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La Portada

La rata canguro (Dipodomys merriami) es una de las especies mas representativas de las regiones desérticas de México y del
sur de las Estados Unidos. En particular D. merriami es la que tiene la distribucién mdas amplia incluyendo desde la region
centro de México hasta el sur de los Estados Unidos. También es una especie que cuenta con dos poblaciones restringidas
a las islas de San José y Margarita, ambas estadn consideradas en peligro de extincién. Sus poblaciones cuentan con pocos
individuos y tienen fuertes presiones de conservacién por la presencia de Gatos ferales (Fotografia de Sergio Ticul Alvarez

Castaneda).

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

El estado actual de las especies de mamiferos micro endémicas y
sus perspectivas de conservacion en el sur de México

The current status of micro endemic
species of mammals and their prospects of
conservation in southern Mexico

México es considerado a nivel mundial uno de los paises mds biodiversos y gran parte de esa
diversidad se encuentra representada por especies con distribucion restringida a México (endémicos;
Rodriguez et al. 2003). Este alto endemismo es producto de que México se encuentra en la region
de transicién entre el Neotrépico y el Neartico, en adicién al complejo sistema orografico que se
presenta en el centro y sur del pais (Guevara-Chumacero et al. 2001; Escalante et al. 2003).

Los estados de Chiapas y Oaxaca son ricos en diversidad de especies de mamiferos endémicos y la
mayoria en categoria de riesgo. Estas especies presentan requerimientos especiales del hdbitat, estan en
unagran variedad de intervalos altitudinales. La mayoria se encuentran restringidas a zonas montafosas,
asociadas a bosques, ecosistemas que se encuentra sujetos al aprovechamiento, por lo tanto, es mas
susceptible de ser modificado y fuertemente alterado. Adicionalmente, su area de distribucion se ha
contraido fuertemente, disminuyendo en aproximadamente 500 metros de altitud en los pasados 100
afnos (Moritz et al. 2008), fendémeno relacionado a los efectos del cambio climético global. De tal forma,
tanto la presion antropocéntrica como el proceso de cambio de temperatura Pleistoceno-Holoceno son
causas de la contraccion del drea de distribucién de dichas especies. Con el fin de determinar la variacion
de las areas de distribucién de especies de mamiferos endémicos de Chiapas y Oaxaca, asi como generar
recomendaciones inmediatas, mediatas y de largo tiempo para la conservaciéon de estas especies, es
necesario estudiar la distribucién geogréfica actual y sus necesidades de conservacion.

Se parte de una base de datos que contiene informacién de ejemplares depositados en 57
colecciones nacionales e internacionales a través de la base de datos Global Biodiversity Information
Facility (GBIF, www.gbif.org). Adicionalmente, se incluyeron en la base de datos general, los registros
de ejemplares colectados en los ultimos afos por el equipo de trabajo de los autores, depositados
en las Colecciones Mastozooldgicas de: El Colegio de la Frontera Sur en San Cristébal de Las Casas,
Chiapas, el Centro Interdisciplinario de Investigacion para el Desarrollo Integral Regional, unidad
Oaxaca y el Centro de Investigaciones Bioldgicas del Noroeste S. C.

Se obtuvieron las coordenadas geogréficas de cada registro de la base de datos GBIF y se
plasmaron en un mapa del estado por subprovincias fisiograficas (10; INEGI 1981), altitud y 14 tipos
de vegetacion y usos de suelo (INEGI 2015), identificando aquellas especies que son endémicas para
cada uno de los estados. Para determinar la situacién de conservacién y proteccidn se consulté la
lista roja de la Unién Internacional para la Conservacién de la Naturaleza (IJUCN 2015) y la Norma
Oficial Mexicana 059 (NOM-059- SEMARNAT-2010; SEMARNAT 2010).

Delas 210 especies de mamiferos terrestres presentes en Chiapas, nueve son endémicas del estado
(entre paréntesis se presenta el estado de conservacion que le otorgan la NOM-059-SEMARNAT-2010
y la IUCN, respectivamente): tres musarafas: Cryptotis lacandonensis (sin categoria, sin categoria),
Sorex stizodon (amenazada, peligro critico) y S. sclateri (amenazada, peligro critico), dos murciélagos:
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Rhogeessa bickhami (sin categoria, sin categoria) y R. genowaysi (amenazada, en peligro) y cuatro
roedores: Peromyscus zarhynchus (sujeta a proteccion especial, vulnerable), Tylomys bullaris
(amenazada, en peligro critico), T. tumbalensis (sujeta a proteccidn especial, en peligro critico) y
Heteromys nelsoni (sujeta a proteccion especial, en peligro).

Peromyscus zarhynchus, H. nelsoni, S. stizodon, T. bullaris y R. genowaysi se presentan en dos
grandes subprovincias, Altos de Chiapas y Sierras del Sur de Chiapas, las cuales coinciden con las
cadenas montafosas de la Altiplanicie Central (en la parte central del estado) y la Sierra Madre de
Chiapas (paralelaala llanura costera del Pacifico), respectivamente, presentan altitudes que van de
los 1,000 a 4,000 m. Por sus condiciones ambientales Unicas, propician ecosistemas compuestos
por bosques tipicos de montaia (bosques de encinos, bosques de pinos, bosques meséfilos de
montana) y una amplia variedad de comunidades vegetales como selvas en Sierras del Sur de
Chiapas que albergan esa cantidad de especies. Sin embargo, la vegetacion esta muy perturbada
por actividades humanas (Lorenzo et al. en revisioén).

