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Abstract
Desmodus rotundus is one of the wild animal species that has benefitted by habitat alteration and its
population has increased due to livestock activities. Because vampire bats have caused economic losses
to livestock production by feeding from these and other mammals and being the main rabies virus
transmitter for cattle, population control campaigns have been implemented in Mexico.
Yucatan is one of the seven most impacted States in Mexico by the number of cattle rabies cases per
year, however, there is little research on vampire bat populations and attacks to cattle frequency patterns
has never been analyzed so far.
This study’s objective was to analyze the relationship between D. rotundus abundancy and number of
bovines attacked in livestock landscapes in Yucatan. The study used data gathered by the State
Committee for Protection and Promotion of Livestock in Yucatan through the National Campaign for
Vampire Bat Population Control. Data from January 2014 to December 2017 was analyzed using
Pearson correlation and bat abundancy and number of bovines attacked distribution maps. Greater
abundancy of vampire bats and number of cattle attacked were observed in the central region of
Yucatan, particularly in Izamal municipality. Positive correlation was found between 1) Abundancy of
vampire bats and number of cattle in the region, 2) Total number of cattle and number of cattle attacked,
and 3) Abundancy of vampire bats and number of cattle attacked. We can conclude that the relationship
between abundancy of vampire bats and frequency of cattle attacked is positive.

Introduction
It has been proved that anthropogenic activities affect the dynamic and distribution of wild animal
populations (Wiens, 1989; Zarco et al., 2012). Despite most of the time these effects are negative for the
wild animal species (Di Bitetti et al., 2013; Martinuzzi et al., 2015), vampire bat populations have been
favored from one of the main uses of land in Latin America, livestock production (Fenton et al., 1992;
Garcia-Morales et al., 2013). Out of the three species of vampire bats in Latina America, Desmodus
rotundus is the only one that feeds from mammals (Kunz y Fenton, 2003; Mayen, 2003; Kraker-Castañeda
y Echeverría-Tello, 2012), and although in less fragmented areas, Desmodus still feeds from wild
populations of peccary and deer (Belwood y Morton, 2014; Galetti et al., 2016), abundance and
accessibility to livestock has made of cattle, its main source of feed (Voigt y Kelm, 2006; Mialhe, 2014;
Bobrowiec et al., 2015). Among livestock, cattle are preferred by vampire bats (Anderson, A. et al., 2012;
Johnson et al., 2014), frequently selecting young, weak or individuals resting at the limits of the herd
(Greenhall, 1988; Delpietro et al., 1992; Bobrowiec 2012). Along its distribution, from Sonora, Mexico to
the North of Argentina (Reid, 1997; Hayes y Piaggio, 2018; Osorio y Saldaña, 2019), D. rotundus has
caused economic loses because it is the main rabies virus transmitter (Dantas-Torres et al., 2005; Reis et
al., 2007). Annual loses for over 30 million USD has been estimated in Latin America alone (Blackwood et
al., 2013), and particularly in Mexico, annual loses for over 2.6 million USD (Zarza et al., 2017) have been
estimated. To reduce this economic loses, in Mexico since 1968, the National Institute for Agriculture,
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Forestry and Livestock Research (INIFAP) established a program to control and prevent rabies disease in
livestock which also included vampire bat population control and annual anti rabies vaccination to
livestock averaging 5.8 million vaccines every year (SAGARPA, 2009). Despite partial and temporal
vampire bat population control, and reduction of cattle rabies cases achieved through this program,
vampire bat populations recover with no difficulty (Streicker et al., 2012, Rocha et al., 2020) and livestock
attacks continue to occur year long, compromising health and productivity of livestock (Johnson y
Montaño, 2018). Besides factors such as landscape structure, refuge availability and climatic conditions,
livestock abundance can determine vampire bat abundancy in a region (Rocha y Días, 2020; Bobrowiec et
al., 2015; Zarza et al., 2017; Bolívar-Cimé et al., 2019; Rocha et al., 2020), being associated even with
demographic aspects of the colony (Becker et al., 2018). Under these circumstances, regions with
livestock abundance will also have bigger vampire bat populations, a greater number of cattle would be
attacked and thus a bigger probability of rabies presentation in cattle would be expected. Despite
Yucatan does not have the biggest cattle production in Mexico, Epidemiological surveillance campaigns
suggest that is one of the seven States of Mexico affected with more rabies cases in cattle, having
between 1997 and 2016, 5,653 cases in cattle (Senasica, 2018). Nevertheless, there are few studies
aimed to understand vampire bat populations and to monitor cattle attacks. Vampire bat abundance and
frequency of cattle attacked analysis, could contribute to improve population control plans and strategies
to vaccinate cattle in Yucatan State. This study’s objective is to estimate Desmodus rotundus abundance
and number of cattle attacked, and to analyze the relationship between them in livestock landscapes in
Yucatan, Mexico.

