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La Portada

Tapir de Baird (Tapirus bairdii) con cria en la Reserva de la Biosfera de Calakmul, Campeche. México. La poblacién mas
importante de tapires en México se encuentra en la Reserva de la Biosfera de Calakmul al sur del estado de Campeche. En
este numero podran leer sobre el movimiento de un individuo de esta especie que ha sido monitoreado por mas de cuatro
afnos y que se ha desplazado mas de lo que se habia reportado histéricamente para esta especie. La poblacion de tapires
depende de los cuerpos de agua someros que existen en la regién y se encuentra en estado vulnerable debido a la pérdida
de habitat y a los efectos del cambio climatico (Fotografia de Rafael Reyna).

Nuestro logo “Ozomatli”

El nombre de “Ozomatli” proviene del nahuatl se refiere al simbolo astrolégico del mono en el calendario azteca, asi como
al dios de la danza y del fuego. Se relaciona con la alegria, la danza, el canto, las habilidades. Al signo decimoprimero en la
cosmogonia mexica. “Ozomatli” es una representacién pictérica de los mono aranas (Ateles geoffroyi). La especie de primate
de mds amplia distribucion en México. “Es habitante de los bosques, sobre todo de los que estan por donde sale el sol en
Andhuac. Tiene el dorso pequefio, es barrigudo y su cola, que a veces se enrosca, es larga. Sus manos y sus pies parecen de
hombre; también sus ufas. Los Ozomatin gritan y silban y hacen visajes a la gente. Arrojan piedras y palos. Su cara es casi
como la de una persona, pero tienen mucho pelo.”
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Letter to the editor

Restauracion ecoldgica y la proteccion de los mamiferos en México

Ecological restoration and protection of
mammals in Mexico

La pérdida de cobertura vegetal provoca efectos negativos a los mamiferos silvestres y sus habitats. Si bien la Organizacién
de las Naciones Unidas para la Alimentacién y la Agricultura reconoce que la deforestacion a nivel mundial ha disminuido,
actualmente existen grandes extensiones de territorio que son ocupadas por sistemas productivos antrépicos. Esta misma
situacion se presenta a nivel nacional.

En el 2002 el &rea de cobertura original de los ecosistemas de México se habia reducido a casi el 50 % de la superficie original y
la cobertura de la vegetacion primaria arbolada al 38 % (Challenger y Dirzo 2009). Elinforme 2004 - 2009 del Inventario Nacional
Forestal y de Suelos (CONAFOR 2012), establece que el 71 % de la superficie continental del territorio nacional esta ocupado por
vegetacion forestal y el 29 % corresponde a usos del suelo distinto al forestal (agricola, pecuario, zonas urbanas, acuicola, etc.).
Sin embargo, dados los usos del territorio que se presentan en las diferentes regiones de México, la pérdida de cobertura
vegetal evidencia un sentido de mayor urgencia a escalas regionales y locales. Por ejemplo, Yucatan es uno de los estados de
México con mayor superficie de cobertura vegetal perturbada. En términos generales, en 1976 las selvas representaban el 72
% de la superficie total del estado, mientras que para el afo 2006 se redujo al 48 %; en contra parte, el uso agricola y ganadero,
aumento del 23 % a 45 % para los mismos anos (Garcia-Gil et al. 2013).

A cualquier escala, la reduccion de la superficie ocupada por diferentes ecosistemas y formaciones vegetales, asi como el
incremento de los usos de suelo no forestales, han provocado la fragmentacion de las masas vegetales con importantes costos
hacia las especies de mamiferos silvestres y sus habitats.

Una parte de la superficie mejor conservada, esta representada en su mayoria por el Sistema Nacional de Areas Protegidas
(SINAP)y por lo establecido en la normativa de los estados de la republica; por ejemplo, el Sistema de Areas Naturales Protegidas
de Yucatan (SANPY). Para algunas regiones, dichos sistemas frecuentemente poseen un arreglo aislado y discontinuo, ademds
de que algunos habitats y especies prioritarias no estdn debidamente representadas y en ocasiones protegen la misma
representatividad de la biodiversidad. Se ha propuesto evaluar los resultados obtenidos hasta la fecha, para determinar si las
Areas Naturales Protegidas (ANP) son en verdad el mejor instrumento para la conservacién de la biodiversidad. Es posible que
algunas politicas publicas que aparentemente han tenido cierto éxito a escala nacional, realmente no hayan tenido resultados
positivos a escalas locales o estatales.

El SINAP y, especialmente los estatales como el SANPY, son en esencia instrumentos juridicos de conservacién formados
por ANP con decreto Federal, Estatal y Municipal. Sin embargo, la conservaciéon horizontal (fuera de los espacios protegidos
decretados), en regiones del pais en donde las tasas de deforestacion son elevadas o con una alta superficie vegetal perturbada,
por ejemplo Yucatén, requieren de innovadores instrumentos juridicos para el decreto de porciones del territorio con el propésito
de hacer confluir diversas acciones que permitan su “restauracion ecoldgica” para asegurar la proteccién de la mastofauna.

En parte, con esta vision, en el Programa Estatal de Medio Ambiente 2001-2007 (Diario Oficial del Gobierno del Estado
de Yucatdn 2004) se establecieron varios proyectos instrumentales, entre ellos uno denominado “Restauracion ecoldgica de
ecosistemas degradados en el Estado de Yucatan”. Entre sus objetivos tuvo consolidar un“Sistema de Zonas Prioritarias para la
Restauracion Ecolégica de Yucatan (SIZPREY)” para promover la rehabilitacion de dreas deforestadas y degradadas, y al mismo
tiempo, coadyuvar con los objetivos del SANPY.

Paralelamente, de forma multidisciplinaria e interinstitucional, se desarroll6 el “Programa de Ordenamiento Ecoldgico
Territorial del Estado de Yucatan” Este programa luego de cuatro afios y de multiples estudios técnicos-cientificos sociales,
econémicos y ambientales, dio como resultado los Decretos 793 (Programa de Ordenamiento Ecoldgico del Territorio del
Estado de Yucatan (POETY) y el 801 (Programa de Ordenamiento Ecolégico del Territorio Costero de Yucatan (POETCY; Diario
Oficial del Gobierno del Estado de Yucatdn 2007 a y b). En ambos ordenamientos se establecieron politicas, lineamientos y
criterios de restauracion, aprovechamiento, proteccién y conservacion que obligatoriamente deben aplicarse para el uso del
territorio, muchos de los cuales benefician directamente a la mastofauna.

© 2016 Asociacién Mexicana de Mastozoologia, www.mastozoologiamexicana.org
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En el Decreto 793 del POETY, en la seccién de “Lineamientos” establece: “En el ambito de sus competencias, el estado y
los municipios deben establecer Zonas Prioritarias para la Restauracién Ecolégica, que coadyuven con el sistema de Areas
Naturales Protegidas de Yucatén, para la restauracion y conservacion de los recursos naturales”. Actualmente, a nueve afios
de ser“Ley”, no existe avance alguno al respecto, es decir, se carece de una“Zona Prioritaria para la Restauracién Ecolégica”
legalmente decretada como tal. El reto es instaurar el SIZPREY (nuevo instrumento juridico para la restauracién), que
coadyuve con el SANPY (instrumento juridico para la conservacion).

El objetivo es retomar esta iniciativa para lograr que se decrete la primera “Zona Prioritaria para la Restauracién
Ecoldgica” Lo cual serviria de modelo para replicar en otras regiones de México y el Mundo. Esta iniciativa fue reconocida
por autoridades regionales de la Comisién Nacional Forestal (CONAFOR) de la Secretaria de Medio Ambiente y Recursos
Naturales (SEMARNAT), que favorecié el disefio de nuevos programas a nivel federal que hoy se tornan claves para lograr
el objetivo planteado. En los proximos afos, la realizacién de estudios técnicos que consideren especificamente a los
mamiferos, seran fundamentales para motivar y fundamentar, técnica y cientificamente. Este instrumento juridico de
restauracion, sealinea alas medidas de adaptacion y mitigacién que deben realizarse ante los efectos del cambio climatico.

Los mastozodlogos deben participar en el andlisis de la informacién existente sobre zonas actualmente identificadas
como prioritarias para la restauracioén ecoldgica (por ejemplo, las identificadas por la CONAFOR) y contrastarlas con las
que se obtengan de estudios particulares que consideren: 1) Estimaciones de la transformacién histérica de la cobertura
vegetal en por lo menos los Ultimos 40 afos a nivel regional o estatal; 2) Los cambios histéricos de las principales
variables climaticas; 3) La identificacién de especies de mamiferos que permitan priorizar los esfuerzos de restauracion,
conservacion, aprovechamiento y aplicacién de la ley; 4) La estimacion de la pérdida de distribucion potencial de las
especies seleccionadas como consecuencia del cambio de uso de suelo; 5) La aplicacion de modelos para obtener mapas
de escenarios tendenciales y deseados; y 6) Correlaciones con posibles futuros efectos debidos al cambio climatico.

En este sentido, la Revista Therya, la Asociacion Mexicana de Mastozoologia (AMMAC) y la mastozoologia en general,
seran piezas fundamentales para identificar y justificar el establecimiento de “Zonas Prioritarias para la Restauracién
Ecolégica” como un nuevo instrumento legal a nivel estatal, asi como en propuestas técnicas para la modificacién de
Normas Oficiales Mexicanas o nuevas Normas Técnicas Ambientales.
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Biogeografia de la conservacion en el Componente
Mexicano de Montafa: enlazando conservacion y patrones de endemismo

Conservation biogeography in the Mexican
Mountain Component: bridging conservation
and patterns of endemism
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The Mexican Mountain Component (MMC) includes six biogeographical provinces. In this manuscript, we propose to
use endemic taxa as surrogates to prioritize for conservation areas of the MMC. We use the distribution of 24 endemic
mammals to prioritize conservation sites in the MMC and to evaluate the current Mexican system of protected natural
areas (PNA). We used species distribution models and the software ConsNet 2.0 to prioritize areas for conservation,
evaluating two algorithms (the representation maximization problem, and the area minimization problem) and two
different representation targets (10 % and 25 %) of the distributional area of endemic taxa. In addition, we considered
the effects of including existing PNA and/or excluding areas with altered vegetation. The representation maximization
problem including current PNA was ineffective for reaching conservation targets. Meanwhile, all area minimization
problems allowed us to prioritize areas reaching the targets of surrogates. In particular, a strategy that considers area
minimization problem using a target of 10 % of the distribution of surrogates, including PNA and excluding the altered
vegetation, was the most favorable for maintaining the distributional patterns of the endemic mammals. This solution
proposes the protection of a total of 37,460 km?, covering areas with altitude above 2,400 m located mainly in the
Sierra Madre Occidental, the Transmexican Volcanic Belt, and provinces of the Sierra Madre del Sur. A prioritization
strategy based on the distribution of endemic mammals as surrogates can help to maintain the distributional patterns
of endemism of the Mexican biota.

El Componente Mexicano de Montafia (CMM) ocupa los principales sistemas montafiosos de México, incluyendo seis
provincias biogeogréficas. En este manuscrito, proponemos que los taxones endémicos pueden ser utilizados para
priorizar areas de conservacién en el CMM. Se priorizaron sitios de conservacién con base en la distribucion de 24
mamiferos endémicos; sequidamente se evalud el sistema de areas naturales protegidas (ANP) de México, a través de la
representacion de los mamiferos endémicos. Se utilizaron modelos de distribucion de especies y el software ConsNet 2.0
para priorizar areas de conservacion, empleando dos algoritmos: el problema de méxima representacion y el problema
de drea minima. Ademas, se utilizaron dos metas de representacion: 10 %y 25 % del area de distribucion de las especies
endémicos. Ademads, se consideraron las ANP existentes y se excluyeron éreas de vegetacion alterada para algunos
ejercicios. El problema de representacién maxima, incluyendo las ANP actuales, fue ineficaz para alcanzar las metas
de conservacion. Mientras, todos los problemas de drea minima permitieron priorizar areas que alcanzan las metas
de los subrogados. En particular, la estrategia que considera el problema de drea minima con un objetivo del 10 % de
la distribucién de los subrogados (incluidas las ANP y excluyendo la vegetacion alterada) puede ayudar a mantener
los patrones de distribucion de endemismo en la biota mexicana. Esta estrategia incluye 37,460 km?, cubriendo areas
por encima de los 2,400 metros y que se encuentran principalmente en la Sierra Madre Occidental, la Faja Volcénica
Transmexicana, y las provincias de la Sierra Madre del Sur. Una estrategia basada en éreas priorizadas en funcion de los
mamiferos endémicos como subrogados puede ayudar a mantener los patrones de distribuciéon de endemismo de la
biota mexicana.

Key words: conservation biogeography; endemicity; mammals; Mexico; surrogates; sympatry.
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CONSERVATION BIOGEOGRAPHY IN MEXICAN MOUNTAINS

Introduction

Whittaker et al. (2005, p. 4) defined conservation biogeography as “the application of
biogeographical principles, theories, and analyses, being those concerned with the distributional
dynamics of taxa individually and collectively, to problems concerning the conservation of
biodiversity”. Although biogeographic patterns have been used as criteria for area prioritization,
many of them are limited to current patterns (such as species richness), but evolutionary patterns
are, in general, missing (Luna-Vega et al. 2010).

Two main criteria are used to incorporate evolutionary approaches: 1) taxonomic distinctness
or phylogenetic diversity, and 2) geographic distributional patterns (Vane-Wright et al. 1991;
Posadas et al. 2001; Faith et al. 2004). On one hand, phylogenetic diversity is a measure of the
“uniqueness” of taxa, which allows ranking areas for conservation on the basis of information
encoded in phylogenies (Posadas et al. 2001). On the other hand, endemic taxa (as traditionally
defined, those confined to political divisions or micro-areal) have been included as surrogates
in Systematic Conservation Planning (SCP; Margules and Sarkar 2007) considering that their
persistence requires immediate conservation actions. However, inclusion of endemic taxa does
not guarantee the representation of overall species diversity (Bonn et al. 2002). Other approaches,
such as phylogenetic endemism, have been used more recently (Rosauer and Jetz 2014).

An alternative view considering endemism as a pattern of geographical distribution, rather
than restricted to political entities may also be used as a surrogate in SCP. In this concept, taxa
restricted to natural units are recognized as endemic, and areas of endemism are diagnosed by
shared distributional boundaries of two or more endemic species (Morrone 1994, Morrone and
Escalante 2009). A pattern of endemism is expected to be repeated by several taxa (Morrone 2001),
such that the prioritization of areas of endemism would allow the conservation of evolutionary
processes (e. g., speciation and adaptation). However, areas of endemism are not commonly used
in prioritization strategies (v. gr. Méndez-Larios et al. 2005).

The Mexican Mountain Component (MMC; Morrone and Marquez 2003) is inhabited by several
endemic species. The MMC encompasses the main mountainous systems in Mexico, and has high
geological and environmental complexity, including six biogeographical provinces (Morrone
and Marquez 2003; Escalante et al. 2005): 1) the Sierra Madre Occidental in the west, 2) the Sierra
Madre Oriental in the east, 3) the Transmexican Volcanic Belt of central Mexico, 4) the Balsas basin
south of the Transmexican Volcanic Belt, 5) the Sierra Madre del Sur in south-central Mexico, and 6)
Chiapas in the south of the country. The MMC is also known as the Mexican Transition Zone (MTZ;
Halffter 1962, 1964; Escalante et al. 2005), and for some authors, it is controversial the inclusion of
the Balsas basin and Chiapas provinces within it (see Morrone 2005).

Recent studies of Mexican mammals indicate that the distribution patterns of 24 endemic
mammals match the pattern of MMC provinces (Aguado-Bautista and Escalante 2015; Escalante
et al. 2005, 2007, 2009; Morrone 2005). Insects (Halffter 1987), plants (Andrés et al. 2006), and
birds (Navarro-Siglienza et al. 2007) exhibit similar patterns of endemism and rarity in Mexican
mountains. As such, endemic species of mammals may represent adequate biodiversity surrogates
for the conservation of the MMC. Mammals have been used as model taxa in several studies
focusing on biogeography and conservation (Morrison et al. 2007; Eklund et al. 2011; Redford et al.
2011), and have been utilized specifically as biodiversity surrogates (see Lewandowski et al. 2010;
Cantu-Ayala et al. 2013).

The mountain ecosystems of the MMC have been previously shown to be highly relevant for
conservation (Cantu-Ayala et al. 2013; Suarez-Mota and Téllez-Valdés 2014). In addition, recent
cartography of land use and vegetation (INEGI 2013a; http://www.inegi.org.mx/geo/contenidos/
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recnat/usosuelo/, consulted 01/12/2014) suggests that the MMC is an area with a high coverage
change in the last years. Some endemic mammals of the MMC tend to be micro-areal (with
ranges, as small as a few square kilometers) and rare (with low frequency of occurrence), and
are consequently often catalogued under risk categories (Table 1; SEMARNAT 2010; JUCN 2014).
In addition, climate change could result in extinction of mammalian endemic species in the
mountainous areas of Mexico (Ponce-Reyes et al. 2012; Aguado-Bautista and Escalante 2015).

One of the main instruments of the environmental politics in Mexico is the system of protected
natural areas (PNA), which includes 176 federally protected areas (SEMARNAT 2014; http://www.
conanp.gob.mx/que hacemos/, consulted 29/01/2014). In general, it has been demonstrated
that PNA tends to be effective to prevent land use/land cover change (LUCC; Sanchez-Cordero
and Figueroa 2007; Figueroa et al. 2011), making them an important consideration in prioritization
exercises.

Here, our aims were twofold. We use patterns of endemism in mammals to: 1) prioritize
conservation sites in the MMC, and 2) evaluate the current system of natural protected areas in
Mexico, under the assumption that areas of endemism reflect sites whose protection conserves
evolutionary processes.

Materials and methods

Mexico has a high richness of mammal species (496 species, Ramirez-Pulido et al. 2014), 38
of which are restricted to the MCC (Escalante et al. 2005). We based our analysis on small body-
sized mammals endemic of the MMC (Escalante et al. 2005, 2007, 2009; Morrone 2005; Ceballos,
2014; Aguado-Bautista and Escalante 2015), whose taxonomy and distribution is considered well
understood (e. g., Halffter 2004). As such, analyses were based on 24 species and subspecies (Table
1). The taxonomic nomenclature was based on the Mammals of Mexico List by Ramirez-Pulido et al.
(2014) and the proposal of Fernandez et al. (2014) for the families Geomyidae and Heteromyidae.
The analyzed species include two rabbits, three bats, three shrews, four pocket gophers, four
squirrels, and eight rats and mice. Five of these species are listed as critically endangered and one as
endangered by the IUCN Red List of Threatened Species (IUCN 2014; Table 1).

We obtained 2,961 occurrence records for the 24 mammals (Table 1) from the “Biogeographic
atlas of the terrestrial mammals of North America” (Escalante and Rodriguez-Tapia 2011; Escalante
2013; http://atlasbiogeografico.com/, consulted 25/06/2013). This database is available directly
from the authors. The map of the MMC was obtained from Arriaga et al. (1997) and modified
based on the provinces outlined by Morrone and Marquez (2003) and Escalante et al. (2005).

We modeled the distribution of the 24 species and subspecies using Maxent 3.3 (Phillips et al.
2006; Phillips and Dudik 2008). Two topographic attributes of the region (altitude and slope) and
19 environmental variables (http://edc.usgs.gov/products/elevation/gtopo30/hydro/namerica.
html; http://www.worldclim.org, consulted 25/06/2013; Hijmans et al. 2005) were used as potential
predictors of species distribution at a 1 km? spatial resolution. Distribution model extent included
all of Mexico. For species with =10 records, 75 % of the records were used to construct the model
and 25% to validate it; for species with less than 10 records, the entire set of records was used
for both model training and testing (Hernandez et al. 2006; Pearson et al. 2007). For all species,
MaxEnt was executed using the following settings: 20 replicates, replicate bootstrap type, 1000
maximum iterations and convergence threshold of 1.0 E-5. The distributional model of each
species was derived from the average model. All the distributional models were evaluated using
the area under the receiver operating characteristic curve (AUC), considering scores greater than
0.9 as adequate (Table 1).
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Table 1. Endemic mammal taxa of the Mexican Mountain Component, including number of data points used in models and
their conservation status. References: 'Escalante et al. (2005); 2Morrone (2005), *Escalante et al. (2007); *Escalante et al. (2009); *Ceballos
(2014; not registered as endemic, but with distribution restricted to the MMC); °Aguado-Bautista and Escalante (2015). Number of data-
points (NDP). ; Conservation status* (Conservation); AUC value training (AUC); Omission rate training (OR)*NOMO059-SEMARNAT-2010
(Semarnat, 2010) and Red List de la International Union for Conservation of Nature (IUCN, 2013) (http://www.iucnredlist.org; consulted
12/12/2013).

Taxa Family NDP Conservation AUC OR
1 Corynorhinus mexicanus'® G. M. Allen, 1916 Vespertilionidae 96 Near threatened 0.992 0.090
2 Cratogeomys fumosus neglectus'* (Merriam, 1902)  Geomyidae 4 1.000 0.000
3 Cryptotis goldmani' (Merriam, 1895) Soricidae 64 Least concern 0.998 0.097
4 Euderma maculatum? (J. A. Allen, 1891) Vespertilionidae 9 Least concern 0.989 0.097
5 Glaucomys volans? (Linnaeus, 1758) Sciuridae 75 Least concern 0.974 0.098
6 Heteromys salvini** Thomas, 1893 Heteromyidae 26 Least concern 0.999 0.096
7 Ictidomys mexicanus®? (Erxleben, 1777) Sciuridae 206 Least concern 0.992 0.098
8 Microtus mexicanus®® (de Saussure, 1861) Cricetidae 515 Least concern 0.999 0.000
9 Myotis melanorhinus® (Merriam, 1890) Vespertilionidae 26 Least concern 0.980 0.098
10  Nelsonia goldmani'? Merriam, 1903 Cricetidae Endangered 1.000 0.000
11 Neotoma nelsoni'? Goldman, 1905 Cricetidae 4 Critically endangered 1.000 0.000
12 Neotoma palatina' Goldman, 1905 Cricetidae 25 Vulnerable 1.000 0.056
13 Neotomodon alstoni'*¢ Merriam, 1898 Cricetidae 149 Least concern 0.999 0.097
14 Orthogeomys grandis**® (Thomas, 1893) Geomyidae 66 Least concern 0.998 0.095
15 Pappogeomys bulleri alcorni'** Russell, 1957 Geomyidae 3 Critically endangered 1.000 0.000
16  Peromyscus leucopus** (Rafinesque, 1818) Cricetidae 836 0.964 0.100
17 Reithrodontomys chrysopsis'**¢ Merriam, 1900 Cricetidae 84 Least concern 0.999 0.093
18 Romerolagus diazi'® (Ferrari-Pérez, 1893) Leporidae 46 Critically endangered 0.999 0.077
19  Sciurus aberti durangi® Thomas, 1893 Sciuridae 145 Least concern 0.996 0.097
20  Sciurus nayaritensis>* J. A. Allen, 1890 Sciuridae 241 Least concern 0.997 0.092
21 Sorex emarginatus® Jackson, 1925 Soricidae 16 Least concern 0.989 0.077
23 Sorex monticola monticola® Merriam, 1890 Soricidae 5 Least concern 0.970 0.100
23 Sylvilagus insonus'? (Nelson, 1904) Leporidae 21 Critically endangered 0.999 0.000
24 Zygogeomys trichopus'?® Merriam, 1895 Geomyidae 25 Critically endangered 1.000 0.083

In order to define the threshold of environmental suitability for species, we employed the
10 percentile value of training sample points (see Escalante et al. 2013) in R-Studio ver. 3.0.1 (R
Development Core Team 2013; http://www.r-project.org, consulted 05/08/2013). This value
assumes that 10 % of the records used for model generation are susceptible to error. In order to
incorporate the historical dimension of geographical space available for species (Soberén 2010),
the distributional model of each species was cropped using the MMC polygon.

To prioritize the areas, we used Maxent2ConsNet (Ciarleglio 2008) and ConsNet v. 2.0 (Ciarleglio
et al. 2009; http://uts.cc.utexas.edu/~consbio/Cons/consnet _home.html, consulted 13/09/2013).
There are two algorithms for area selection: area minimization problem and representation
maximization problem. Area minimization problem selects a set of cells with the minimum
total area required for all surrogates to meets its assigned target; representation maximization
maximizes the expected number of surrogates that meet their targets within a maximum total
area (Margules and Sarkar 2007).

We performed several prioritization exercises using different algorithms, targets of
representation for surrogates, and layers of information about PNA and land use change (LUCC).
Each different exercise is called a “problem” in ConsNet. After many trials, we decided to perform
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Table 2. Prioritization problems performed in ConsNet 2.0. PNA = protected natural areas; LUCC = land use/
land cover change; CR = cities and roads. Target of representation, % of the each surrogate to be protected (Target);
Permanently included cells (Permanently IN); Permanently excluded cells (Permanently Ex).

Problem Target Permanently IN  Permanently EX Algorithm
Max10PNA 10 PNA LUCC-CR Maximum representation problem
Min10 10 - LUCC-CR Minimum area problem
MinT10PNA 10 PNA LUCC-CR Minimum area problem
Min25 25 - LUCC-CR Minimum area problem
Min25PNA 25 PNA LUCC-CR Minimum area problem
ControlMin10 10 - - Minimum area problem
ControlMin25 25 - - Minimum area problem

only one exercise for the representation maximization problem algorithm and several
for the area minimization problem algorithm. The advantages of the minimum area
problem include its wide use, ease of understanding and implementation, excellent
ability to drive search results, and lack of potential for failure (Ciarleglio et al. 2009;
Hamel and Andréfouét 2012). Performed prioritization problems are shown in Table 2.
All vectorial maps (shapefiles) were obtained from INEGI at a scale of 1:1,000,000 and
in Lambert Conformal Conic projection: PNA (“Area Natural Protegida”; INEGI 2013b;
http://www.inegi.org.mx/geo/contenidos/recnat/geologia/infoescala.aspx), roads
(“Carretera”; INEGI 2013¢; http://www.inegi.org.mx/geo/contenidos/topografia/
topografia_1m.aspx), cities (“Localidad Urbana”; INEGI 2013d; http://www.inegi.org.
mx/geo/contenidos/topografia/topografia_1m.aspx), and land use and vegetation
(“Serie V”; INEGI 2013a; http://www.inegi.org.mx/geo/contenidos/recnat/usosuelo/).
Maps were re-projected and rasterized to 1 km pixels, to coincide with the extent and
the 24 species distribution models of surrogates.

The 42 MMC PNA were used in some problems as permanently included cells,
in order to evaluate the representation of surrogates within them. LUCC was
incorporated by specifying agricultural areas (including crops and pastureland), cities,
and roads (considering all roads of two or more lanes and a buffer of 5 km along them;
Cuervo-Robayo and Monroy-Vilchis 2012). Because our aim relates to conservation,
for all problems, cells representing LUCC were permanently excluded, except for two
problems used as controls, assuming a situation with no land modifications (Table
2). Additionally, we used two different conservation targets for surrogates: 10 % and
25 % of their distributional area. These targets were chosen following international
goals for protected areas, as we have not analyses of population viability to calculate
area sizes ensuring species persistence. However, some studies of mammals in
Mexico predict a linear relationship between targets and prioritized area (Justus et
al. 2008). The initial solutions were constructed through Rarity First, applying the RF4
adjacency algorithm (Ciarleglio et al. 2009, 2010; Nori et al. 2013). All problems were
run with 1,000,000 iterations and standard neighborhood selection.

We used the following nomenclature to specify problems: Max: representation
maximization problem; Min: area minimization problem; Control: solutions with no
cells excluded or included; 10: target of 10 % of representation of surrogates; 25:
target of 25 % of representation of surrogates; PNA: problem including the existent
PNA. For example, MinTOPNA refers to a solution using the area minimization
problem algorithm, at 10 % of target of representation of surrogates, using PNA as
permanently included cells, and excluding areas with LUCC (Table 2).
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Because the best solutions will have more area with low fragmentation and high
connectivity, the best solutions will be those that minimize the border effect (Fahrig
2003; Kurosawa and Askins 2003, Fletcher et al. 2007). We therefore evaluated all
solutions based on their total area, perimeter, shape, number of pixels and clusters,
proportion of coincidence with PNA, and they were compared between them.

Results

The best solutions for each problem are shown in Table 3 and Figures 1a-f.
Comparisons of prioritized areas for each problem and PNA are shown in Table 4
and Figures Th-m. The best solution for Max10ANP did not reach the conservation
target for any surrogate, despite having the best relation for shape. For this reason,
we decided not to use this algorithm to continue the prioritization (Table 3). For
shape evaluation, the Control’s result problems were the best solutions (shape
values closer to 0 represent less fragmentation. The representation of 25 % of each
surrogate requires almost three times more area than the 10 % goal and leads to less
fragmentation (Table 3).

Comparing among the best solutions of the Min problems with PNA, we observed
that only around 15 % of PNA area coincides with Min10 and Control10 (Table 4).
This means that the existing PNA are not sufficient to maintain at least 10 % of the
distributional area of endemic mammals. It would be necessary to include more than
35,000 km? to reach this conservation target. For Min25 and Control25 the projection
is similar; they include only 30 % of the areas currently designated as PNA (adding
almost 100,000 km?). For Min10ANP and Min25ANP the percentage of coincidence
with PNA is more than 70 %; they do not reach a higher percentage because there are
excluded cells of altered vegetation, even within the PNA (Table 4).

The total MMC area occupied by our solutions is shown in Figure 2. For Min10 and
Min10PNA, almost 7 % of the area of MMC is prioritized for conservation, while for
Min25 and Min25ANP it is above 18 %. The respective control solutions are similar.
The Max10PNA and only PNA have the lowest percentage of area.

Discussion

Choosing the best solution to prioritize MMC areas for endemic mammals is no
an easy task. In a world without LUCC, the best solutions would clearly be those that
minimize perimeter-area ratios (see ControlMin10 and ControlMin25), but LUCC-free
areas no longer exist. On one hand, because larger perimeter-area ratios generate
high edge effect, we prefer to use the problems considering current PNA, even though
those solutions imply larger surface (for example, the difference between Min10 and
Min10PNA is around 2,000 kilometers). On the other hand, Max10PNA problem was
the worst solution because it does not reach the conservation targets of endemic
mammals, even though it had the lowest ratio. Additionally, the proposal of a target
of 25 % would be probably not be economically, politically and socially viable, since
this target may imply high cost and is likely to affect productive activities like forestry.
Therefore, we suggest that the best scenario to prioritize areas of conservation for
endemic mammals in the MMC is the Min1OPNA.

The solution for the Min10PNA allows the conservation of more than 18,000
km? of mountain areas above 2,400 m of elevation (corresponding to nearly 50 %
of the prioritized area). The majority of the Min10PNA prioritized area is located in
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Table 3. Results of prioritization problems for mammals of the MMC (Problem); Area in km?; Perimeter in km?;
Shape, perimeter-area ratio (Shape); Number of selected cells (Selected cells); Number of satisfied targets (Satisfied
targets); Number of clusters (clusters).

Problem Area Perimeter Shape Selected cells  Satisfied targets clusters
Max10PNA 5,268 2,035 0.39 4,266 0 47
Min10 37,460 28,950 0.77 30,338 24 1,286
MinTOPNA 38,565 28,767 0.75 31,233 24 1,250
Min25 102,747 68,106 0.66 83,212 24 2,371
Min25PNA 103,471 67,832 0.66 83,798 24 2,405
ControlMin10 36,371 18,819 0.52 29,456 24 645
ControlMin25 96,971 39,710 0.41 78,534 24 965

the Sierra Madre Occidental province (35 % of prioritized total area), followed by the
Transmexican Volcanic Belt (30 %), and the Sierra Madre del Sur (11 %). Using the
Min10PNA, the rarest and most distributionally restricted species (the volcano rabbit
or“teporingo’, Romerolagus diazi), is conserved in 62 % of its distributional area, which
is of interest since it is critically endangered (Table 1).

There are some exercises of prioritization of areas in Mexico, but not for the MMC.
Fulleretal. (2007) warned about the cost of postponing conservation actions in Mexico.
They prioritized areas using the minimization problem and a target of 10 %, obtaining
similar areas for the MMC, although they used a different concept of endemism. For
southern Mexico, Urbina-Cardona and Flores-Villela (2010) prioritized areas for the
herpetofauna, many of them in mountain areas coinciding with our southern MMC;
however, their concept of endemism did not consider sympatry. llloldi-Rangel et al.
(2012) performed a multi-criterion analysis in order to prioritize areas for Mexican
species of Opuntia; they concluded that all plans would require around one-third
of Mexican territory and high connectivity. However, we think that decisions about
connectivity should be considered with caution, since each biogeographic province
has its own evolutionary history and excessive connectivity may force the joining of
areas and biotas with different histories which are naturally disjoint.

For the Transmexican Volcanic Belt province, some prioritization exercises have
been performed (Sdnchez-Cordero et al. 2005; Fuller et al. 2006; Sudrez-Mota and
Téllez-Valdés 2014). For example, Fuller et al. (2006) proposed a network of protected
areas for 99 species of mammals, based on an algorithm of rarity, complementarity, and
connectivity. These authors coincide with the fact that the current system of protected
areas does not adequately represent biodiversity. Sudrez-Mota and Téllez-Valdés (2014)

Table 4. Comparisons of prioritization problems for mammals of the MMC. Area (km?) intersected (Area); %
represented of the PNA (% PNA); Area (km?) exclusive of each problem wit-hout PNA (Area without PNA); Area (km?)
of PNA (Area PNA).

Problem Area % PNA Area without PNA  Area PNA
PNA Q Min10 1,091 15.23 36,263 6,017
PNA Q MinT0OPNA 5,370 74.98 33,062 1,738
PNA Q Min25 2,491 34.78 99,923 4,617
PNA Q Min25PNA 5,602 78.22 97,514 1,506
PNA Q ControlMin10 1,038 14.49 35,263 6,070
PNA Q ControlMin25 2,047 28.58 94,673 5,062
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Figure 1. Maps show the pixels prioritized in the Mexican Mountain Component (MMC). A) Best solution for
the ControlMin10 problem (a problem is an exercise of prioritization under particular conditions, see Table 2). B)
Best solution for the ControlMin25 problem. C) Best solution for the Min10 problem. D) Best solution for the Min25
problem. E) Best solution for the Min10PNA problem. F) Best solution for the Min25PNA problem. G) Comparison
between prioritized areas for the ControlIMin10 problem and the protected natural areas (PNA). H) Comparison
between prioritized areas for the ControlMin25 problem and the protected natural areas (PNA). 1) Comparison between
prioritized areas for the Min10 problem and the protected natural areas (PNA). J) Comparison between prioritized
areas for the Min25 problem and the protected natural areas (PNA). K) Comparison between prioritized areas for the
MinTOPNA problem and the protected natural areas (PNA). L) Comparison between prioritized areas for the Min25PNA
problem and the protected natural areas (PNA). M) Percentage of MMC area occupied by the best solutions of all the
minimum area problems, including the PNA and Max10PNA.

agree that it is necessary to include areas in conservation priorities not considered in
the current PNA. Also, there are other prioritization exercises for particular areas in
Mexico, which partially covered the MMC (v. gr. llloldi-Rangel et al. 2008).