Peromyscus zarhynchus, T. tumbalensis y S. sclateri se encuentran en la subprovincia Sierras del
Norte de Chiapas en la regién de las Montanas del Norte del estado, terreno montafnoso con clima
calido humedo todo el afio y lluvias intensas que superan los 5,000 mm durante la temporadas
de las lluvias de invierno (nortes). Estas areas tienen vegetacidén de selva y en las partes mas
altas bosques de pino. C. lacandonensis 'y P. zarhynchus se encuentran en la subprovincia Sierra
Lacandona al este del estado, formada por serranias de diferentes altitudes y por su orientacion,
los vientos cargados de humedad (provenientes del Golfo de México) penetran en su territorio y
permiten la existencia de selvas (Lorenzo et al. en revision).

Oaxaca es un dreaimportante de endemismo de mamiferos (Escalante 2003). La lista de especies
de mamiferos terrestres registrados en Oaxaca esta compuesta por 216 especies, de las cuales 14
se distribuyen exclusivamente en la entidad: tres musarafas: Cryptotis magnus (sujeta a proteccion
especial, vulnerable), Cryptotis peregrina (sujeta a proteccidén especial, datos deficientes), C. phillipsii
(sin categoria, vulnerable); la liebre de Tehuantepec, Lepus flavigularis (en peligro de extincién, en
peligro), una tuza Orthogeomys cuniculus (amenazada, datos deficientes) y nueve ratones: Microtus
oaxacensis (amenazada, en peligro), M. umbrosus (sujeta a proteccién especial, en peligro), Habromys
chinanteco (sin categoria, en peligro critico), H. ixtlani (sin categoria, en peligro critico), H. lepturus
(sin categoria, en peligro critico), Megadontomys cryophilus (amenazada, en peligro), Peromyscus
melanocarpus (sin categoria, en peligro), P. melanurus (sin categoria, en peligro), Rheomys mexicanus
(sujeta a proteccion especial, en peligro).

La mayor presencia de especies endémicas a Oaxaca se encuentra en la regiéon de la Sierra
Madre de Oaxaca (también llamada Sierra Juarez o Sierra Norte) con 10 especies, la Planicie
costera del Istmo de Tehuantepec con tres y los Valles Centrales con tres. La mayoria de las
especies pertenecen al orden Rodentia, lo que es de esperarse, ya que tienen baja movilidad en
comparacion con otros 6rdenes. Las subprovincias con una fisiografia montafosa (e. g., Sierra
Madre de Oaxaca y la Sierra Madre del Sur) o que presentan una estacionalidad marcada (e.
g., Planicie Costera del Pacifico, Planicie Costera del Istmo de Tehuantepec), son las que tienen
mayor nimero de mamiferos endémicos (Briones-Salas et al. 2015). Estas areas tienen en comun
historias biogeograficas complejas de formacion y aislamiento geografico y climatico, factores
que promueven la especiacién (Halffter et al. 2008). Sin embargo, dichas zonas se encuentran
amenazadas por la demanda de recursos y por la fragmentacién y transformacion del habitat.

En los casos de Cryptotis lacandonensis, C. peregrina, C. phillipsii, Sorex stizodon, S. sclateri,
Rhogeessa bickhami, R. genowaysi, Tylomys bullaris, T. tumbalensis y Habromys chinanteco
solamente se cuentan con registros de distribucién de menos una decena de ejemplares. En los
caso de Microtus oaxacensis, Rheomys mexicanus y Heteromys nelsoni solo se conocen unas pocas
decenas. En ambos grupos de especies su biologia y ecologia son desconocidas. Las diferencias
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entre Rhogeessa bickhami'y R. genowaysi son Unicamente genéticas (cariotipos), por lo que es
posible que sean mas abundantes de lo que se conoce y que estén mezcladas con ejemplares
de R. tumida, que es comun en la zona tropical de México y Centro América. Las especies de
los géneros Cryptotis, Sorex, Megadontomys, Microtus, Habromys'y Tylomys no han sido registradas
por los métodos tradicionales de monitoreo, lo que implica un sesgo en la informacién actual
disponible, ya que pueden no estar presentes, tener densidades muy bajas o los sistemas de
monitoreo utilizados no son los adecuados. Lo anterior pone en duda su estado de conservacion
asignado actualmente, sus categorias de conservacién pueden ser artificiales y sin un sustento
metodoldgico fuerte. En algunos casos el desconocimiento de las especies se considera como
la ausencia de ejemplares y por ende, deben considerarse como amenazadas y en peligro critico.

En el caso de las especies de los géneros Tylomys y Habromys son arboricolas, por lo que para
su colecta se debe de usar métodos muy especificos que no son cominmente utilizados en los
monitoreos. Las especies del género Tylomys (hasta seis reconocidas segun el autor) presentan una
distribucion desde México hasta el norte de América del Sur y solo se tienen registradas alrededor
de 4 centenares de ejemplares (hay alrededor de un centenar mantenidos en cautiverio). Para
el género Habromys (el cual se ha trabajado especificamente en los Ultimos afios), presenta una
distribucion de México a El Salvador y se conoce siete especies.