Methods

Study area
Yucatan has warm subhumid climate with rains from June to October and a dry season from November
to April (Estrada Medina et al., 2016). Average annual rain is around 1100 mm, and mean temperature is
260C (INEGI, 2017). Dominant vegetation is deciduous jungle (Flores et al., 2010) covering more than
73.5% of Yucatan area, whereas 17.3% is cover by grasslands (INEGI, 2017). Geographically, Yucatan has
nine regions, East Coast (Region 1) East (Region 2) Central Coast (Region 3) Central (Region 4) Central
South (Region 5) Metropolitan influence (Region 6) West Coast (Region 7) West South (Region 8) and
South (Region 9) (INEGI, 2011). Municipalities with the largest number of cattle heads are Tizimin,
Buctzotz, Panaba y Sucila (INEGI, 2007).

Data Gathering
This study used data gather by the national campaign for vampire bat population control operated by the
State Committee for protection and promotion of livestock in Yucatan (CEFPPY). Data from Livestock
Production Units (UPP’s) visits, from January 2014 to December 2017, was used. The number of
municipalities and UPP’s visited per year were different every year due to farmer request for population
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control activities, prioritizing places where rabies cases were confirmed by laboratory tests and visiting
UPP’s located within a radius of 10 km from where the confirmed case was located.
Three nights before vampire bat capture, CEFPPY asked farmers to lock their animals in their pens
overnight, where the vampire bats were to be captured, since D. rotundus tends to get familiar to where
the animals are located (Piccinini et al., 1985). Before the capture, number of animals in the pen was
recorded and the number of animals that presented at least one vampire bat bite. Fog nets 2.10 m high
and 6, 9 or 12 m long were placed, surrounding the pen (number of nets varied according to size of the
pen) and were kept open for at least 7 hours.

Data Analysis
Estimates of 1) vampire bat abundancy 2) number of cattle heads 3) number of cattle heads attacked by
bats 4) proportion cattle heads attacked by municipality and year. To learn about the effect of year for
“vampire bat abundancy” and “number of cattle heads attacked” ANOVA and Tukey tests were performed.
Maps of distribution for vampire bat abundancy and number of cattle heads attacked from January 2014
to December 2017. Pearson’s correlation matrix was created to identify relationships among those four
variables. For Analysis and Maps creation, software R version 3.63 was used.