Mountainous areas for conservation that has been prioritized based on other criteria
coincide with our findings. For example, an area with high phylogenetic endemism for
mammals was identified in Central Mexico, possibly associated with high elevation and
topographic complexity (Rosauer and Jetz 2014). The cloud forest of Chiapas should
be protected because it could decline dramatically by 2080 (Ponce-Reyes et al. 2012),
although, in fact, all of southeastern Mexico requires special attention (Cantu-Ayala et
al. 2013). In addition, the vulnerability of endemic species of mountainous areas could
be high for some areas of endemism, such as the Transmexican Volcanic Belt, the East
District, Soconusco and the MTZ (Aguado-Bautista and Escalante 2015).

It would be necessary to quantify in detail the congruence among our proposal
and all other approaches in order to obtain a more robust proposal to present to
stakeholders. In addition, the incorporation of land costs will be a strong determinant
to implementing any conservation plan for the MMC (v. gr. Fletcher et al. 2013);
similarly, vulnerability studies should be incorporated. Moreover, it is necessary to
evaluate the current system of protected areas, in particular with respect to their
effectiveness for maintaining ecosystems facing the effects of climate change
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Figure 2. Percentage of MMC area occupied by the best solutions of all the minimum area problems, including
the PNA and Max10PNA.

and LUCC (v. gr. Figueroa et al. 2011; Ponce-Reyes et al. 2012). Finally, concepts of
endemism as a biogeographic pattern should be standarized to generate a more
integrated general approach (see Noguera-Urbano 2016).

Patterns of endemism can provide adequate surrogates for SCP. The current system
of PNA is shown to be insufficient to conserve the distributional areas of 24 endemic
mammals of the MMC. A strategy based on prioritizing areas using the solution that
considers the area minimization problem with a target of 10 % of distribution of the
endemic mammals as surrogates, including PNA and other areas, and excluding
altered vegetation, can help to maintain the distributional patterns of endemism
of the Mexican biota. However, comparisons with other prioritization exercises are
necessary in order to propose an efficient and effective system of protected areas in
Mexico.
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Information on scavenging by jaguars is scarce, dispersed and little documented in the scientific literature, producing a shallow
understanding of this phenomenon. Therefore, the aim of this paper is to describe the behavior of multiple jaguars scavenging on
single carcasses of olive ridley sea turtles (Lepidochelys olivacea) that died by jaguar predation. The study was conducted at two beaches
(Naranjo and Nancite) within the Santa Rosa National Park, Costa Rica. We carried out morning walks on Naranjo and Nancite beaches.
We set up camera traps to capture the full extent of the feeding behavior on fresh jaguar-predated turtles. We recorded two scavenging
events. The jaguars involved in the two scavenging events dragged or tried to drag the sea turtle carcass to a new location. This behavior
could suggest the presence of intraspecific kleptoparasitism. However, further investigation of this type is required to determine the
existence of kleptoparasitism, and also to get a deeper understanding of scavenging in jaguars and its relation to prey availability.

La informacion sobre el carrofieo por multiples jaguares es escasa, dispersa y poco documentada en la literatura cientifica, esto produce
un entendimiento superficial del fenémeno. Por lo tanto, el objetivo de este trabajo es describir el comportamiento de varios jaguares
que carrofiean sobre un mismo caddver de tortuga lora (Lepidochelys olivacea) que murieron por la depredacion de jaguar. El estudio
se realizé en dos playas (Naranjo y Nancite) dentro del Parque Nacional Santa Rosa, Costa Rica. Hemos llevado a cabo caminatas
diurnas en las playas Naranjo y Nancite. Instalamos cdmaras trampa para capturar toda la extension de la conducta alimentaria de
jaguar al depredar tortugas marinas. Se registraron dos eventos de carrofieo. Todos los jaguares que participan en los dos eventos de
carrofieo intentaron robar y esconder el cadaver de la tortuga marina. Este comportamiento sugiere la presencia de cleptoparasitismo
intraespecifico, sin embargo, se requiere mas investigacion de este tipo para determinar si el cleptoparasitismo existe y, ademas, lograr
un entendimiento mas profundo del carrofieo en jaguares y sus relaciones con la disponibilidad y abundancia de las presas.

Key words: carrion; Lepidochelys olivacea; Panthera onca; predation; sea turtles; sharing kills.
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Introduction

Pereira et al. (2013) distinguished four ways whereby mammalian carnivores secure their food: 1.
Additive predation (i. e. killing healthy animals); 2. Compensatory predation (i. e. preying on young,
old or sick animals that are vulnerable to mortality from other causes, and thereby promoting the
survival of the remainder of the prey population); 3. Kleptoparasitism (i. e. displacing other carnivores
from their kills); and 4. Scavenging, that is feeding on the remains of kills by other predators, or on
animals that have died from disease, malnutrition, or other causes. Mammalian carnivores can exhibit
several or even all of these feeding patterns, which shows that there may be a continuum between
predatory versus scavenging strategies not only at the interspecific but also at the intraspecific level
(Wilson and Wolkovich 2011; Pereira et al. 2013). By definition, scavengers feed on the remains of
animals that have died (i. e. carrion), while predators kill animals in order to feed on the resulting
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carcasses (Pereira et al. 2013). The carcasses can be consumed by an individual or shared by several
individuals, depending on the behavior of the species and the abundance and availability of the
prey and carcasses (DeVault et al. 2003; Wilson and Wolkovich 2011; Pereira et al. 2013). One of the
challenges faced by most mammalian carnivores is to secure a regular supply of food, especially if
the natural susceptibility of animals to die or to be killed varies seasonally and spatially (DeVault
et al. 2003). As a result, most large mammalian carnivores shift facultatively between hunting
and scavenging depending on seasonal and regional variation of prey availability (Wilmers et al.
2003; Wilson and Wolkovich 2011; Pereira et al. 2013). A clearer perspective on carrion use by
mammalian carnivores will improve our understanding of critical ecological processes, particularly
those associated with energy flow and trophic interactions between individuals and species
(DeVault et al. 2003).

Mammalian carnivores are traditionally labeled as predators, but they do not usually pass by
opportunities to consume carcasses when encountered (DeVault et al. 2003; Selva et al. 2005; Wilson
and Wolkovich 2011). No mammals have evolved into obligate scavengers and even the most well
adapted mammalian scavengers, such as hyenas, kill the majority of their food (Cooper et al. 1999).
Thus, all mammals that feed on carrion are considered facultative scavengers (Pereira et al. 2013).
Indeed, what we find in nature is a quite continuous gradient from the most genuine predators
that kill by themselves most of their prey (e. g. cheetah Acinonyx jubatus) to those which consume
mostly carrion (e. g. brown hyaena Hyaena brunnea; Skinner and Chimimba 2005). Therefore, the
conventional distinction between predators and scavengers may be confusing with regard to
the interspecific interactions and the energy fluxes taking place within food webs (Wilson and
Wolkovich 2011; Pereira et al. 2013). Facultative scavenging represents a type of multi-channel
feeding that could be an important stabilizing force in many food webs, as suggested by recent
theory (Wilson and Wolkovich 2011).

Scavenging by species of cats (Felidae) has rarely been reported, and most long-term studies
suggest that they prefer eating their own kills (DeVault et al. 2003; Bauer et al. 2005; Cavalcanti
and Gese 2010). Wild felids are more obligate hunters and consume less carrion compared with
canids, hyenids, ursids or mustelids (Pereira et al. 2013). Field observations of carrion consumption
by large wild cats have been recorded but infrequently described in the scientific literature
(Castanieda et al. 2013).

Of the 12 species of American wild cats, only two species (cougars Puma concolor and jaguars
Panthera onca) have been recorded scavenging (Ross and Jalkotzy 1996; Bauer et al. 2005;
Castaneda etal. 2013). In cougars the behavior where several individuals share carcasses has been
widely documented (Ross and Jalkotzy 1996; Bauer et al. 2005; Bacon and Boyce 2010; Knopff et
al. 2010). But, information on scavenging by jaguars is scarce, scattered, and little documented in
the scientific literature. Moreover, there has not been a literature review on the subject (Gonzélez
and Pina 2002; Cavalcanti and Gese 2010; Castafieda et al. 2013; Guilder et al. 2015). Therefore, the
aim of this paper is to describe the behavior of multiple jaguars scavenging on carcasses of olive
ridley sea turtles (Lepidochelys olivacea) at Santa Rosa National Park, Costa Rica.

Materials and methods

Study site. The study was conducted at two beaches (Naranjo and Nancite) within the Santa
Rosa National Park (SRNP), Costa Rica. The SRNP covers 38,628 haanditis part of a continuous block
of 163,000 ha of protected land known as the Guanacaste Conservation Area (www.acguanacaste.
ac.cr). The SRNP protects one of the best preserved dry forests of Central America. The Naranjo
and Nancite valleys preserve mainly coastal-marine ecosystems (i.e. mangroves, lagoons and dry
deciduous and semi-deciduous forests), including two important nesting beaches for the green
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(Chelonia mydas), olive ridley (Lepidochelys olivacea) and leatherback (Dermochelys coriacea) sea
turtles (Cornelius 1986; Bernardo and Plotkin 2007; Fonseca et al. 2009).

The Naranjo and Nancite beaches (Figure 1) are located in the southwestern part of SRNP and
have a length of 5,640 m and 1,050 m respectively. These beaches are separated from one another
by a rocky mountain (~500 m). Naranjo beach is fully opened to local and international tourists.
On the contrary, Nancite has been protected from intrusive human activities, including tourism
and supports an intact wild ecosystem. Nancite beach is well known for the olive ridley sea turtle
“arribada” phenomenon (Cornelius 1986; Fonseca et al. 2009). This phenomenon consists of the
massive synchronous nesting of hundreds or thousands of olive ridleys over a few consecutive
nights (Cornelius 1986; Bernardo and Plotkin. 2007; Fonseca et al. 2009). This event also occurs at
beaches in Mexico (La Escobilla and El Morro Ayuta), Costa Rica (Ostional), and India (Gahirmatha
and Rushikulya), with minor arribada beaches also present in Nicaragua (La Flor and Chacocente)
and in Panama (Isla Cafas) (Bernardo and Plotkin 2007).

Costa Rica Santa Rosa National Park
322000

Facdic Ccean

Nancite Beach " Naranjo Beach

Figure 1. Location of Naranjo and Nancite Beaches, Santa Rosa National Park, Costa Rica.

Data collection. As part of a jaguar-sea turtle research project, we carried out morning walks
on Naranjo and Nancite beaches. Upon encountering a freshly predated turtle, we set up camera
traps to capture the full extent of the jaguar feeding behavior. We distinguished the jaguar
predated turtles from those killed by other predators (like American crocodiles or humans) by a
set of distinctive characteristics such as bite marks on the neck of the turtle and its front flippers
(see Verissimo et al. 2012). To prevent jaguars (and other scavengers) from moving the kill to a
new site, we tied the carcasses to a nearby tree. Thanks to monitoring activities of jaguars at SRNP
for several years, we were able to document if the jaguars are related or not (unpublished work).
Therefore, when we recorded multiple jaguars scavenging on the same carcass we classified each
event according to whether or not it involved individuals with direct relationships. Direct relations

www.mastozoologiamexicana.org 233



SCAVENGING ON SEA TURTLE CARCASSES BY JAGUARS

could be defined as: A) when a female has cubs, B) when the cubs leave their mother, but can
remain together for a period of time, and C) when a female is in estrous and walks with a male at
her side (Sunquist and Sunquist 1989; Harmsen et al. 2009). In contrast, we considered that the
individuals are unrelated when they do not demonstrate any family or reproductive relationship
(Sunquist and Sunquist 1989; Harmsen et al. 2009). If the individuals are related directly, the
sharing of kills is not a surprising fact, and for this reason it is important to establish if prey sharing
is happening in another context. It is of course possible that seemingly unrelated individuals
could in fact be related.

Results and discussion

The first scavenging event was recorded on December 26™, 2014 at Naranjo beach (10° 45’ 27.60"
N, 85°39'46.82"W). On December 25" Erick Alguera (a team member) found a freshly killed turtle
which had been dragged 30 m into the vegetation and was surrounded by jaguar footprints. He,
immediately, set up a camera trap equipped with video recording technology which remained
functional for four days until removed from the site on December 29t%. The videos revealed that
on December 26" two seemingly unrelated female jaguars visited the carcass between 19:44
and 21:53 h (Figure 2). These jaguars had been previously captured and equipped with satellite
transmitters, which made individual identification easy. The jaguars visited the carcass one at a
time, 1 h and 31 min apart from each other. The first individual (equipped with a white collar)
spent 38 min with the carcass and consumed large amounts of meat from the neck and front
flippers. The second individual (equipped with a black collar) stayed for 14 min and consumed
small portions of meat from the rear flippers. Unfortunately, it is impossible for us to identify the
jaguar that acted as predator; in this case. It could have been either one of the observed females
or even an unrecorded individual.

The second scavenging event was recorded on 26™ November 2015 at Nancite beach (10° 48°
N and 85° 39" W). The turtle, which had been dragged 10 m into the vegetation, was found by
Escobar-Lasso on November 25™ and equipped with two camera traps. The cameras remained
functional for three days until removed on November 28™. In this case, three individuals (one male
and two females) visited the carcass between 16:20 and 00:09 h (Figure 3). The jaguars fed on the
turtle one at a time and were distinguished from one another by their coat pattern. According
to our records, both the first (Figure 3AB) and the second (Figure 3CD) individuals were juvenile
sisters, while the third individual was an unrelated adult male (Figure 3EF). The time intervals
between the visits of the three individuals were one hour between the first and second individual
and five hours between the second and third individual. The time spent on the carcass was 12,
87, and 8 minutes for the first, second and third jaguars, respectively. The first and second jaguars
consumed large amounts of meat from the neck and front flippers, while the third jaguar only
consumed small portions of meat of the rear flippers. As in the previous case, we cannot tell the
predator from the scavengers, but at least two individuals were acting as scavengers this time.

Jaguars are considered opportunistic predators whose diet includes more than 85 species
(Aranda and Sdnchez-Cordero 1996; Chinchilla 1997; Garla et al. 2001; Sunquist and Sunquist 2002;
Herndndez 2008; Silveira et al. 2010). As with other elusive carnivores, the scientific community is
still learning about the broad diet and hunting strategies of jaguars. New prey species, food habits,
hunting strategies, kill rates, and predation patterns are described regularly (Taber et al.Taber et al.
1997; Nuhez et al. 2000; Garla et al. 2001; Sunquist and Sunquist 2002; Polisar et al. 2003; Novack
et al. 2005; Weckel et al. 2006; Azevedo and Murray 2007; Carrillo et al. 2009; Cavalcanti and Gese
2010). The hunting strategies of jaguars include scavenging as well as additive and compensatory
predation (Schaller and Crawshaw 1980; Gonzalez and Pifla 2002; Sunquist and Sunquist 2002;
Cavalcanti and Gese 2009; Castaneda et al. 2013; Pereira et al. 2013; Guilder et al. 2015).
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Information on scavenging byjaguarsisscarce, since only five scientific publications
have reported scavenging behavior (see Gonzalez and Pifia 2002; Cavalcanti and Gese
2010; Castaneda et al. 2013; Guilder et al. 2015; this work). From 415 Kkill sites located
for 10 radio-collared jaguars at El Pantanal Brazil, Cavalcanti and Gese (2010) reported
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Figure 2. Two unrelated female jaguars scavenging on the same carcass of an olive ridley sea turtle Lepidochelys
olivacea, at Naranjo beach, Santa Rosa National Park, Costa Rica. Photo: Erick Alguera.

only 6 scavenging events (1.5 %), all of which involved cattle. In addition, camera
traps have been employed to document a male and female jaguar scavenging on an
adult cow carcass in México (Gonzalez and Pifa 2002), and two males were observed
scavenging on an unidentified species of marine dolphin (Delphinidae) carcass in
Honduras (Castafieda et al. 2013). Guilder et al. (2015) recorded jaguars scavenging
on multiple sea turtle carcasses that were killed by jaguars at Tortuguero National
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Park, Costa Rica. Castafeda etal. (2013) suggested that scavenging might play a more
important role in the diet of jaguars than previously documented.

Seasonal fluctuations in prey availability often trigger temporary alterations in
individual jaguars hunting behavior and in the exploitation of alternative prey species
(Carrillo et al. 2009; Cavalcanti and Gese 2010). Of the five scientific manuscripts
that reported scavenging behavior in jaguars (Gonzalez and Pifla 2002; Cavalcanti
and Gese 2010; Castaneda et al. 2013; Guilder et al. 2015; this work) only Guilder et
al. (2015)) have been able to determine that the scavenging behavior varies among
seasons of prey availability. Prey in this case was the green sea turtle (Chelonia mydas).
Based on this research (Guilder et al. 2015) and that of others on large carnivorous
mammals (see DeVault et al. 2003; Wilson and Wolkovich 2011; Pereira et al. 2013),
it is logical to assume that, at the seasons with high abundance and availability of
prey, jaguars would prefer to consume their own kills. On the contrary, however, at

Figure 3. Three different jaguars scavenging on the same carcass of an olive ridley sea turtle Lepidochelys
olivacea at Nancite beach, Santa Rosa National Park, Costa Rica. The first (A-B) and second (C-D) individuals were
juvenile sisters, while the third individual (E-F) was an unrelated adult male. Photo: Sergio Escobar-Lasso.
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seasons of low abundance and availability of prey the jaguars are tempted to eat
carrion and even several individuals can feed from the same carcass. Given the small
sample of this study, we are not able to assess the importance of prey availability.
However, it is important to highlight that the two scavenging events recorded here
were observed at the end of the nesting season of the olive ridley sea turtle when the
number of nesting females are scarce (Cornelius 1986; Fonseca et al. 2009). Therefore,
it is important to make further investigations to augment our understanding of how
scavenging behavior relates to availability of prey.

In mammalian carnivores the behavior of sharing kills or carcasses has different
behavioral and social consequences depending on whether it has been done by
related or unrelated individuals (Wilson and Wolkovich 2011; Pereira et al. 2013). For
example, the sighting of several related jaguars simultaneously feeding on a carcass
is commonly observed in situations when there is a group of siblings, a mother with
her cubs, or a mated couple (Schaller and Crawshaw 1980; Gonzélez and Pifia 2002;
Cavalcanti and Gese 2009; Castafieda et al. 2013). However, the sighting of several
unrelated jaguars feeding from a single carcass has never been previously recorded.
Guilder et al. (2015) described a couple of jaguars feeding from a sea turtle carcass at
the same time, but they do not specify the social relations between them.

An important aspect of our observations, therefore, is the kinship among the
jaguars who shared carcasses. Adult jaguars are firmly regarded as solitary hunters
(Harmsen et al. 2009). They may maintain exclusive ranges (Azevedo and Murray
2007), although the majority of studies emphasize varying degrees of intrasexual
and intersexual range overlap (Rabinowitz and Nottingham 1986; Cavalcanti and
Gese 2009; Harmsen et al. 2009). Some of the individuals that we observed cannot be
assigned with certainty into any of the social categories in which sharing of carcasses
might reasonably be expected. To the extent that some of the individuals observed
in this study might be socially unrelated individuals suggests that jaguars, can
tolerate shared scavenging as opposed to kleptoparasitism. Thus, this would support
the conclusions of Guilder et al. (2015). However, further investigation of this type is
required to determine if kleptoparasitism really exists in jaguars, and to more fully
understand their scavenging behavior.
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The margay (Leopardus wiedii, Schinz 1821) is a small Neotropical cat that is native with distribution from South America
into Northeastern Mexico. This species is now threatened by illegal hunting and habitat destruction and, in Northeastern
Mexico, their habitat has been fragmented and population sizes have been dramatically reduced. We use the MaxEnt
algorithm to model the potential distribution of this elusive species, based on trustable presence records and information
about their habitat condition. The aim of this study was to estimate the potential distribution of margays in Northeastern
Mexico. We determined potential distribution in the physiographic subprovinces (PSP) of Llanuras y Lomerios, Gran
Sierra Plegada and Carso Huasteco. A model was generated using recent and historical records through the MaxEnt
algorithm. We used four records from online databases, 36 from literature and 13 from our own fieldwork, as well as 27
predictive variables: 19 associated with climate, two with land use and vegetation type, four associated with topography
and two with anthropogenic effects. Seven variables contributed to over 90 % of the distribution model and were highly
predictive (AUC = 0.964). The potential distribution of margay represents 9.0 % (7,607 km?) of the area, which is highly
fragmented. The PSP Gran Sierra Plegada and Carso Huasteco showed the widest distribution range. The four most
relevant variables were: precipitation of the most humid quarter, vegetation type, and both altitude and topographic
indexes. We applied species distribution modeling by incorporating recent information collected through fieldwork and
surveys as well as historical records in order to predict the margay’s potential distribution in Northeastern Mexico. We
obtained a robust model based on the most relevant bioclimatic and landscape variables. The landscape in this region
is highly fragmented and the largest continuous areas were located in the roughest and inaccessible landscape of the
mountainous localities of Gran Sierra Plegada and Carso Huasteco, where an important portion of these PSP maintains
continuity in the area of the potential distribution of the margay. Very little is known of the status and abundance of
the margay and this study complements our current knowledge of this species in Northeastern Mexico and provides
important information regarding the quality of the habitat in this portion of the country. There are several current
threats that are being caused by changes in land use in Northeastern Mexico and other parts of their distribution, and
this information is essential to establish conservation plans for this species and their habitat. More studies assessing
potential distribution throughout their range are needed to support adequate conservation efforts.

El tigrillo o margay (Leopardus wiedii, Schinz 1821) es un pequefo felino Neotropical nativo con distribucién desde
Suramérica hasta el noreste de México. Esta especie se encuentra amenazada por caceriailegal y por la destrucciéon de su
héabitat. En el noreste de México sus habitat estan fragmentados y su poblacién esta reduciendo dramaticamente. Para
obtener un modelo de distribucién potencial de esta especie se usé el algoritmo MaxEnt, basado en registros confiables
de presencia, asi como informacion sobre la condicion de su habitat. El objetivo del presente estudio fue estimar la
distribucion potencial del tigrillo en el noreste de México. La distribucion potencial se realizd en las subprovincias
fisiogréficas (PSP) Llanuras y Lomerios, Gran Sierra Plegada y Carso Huasteco. Se generé un modelo mediante el uso
de registros histéricos y actuales mediante el algoritmo MaxEnt. Se usaron cuatro registros de bases de datos en
linea, 36 de la literatura y 13 de trabajo de campo propio. También se usaron 27 variables predictoras: 19 climaticas,
dos de uso del suelo y vegetacién, cuatro asociadas a topografia y dos asociadas a efectos antropicos. Siete variables
contribuyeron en mas del 90 % del modelo de distribucion, el cual fue buen predictor (AUC = 0.964). La distribucion
potencial del tigrillo fue del 9.0 % del area de estudio (7,607 km?), la cual se encontré altamente fragmentada. Las
PSP Gran Sierra Plegada y Carso Huasteco mostraron el rango de distribucion mas amplia. Las cuatro variables mas
relevantes fueron: precipitacion del trimestre mas humedo, tipo de vegetacion, altitud e indice topografico. Se aplicd un
modelo de distribucién de especie con la incorporacién de informacién reciente, colectada de trabajo de campo propio
y encuestas, asi como de registros histéricos, con el propdsito de predecir la distribuciéon potencial del tigrillo en el
noreste de México. Se obtuvo un modelo robusto con base en las variables mas relevantes tanto bioclimaticas como del
hébitat. El paisaje en esta regién se encontrd altamente fragmentado, donde las mayores aéreas se localizaron en zonas
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POTENTIAL DISTRIBUTION OF MARGAY

de pendiente rugosa e inaccesibles en las localidades montafiosas de Gran Sierra Plegada y Carso Huasteco, donde
una porcién importante de estas PSP mantienen una continuidad de distribucién potencial del tigrillo. Muy poco
se sabe sobre el estatus y la abundancia del tigrillo y este estudio complementa el conocimiento sobre esta especie
en el noreste de México, y provee informacion importante sobre la condicion del habitat en esta porcidn del pais.
Existen varias amenazas, basicamente por cambios en el uso del suelo en el noreste de México y otras partes de su
distribucion, y esta informacién es necesaria para establecer planes de conservacion para esta especie y su hbitat.
Se necesitan mds estudios en los que se evalué el grado de distribucién potencial en toda el area para establecer
planes adecuados de conservacion.

Key words: connectivity; habitat fragmentation; MaxEnt; Tropical habitats; Wild felids.
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Introduction

The margay (Leopardus wiedii, Schinz 1821) is widely distributed in South and Central America to
its northernmost distribution extending into Northeastern Mexico (Hall 1981; Aranda 2005). Basic
information on the abundance and distribution of margays in this area and the rest of country is
poorly understood. Several studies mention that the margay is closely linked to forest habitats,
especially in tropical and subtropical areas because it is generally considered to be more arboreal
and better adapted to live in trees than other cat species (Bisbal 1989; Oliveira 1998). This makes
it more vulnerable to deforestation (Tewes and Schmidly 1987) and, in Mexico, this felid is listed
as endangered on the NOM-059 SEMARNAT-2010 (SEMARNAT 2010), although internationally it
is considered as threatened (Payan et al. 2008). The habitat of this species is being destroyed or
converted to agriculture and other land uses along its entire distribution and new studies suggest
that its abundance is lower than previously thought. Therefore, it is crucial to generate potential
species distribution models to be used as a baseline for the future conservation efforts of the
margay (Ferrier and Guisan 2006; Payan et al. 2008; Oliveira et al. 2010).

Today, the use of algorithms in the development of predictive and potential species distribution
models has increased. Potential distribution is calculated from georeferenced observations and
variables that act as predictors. Thanks to its predictive capacity and robustness in generating
species distribution models, one of the most widely used algorithms is MaxEnt (Elith et al. 2006;
Phillips et al. 2006). This algorithm generates distribution probabilities for the concerned species in
a particular region, based on different variables that can be environmental (climate, vegetation type,
topography), demographic or anthropogenic. It is constructed exclusively on current conditions
present in the localities where the species occurs (Elith et al. 2006; Pearson et al. 2007). The software
determines the distribution through the adjustment of the species occurrence probability in pixels
throughout the study area. This is based on the idea that the best possible explanation for an
unknown phenomenon maximizes the entropy or uncertainty of the distribution of the probability,
depending on certain limitations. Concerning potential distribution models, they consist of values
of those pixels in which the species has been detected (Phillips et al. 2004; Phillips et al. 2006). This
study is part of a regional project on the ecology and conservation of wild felids in Mexico, and its
purpose was to estimate the potential distribution of margays (Leopardus wiedii) in Northeastern
Mexico.

Methods

Study area. The study area partially covers two physiographic provinces (84,523 km?): Sierra Madre
Oriental and Llanura Costera del Golfo Norte. In the first, it included part of the physiographic
subprovinces Gran Sierra Plegada (GSP) and Carso Huasteco (CH). In the second, only the subprovince
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Llanuras y Lomerios (LL) was partially included (Figure 1). The characteristics of these subprovinces
have great relevance in the landscape structure and degree of conservation. While in LL there is
great antrophogenic impact throughout its surface due to topographic conditions, in CH, and
mostly in GSP, large remnants of habitat remain in good condition. In this region, topography is flat
to undulating towards the East and rough towards the West, with a wide range of climatic conditions
from tropical to temperate, that varies from humid to semidry. There is a clear seasonal variation
regarding precipitation, as well as a clear difference between the amount of rainfall in one region
and the other. Altitude ranges from 0 to 2,300 m and precipitation from 600 to 2,500 mm.

Anthropic land use is widespread within the study area for farming, agriculture and, in some
regions, wood extraction (INEGI 2002a). The types of land use and vegetation are shown onTable 1.
In this study there are 6 groups of native vegetation (NV) subdivided into 18 categories according
to humidity and latitude gradients (Table 1). In GSP, the landscape corresponds to a mountainous
karstic rock mass with irregular intermontane valleys, where anthropic use predominates (46.18
%). The native vegetation in GSP is dominated by tropical dry (26.99 %), followed by temperate
(20.98 %) vegetation. Drier (2.86 %) and more humid tropical (1.02 %) types of vegetation are
scarce. The landscape in CH is characterized by abrupt karstic mountains and intermontane
valleys; anthropic use is 41.14 %, dominated by dry tropical (20.49 %) and dry (16.25 %) vegetation,
followed by temperate vegetation (15.98 %). In LL, the terrain ranges from flat to undulated,
where anthropic use is 50.86 % and dry tropical vegetation predominates (25.28 %), followed by
temperate vegetation (18.08 %). Tropical humid (3.16 %) and dry (0.47 %) vegetation are scarce;
other types of vegetation such as cattail marshes, palm forests, and riparian vegetation occupy
2.15 % of the landscape.
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Figure 1. Study area with the location of physiographic subprovinces and margay records in Northeastern Mexico, which
including portions of the states of Nuevo Ledn, Tamaulipas, San Luis Potosi, Veracruz, Guanajuato, Querétaro, Hidalgo, and Puebla.
The white triangles are historical records, blacks are the literature records (Martinez-Calderas et al. 2012), and grays are of fieldwork
and surveys records.
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Table 1. Percentage by subprovince of Type of anthropic land use and native vegetation (NV) in Gran Sierra Plegada (GSP); Carso
Huasteco (CH) and Llanuras y Lomerios (LL) of Northeastern Mexico.

Category Land use and vegetation type GSP CH LL
Anthropic use Agriculture 18.89 16.71 19.34
Urban area 0.50 0.48 0.45
Induced vegetation 26.79 23.95 31.07
NV Dry Desert shrub 2.86 15.97 0.29
Grassland 0.00 0.13 0.00
Halophyte vegetation 0.00 0.15 0.18
NV Temperate Oak forest 10.28 7.82 9.30
Oak-pine forest 3.82 291 3.46
Pine-oak forest 293 2.24 2.65
Pine forest 0.92 0.70 2.65
Clouded forest 2.40 1.82 0.00
Juniperus forest 0.63 0.48 0.00
Abies forest 0.00 0.01 0.02
NV Tropical dry Tamaulipan thorn scrub 0.00 0.00 0.98
Semitropical thorn scrub 11.20 8.52 10.14
Tropical deciduous forest 13.77 10.48 12.46
Tropical thorn forest 1.88 143 1.70
Tropical semi-deciduous forest 0.14 0.06 0.00
NV Tropical wet Subperennifolia tropical forest 1.02 1.32 0.92
Tropical rain forest 0.00 1.88 2.24
NV Other Other (popal, mangrove forest, cattail marshes, etc.) 1.97 294 2.15

Data collection and modeling. The information used for the development of the model was
obtained from several sources. Thirty-six records come from a previous study (Martinez-Calderas
etal. 2012), 13 were obtained through fieldwork with random camera-trapping sessions between
August 2010 and March 2012, and four are georeferenced historical records (prior to the year
2000), obtained from the GBIF (Global Biodiversity Information Facility) database provider (GBIF
2014).

For modeling, 27 predictive variables were used: 19 bioclimatic (Hijmans et al. 2005), two of
vegetation (Hansen et al. 2000; INEGI 2002b), four derived from the digital elevation model (INEGI
2008),and twoanthropic (CIAT etal. 2005; INEGI 2005). Inorderto generate the potential distribution
model, we used the algorithm software MaxEnt (version 3.3.3k), which is based on a maximum
entropy algorithm (Phillips et al. 2006). We used the method reported by Martinez-Calderas et al.
(2015) for the realization of the model. The same methods were also successfully implemented in
that study for ocelots. Default settings were: maximum number of background points = 10.000,
regularization multiplier =1, replicates = 20, replicate run type = bootstrap, convergence threshold
= 0.00001, and maximum number of iterations = 10 000. From the occurrence data, 70 % was
selected randomly as training data and 30 % as the test data set. We used the logistic output of
MaxEnt with prediction values ranging from 0 (unsuitable habitat) to 1 (optimal habitat). To validate
the performance of the model, the weight of the omission error and the commission error equally,
we considered the area under curve (AUC), which is generated by the algorithm (Hernandez et al.
2006) and is obtained directly from the evaluation of the models through ROC curves (Receiver
Operating Characteristic; e. g. Contreras-Medina et al. 2010). Moreover, variables in the model are
assessed through a jackknife test that compares the models with all possible combinations of
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environmental variables by measuring the importance of the variable. This expressed
the relative importance of every predictor variable separately in order to determine
the percentage that each one provides to the model. The results obtained from the
model in ASCII format were processed and reclassified using ArcGIS 9.2 (ESRI 2006).
The binary map (absence-presence) for the potential distribution of the margay was
generated (Figure 2) considering the average map that represents the induced and
adjusted habitat of the species (Anderson et al. 2003; Burneo et al. 2009). We used the
minimum presence training as threshold reclassification (0.2745). Finally, using this
map and levels, we calculated the potential distribution area shown in percentage of
the total area of each physiographic subprovince.

Results

The margay was recorded in diverse environmental conditions within the study
area, in locations varying from very humid to semidry environments (Appendix 1).
Regarding temperature, this species inhabit from very hot to temperate, and in an
altitude ranging from 6 to 1,800 m (INEGI 2002b; INEGI 2008; INEGI 2011). Seven
predictive variables explained 94.4 % of the model, showing an AUC of 0.964 +
0.0097, where an AUC value higher than 0.9 indicates an excellent model (Araujo
and Guisan 2006). The four most relevant variables were: precipitation of the most
humid quarter, vegetation type, and both altitude and topographic indexes. Each of
the other three remaining variables did not account for more than 3 % of the total
contribution (Table 2).

The potential distribution area of the margay in Northeastern Mexico covered
approximately 9 % of the total studied landscape, with an area of 7,607 km2. GSP
and CH subprovinces showed the highest distribution, with a potential presence
of 18.1 and 20.2 % on each surface, respectively. Conversely, LL accounted for only
0.4 % (Table 3). The highest potential distribution continuity was observed in the
contiguous mountainous areas between GSP and CH. In all of LL, we only found small
and isolated patches due to fragmentation (Figure 2).

Discussion

The use of historical records is a valuable tool for the modeling of elusive species (e.
g. Wilting et al. 2010; Jenks et al. 2012). Besides the four historical records used in this
research, there is no further information available to support the historical distribution
of the margay in Northeastern Mexico. There have been some efforts to determine the

Table 2. Predictive variables for the generation of the distribution model of L. wiedii in Northeastern Mexico.

Variable Contribution (%) Cumulative contribution
Precipitation of wettest quarter 579 57.9
Vegetation type 124 70.3
Elevation 11.4 81.7
Topographic index 6.3 88.0
Annual precipitation 25 90.5
Slope 23 92.8
Mean temperature of the wettest quarter 1.6 94.4
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Figure 2. Map of potential distribution of the margay in Northeastern Mexico.

distribution area using only these records, which has prompted the creation of maps
that lack validity, such as those proposed by Hall 1981 and Aranda (2005).