En el caso de los soricidos (musarafas), la metodologia de colecta es especifica, por lo que
existe una baja representacion de ejemplares, y la gran mayoria de las colectas son incidentales. En
general las especies de Microtus tienden a ser muy abundantes cuando se encuentra una coloniay
por ser diurnas y crear“camino” son mas faciles de observary colectar, por lo que deberian de estar
ampliamente representadas; sin embargo, para M. oaxacensis solo se identificaron 35 ejemplares
en la base de datos para una region particular de la Sierra norte de Oaxaca.

Detodas las especies mencionadas, Heteromys nelsoniy P.zarhynchus son de las que mas informacién
se tiene de su biologiay ecologia (Lorenzo et at. 2006, 2016; Rios et al. 2016). En H. nelsoni se tienen datos
fehacientes que esta en un proceso de extincién a muy corto plazo y que las medidas de conservacion
que se apliquen deben de ser inmediatas para salvar a la especie, quedando posiblemente solo una
poblacién restringida a menos de unos pocos centenares de km? (Rios et al. 2016).

De acuerdo a estos planteamientos, se requieren estudios especificos de las especies micro
endémicas con la metodologia adecuada para su evaluacién. Las buenas politicas de conservacion
se deben basar en aspectos de la biologia y ecologia de las especies a conservar y esto no se
obtendra mientras no se tengan altos niveles de conocimiento cientifico. La investigacion sobre
los mamiferos micro endémicos del sur de México debe apoyarse y enfocarse en evaluar las areas
poco exploradas, para con ello ampliar el conocimiento de su distribucién, biolégica, ecologia y
conocer el estado de conservacién que guardan sus poblaciones. Es de igual importancia evaluar
los cambios en los procesos ecoldgicos y evolutivos de las especies resultantes de actividades
humanas tales como la transformacién del habitat, la extracciéon de especies (Naranjo et al. 2009),
y los efectos del cambio climético. En particular, es urgente aplicar medidas de proteccién del
habitat (bosques tropicales y de montana, humedales y manglares), asi como impulsar alternativas
realistas de uso sustentable de lafauna silvestre a través de la conformacién de grupos organizados
capaces de crear UMA bien administradas, asesoradas y financiadas que permitan mejorar la
economia de las comunidades rurales para hacerlas participes de este proceso.

Se agradece al CONACYT el apoyo econémico para realizar esta investigacién y a los proyectos
151189, 153573y 251053.
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Knowing the factors that influence abundance, distribution and species richness is key to establishing local conservation
strategies. We evaluated the influence of vegetation type (pine forest, oak-alder-forest and grassland) and season (dry,
wet), on the rodent assemblage (richness and abundance in space and time) in a mosaic of temperate forest in Mexico.
The completeness of the inventory was evaluated by nonparametric estimators ACE and Jackknife. We used a GLM to
evaluate the effect of vegetation type, season and interaction (vegetation type*season) on the richness and abundance
of rodents. The effects of factors and their interaction on the abundance of each species were evaluated with two-
way ANOVA with rank transformations. To analyze changes in the rodent assembly structure, we used rank-curves
abundances and ANCOVA to assess differences in species relative abundance (dominance). We found that rodents
were more abundant in the pine forest and during the dry season, but the interaction between oak-alder forest and
the dry season also favored abundance. At the species level, Peromyscus melanotis was abundant in the pine forest
and Reithrodontomys fulvescens in the oak-alder-forest. Between seasons, only the abundance of P. maniculatus and P.
melanotis was higher in the dry season than the wet season. The results show that in a temperate forest mosaics with
trees are of crucial importance for rodent conservation during the dry season. However connectivity among temperate
plant communities (pine forest, oak-alder forest and grassland) must be a strategy to consider in the study of rodents
assemblage and their dynamics in temperate forests.

Key words: abundance; dominance; Mus musculus; rainfall; species richness.

Conocer los factores que influyen en la abundancia, distribucion y riqueza de especies es clave para el establecimiento
de estrategias locales de conservacion. Evaluamos la influencia del tipo de vegetacidn (pinar, encinal-ilital, pastizal) y la
temporada (seca, lluviosa), sobre el ensamblaje de roedores (riqueza y abundancia en espacio y tiempo) en un mosaico
de bosque templado en México. Usamos los estimadores no paramétricos ACE and Jackknife para evaluar la completitud
del inventario de especies. Utilizamos un modelo lineal generalizado para evaluar el efecto del tipo de vegetacion, la
temporada y la interaccién (tipo de vegetacién*temporada) sobre la riqueza y abundancia de roedores. El efecto de los
factores y su interaccion sobre la abundancia de cada especie se evalué con un ANOVA de dos vias con transformaciones
a rangos. Para analizar cambios en la estructura del ensamblaje de roedores utilizamos curvas de rango-abundancia y
usamos un ANCOVA para probar diferencias en la abundancia relativa de especies (dominancia). Encontramos que los
roedores fueron méas abundantes en el bosque de pino y durante la temporada seca, pero la interaccién entre el encinal-
ilital y la temporada seca también favorecieron la abundancia. A nivel de especie, Peromyscus melanotis fue abundante
en el bosque de pino y Reithrodontomys fulvescens en el encinal-ilital. La abundancia de P. maniculatus y P. melanotis fue
mayor en la temporada seca que en la de lluvias. Los resultados muestran que en un bosque templado los mosaicos
con arboles son de vital importancia para la conservacién de roedores durante la temporada seca. No obstante, la
conectividad entre comunidades vegetales templadas (bosque de pino, encinal-ilital y zacatal) debe ser una estrategia a
considerar en el estudio del ensamblaje de roedores y su dindmica en bosques templados.
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Introduction

