Calakmul Forest (Southern Mexico). Biodiversity and Conservation 16(3): 
743–756. https://doi.org/10.1007/s10531-005-6198-7

Reyna-Hurtado R, Rojas-Flores E, Tanner G (2009) Home range and habitat preferences 
of white-lipped peccaries (Tayassu pecari) in Calakmul, Campeche, Mexico. Journal of 
Mammalogy 90(5): 1199–1209. https://doi.org/10.1644/08-MAMM-A-246.1

Reyna-Hurtado R, O’Farrill G, Sima D, Andrade M, Padilla A, Sosa L (2010) Las aguadas de 
Calakmul. Biodiversitas (Surakarta) 93: 1–5.

Reyna-Hurtado R, Chapman CA, Calme S, Pedersen E (2012) Searching in heterogeneous 
environments: Foraging strategies in the white-lipped peccary (Tayassu pecari). Journal 
of Mammalogy 93(1): 124–133. https://doi.org/10.1644/10-MAMM-A-384.1

Reyna-Hurtado R, Sanvicente-López M, Pérez-Flores J, Carrillo-Reyna N, Calmé S (2016) 
Insights into the multiannual home range of a Baird’s tapir (Tapirus bairdii) in the Maya 
Forest. Therya 7(2): 271–276. https://doi.org/10.12933/therya-16-348

Rodríguez-Calderón YG, Contreras-Moreno FM, Segura-Berttolini EC, Bautista-Ramírez P, 
Jesús-Espinosa D (2018) Análisis del conflicto entre la fauna silvestre y productores ru-
rales en dos comunidades de Balancán, Tabasco, México. Agro Productividad 11: 51–59.

Saberwal VK, Gibbs JP, Chellam R, Johnsingh AJ (1994) Lion–human conflict in the Gir 
forest, India. Conservation Biology 8(2): 501–507. https://doi.org/10.1046/j.1523-
1739.1994.08020501.x

Salom A, Suárez ME, Destefano CA, Cereghetti J, Vargas FH, Grande JM (2021) Human-
wildlife conflicts in the Southern Yungas: What role do raptors play for local settlers? 
Animals (Basel) 11(5): 1428. https://doi.org/10.3390/ani11051428

Secretaría de Medio Ambiente y Recursos Naturales de Campeche (SEMARNATCAM) 
(2013) Campeche es uno de los principales productores de miel, Secretaría de Agri-
cultura y Desarrollo Rural.

Secretaría de Medio Ambiente y Recursos Naturales de Campeche (SEMARNATCAM) 
(2015) Programa Estatal de Acción al Cambio Climático de Campeche (PECC). Vision 
(Basel): 2015–2030. [Secretaría de Medio Ambiente y Recursos Naturales de Campeche.]

Serrano-MacGregor I (2017) Daños a los cultivos ocasionados por el tapir centroamericano 
(Tapirus bairdii) y otra fauna silvestre en el municipio de Calakmul, Campeche, México. 
Thesis, El Colegio de la Frontera Sur, Campeche, México.

Spagnoletti N, Cardoso TC, Fragaszy D, Izar P (2016) Coexistence between humans and 
capuchins (Sapajus libidinosus): Comparing observational data with farmers’ percep-
tions of crop losses. International Journal of Primatology 38(2): 243–262. https://doi.
org/10.1007/s10764-016-9926-9

Steinberg MK (2016) Jaguar conservation in southern Belize: Conflicts, perceptions, and 
prospects among Mayan hunters. Conservation & Society 14(1): 13–20. https://doi.
org/10.4103/0972-4923.182801

Suarez JA, Lizcano DJ (2002) Conflict between mountain tapirs (Tapirus pinchaque) and 
farmers in the Colombian High Andes. Newsletter IUCN/SSC Tapir Specialist Group 
11: 18–20.

https://doi.org/10.1007/s10531-005-6198-7
https://doi.org/10.1644/08-MAMM-A-246.1
https://doi.org/10.1644/10-MAMM-A-384.1
https://doi.org/10.12933/therya-16-348
https://doi.org/10.1046/j.1523-1739.1994.08020501.x
https://doi.org/10.1046/j.1523-1739.1994.08020501.x
https://doi.org/10.3390/ani11051428
https://doi.org/10.1007/s10764-016-9926-9
https://doi.org/10.1007/s10764-016-9926-9
https://doi.org/10.4103/0972-4923.182801
https://doi.org/10.4103/0972-4923.182801


Human-tapir conflicts and drought in Calakmul, Mexico 563

Trenberth KE, Dai A, Van Der Schrier G, Jones PD, Barichivich J, Briffa KR, Sheffield J 
(2014) Global warming and changes in drought. Nature Climate Change 4(1): 17–22. 
https://doi.org/10.1038/nclimate2067

Vester HF, Lawrence D, Eastman JR, Turner BL, Calme S, Dickson R, Sangermano F 
(2007) Land change in the southern Yucatan and Calakmul Biosphere Reserve: Ef-
fects on habitat and biodiversity. Ecological Applications 17(4): 989–1003. https://doi.
org/10.1890/05-1106

Vidal-Zepeda R (2005) Las Regiones Climáticas de México. Serie: Temas selectos de la Geo-
grafía Mexicana. Instituto de Geografía UNAM, 123–147.

Waters SS (2015) Crop-raiding Baird's tapir provoke diverse reactions from subsistence 
farmers in Belize. Newsletter IUCN/SSC Tapir Specialist Group 24: 8–10.

Waters SS, Chalukian S, Lizcano D (2006) Human/Tapir Conflicts Working Group: prelimi-
nary data and further investigations. Newsletter IUCN/SSC Tapir Specialist Group 15: 
1–8.

Weinman S (2018) Impacts of Elephant Crop-Raiding on Subsistence Farmers and Ap-
proaches to Reduce Human-Elephant Farming Conflict in Sagalla, Kenya. Thesis, Uni-
versity of Montana, Montana, USA.

World Bank (WB) (2018) Rural population (% of total population) of the world, The World 
Bank Web.

Yue S, Wang C (2004) The Mann-Kendall test modified by effective sample size to detect 
trend in serially correlated hydrological series. Water Resources Management 18(3): 
201–218. https://doi.org/10.1023/B:WARM.0000043140.61082.60

https://doi.org/10.1038/nclimate2067
https://doi.org/10.1890/05-1106
https://doi.org/10.1890/05-1106
https://doi.org/10.1023/B:WARM.0000043140.61082.60

	Human-wildlife conflicts and drought in the greater Calakmul Region, Mexico: implications for tapir conservation
	Abstract
	Introduction
	Methods
	Study area
	Tapir observations
	Precipitation trends
	Camera trap monitoring system
	Data analyses

	Results
	Tapir observations
	Precipitation trends
	Camera traps

	Discussion
	Precipitation trends
	Human-tapir conflicts
	Potential areas of human-tapir conflicts during droughts
	Strategies to cope with water scarcity
	Human-tapir coexistence

	Conclusions
	Acknowledgements
	References