In this study, we obtained a robust model based on the value of AUC according
to Araujo and Guisan (2006). The most relevant variables that explain the potential
distribution of the margay coincided with climatic fluctuation (Guggisberg 1975;
Bisbal 1989; Azevedo 1996; Oliveira 1998). Moreover, these same authors mention
that this species inhabits tropical regions, where the presence of tropical rain forest is
frequent. Yet this species has also been reported to be present in induced grassland
ecotones (Mondolfi 1986; Oliveira 1994; Martinez-Calderas et al. 2012), as long as
there is closed-canopy arboreal vegetation nearby (Vaughan 1983; Mondolfi 1986;
Tello1986). Areas with the wettest climate conditions provide a better vegetation
coverage, which was appropriate for the species in accordance with Bisbal (1989),
Oliveira (1994), and Mondolfi (1986). This occurred in only 9.0 % of the study area.
Regarding altitude, this species is known to live at heights ranging from sea level
to 1,100 m (Qliveira 1994), or even 3,000 m in the valleys of the Andes (Tello1986),
meaning that these results fall within this range.

No reports have been produced to date that describe the relation between the
presence of the margay and the topographic index or the slope range. However, the
largest areas were located in mountainous localities of Sierra Madre Oriental, in the
Southern portion of GSP, and in the Northern region of CH. An important portion
of these subprovinces maintains continuity in the area of the potential distribution
of the margay. They also contain large and nearby patches, which may guarantee
connectivity among populations. However most of the study area showed only small
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Table 3. Extension (km?) of the portion of physiographic subprovinces (PSP) and percentage of potential distribution of
the margay in Northeastern Mexico.

PSP Area (km?) Potential distribution (%) Potential distribution (km?)
Gran Sierra Plegada 16,929.3 18.1 3064.2
Llanuras y Lomerios 45,851.8 04 183.4
Carso Huasteco 21,7420 20.2 4391.9
Total 84,523.1 9.0 7607.1

isolated spots or areas with no potential distribution for the margay, especially in the
portions of the flattest and driest terrains, mainly in LL.

Deforestation due to land-use change, mostly because of sugarcane cultivation or
extensive ranching (Villordo-Galvén et al. 2010), occupies a large portion of the study
area. Crops (Jiménez et al. 2004) and induced grassland for cattle (Vieyra-Alberto et al.
2013) are established for the most part in flat or moderate slope terrains with deep soils.
In this very fragmented landscape, remnants of closed vegetation exist only in terrains
with steeper and often rough slopes, where neither agriculture nor livestock can occur
(Guevara and Laborde 1999; Trejo and Dirzo 2000; Reyes-Hernandez et al. 2007).

Habitat fragmentation alters the composition and structure of animal
communities through the modification of ecological processes (v. gr. Wilcove 1985).
In fragmented habitats, some populations tend to become isolated. The survival
of the species depends on their ability to move between these patches, gaining
access to the necessary resources, maintaining their genetic diversity, and keeping
their reproductive capacity as a population (Petit et al. 1995; Buza et al. 2000). The
species’ sensitivity to change depends on its behavior and morphology (Wolff 1999;
Laurance 1995; Buza et al. 2000; Nupp and Swihart 2000; Gehring and Swihart 2004),
as well as on the availability of landscape elements (Gehring 2000). It is known that
density of predators and, consequently, potential prey vulnerability is higher in small
patches (Wilcove 1985; Andren 1992). Size can influence the area of activity and the
possibility of moving within it (Gehring and Swihart 2004). Previous studies suggest
that animals, even those extremely mobile, avoid passing through altered areas of
habitat (Smallwood 1994; Machtans et al. 1996). For this reason, if there are gaps in
the connection between two or more small populations, local extinctions can occur
(v. gr. Beier 1993).

Among predators, the larger they are the bigger areas they require, which is why
they are more susceptible to become locally extinct due to habitat loss. Moreover,
in fragmented habitats conflicts with humans are more frequent (e. g. Crooks and
Soulé 1999). Medium and small-sized carnivore populations such as the margay are
often benefited by the decline of top predators and increase their numbers (Prugh
et al. 2009; Oliveira et al. 2010). This produces a decrease in the population size of
prey. Since the area of activity of a predator is in accordance with prey availability,
fragmentation tends to create a general imbalance (Oehler and Litvaitis 1996). The
area of activity of a predator is in accordance with prey availability. Thus, species of
this kind are susceptible to fragmentation, and above all, to the size of the patch,
which must maintain the adequate habitat conditions in order to improve the
continuity of the species (e. g. Gehring and Swihart 2004). Studies mention that the
Margay populations are negatively impacted by ocelot (through ‘the ocelot effect’
(Oliveira et al. 2010). However, both species are usually sympatric, and can share
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habitat and distributional range. Compared to the potential distribution ocelot
(Martinez-Calderas et al. 2015), the margay was less extensive in this subprovinces.
For example, in LL is wider the presence of the ocelot, mainly to the northeast of this
region. Margay is present only in small isolated patches.

The disappearance of natural ecosystems is inherent to the encroachment in
anthropogenic activities, especially in agricultural production. Sahagun-Sanchez
et al. (2011) estimated that 13 % of the remaining vegetation coverage in the study
area is in risk. In general, road density and size of human population are important
variables related to fragmentation (Laurance et al. 2002). For example, roads are
significant landscape modifications and are considered deforestation agents that
accelerate fragmentation, reduce the regeneration of the forests, and are a threat for
many tropical ecosystems and for the distribution of specialized species (e. g. Young
1994; Fearnside 2007; Freitas et al. 2010). They frequently increase slope instability,
they allow the unregulated extraction of natural resources and the transformation of
the landscape (Young 1994). The new Rioverde-Cd. Valles highway goes through CH
and GSP in the areas with the best potential habitat for margays, which poses a new
threat. Roads and related disturbances have a noticeable and well-recorded impact
on wild felines (Van Dyke et al. 1986; Beldon and Hagedorn 1993; Beier 1995; Lovallo
and Anderson 1996; Tewes and Blanton 1998; Tuovila 1999; Tewes and Hughes 2001).
Unless there are more efforts to improve the design, construction and maintenance
of the roads, as well as to understand and mitigate their effects, several carnivore
species (e. g. Noss et al. 1996; Ruediger 1996), and specialized montane forest biota
(Young 1994) may decline or disappear.

For this study, the reliable distribution area of the presence of margays was
restricted to the Northeastern portion of its global distribution. It is crucial to stress
the importance of preserving the landscape structure as along with the juxtaposition
of spatial elements and connectivity for the conservation of species (e. g. Danielson
1994; Gehring 2000). Conservation must begin with habitat protection and restoration
(e. g. Danielson 1994; Fahrig 1997), so the connection between GSP and CH is of vital
importance to the preservation of margays in the long term. One alternative to
mitigate some of the effects of fragmentation, and to compromise with the need for
agricultural production, is the plantation of forests with non-native species. This can
also aid in the conservation of some non-flying mammals, thus collaborating in the
conservation of the local biodiversity (Martin et al. 2012). In this sense, fruit gardens
or timberlands may be more suitable than annual crops because they provide better
habitat for adaptable species, including margays. Furthermore, these new farming
areas could use native vegetation as a buffer zones.

This study provides enough accurate information regarding the fundamental
aspects of the habitat and essential needs of the margay to lay the foundation of an
effective management plan in Northeastern Mexico. The involvement of government
entities and the public is essential for the implementation of these new management
plans. Conserving this carnivore will also improve the conservation of many other
valuable species, as well as their ecosystem and environmental services.
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Appendix 1

Information about margay records in Northeastern Mexico. Source of records: Historic records: 1. Louisiana State
university Museum of Zoology (LSUMZ), 2. Coleccién de Mastozoologia del ENCB-IPN, 3. Colecciéon de Mamiferos del
Museo de Zoologia Alfonso L. Herrera. Facultad de Ciencias, UNAM (MZFC-UNAM). Records from literature: 4. Are of
Martinez-Calderas et al. 2012. Field work and surveys: 5. Camera traps and 6. Tracks and signs. Longitude = Long, Latitude
= Lat, % of vegetation cover = Cv, elevation in meters = Ev, degree of slope =S. PSP = physiographic subprovinces: CH =
Carso Huasteco, GSP = Gran Sierra Plegada.

Vegetation Terrain

No. Long Lat PSP Source Type Cv Ev 3

1 -99.009 21393 CH 1 Oakforest 89 1147 15
2 -98.824 21229 CH 1 Tropical rain forest 79 507 5
3 -99.498 22504 GSP 2 Oak forest 95 1078 10
4 -99.088 21.186 CH 3 Clouded forest 90 1145 37
5 -99.441 22465 GSP 4 Oak forest 80 1557 25
6 -99.441 22465 GSP 4 Oak forest 80 1557 25
7 -98.965 22.100 GSP 4 Tropical deciduous forest 89 230 3
8 -99.166  21.828 CH 4 Tropical deciduous forest 80 300 50
9 -98.899 21918 GSP 4 Tropical deciduous forest 98 315 3
10 -99.400 22.062 CH 4 Oak forest 100 789 0
11 -99.402 22.070 CH 4 Tropical forest 97 904 13
12 -99.385  22.095 CH 4 Oak forest 90 809 5
13 -99.397 22103 CH 4 Tropical forest 98 800 4
14 -99.386  22.094 CH 4 Oak forest 100 812 8
15 -99.401 22.098 CH 4 Tropical forest 100 904 5
16 -99.382  22.083 CH 4 Tropical forest 96 972 2
17 -99.416  21.895 CH 4 Tropical forest 20 775 0
18 -99.144 21471 CH 4 Clouded forest 100 1157 20
19 -99.007 21490 CH 4 Tropical forest 97 140 28
20 -98.992 21488 CH 4 Tropical rain forest 100 320 17
21 -98.901 22.069 GSP 4 Tropical forest 100 488 38
22 -99.350 22415 GSP 4 Qak forest 85 775 8
23 -98.964 22.152 GSP 4 Tropical desiduos forest 98 211 15
24 -99.062 21306 CH 4 Tropical rain forest 97 1508 43
25 -98.884 21.266 CH 4 Tropical rain forest 92 985 45
26 -99.060 21.603 CH 4 Tropical forest 920 468 20
27 -99137 21789 CH 4 'TTS;ET f‘-f’;raessi'a”d ) 88 326 0
28 -99.017 21565 CH 4 Tropical rain forest 97 1020 15
29 -98.756  21.351 CH 4 Tropical rain forest 95 152 10
30 -08.886  22.088 GSP 4 Tropical deciduous forest 97 480 47
31 -99.099 21.600 CH 4 Tropical forest 99 1195 41
32 -99.299 21855 CH 4 Tropical deciduous forest 92 450 10
33 -99.448 22496 GSP 4 QOakforest 100 1058 31
34 -99.471 22491 GSP 4 Oak forest 96 1477 25
35 -99.108 21.501 CH 4 QOakforest 100 1160 25
36 -99.360 21.823 CH 4 Oak forest 89 628

37 -98.914  22.060 GSP 4 Tropical desiduos forest 93 515 6
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The ocelot is the third largest cat that occurs in Mexico. Despite all the information that has been collected regarding
its distribution in the country, little is known about its basic ecology in Mexico. In this study we estimated population
density of ocelots and their activity patterns for the Greater Lacandona Ecosystem region. Data were obtained through
camera traps. We used 33 camera trap stations that were active during 60 consecutive days. The effective sampling effort
was 1,920 trap days. Population density was estimated through Bayesian Spatial Explicit Capture-Recapture Models. In
addition, the activity pattern of ocelots was determined by the time recorded of all photographs obtained. We estimated
a minimal density of 12.9 + 5.39 ocelots for each 100 km? for the southern Montes Azules Biosphere Reserve. According
with the photographic records we identified that ocelots were active both day and night. Our results are similar to those
obtained in other areas located in the tropical rain forests of Central America with the classic capture-recapture methods.
In addition, this study shows the potential of this preserved area for maintaining long-term population of ocelots in the
tropical rain forest of the Greater Lacandona Ecosystem. More information about this species needs to be obtained,
especially for regions characterized by habitat fragmentation and human perturbation.

El ocelote es el tercer felino mas grande que habita en México. A pesar de que recientemente se ha publicado mucha
informacién acerca de la distribucién de esta especie en el pais, ain se desconoce muchos aspectos de su ecologia
basica en México. Con la finalidad de contribuir en el conocimiento de la ecologia poblacional de esta especie en las
zonas tropicales de México, en este estudio reportamos la densidad del ocelote para la regién de la Selva Lacandona, asi
como sus patrones actividad. El estudio se hizo mediante trampas-camara. Utilizamos 33 estaciones de foto-trampeo
que estuvieron activas durante 60 dias consecutivos, teniendo un esfuerzo efectivo de muestreo de 1,920 dias-trampa.
El analisis de densidad se hizo a partir de modelos espacialmente explicitos bayesianos. El patron de actividad de
los ocelotes se determiné por medio de la hora que registraron todas las fotografias que se obtuvieron de la especie.
Estimamos una densidad minima de 12.9 + 5.39 SE ocelotes/100 km? para el sur de la Reserva de la Biosfera Montes
Azules. De acuerdo con las fotografias obtenidas, los ocelotes mostraron picos de actividad tanto en el dia como en
la noche. Estos resultados son similares a otras densidades poblacionales reportadas para esta especie con métodos
de captura-recaptura clasicos para los bosques tropicales hiumedos de Centroamérica. El presente estudio ilustra el
el potencial de las zonas conservadas de la region de la Selva Lacandona para mantener una poblacién de ocelotes
viable a largo plazo. Hace falta ampliar el conocimiento de la especie, especialmente en regiones caracterizadas por la
fragmentacion y la perturbacién humana.

Key words: abundance; activity; camera traps; Leopardus pardalis; SPACECAP.
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DENSIDAD DE OCELOTES EN LA SELVA LACANDONA

Introduccion

El ocelote (Leopardus pardalis) es una de las once especies de felinos que habitan en el Neotrépico
y el tercer felino més grande que habita en México. Su distribucion abarca desde el sur de Estados
Unidos hasta el norte de Argentina y ocupa una gran diversidad de ecosistemas como bosques
tropicales, pastizales y matorrales (Sunquist y Sunquist 2009). En México, el ocelote se puede
encontrar tanto en regiones tropicales como subtropicales y su distribucién incluye en el norte los
estados de Sonora y Tamaulipas, extendiéndose hacia el sur a lo largo de las vertientes costeras
del Golfo de México y del Pacifico hasta Chiapas y Yucatédn. En el centro del pais se distribuye
a través de la cuenca del rio Balsas en el Estado de México (Leopold 1959; Hall 1981). Incluso,
existen registros recientes de esta especie en los estados de Zacatecas y Aguascalientes (Barcenas
y Medellin 2010; Valdez-Jiménez et al. 2013).

La caceria de los ocelotes por sus pieles en la década de los 1960 y 1970s redujo de manera
considerable muchas de las poblaciones de esta especie en toda su area de distribucién (Nowell y
Jackson 1996; Di Bitetti et al. 2008; Sunquist y Sunquist 2009). Como consecuencia de la amenaza
que esto representaba, el ocelote fue catalogado como Vulnerable en la lista roja de la Unién
Internacional para la Conservacién de la Naturaleza (UICN). Sin embargo, tras la prohibicién del
comercio de pieles de felinos silvestres en 1980 por la Convencién sobre el Comercio Internacional
de Especies Amenazadas de Flora y Fauna (CITES por sus siglas en inglés), la categoria de
conservacion de esta especie cambid a Preocupacion Menor (Paviolo et al. 2015). En Mékxico, el
ocelote se encuentra clasificado como “en Peligro de Extincion” (SEMARNAT 2010). Sin embargo,
aun falta mucha informacién sobre aspectos basicos de la ecologia de esta especie en México,
la cual es necesaria para disefar los programas de manejo y conservacion adecuados para esta
especie en el pais.

La mayor parte de la informacion publicada sobre el ocelote en México consiste en registros
de su distribucion (Pozo de la Tijera y Escobedo Cabrera 1999; Grigione et al. 2001; Sanchez et
al. 2002; Servin et al. 2003; Lorenzana et al. 2004; Iglesias et al. 2008; Barcenas y Medellin 2010;
Ramirez-Bravo et al. 2010; Martinez-Calderas et al. 2011; Aranda et al. 2012; Ahumada-Carrillo et
al. 2013; Hernandez-Flores et al. 2013; Sdnchez Hernandez et al. 2013; Galindo-Aguilar et al. 2016;
Garcia-Bastida et al. 2016). Aunque también hay algunos estudios sobre su historia natural los
cuales han contribuido al conocimiento de sus hébitos alimenticios (de Villa et al. 1995), y patrones
de actividad (Pérez-Irineo y Santos-Moreno 2014; Briones-Salas et al. 2016). A pesar de que se
han publicado varios estudios acerca de la densidad de esta especie a lo largo de su intervalo
de distribucion (Trolle y Kéry 2003; 2005; Maffei et al. 2005; Di Bitetti et al. 2006; 2008; Dillon y
Kelly 2007; Salvador y Espinosa 2015), se tiene muy poca informacion acerca de las densidades de
esta especie para México (Pérez-Irineo y Santos-Moreno 2014; Martinez-Herndndez et al. 2015).
El objetivo de este estudio es estimar la densidad poblacional de los ocelotes en la regiéon de
la Selva Lacandona, en el estado de Chiapas, a partir del uso de trampas-cdmara y de modelos
espacialmente explicitos de captura-recaptura. Adicionalmente, describimos los patrones de
actividad de los ocelotes en diferentes periodos del dia utilizando los registros obtenidos mediante
las trampas-camara y comparamos los resultados obtenidos con otros estudios publicados para
México y otras regiones del Neotrépico.

Material y Metodos

Area de estudio. La Selva Lacandona se ubica en el sureste de México. Esta regién contiene la
porcién continua mas grande de bosque tropical lluvioso de México y consiste en un area
prioritaria para la conservacién. Esta regidn es la mas rica del pais en términos de diversidad
y alberga muchas especies catalogadas como amenazadas y en peligro de extincién (Medellin
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1994). Se ha estimado que esta regién contiene mas de 4,000 especies de plantas vasculares y
alberga entre 20 %y 25 % de la diversidad de especies de plantas y animales de México (Medellin
1994; Davis et al. 1997).

La Selva Lacandona representa una de las regiones mas amenazadas del pais. De las
1,500,000 hectareas originales de selva, se han perdido dos terceras partes en los Ultimos 40 afios
(Mendoza y Dirzo 1999; Jong et al. 2000). Las principales amenazas para este ecosistema son
el rdpido crecimiento demografico, las altas tasas de deforestacion y la extraccion no regulada
de recursos no renovables (Medellin 1994). La mayor parte del remanente de bosque de esta
region se encuentra protegida a través de siete areas naturales: la Reserva de la Biosfera Montes
Azules (RBMA, 331,200 ha), la Reserva de la Biosfera Lacan-Tun (61,873 ha), el Monumento Natural
Bonampak (4,757 ha), el Monumento Natural Yaxchilan (2,621 ha), el Area de Proteccion de Flora
y Fauna Chan-Kin (12,184 ha), el Area de Proteccion de Flora y Fauna Nahé (3,847 ha) y el Area de
Proteccién de Flora y Fauna Metzabok (3,368 ha).

El drea de muestreo se localiza en el sur de la Selva Lacandona, en el borde sur de la Reserva
de la Biosfera Montes Azules, dentro de la zona de uso restringido de la reserva (INE-SEMARNAP
2000). Se encuentra aislada de los ejidos colindantes (Loma Bonita, Boca de Chajul, Playén de la
Gloria y Galacia) por el rio Lacantun (Figura 1). La vegetacion dominante en este sitio es selva alta
perennifolia bien conservada (de la Torre y Medellin 2011).

Disefio de muestreo. El sitio de estudio comprendié un area de 82 km? calculada a través del
método de poligono minimo convexo y considerando el drea cubierta por las trampas-camara
que utilizamos para este estudio (Figura 2). Tomamos registros durante 60 dias consecutivos,
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Figura 1. Localizacién del &rea de estudio en el paisaje de la Selva Lacandona.
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a partir de noviembre del 2007 hasta enero del 2008. Colocamos un total de 33 estaciones de
muestreo, de las cuales 17 consistieron en estaciones dobles, es decir, colocamos dos trampas-
camara viéndose entre si con el fin de capturar ambos perfiles de los individuos (Figura 2). Se
defini6 como un evento de muestreo cada dia que estuvieron activas las estaciones de foto-
trampeo (cada 24 horas = un evento de muestreo) y como captura a una fotografia de un individuo
de ocelote diferente dentro de cada evento de muestreo. Dado que una de las trampas camara
de una de las estaciones sencillas fue robada durante el muestreo, en total logramos un tiempo
efectivo de muestreo de 1920 dias-trampa.

El equipo consistié en 29 cdmaras Camtrakker® (Camtrakker TM, Camtrack South Inc. Georgia,
EE. UU.) y 21 Deer Cam® (modelo DC-200: Non Typical Inc., Park Lane, Park Falls, EE. UU). Las
trampas camara se colocaron aproximadamente a 45 cm del suelo y con una distancia de al menos
tres metros de los senderos. Dado que el protocolo utilizado en este estudio estaba enfocado a
la estimacion de abundancias de los jaguares (de la Torre y Medellin 2011), la separacién entre
las estaciones de muestreo fue de 1 a 3 km y éstas se colocaron en sitios asociados a rastros de
jaguares o que se consideraron familiares a ellos. Sin embargo, durante el muestreo se obtuvieron
una gran cantidad de registros de muchas otras especies ademas de los jaguares, incluyendo los
ocelotes (de la Torre 2009).

Estimacién de la densidad poblacional. De acuerdo al patrén de manchas individual de cada uno de
los ocelotes, identificamos el mayor nimero de individuos posible (Trolle y Kéry 2003; Maffei et al.
2005; Di Bitetti et al. 2006; Dillon y Kelly 2007). Sin embargo, dado que obtuvimos pocas fotografias
de ambos perfiles de los individuos, separamos el nimero de individuos fotografiados del perfil

.-..-.\
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7 (Beligane Minime Convexe) Bl Rio Lacantan y
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el area de muestreo

Figura 2. Localizacién de las trampas cdmara y el area de muestreo.
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izquierdo y los fotografiados del perfil derecho. Debido a lo anterior, estimamos la
densidad de la poblacién utilizando los datos del perfil en el cual se obtuvieron mas
registros, por lo que las densidades estimadas en este estudio deben considerarse
como las densidades minimas para nuestra area de estudio.

Para la estimacién de la densidad de los ocelotes utilizamos la técnica de
captura-recaptura con trampas cdmara y analizamos los datos a través de modelos
espacialmente explicitos de captura-recaptura (SECR por sus siglas en inglés).
Particularmente utilizamos los modelos bayesianos, los cuales utilizan métodos
de Cadenas de Markov de Monte Carlo (MCMM por sus siglas en inglés) para el
aumento de los datos, una técnica que complementa el conjunto de datos de los
animales conocidos con un conjunto de datos arbitrarios derivados de todos las
posibles historias de encuentro que consisten en ceros (Royle et al. 2009a, b). Una
de las diferencias mas importantes entre los modelos espacialmente explicitos y los
modelos de captura-recaptura clasicos es que la unidad de estudio cambia. Para
los primeros las unidades de estudio son los sitios de muestreo, es decir, las trampa
-camaras, para lo segundos, las unidades de estudio son los individuos de la especie.
Lo anteriorimplica que alos modelos espacialmente explicitos se les puede incorporar
informacién espacial sobre los movimientos y la ubicaciéon de los individuos con
respecto a la posicién de las camaras, lo que a su vez permite realizar estimaciones
poblacionales tomando en cuenta la relacion que existe entre la localizacién de las
trampa cdmaras y los centros de las areas de actividad de los individuos fotografiados
(Srivathsa et al. 2015). Estos modelos tienen el supuesto de que todos los individuos
de la especie bajo estudio tienen un éarea de actividad relativamente definida y que
los centros de éstas se distribuyen de manera uniforme en el drea de interés (Royle et
al. 2009a, b).

Parapoderllevaracabolos modelos espacialmente explicitos utilizamos el paquete
SPACECAP (Gopalaswamy et al. 2012, 2015 disponible en https://cran.r-project.org/
web/packages/SPACECAP/index.html), para R 3.0.1 (2007; The R Foundation for
Statistical Computing). Dado que la estimacién de la densidad requiere la definicién
de un drea de muestreo (conocido como espacio S) que incluya el drea potencial que
pueden utilizar los individuos en la periferia, calculamos un poligono rectangular que
incluy6 todas las estaciones de muestreo y agregamos un buffer de 4,352 metros,
distancia que corresponde ala distancia maxima transitada porlos ocelotes de acuerdo
a las estaciones de muestreo (MMDM, por sus siglas en inglés; Figura 2). El tamano de
las celdas de la reja fue de 0.0625 km? y cada punto para generar la reja se encontraba
separado por 0.25 km. Se realizaron 100,000 iteraciones con las simulaciones de las
MCMC, con un periodo de descarga inicial de 5,000 y una tasa de adelgazamiento
de 100. Establecimos que el nimero maximo de posibles individuos presentes fuera
de casi 10 veces mas (130) la cantidad de individuos realmente capturados. Para la
evaluacion de los resultados de los modelos nos basamos en los valores de Geweke.
Para mayor detalle sobre el funcionamiento del paquete SPACECAP y de los modelos
espacialmente explicitos de captura-recaptura se puede consultar Royle et al. (2009b),
Gopalaswamy et al. (2012) y Gopalaswamy et al. (2015).

Andlisis de los patrones de actividad. El patrén de actividad de los ocelotes se infirié
por medio de la hora que registran las fotografias, debido a que las trampas-camaras
estuvieron activas durante todo el dia. Se utilizaron todos los datos para la obtencion
de estos patrones, asi como las fotografias que se obtuvieron de ambos sexos. Se
agruparon las fotografias en intervalos de una hora durante las 24 horas del dia. El
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analisis de los patrones de actividad se hizo utilizando el programa“Activity” (Rowcliffe
2015 - disponible en https://cran.r-project.org/web/packages/activity/index.html),
para R 3.0.1 (2007; The R Foundation for Statistical Computing).

Resultados

Estimacién de la densidad poblacional. Obtuvimos un total de 35 fotografias de
ambos perfiles. Identificamos 14 individuos diferentes con el perfil derecho y 13
con el izquierdo (Tabla 1), por lo cual, utilizamos los primeros para llevar a cabo la
estimacién de la densidad poblacional. De éstos, fueron capturados cuatro machosy
10 hembras y se recapturaron a cuatro individuos diferentes. La frecuencia promedio
de captura de los ocelotes fue de 18.2 capturas por 1,000 dias trampa. El promedio
de las distancias maximas viajadas por los ocelotes fue de 2,802 m (Tabla 1). Este
promedio se basé solamente en las recapturas de dos individuos, ya que los otros dos
individuos se recapturaron en los mismo sitios de su primera captura. Elintervalo de
las distancias maximas viajadas por los ocelotes fue de 1,252 a 4,352 m.

La densidad estimada fue de 12.9 + 5.39 SE/100 km”. Los valores de A0 (la tasa de
deteccién que se espera si la trampa camara se encontrara en el centro de actividad
de los individuos) y @ (probabilidad de que uno de los valores aumentados que

Tabla 1. Numero de individuos identificados por ambos perfiles.

Lado Numero de Numerode Machos Hembras Sexo no Promedio de sD
capturas individuos identificado las distancias
independientes capturados maximas que se

movieron (mts)

Derecho 19 14 4 10 - 2,802 2,192

Izquierdo 20 13 5 7 1 2,165 1,903

representan individuos no capturados sea un individuo real) fueron de 1.51 x 103 +
1.11x10% SEy 243 x 10" £1.05x 10" SE, respectivamente (Tabla 2). De acuerdo a
los valores de Geweke obtenidos, todos los parametros convergieron (Tabla 3).

Patrones de actividad. De acuerdo con el nimero de fotografias obtenidas, los ocelotes
mostraron tres picos de actividad, tanto en el dia como en la noche. El primer pico de
actividad es en la madrugada y abarca desde las 01:00 a las 06:00 horas. El sequndo
es en la mahanay dura de las 10:00 a las 12:00 horas. El ultimo de las 21:00 a las 23:00
horas (Figura 3). La actividad de los ocelotes disminuye considerablemente entre
las 08:00 y las 09:00 de la mafnanay entre las 13:00 y las 16:00 de la tarde (Figura 3).
Comparando los diferentes picos de actividad con los periodos de inactividad por

Tabla 2. Pardmetros obtenidos en los modelos espacialmente explicitos de captura-recaptura

Valor estimado Desviacion Estandar
N 3.43x10" 1.43x 10"
Densidad* 0.129 0.0539
)\0 1.51X10° 1.11X 103
o 9.23X 103 1.51x 10
P 2.43x 10" 1.05x 10"

* Densidad estimada por SPACECAP en individuos por km?
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medio del estadistico de Wald encontramos que el mayor pico de actividad es el de
la madrugada. Los ocelotes fueron significativamente mas activos en el pico de la
madrugada que en los periodos de inactividad de la mahana (W = 6.50; P < 0.05), y
delatarde (W =9.42; P < 0.01). También este andlisis revel6 que los ocelotes son mas
activos en la madrugada que en el pico de actividad de la noche (W = 4.47; P < 0.05).
El andlisis también revel6 que los ocelotes son mas activos en el pico de actividad de
manana (10:00 a las 12:00 horas) que en el periodo de inactividad de la tarde (W =
3.96; P < 0.05). Finalmente el porcentaje de tiempo activo de los ocelotes (nivel de
actividad) fue de 0.53 £ 0.08 % (95 % Cl = 0.31- 0.63).

Figura 3. Frecuencia de actividad de los ocelotes obtenidos por medio de los registros de trampas camara
incluyendo los intervalos de confianza.
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Discusion

De acuerdo a las densidades registradas de las poblaciones de ocelote en diversas
partes de su distribucién, la densidad reportada en este estudio (12.9 individuos/100
km?), se encuentra dentro del intervalo de densidad reportado en la literatura (Tabla
4). La densidad estimada para la Selva Lacandona es similar a la obtenida por otros
autores utilizando los modelos clasicos de captura-recaptura y utilizando la distancia
media maxima viajada por los ocelotes para calcular el area efectiva de muestreo.
Dillon y Kelly (2007) reportaron una densidad de 25.89 + 7.92 ocelotes/100 km?y de
12.61 + 3.66/100 km? ocelotes utilizando los métodos de captura-recaptura clasicos
y agregando un buffer de > MMDM y MMDM, respectivamente, en Chiquibul en
Belice. Asimismo, compararon los resultados con estimaciones obtenidas a partir de
radio-collares para evaluar el desempefo de sus estimaciones y observaron que la
distancia obtenida considerando %> MMDM representa menos de la mitad del radio
de la distancia maxima registrada con radio collares; esto sugiere que para especies
con dmbitos hogarefios amplios como los ocelotes, la consideraciéon de un buffer
de MMDM completo podria ser mas acertado, y que utilizar solamente el 2 MMDM
podria ocasionar una sobreestimacion de las densidades poblacionales (Soisalo y

Tabla 3. Valores de Geweke obtenidos para la validacion del modelo.

sigma lamo0 psi N

0.2378 -0.7647 -1.0196 -0.8378
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Cavalcanti 2005; Dillon y Kelly 2007). Bajo este contexto, consideramos que nuestra
estimacion mediante los modelos SECR es adecuada debido a que se encuentra mas
cercana a las estimaciones obtenidas por medio de los modelos captura-recaptura
clasicos que utilizan el MMDM para estimar el area efectiva de muestreo obtenidas
en ecosistemas similares (Tabla 4).

Las densidades delos ocelotes son muy variables alo largo de su distribucion (Tabla
4), y las diferencias entre las densidades estimadas en ecosistemas similares pueden
deberse a problemas metodolégicos como la distancia entre las trampas cdmara, el
esfuerzo de muestreo y el método utilizado para hacer la estimacién, lo que dificulta
las comparaciones entre los diferentes estudios (Dillon y Kelly 2007; 2008; Martinez-
Herndndez et al. 2015). Sin embargo, se ha observado que la densidad de los ocelotes
a los largo del continente Americano aumenta conforme aumenta la precipitacion y
se reduce la distancia al ecuador (Di Bitetti et al. 2008). Por lo general las densidades
mas altas se encuentran en los ecosistemas tropicales mas cercanos al ecuador (Tabla
4). Este patron se explica debido a que la productividad primaria es mayor en los
sitios mas cercanos al ecuador, lo cual permite una mayor capacidad de carga de
los ecosistemas y por lo tanto una mayor cantidad de presas disponibles para los
depredadores debido a una mayor cantidad de presas disponibles (Di Bitetti et al.
2008; Kolowski y Alonso 2010). Por esta razén las densidades de los ocelotes en los

Tabla 4. Densidades de ocelotes estimadas a lo largo de su distribucion. Se muestra el método que se utilizé para
calcular el drea efectiva de muestreo y el esfuerzo de muestreo. NUmero de estaciones (No. St)

& Método Densidad Noches-
Pais Area de estudio utilizado p(:(rr;:m trampa No. St Referencia
EE. UU. Valle del Rio Grande > MMDM 3 1,310 15 Haines et al. (2006)
México Los Chimalapas ¥ MMDM 38 8,529 29 Pérez-Irineo y Santos-Moreno (2014)
MMDM 226
Sierra Abra-Tanchipa SECR 3.0-18.0 7,786 22-27 Martinez-Hernandez et al. (2015)
Selva Lacandona SECR 12.9 1,920 33 Este estudio
Belice Chiquibul > MMDM 258 412 17 Dillon y Kelly (2008)
MMDM 12.6
CostaRica Corredor Biolégico PMC 6.4 600 10 Gonzélez-Maya y Cardenal-Porras (2011)
Talamanca Caribe
Panama Isla de Barro Colorado SECR 15.87 1,824 21 Rodgers et al. (2014)
MMDM 18.15
Colombia  Palamarito %> MMDM 5.47 1,282 21 Diaz-Pulido y Payan Garrido (2011)
MMDM 11.08
Ecuador Maxus Road (Yasuni) ¥ MMDM 83.5 2,340 27 Salvador y Espinosa (2015)
MMDM 313
Lorocachi (Yasuni}9 > MMDM 93.3 2,340 27
MMDM 34.8
Peru Amazonas Peruano ¥ MMDM 94.7 2,085 23 Kolowskiy Alonso (2010)
MMDM 58.5
Bolivia Gran Chaco MMDM 19 - 15 Maffei y Noss (2008)
Brasil Pantanal %> MMDM 56.4 450 6 Trolle y Kéry (2003)
Caraguata %2 MMDM 4 4250 42 Goulart et al. (2009)
Argentina  Urugua-i 2 MMDM 133 1,409 34 Di Bitetti et al. (2006)
MMDM 7.7
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boques tropicales de Centroamérica, como en el caso de la Selva Lacandona, podrian
ser menores (de tres a cinco veces) que las densidades reportadas en ecosistemas
similares en Sudamérica préximos al ecuador.