Identification of the factors that influence patterns of distribution, abundance and richness of
species are of central importance to develop conservation strategies of fauna and their habitat
(Ofori etal. 2015; Manning and Edge 2008). The species assemblage is a useful concept in ecology,
used to describe the arrangement of species and their interactions in space and time (Gee and
Giller 1987; Jorgensen 2004). The structure of species assemblages is determined in part by
environmental factors such as vegetation type and seasonal changes. Viewed as a habitat, a single
vegetation type (e. g. pine forest) or a combination of these habitats (pine forest and grassland)
can supply or complement the necessary resources (food, water, refuge, etc.) for assemblages of
certain species, but the resource availability also may influence their habitat preference and affect
the assemblage structure (LoGiudice and Ostfeld 2002). Moreover, seasonal variation such as
the change from dry to wet seasons, also determines plant phenology. Changes in precipitation
regimes and temperature fluctuations regulate the production, availability and quality of food
(fruits, flowers, seeds, seedlings), which in turn influence the dominance of certain species (Pardini
et al. 2005).

Among mammals, rodents are the most diverse group with numerous habitat associations,
and comprise over 40 % of all mammalian fauna globally (Wilson and Reeder 2005). They have
complex effects on the structure, composition and functional diversity of their environment
through various ecological interactions as pollination (Johnson et al. 2011), removal, depredation
and dispersal of fruits and seeds (Sdnchez-Cordero and Martinez-Gallardo 1998; Flores-Peredo et
al. 2011), and dispersal of fungal spores (Castillo-Guevara et al. 2012). Small changes in the habitat
can affect abundance, diversity and composition of some rodent species (Malcom and Ray 2000).
As such, changes in the structure of small rodent communities can be used as indicators of habitat
quality or environmental disturbance (Avenant 2011). Hence, to understand how environmental
factors such as vegetation type and seasonal variation affect the ecology and population dynamics
of rodent species, it is essential to design and implement local strategies to conserve species and
manage their habitat (Vazquez et al. 2000). However, despite their ecological importance, research
on small rodents carried out in Mexico has focused on single species or on basic inventories of
species (Sanchez et al. 2003; Morales-Garcia 2007; Hernandez-Flores and Rojas-Martinez 2010;
Cervantes and Ballesteros-Barrera 2012; Gonzalez-Christen et al. 2012), with less attention on the
effect of vegetation type and seasonality on the array of species or their habitat preferences.

Temperate forests in Mexico are comprised of different vegetation types, with pine forest
and oak-alder-forest, often with grassland, being the most representative (Gonzalez-Medrano
2004). These forests have marked dry and wet seasons between February-June and July-October,
respectively (Rzedowski 2006) although through time these seasons may fluctuate due to factors
such as climate change (Gémez-Mendoza and Arriaga-Cabrera 2007). The surface area of the
temperate forest in Mexico has declined 27 % (47 million hectares approximately) in the last 30
years because of anthropogenic disturbances (Sdnchez-Coldn et al. 2009; Siry et al. 2015). The
surface area of temperate forests particularly in the state of Veracruz is 83,679 hectares and is
inhabited by a total of 41 species of wild rodents (Ceballos and Oliva 2005). However, Veracruz
ranks fifth nationally in terms of loss of forest area, mainly because of an expansion of agricultural
areas, forest fires, illegal logging, and road expansion (Challenger 1998; CONAFOR 2010). Thus,
knowledge of the spatial and temporal dynamics of species is important for anticipating the
potential consequences of fragmentation and habitat loss on population dynamics of rodents
(Lindenmayer and Fisher 2006). The objective of this research was to evaluate the influence
of vegetation type, seasons and the interaction of both factors on rodent assemblages in the
temperate forest mosaic in central Veracruz, Mexico.

358 THERYA Vol.7 (3):357-369



Flores-Peredo y Vdzquez-Dominguez

Material and methods

Study area. Our study was carried out in the San Juan del Monte Nature Reserve (19°39’00" 19°
35°00” N, -97° 05’ 00" -97° 07" 30" W), in the Las Vigas de Ramirez municipality, Veracruz, Mexico.
The altitude of the nature reserve varies from 2,327 to 3,100 masl and the area covers 609 hectares
(Flores-Peredo etal.2011). The three main vegetation typesincluded are: pine forest, dominated by
species such as Pinus patula, P. pseudostrobus, P. montezumae and P. teocote, with heights between
15 and 25 m, oak-alder forest with predominance of Quercus crassifolia and Alnus jorullensis, with
heights between 6 and 12 m, and grasslands including predominantly native grasses such as
Brachypodium mexicanum and Muhlenbergia macroura, up to 1 m in height, and to a lesser extent
shrubs such as Baccharis conferta (Rzedowsky 2006).