Results
Municipalities, UPP’s, and Number of Visits
Data from 79 municipalities (2014: 38, 2015: 63, 2016: 39, 2017: 36); 1,259 visits (2014: 303, 2015: 466,
2016: 261, 2017: 229) and 1,229 UPP’s were analyzed. Number of UPP’s and Number of visits were the
same since UPP’s were only visited once per year. Municipalities with greatest number of visits were
Tzucacab (105), Izamal (90), and Buctzotz (82), whereas Abala, Acanceh, Kaua, Progreso, Samahil, San
Felipe, Seye, Teabo, Ucu, and Yobain were visited only once.
Vampire bat abundancy
9,185 vampire bats were captured, having the greatest number of vampire bats captured in 2015 and the
smallest number captured on 2014 (Table #1). On average, 2,296 vampire bats were captured every year,
116 per municipality and 7 per UPP. Similarly to Costa and Esberard (2011) findings; municipalities with
greater number of visits had greater abundancy, except Tizimin municipality, which ranks 5th on number
of visits and 140 individuals were captured, and Yaxcaba, where 218 bats were captured in 4 visits.
MacSwiney et al., (2007) suggested that D. rotundus is the second most abundant species in Cenotes
located on grazing paddocks from livestock landscapes in Yucatan and, according to Ruiz et al., (2007),
the Cenotes are the refugia for 85% of bats in Yucatan, finding most of cenotes in the Eastern Coastal
and Eastern region of the Yucatan State. Nevertheless, in our study, Municipalities that registered the
greatest number of vampire bats were Izamal (1.255), Sudzal (715), Buctzotz (673), and Tunkas (621)
(Fig. 1), which are in the Central region of Yucatan, except for Buctzotz, which is located in the Eastern
Coastal region. Smallest abundancies were found in Progreso (1) and Yobain (1), both located in the
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Coastal region of Yucatan. Municipalities with greatest and smallest number of individuals per year are
shown in Table 1.
Despite Tizimin municipality and in general terms, the Eastern region of Yucatan have a greater
proportion of cattle and cave-like cenotes, than other regions (INEGI, 2007; Anderson, S. et al, 2012; Ruiz
Silva, 2007), according to our findings, Izamal municipality and surrounding municipalities in the Central
region, have a greater abundance of vampire bats. In addition, Izamal, registered the greatest number of
cattle attacked for years 2016 and 2017 and in general, for the full observation period. It is suggested that
in Yucatan there are from 7,000 to 8,000 cenotes, however, there are still some cenotes and caves not
registered, therefore refugia availability (cave-like cenotes) in Central region for vampire bats might be
greater than expected, not considering availability of other refugia either natural or artificial. In addition,
factors such as distance from refugia to night resting area for preys, density of cattle, and level of human
interference, might play an important role in vampire bat abundancy and incidence of cattle attacks
(Andrade et al., 2015; Orlando et al., 2019; Lanzagorta et al., 2020) therefore, behavior of these variables
per municipality and UPP, besides cattle abundancy and availability of refugia need to be analyzed.
Attacks to cattle
In Yucatan, 37,019 head of cattle were inspected, 5,450 presented at least, one bat’s bite, representing
14.72% of total cattle inspected, whereas in Ecuador, Orlando et al., (2019) reported 23.3% of 1,195 cattle
to be attacked by vampire bats. Our results suggest that, on average, 4 head of cattle are attacked every
night, considering 79 municipalities with 1,229 UPP and 4 years of observations. In terms of head of
cattle attacked by municipality during the full observation period, Izamal (509), Tzucacab (467), Tunkas
(456), and Sudzal (376) presented highest number of head of cattle attacked, whereas Progreso (1), San
Felipe, Santa Elena and Ucu (2) presented the lowest records (Figure #2). Even though the greatest
number of cattle is found in the northeast region of Yucatan (INEGI, 2007), in this study, the greatest
number of cattle attacked was in the central region of the State. This is consistent with the study done by
Moya et al., (2015) in Bolivia, where they found that the largest incidence of cattle attacks was not
observed in the locations with the largest number of cattle.
Excluding municipalities where only one head of cattle was recorded and it was attacked, the greatest
proportion of cattle attacked was recorded in Suma (2014, 6/10), Yaxcaba (2015, 38/38; 2016, 60/60)
and Kinchil (2017, 16/16). During the full observation period, Kaua, Yaxcaba and Seye presented the
greatest percentage of cattle attacked (100%, 100%, and 59% respectively). It is important to mention that
in these municipalities, the number of cattle was small, similar to what Turner (1975) reported, who
suggests that locations with less cattle, frequency of attacks is greater since vampire bats have to feed
from the same individuals. In the same way, Moya et al (2015) found that in pens with less cattle, the
incidence of attacks was higher. Moreover, it has been found that in less fragmented zones, where
abundancy of wild animals is greater, incidence of attacks to cattle is smaller (Torres et al., 2014). On the
other hand, Orlando et al (2019) suggest that vegetation could play an important role on the incidence of
vampire bats attacks. Same authors (Orlando et al., 2019) found greater number of attacks in places with
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high vegetation index, and in a study in Sao Paulo, Brazil (Gomez et al., 2010), it was observed that as the
distance from cattle to unfragmented woods and grazing areas decreases, the incidence of vampire bat
attacks increases.

Table 1
Vampire bat and cattle abundancy and number of cattle attacked from Jan
2014 to December 2017.
Variable

2014

2015

2016

2017

CATTLE POPULATION

8,854

12,059

9,314

6,792

NUMBER OF CATTLE ATTACKED

1,093

1,768

1,578

1,011

PROPORTION OF CATTLE ATTACKED

21.1%

20.0%

21.5%

20.5%

VAMPIRE BAT ABUNDANCY

1,667

2,819

2,605

2,094

Table 2
Municipalities with greatest and smallest number of vampire bats and cattle attacked per year. T = Total,
A = Attacked
Year

Municipality with
> nº of vampire
bats

Municipality with
< nº of vampire
bats.