Aunque la productividad primaria, la precipitaciéon y la latitud aparentemente
determinan la abundancia de los ocelotes a aparentemente determinan la abundancia
de los ocelotes a una escala regional, factores como la fragmentacién, caceria y la
competencia con otras especies también afectan la abundancia de esta especie a escala
local (Di Bitetti et al. 2008). Estudios con radio-telemetria de ocelotes en otras regiones
tropicales han demostrado que esta especie puede adaptarse a utilizar ambientes
modificados por el hombre. Incluso en muchos ambientes modificados los ocelotes
son los depredadores tope después de que los felinos mayores, como el puma (Puma
concolor) y el jaguar (Panthera onca), han sido extirpados (Cruz-Rodriguez et al. 2015).
Otros estudiosrealizados enlaregiéon dela Amazoniahan mostrado que tanto ladensidad
como la actividad de los ocelotes no se modifica con las actividades humanas (Kolowski
y Alonso 2010; Salvador y Espinosa 2015). Entender como la cambia la abundancia de
esta especie en distintos grados de fragmentacién y perturbacién humana debe ser una
prioridad para disefar los planes de conservacion adecuados para esta especie en las
regiones tropicales del sur de México.

Los ocelotes en la Selva Lacandona mostraron picos de actividad tanto en la noche
como en el dia. Varios estudios han reportado que la actividad de los ocelotes es
principalmente nocturna (Maffei et al. 2005; Di Bitetti et al. 2010; Kolowski y Alonso
2010; Martinez-Hernandez et al. 2015; Salvador y Espinosa 2015), o nocturna con un
poco de actividad en el dia (Di Bitetti et al. 2006; Pérez-Irineo y Santos-Moreno 2014;
Briones-Salas etal. 2016). La actividad de los ocelotes esta influenciada por los periodos
de actividad de sus presas (Emmons 1987; Harmsen et al. 2011; Pérez-Irineo y Santos-
Moreno 2014; Martinez-Hernandez et al. 2015; Salvadory Espinosa 2015). Los ocelotes
son mas activos en el dia en sitios donde hay poca actividad humana y suelen limitar
su actividad a la noche en sitios donde hay actividad humana y caceria (Kolowski y
Alonso 2010; Pérez-Irineo y Santos-Moreno 2014). Por lo que el pico actividad diurno
observado en la Selva Lacandona se puede explicar por la baja presencia humana en
el area, debido a que la mayor parte de las trampas cdmara estuvieron colocadas en
areas remotas con poca o nula actividad humana. Ademas existe evidencia de que
los ocelotes pueden ajustar sus periodos de actividad para evitar la competencia por
interferencia y la depredacién intragremio de las demds especies de felinos con las
cuales coexisten (Di Bitetti et al. 2010; Salvador y Espinosa 2015).

Los resultados de este estudio ilustran la importancia de la Selva Lacandona para
conservar una poblacién viable de ocelotes a largo plazo en México. La conservacion
de esta poblacién y la de otras especies emblematicas, depende de conservar las
grandes extensiones de bosque tropical que aun se mantienen dentro de las 4reas
naturales protegidas de esta region (de la Torre y Medellin 2011).
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We report home range estimates of an individual Baird’s tapir (Tapirus bairdii) recorded from May 7, 2011 to September
2015 at the Calakmul Biosphere Reserve in Southern Mexico. The tapir was captured and equipped with a VHF collar in
a pond within the reserve. The signal failed to transmit in the following month but with the help of a network of camera
traps deployed in nearby water bodies we monitored this individual during four years and a half. We have estimated home
range by the Minimum convex polygon method and also by constructing a buffer around camera traps locations where
this animal was photo-captured. With few available records (<30) but spanned over four years the Minimum convex
polygon estimate for all locations resulted in 23.9 km? When we constructed a buffer around camera trap locations we
estimated a home range of 39.9 km? with a core area of 4.1 km2 Maximum distance dispersed from this tapir was 10.5 km
from its original location. The home range estimates reported here are larger than previously reported for this species.
This is the first report on the home range, travel capacity, and distances for the Baird’s tapir in the Calakmul Region.

Reportamos estimaciones del tamafio del dmbito hogarefio de un individuo de tapir de Baird (Tapirus bairdii) en la
Reserva de la Biosfera de Calakmul desde el 7 de mayo del 2011 hasta septiembre del 2015. El tapir fue capturado
en una "aguada” dentro de la reserva y se le puso un collar de radiotelemetria VHF que funciond solo unas semanas.
Con ayuda de una red de camaras trampas instaladas en cuerpos de agua hemos monitoreado movimientos de éste
individuo por cuatro afos y medio. Estimamos el dmbito hogarefo a través del método del Poligono minimo convexo y
construyendo una éarea buffer alrededor de los sitios donde ha sido foto-capturado. Con los pocos registros obtenidos (<
30), pero que se extienden durante cuatro afos y medio y utilizando el Poligono minimo convexo y considerando todos
los registros desde que este individuo fue capturado, estimamos un ambito hogarefio de 23.9 km2. Cuando construimos
un buffer alrededor de dichos puntos estimamos un ambito hogarefio de 39.9 km? con un érea nucleo de 4.1 km?2. La
distancia maxima de dispersién fue de 10.5 km desde su ubicacién original. Los dmbitos hogarefios estimados en esta
investigacion son mas grandes que los reportados para esta especie en otros estudios. Este es el primer reporte de
ambitos hogarefos, capacidad de movimientos y distancias de desplazamiento para el tapir de Baird en México.

Key words: camera traps; Calakmul Biosphere Reserve; Calakmul ponds; Minimum convex polygon; Radiotelemetry.
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TAPIR HOME RANGE

Introduction

The Baird’s or Central American tapir (Tapirus bairdii) is an endangered Neotropical species of the
current low diverse order Perissodactyla. Found originally from Mexico to Northern Ecuador, its
historical range has been reduced considerably (Castellanos et al. 2008). It has been determined
that the largest population from the whole distribution is the one living in the Maya Forest, a
tropical forest shared between Mexico, Guatemala and Belize (Naranjo 2009). The Calakmul
Biosphere Reserve (CBR), located at the center of the Maya Forest, is the largest protected
tropical forest in Mexico with almost no significant human perturbation in the last 1100 years
(Reyna-Hurtado et al. 2009).

Within the paradigm of movement ecology (Nathan et al. 2008), the movement of animals in
the wild and decisions they take are of fundamental importance to understand aspects of habitat
use, feeding habits, dispersing abilities, use of spatial memory, and several other ecological
process that deal with movement. Baird’s tapir movement ecology is virtually unknown except
for the studies in Corcovado National Park, Costa Rica, where several tapirs were radio collared
and home range and movement patterns were determined for several year (Foester 2001;
Foester and Vaughan 2002). In Mexico, density, relative abundance, habitat use and human
impact on tapir populations have been determined for the following protected areas: a) Montes
Azules Biosphere Reserve, Chiapas (Naranjo 2002); b) El Triunfo, Chiapas (Carrillo- Reyna et al.
2015b276); ¢) Chimalapas region, Oaxaca (Lira et al. 2012); and d) Calakmul Biosphere Reserve,
Campeche (Perez-Cortez et al. 2012, Carrillo- Reyna et al. 2015b275). Baird’s tapir potential
habitat has been modeled for the Yucatan Peninsula (Carrillo- Reyna et al. 2015b275).

To fill gaps in knowledge, from 2010 to 2012 we tried to capture and follow a Baird’s tapir in the
CBR with the aim of determine their movement patterns in this semi-dry environment where water
is scarce over the dry season. Here we present estimations of home range and distances travelled
by a Baird’s tapir that was captured and followed with a set of camera traps deployed strategically
in selected ponds for four and a half years in the core area of the CBR in Southern Mexico.

Methods and Materials

This study was conducted under the permission of the corresponding authorities (see
Acknowledgement section) in the CBR in Campeche, Mexico, in the core of the Maya Forest. CBR is
a semi-perennial tropical forest relatively undisturbed since abandoned by the Mayans 1100 years
ago with tree heights generally between 15 and 25 m (Pennington and Sarukhan 1998). Today
CBR is the largest protected tropical forest of Mexico with 7,238 km? and with human activity
limited to tourism centered on archeological ruins. Hunting or extraction of timber or non-timber
products is prohibited (Reyna-Hurtado et al. 2009). There are no major rivers in the CBR and most
water percolates from underground due to the karst or limestone soils with limited standing water
known as “aguadas’, which constitute the only water source for humans and wildlife in the dry
season (Reyna-Hurtado et al. 2010).

As part of a large project founded by Conacyt (Mexican Council of Science) we captured a
wild individual of Baird’s tapir with a combination of Butorphanol and xilazine hydrochloride
(Hernandez-Divers et al. 1998). We used a remote delivery system (Daninject Inc. Austin, TX)
to anesthetize the tapir and to place a VHF radiotelemetry collar that failed to send signal after
several days of being deployed. The tapir was subsequently recorded only when it appeared in
the set of camera traps that were set up at six“aguadas” of the CBR.

We estimated home range using the Minimum convex polygon method (Seaman and Powell
1996; Kernohan et al. 2001). Minimum convex polygons are simple and easy to calculate and
basically encircle areas where the animals have been observed. It is a highly common method
that is easy to compare among different studies (Kernohan et al. 2001). Additionally, due to the fact
that most of the records used in this study came from photo-captures in camera traps locations
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(Reconyx RapidFire 800) we decided to emulate the analysis used to estimate density for tiger
(Panthera tigris; Karanth and Nichols 1998) and jaguars (Panthera onca; Silver et al. 2004) where a
potential area visited by the animal is estimated through constructing a buffer of half the size of
the maximum distance moved around the camera traps where the animal have been recorded
(Karanth and Nichols 1998). We estimated the maximum distances moved from a subset of camera
traps where we recorded the tapir from November 2011 to September 2015 and constructed a
buffer of half the size of the single maximum distances moved. We estimated the area of the
combined buffer polygons and presented as another estimation of home range.

Results

We captured a subadult male tapir on May 7, 2011. The animal was released with an attached
radiotelemetry collar. However, the collar failed after 20 days due to unknown causes. Therefore,
with six camera traps strategically positioned in ephemeral ponds of the CBR we obtained
additional records from this individual that was recognized due to the presence of the collar. We
recorded the presence of this tapir in 30 events from May 2011 to September 2015. The tapir spent
a few months around the site where it was captured (“Aguada Bonfil”). Later in the same year
(November 2011) moved to a set of ponds 8 km away, “Aguada Verde”, “Bafos’, “Aguada Calakmul”
and “Corriente Calakmul’, that we refer to as the dispersed area. The individual remained there
until the end of the study (September 2015), with the exception of a single trip back to “Aguada
Bonfil"that last two days. The individual showed a marked preference for“Aguada Verde” with 50%
of observations. The distances between “Aguada Bonfil” and “Aguada Verde” is 7.8 km, while the
distance from “Aguada Bonfil” to the furthest “aguada” where the animal was recorded (“Bafos”)
is 10.5 km. For the subset of data of those sites where it has been recorded since November 2011
(the dispersed area) the maximum distances it has moved in a straight line was 4.1 km; therefore
we used half of this maximum distance (2.08 km) as a distance to construct a buffer around these
points for purposes of estimate a potential home range.

We estimated a home range of 23.9 km? from a Minimum convex polygon built using all records
(Table 1, Figure 1). Considering only the sites where we have recorded the tapir since it moved
to a new area (the dispersed area; November 2011 to September 2015 with the exception of a
single trip to “Aguada Bonfil” this tapir did in April 16 and 17 of 2012). We found a large variation in
home range estimates, from a conservative estimate of 4.1 km? as the Minimum convex polygon
around sites, to 39.8 km? considering the buffer around these points of half the size (2.08 km) of
the maximum distances the tapir moved during this time (Table 1, Figure 1).

Discussion and Conclusions

Due to limited information on home range on this species here we present estimates of home
range of an individual tapir based on few locations but gathered over a long period of time and
that shows a consistent use of some specific sites at the Maya Forest. Considering the home range
estimates of 1.25 km?to 10.7 km? for tapirs in Corcovado National Park of Costa Rica (Foester 2001;
Foester and Vaughan 2002) our conservative estimate of the Minimum convex polygon of the area

Table 1. Home range estimations based in records obtained from May 2011 to September 2015 of an adult Baird’s tapir in the Calakmul
Biosphere Reserve, Campeche Mexico.

Home Range Estimation Method Dates Area (Km?)
Minimum convex polygon of all tapir records since it was captured. May 2011-September 2015 23.93
Minimum convex polygon of tapir records only from area where it dispersed. = November 2011 to September 2015 4.16
Area buffer around points of area where it dispersed. November 2011 to September 2015 39.87
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where the tapir dispersed (4.1 km?) fits well in this interval. However, the estimates of the Minimum
convex polygon for all locations (23.9 km?) and from the buffer around the area where the animal
dispersed (39.8 km?) are the largest reported for this species. These estimates are even larger
than those reported for Tapirus terrestris where a mean of 4.7 km? and a maximum home range
of 14.2 km? were estimated (using Fixed Kernel and Minimum convex polygon methods) from 19
individuals followed in Brazil from periods of 8 to 36 months (Medici 2010). Other estimates of
home range on T. terrestris are also lower than the ones obtained in Calakmul; for example in the
dry forest of Bolivia (Chaco region) five individual averaged 2.4 km? with a maximum of 3.0 km?
after 29 months of radiotelemetry work (Noss et al. 2003). Our estimates of Calakmul are also
larger than the 3.5 km? (Kernel method) and 2.5 km? (Minimum convex polygon) reported for an
individual of Tapirus pinchaque in the Colombian Andes (Lizcano and Cavelier 2004), or 8.8 km? for
three individuals of same species in the Ecuadorian Andes (Downer 1996).

The limited data in this study with only one individual studied prevent a more detailed
elaboration, but water searching may be triggering its movement among CBR ponds. This was
demonstrated by four white-lipped peccary (Tayassu pecari) herds in the same location where
water sources determined their movement during the dry seasons of 2005 and 2006 (Reyna-
Hurtado et al. 2012). This study also found that the almost 8 km that separated “Aguada Bonfil”
from “Aguada Verde” were travelled by this tapir in less than 24 hours (from the 16th to 17th of
April 2012) showing the orientation abilities of this individual and indicating the possibility of
using spatial memory given the linearity and precision of its movements.

Home Range of a Baird's Tapir
in the Calakmul Biosphere Reserve

Calakemul
Biosphere

"Aguada Bohfil”
Reserve ; /

“Aguada Verde”
y =
.

J
“Aguada Bafios”

Figure 1. Records of presence of a Baird’s tapir (May 2011 - September 2015) with Minimum convex polygon of all locations
(May 2011 to September 2015), of only the area where the individual dispersed (November 2011 to September 2015) and polygon of
home range estimated using a buffer of half the maximum distance moved of the locations where it dispersed (November 2011 to
September 2015).
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Baird's tapir is an endangered species with limited information available about
its ecology requirements, including home range and movement patterns; this
information is urgently needed to elaborate conservation plans and actions. Our
study is important because, even it is limited in frequency of observations, it spans
over four and a half year and analyses indicated that home ranges and distances
travelled by this species might be larger than previously reported. This is a topic that
deserves future research on this endangered species.
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La liebre amenazada Lepus flavigularis prefiere establecer
sus sitios de alimentacion y descanso en potreros con presencia de ganado
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prefers to establish its feeding and resting
sites on pasture with cattle presence
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Lepus flavigularis Wagner 1844 (Tehuantepec jackrabbit), a species endemic to southern Oaxaca in Mexico, and
is currently considered as the jackrabbit in greatest danger of extinction worldwide. In the locality of Santa Maria
del Mar in Oaxaca, it inhabits open pastures, sharing habitat with domestic cattle (Bos taurus). We hypothesize that
L. flavigularis prefers to establish its feeding and resting sites in pastures where cattle are present. Understanding
interspecific relationships is of great importance to the establishment of appropriate management plans. We record
radio-tagged and no radio-tagged jackrabbits that established their resting and feeding sites on pastures with presence
and absence of cattle and a compositional analysis of habitat preference was conducted. This paper reports for the first
time the preference of L. flavigularis to establish feeding (A = 0.8010, P = 0.0020) and resting sites (K = 0.6605, P = 0.016)
in the pasture with the presence of cattle. Selection of these sites could be attributed to the fact that the presence
of cattle can function as an alarm system against possible predators, while the cattle grazing could itself promote
palatable species of Poaceae that form part of the diet of this leporid. This information is key to the establishment of
future management plans for both species and their ecosystem. A long-term study is required in order to determine
the feasibility of cattle and jackrabbit cohabitation. We propose that an efficient rotational grazing program, could
contribute to the conservation of this jackrabbit population.

Lepus flavigularis Wagner 1844 (Liebre de Tehuantepec), es una especie endémica del sur de Oaxaca, México.
Actualmente considerada como la liebre en mayor peligro de extincién en todo el mundo. En Santa Maria del Mar,
en Oaxaca, la liebre habita en pastizales abiertos, compartiendo su habitat con el ganado doméstico (Bos taurus);
nuestra hipdtesis es que L. flavigularis prefiere establecer sus sitios de alimentacién y de descanso en potreros donde
el ganado estd presente. Se registré el nimero de liebres radio-marcadas y sin marcar que establecieron sus sitios
de alimentacién y de descanso en potreros con presencia y ausencia de ganado bovino y se llevé a cabo un anélisis
composicional de la preferencia de habitat. L. flavigularis prefiere establecer sus sitios de alimentacion (£ =0.8010, P =
0.0020) y sitios de descanso (£ = 0,6605, P = 0,016) en potreros con presencia de ganado. La seleccion de estos sitios
se puede atribuir al hecho de que la presencia de ganado puede funcionar como un sistema de alarma contra posibles
depredadores, mientras que el pastoreo del ganado podria en si promover especies palatables de Poaceae que forman
parte de la dieta local de este leporido. Esta informacion es clave para la creacion de planes de manejo para ambas
especies y su ecosistema. Se requiere un estudio a largo plazo para determinar la viabilidad de la cohabitacién de la
liebre y el ganado. Proponemos que un programa de rotacién de ganado eficiente podria contribuir a la conservacion
de esta poblacion de liebres.

Key words: habitat; grazing; livestock; management; predators; Tehuantepec jackrabbit.
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Introduction

Lepus flavigularis is a species endemic to southern Tehuantepec Isthmus in Oaxaca, Mexico,
catalogued as endangered by the IUCN Red List of Threatened Species (Cervantes et al. 2016)
and currently considered the lagomorph species in the greatest danger of extinction worldwide,
due to anthropogenic activities such as agriculture, urban development and illegal hunting
(Lorenzo et al. 2015; Rioja-Paradela et al., 2012). This species is a regulator of plant populations in
its ecosystem, exerting an influence on the vegetation structure and on germoplasm dispersion
(Cervantes and Gonzdlez 1996; Farias et al. 2006). However, the relationships between this species
and other herbivores that share its habitat, such as cattle, remain poorly understood. Hernandez-
Guevara (2015) conducted a microhistological analysis in the same study area and reported an
overlap of 85 % between the diet items of L. flavigularis and Bos taurus in Santa Maria del Mar,
Oaxaca. Other studies show a clear trophic competition between leporids and ruminants such as
cattle (Mysterud and Mysterud 2000; Smith et al. 2004), resulting in a negative effect on leporids
populations (Carpio et al. 2014; Hulbert and Andersen 2001). However, some evidence show that
the ecological separation between grazing herbivores is a common phenomenon (Jarman 1974),
and leporids and cattle can coexist and obtain mutual benefits while not exceed the grazing
capacity (Karmiris et al. 2005; Karmiris and Nastis 2010); for example, at long-time scales the cattle
can improve forage quality and foraging efficiency leading to facilitation for leporids (Kuijper et
al. 2008). Carrillo-Reyes et al. (2012) state that, in Santa Maria del Mar, L. flavigularis is mainly
found in the same open pastures used by the local inhabitants as grazing areas for their cattle.
We hypothesize that L. flavigularis prefers to establish its feeding and resting sites in pastures
where cattle are present. Understanding interspecific relationships is of great importance to
the establishment of appropriate management plans, since these relationships have profound
implications for the population dynamics of the species involved (Steen et al. 2005; Kuijper et
al. 2008; Karmiris and Nastis 2010). The present paper aims to elucidate this relationship for the
first time and thus to contribute to the generation of the fundamental knowledge necessary to
develop a management plan for L. flavigularis and its habitat.

Material and methods

Thestudyareaislocated at southernTehuantepecisthmus, in the state of Oaxaca, Mexico, bordering
Laguna Superior and the Pacific Ocean. The population of L. flavigularis is found concentrated in
the locality of Santa Maria del Mar, in the municipality of Juchitan de Zaragoza, Oaxaca, within the
coordinates 16° 14" 12.53"N, -94°57°58.72"W and 16° 12" 15.83"N, -94° 45" 39.82"W. L. flavigularis
population distributed in Santa Maria del Mar is the most isolated population (Rico et al. 2007), but
also the more densely populated of the four remaining (Rioja-Paradela et al. 2012).

The area is approximately 14.33 km? and presents an average elevation of 9 m (Figure 1; Rioja-
Paradela et al. 2012). Climate in the area is warm subhumid with summer rains (Aw0), according
to the Kdppen classification. Annual average temperature is 22 °C, with a minimum monthly
temperature above 18 °C. Annual average precipitation is 1,078.4 mm (Servicio Meteoroldgico
Nacional 2015). Vegetation present throughout the habitat of L. flavigularis mainly comprises
open pasture characterized by the presence of grass (Jouvea pilosa) and cacti such as Opuntia
tehuantepecana and O. decumbens distributed throughout a series of pastures used to feed and
protect domestic cattle (B. taurus) (Carrillo-Reyes et al. 2012; Herndndez-Guevara 2015).

Area is covered by pastures in low floodable zones and dunes that display periodic movements
throughout the year (Vargas 2000). Currently there is no rotational grazing program in study area.
The movement of cattle between pastures is performed based on the immediate needs of owners
of pastures and livestock. Pasture burns are rare in the area.

We selected 10 pastures distributed along L. flavigularis habitat in Santa Maria del Mar, from
which five have presence of cattle (16.2 + 6.01 cows per pasture) and five have no cattle presence.
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Pastures selection was based on jackrabbits distribution and the permission granted by owners.
Cattle presence was determined by direct observation of cows in pastures during monitoring
periods. All pastures were located next to each other; mean size of pastures was 11.24 ha. The
number of cows on each pasture was constant throughout the study, and no rotational grazing
was made while this research was conducted. Cattle moved freely within each pasture.

Floristic composition, aerial coverage (percentage of the ground covered by the aerial canopy
of a plant), density, frequency and the importance value index (sum of relative density, relative
frequency and relative aerial coverage) of the species at open pasture vegetation were recorded.
For this, six linear transects each of 50 m in length were randomly established, three in pastures
with cattle and three in pastures without cattle (Carrillo-Reyes et al. 2010; Herndndez-Guevara
2015). The average distance between each transect was 680 m. Along each transect, five circular
plots of 1 m? were established at distances of 10 m apart to measure all the variables mentioned
above for the herbaceous plants, while one single circular plot of 12.62 m? was established for the
shrubs (Carrillo-Reyes et al. 2010; Rioja et al. 2011; Herndndez-Guevara 2015). Floristic composition
was determined to species level, using the vegetation list previously established by Rioja (2008)
and (Carrillo-Reyes 2009). Vegetal coverage, density and frequency were calculated and they
relative values obtained (Elzinga et al. 2001) to obtain the importance value index applying the
methodology proposed by Di Stefano and Newell (2008).

A total of 22 adult jackrabbits (10 males and 12 females) were captured and radio-tagged
during March 2014 throughout the entire L. flavigularis habitat at the study area. Jackrabbits
were considered adult or mature when they presented an approximate weight of 1.8 kg or more
and a length of at least 55.6 cm (Vorhies and Taylor 1933; Rioja et al. 2011). The jackrabbits were
captured during the day using a fishing net known commonly as a “manga” (40 m long and 1 m in
height) placed in pasture areas with a group of 10 people employed to surround the area in front
of the net and run towards it scaring the hares into the net. This method allowed the rapid and
safe capture of the jackrabbits (Carrillo-Reyes et al. 2010; Rioja et al. 2011). Each captured specimen
was placed in a cloth bag and its weight and basic morphological measurements (total length, tail
length, foot length, ear length) recorded. The sex of each individual was determined by external
morphological characteristics in addition to its age class. Each captured jackrabbit was marked with
aradio transmitter for subsequent telemetry (Telenax™, model TX-35/24, battery of 24 months, 35 gr,
frequency 150 Mhz, with sensor of activity/inactivity and mortality). The jackrabbits were released at
the same site of capture and in a direction unhindered by direct obstacles (Carrillo-Reyes et al. 2010).

Two sessions of monitoring were conducted between March (dry season) and September (rainy
season) of 2014. Each session of monitoring had a maximum duration of ten days. The jackrabbits
were radio-located and monitored by direct observation, using portable receivers (Telenax TM TRX-
1000) and a portable, folding three-element Yagi antenna (Rioja et al. 2011). Furthermore, to increase
the number of registered jackrabbits, five fixed observation sites were selected throughout the study
area, from which monitored pastures were visible. These observation sites were located in key areas
from which it was possible to observe jackrabbits in the pastures with and without cattle (Rioja et al.
2011). In order to avoid influencing the behavior of jackrabbits, observation was conducted from
distances of 50 to 100 m. During monitoring, jackrabbits continued eating, resting and interacting
socially. Once an individual radio-tagged or no radio-tagged was observed, the time (hours and
minutes) was recorded and the Universal Transversal Mercator (UTM) coordinates subsequently
obtained using a manual GPS unit once the jackrabbit had moved away from the site. It was
registered whether the jackrabbits were resting or eating in pastures with or without the presence
of cattle. Monitoring was carried out between 6:00 - 10:00 hrs and between 17:00 - 20:00 hrs; these
were time periods when jackrabbits were more active and visibility allow to observe individuals from
a safe distance. Records of no radio-tagged jackrabbits were considered as independent when were
obtained with at least 24 hours apart on the same site, to reduce temporal dependence between
records (Norris et al. 2010). Analysis of data normality were realized using Shapiro-Wilks normality
test (Shapiro and Wilk 1965). Results determined nonparametric analysis must were performed.
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Comparison of vegetation aerial coverage and importance value index between pastures with and
without cattle was conducted using a Mann-Whitney U test (Dickinson Gibbons and Chakraborti
2003). Same test was used to find significant differences (P < 0.05) in the establishment of feeding
and resting sites for L. flavigularis between pastures with and without cattle.

In addition, a compositional analysis of habitat preference was conducted using the Wilks
Lambda (Aebischer et al. 1993), a MANOVA that enables contrasting the availability of both
pasture types (with and without cattle) per unit area with the number of recordings of jackrabbits
in feeding and resting sites in each pasture type. For this specific analysis, it was considered that
the habitat used corresponded in all cases to open pasture, according to previous studies on this
species (Carrillo-Reyes et al. 2010, 2012; Rioja et al. 2011). We assume the existence of two types of
available resource: pastures with cattle and pastures without cattle. Availability of every pasture
type was calculated as proportion of each type through all monitoring area. All statistical analyses
were performed with the software R and Rstudio (R Core Team 2015; RStudio Team 2015), using
the packages “base” and “adehabitat” (Calenge 2006).
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Figure 1. Study Area.

Results

A total of 84 individual records of tagged jackrabbits and 153 of untagged jackrabbits were achieved.
Jackrabbits were observed eating in 68.78 % of global records, and reposing or resting in 27.80 %
of records. The remaining records correspond to jackrabbits observed not performing any of these
activities; in these cases, they were grooming themselves or moving between sites. When records
between two pastures types were analyzed, 75 % were from jackrabbits eating and 25 % were from
jackrabbits resting for pastures with cattle. In pastures without cattle jackrabbits were observed
eating in 66 % of records and resting in 34 % of records.

280 THERYA Vol.7(2):277-284



Luna-Casanova et al.

The total coverage of herbaceous plants was 16.16 % and that of shrubs was 6.66 % in
pastures without cattle, while in those with cattle these values were 26.37 % and 1.91 %,
respectively. In pastures without cattle, the herbaceous plants of greatest importance
value index were Bouteloua aristidoides (Kunth) Griseb. (123.93), B. repens (Kunth) Scribn.
& Merr. (53.99) and Jouvea pilosa (J. Presl) Scribn. (35.99), while the shrubs with greatest
importance value index were Bursera glabrifolia (139.83), Acacia cornigera (77.19) and
Cylindropuntia rosea (68.59). In pastures with cattle, the herbaceous plants of greatest
importance value index were Amaranthus scariosus Benth. (49.47), B. aristidoides
(Kunth) Griseb. (48.22) and Waltheria presliiWalp. (45.65), while the shrubs with greatest
importance value index were B. glabrifolia (103.22), Opuntia fragilis (Nutt.) Haw. (51.98)
and O. decumbens Salm-Dyck (38.86). Results do not show significant differences
between vegetation with and without cattle (herbaceous plants: coverage W = 161,
P =0.723, importance value index W = 184, P = 0.365; shrubs: coverage W = 860, P =
0.277, importance value index W = 126, P = 0.587).

Results show a significant difference on establishment of feeding (W = 240, P =
0.01403) and resting sites (W =93, P = 0.03218) between pastures with and without
cattle. Additionally, compositional analysis of preference indicated that L. flavigularis
prefers to establish its feeding (£ = 0.8010, P = 0.0020) and resting (£ = 0.6605, P =
0.016) sites in pastures with presence of cattle.

Discussion

No significant differences were found between the characteristics of the vegetation
present in the pastures with and without cattle; however, the results indicate a clear
preference of L. flavigularis for feeding and resting in pastures with the presence of
cattle. In pastures without cattle, we recorded species with a high importance value
index present in the local diet of L. flavigularis, such as B. aristidoides and B. repens
(Herndndez-Guevara 2015), but in the pastures with cattle we recorded species that
also form part of the diet of this leporid and are only found in this pasture type, such
as Gomphrena decumbens and Stipa eminens (Hernandez-Guevara 2015; Herndndez et
al. Unpublished data). It is likely that the cattle promote these species growth through
the establishment of seedlings in their dung (Malo and Suarez 1996; Kuijper et al.
2008). Herbaceous plants consumed by this lagomorph in pastures without cattle are
also present in pastures with cattle, as confirmed by Herndndez-Guevara (2015) who
report an overlap of 85 % of items in the diet of both herbivores in this population.

It is known that the jackrabbits are more vulnerable to predation if adequate
vegetal coverage is not present (Carrillo-Reyes et al. 2012; Smith et al. 2005; Rioja
2008; Carrillo-Reyes et al. 2012). However, no significant differences were found in the
coverage of herbaceous plants and shrubs between pastures with and without cattle.
It is probable that L. flavigularis prefer pastures with cattle because they do not need
to spend so much energy on vigilance against predators and can invest more time in
feeding and resting. In this population, adults, juveniles and young of L. flavigularis are
preyed upon by different animals, including feral dogs (Canis familiaris), reptiles such
as the boa (Boa constrictor), whip snake (Masticophis mentovarius), western lyre snake
(Trimorphodon biscutatus), coyote (Canis latrans), grey fox (Urocyon cinereoargenteus)
and birds of prey such as the hook-billed kite (Chondrohierax uncinatus), common
black hawk (Buteogallus anthracinus), roadside hawk (Rupornis magnirostris) and the
red-tailed hawk (Buteo jamaicensis; Carrillo-Reyes 2009; Carrillo-Reyes et al. 2010,
2012; Rioja-Paradela et al. 2008, 2011; Vargas 2000).

Itis possiblethatthe presence of the cattleactsasanalarm systemagainstthe danger
of predators. Some authors consider that the species develop different strategies in
the face of predators; for example, the group strategy known as the “hypothesis of
many eyes” that allows a reduction in individual vigilance by taking advantage of the
combined vigilance of other individuals (Powell 1974; Dehn 1990; Lima 1995; Mendl
and Held 2001). Being prey animals, fear motivates cattle to be constantly vigilant
in order to escape from potential predators as coyote (Grandin 2007; Moran and
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Doyle 2015) by startling, baulking and fleeing (Klindworth et al. 2003). Harassment by
predators may result in agitation and reduction of movement areas of cattle (Grandin
1999). Welp et al. (2016) reported cattle vigilance is increased and foraging behaviors
decreased when a predator stimuli (wolf) are present; contrariwise, vigilance decreases
when another herbivorous stimuli are present (Kluever et al. 2009). The coexistence
of groups can provide a certain defense against possible predators and improve the
overall efficacy of the vigilance (Lima and Eneldo 1990). For this reason, the fact that
the detection of potential predators of L. flavigularis may be more effective in the
company of cattle, considered as a possible explanation for the observed pasture
preference, since the alarm behavior of cattle in the face of danger will be immediately
apparent to the jackrabbit, thus facilitating detection and reaction by the leporid.

Our results suggest that, as with other leporids, L. flavigularis can live with cattle
as long as the carrying capacity of the habitat is not exceeded at Santa Maria del Mar
(Karmiris et al. 2005; Kuijper et al. 2008; Karmiris and Nastis 2010). However, a long-
term study is required that focuses on carrying capacity of pastures, as well as the
management to which the cattle are subjected in the study area, in order to determine
the long-term feasibility of such cohabitation. This information is key to enable the
establishment of a plan of management for both species and their ecosystem (Rioja-
Paradela and Carrillo-Reyes 2014).

Actually, in Santa Maria del Mar locality pasture burns are an uncommon activity.
This is a clear advantage in the establishment of a management program when
compared to other L. flavigularis populations as that distributed in Montecillo Santa
Cruz (Farias et al. 2006; Farias and Fuller 2009). At that locality the field is covered
by anthropogenic burning to induce growth of green forage; when burned, grassy
habitat without overstory turned into bare habitat with negligible cover and almost
no herbaceous food for jackrabbits (Farias and Fuller 2009). Avoid burning should
be promoted among landowners. Both, avoid burning and an efficient rotational
grazing, could contribute to the conservation of this jackrabbit population.

Acknowledgements

Authors thank the people of Santa Maria de Mar, Oaxaca, México for the assistance
provided during fieldwork. Thanks also go to CONACYT for providing the grant, and
to the anonymous reviewers who helped to improve this manuscript.

References

AesiscHER, N. J., P. A. Rogertson, AND R. E. Kenwarp. 1993. Compositional analysis of habitat
use from animal radio-tracking data. Ecology 74:1313-1325.

CaLenag, C. 2006. The package “adehabitat” for the R software: A tool for the analysis of space
and habitat use by animals. Ecological Modelling 197:516-519.

CARrPIO, A. J., J. GUERRERO-CASADO, L. Ruiz-AizPuRUA, J. VICENTE, AND F. S. TorTosA. 2014. The high
abundance of wild ungulates in a Mediterranean region: is this compatible with the
European rabbit? Wildlife Biology 20:161-166.

CaRrrILLO-REYES, A. 2009. Uso del habitat de la liebre de Tehuantepec (Lepus flavigularis) en
Santa Maria del Mar, Oaxaca. El Colegio de la Frontera Sur. San Cristébal de las Casas,
México.