Seasonal variation. We characterized the seasonal variation in the study area by constructing
an ombrothermic (rainfall and temperature) diagram (Figure 1). We used the average monthly
temperature and rainfall recorded during 2005 - 2007 by the weather station for the Las Vigas de
Ramirez municipality, Veracruz, Mexico. The ombrothermic diagram showed that the dry season
began in January and ended in May, with an average monthly temperature of 12.30 °C, a rainfall
of 235.77 mm (19.5 % of annual total), and an average monthly rainfall of 39.29 mm. January was
the coldest month, and a slight increase in precipitation was observed during February. The wet
season began in June and ended in October. The average temperature during this season was
11.84 °C, with a rainfall of 973.87 mm (80.5 % of annual total); with an average monthly rainfall of
162.31 mm. April was the hottest and driest month of the year.
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Figure 1. Ombrothermic diagram of the study area (2005 - 2007). Data are averages for the three years recorded and taken from
the weather station (177 - 00030211) located in the municipality of Las Vigas de Ramirez, Veracruz, Mexico.

Rodent sampling design. According to the classification by Rzedowski (2006), we selected three
vegetation types: pine forest, oak-alder forest, and grassland. A replica for each vegetation type
was established and these were 3 - 4 km (mean 3.3 km) separated from the other members of the
pair. A grid was placed on each of these 6 replicated vegetation patches. These grids were 130
m by 130 min size (1.7 ha), and had lines 5 m apart. Each grid was trapped twice per month. For
each trapping period, two transects were randomly chosen for trap lines. One of these was 130
m long (5 m wide) and the other 120 m (5 m wide). Both transects were trapped for two nights in
sequence. There were therefore 144 trapping periods (288 trapping nights) in total (6 grids x 2 x
12 months). One week separated the two within-month trapping periods, and 9 days separated
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the between-month trapping. For each trapping period, a pair of two transects was set with 25
traps placed at 10 m intervals, and trapped for two consecutive nights for a total of 50 trap-nights
per trapping period or 100 per month. Each grid experienced 1,200 trap-nights for the year (100
per grid per month x 12). All six grids totaled 7,200 trap-nights (1,200 x 6).

Rodent identifications. The identification of rodent species is very difficult in the field. Because of
this, we euthanized by asphyxia an adult male and female of each rodent species (Robert 2016).
Identification to species of euthanized individuals was based on cranial morphology according
to Wilson and Reeder (2005). After identifying the euthanized individuals, we created our own
photographic field guide, and in some cases we used voucher specimens. At the end of fieldwork,
all euthanized specimens were deposited in the Universidad Veracruzana mammal collection. To
record recaptures, all individuals captured were ventrally marked with indelible ink, and then they
were released at the capture sites.

Rodent sampling efficiency. To assess the rodent inventory efficiency, we determined the saturation
of the rodent assemblages (asymptote) in each vegetation type and season by computing species
accumulation curves. We computed non-parametric species richness estimators for abundance-
based data (ACE; Abundance-based Coverage Estimator) and for incidence-based data (using a
jackknife procedure) using 1000 randomizations (Magurran 2004). We used the average of ACE
and Jackknife estimators to estimate the percentage saturation of rodent assemblages for each
vegetation type and season. According to Moreno and Halffter (2000), we considered a value
of 90 % completeness for the asymptote. All estimates were performed using the free license
software EstimateS 9.1.0 (Colwell 2013).

Analyses of rodent assemblages. After checking for the assumptions in parametric analyses, we
used a generalized linear model (GLM) with a Poisson distribution to test the effect of vegetation
type and season and the interaction of both factors on species richness and abundance of rodents.
The effect of vegetation type, season and its interaction on the abundance of each species was
evaluated through two-way ANOVA test with rank transformation. For significant differences a
multiple comparison Tukey test was used. To analyze seasonal and vegetation type changes in
rodent community structure (dominance/evenness) we constructed rank-abundance curves
(Magurran 2004). Then, to test differences in dominance/evenness of rodent species, we used an
analysis of covariance (ANCOVA) to compare the slope of the rank-abundance curves according to
vegetation type and seasonal period (Zar 2010). Because rank-abundance plots are not linear and
do not follow a normal distribution, abundance of species was transformed to Log10 (Magurran
2004). Then, according to Log10 scale, we define dominant species as those taxa with values >1
(10 individuals; Gotelli and Colwell 2011).

Results

Rodent inventory completeness. Of the nine rodent species collected, the most abundant were
Peromyscus melanotis (31%) and P. maniculatus (22 %; Table 1). Total species accumulation curves
reach the asymptote after 33 sampling nights, but varied among vegetation types: 32 nights for
the pine forest, 31 for mixed forest, and 20 for subalpine grassland (Figure 2a). According to the
average for the non-parametric estimators, the level of inventory completeness was satisfactory
(i. e., exceeded 90 %) only for the pine forest and grassland in the dry season and for pine forest
and oak-alder in the wet season only (Table 1). We did not record recaptures of individually
marked individuals.