Municipality with >
nº of cattle
attacked

Municipality with < nº of
cattle attacked

2014

Sudzal (212)

Cansahcab (1),
Kopomá (1)

Tzucacab (T: 714,
A: 109)

Cansahcab (T: 1, A: 1),

Progreso (1),
Yobaín (1)

Sudzal (T: 390, A:
184)

Baca (T: 23, A: 1),

Cacalchen (1)

Tunkás (T: 856, A:
218)

Cacalchén (T: 22, A: 1),

2015

2016

Buctzotz (282)

Izamal (363)

Kopomá (T: 30, A: 1)

Dzilam González (T: 19,
A: 1), Progreso (T: 240, A:
1)

Kantunil (T: 64, A: 1),
Muna (T: 12, A: 1)

2017

Izamal (666)

Muna (2)

Izamal (T: 1042, A:
261)

Dzemul (T: 7, A: 1)

ANOVA AND CORRELATION ANALYSIS
Despite some studies suggest annual changes in vampire bat abundancy (Costa and Esberard, 2011),
according to our results of ANOVA and Tukey tests, there is no statistical effect of “year” as a factor for
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the variables analyzed (Fig. 3), similar to Rocha and Dias (2020) observations, who did not find
differences in vampire bats captured in consecutive years.
High positive correlation was found between vampire bats captured and number of cattle heads attacked
(Fig. 4), which corresponds with Moya et al., (2015) study, who observed that in places with high vampire
bat abundancy, the incidence of attacks was higher. In addition, a positive correlation between total cattle
and number of vampire bats captured (Fig. 4) was found. This coincides with Becker et al., (2018)
findings. Past studies (Schmidt et al., 1971; Turner, 1975) suggest that incidence of attacks is not related
to abundancy of mammal preys, however, our work suggests a positive relation between total number of
cattle and the number of cattle attacked (Fig. 4), similarly, Orlando et al., (2019) found a correlation
between number of cattle attacked and herd size, and between number of bites and number of cattle
attacked.

Discussion
This is the first study in Yucatan that provides information about D. rotundus abundancy, and the number
of cattle attacked per municipality at a state level. Despite lack of data from places where no report on
rabies cases is done, this work presents the first approach to understand the populations of vampire bats
per municipality and state level. Number of visits were not equal per municipality, since visits vary
according to the UPP owner requests, prioritizing visits towards Rabies confirmed cases, in which case,
number of visits is already a self-explaining variable of level of disease (or level of cattle attacks) in every
municipality.
Results suggest paying more attention to Central region and vampire bat populations. Despite Izamal
municipality is not recognized for a large cattle activity, (INEGI, 2007), Izamal registered the greatest
number of vampire bats and greatest number of cattle attacked, supporting the need to constantly
monitor vampire bat populations and study patterns in the frequency of cattle attacks.
To establish and understand predictive patterns of vampire bat attacks to cattle, is necessary to analyze,
besides abundancy, the behavior of other variables such as 1) distance from cattle resting pens to
refugia; 2) distance from cattle night rest pens to human influence area (roads, households, night lights,
etc.); 3) Vegetation density around cattle night resting area; 4) abundancy of wild species used as preys.
It is also suggested, to study at regional level, or smaller level studies, as proposed by Gomez et al.,
(2007), to obtain more detailed information. Outcomes from such studies may help re orient vaccination
strategies or population control measures for D. rotundus that might vary from one region to other.
According to Moya et al., (2015), limiting factor in cattle attack incidence for vampire bats is not cattle
abundancy, but refugia availability, therefore, Yucatan even though does not present high inventory of
cattle (INEGI, 2007), probably due to its topography, offers high availability of refugia (cenotes and caves)
for vampire bats, favoring population growth and increasing the problem of cattle attacks and rabies in
Yucatan.
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Even though our results may be limited by the number of times UPP’s were visited, since these visits were
done per request by the UPP’s owner, we can conclude that 1) abundancy of vampire bats and number of
head of cattle attacked are similar form year to year. 2) in the central region of Yucatan, particularly
Izamal municipality, vampire bats and head of cattle attacked seem to be higher than other regions of
Yucatan State. We suggest that further studies in the central region of Yucatan are needed to analyze,
besides abundancy of cattle, other variables that might play a role in the frequency of vampire bat
attacks, particularly those related to abundancy and/or availability of refugia.
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Figure 1
Number of vampire bat captures in Yucatán by municipality from 2014 to 2017. Municipalities with
greater number of bats captured are marked with green dots and municipalities with smaller number of
bats captured are marked with red dots. NA: No captures performed in these municipalities.
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Figure 2
Number of cattle attacked in Yucatán by municipality from 2014 to 2017. Municipalities with greater
number of cattle attacked are marked with green dots. Municipalities with smaller number of cattle
attacked, are marked with red. NA: Municipalities where no cattle were inspected.
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Figure 3
Yearly mean comparison for “Number of cattle attacked” and “Number of vampire bats captured.”

Figure 4
Pearson correlation Matrix for TOGABOMU (Total cattle per municipality) BOMORD (Cattle attacked)
BOMORPORC (Proportion of cattle attacked) and NOVAMPCAPT (Number of vampire bats captured).
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