CARRILLO-REYES, A., C. Lorenzo, E. J. NaranJO, M. PanDo, AND T. RiosA. 2010. Home range
dynamics of the Tehuantepec Jackrabbit in Oaxaca, Mexico. Revista Mexicana de
Biodiversidad 81:143-151.

CarriLLO-REYEs, A., C. Lorenzo, T. Riosa-ParaDELA, E. NARANJO, AND M. Panpo. 2012. Uso de
habitat de la liebre en peligro de extincion, Lepus flavigularis: implicaciones para su
conservacion. Therya 3:113-125.

CervANTEs, F., AND F. GonzALez, F. 1996. Los Conejos y Liebres Silvestres de México. Ecologia y
Conservacién del Conejo Zacatuche y su Habitat. Universidad Autbnoma de México y
Fondo de Cultura Econémica. Ciudad de México, México.

282 THERYA Vol.7 (2):277-284



Luna-Casanova et al.

CerVANTES, F., C. LoReNzo, V. FARiAs, AND J. VARGAs. 2016. Lepus flavigularis. The [IUCN Red List of
Threatened Species 2008: e.T11790A3306162.

Denn, M. M. 1990. Vigilance for predators: detection and dilution effects. Behaviour ecology
and sociobiology 26:337-342.

Dickinson GiBBoNs, J., AND S. CHAKRABORTI. 2003. Nonparametric statistical inference, 1st
edition. Marcel Dekker. New York, EE. UU.

D1 Sterano, J., AND G. R. NEweLL. 2008. Diet selection by the swamp wallaby (Wallabia
bicolor): feeding strategies under conditions of changed food availability. Journal of
Mammalogy 89:1540-1549.

ELzinga, C. L., D. W. SALzer, J. W. WiLLougHBY, AND J. P. GiBes. 2001. Monitoring plant and
animal populations. Blackwell Science, Inc. Malden, EE. UU.

Farias, V., AnD T. FuLLEr. 2009. Native vegetation structure and persistence of endangered
Tehuantepec jackrabbits in a neotropical savanna in Oaxaca, México. Biodiversity and
Conservation 18:1963-1978.

Farias, V., T. K. FuLLER, F. A. CERVANTES, AND C. Lorenzo. 2006. Home range and social behavior
of the endangered Tehuantepec jackrabbit (Lepus flavigularis) in Oaxaca, Mexico.
Journal of Mammalogy 87:748-756.

GRrANDIN, T. 2007. Livestock Handling and Transport, 3rd edition. CABI editions. Wallingford,
United Kindom.

GRrANDIN, T. 1999. Safe handling of large animals. Occupational Medicine 14:195-212.

HerNANDEZ-GUEVARA, L. 2015. Competencia alimentaria entre Lepus flavigularis, un lepérido
en peligro de extincion, y el ganado en el sur del Istmo de Tehuantepec, Oaxaca.
Universidad Juarez del Estado de Durango. Gémez Palacio, México.

HuLgerr, I. A., AND R. AnDEerseN. 2001. Food competition between a large ruminant and a
small hindgut fermentor: the case of the roe deer and mountain hare. Oecologia
128:499-508.

Jarman, P. J. 1974.The social organisation of antelope in relation to their ecology. Behaviour
48:215-266.

Karmiris, 1. E., Z. Koukoura, AND G. CHRisTopouLou. 2005. Use of alpine ranges by brown hare
(Lepus europaeus) and livestock in central Greece. Competition or facilitation? XXVlith
Congress of the International Union of Game Biologists. Hannover, Germany.

Karmiris, 1. E., AND A. S. NAsTis. 2010. Diet overlap between small ruminants and the European
hare in a Mediterranean shrubland. Central European Journal of Biology 5:729-737.

KLinDwORTH, D., R. GREENALL, AND J. CAMPBELL. 2003. CowTime Guidelines: For Milk Harvesting.
Dairy Research and Development Corporation. Melbourne, Australia.

KLUever, B. M., L. D. Howery, S. W. Breck, AND D. L. BEraMAN. 2009. Predator and heterospecific
stimuli alter behaviour in cattle. Behavioural Processes 81:85-91.

Kuupeg, D. P.J., P. Beek, S. E. van WiEreN, AND J. P. Bakker. 2008. Time-scale effects in the interaction
between a large and a small herbivore. Basic and Applied Ecology 9:126-134.

Lima, S. L. 1995. Back to the basics of anti-predatory vigilance: the group size effect. Animal
Behaviour 49:11-20.

Lima, S. L., AND L. M. ENeLDO. 1990. Behavioral decisions made under the risk of predation: a
review and prospects. Canadian Journal of Zoology 68:619-640.

Lorenzo, C. M., T. M. RioJA-PARADELA, AND A. CARRILLO-REYES. 2015. State of knowledge and
conservation of endangered and critically endangered lagomorphs worldwide.
Therya 6:11-30.

MaLo, J. E., AnD F. SuArez. 1996. Cistus ladanifer recriment-not only fire, but also deer. Acta
Oecologica 17:55-60.

MenpL, M., anp S. Hewp. 2001. Loving in groups: An evolutionary perspective. Pp. 7-19 in
Social Behaviorin Farm Animals (Keeling, J.L.,and H.W. Gonyou, eds.). CABI Publishing.
Oxfordshire, United Kindom.

MoraN, J., AND R. DovLEe. 2015. Cow Talk. CSIRO Publishing. Melbourne, Australia.

Mysterup, A., AND I. MysTerub. 2000. Okologiske effekter av husdyrbeiting i utmark: Ill.
Pavirkning pa mindre pattedyr, fugler og virvellose dyr. Fauna Oslo 53:106-116.
Norris, D., F. MicHALski, AND C. A. Peres. 2010. Habitat patch size modulates terrestrial mammal

activity patterns in Amazonian forest fragments. Journal of Mammalogy 91:551-560.

www.mastozoologiamexicana.org 283



L. FLAVIGULARIS AND CATTLE

PoweLL, G. V. 1974. Experimental analysis of the social value of flocking by starlings (Sturnus
vulgaris) in relation to predation and foraging. Animal Behaviour 22:501-505.

R Core Team. 2015. R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing. Vienna, Austria.

Rico, Y., Lorenzo, C., GonzALez-CozatL, F.,, anp E. Espinoza. 2007. Phylogeography and
population structure of the endangered Tehuantepec jackrabbit (Lepus flavigularis):
implications for conservation. Conservation Genetics 9: 1467-1477.

RioJA-PARADELA, T., A. CARRILLO-REYES, AND C. Lorenzo. 2012. Andlisis de poblacién viable para
determinar el riesgo de extincion de la liebre de Tehuantepec (Lepus flavigularis) en
Santa Maria del Mar, Oaxaca. Therya 3:137-150.

RioJA-PARADELA, T. M. 2008. Comportamiento reproductivo de la liebre de Tehuantepec
(Lepus flavigularis) en su habitat. El Colegio de la Frontera Sur. San Cristébal de las
Casas, México.

RioJA-PARADELA, T. M., AND A. CARRILLO-REYES. 2014. Desarticulacion entre politicas publicas para
la conservacion de la vida silvestre y la mitigacion de la pobreza: el caso de la liebre de
Tehuantepec (Lepus flavigularis) y pueblos indigenas del sureste de Oaxaca, México.
Pp. 175-204 in Gestion territorial y manejo de recursos naturales: fauna silvestre y
sistemas agropecuarios (Medina-Sanson, L., C. Tejeda-Cruz, A. Carrillo-Reyes, and T.
Rioja-Paradela, eds.). Universidad Auténoma de Chiapas. Tuxtla Gutiérrez, México.

Riosa, T., C. Lorenzo, E. NArRANJO, L. ScotT, AND A. CARRILLO-REYES. 2011. Breeding and parental
care in the endangered Tehuantepec jackrabbit (Lepus flavigularis). Western North
American Naturalist 71:56-66.

RStupio Team. 2015. RStudio: Integrated Development Environment for R (Versién 0.99.893).
Boston, U.S.A.

Servicio MeTeoroLoGico NAcioNAL. 2015. Normales climatolégicas Estacién 00020048 - Juchitan
de Zaragoza, Oaxaca. Comision Nacional del Agua. Ciudad de México, México.

SHAPIRO, S. S., AND M. B. WiLk. 1965. An analysis of variance test for normality (complete
samples). Biometrika 52:591-611.

SmitH, R. K., N. V. JENNING, A. RoBiNson, AND S. HARRIs. 2004. Conservation of European hares
(Lepus europaeus) in Britain: Is increasing habitat heterogeneity in farmland the
answer? Journal of Applied Ecology 41:1092-1102.

SmitH, R. K., N. V. JEnNINGs, F. TATARUCH, K. HACKLANDER, AND S. HARRIs. 2005. Vegetation quality
and habitat selection by European hares Lepus europaeus in a pastural landscape.
Acta Theriologica 50:391-404.

Steen, H., A. Mysterub, AND G. AusTrHEIM. 2005. Sheep grazing and rodent populations:
evidence of negative interactions from a landscape scale experiment. Oecologia
143:357-364.

Varaas, J. 2000. Distribucién, abundancia y habitat de la liebre endémica Lepus flavigularis
(Mammalia: Lagomorpha). Universidad Nacional Auténoma de México. Ciudad de
México, México.

VorHies, C. T., AnD W. P. Tavior. 1933. The life histories and ecology of Jack Rabbits, Lepus
alleni and Lepus californicus ssp., in relation to grazing in Arizona. CALS Publications
Archive. The University of Arizona. Tucson, U.S.A.

WEeLp, T., J. RusHen, D. KRAMER, M. FesTA-BIANCHET, AND A. M. DE PassiLLE. 2016. Vigilance as a
measure of fear in dairy cattle. Applied Animal Behaviour Science 87:1-13.

Summited: March 30, 2016
Review: April 27, 2016
Accepted: May 20, 2016
Associated editor: Sergio Solari

284 THERYA Vol.7 (2):277-284



THERYA, 2016, Vol. 7 (2): 285-298 DOI: 10.12933/therya-16-397, ISSN 2007-3364

Diversidad y patrones de actividad de los medianos y grandes
mamiferos del Parque Nacional Natural Tama y su zona de amortiguacién, Colombia

Terrestrial medium and large-sized mammal’s
diversity and activity patterns from

Tama National Natural Park and buffer zone,
Colombia

Carlos H. Caceres-Martinez!*, Aldemar A. Acevedo Rincén'y José F. Gonzalez-Maya??

"Universidad de Pamplona, Grupo de Investigacion en Ecologia y Biogeografia, Km 1, Via a Bucaramanga, Barrio El Buque, Edificio
Camilo Daza, 543050. Pamplona, Colombia. Email: charli1391@gmail.com (CHC-M), bioaldemar@gmail.com (AAAR).

2Proyecto de Conservacion de Aguas y Tierras, ProCAT Colombia/Internacional. Carrera 13 # 96-82, Of. 202. Bogot4, Colombia.

3 Instituto de Ecologia, Universidad Nacional Auténoma de México, Circuito Exterior s/n, Ciudad Universitaria, Ciudad de México,
México. Email: jfgonzalezmaya@gmail.com (JFG-M).

* Corresponding author

The eastern mountain range of Andes in Colombia is one of the least studied areas for mammals in the country, yet,
potentially one of the most diverse. Here we present the first survey of medium and large-sized mammals for Tama
National Natural Park (NNP) and La Carpa and La Rochela buffer areas, as basic information for the conservation and
management of the NNP, including the potential inclusion of these buffer zones as part of the NNP. We used different
complementary survey techniques (i. e, camera-traps, transects and interviews) to assess the diversity of these mammals
in a 216 km? area of the park; our effort included 72 linear transects of 1.8 Km, opportunistic sampling sessions, 16,714
camera trap-days, 39 structured interviews and indirect records and direct observation of animals. We recorded 21 species
of mammals classified in 8 orders and 16 families distributed in four conservation categories. Complementary methods
significantly improved the results. We found a dominant nocturnal activity pattern for the assemblage and low activity
overlapping among most species. This is the first assessment of medium and large-sized mammal’s diversity for Tama
NNP and for most North-eastern Andes in the country. Our results highlight the presence of large threatened species
such as Tremarctos ornatus, Puma concolor and Mazama rufina. Our results could serve as basis for the conservation
planning and management of the protected area and its buffer zones, and the potential expansion of the park.

La cordillera Oriental de los Andes en Colombia es una de las areas menos estudiadas para los mamiferos en Colombia,
sin embargo, potencialmente, una de las mas diversas en el pais. Aqui presentamos la primera evaluacién de los
mamiferos medianos y grandes para el Parque Nacional Natural (PNN) Tamd y las zonas de amortiguamiento La Carpay
La Rochela, como informacion basica para la conservacion y manejo del PNN y el manejo del area, incluyendo la potencial
inclusion de estas zonas como parte del PNN. Utilizamos diferentes técnicas de muestreo complementarias (i. e., Cdmaras
trampa, transectos y entrevistas) para evaluar la diversidad de los mamiferos en 216 km? nuestro esfuerzo incluyd 72
transectos lineales de 1.8 km, sesiones de muestreo oportunistas, 16,714 dias/trampa, 39 entrevistas estructuradas y
registros indirectos y la observacion directa de los animales. Se registraron 21 especies de mamiferos clasificadas en 8
6rdenes y 16 familias distribuidas en cuatro categorias de conservacién. Esta es la primera evaluacién de la diversidad
de mamiferos medianos y grandes del PNN Tamd y para la mayor parte de los Andes Nororientales del pais. Nuestros
resultados resaltan la presencia de especies amenazadas grandes como Tremarctos ornatus, Puma concolor and Mazama
rufina. Nuestros resultados serviran de base para el manejo y planificacién de conservacién del area protegida y sus
zonas de amortiguamiento, asi como la potencial ampliaciéon del mismo.

Key words: Andes; biodiversity; conservation; mammals; protected areas.
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TERRESTRIAL MAMMALS FROM TAMA PARK

Introduction

Colombia is considered a mega-diverse country due to its great variability of ecosystems and
geography, which has resulted in a wide range of life forms product of diversification caused by
the evolutionary processes occurring in the national territory (Kattan and Franco 2004; Rodriguez-
Mahecha et al. 2006). This richness is reflected in most groups, where specifically for mammals,
Colombia has recorded to date at least 518 species (Solari et al. 2013; Ramirez-Chaves et al. 2016),
but with a very high potential of a considerable higher number.

Previous analyses of mammal diversity in the country have identified the Andean region as
the one with the highest number of species, followed by the Amazon and the Pacific regions
(Solari et al. 2013). The most plausible reason of this high diversity is the branching of this
mountain range in the country, generating a large number of micro-climates and conditions that
have led to a significant number of biomes and ecosystems, which in exchange impacted many
species’ diversification processes (Prado and Bonilla 2009). However, despite this remarkable
diversity, the region has received limited research attention, with considerable gaps on many
ecological aspects of the group, including the conservation status of many species, especially for
medium- and large-sized species (Sanchez et al. 2004; Ramirez and Pérez 2006; Ramirez-Chaves
and Noquera-Urbano 2010; Ramirez-Chaves et al. 2013). To date, most research has centered
mainly on small mammals, bats, and/or single species studies (Sanchez et al. 2004; Prado and
Bonilla 2009; Rodriguez-Posada 2010), still with many ecological and conservation questions
pending regarding the other groups.

For Colombia, most of the research in the Andes has focused mainly in a few regions (i. e.,
Cauca, Narino, Cundinamarca, Caldas and Antioquia departments; Castafio et al. 2003; Sanchez et
al. 2004; Ramirez-Chaves and Noguera-Urbano 2010; Solari et al. 2013), with a significant portion of
the range still mostly unknown for most groups (i. e., Santander, Norte de Santander and Boyaca).
Unfortunately, these unknown regions are also suffering accelerated landscape transformation,
and historically, the growth and expansion of human settlements has also cause an increase in the
number of threatened species (Armenteras et al. 2003; Forero-Medina and Joppa 2010). Moreover,
among the least known regions, the Northeast of the Andean mountain range has received the
lowest research attention historically (Caceres-Martinez and Acevedo 2014). For this specific
region, information regarding species richness, ecology and conservation status, especially for
medium and large-sized mammals, is almost inexistent, even within protected areas (Castafo et al.
2003; Ramirez-Chaves et al. 2016; Ramirez-Chaves and Noguera-Urbano 2010; Caceres-Martinez
and Acevedo 2014), mostly caused by social and violence problems historically operating in the
region.

Norte de Santander Department, located in the Northeast region of the Andes mountain,
includes three protected areas, considered among the most valuable within the National
Protected Areas System: Catatumbo-Bari National Natural Park (NNP), Estoraques NNP, and Tama
NNP. For these areas, no information existed regarding mammal diversity until our recent research
efforts conducted in Tama NNP (Caceres-Martinez and Acevedo 2014; Caceres-Martinez et al.
2015), although some information available on gray literature for the same area is available (i.e.,
thesis and technical reports). In order to support conservation strategies for mammals locally and
regionally, generating basic information for the region has become a critical need, especially for
these protected areas (Ceballos and Brown 1995; O'Brien 2008; Tobler et al. 2008). We report in
this study the first assessment of medium- and large-sized mammals’ diversity for Tama NNP and
its buffer zones as support for adequate protected area management and as basis for the potential
expansion of the park.
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Materials and methods

Study area. The study was conducted in Tama NNP and buffer zones (La Carpa and La Rochela
areas; 7° 14’ 36" N, -72° 13’ 19" W, WGS84), in the Department of Norte de Santander, in the
northern most extreme of the Colombian Andes mountain range on the border with Venezuela.
With an elevation gradient ranging from 350 to 3,500 m (Setina et al. 2012), Tama NNP and its
buffer zone has an approximate area of 53,000 ha (48,000 ha of official park) and is composed
mostly of Andean and Sub-Andean forests (36.6 and 27.9 %, respectively), Tropical forests (18.8 %),
and a lower proportion of cloud forests (7.8 %) and Paramo (8.9 %; Holdridge 1987; Minambiente
2008). These protected areas comprise the entire Tama massif, commonly known as the Tama
Binational Park (Minambiente 2008). The most significant threats to the area include deforestation
on the buffer areas and a significant pressure from hunting (Caceres-Martinez and Acevedo 2014;
Céceres-Martinez et al. 2015). More recently, La Carpa and La Rochela, two areas located in the
buffer zone, were assigned for management under the NNP administration, but are not currently
officially included in the park boundaries; we also included sites in these areas in order to provide
baseline data for its potential inclusion in the protected area.

Methods

Our sampling design included 24 quadrants of 9 km? that were surveyed between June 2012 and
May 2015 (Figure 1) covering an area of approximately 216 km? and an elevation range between
1,843 and 3,445 m. We used four complementary methods: camera traps, transects, opportunistic
observations and interviews.

-72°30' -72°20' -72°10' -72°

11°40'

1°30'

[ Tamanne
Method
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COLO'MBIA ®  Indirect records
= Land cover
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& Water bodies

272°30 7220 72°10 70 |

Figure 1. Geographic location of Taméa National Natural Park and its buffer zone and location of Camera-traps and Indirect
records where medium and large-sized terrestrial mammals'records were obtained.
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Surveys with camera-traps (Reconyx RM45, Reconyx HC500, Bushnell Trophy Cam, and Primos
Truth Cam 35) included 58 single-camera stations and three paired-camera stations for a total
sampling effort of 16,714 camera-trap days. Camera trap stations were separated approximately
1 km depending on the terrain, without any preset spatial pattern. Stations were selected by
identifying random sites within the grid with signs of the presence of medium- and large-sized
mammals (Goldstein et al. 2013). Capture rates were estimated as the number of detections of
a species relative to the total number of detections, scaled to 100 trap-nights (Mosquera-Muhoz
et al. 2014). Activity patterns were described for species with enough independent detections
(Gonzalez-Maya et al. 2009); Kuiper tests (K) were used to assess the homogeneity across 24-hour
day periods for the entire assemblage and for each species (Gonzalez-Maya et al. 2015). All species
were classified according to the predominant activity period in Diurnal (06h00 to 18h00), Nocturnal
(18h00 to 06h00) and Cathemeral (activity on both periods; Gonzélez-Maya et al. 2009). Contingency
tables and Morisita-Horn index were used to test overlapping among activity periods for all species.

Transect sampling included three 1.8 km transects on each quadrant (a total of 72 transects),
surveyed between 8:00 and 18:00 h during the total sampling period, comprising an effort of
190 days (i. e, 1,900 man-hours), and accounting for direct observation and tracks and signs such
as feces, hair, tracks, corpses and/or skeletal remains, foraging activity, trails, marking sites and
dens/burrows (Guzmdn-Lenis and Camargo-Sanabria 2004). For each detection we recorded a
description of the site, type of evidence, location, photographic record and elevation. Hair, feces,
and skeletal remains were stored in labeled plastic bags before processing and identification in
the laboratory of Ecology and Biogeography (GIEB), University of Pamplona. Samples processing
included washing with distilled water on strainers of 0.5 um, drying at room temperature, and
visual examination of sample components. Samples were compared with reference material
from the mammal collection of the Institute of Natural Sciences of the National University and
the Museum of Sciences “José Celestino Mutis” of the University of Pamplona and deposited in
the general mammal collection at the latter museum. Opportunistic observations were obtained
during fieldwork, and include those that were not specifically located on a specific transect.

Interview surveys were conducted with communities in 13 localities of the area, obtaining a
total of 39 interviews of independent family settlements. Interviews were constructed following
a semi-structured open-ended questions structure, trying to account for an interpretive and
participatory approach (White et al. 2005). Interviews were supported with camera trap and field-
guide photos and illustrations (Emmons and Feer 1997; Ceballos and Oliva 2005; Aranda 2012).
For all interviews we asked the interviewed person for evidence in order to obtain supporting
material for all records (Figure 3, Table 1). We based our field identification on field guides (Emmons
and Feer 1997; Ceballos and Oliva 2005; Aranda 2012) and followed Wilson and Reeder (2005) for
general taxonomic classification.

We estimated species’ accumulation curves for each method (i. e., Camera-traps and Indirect
records) and their combination, adjusting to three predefined models (Clench, Lineal Dependence
and Logarithmic), and estimated rarefaction curves also for the three datasets using software
EstimateS v. 9 (Espinosa 2003; Colwell 2013) and R environment (R Core Team 2013).

Results

We recorded 21 species of medium- and large-sized mammals distributed in 8 orders, 16 families
and 21 genera(Table 1). Ourspecies accumulation curveindicated a significant completeness of the
indirect record surveys (0.89) but not as high for the camera-traps method (0.59). The combination
of methods resulted on a good accumulation (0.85; Figure 2). Comparison of methods according
to richness indicated the combination of survey methods accounted for a larger richness, followed
by camera-traps and Indirect records (Figure 2).
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Table 1. Medium and large-sized terrestrial mammals recorded at Tama National Natural Park, Colombia. Methods: CT:
Camera-trap, IR: Indirect Record, DO: Direct Observation and I: Interview. Conservation status: NT: Near Threatened, LC: Least
Concern, VU: Vulnerable. MCNUP-M: Museo de Historia Natural Universidad de Pamplona-Mamiferos.

Conservation category

Taxa Methods Voucher
National IUCN 2015 CITES 2015

DIDELPHIMORPHIA
Didelphidae
Didelphis pernigra (Allen, 1900) CT, 1 - LC -
CINGULATA
Dasypodidae
Dasypus novemcinctus (Linnaeus, 1758) IR, 1 MCNUP-M-85 - LC -
PILOSA
Megalonychidae
Choloepus hoffinanni (Peters, 1858) IR, 1 MCNUP-M-86 - LC -
Myrmecophagidae
Tamandua mexicana (Saussure, 1860) 1 - LC -
PRIMATES
Atelidae
Alouatta seniculus (Linnaeus, 1766) DO, 1 - LC -
RODENTIA
Cuniculidae
Cuniculus paca (Linnaeus, 1766) DO, IR, I - LC -
nggSij’ulus tackzanowskii (Stolzmann, CT.IR1 MCNUP-M-70 B NT .
Dasyproctidae
Dasyprocta punctata (Gray, 1842) CT,IR, 1 MCNUP-M-75 - LC -
Sciuridae
Sciurus granatensis (Humboldt, 1811) CT, DO, 1 - LC -
CARNIVORA
Canidae
Cerdocyon thous (Linnaeus, 1766) IR, I MCNUP-M-77 - LC 11
Felidae
Leopardus wiedii (Schinz, 1821) CT,DO, IR,I  MCNUP-M-84 NT NT I
Puma concolor (Linnaeus, 1771) CT,DO,IR,I  MCNUP-M-83 NT LC I
Panthera onca (Linnaeus, 1758) IR, 1 NT NT I
Mephitidae
IC;)gtsefatus semistriatus (Boddaert, CT IR, 1 } LC }
Mustelidae
Mustela frenata (Lichtenstein, 1831) CT, DO, 1 - LC -
Procyonidae
Nasua nasua (Linnaeus, 1766) CT,DO, IR, I MCNUP-M-76 - LC -
Nasuella olivacea (Gray, 1865) CT, IR, I g?g)UP—M-:&S, 41, 48, - DD -
Potos flavus (Schreber, 1774) OD, IR. MCNUP-M-78 - LC -
Ursidae
Tremarctos ornatus (Cuvier, 1825) CT,IR, 1 MCNUP-M-1-20 vuU vu 1
CETARTIODACTYLA
Cervidae
Mazama rufina (Pucheran, 1851) CT, IR, I MCNUP-M-79, 83 - VU -
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Species
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Figure 2. Species accumulation curve for (A) Camera-traps-CT, (B) Indirect records-IR and (C) combined
methods and (D) rarefaction curves for the two methods (x = CT; +=IR) and combined (x) for medium and large-sized
terrestrial mammals detected at Tama National Natural Park, Colombia.

Figure 3. Species of medium and large-sized terrestrial mammals detected by camera traps at Tama National
Natural Park, Colombia: A) Mazama rufina, B) Mustela frenata, C) Didelphis pernigra, D) Tremarctos ornatus, E) Leopardus
wiedii, F) Dasyprocta punctata, G) Puma concolor, H) Cuniculus taczanowskii, 1) Nasua nasua, J) Nasuella olivacea, K)
Conepatus semistriatus and L) Mazama rufina.
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We obtained a total of 40,068 photographs comprising 12 species of medium-
and large-sized mammals (Figure 3, Table 2), of which 6 % (2,423) of the photographs
were wild mammals and 7.2 % corresponded to introduced species such as domestic
cattle and domestic dogs (Table 2), while 87 % of the pictures corresponded to false
positives, mostly due to vegetation movement and direct light. The most frequently
detected (i. e., capture rate CR) species were Nasua nasua (CR = 18 ind/100 trap-nights),
Didelphis pernigra (CR = 16.4), and Cuniculus taczanowskii (CR = 13.3), while species
such as Leopardus wiedii (CR = 1.6), Sciurus granatensis (CR = 2.3), and Conepatus
semistriatus (CR = 1.6), were the least frequent (Table 2). Activity patterns showed a
dominant nocturnal activity for the entire assemblage (K = 70.74, P < 0.001), as also
found for most of the species excepting D. punctata, S. granatensis and M. frenata,
while species such as P. concolor and N. nasua showed cathemeral activity (Figure 4).
Activity patterns mean (+ SD) overlapping among all species was low (0.13 £ 0.16). The
species pairs with the highest overlap values were C. taczanowskii and N. nasua (0.67),
M. frenata and T. ornatus (0.55) and D. punctata and S. granatensis (0.52; Figure 5A).

Table 2. Activity period, Kuiper test estimator (*indicates significant differences from homogeneity P < 0.001), number of re-
cords and capture rate from camera traps for medium and large-sized terrestrial mammals recorded at Tama National Natural
Park, Colombia.

Records
Specie Activity hours Kuiper test (100 trap- Capture rate
days)
Didelphis pernigra Nocturnal K=123.28* 21 16.4
Cuniculus tackzanowskii Nocturnal K =158.29* 17 13.28
Dasyprocta punctata Diurnal K=174.27* 6 4.68
Sciurus granatensis Diurnal K =187.25% 3 2.34
Leopardus wiedii Nocturnal K =187.25* 2 1.56
Puma concolor Cathemeral K =183.75% 4 3.12
Conepatus semistriatus Nocturnal K =187.25* 2 1.56
Mustela frenata Diurnal K =178.38* 3 2.34
Nasua nasua Cathemeral K =144.75*% 22 17.18
Nasuella olivacea Nocturnal K =187.88* 4 3.12
Tremarctos ornatus Diurnal K=163.29* 12 9.37
Mazama rufina Nocturnal K=168.39*% 11 8.59
Domestic animals

Cattle Diurnal 14 10.93
Dogs Diurnal 3 2.34
Horses Diurnal 4 3.12
Total 128

We also obtained 3,278 indirect records, both from transects and opportunistic
observations, of which the most abundant were feeding signs (2,471; 75.4 %) followed
by feces (287; 8.7 %), while the least common were nests/dens (21; 0.6 %), and climbing
marks (46; 1.4 %; Figure 5B). Four species were identified from skeletal remains and/
or partially consumed carcasses preyed by Tremarctos ornatus, Puma concolor, and
Leopardus wiedii: which included N. olivacea, Potus flavus, and Mazama rufina. Also,
in 287 feces of these species, we detected remains of Cuniculus taczanowskii, N.
olivacea, N. nasua, M. rufina, Dasyprocta punctata, C. paca, Dasypus novemcinctus, and
Choloepus hoffmanni.
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Nine species were directly observed and that were possible to identify on the field:
P. concolor, Alouatta seniculus, Mustela frenata, Leopardus wiedii, Sciurus granatensis, N.
nasua, P. flavus and C. paca. From corroborated information derived from interviews,
we obtained material (i. e., photographs and animals parts from hunters) and evidence
of presence and harvest of 20 species (Table 1, Figure 6). Some small mammals were
also occasionally observed or detected (e.g., Cryptotis tamensis), but are not included
in this report.
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Figure 4. Activity patters of (A) all mammals, (B) Rodents and marsupials, (C) Felidae, Ursidae and Mustelidae
and (D) Procyonidae, Cervidae and Mephitidae.

Discussion

This study constitutes the first estimate of the medium- and large-sized mammals’
species richness from Tama NNP and surrounding buffer areas. Although the number
of species recorded could be considered low, given the extensive sampling effort we
consider it a good first approach to mammal diversity in the area (Lira-Torres and
Briones-Salas 2012). The confirmed presence of large species in the park, currently
considered threatened for most the country (Rodriguez-Mahecha et al. 2006),
highlight the importance of Tama NNP and the La Carpa y La Rochela buffer zones for
wild mammal conservation in the country. Interviews and anecdotal records indicate
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that historically the area has, and continue to, experience intensive hunting, which
may have caused a dramatic decline in many mammal populations and may suggest
that some species, such as T. ornatus, are much more threatened than currently
thought in Northeastern Colombia (Garcia-Rangel 2012; Caceres-Martinez and
Acevedo 2014). Furthermore, many areas of the park were not surveyed given the
armed conflict that still affects the area, especially in the lowlands. Other potentially
present species, such as Tayassu pecari, Puma yagouaroundi, and Lontra longicaudis,
were not recorded but are likely present in the park, which was also suggested by
park rangers and local hunters. Our approach of using different survey methods
is likely appropriate given that only with the two survey methods we obtained a
reliable inventory of medium and large-sized mammals for the park (Sanchez et al.
2004; Norris etal. 2012). Nevertheless, a more geographically extensive survey design
would likely register other species, and would provide more insights into distribution

and habitat use in the area.
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(B) frequency of indirect signs of medium and large-sized terrestrial mammals recorded at Tama National Natural
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M. rufina was considered absent from the eastern mountain range and still its northern
distribution is not well known (Lizcano and Alvarez 2008), while M. briceniiis presumed
to occur in northern Colombia in areas such as Tama NNP (Lizcano et al. 2010). The
classification and identification of M. briceniiand M. rufina have been subject to recent
debate (e. g., Solari et al. 2013; Gutiérrez et al. 2015), however, according to available
descriptions for both species (Barrio 2010; Gutiérrez et al. 2015), and taxon validity
(Gutiérrez et al. 2015), our records correspond to M. rufina. We therefore obtained
multiple records of M. rufina between 350 and 3,450 m, in areas of tropical forest
and Paramo (i. e., Paramo del Tama and Paramo de Santa Isabel) near the border with
Venezuela, indicating that the species is mostly nocturnal and solitary, adding some
lights on the scarce knowledge of this species ecology (Lizcano and Alvarez 2008;
Merino and Rossi 2010).

Several species were mainly diurnal, as previously reported for T. ornatus, M. frenata,
D. punctata, and S. granatensis (Smythe 1978; Castellanos et al. 2005; Jiménez et
al. 2010; Zapata-Rios and Branch 2016) as were domestic and feral species such as
dogs, cattle and horses (See Table 2); however, most species (M. rufina, D. pernigra, N.
olivacea, C. semistriatus, L. wiedii, and C. taczanowskii) were found to be more active at
night consistent with previous reports (Lizcano and Alvarez 2008; Gonzalez-Maya et
al. 2009; Jiménez et al. 2010; Zapata-Rios and Branch 2016), and only few species were
cathemeral (i. e., N. nasua and P. concolor). Preliminary data from our study indicate
activity patterns of predators like P. concolor are partially concordant with the activity
peaks of potential prey species (e.g., D. pernigra), which also was supported by
overlapping of these species on the same localities, as previously reported for similar
areas (Mosquera-Munoz et al. 2014). Only weak overlapping was found however for
main predators, likely reducing the likelihood of competition for prey-species (Jaksié
et al. 1981). It is noteworthy that weak overlapping occurred among most species,
although habitat use foralmost the entire assemblage tended to be nocturnal. Itis also
important to highlight that this weak overlapping can be the result of scarce records
for many species, thus having an effect derived from the small sample size (Blake et
al. 2012). Although few studies exist for activity patterns in similar ecosystems, thus
not allowing comparisons (Rust 1962; Richter and Schauber 2006), previous works on
the subject have shown significant variation in activity patterns of most species due
to presence of domestic animals (Zapata-Rios and Branch 2016). Previous studies
report that the presence of these animals, especially feral dogs, can turn most of the
assemblage towards more nocturnal predominance (Zapata-Rios and Branch 2016),
which may be one of the causes for dominant nocturnal activities reflected in our
data. However, more precise occupancy estimates could shed more lights on these
patterns in the area, especially for species such as M. rufina and T. ornatus (Pérez-
Irineo and Santos-Moreno 2013).

Lack of knowledge of the medium- and large-sized mammals at local and regional
levels is a serious shortcoming that can lead to the disappearance and/or local
extinction of many species, especially large predators such as T. ornatus, P. concolor,
and Panthera onca due to their small populations, large space requirements and the
many threats they face (Kattan et al. 2004; Rabinowitz and Zeller 2010; Garcia-Rangel
2012; Caceres-Martinez and Acevedo 2014; Pizarro 2015) in absence of appropriate
conservation planning (O’Brien 2008), even when an area is actively managed for
conservation. Moreover, significant extents of Andean forests and Paramos in La
Carpa and La Rochela, within the buffer zone, are not currently included in the official
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NNP limits. Our results indicate the presence of large species such as T. ornatus and P.
concolor in these areas, being both critical for the connection with protected Paramos
(e. g., La Cabrera and Tama) and to the Venezuelan park, thus highlighting the need
for expanding the park limits to include these areas. Although these areas are under
park management, still there are many threats such as hunting, deforestation and
conflict that still operate in these areas given the lack of enforcement, especially
when it still occurs within the official portions of the Tama NNP.