Patch and seasonal changes in rodent assemblages. The pine forest had the highest richness of
rodent species (8 species), followed by oak-alder forest (7 species) and grassland (5 species; Table
1, Figure 2b). However, the GLM model indicated that interaction between factors (vegetation
type* season) did not affect rodent richness (F, ;= 0.21, P = 0.8976), nor did individual factors,
vegetation type (F, ;= 4.27, P = 0.1180) or season (F, ;= 0.03, P = 0.8617). In contrast, rodent
abundance was affected by the interaction between vegetation type and season (F, ;= 4.28, P=
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Table 1. Diversity of rodents (n, mean + SD) captured in the three vegetation types and during the two seasons in a temperate forest
in central Veracruz State, Mexico. Numbers of individuals trapped (n), Relative abundance (RA = percentage of captures represented by each
species), ACE: Abundance-based Coverage Estimator, Jackknife: is found by systematically leaving out each observation from a dataset and
calculating the estimate and then finding the average of these calculations, considering the number of species that occur in a single sample,
the number of species and the number of samples. Average estimators: is the average obtained by the sum of the two estimators (ACE and
Jackknife) divided between two. The % of completeness was calculated as follows: Richness*100/Average estimators.

Dry season Wet season
Species n RA% Pineforest Oak-alder Grassland  Pine forest Oak-alder Grassland
Cricetidae

Peromyscus melanotis 77 31 22 11.0£0 15 75+£05 6 3.0+x1.0 2110525 11 5505 2 1.0+1.0
Peromyscus maniculatus 54 22 1995+05 6 3.0x0 19 95%x15 21010 4 20%0 4 20£1.0
Microtus mexicanus 3 1 0 00 0 0x0 0 0x0 31515 0 0=x0 0 0x0
Reithrodontomys mexicanus 41 17 63.0+x10 4 20+2.0 16 8.0+4.0 0 0x0 4 20x0 11 55+0.5
Reithrodntomys fulvescens 32 13 315+£05 7 35+05 3 15+05 6 30+x0 10 50+£1.0 3 15+£05
Reithrodontomys megalotis 15 6 1 1.0+0 10505 6 3.0+0 2 10+£10 3 15%05 1 05+0.5
Reithrodontomys sumichrasti 12 5 420+20 10505 0 0zx0 525+15 2 1.0x1.0 0 0x0
Neotmodon alstoni 3 1 2100 0 00 0 00 10505 0 00 0 0zx0

Muridae
Mus musculus 11 4 1 10£0 1 05+£05 0 0zx0 6 3.0+0 2 1.0%£1.0 0 00

Abundance 248 100 60 30.0+0 35 175+3.5 25250+2.0 4623.0+20 36 180+£1.0 2110515

Richness 9 87505 7 5020 5 4505 8 80+1.0 7 60%1.0 5 40x1.0
ACE, Jackknife 8,89 10.04,9.75 5.5 8.39,8.92 7,7 5.44,5.92
Average estimators 8.5 9.9 5 8.65 7 5.68
% Completeness 95 71 100 92 100 88

Taxonomic nomenclature was according to Ramirez-Pulido et al. 2014.

0.0385), the mean number of rodent individuals was significantly higher in oak-alder-forest during
the dry season (P=0.03).

Species responses. Nine rodent species were recorded in this study, but Microtus mexicanus and
Neotomodon alstoni were excluded from the factorial analysis due to their low abundance (n = 3).
There was no interaction effect between vegetation type and season for any species, although
according to individual factor analyses only two species were sensitive to vegetation type, and
none was affected by season. The abundance of Peromyscus melanotis differed among vegetation
types (F, ;= 12.80, P=0.003). Their capture was higher in pine forest than in grassland (P = 0.0005),
and in oak-alder forest (P=0.0167); but oak-alder forest registered more individuals than grassland
(P=0.0167; Table 1). Similarly, the abundance of Reithrodontomys fulvescens also differed between
vegetation types (F, ;= 5.80, P=0.0269); it was more abundant in oak-alder forest than in grassland
(P=0.0088) or in pine forest (P = 0.0190).

Changes in species dominance. P. melanotis and P. maniculatus were the most abundant species
overall, both accounting for 53 % of the total individuals captured (Table 1). Only N. alstoni was
considered a rare species during the dry season (1 individual) and the wet season (2 individuals).
Although the abundance of Mus musculus did not change between seasons or vegetation types,
the dominance of this exotic species during the wet season is clearly higher than native species
such as Reithrodontomys sumichrasti, R. megalotis, Microtus mexicanus and N. alstoni (Figure 3a).
But in spite of these differences, overall species dominance did not differ between the dry and wet
seasons (F, ., =0.51, P=0.48).

1,14
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Figure 2. Accumulation curves (a) and rarefaction (b) of rodent species, recorded in the three vegetation types in a temperate
forest in central Veracruz State, Mexico.

Rodent species dominance differed between vegetation types during the wet season (F, . =
12.78, P=10.0005). Rodent species in grassland were less diverse (5 species) than in pine forest (8
species P = 0.0005), or oak-alder forest (7 species P = 0.002). The arrangement of rodent species
assemblages varied according to vegetation types and season. During the wet season, the most
dominant species was P. melanotis in pine forest, but in comparison oak-alder forest had more
dominant species (P. melanotis and R. fulvescens) than did pine forest and grassland (Figure 3a).
Pine forest also registered the highest number of rare species (3 species), followed by oak-alder

forest (2 species) and grassland (1 species).