Threats such asillegal hunting are still considerably high in the region with potential
significant impacts on medium and large mammals (Caceres-Martinez and Acevedo
2014). In addition, the advance of agriculture practices and land use transformation
is also evident in the area, which together with hunting imposes a more severe threat
to mammal populations. Considering the importance of this protected area, these
threats need to be urgently controlled given the important mammal diversity the
area still comprises (Woodman 2002; Armenteras et al. 2003; Caceres-Martinez and
Acevedo 2014; Caceres-Martinez etal. 2015). We expect this first effort of documenting
mammal diversity in the park will contribute to the management and conservation
of this important protected area of Colombia. Further efforts, however, should focus
on assessing the conservation status and ecology of these populations together with
providing more tools for the appropriate management and planning of the park.
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Studies conducted on small mammals, such as tropical rodents, have generated great interest since they can easily
provide information concerning to their populations. The present article presents an analysis of the bibliography and
sampling locations of small rodents of the Yucatan Peninsula in Mexico. In addition, the information contained within
the literature is revised in order to identify the geographic and thematic coverage of the species records for the purpose
of analyzing perspectives in the study of small rodents and in order to contribute to the efforts being made towards their
protection and conservation. Publications of periodical journals, books and book chapters published between 1901 and
2015 were reviewed and analyzed. The literature covered research of the 15 small rodent species that are distributed on
the Yucatan Peninsula. The studies were grouped into 10 themes, an accumulation curve was prepared by decade for
each state of the Yucatan Peninsula and a map of distribution was generated detailing the locations of the records of each
species. A total of 212 references were obtained, of which 162 corresponded to articles in periodical publications and 50
to books and book chapters. The most studied species were Peromyscus yucatanicus, Heteromys gaumeri and Ototylomys
phyllotis; in contrast, those for which practically no information exists were Tylomys nudicaudus, Reithrodontomys
spectabilis and Heteromys desmarestianus. The State of Yucatén has been the most explored and has the greatest number
of sites and records of small rodents, followed by Quintana Roo and finally Campeche. The most commonly addressed
themes were distribution, taxonomy, phylogeny, diseases and parasitism. Gaps in the information were detected for the
majority of the species in the different themes such as feeding, reproduction, anatomy and morphology. For this reason,
it isimportant to carry out studies in these themes in order to further the knowledge of the small rodents of the Yucatan
Peninsula. These studies could provide information with the aim to propose changes to their conservation status in
both Mexican and international legislation, or take appropriate decisions regarding protection of their specific habitats.

Los estudios realizados en pequeiios mamiferos, como los roedores tropicales, han cobrado gran interés ya que
proporcionan con cierta facilidad informacién acerca de sus poblaciones. En el presente articulo se realizé un analisis
de la bibliografia publicada sobre los pequefios roedores de la Peninsula de Yucatan, México. Asimismo, se realizd una
revisién de la informacién contenida en la literatura para identificar la tematica y cobertura geografica de los registros de
las especies, con el propdsito de analizar las perspectivas en el estudio de pequefos roedores y contribuir a los esfuerzos
encaminados a su proteccion y conservacion. Se revisaron y analizaron publicaciones de revistas periédicas, libros y
capitulos de libros realizados entre 1901 y 2015, sobre las investigaciones de las 15 especies de pequefos roedores
que se distribuyen en la Peninsula de Yucatan. Los trabajos se agruparon en 10 temas de investigacion, se elaboré una
curva de acumulacién de especies por década para cada estado de la Peninsula de Yucatan y se generé un mapa de
distribucion con las localidades de registro de cada especie. Se obtuvieron un total de 212 referencias, de las cuales 162
correspondieron a articulos en publicaciones periddicas y 50 a libros y capitulos de libros. Las especies mas estudiadas
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fueron Peromyscus yucatanicus, Heteromys gaumeri y Ototylomys phyllotis, en cambio, las que practicamente
carecieron de informacidn fueron Tylomys nudicaudus, Reithrodontomys spectabilis y Heteromys desmarestianus. El
estado de Yucatan ha sido el mas explorado con el mayor nimero de localidades y registros de pequefos roedores,
seguido de Quintana Roo y finalmente Campeche. Los temas mas abordados fueron distribucién, taxonomia,
filogenia, enfermedades y parasitismo. Se detectaron vacios de informacién para la mayoria de las especies en
las diferentes tematicas, tales como alimentacion, reproduccién, anatomia y morfologia, por lo que es importante
realizar estudios en estos temas que amplien el conocimiento de los pequeios roedores de la Peninsula de Yucatéan.
Estas investigaciones podrian aportar informacion para proponer cambios sobre su estado de proteccion en las
normas mexicanas e internacionales, o con respecto a la conservaciéon de sus habitats especificos.

Key words: Campeche; diversity; Mexico; Quintana Roo; Rodentia.

© 2016 Asociacién Mexicana de Mastozoologia, www.mastozoologiamexicana.org

Introduccion

La mastofauna mexicana comprende un grupo diverso de vertebrados, con 525 especies que
representan el 11 % del total de los mamiferos a nivel mundial, como consecuencia principalmente
de una compleja topografia y de la influencia que ejercen las regiones biogeograficas Neartica y
Neotropical (Ceballosetal.2005; Garcia-Marmolejoetal.2008). Estariquezade especieshaestimulado
la formacién de numerosos cientificos dedicados al estudio de los mamiferos terrestres en México,
generando informacién numerosa y variada (Guevara-Chumacero et al. 2001; Sosa-Escalante et al.
2013). Como resultado, ha incrementado el nimero de especies registradas en el pais que se debe
no solo a los nuevos descubrimientos, sino también al uso de nuevas técnicas de investigacion que
incluyen la genética y la ecologia molecular (Vazquez-Dominguez et al. 2009; Ramirez-Pulido et al.
2014). De la misma forma, el desarrollo tecnolégico de dispositivos para muestreos y recolectas
(e.g. trampas cdmara, detectores ultrasonicos, radio transmisores con rastreo satelital; O’Connell
et al. 2011; Diaz-Pulido y Payan 2012; Boonman et al. 2013), han ayudado a comprender de mejor
manera los cambios en la nomenclatura y las relaciones taxondmicas, patrones de distribucion y
uso de habitat de especies elusivas. A escala regional, el nimero de especies registradas para cada
entidad federativa cambia de manera frecuente, ya sea por la publicacion de nuevos registro

qgs, 0 por cambios taxondmicos o de nomenclatura, lo que demuestra la importancia de actualizar
periddicamente las compilaciones en existencia (Sosa-Escalante et al. 2013).

Los estudios realizados en pequeiios mamiferos como los roedores, han cobrado gran interés
ya que proporcionan con cierta facilidad informacién acerca de sus poblaciones (Fleming 1974;
Kelly y Caro 2003). En México, el Orden Rodentia esta representado por ocho familias, que incluyen
233 especies de las cuales 180 corresponden a los pequefios roedores (Ramirez-Pulido et al. 2014).
Estos pequefios mamiferos resaltan como componentes clave en los procesos de sucesion y
regeneracién de las selvas tropicales, jugando un papel fundamental como agentes depredadores
(DeMattia et al. 2004) y dispersores de semillas (Chung y Corlett 2006; Wells et al. 2009), e incluso
como polinizadores (Kleizen et al. 2008), consumidores de invertebrados (Hernandez-Betancourt
etal. 2005) y vertebrados pequefios (Chung y Corlett 2006), ademas de ser presas de otras especies
(Martinez-Vazquez et al. 2010).

En la Peninsula de Yucatan, provincia biogeografica separada de las adyacentes por una flora y
fauna particular en la que resaltan numerosas especies endémicas (Morrone et al. 2002; Vazquez-
Dominguez y Arita 2010), se distribuyen tres familias de pequefos roedores, Heteromyidae,
Cricetidaey Muridae con untotal de 15 especies, de las cuales ocho son endémicas de Mesoamérica
(53.3 %) y una de México (6.6 %; Herndndez-Betancourt et al. 2010; Sosa-Escalante et al. 2013).
En esta peninsula se han desarrollado estudios que han incrementado el conocimiento de las
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comunidades de pequenos roedores en diferentes puntos geograficos (Hernandez-Betancourt et
al. 2010; Guzman-Soriano et al. 2013; Sosa-Escalante et al. 2014; Vargas et al. 2014). El presente
articulo realiza un analisis sobre la bibliografia publicada desde el aflo 1901 al 2015, sobre los
pequenos roedores de los estados de Campeche, Yucatdn y Quintana Roo que conforman la
Peninsula de Yucatan en México. Asimismo, se presenta una revision de la informacién contenida
en la literatura para identificar la tematica y cobertura geografica de los registros de las especies,
con el propésito de analizar las perspectivas en el estudio de pequeios roedores y contribuir a los
esfuerzos encaminados a su proteccion y conservacion.

Materiales y métodos

Seleccién y organizacion delainformacion. Se realizd una bisqueda documental mediante la consulta
deliteraturaexistente tanto en mediosimpresos como electrénicos, partiendo del estudio de Merriam
(1901- primer trabajo que reporta alguna de las especies de pequenos roedores para la Peninsula de
Yucatan), hasta lo publicado en el mes de julio del afio 2015 para los estados de Campeche, Yucatan
y Quintana Roo, en torno a las 15 especies de pequefios roedores que se distribuyen en la peninsula.
Se tomaron en cuenta aquellos estudios que incluyeran descripciones de nuevas especies, registros
y revisiones sobre los pequerios roedores de la Peninsula de Yucatan. Se revisaron exhaustivamente
bases de datos de diversas bibliotecas electrénicas (Scielo, BioOne, Biodiversity Heritage Library,
Catalogo-UNAM, Web of Science) para la recopilacion y revision detallada de los trabajos en revistas
periddicas, de la serie Mammalian Species, libros y capitulos de libros. Se excluyeron resimenes y
memorias de congresos, simposios, reuniones, informes internos y tesis.

Toda lainformacién recabada fue organizada en una base de datos conformada por los campos
de autor, afo, titulo, revista, pais de origen (nacional o extranjero, que fue definido por el lugar de
origen del primer autor), cita bibliogréfica, localidad (incluyé combinaciones entre las entidades
federativas analizadas y si los trabajos incluyeron localidades de los tres estados entonces se
registré como para toda la peninsula), tema principal, especie y observaciones. Para facilitar el
manejo de la informacién, cada trabajo publicado fue etiquetado en un tema principal acorde a su
contenido (Guevara-Chumacero et al. 2001). Adicionalmente, se elaboré una base de datos con la
informacién sobre las localidades de muestreo de cada una de las especies de roedores recabada
de las publicaciones de interés con los campos de: cita bibliografica, afio, familia, especie, estado,
localidad, region, latitud, longitud y observaciones.

Andlisis de la informacion. Por medio de representaciones graficas se analizé y comparé la
informacién organizada en las respectivas bases de datos. Se elaboré una curva de acumulacién
de especies por década para cada estado de la Peninsula de Yucatan. Se elaboraron mapas de
distribucion de los pequefos roedores, a partir de los registros encontrados en las publicaciones
recopiladas para los estados de Campeche, Quintana Roo y Yucatan, haciendo uso del programa
ArcMap ver. 9.3. Con todos estos andlisis en conjunto se pudieron contrastar los esfuerzos que han
existido en la generacién de publicaciones cientificas por décadas, por estados, entre especies y
entre temas de investigacion.

Resultados

Andlisis de la bibliografia y localidades de muestreo. Se registraron un total de 212 referencias con
una o mas especies de los pequeios roedores para los estados de la Peninsula de Yucatan, de las
cuales 162 (76.4 %) corresponden a trabajos en publicaciones periddicas y 50 (23.6 %) pertenecen
a libros y capitulos de libros. El nUmero de publicaciones exclusivas para el estado de Yucatan fue
de 46 (21.7 %), seguido por Campeche con 35 (16.5 %), y Quintana Roo con el menor nimero, 23
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(10.9 %). Simultaneamente 78 (36.8 %) referencias abarcaron localidades de los tres estados de la
Peninsula de Yucatan. Las publicaciones que incluyeron localidades tanto del estado de Yucatan
como de Quintana Roo fueron 13 (6.1 %), para Campeche y Quintana Roo sumaron 9 (4.2 %) y en
conjunto Campeche y Yucatdn acumularon 8 (3.8 %) referencias. Del total de las publicaciones
analizadas 123 (58 %) fueron escritas por autores extranjeros y 89 (42 %) por mexicanos. Para el
periodo de 1901-1970 se publicé el 23 % del total de los articulos, mientras que entre 1971-2015
fue el 77 % del total de las publicaciones (Figura 1).

Diversidad de especies, publicaciones y registros por estado. De las 15 especies registradas para la
peninsula, 54 % son terrestres, 33 % semi-arboricolasy 13 % arboricolas (Tabla 1). Las especies con
mas publicaciones y registros fueron Peromyscus yucatanicus, Ototylomys phyllotis y Heteromys
gaumeri. En cambio, Tylomys nudicaudus, Reithrodontomys spectabilis y Heteromys desmarestianus
han sido las menos registradas y reportadas en publicaciones (Figura 2). En la década de 1950
se confirmé la presencia de dos especies de pequeios roedores para Yucatan, H. desmarestianus
(Laurie 1953) y T. nudicaudus (Hatt 1953), que representan los ultimos registros de pequefios
roedores para el estado. Ainicios de la década del 2000 se presentd el registro de H. desmarestianus
en Campeche (Hernandez-Huerta et al. 2000) y en Quintana Roo la ultima confirmacién de una
especie de pequeno roedor fue Oligoryzomys fulvescens en el afo 2009 (Escobedo-Cabrera et al.
2009; Figura 3). Para la década de 1970 ya se tenian registradas a nivel peninsula, las 15 especies
de pequenos roedores conocidas hasta el momento.

Andlisis de la cobertura geogrdfica y temas de investigacién. Para el periodo de 1901-2015 se
cuantificaron en la Peninsula de Yucatan un total de 1,094 registros de pequerios roedores
distribuidos en 173 localidades, de los cuales 504 registros (46.1 %) correspondieron a 70
localidades de Yucatan, 309 (28.2 %) a 62 localidades de Quintana Roo y 281 (25.7 %) a 41
localidades de Campeche. El nimero de especies registradas por localidad para cada estado fue
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Figura 1. Numero de publicaciones sobre los pequefios roedores de la Peninsula de Yucatan por década entre los aftos 1901 - 2015.
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distinto, Yucatan y Quintana Roo mostraron un mayor niumero de localidades con una
a dos especies registradas, mientras que Yucatan present6 en su mayoria localidades
con cuatro a seis 0 mas especies registradas a lo largo de su territorio (Figura 4).
La presencia y distribucién de los pequefos roedores fue variada a lo largo de la
provincia biogeogréfica de la peninsula (Figura 5), Yucatédn y Quintana Roo son los
estados que albergan 14 de las 15 especies registradas hasta el momento, mientras
que Campeche presenta 13 especies en su territorio (Tabla 1).

Los temas mas abordados en los estudios de pequeinos roedores en la Peninsula de
Yucatén fueron los de distribucién, enfermedades, parasitismo, taxonomia y filogenia
con mas de 600 trabajos en conjunto, en tanto que los menos estudiados han sido los
de anatomia y morfologia, reproduccién y alimentacién (Tablas 1, 2). Las especies H.
gaumeri, O. phyllotis, Peromyscus leucopus, P. yucatanicus y Sigmodon toltecus contaron
con al menos una publicacién para la mayoria de los temas, mientras que las especies
H. desmarestianus, R. spectabilis y T. nudicaudus han sido de las menos estudiadas.

En el estado de Yucatan se ha desarrollado la Unica investigacién reportada hasta
el momento en referencia a alimentacion (Tabla 2), realizada en la especie H. gaumeri.
Para el tema de anatomia y morfologia, los tres estados de la Peninsula de Yucatén han
reportado estudios para las especies H. gaumeri, Handleyomys rostratus, P. leucopus, P.
yucatanicus, Reithrodontomys gracilis y S. toltecus. Las tres entidades contaron con
trabajos sobre reproduccion, correspondientes a las especies Otonyctomys hatti, O.
phyllotis, P. leucopus y P. yucatanicus (Tabla 2).

Tabla 1. NUmero de publicaciones por tema principal para cada especie de pequefios roedores durante el periodo 1901
- 2015 en la Peninsula de Yucatan. Las especies registradas con PY se encuentran en los tres estados. El arreglo taxondémico es
de acuerdo a Carleton y Musser (2005) y Weksler (2006).

Especie En A AM C Cn D E EP M R TF TOTAL

Familia Heteromyidae

'Heteromys desmarestianus PY 3 18 3 4 28
'Heteromys gaumeri PY 1 1 3 5 39 10 19 4 17 99
Familia Cricetidae
2Peromyscus leucopus PY 3 4 3 32 2 7 2 1 15 69
2Peromyscus yucatanicus PY 3 5 4 43 7 24 3 3 15 107
2Reithrodontomys gracilis PY 1 2 2 34 5 5 16 65
2Reithrodontomys spectabilis QR 1 1 12 2 9 25
"Handleyomys rostratus PY 1 4 1 23 1 10 1 6 47
'Oligoryzomys fulvescens PY 2 2 23 2 1 3 33
'Oryzomys couesi PY 4 2 34 2 5 3 13 63
Sigmodon toltecus PY 1 4 2 27 3 18 4 8 67
3Otonyctomys hatti PY 1 31 1 1 1 5 40
2Ototylomys phyllotis PY 4 3 37 5 18 5 3 16 91
3Tylomys nudicaudus Y 10 1 1 12
Familia Muridae

"Mus musculus PY 1 12 5 8 1 3 30
'Rattus rattus PY 1 1 13 1 13 1 2 32

TOTAL 1 10 35 30 388 43 134 27 8 132 808

Entidad (En), Yucatan (Y), Quintana Roo (QR), Peninsula de Yucatan (PY), Alimentacion (A), Anatomia y Morfologia
(AM), Colecciones (C), Conservacion (Cn), Distribucion (D), Ecologia (E), Enfermedades y Parasitismo (EP), Miscelaneos
(M), Reproduccion (R), Taxonomia y Filogenia (TF), terrestre ('), semi-arboricola (%), arboricola (*).
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Figura 2. Numero de publicaciones y registros por especie en la Peninsula de Yucatan durante el periodo 1901 - 2015.

Discusion

El estudio de los mamiferos terrestres, asi como el de los pequefos roedores en la
Peninsula de Yucatan han adquirido un auge notable en México en las ultimas décadas.
En un principio existid una intensa participacion de investigadores extranjeros,
pero con el paso del tiempo el nimero de mastozodlogos mexicanos crecié de
manera considerable, como un esfuerzo renovado por conocer y estudiar la riqueza
bioldgica en la Peninsula de Yucatan. Este mismo patrén ha sido reportado en otras
investigaciones sobre mamiferos de México (Guevara-Chumacero et al. 2001; Sanchez-
Cordero y Medellin 2005; Lorenzo et al. 2006) y de manera particular para la Peninsula
de Yucatdn (Sosa-Escalante et al. 2013, 2014; Vargas et al. 2014).

EnlaPeninsuladeYucatan se distribuyen el 8 % de los roedores mexicanos (Ramirez-
Pulido et al. 2014), de los cuales 11 especies pertenecen a la familia Cricetidae (Sosa-
Escalante et al. 2013), dos a la familia Heteromyidae y dos especies no nativas a la
familia Muridae (Guzman-Soriano et al. 2013; Sosa-Escalante et al. 2014). Esta riqueza
regional de especies es resultado posiblemente de las barreras que surgieron de los
procesos volcanicos ocurridos en la region norte de Chiapas, que pudieron influir en
la migracion de estos mamiferos hacia la Peninsula de Yucatan (Espinoza et al. 2006).
Conjuntamente, se deben considerar también los cambios climaticos graduales que se
presentaron durante el Pleistoceno y que se sabe, contribuyeron a la especiacién de
los roedores en la regidn sur de México (Espinoza et al. 2006).

La Peninsula de Yucatan se encuentra por debajo de los 200 metros de altitud
(Morrone et al. 2002), con caracteristicas particulares de tipo de suelo (carstico)
y de flora (Espinoza et al. 2006), producto de su historia geoldgica y evolutiva que
difiere de la del resto del pais (Escalante et al. 2007; Garcia-Marmolejo et al. 2008;
Vézquez-Dominguez y Arita 2010). Como consecuencia, se pueden hallar en su
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Figura 3. Curva de acumulacién de especies de pequenos roedores por década registradas para cada estado
de la Peninsula de Yucatan.

territorio especies de pequefnos roedores que se distribuyen tanto en la region
Nedrtica como Neotropical y otras endémicas, a pesar de ser considerada como una
zona menos diversa que otras regiones del centro y occidente de México (Arita 1997;
Vazquez-Dominguez y Arita 2010). Las especies P. leucopus, S. toltecus y Oryzomys
couesi son especies que se distribuyen tanto en la region Nedrtica como Neotropical,
mientras que los roedores O. hatti, P. yucatanicus y H. gaumeri son exclusivos de la
provincia biogeografica de la Peninsula de Yucatan (JUCN 2015). La Unica especie
endémica para México es R. spectabilis que se distribuye en la Isla de Cozumel (Knox
1982), el resto de las especies son de distribucion Neotropical, con excepcién de las
introducidas (Rattus rattus y Mus musculus; JUCN 2015).

Cobertura geogrdfica y temdtica del estudio de las especies de pequerios roedores. La
distribucion de los registros por especie mostré un sesgo hacia lugares carismaticos
o de importancia arqueoldgica (i. e. Chichen Itza, Loltin, Uxmal), asi como aquellos
sitios de facil acceso (Sanchez-Cordero y Medellin 2005; Sosa-Escalante et al. 2013),
por lo que existen zonas bien definidas en las cuales el registro de pequefos roedores
es aun insuficiente. En el estado de Campeche, la franja costera oeste, la parte
norte, centro y a lo largo de toda su inmediacién fronteriza son zonas con escasa
informacién y con pocas especies de pequenos roedores reportadas. El estado
de Quintana Roo, particularmente en la zona central y sus limites territoriales con
Campeche, practicamente no se ha explorado, y a pesar que diversos sitios de la
franja costera de Quintana Roo han sido estudiados, aun contintian siendo escasos
los registros de especies de roedores. El estado de Yucatan ha sido aparentemente
el mas explorado; sin embargo, algunos sitios de la franja costera e inmediaciones
fronterizas con Campeche y Quintana Roo no han sido estudiados. Esto concuerda
con lo encontrado por Sosa-Escalante et al. (2013) en su estudio sobre los mamiferos
terrestres de la Peninsula de Yucatén.

De forma general, a lo largo de toda la Peninsula de Yucatan se pueden encontrar
las 15 especies de pequenos roedores registradas para la provincia, pero cabe
mencionar que algunas de éstas se encuentran muy bien representadas en ciertos
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estados. Por ejemplo, las especies R. gracilis, O. couesi, P. leucopus, P. yucatanicus,
H. gaumeri'y O. phyllotis son las que presentaron mayores registros en Campeche y
Yucatan. En contraste, O. hatti, H. desmarestianus y O. fulvescens tuvieron bajo nimero
de registros.

Si bien se han llevado a cabo numerosos trabajos en toda la Peninsula de Yucatan,
en referencia a los listados de distribucién de las 15 especies de pequenos roedores,
aun son pocos los estudios poblacionales realizados a mediano y largo plazo. Entre
éstos destacan la investigacion de Hernandez-Betancourt et al. (2008b) sobre la
dinamica poblacional de la rata arboricola O. phyllotis y el de Cimé-Pool et al. (2002),
en el que analizaron el area de actividad de H. gaumeri, ambos estudios efectuados en
una selva mediana subcaducifolia del sur de Yucatan. Asimismo destaca el trabajo de
Escobedo-Cabrera et al. (2009) realizado desde 1996 hasta el 2005, en el que enlistan
los registros de las especies de mamiferos terrestres recabados en areas fronterizas de
los ambientes aledanos al Santuario del Manati, la ribera del rio Hondo y sus areas de
influencia para el estado de Quintana Roo. En este trabajo se reportan las capturas
de H. rostratus, O. couesi, O. phyllotis, P. yucatanicus, S. toltecus y H. gaumeri, que serian
los registros mas surefos para estas especies, sin representacion en los mapas aqui
presentados, ya que en la publicacién no se especifica la localidad exacta de cada
registro. Lo anterior resalta laimportancia de efectuar una descripcién de la ubicaciéon
geografica cuando se realizan investigaciones en dreas de grandes extensiones, sobre
todo en aquellas especies cuya distribucién se encuentra restringida o poco conocida
para la Peninsula de Yucatan.

Los roedores de habitos arboricolas han sido poco estudiados, ya que la mayoria
de los trabajos sobre pequenos roedores se han desarrollado colocando las trampas
a nivel de piso, lo que restringe el muestreo de aquellas especies que suelen usar el
estrato arboreo. Este sesgo en el muestreo puede limitar la obtenciéon de nuevos
registros para ciertas especies, que existapocainformacién sobrelabiologiadealgunos
roedores y tener representaciones erroneas acerca de sus densidades poblacionales
(Malcolm 1991); Vieira 1998). Un caso particular es la especie arboricola T. nudicaudus
que ha sido registrada para la Peninsula de Yucatdn Unicamente por medio de
registros fésiles (Hatt 1953). No obstante, algunos autores reconocen actualmente la
posible distribucion de T. nudicaudus al interior de la peninsula (Lorenzo et al. 2008;

Tabla 2. NUmero de publicaciones por tema principal para los estados de la Peninsula de Yucatdn durante el periodo
1901 - 2015.

Tema principal C Y Q PY cY cQ YQ TOTAL
Alimentacion 1 1
Anatomia y Morfologia 1 2 3 4 10
Colecciones 6 27 2 35
Conservacion 7 7 12 4 30
Distribucion 35 62 25 236 2 28 388
Ecologia 3 28 3 7 2 43
Enfermedades y Parasitismo 36 46 1 47 2 2 134
Misceldneos 22 5 27
Reproduccion 5 2 1 8
Taxonomia y Filogenia 10 16 16 61 3 1 15 132
TOTAL 96 189 57 384 12 19 51 808

Campeche (C), Yucatan (Y), Quintana Roo (Q), Peninsula de Yucatan (PY), Campeche-Yucatan (CY), Campeche-
Quintana Roo (CQ), Yucatan-Quintana Roo (YQ).
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Figura 4. Ubicacién geogréfica y nimero de especies registradas por localidad para la Peninsula de Yucatan
durante el periodo 1901-2015.

Sosa-Escalante et al. 2014), y su interaccion ecolégica potencial con otras especies
de pequenos roedores que son reservorios de enfermedades, como leishmaniasis
(Gonzalez-Salazar y Stephens 2012).

Otra especie reportada parala Peninsula deYucatan es el raton vespertino yucateco
O. hatti,cuyos habitos sontambién principalmentearboricolas (Herndndez-Betancourt
etal.2010) y el conocimiento de su biologia y ecologia han sido muy escasos. En una
revisidn sobre este roedor, se cuantificaron Unicamente 18 especimenes depositados
en colecciones cientificas y capturados hasta el 2010 provenientes de diferentes
localidades de la peninsula, Guatemala y Belice (MacSwiney et al. 2009; Panti-May et
al. 2015a). Ha sido de las pocas especies peninsulares en las que se ha efectuado una
investigacion descriptiva con respecto a su reproduccién en cautiverio (Panti-May et
al. 2015a). Esto resalta la escasez de trabajos realizados para los pequenos roedores
de habitos arboricolas y semi-arboricolas (Woodman et al. 1995) que se distribuyen en
la Peninsula de Yucatan, donde las investigaciones se han enfocado a los inventarios.

La produccién cientifica abordé principalmente la temdtica de distribucion y
ecologia y en menor numero la aplicacién de metodologias y enfoques modernos
como la taxonomia y filogenia, enfermedades y parasitismo. Sin embargo, las
temaéticas de alimentacién, reproduccion, anatomia y morfologia, han sido abordadas
con pocos trabajos o estan ausentes en alguno de los tres estados de la peninsula. Las
especies que han sido mas estudiadas en la mayoria de los temas fueron P. yucatanicus,
H. gaumeriy O. phyllotis, lo que puede ser resultado de su elevada abundancia donde
han sido registradas, lo que ha permitido un mayor éxito en investigaciones a largo
plazo sobre su biologia reproductiva y aspectos ecolégicos (Herndndez-Betancourt et
al. 2003; Herndndez-Betancourt et al. 2005; Hernandez-Betancourt et al. 2008a; b). Por
ejemplo, el Unico estudio que reporta el posible consumo de caracoles por la especie
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H. gaumeri, resulté de una investigacién sobre la ecologia de este roedor (Hernandez-
Betancourt et al. 2005), mismo que se incluyé dentro del tema de alimentacién (dieta),
por la relevancia de sus observaciones.

Otras especies han sido objeto de estudios sobre enfermedades transmisibles al
ser humano, como por ejemplo P. yucatanicus, que se le ha considerado una de las
principales especies reservorio de Leishmania sp. en la Peninsula de Yucatan (Loria-
Cervera etal. 2013). En investigaciones experimentales para comprender la ecologia
de la Leishmania, este mismo roedor ha sido usado como modelo con la finalidad
de generar informacién sobre los ciclos de transmisién y para contribuir al control y
erradicacion de esta enfermedad, que afecta a seres humanos y animales domésticos
(Sosa-Bibiano et al. 2012; Loria-Cervera y Andrade-Narvdez 2014). Otros autores
han revisado el papel de varias especies de pequefos roedores de la peninsula
como reservorios y transmisores de diversas enfermedades como hantavirus,
rickettsiosis, ehrlichiosis, leishmaniasis y Chagas (Reyes-Novelo et al. 2011). En
especies introducidas como M. musculusy R. rattus, los estudios relacionados a temas
de distribucion, enfermedades y parasitismo han cobrado importancia ya que son
roedores con estrecha asociacién con las actividades humanas, que interactian con
especies locales y son transmisoras de diversas enfermedades en la regién (Vado-
Solis et al. 2002; Panti-May et al. 2012; Torres-Castro et al. 2014; Panti-May et al.
2015b). Sin embargo, se requiere un mayor numero de estudios sobre esta tematica,
particularmente en el estado de Quintana Roo, donde hasta ahora el nimero de
trabajos ha sido muy bajo.

Estado de conservacion de los pequerios roedores en la Peninsula de Yucatdn. Los
ecosistemas que componen la Peninsula de Yucatdn han sido constantemente
perturbados por la accion humana durante varios miles de afos (Turner y Butzer
1992). Como resultado, la vegetacion actual es un mosaico de sucesién de selvas, por
efecto de al menos 3,000 afos de manipulacion humana, incluyendo la agricultura,
la explotacién forestal, la urbanizacion y disturbios naturales como los incendios y
huracanes (Schultz 2003). En parte, es posible que lo anterior haya propiciado que
varias especies estén catalogadas en alguna categoria de riesgo. Este es el caso para
O. couesi, cuya subespecie O. couesi cozumelae estd catalogada como amenazada,
situacion similar a lo que ocurre con P. leucopus cozumelae y R. gracilis insularis
(SEMARNAT 2010). El raton vespertino O. hatti también estd considerado como
amenazado ante la pérdida de su habitat (Sosa-Escalante et al. 2013) y R. spectabilis
como un especie amenazada (SEMARNAT 2010) y por la [IUCN como en peligro critico
(IUCN 2015). Esrelevante mencionar que estas especies y subespecies, aln no cuentan
con estudios que permitan conocer el estado actual de sus poblaciones silvestres.

Actualmente también existe un serio problema con las especies que han sido
introducidas, particularmente en laIsla Cozumel, entre las que se encuentran roedores
exoticos, gatos y perros ferales, ademas de la liberacién de boas (Boa constrictor) en
1971, que en conjunto estan impactando negativamente a los vertebrados de la isla
(Martinez-Morales y Cuarén 1999; Harper y Bunbury 2015). Esto aumenta el riesgo de
peligro paralas especies amenazadas en lazona como los roedores O. couesi cozumelae
(Vega et al. 2007), R. spectabilis y P. leucopus cozumelae cuyas poblaciones hoy dia
son desconocidas en términos de su habitos alimenticios, anatomia, morfologia y
aspectos reproductivos para la peninsula.

El hecho de que algunos de los pequerfios roedores de la Peninsula de Yucatdn
estén bajo alguna categoria de riesgo, debiera motivar la generacién de conocimiento
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con el fin de proponer estrategias efectivas para su conservacién. Cabe enfatizar que
tanto la biologia de las especies como su comportamiento, influyen en su captura
y en el numero reducido de registros. Si bien es posible que algunas especies de
pequenos roedores como R. spectabilis, H. desmarestianus, P. leucopus, O. hatti y
T. nudicaudus se encuentren a lo largo del territorio peninsular (muchos han sido
reportados por avistamientos ocasionales), hasta ahora han existido dificultades para
estudiar estas especies (e. g. baja densidad poblacional, limitaciones en el muestreo).

Perspectivas en el estudio de los pequeros roedores en la Peninsula de Yucatdn. A
través de la informacion acumulada se reconoce a los pequenos roedores como
un grupo que se distingue por las funciones imprescindibles en los ecosistemas y
por el grado de riesgo de extincién de algunas especies (Ceballos 2005). Ademas,
numerosas especies han sido consideradas indicadores ecolégicos (Cimé-Pool et al.
2007; Cimé-Pool et al. 2010; Whitehead et al. 2014), lo que enfatiza la necesidad de

continuar realizando estudios sobre su dindmica poblacional, ya que de esta manera
se aportaria informacién, por ejemplo, sobre las modificaciones del habitat en la
peninsula.

A pesar de la informacion incluida en las 212 publicaciones sobre los pequefos
roedores en la Peninsula de Yucatan, contindia un desconocimiento sobre aspectos
basicos de biologia de las especies de la regién, ya que la mayoria de estudios han
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Figura 5. Ubicacién geogréfica de las 15 especies de pequenos roedores registrados en la Peninsula de Yucatan
durante el periodo 1901-2015. Mapa A: Heteromys desmarestianus, Oryzomys couesi, Reithrodontomys gracilis y Tylomys
nudicaudus. Mapa B: Handleyomys rostratus, Ototylomys phyllotis, Peromyscus leucopus y Reithrodontomys spectabilis.
Mapa C: Heteromys gaumeri, Oligoryzomys fulvescens, Rattus rattus y Sigmodon toltecus. Mapa D: Mus musculus,
Otonyctomys hatti 'y Peromyscus yucatanicus. e = endémica de México, ep = endémica de la Peninsula de Yucatan.
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sido realizados de forma esporadica y son principalmente inventarios. Es prioritario
que se realice investigacion con muestreos sistematicos y a largo plazo y que
aborden tematicas de ecologia poblacional, alimentacién, reproduccion, anatomia,
morfologia y conservacion. También es prioritario que se realicen investigaciones
en aquellas zonas que se han identificado con vacios de informacién. Sélo con
datos generados de estas investigaciones se podran hacer recomendaciones
fundamentadas para determinar el estado de prioridad de conservacién de las
especies de roedores en las normas mexicanas (i. e. NOM-059-SEMARNAT-2010) e
internacionales (i. e. Lista Roja de Especies Amenazadas IUCN), o con respecto a la
conservacién de sus habitats especificos (e. g. R. spectabilis, P. leucopus cozumelae
y O. couesi cozumelae restringidas a la Isla Cozumel, R. gracilis insularis endémica de
Isla del Carmen, O. hatti, H. gaumeri y P. yucatanicus endémicas de la Peninsula de
Yucatan), y a su vez, incrementar el conocimiento de los mamiferos de esta provincia
biogeogrifica.
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The Patagonian assemblage of small mammals has long fascinated naturalists. Even when itis moderately diverse, several
of its components are endemic to the region. One of these is the monotypic genus Notiomys, whose single species N.
edwardsii is widely distributed in the steppes of Argentinean Patagonia. A dead mouse found in Parque Nacional Torres
del Paine, Ultima Esperanza, Chile, which was determined as belonging to the species N. edwardsii. The just mentioned
finding allows us to report the genus Notiomys for the first time to Chile. This result highlights the need of keeping doing
field prospections even in areas whose mammal assemblages are presumably well characterized.

El ensamble patagdnico de pequeiios mamiferos ha fascinado desde siempre a los naturalistas. Aun cuando es
moderadamente diverso, varios de sus componentes son endémicos de la region. Uno de éstos es el género monotipico
Notiomys cuya Unica especie, N. edwardsii, es ampliamente distribuida en la estepa patagonica argentina. Un ratéon
muerto fue encontrado en el Parque Nacional Torres del Paine, Ultima Esperanza, Chile, que fue determinado como
pertenecientemente a la especie N. edwardsii. El registro recién mencionado permite reportar el género Notiomys por
primera vez para Chile. Este resultado resalta la necesidad de continuar con las colectas de ejemplares en campo, ain en
areas donde los ensambles de mamiferos estan, presuntamente, bien caracterizados.

Key words: abrotrichini, Chelemys, Geoxus, Patagonia, Sigmodontinae.
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Introduccion

Elensamble de roedores patagoénicos hallamado la atencién de multiples naturalistas. Incluso Darwin
(1839), en su paso por la regidn, reconocié la abundancia y diversidad de este grupo de animales en
la porcidn mas austral de América del Sur, indicdndola como una de las mayores del mundo. Si bien
esta afirmacién no necesariamente se ajusta con la realidad, los roedores patagénicos constituyen
un ensamble relativamente diverso con varias especies endémicas a la region (Pardifas et al. 2011;
Lessa et al. 2012). Entra estas ultimas se encuentra el roedor fosorial Notiomys edwardsii (Thomas,
1890), Unica especie reconocida de Notiomys Thomas 1890. Este género forma parte de la tribu
Abrotrichini, cuya extensién geogréfica va desde el Altiplano de Pert y Bolivia hasta Tierra del Fuego
e islas adyacentes (D’Elia et al. 2015b).

Aun cuando Notiomys es raro en colecciones, este ratdn presenta una amplia distribucién en
la Estepa Patagonica de Argentina, extendiéndose desde el sur de la provincia de Rio Negro hasta
el centro sur de la provincia de Santa Cruz (Andrade 2008; Pardinas et al. 2008). A través de esta
amplia distribucion la especie ha sido registrada en estepas arbustivas y herbdceas desde la costa
Atlantica de la provincia de Santa Cruz hasta altitudes de casi 1,600 m en la Meseta de Somuncura en
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la provincia de Rio Negro (Pardifias et al. 2008). En esta nota damos a conocer el primer registro
para Chile del género Notiomys.

Materiales y Métodos

El primer registro chileno de Notiomys se basa en un ejemplar hallado el 8 de abril de 2015 en el
sector del Rio Serrano, Parque Nacional Torres del Paine, Ultima Esperanza, Magallanes y Antartica
Chilena (-51°11'29.36"S, -72° 57" 38.32" O, ca. 30 m; Figura 1). El ambiente donde el individuo fue
encontrado corresponde a la Estepa Patagdnica, compuesta fundamentalmente por gramineas
de altura media a baja, incluyendo Festuca sp. y Stipa sp.

Resultados

El animal base de este registro fue fotografiado (Figura 2) por uno de los autores (RB) pero no fue
colectado. No obstante, la determinacién del mismo a nivel genérico y especifico es inequivoca
de acuerdo a la siguiente combinacién de caracteres que es exclusiva del género Notiomys (cf.
Pardifas et al. 2008; Teta 2013), incluyendo: cuerpo fusiforme, con miembros cortos; coloracion
dorsal castafa, con tintes anaranjados hacia los flancos y nitidamente delimitada del blanco-
grisaceo del vientre; manos muy peludas, dorsalmente cubiertas por pelos blancos y con garras
desarrolladas; pies cortos y anchos, cubiertos por pelos cortos blancos y anaranjados, con un
fleco de pelos blancos visible sobre el borde externo; cola bicolor; orejas muy pequefas y ocultas
entre los pelos de la cabeza; vibrisas mistaciales numerosas, con un mechén de pelos blancos que
nace en la base de la oreja y la sobrepasa; ojos medianos; pelos alrededor del hocico anaranjado;

Figura 1. Registros de Notiomys edwardsii en el extremo austral de América del Sur. Los registros previamente conocidos se indican
con circulos negros (tomados de Pardifias et al. 2008; Tabla 1) y el primer registro para Chile es indicado con una estrella.
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rinario rosado y conspicuo. La ausencia de escala en las fotografias impide hacerse una idea del
tamano, la observacion directa del espécimen realizada el momento de fotografiarlo indica que
se trataba de un animal pequeno, no mayor a 80 - 90 mm de cabeza-cuerpo. Otros abrotriquinos
fosoriales, como Chelemys Thomas 1903 o Geoxus Thomas 1919, con los cuales podria confundirse,
presentan una coloraciéon general mdas oscura, con menos contraste entre el dorso y el vientre y
sin tonos anaranjados, pabellones auriculares pequefos pero externamente visibles y carecen del
fleco de pelos blancos sobre el borde externo del pie (cf. Teta 2013).

Discusion y conclusiones

Ademas de ser el primer registro del género Notiomys para Chile, el mismo constituye el mas
austral del género, ubicandose ca.160 km al sur del registro mas cercano (Estancia La Ascension,
Santa Cruz, Argentina; Cueto et al. 2008; Figura 1). Es de interés notar que este es el primer registro
del género al sur del Rio Santa Cruz y del sistema de lagos del cual dicho rio es efluente. De esta
forma, el género Notiomys no es endémico de Argentina, pero si de la Estepa Patagdnica. Con este
registro se aumenta a 29 el nimero de géneros de roedores conocidos en Chile.

Este nuevo registro muestra, una vez mas, la necesidad de continuar con el trabajo de campo,
aun de grupos considerados como bien conocidos como los mamiferos (D’Elia et al. 2015a) y/o
areas supuestamente bien conocidas como el sur de Chile (véase Osgood, 1943; Rau et al. 1978;
Johnson et al. 1990). Para el Parque Nacional Torres del Paine, Johnson et al. (1990) han citado, pero
sinindicar un ejemplar de referencia, a Chelemys delfini, otro raton cavador de estatus incierto, pero
que por sus caracteristicas mas probablemente se trate de un sinénimo de Geoxus michaelseni (Teta
2013; Teta etal. 2015a). Asi, en el sur de Chile se registran por lo menos tres especies de ratones de

Figura 2. Vista externa de Notiomys edwardsii de Rio Serrano, Parque Nacional Torres del Paine, Magallanes, Chile. Se destaca
el contraste entre la coloracion dorsal y ventral, la coloracion anaranjada alrededor del hocico y en los flancos, las orejas pequenas y
escondidas en el pelaje de la cabeza y la cola corta (para otros caracteres, véase el texto).
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habitos semifosoriales, incluyendo a Chelemys macronyx, Geoxus michaelseniy Notiomys edwardsii
(Teta et al. 2015a, Teta et al. 2015b; este trabajo). De igual forma, todos los géneros de Abrotrichini,
segun hoy es entendida la tribu (Teta 2013; D’Elia et al. 2015b), estan presentes en Chile.

En los ultimos dos anos, tres nuevas especies de roedores han sido reportadas para Chile. Dos
de ellas, Eligmodontia dunaris y Abrothrix manni, constituyeron especies nuevas para la ciencia 'y
fueron descritas con base en especimenes colectados en Chile (Spotorno et al. 2013, D’Elia et al.
2015a). Abrothrix jelskii, previamente conocida de Argentina, Bolivia y Peru fue recientemente
registrada en el norte de Chile (Zufiiga y Tancara 2014). A esta lista sumamos a Notiomys edwardsii,
previamente conocida de Argentina, que constituye también la primer mencién del género para
Chile. Valga esto ultimo como refuerzo de la necesidad de continuar con el trabajo de colecta de
mamiferos chilenos, aun en areas consideradas bien exploradas como el extremo sur del pais.
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Several studies have observed that bat species respond differently to landscape changes and that individuals tend to
expand their home range when the habitat is not optimal. Tropical dry forest in the Isthmus of Tehuantepec, Mexico,
shows a high habitat loss and fragmentation by anthropogenic causes. However, how bats use this fragmented
landscape is unknown. Therefore, the aim of this study was to describe the temporal and spatial movements of bats
fitted with radio transmitters in a fragmented region of the Isthmus of Tehuantepec. In July 2011, six bats belonging to
three species were captured: an adult female of Artibeus lituratus, a juvenile female of A. jamaicensis, an adult male of
Leptonycteris yerbabuenae (Family Phyllostomidae), and three adult females of Pteronotus parnellii (Family Mormoopidae)
were fitted with a radio transmitter. Bats were monitored during night (18:00 to 06:00 h) from fixed stations for 17 days.
The activity was obtained by quantifying the frequency of bearings in intervals of one hour. Simultaneous bearings were
triangulated for locations, which were exported to a vector map where type of land use and vegetation was determined.
The home range was calculated using two techniques: minimum convex polygon and fixed Kernel. A total of 75 bearings
corresponding to an adult female of A. lituratus (n = 36, 48.0 %), three adults females of P. parnellii (n = 30, 40.0 %), and
an adult male of L. yerbabuenae (n = 8; 10.6 %) were obtained. A juvenile female of A. jamaicensis was located on one
occasion (1.3 %). Female of A. lituratus showed activity between 19:00 and 23:00 h and between 24:00 and 05:00 h,
with a peak between 03:00 y 04:00 h. This bat widely used the area with preference to riparian vegetation. Based on
their locations, a home range (Kernel 95 %) of 8,394 hectares and a minimum convex polygon of 2,587 hectares were
estimated. The male of L. yerbabuenae showed activity only between 22:00 and 02:00 h and their locations were on
agriculture land (n = 2). The observed activity of P. parnellii began at 20:00 h, it was increased to at 22:00 h (one activity
peak between 01:00 and 3:00 h) and gradually declined until 06:00 h. The three females of P. parnellii were located in
agricultural land (n = 4) and cultivated pasture (n = 1). The home range of A. lituratus observed in the present study is
the largest reported for phyllostomid bats, possibly in response to landscape condition. Activity and locations of three
females of P. parnellii and a male of L. yerbabuenae suggest that they occasionally use the study area in their way to more
productive areas.

Se ha observado que las especies de murciélagos responden de manera diferencial a los cambios en el paisaje y que los
individuos tienden a ampliar su dmbito hogarefio cuando el hdbitat no es 6ptimo. Las selvas secas de la Planicie costera
del Istmo de Tehuantepec, en México, presentan una alta pérdida y fragmentacion por causas humanas. Sin embargo,
se desconoce como los murciélagos usan este paisaje fragmentado. Por lo anterior, el objetivo de este estudio fue
describir por primera vez los movimientos temporales y espaciales de murciélagos equipados con radio-transmisores en
una zona fragmentada del Istmo de Tehuantepec. En julio de 2011 se capturaron seis murciélagos de tres especies: una
hembra adulta de Artibeus lituratus, una hembra joven de A. jamaicensis, un macho adulto de Leptonycteris yerbabuenae
(Familia Phyllostomidae) y tres hembras adultas de Pteronotus parnellii (Familia Mormoopidae), a los que se les adhiriod
un radio-transmisor. Durante 17 dias de estudio, los murciélagos se buscaron a lo largo de la noche (18:00 a 06:00 h)
desde estaciones fijas. La actividad se obtuvo al cuantificar la frecuencia de lecturas del rumbo en intervalos de una hora.
Las lecturas de rumbo simultaneas fueron trianguladas para obtener puntos geograficos, mismos que se exportaron
a un mapa vectorial en donde se determind la cobertura de uso de suelo y vegetacion. El drea del dmbito hogarefio
se calculé mediante dos técnicas: poligono minimo convexo y Kernel fijo. Se obtuvieron un total de 75 lecturas del
rumbo, correspondientes a una hembra adulta de A. lituratus (n = 36, 48.0 %), tres hembras adultas de P. parnellii (n =
30; 40.0 %) y un macho adulto de L. yerbabuenae (n = 8; 10.6 %). Una hembra joven de A. jamaicensis se localizé en una
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sola ocasion (1.3 %). La hembra de A. lituratus mostré actividad entre las 19:00 y 23:00 h y entre las 24:00 y 05:00 h,
con un pico entre las 03:00 y 04:00 h. Este murciélago usé ampliamente la zona con preferencia hacia vegetacion
riberefia. Con base en los puntos geogréficos se le calculé un ambito hogarefio (Kernel 95 %) de 8,394 hectéreas y
un poligono minimo convexo de 2,587 hectareas. Del macho de L. yerbabuenae solo se observé actividad entre las
22:00 y 02:00 h y las localizaciones estuvieron en dreas para agricultura (n = 2). El horario de actividad observado
de P. parnellii comenzé a las 20:00 h, se incrementé hacia las 22:00 h (un pico de actividad entre las 01:00 y 3:00 h)
y disminuy6 gradualmente hasta las 06:00 h. Las tres hembras de P. parnellii se ubicaron en dreas agricolas (n=4)y
en pastizal cultivado (n = 1). El dmbito hogarefo de A. lituratus observado en el presente estudio es uno de los mas
grandes reportados para murciélagos filostémidos, posiblemente como respuesta a la condicion del paisaje. Los
puntos geogréficos y horas de actividad de tres hembras de P. parnelliiy de un macho de L. yerbabuenae sugieren que
utilizan la zona ocasionalmente en su paso a otras areas mas productivas.

Key words: Artibeus jamaicensis, A. lituratus, home range, Leptonycteris yerbabuenae, Pteronotus parnellii, radio-
telemetry, wind farms.

© 2016 Asociacién Mexicana de Mastozoologia, www.mastozoologiamexicana.org

Introduccion

La pérdida y fragmentacion del habitat trae consigo efectos en la biodiversidad, como cambios en
la composicion de las comunidades, en las interacciones intra e interespecificas y en la conducta de
los individuos (Fahrig 2003). Uno de los grupos mas empleados para evaluar estos los disturbios,
son los murciélagos, debido a que desempefian un papel importante en la estructura y funcién
de los ecosistemas, son abundantes y relativamente faciles de estudiar (Erkert 2000, Patterson
et al. 2003). En general, se ha observado que las especies de murciélagos responden de manera
diferencial a la condicién del paisaje (Albrecht et al. 2007) y que los individuos tienden a ampliar
su dmbito hogarefio cuando el habitat no es éptimo (Aihartza et al. 2003, Goiti et al. 2003, Bianconi
et al. 2006, Cortés-Delgado y Sosa 2014).

Las selvas secas de la Planicie costera del Istmo de Tehuantepec, Oaxaca, en el sur de México,
son ecosistemas con un alto impacto antropogénico por la pérdida y fragmentacion del habitat,
principalmente por la agricultura, ganaderia y establecimiento de parques edlicos (Padilla y
Quiroz 2005, Carrillo-Reyes et al. 2012, Lorenzo et al. 2014). Sin embargo, se desconoce como los
murciélagos usan este paisaje fragmentado. Por lo anterior, el objetivo de este estudio fue describir
por primera vez, los movimientos, actividad y el ambito hogarefio de murciélagos equipados con
radio-transmisores en una zona fragmentada del Istmo de Tehuantepec, Oaxaca, México.

Material y Metodos

Area de estudio. Se localiza en el municipio de Juchitan de Zaragoza (16°30’ y 16° 36’ N, -94° 46"y -94°
53'W;25m), en la subprovincia fisiografica Planicie costera de Tehuantepec (Ortiz-Pérez 2004), sureste
del estado de Oaxaca, México (Figura 1a). El clima predominante es el calido subhumedo (A (wo)),
con una temperatura media anual mayor de 22 °Cy la temperatura del mes mas frio mayor de 18 °C.
La precipitacion media anual es de 1,000 mm, la precipitacion del mes mas seco se encuentra entre
0y 60 mm y el porcentaje de lluvia invernal es del 5 al 10.2 % del total anual (Garcia 2001). La zona
de estudio ha sido modificada para actividades productivas primarias, predominando la agricultura
de riego, agricultura de temporal con cultivos anuales y pastizal cultivado. Existen remanentes de
vegetacion haldfila y gipsofila, selva baja caducifolia y subcaducifolia con vegetaciéon secundaria y
vegetacion de galeria a lo largo del rio Espiritu Santo (INEGI 2005). El Istmo de Tehuantepec tiene
un alto potencial para la generacion de energia edlica, mismo que se estd aprovechando con la
operacion de parques edlicos (Herndndez-Escobedo et al. 2010).
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Figura 1.

Localizaciones de murciélagos equipados con radio-transmisores en el Istmo de Tehuantepec, México. a)

Macrolocalizacién. b) Hembra adulta de Artibeus lituratus: puntos negros, localizaciones; ambito hogarefo: poligono turquesa, 50 %;
poligono café oscuro, 75 %; poligono morado, 95 %; poligono minimo convexo: poligono rojo. ¢) Macho adulto de Leptonycteris
yerbabuenae: puntos negros, localizaciones. d) Hembras adulta de Pteronotus parnellii: puntos negros, localizaciones.

www.mastozoologiamexicana.org 323



MOVIMIENTOS DE MURCIELAGOS

Capturay radio-telemetria. Entre el 3y 6 de julio de 2011 se capturaron seis murciélagos, de cuatro
especies y dos familias (Tabla 1), con redes de niebla de 12 x 2.5 m desplegadas a una altura
minima de 1.50 m del suelo y ubicadas entre caminos y vegetacién aledana a cuerpos de agua.
Los murciélagos fueron colocados en bolsas de manta; posteriormente se les tomaron medidas
somaticas, se pesaron y fueron determinados a nivel de especie con claves especializadas (Alvarez
et al. 1994, Medellin et al. 1997). La determinacion del sexo y condicion reproductiva de los
murciélagos se clasificé de acuerdo a Kunz et al. (1996). La edad se determiné con base en el
desgaste de la dentadura y la osificacion de las falanges, clasificandolos como joven o adulto.

A cada murciélago sele corté aras una seccion del pelaje de laregion dorsal entre las escapulasy
se adhirié un radio-transmisor (Modelo TXB-001G; Telenax, Quintana Roo, México) con pegamento
hipodérmico. Los radio-transmisores contaban con una vida de bateria de al menos 14 dias y un
peso de 0.6 g, lo que significé un peso menor al 5 % del peso de los murciélagos (Aldridge y
Brigham 1988). Los murciélagos fueron mantenidos en cautiverio por 20 minutos, durante los
cuales se observd su estado, se les proporcion6 agua y se verificd que el dispositivo estuviera
firmemente adherido; finalmente, fueron liberados en el mismo sitio de colecta. Las capturas se
realizaron bajo el amparo de permiso de colector (FAU-007) emitido por la Secretaria de Medio
Ambiente y Recursos Naturales (SEMARNAT).

En el drea de estudio se ubicaron estaciones de monitoreo fijas en sitios elevados (e. g. monticulos
de tierra, puentes) y evitando fuentes de interferencia radio-magnética (e. g. torres de transmision
eléctrica, maquinaria). Cada noche se trabajé en dos estaciones que contaban con una antena
bidireccional Yagui de tres elementos (RX-TLNX; Telonics, AZ), un receptor de radio-telemetria
(R100; Communications Specialists, CA) y un radio de alto alcance (Kenwood, Japdn) para mantener
contacto entre estaciones. El estudio se realizd durante 17 dias (del 3 al 20 de julio), iniciando a
partir de las 19:00 hasta las 06:00 h del dia siguiente. Durante este periodo se efectud la busqueda
de los radio-transmisores en lapsos de una hora; en todo momento se mantuvo contacto entre
las estaciones para aumentar la posibilidad de obtener lecturas de rumbo simultdneas. Una vez
localizado algun radio-transmisor, se obtuvo el rumbo con la ayuda de un clindmetro. Se llevé un
registro de la geoposicion de cada estacion, asi como la hora, lecturas del rumbo e intensidad de la
sefnal.

Andlisis de datos. Las lecturas del rumbo fueron exportadas al software Locate 3.33 (Nams 2000)
donde se calculé por medio de triangulacion, la probable localizacién geogréfica del transmisor
colocado en cada uno de los murciélagos en el sistema de coordenadas geograficas decimales
(Datumy elipsoide WGS84). Las localizaciones geograficas trianguladas obtenidas de Locate 3.33,
fueron exportadas a Arc View 3.2 (ESRI, Redlands, California) en donde se calculd, con la extension
Home Range (Rogers y Kie 2007), el drea del ambito hogarefio usando dos técnicas: Poligono
Minimo Convexo al 100 % y Kernel fijo al 50 y al 95 % con un célculo ad hoc del pardmetro
ejecutado (Loayza y Loiselle 2008). Finalmente, los puntos geograficos se sobrepusieron en una
capa vectorial de uso de suelo y vegetacién (INEGI 2005), en donde se calculé el porcentaje de
las clases de cada tipo de cobertura. La actividad de los individuos capturados, se estimaron
considerando el horario de la primera y la ultima lectura de rumbo, con ello, se estimé un periodo
en horas de actividad fuera de los refugios. Cabe aclarar que el registro de la actividad estuvo
limitado por el intervalo de alcance de los radiotransmisores.

Resultados

En 17 dias de seguimiento se obtuvieron un total de 75 lecturas del rumbo, correspondientes a una
hembra adulta de Artibeus lituratus (n = 36, 48.0 %), tres hembras adultas de Pteronotus parnellii
(n = 30; 40.0 %) y un macho adulto de Leptonycteris yerbabuenae (n = 8; 10.6 %). Una hembra
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joven de A. jamaicensis se localizd en una ocasion (1.3 %). El promedio de dias con
lecturas del rumbo fue de 6.3, con un intervalo de un dia para A. jamaicensis y 14 para
A. lituratus. Del total de lecturas del rumbo, solo en 32 lecturas simultaneas (42.6
%) fue posible triangularlas en Locate para obtener las coordenadas de localizacién
geogriéfica de cada individuo marcado. Debido a la baja cantidad puntos geogréficos
de losindividuos de A. jamaicensis, P. parnellii y L. yerbabuenae, no fue posible calcular
su dmbito hogareno (Tabla 1).

Hembra adulta de Artibeus lituratus. Ocupd ampliamente la zona, a excepcién del area
urbana, se movié a través de la matriz de campos de cultivo, canales de riego y cerca
del rio Espiritu Santo. De nueve puntos geograficos, siete (87.5 %) se encontraronalo
largo del rio Espiritu Santo y uno mas, muy cerca de un canal de riego (Figura 1b). Se
observo actividad a lo largo de la noche, con tres picos: entre las 20:00 y 21:00 h, las
02:00 y 05:00 h y entre las 06:00 y 07:00 h (Figura 2).

Esta hembra se localiz6 en dos ocasiones: el 5 de julio, primero a las 20:45 h y
posteriormente a las 24:05 h; con ello se calculé una distancia minima recorrida de
5.4 km. Con base en los puntos geograficos se estimé, con Kernel al 95 %, un ambito
hogarefo en 8,394 ha, con una superficie del area central (50 %) de 1,507 ha y un
poligono minimo convexo de 2,587 ha (Tabla 2, Figura 1b).

Macho adulto de Leptonycteris yerbabuenae. Este macho, fue uno de los individuos
con el menor niumero de localizaciones geograficas efectivas (trianguladas), de ocho
lecturas de rumbo obtenidas, solo dos fue posible triangularlas y fueron ubicados
por triangulacion en campos agricolas (Figura 1c). Se registré un periodo corto de
actividad, en el intervalo de alcance de los transmisores, entre las 22:00 y 02:00 h
(Figura 3).

Tres hembras adultas de Pteronotus parnellii. Los puntos geogréficos se ubicaron en
areas agropecuarias (zonas agricolas n = 4; pastizal cultivado n = 1); las 25 lecturas
de rumbo restantes, no fue posible triangularlas, perdiendo con ello el 60 % de los
datos obtenidos en campo. El horario de actividad observado para las hembras de
P. parnellii comenzd a las 20:00, se incrementd hacia las 22:00 h (un pico de actividad
entre las 01:00 y 3:00 h) y disminuyd gradualmente hasta las 06:00 h (Figura 4).

Tabla 1. Especies de murciélagos equipados con radio-transmisores en el Istmo de Tehuantepec.

Longitud Numero de
Familia Frecuencia Gremio Sexo Edad del Masa noches con
Especie alimenticio antebrazo (gr) lecturasdel

(mm) rumbo

Mormoopidae
Pteronotus parnellii 150.103 Insectivoro  Hembra  Adulto 59 30 8
Pteronotus parnellii 150.142 Insectivoro Hembra  Adulto 55 35 5
Pteronotus parnellii 150.183 Insectivoro Hembra  Adulto 58 26 5
Phyllostomidae
Leptonycteris yerbabuenae 150.222 Nectarivoro  Macho Adulto 55 43 5
Artibeus lituratus 150.062  Frugivoro Hembra  Adulto 65 63 16
Artibeus jamaicensis 150.662  Frugivoro Hembra  Joven 61 49 1
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Figura 2. Actividad circadiana observada a traves de lecturas del rumbo de una hembra adulta de Artibeus
lituratus equipada con radio-transmisor en el Istmo de Tehuantepec.

Discusion

La cantidad de lecturas del rumbo en estudios de murciélagos suele ser baja debido
al constante movimiento de los animales (Handley y Morrison 1991). En el presente
trabajo, menos de la mitad de las lecturas del rumbo fueron simulténeas, lo que
se reflejé en la baja cantidad de puntos geograficos obtenidos por individuo. En
otros estudios, para solventar este aspecto se ha estimado la distancia desde el
receptor al transmisor con la calibracién de la fuerza de la sefial, una alternativa
poco util en ambientes con alta perturbaciéon antrépica y fuentes de interferencia
electromagnética, como lo realizado en el presente estudio.

Los patrones de actividad observados en el presente trabajo no significan que los
individuos estuvieron mas activo a estas horas, si no que fue posible localizarlos en
estos periodos de tiempo desde las estaciones de radiolocalizacién. Con respecto a
Artibeus lituratus, se observé un patrén de actividad de aproximadamente 10 h (20:00
h ~ 06:00 h del siguiente dia), con periodos de localizacion entre las 20:00 y 21:00 h,
entre las 02:00 y 05:00 hy entre las 06:00 y 07:00 h. Este patron de actividad polimodal
fue muy similar al reportado para la misma especie mediante la frecuencia de capturas
en redes de niebla en un bosque ripario en Tamaulipas, México (Arriaga-Flores et al.
2012). Es posible que el individuo de A. lituratus presente el mismo comportamiento
que A. jamaicensis en Barro Colorado, Panama donde se observé que salen del refugio
diurno 0.5 h después de la puesta del sol y retornan 0.5 h antes de la salida del sol
(Handley y Morrison 1991).

Sehaobservadotambién queA. lituratus recorre grandes distancias, comoloregistrado
en el sureste de Brasil, donde una hembra recorrié 113 km en un intervalo de altura de
738 m (Arnone et al. 2016). Anteriormente, Bernard y Fenton (2003) y Mendes et al. (2009)
habian registrado estos grandes desplazamientos por parte de esta especie. Es altamente
probable que los individuos de A. lituratus de la region del Istmo de Tehuantepec, en
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México, recorran grandes distancias en busqueda de sitios de alimentacién, dado que
esta zona se encuentra fuertemente fragmentada y con poca cobertura vegetal. Deigual
forma, la poca cantidad de lecturas de rumbo obtenidas para esta especie y otras mas,
posiblemente también se deba a que en la zona se encuentran una gran cantidad de
parques edlicos que ponen en riesgo su integridad fisica (SENER 2015).

Fenton et al. (2001) encontraron que individuos de P. parnellii salian de sus refugios
entre las 18:15 y 18:30 h para dirigirse al area de bosque. En el presente estudio, tres
hembras fueron detectadas entre las 20:00y 21:00 h, tres horas después de lo reportado
con anterioridad, alcanzando un pico entre las 01:00 a 04:00 h. Por lo anterior, y aunque
no se midio la disponibilidad de alimento, es probable que los individuos de P. parnellii
inicien actividad en areas cercanas a sus refugios para posteriormente desplazarse a
la zona de estudio en su paso a otros sitios con mayor disponibilidad de insectos y
retornar a sus refugios antes del amanecer (04:00 h).

Alolargo del estudio dosindividuos de P. parnelliifueron detectados frecuentemente
en el 4rea de estudio. Esta especie muestra tolerancia a ambientes fragmentados
(Estraday Coates-Estrada 2001, Galindo-Gonzélez 2004, Montiel et al. 2006). La presencia
de vegetacion resulta importante para su desplazamiento (Rydell et al. 2002, Estrada y
Coates-Estrada 2001), debido a que forrajean a menos de un metro de la vegetacién o
dentro de ésta y raramente en areas abiertas (Bonaccorso 1979, Herd 1983, Jennings et
al. 2004). También A. jamaicensis y A. lituratus se consideran tolerantes a la perturbacion
(Galindo-Gonzalez 2004); para la primera especie hubo una sola localizacion, lo que
pudo deberse a fallas en el radio-transmisor o porque se trataba de un animal en
dispersion o posiblemente migracion (Arnone et al. 2016).

El murciélagos magueyero macho (L. yerbabuenae) registré6 un bajo nimero de
puntos geograficos, y éstos se encontraron al norte, cerca de areas con selva baja
caducifolia, tipo de vegetacion que se caracteriza por la presencia de plantas agavaceas
y cactaceas, fuentes importantes de alimento de esta especie (Molina-Freaner 2004).
En este sentido, murciélagos nectarivoros usan hasta dos terceras partes del contenido
calérico de sus cuerpos cada noche (Von Helversen y Winter 2003), e invertir energia en
un habitat de calidad pobre no seria eficiente en términos de los costos-beneficios, por
el elevado nimero de plantas que deben visitar (e. g. 80-100 flores de cactaceas; Horner
et al. 1998, Von Helversen y Winter 2003, Voigt et al. 2006).
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Figura 3. Actividad circadiana observada a traves de lecturas del rumbo de un macho adulto de Leptonycteris
yerbabuenae equipado con radio-transmisor en el Istmo de Tehuantepec.
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El presente trabajo es de los pocos publicados con informaciéon del ambito
hogareio de quirdpteros con telemetria en México. Horner et al. (1998), estudiaron
los movimientos de Leptonycteris yerbabuenae en el Desierto de Sonora, México,
aunque no analizaron el ambito hogarefio, registraron los movimientos por cerca de
30 km, desde la Isla Tiburdon hasta el continente en busca de alimento. En la frontera
entre Estados Unidos de América y México, Tibbitts et al. (2002), encontraron que tres
murciélagos molésidos de la especie Eumops underwoodituvieron ambitos hogarefos
grandes (9,962, 16,035 y 47,375 has) con actividad de forrajeo en habitats naturales
como transformados. Arias-Céyotl et al. (2006) reportaron que tres individuos de
L. yerbabuenae viajaron 15 km desde sus refugios hasta las areas de alimentacion
en la Mixteca de Oaxaca. El estudio de Cortés-Delgado y Sosa (2014), analiza el
ambito hogarefo de Sturnira hondurensis entre matrices con dominancia de bosque
mesoéfilo de montafa y café de sombra en Veracruz. El dmbito hogarefo varié para
26 individuos entre: 3.93-311.30 ha, promedio: 56.7 ha); sin embargo, no encontraron
diferencias significativas entre los dos ambientes estudiados.

En el presente trabajo, tanto el ambito hogarefo, calculado con el Kernel al 95 %,
como el poligono minimo convexo de A. lituratus, fueron mayores en comparacion
los obtenidos con radio-telemetria en otros filostdmidos frugivoros (Bernard y Fenton
2003, Bonaccorso et al. 2006, Albrecht et al. 2007, Loayza y Loiselle 2008, Cortés-
Delgado y Sosa 2014; Tabla 2). Las causas que influyen en el drea de movimiento
de los murciélagos son la calidad y configuracién del paisaje (Bernard y Fenton

Tabla 2. Area de actividad de murciélagos filostémidos equipados con transmisores de radio-telemetria.

Ambito Poligono
. Antebrazo Masa Uso de sueloy = minimo
Especie (mm) (gr) vegetacion hogareiio convexo Fuente
95% (Ha) (Ha)

Carollia brevicauda 36-40 14-18  Bosque tropical y sabana 160-212 Bernard y
amazonica Fenton (2003)

Carollia castanea Bosque tropical lluvioso de 3.1-11.2 8.0-18.9 Bonaccorso et
tierras bajas al. (2006)

Carollia perspicillata 38-44 14-19  Bosque tropical y sabana 155-320 Bernard y
amazonica Fenton (2003)

Carollia perspicillata Bosque tropical lluvioso de 36-77 6.8-17.8 Bonaccorso et
tierras bajas al. (2006)

Sturnira hondurensis 42-47% 19-24*  Matriz dominada por 69.8 +£32.8 Cortés-Cortés-
bosque mesofilo de Delgadoy
montana Sosa (2014)

Sturnira hondurensis 42-47* 19-24*  Matrizdominada por 89.8 +50.1 Cortés-
cultivos de café bajo Delgadoy
sombra Sosa (2014)

Sturnira parvidens Matriz natural de sabana 27.9-1283  1232-4086 Loayzay
con fragmentos de bosque Loiselle (2008)
tropical de tierras bajas

Artibeus cinereus 35-41 10-13  Bosque tropical y sabana 267 Bernard y
amazonica Fenton (2003)

Artibeus watsoni 12-13  Bosque tropical humedo 1.8-17.9 Albrecht et al.
de tierras bajas semi- (2007)
deciduo

Artibeus watsoni Matriz de pastizales, 11.3+9.1 Ripperger et
plantaciones frutales, al. (2015)

estructuras urbanasy
fragmentos de bosque
primario y secundario de
tierras bajas
Artibeus lituratus 65 63 Matriz de areas agricolas, 8,394 2,587 Este estudio
pastizales cultivados,
arboles frutales y parches
de bosque tropical
caducifolio.