During the dry season, rodent species dominance between vegetation types differed (F, .=
5.92, P = 0.01), whereas dominance in the pine forest was higher than in the oak-alder forest (P
= 0.009), P. melanotis and P. maniculatus versus P. melanotis respectively. Also in the dry season,
pine forest and grassland were dominated by two species each (P. melanotis, P. maniculatus and P.
maniculatus, Reithrodontomys mexicanus) and oak-alder forest by one species (Figure 3b). However,
oak-alder forest contained the highest number of rare species (R. sumichrasti, R. megalotis and M.

musculus) in comparison with the other two vegetation types (Figure 3b).
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Discussion

The number of nights on which trapping was done was 48 per vegetation type (total = 144);
however 33 nights were sufficient to achieve the asymptote in the species accumulation curve.
We recorded nine rodent species, which was consistent with the pattern of richness (Mean 9
+ 1.41 SD) reported for other pine forests in Mexico (Coronel and Arellano 2004; Aragon et al.
2009; Cuautle-Garcia 2007; Cruz et al. 2010). However, the completeness of our inventory was

1.4+ Wet season
a)
1.2
§° Rmex
=
[}
'S
2 08
[72]
Yt
o
8 06" Pma
'§ Rfu
S 04"
2 Pme
0.2
0 - 'Rme
1234 5 6 7 8 1234 5 6 7 123 4 5
Pine forest Oak-alder forest Grassland
1.6 4
Dry season b)
— Pma
§° Rmex
7
O
'S
(5]
&
‘*5 Rme
Q Pme
=
<
e
=
) Rfu
<

12 3 45 6 78 123 45 6 7 123 45
Pine forest Oak-alder forest Grassland

Figure 3. Rank abundance curves for rodent species recorded in three vegetation types for the wet season (a), and the dry season
(b), in a temperate forest in central Veracruz State, Mexico. The code for each species corresponds to an abbreviation of its scientific
name (Mus musculus = Mmus). On the Y axis species abundance is transformed to log 10, and on the X axis the number of species is

recorded for each type of plant community.

only satisfactory in the dry season for the pine forest and grassland, and for the pine forest and
oak-alder forest in the wet season that is exceeding 90 % completeness (Table 1). This may be
because in these vegetation types the abundance of individuals registered for each species
was more homogeneous (Table 1), nonparametric estimators such as ACE and Jackknife being
sensitive to abundance parameters (Magurran 2004), assuming that while there are more rare
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species in a given vegetation type, the higher the probability will be for new species to appear
in the inventory and the completeness level will not be expected to exceed 90 % (Petersen and
Meier 2003). Similarly, seasonality is a factor that may affect the reliability of species inventories
influenced by the movements of individuals between plant communities in relation to resource
availability, a particular attribute of rodent assemblages (Krebs et al. 2010; Rautenbach et al. 2014;
Ofori etal. 2015).

Peromyscus melanotis and P. maniculatus were the most abundant species, as has also been
reported in different Mexican pine-oak forests (Hall 1981; Orduna-Trejo et al. 1999; Cuautle-Garcia
2007; Ruiz-Soberanes and Gémez-Alvarez 2010) and temperate forests of North America (Ceballos-
Gonzadlez and Galindo-Leal 1984; Musser and Carleton 2005). Both species are also opportunistic
species and they are also widely distributed in coastal, alpine, forests, grasslands, shrub lands,
deserts and tropical areas (Ceballos-Gonzalez and Galindo-Leal 1984; Martinez-Coronel et al.
1991).

Species richness was not affected by the interaction (vegetation type* season), or individually
by these factors. This result likely reflected the fact that species collected during this study are
common inhabitants of the vegetation types studied with reproduction occurring all year long
(Ceballos and Oliva 2005). In contrast, rodent abundance was clearly affected by the interaction
between vegetation type and season. Commonly, abundance in rodent communities changes
seasonally because of annual climate variation, which determines the ecosystem productivity and
the phenology of seed production (Cortes-Flores et al. 2011; Jackson et al. 2009; Nicolas and Colyn
2003). We found that among vegetation types the abundance of mice was higher in oak-alder
forest during the dry season (Table 1). This coincides with the period of fruit production and
seed dispersal of the oak-alder forest from March to May. This is because higher air temperature
increases the opening of cones of Alnus and favors more acorns and seed presence on the ground
(Niembro 1986; Cortes-Flores et al. 2011). The availability of these resources is consistent with
the greater abundance of rodents at sites with greater vegetation cover and food availability
(Tapia-Ramirez et al. 2012), as has been reported for rodents from the Peromyscus genus whose
variation in dispersal depends on the abundance of food resources (Wang et al. 2009) and a low
risk of predation common in areas with dense vegetation cover (Whelan et al. 1991; LoGiudice and
Ostfeld 2002).