*Tomado de Téllez-Girén (2005)
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Figura 4. Actividad circadiana observada a traves del total de lecturas del rumbo de tres hembras adultas de
Pteronotus parnellii equipadas con radio-transmisores en el Istmo de Tehuantepec.

2003), la estrategia de forrajeo, la dieta, la distribucién de los recursos alimenticios
y la morfologia del ala (Meyer et al. 2005). En el presente estudio, las condiciones
del habitat pueden estar orillando a A. lituratus a ampliar su 4rea de actividad para
satisfacer sus necesidades de alimentacion, como consecuencia de la baja cobertura
arboreay la presencia de parques edlicos.

A pesar de la baja cobertura arbérea, las areas agricolas rodeadas de fragmentos
no son una barrera para el movimiento de los murciélagos (Bernard y Fenton 2003), y
las cercas vivas pueden servir de via para el movimiento entre fragmentos (Estrada y
Coates-Estrada 2001). Lo que puede explicar la actividad y uso de habitat en esta zona
del Istmo de Tehuantepec de A. lituratus, A. jamaicensis, L. yerbabuenaey P. parnellii.
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The Protected Natural Area (PNA) “Corredor Bioldgico Chichinautzin” contains a large area of bunchgrasses, a habitat
that is necessary for the zacatuche rabbit to survive. As part of a monitoring program used to evaluate the status of
the zacatuche rabbit’s populations within this PNA, we estimated its distribution by using direct (sightings) and indirect
methods (latrines) during visits performed to all the available habitats. Additionally, we estimated the annual density
of the zacatuche rabbit using a line transect method, sampling eight, one-kilometer-long transects monthly during one
year. Based on 101 latrine records and 48 sightings, a distribution map was prepared for the region using the convex
polygon method in ArcView. Most of this distribution (166.43 km?) represents an area that had not been previously
reported in the literature for the zacatuche rabbit. Using the half-normal model that best fit the data, we estimated a
density of 4.2 rabbits/ha. Our results suggest that the Corredor Biolégico Chichinautzin meets the criteria necessary to
be cataloged as a core distribution area for the zacatuche rabbit. Therefore, we suggest that both management and
conservation of this habitat within the PNA should be made a priority.

El Area Natural Protegida (ANP) “Corredor Biolégico Chichinautzin” contiene una extensa area de pastizales amacollados,
un habitat que es necesario para que el zacatuche sobreviva. Como parte de un programa de monitoreo para evaluar
el estado de las poblaciones del conejo zacatuche en esta ANP, estimamos su distribucion utilizando métodos directos
(avistamientos) e indirectos (letrinas) durante visitas a todos los hébitats disponibles. Ademas, se estimé su densidad
anual utilizando el método de transectos lineales, muestreando cada mes ocho transectos de un km de largo durante
un afo. Con base en los registros de 101 letrinas y 48 avistamientos, se elabord un mapa de distribucién para la region
mediante el método del poligono convexo en ArcView. La mayor parte de esta distribucion (166,43 km?) representa un
area que no habian sido previamente reportada en la literatura para el zacatuche. Usando el modelo half-normal que
fue el mejor que se ajusto a los datos, se estimé una densidad de 4.2 conejos/ha. Nuestros resultados sugieren que
el Corredor Biolégico Chichinautzin cumple con los criterios necesarios para ser catalogado como un area nucleo de
distribucion para el zacatuche. Por lo tanto, sugerimos que el manejo y la conservacién de este habitat en el ANP deben
ser una prioridad.

Key words: conservation, density, distribution, IUCN Romerolagus diazi.
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ZACATUCHE DISTRIBUTION AND DENSITY

Introduction

The zacatuche rabbit (Romerolagus diazi) is an endemic species to the Trans-Mexican Volcanic
Belt. Previous studies have indicated that the zacatuche rabbit has a strong preference for
subalpine habitats (2,800-4,200 m), with higher abundances found in open pine forests (Pinus
spp.) that have abundant bunch grasses (Festuca tolucensis, Muhlenbergia spp., Jarava ichu) in their
understory (Veldzquez and Heil 1996; Rizo-Aguilar et al. 2015). Based on this, the zacatuche rabbit
is considered a habitat specialist. Its habitat has been severely fragmented due to factors such as
urbanization, agricultural conversion, illegal logging, and wildfires (Veldzquez et al. 2011). As a
result, the species is classified as endangered on the IUCN Red List (AMCELA et al. 2008), and as at
risk of extinction by Mexican Legislation (SEMARNAT 2010).

Until the late 1980s the precise area of distribution of R. diazi was unknown. Lépez-Forment and
Cervantes (1979) estimated that its area covered a total of 150 km?2. In contrast, Hoth et al. (1987)
only found zacatuche rabbits in three isolated areas in the central Trans-Mexican Volcanic Belt:
the Sierra Nevada mountains, and the Tlaloc and Pelado volcanoes. The total area of distribution
estimated by Hoth et al. (1987) was 280 km?2. Motivated by these contrasting findings, Veldzquez et
al. (1996) conducted a survey throughout the proposed geographic range of R. diazi to document
its historical and current distribution. Based on collection records, sightings, traces (pellets) and
interviews with farmers, they estimated a distribution area of 386 km2. Within this, four core and
12 peripheral areas were recognized. This information was used to do the distributions maps for
the zacatuche rabbit that are now available in the literature and on web pages (Veldzquez et al.
1996; AMCELA et al. 2008).

Studies conducted on the Pelado Volcano, one of the four core areas of zacatuche rabbit,
indicated that densities estimated using line transects ranged from 0.11 to 1.20 rabbits/ha
according to habitat characteristics (Veldzquez 1994). Other studies conducted on the Pelado,
Tlaloc and Iztaccihuatl Volcanoes based on fecal pellet counts have shown that the abundance of
this species is highly variable, ranging from 0.1 to 3.1 latrines/m? (Velazquez 1994; Veldzquez and
Heil 1996; Veldzquez et al. 1996).

The Corredor Biolégico Chichinautzin (hereafter COBIOCH) is a Protected Area located in the
northern part of the state of Morelos (Figure 1). The area of the COBIOCH (657.2 km?) includes
Fractions | and Il, covering the zone between Lagunas de Zempoala and El Tepozteco National
Parks, and creating a biological corridor that ensures the continuity of ecological processes of
the biota in the area. It contains on of the largest areas of grassland in centra Mexico (Cabrera-
Garcia et al. 2006), and likely acts as a corridor connecting the zacatuche rabbit populations of two
core areas of its distribution, the Tlaloc Volcano with those of the Pelado Volcano (Veldzquez et al.
1996). Paradoxically, very little is known about the current status of Romerolagus diazi in the area,
and there are only a few historical records dating from Veldzquez et al. (1996).

In this paper we provide evidence of newly occupied areas by R. diazi as well as its annual
density within the COBIOCH and its influence area. The outcomes are further discussed in the
light of the relevance of this protected area for conservation of the endangered zacatuche rabbit.

Material and Methods

To document the distribution of the zacatuche rabbit, from June to November 2008, and from
June to December 2011 we randomly selected 173 points (Appendix 1) from all habitats with
bunchgrasses in the COBIOCH. Each point consisted of an area of 50 x 50 m within which
exhaustive searches were conducted and latrines counted by at least 4 people. The zacatuche
faeces are reliably distinguished from the ones of the other two lagomorphs Sylvilagus floridanus
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and S. cunicularius due to their size and shape (Hoth et al. 1987). The latrine counting method has
been used previously to document the abundance and distribution of the zacatuche rabbit (Fa et
al. 1992; Velazquez 1994). In addition, we recorded all zacatuches sighted along the roads and in
the grasslands while driving or walking between sampling sites. Each sampling point and rabbit
sighting was recorded using the Universal Transverse Mercator (UTM) geographic coordinate
system, and was uploaded to a Geographical Positioning System software using a Garmin GPS
device (coordinate output to WGS84). With these records, we estimated the area of distribution
for the species within the COBIOCH, and we compared it to the distribution area estimated using
all of the records reported by Veldzquez et al. (1996). In both cases, we first generated a buffer area
of 100 m in radius around the location of each record, to determine the area where the species
might be located. We then estimated its probable distribution area using the Minimum Convex
Polygon method, and the Fixed Kernel Isopleths method, both at a 95 % confidence level (Harris
et al. 1990; Worton 1995). The output models for each method were combined spatially (MCP +
Kernel model), and were subsequently cut with contours above 2,800 m, the lower elevation limit
recorded for the area; finally we intersected it with the polygon of the COBIOCH to measure the
area that lies within the protected natural area. The process was performed using the “Animal
Movement Analyst” for ArcView 3.2.

The annual density of the zacatuche rabbit was estimated using the line transect method
(Buckland et al. 1993). For this, eight reasonably straight, permanent 1000-m-long walking line
transects were established, at least 1 km apart, to cover different habitats. Monthly zacatuche
rabbit surveys were conducted from March 2010 to February 2011. Two experienced observers
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Figure 1. Location of the Corredor Bioldgico Chichinautzin Protected Area in Mexico. Lagunas de Zempoala National Park
(LZNP).;Fraction | (FI) Fraction Il (Fll); El Tepozteco National Park (TNP).
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conducted the survey, both searching ahead and to each side of the transect while walking at a
relatively constant speed of 0.5 km/h. All surveys were conducted between 7:00 and 9:00 h, which
is the time of the day when the zacatuche rabbit is most active (Solorio-Damidn 2013). The position
of rabbits observed on the center line of the transect was recorded as a distance of zero, and for
those observed to either side of the transect the distance (m) was recorded perpendicularly from
the rabbit to the center line (Buckland et al. 1993) using an electronic distance measuring tool, the
Multi Measure Combo Pro (Sonin Inc.). The data were analyzed using the Distance 5.0 program
(Thomas et al. 2010) to estimate rabbit density per hectare. To model the detection function of
the perpendicular distances, data were pooled across all transects. Three models were considered
for the detection function: half-normal, uniform and hazard rate. In each case, the need for cosine
adjustment terms was assessed using likelihood ratio tests. In all analyses, 5 % of the longest
distances were shortened to avoid bias introduced by outlier distance sightings. The final model
was chosen based on a combination of a low value for Akaike’s information criterion (AIC) and low
variance.

Results

The presence of the zacatuche rabbit was documented at 149 points within the northernmost
part of the COBIOCH. It was absent from 24 points with suitable habitat. The records include 48
sightings and 101 pellet counts. The estimated occupied area based on 49 historical records was
56.85 ha. Based on all our field records, the estimated area occupied by this species in the Protected
Natural Area and the zone of influence was 166.43 km? (Table 1). Most of this estimated area (98
ha) is located within the polygon of the COBIOCH. Comparing this area with that estimated based
on historical records (Figure 2), this one represents an increase of 109 ha of the occupied area
previously known.

During the 12 months of the density survey, a total of 97 zacatuche rabbits were sighted along
96 km of transect. The analysis of this data using the Distance 5.0 software indicates that the
half-normal + 1 cosine model provided the best fit to our distance data according to the AlIC and
variance values (Table 2). This model estimates a density of 4.2 individuals/ha.

Table 1. Estimated area occupied by Romerolagus diazi (km?) based on historical and recent records for the Corredor Biolégico

Chichinautzin (COBIOCH) Protected Natural Area.

Estimated area (km?)

Historical records Recent records
Fractions land Il 32.09 98.96
El Tepozteco 8.64 46.88
Lagunas de Zempoala 16.12 20.59
Total area 56.85 166.43

Discussion

Our results represent an increase of the knowledge related to the range of the distribution for R.
diaziinto the COBIOCH and its influence zone. Most of the recent estimated area was not included
in the distribution map proposed by Veldzquez et al. (1996), which is the basis for the IUCN map
(IUCN 2012). Clearly, our findings do not represent an expansion of the zacatuche rabbit in the
Sierra de Chihinautzin, but reflects our intensive sampling. Before our field survey, there were only
49 historical records based on collecting data, literature and field surveys conducted in the study
area (Appendixes 2 and 3 in Veldzquez et al. 1996).

336 THERYA Vol.7(2):333-342



Rizo-Aguilar et al.

Legend

Current records
Historical records
{ Estimated Distribution Area (EDA)

s A
RO

7 TNP

"y et
Tagagttt

1888 W

Figure 2. Distribution area of Romerolagus diazi within the Corredor Biologico Chichinautzin based on historical
and recent records. LZNP, Lagunas de Zempoala National Park. Fl, Fraction I. Fll, Fraction II. TNP, El Tepozteco National
Park. Estimated areas are provided in Table 1.

Veldzquez et al. (1996) based on those records, together with an analysis of climate,
elevation and vegetation maps along the Trans-Mexican Volcanic Belt, recognized six
peripheral areas (isolated from each other) for the zacatuche rabbit within the area
inside the COBIOCH. Our direct and indirect records point to a different scenario.
First, the proximity of all the records indicates that the populations of the zacatuche
rabbit might not be isolated from each other and that the rabbits are likely moving
between landscapes. The only barrier to dispersal is the highway 95D (Mexico City-
Cuernavaca), built in 1952, that crosses the COBIOCH and has barred connectivity
between populations on either side of it (Uriostegui-Velarde 2014). Second, Veldzquez
etal.(1996) recognized as core distribution areas of R. diazi those with suitable habitat
where rabbits were sighted and traces (pellets) were found. The results presented
here clearly meet these criteria, therefore indicating that the COBIOCH must be also
considered a core area of the zacatuche rabbit. Added to that, our result regarding
the estimated annual density also provides evidence that the COBIOCH is one of
the most important habitats for zacatuche rabbit populations. Density estimated

Table 2. Annual density (D) of Romerolagus diazi estimated using Akaike’s information criterion (AIC) and the percent
coefficient of variation (% CV) for each model.

Model AIC D % CV
Half-normal + 1 cosine 614.24 4.2 10.1
Unifrom + 1 cosine 675.68 7.7 14.7
Hazard rate + 1 cosine 668.13 8.1 125
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is higher than the only previous report of 1.2 rabbits/ha for the area of the Pelado
Volcano using a similar methodology (Veldzquez 1994).

These results make an important contribution to our knowledge of the distribution
of R. diazi, and the evidence regarding its occurrence and density obtained during
this study allow us to suggest that the COBIOCH provides a suitable habitat with
conditions that are appropriate for R. diazi to establish and maintain populations with
high abundances. It is therefore necessary to implement conservation actions that
focus on habitat management and protection in order to avoid the habitat loss and
fragmentation that result from grazing, crop cultivation and road construction.
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Appendix 1

List of sampled points used to document both distribution and estimated occupied area of Romerolagus diazi
within the COBIOCH.

X Y X Y
1 481452.8630 2110266.7704 43 468505.3013 2110784.7857
2 478781.8766 2108370.8834 44 469682.3159 2110006.8160
3 479526.7436 2110152.6332 45 470225.3242 2107237.9499
4 478861.7115 2110455.5028 46 470238.8004 2107681.3369
5 477642.8210 2110156.6659 47 471039.5803 2107743.6436
6 469528.2843 2110561.6963 48 471139.3437 2107960.9222
7 470095.3161 2110646.8244 49 471508.5979 2111234.5920
8 470445.3828 2110280.5183 50 471635.9637 2111470.7897
9 478809.1557 2108203.6573 51 471849.9994 2106855.7496
10 478830.1949 2108710.7495 52 471862.5065 2107320.1455
1" 478315.6355 2108526.9412 53 474542.1658 2112130.2452
12 478158.4247 2109034.2433 54 474630.8961 2112506.5556
13 478176.6789 2109642.7621 55 475018.2599 2112546.2835
14 478229.9038 2110171.3304 56 475210.9037 2112666.7673
15 479429.0815 2108525.6660 57 476852.6562 2111819.5911
16 479453.0189 2109026.6088 58 476968.6579 2111699.5974
17 477708.9807 2109529.6043 59 477487.0047 2110139.3884
18 477532.1418 2110694.6526 60 4777423155 2110814.5933
19 477800.4594 2110267.1193 61 477865.0494 2109502.8715
20 479503.2318 2109506.0086 62 478043.0510 2110618.2535
21 478994.6300 2109395.9373 63 478257.6772 2109780.6970
22 479970.4083 2109148.9770 64 478317.6782 2108533.7618
23 480156.9184 2108666.2467 65 478590.6820 2111899.5868
24 480935.3395 2109691.9517 66 478613.6823 2111876.5880
25 481051.7239 2109200.0827 67 478635.6828 2109812.6953
26 481991.2748 2110720.4900 68 478876.6865 2108059.7864
27 482157.2441 2110111.7888 69 479007.7023 2110470.4311
28 481613.3426 2109734.2912 70 479029.6886 2110830.6423
29 474626.7103 2112185.9736 71 479262.6922 2108234.7773
30 473285.1538 2111895.8928 72 479355.0674 2110590.4048
31 473812.5856 2110887.0433 73 479590.6359 2110537.2276
32 474329.0247 2110336.1694 74 479623.9575 2110290.3604
33 471690.5902 2106706.9106 75 479627.6977 2108285.7746
34 472060.6061 2106318.7862 76 479803.1711 2110296.3301
35 470734.5925 2105250.0526 77 479907.4957 2109789.8364
36 471624.5502 2111464.7116 78 480668.2739 2111484.5282
37 471503.6491 2110564.6831 79 481182.3305 2111519.5964
38 471056.1302 2110288.7695 80 481344.1039 2111424.8213
39 471595.5202 2109881.6200 81 481642.5134 2111279.8588
40 470552.3788 2109576.5260 82 481763.5223 2109955.8276
41 470741.5907 2109112.1335 83 481840.9954 2109294.4620
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X Y X Y

42 468210.2981 2109305.8626 84 482431.2751 2110350.7271
85 489211.6459 21091128611 127 477925.6722 2110676.6504
86 489946.5818 2109552.4782 128 478683.6835 2110448.6622
87 489958.9280 2108696.6827 129 477981.6730 2110646.6520
88 491000.6754 2108824.8860 130 478590.6820 2111899.5868
89 491996.6992 2109227.8650 131 478717.6840 2109849.6934
920 493376.7787 2107431.9383 132 477864.6714 2109502.7115
91 494102.9175 2105834.8814 133 498337.9753 2107662.8062
92 495393.7917 2107876.0152 134 477619.0386 2110806.2887
93 496656.6384 2108011.2581 135 477807.7744 2110858.5430
94 497617.1916 2108209.6678 136 477893.2357 2110876.4591
95 498305.8069 2107862.9158 137 477949.4276 2110846.6226
96 499402.8221 2107334.9533 138 478331.1302 2110758.0942
97 500963.8503 2107296.9553 139 478543.6815 2109444.7144
98 478591.6820 2111908.5864 140 478590.6820 2111899.5868
99 477435.6649 2111628.6010 141 478613.1484 2110814.6882
100 478694.6838 2109045.7352 142 478644.3449 2110663.8930
101 479592.6970 2110086.6810 143 478651.4440 2110648.8798
102 478676.6834 2110463.6614 144 478662.7023 2109246.1197
103 479541.6962 2110249.6725 145 478714.5491 2109067.4050
104 481348.7230 2111413.6119 146 478945.4344 2110604.2671
105 479543.6963 2110378.6658 147 479032.0286 2110827.5345
106 480008.7032 2110326.6685 148 479438.9327 2110545.8951
107 480402.7091 2109869.6922 149 479477.7503 2110453.7519
108 480681.7132 2109896.6908 150 479493.0675 2110066.1261
109 480681.7132 2109896.6908 151 479494.0925 2110433.4790
110 481936.7318 2110365.6663 152 479509.5507 2110450.2851
111 481592.7267 2110038.6833 153 479509.5507 2110450.2851
112 479526.6960 2110233.6733 154 479511.8728 2110579.1824
113 490556.8599 2108475.7641 155 479511.8728 2110579.1824
114 490169.8541 2108600.7576 156 479511.8728 2110579.1824
115 478363.6787 2110557.6566 157 479560.5735 2110287.1816
116 478645.6829 2110614.6536 158 479565.3606 2110016.3086
117 479063.6891 2110627.6529 159 479976.7657 2110526.3381
118 478746.6845 2108867.7444 160 480370.6836 2110069.6868
119 479509.6958 2110253.6723 161 480650.0997 2110096.7964
120 479597.6971 2109815.6951 162 481311.1034 2111624.8109
121 479525.6960 2109865.6925 163 481311.1034 2111624.8109
122 477839.6709 2110658.6514 164 481311.1034 2111624.8109
123 477651.6681 2110605.6542 165 481315.8615 2111613.7235
124 478977.6879 2110403.6645 166 481315.8615 2111613.7235
125 479471.6952 2110345.6675 167 481560.3622 2110238.3500
126 479387.6939 2110390.6652 168 481768.9663 2110476.9945
169 481904.4453 2110565.8179
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X Y
170 490137.5356 2108800.6563
171 490525.0064 2108675.4957
172 491000.6754 2108824.8840
173 497585.1912 2108408.6525
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Leucism is a genetic condition that manifest as the total or partial lack of coloration, as result of a deficiency in the
melanin deposit in the skin and fur. We present the first occurrence of leucism in Glossophaga soricina valens from Peru, a
nectarivorous species of the western slope of the Andes from Peru and Ecuador, and the Marafion valley. Also, we discuss
some implications of this occurrence, and update the list of bat species recorded with leucism in the America.

El leucismo es una condicién genética expresada externamente como la ausencia de coloracién parcial o total resultante
de una deficiencia en el depdsito de melanina en la piel y el pelo. Presentamos el primer caso de leucismo en Glossophaga
soricina valens para Peru, especie nectarivora de la vertiente occidental de los Andes de Peri y Ecuador, también presente
en la cuenca del rio Maraién. Se discuten algunas implicancias sobre este hallazgo y actualizamos la lista de especies de
murciélagos registrados con leucismo en América.
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Introduccion

El leucismo es una condicion genética poco frecuente manifestado como la ausencia total o parcial
de la coloracion en la piel y el pelo como resultado de una deficiencia en el depésito de melaninas
(Buckley 1982; van Grouw 2006). La causa del leucismo es atribuida principalmente a la expresion
de genes mutantes que producen una migracion fallida de los melanoblastos (células productoras
de pigmentos) de la cresta neural a la capa basal de la epidermis durante el desarrollo embrionario,
ocasionando que muy pocos o ninglin melanoblasto llegue a ciertas zonas, generando asi la ausencia
de color en estas partes (Mayer 1973; Ericsson et al. 1992; Buckley 1982; van Grouw 2006, 2012).
Las zonas afectadas por el leucismo normalmente se observan blancas o rosadas debido a que las
melaninas (melanina, eumelanina y feomelanina) no pueden depositarse (Miller 2005).

Esta anomalia se ha registrado en diferentes murciélagos en América, especialmente en aquellos
de la familia Phyllostomidae (Uieda 2000). En Peru son pocos los reportes de murciélagos con alguna
anomalia en la pigmentacién, hasta ahora el leucismo se ha registrado en seis especies: Artibeus
anderseni, Chiroderma trinitatum, Desmodus rotundus, Phyllostomus hastatus, Sturnira lilium y Molossus
rufus (Medina y Lopez 2010; Diaz y Linares 2012; Tello et al. 2014). En la presente nota reportamos el
primer caso de leucismo en el murciélago nectarivoro Glossophaga soricina valens, distribuido en el
occidente de los Andes de Perq, y actualizamos la lista de especies de murciélagos reportadas con
leucismo en América.
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LEUCISMO EN GLOSSOPHAGA SORICINA VALENS

Material y metodos

El registro se hace con base en un individuo macho adulto, colectado el 07 de noviembre
del 2015, y depositado en el Museo de Historia Natural de la Universidad Nacional de San
Marcos (MUSM) con cédigo MUSM 44121. Junto a éste fue capturado otro individuo de la
misma especie, el cual no mostraba alguna anomalia en la coloracién. Los especimenes
fueron capturados en redes de neblina de 12 m x 2.5 m que permanecieron abiertas desde
las 20:00 horas hasta las 22:30 horas, con un esfuerzo de muestreo de 5 redes-noche, como
parte de un monitoreo de murciélagos en el Museo de Historia Natural.

El Museo se encuentra ubicado en el departamento y provincia de Lima, distrito de Jesus
Maria (-12° 4" 39" S, -77° 2" 14" O) en la parte céntrica de Lima y rodeado de edificaciones
citadinas. El Museo cuenta con un jardin de plantas de aproximadamente 5,300 m? con
irrigacion artificial, con mas de 120 especies botdnicas entre arboles y arbustos tanto de
plantas nativas como introducidas, lo que le da una apariencia de bosque ralo con zonas
arbustivas y césped (Pacheco et al. 1990).

Resultados y discusion

Glossophaga soricina es un murciélago nectarivoroampliamente distribuido en el Neotrépico
(Miller 1913), contiene cinco subespecies de las cuales dos se han registrado en Peru, G. s.
soricina al oriente de los Andes y a G. s. valens al occidente y en el Valle Seco del Marafién
(Miller 1913; Webster 1993; Hoffmann y Baker 2001). Glossophaga soricina valens es tratada
aqui como subespecie y no como una especie plena como lo sugerido por Pari et al. (2015),
ya que aun no hay una revisién minuciosa del taxén que la compare con las otras subespecies
y que enmiende la diagnosis de G. soricina. Revisiones conocidas han optado por mantener
ese estatus (Webster 1993; Hoffmann y Baker 2001) que también es seguido aqui.

El primer caso de G. soricina reportado con desérdenes de pigmentacién (albinismo total)
carece de localidad de registro (Schneider 1925). Posteriormente en México se reportd
un espécimen hembra de G. s. handleyi con albinismo parcial (Garcia-Morales et al. 2010),
luego Zalapa et al. (2014) reportaron un caso de leucismo no indicando la procedencia
del espécimen. Nuestro registro corresponde al primer caso de leucismo en Glossophaga
soricina valens y al primer caso de leucismo en un murcielago nectarivoro en Peru.

Consideramos que nuestro ejemplar presenta leucismo del tipo parcial (sensu Miller
2005, van _Grouw 2012), ya que presenta desordenes de pigmentacidon en la mitad del
dactilopatagio derecho y en los pelos del dedo | derecho (Figura 2A). La ausencia de la
pigmentacion es tal que se muestra transparente, incluso pudiéndose leer un texto a través
del éste, mientras que los huesos muestran una tonalidad rosada debido a su irrigacidon
sanguinea. El dactilopatagio izquierdo se muestra mas claro en la parte distal y mas oscuro
cerca al cuerpo y presenta pequefias manchas blancas dispersas (Figura 2B). El pelaje de
la region dorsal del cuello y sobre las orejas presenta las puntas (1/3 terminal) con una
coloracién normal, mientras que la parte basal (2/3 basal) es blanquecina. No notamos
anomalias en otras partes del cuerpo o a nivel craneal. La coloracién del cuerpo en general
no presenté mayor alteracion en la coloracién y los ojos tenian una coloracién y apariencia
normales.

La coloracion de los ojos no se ve afectada en el leucismo porque los cromatoforos del
iris tienen un origen embrionario distinto a los de la piel, ya que se forman a partir del tubo
neural, mientras que los de piel, a partir de la cresta neural (Solari 2004). Contrariamente,
en el albinismo la coloracién de los ojos estd ausente y se aprecian de color rojo debido a la
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Figura 1. Leucismo en Glossophaga soricina valens (MUSM 44121): A) Dactilopatagio derecho y B) dactilopatagio
izquierdo.
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reflexién de los capilares sanguineos de la retina (Griffiths et al. 2000) y ademas las partes
desnudas suelen ser rosadas o rojizas (Miller 2005; van Grouw 2006).

La ausencia de coloracién en individuos leucisticos no estad relacionado con la ausencia o
defectos en la tirosinasa, enzima que cataliza la produccién de melanina (van Grouw 2012), como
lo sugirieron Sage (1962) y Krecsék (2008), ya que esta enzima se encontraria presente en éstos y
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la produccién de melaninas seria normal (Urcola 2011), contrariamente en individuos albinos esta
enzima se presenta defectuosa (Armstrong y Bennett 1982).

Sin embargo, el leucismo en murciélagos ha sido tratado incorrectamente como albinismo parcial
por varios autores (Metzger 1956; Feng et al. 2007; Hernandez-Mijangos 2009; Boada y Tirira 2010; Marin-
Vésquez et al. 2010; Acosta et al. 2011; Mantilla-Meluk y Jiménez-Ortega 2011; Diaz y Linares 2012) han
reportado especies con ausencia de coloracion total o parcial en la piel y el pelo, pero con la coloracién
normal de los ojos.

A la fecha, en América se han reportado 45 especies de murciélagos con leucismo (Tabla 1), la familia
con mas casos es Phyllostomidae (n= 25, 55.5 %), seqguida de Vespertilionidae (n= 10, 22.2 %), Molossidae
(n=9,20.0 %) y Mormoopidae (n=1, 2.2 %). Las especies nectarivoras tienen menor cantidad de casos
con tres especies, mientras que los frugivoros (16 especies) e insectivoros (21 especies) presentan mayor
cantidad de casos. Los paises con mas especies reportadas con esta anomalia son México (n = 13),

Tabla 1. Especies de murciélagos registrados con leucismo en paises de América (* = Sin ejemplares de referencia).

ESPECIES PAIS
FAMILIA PHYLLOSTOMIDAE

REFERENCIA

Anoura caudifer Colombia, Venezuela Linares (1967), Velandia-Perilla et al. (2013).
Artibeus amplus Colombia, Venezuela Marin-Vasquez et al. (2013), Mufioz-Romo et al. (2015)
Artibeus anderseni Peru Tello et al. (2014)

Artibeus jamaicensis

Artibeus lituratus

Artibeus phaeotis
Artibeus planirostris
Artibeus watsoni

Carollia brevicauda

Carollia perspicillata

Carollia sowelli
Chiroderma trinitatum
Dermanura rosenbergi
Desmodus rotundus

Glossophaga soricina

Lonchophylla robusta
Lophostoma silvicolum
Macrotus waterhousii
Micronycteris microtis
Phyllostomus discolor
Phyllostomus hastatus
Sturnira erythromos

Sturnira lilium

Sturnira ludovici

Uroderma bilobatum
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(2014), Zalapa et al. (2014)*

Sénchez et al. (1989), Trujillo y Barahona (2014)
Marin-Vasquez et al. (2013), Guimaraes et al. (2014)*, Chacdn et al. (2015)
Hernandez-Mijangos (2009)

Soriano et al. (1993), Marin-Vasquez et al. (2010), Velandia-
Perilla et al. (2013)
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(2013)

Hernandez-Mijangos (2009)
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(2014)*

Garcia-Morales et al. (2012), Sanchez-Hernandez et al. (2012)
Mantilla-Meluk y Jiménez-Ortega (2011)



FAMILIA MORMOOPIDAE
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Pteronotus cuadridens Puerto Rico Rodriguez-Duran y Kunz (1992)
FAMILIA MOLOSSIDAE
Eumops bonaeriensis Argentina Barquez et al. (2003)*
Eumops glaucinus Argentina Barquez et al. (2003)*
Eumops patagonicus Argentina Barquez et al. (2003)*
Molossus rufus Peru Diazy Linares (2012)
Molossus sinaloae Costa Rica Zalapa et al. (2014)*
Nyctinomops femorosaccus ~ México Zalapa et al. (2014)*
Nyctinomops laticaudatus Brasil Geiger y Pacheco (2006)
Tadarida brasiliensis EE. UU., México, Glass (1954), Herreid y Davis (1960), Caire y Thies (1988), Barquez et
Argentina al. (2003)*, Sdnchez-Hernandez et al. (2012), Romano et al. (2015)
Tadarida femorosacca EE. UU. Mitchell (1963)
FAMILIA VESPERTILIONIDAE
Eptesicus furinalis Argentina Barquez et al. (2003)*, Idoeta et al. (2011)
Eptesicus fuscus EE. UU. Trapido y Crowe (1942)
Myotis grisescens EE. UU. Tuttle (1961)
Myotis levis Brasil Miranda et al. (2010)
Myotis lucifugus Canada, EE. UU. Trapido y Crowe (1942), Walley (1971), Talerico et al. (2008)
Myotis riparius Argentina*® Barquez et al. (2003)*
Myotis sodalis EE. UU., México Metzger (1956), Barbour y Davis (1970), Caire y Thies (1988)
Myotis velifer EE. UU., México Rogers (1965)
Nycticeius humeralis EE. UU. Easterla y Watkins (1968)
Perimyotis subflavus EE. UU. Trapido y Crowe (1942), Goslin (1947), Blair (1948)

Colombia (n=12) y EE. UU. (n=9). La mayoria de los registros han sido publicados a partir
del afio 2000.

La importancia biol6gica de este patrén atipico auin es desconocida pero se ha sugerido
que podria reducir la eficacia bioldgica o “fitness” de los individuos afectados (Bensch et al.
2000), ademas de hacerlos mas visibles ante los depredadores y menos atractivos durante la
temporada de reproduccién (Rees 2004; Torres y Franke 2008; Jogahara et al. 2008).

Normalmente la expresion de los genes mutantes se da en baja frecuencia; sin
embargo, la endogamia aumenta la probabilidad de que éstos se expresen, por lo
que el leucismo se podria presentar con mayor frecuencia en poblaciones pequefas
y aisladas (Glass 1954; Bensch et al. 2000; Chetnicki et al. 2007). Por lo que este tipo
de anomalias podria mostrarnos una evidencia indirecta de la variabilidad genética
subyacente de las poblaciones que lo portan (Jehl 1985). Por otro lado, para Uieda
(2000) los murciélagos con refugios cerrados como minas, cuevas, edificios, galerias
y viviendas tienen mayor frecuencia de presentar algun tipo de desorden en la
coloracién que aquellos que habitan en refugios abiertos.

Garcia-Morales et al. (2013) observaron que el feto de una hembra leucistica
de Artibeus lituratus no presentaba anomalias en la coloracién, atribuible a la
condicién recesiva del leucismo; sin embargo, la cria no dejaria de ser portadora
de este gen mutante. Este hallazgo sugiere que hembras leucisticas podrian estar
reproduciéndose en ambientes naturales, por lo que el atractivo en los murciélagos
no seria morfoldégico sino comportamental u hormonal. Esto sustentaria lo
documentado por otros autores que indicaron que individuos leucisticos pueden
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coexistir con normalidad con sus conespecificos por largos periodos de tiempo en
sus refugios naturales (Lépez-Wilchis y Le6n 2012; Sdnchez-Hernéndez et al. 2010).

Glossophaga soricina valens es uno de los murciélagos mejor adaptados a las
ciudades y estaria dispersandose con normalidad, habitando en refugios cerrados
(casas, iglesias) y abiertos (parques), con poblaciones ain desconocidas en estructuray
cantidad, porlo que no podemos hacer inferencias sobre algin proceso de endogamia
o reduccion de la eficacia bioldgica por el tipo de refugio o estado poblacional que
tienen. Por lo expuesto, es necesario realizar monitoreos constantes para detectar a
las poblaciones afectadas, observar el comportamiento de los individuos leucisticos
dentro de su colonia y realizar estudios en genética de poblaciones en las especies
citadinas, ademas también se necesitan mas estudios para conocer y entender todas
las causas y consecuencias de estas anomalias en la coloracion de los murciélagos.
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