The abundance of P. melanotis was highest in the pine forest and oak-alder forest. These results
are similar to those documented by Ruiz-Soberanes and Gémez-Alvarez (2010) from the temperate
forest of La Malinche National Park, Tlaxcala, México, where P. melanotis was also abundant in the
pine forest and oak-alder forest. Rodents of P. genus have high reproductive capacity throughout
the year in this region, and particularly P. melanotis does not have conservation problems
(Ceballos and Oliva 2005). Rodents commonly favor areas with plant cover where the availability
of resources is greater under the canopy of parent trees because seed density is high (Vander Wall
2002; Hulme and Kollmann 2005). The abundance of Reithrodontomys fulvescens also was higher
in oak-alder forest than in grassland and in pine forest, a pattern similar to that reported by Ruiz-
Soberanes and Gémez-Alvarez (2010). R. fulvescens prefers oak-alder forest possibly because of
increased availability of food resources such as invertebrates, acorns, and alder and pine seeds
which are dispersed by wind (Ceballos and Oliva 2005).

Dominance of species did not differ among seasons, probably because all rodent species are
similarly abundant throughout the year (Ceballos and Oliva 2005). Nevertheless, rodent species
dominance differed between vegetation types during the wet season. P. melanotis was the most
dominant species in pine forest where we also recorded the highest number of rare species such
as M. mexicanus, M. musculus and N. alstoni. In the wet season, vegetation cover increases and
favors different habitat conditions and availability of food resources that can support a greater
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number of species and individuals with different dietary requirements (Milstead et al. 2007). In
our case, P. melanotis consume seeds and seedlings that are common on the pine forest floor. This
suggests that rodents forage in sites with greater food availability, which could explain the greater
abundance of certain species during the wet period. Grassland was less favored than pine forest
and oak-alder forest, due to its structural simplicity and the possible existence of a higher risk of
predation by carnivores (Morris and Davidson 2000; LoGiudice and Ostfeld 2002).

During the dry season, the pine forest contained more dominant rodent species (P. melanotis
and P. maniculatus) than the oak-alder forest (P. melanotis), and here we also recorded a higher
number of rare species such as R. sumichrasti, R. megalotis and M. musculus. This last species is able
to displace native species with more specific habitat requirements due to its high reproductive
capacity (Alvarez-Romero 2008). In warmer months such as February-June air temperature
favors the opening of pine cones and seed dispersal (Perry 1991), and this generates higher
food availability that favors the abundance of rodents (Wang et al. 2009). Although vegetation
structure was not characterized in this study, we noticed that the confidence intervals of the
rarefaction curves do not overlap (Figure 2b). Considering this as a robust statistical comparison
(see MacGregor-Fors and Payton, 2013), we can confidently conclude that pine and oak alder
patches had significantly more species (8 and 7 species respectively) than grassland with 5 species.
This indicates that areas structurally more complex in vegetation favor a higher rodent species
richness because they provide more resources such as food and shelter, features consistently
associated with particular seasons. However, rodents such as P. maniculatus and R. mexicanus
can also remove seeds from open areas that provide food resources throughout the year due
to the presence of perennial species such as Muhlenbergia macroura. Therefore the presence of
isolated trees or shrubs in grasslands may offer potential shelter and food resources for these
habitat generalist species. These findings suggest that integrated conservation of pine forest, oak-
alder forest, and subalpine grassland is essential for maintenance of rodent populations and their
ecological roles in temperate forest dynamics.

Conclusions

Our results demonstrate that vegetation type is an important variable related to rodent diversity.
Pine and oak-alder forests supported the highest number of rodent species, namely eight and
seven respectively. Peromyscus melanotis and Reithrodontomys fulvescens in particular were
favored in areas with complex plant cover because forest habitats have a higher availability of food
resources and shelter. Moreover, three rare species, R. sumichrasti, R. megalotis and M. musculus,
were recorded in the oak-alder forests.

Seasonality is also a major factor that determines how individuals use vegetation types
because it influences the dynamics of their food resources and reproductive periods. Rodent
abundance was higher during dry seasons and particularly in oak-alder forest where there are
possibly more varied resources such as alder seeds, acorns and pine seeds dispersed in the wind.
During this season, species such as P. melanotis and P. maniculatus were more dominant in the
pine forest than oak-alder forest where only P. melanotis was a dominant species. This is because
in these sites the heterogeneity and productivity are higher due to the high level of fruit and seed
production and dispersal that is common from March to May. In wet seasons P. melanotis was
the most dominant species in pine forest where a high number of rare species was also recorded,
namely M. mexicanus, M. musculus and N. alstoni. These findings emphasize the important role of
seasonality in influencing the rodent component of the communities we investigated.

Although the non-native species Mus musculus remains rare in these habitats, its distribution,
abundance, and interspecific interactions should be studied more because of its potential to
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displace native rodents such as Reithrodontomys sumichrasti, R. megalotis, M. mexicanus and N.
alstoni. This last is an endemic species restricted to the Trans-Mexican Volcanic Belt.

An important conclusion from this investigation of multiple species in multiple habitats is that
these diverse communities are complexly connected with numerous interactions among them.
Conservation planning needs to take this connectivity into account with a strategy that aims to
preserve a mosaic of vegetation types, and thereby preserve all the parts and all the ecosystem
functions for maximum effectiveness.
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Philopatry is a biological trait observed in a wide variety of zoological taxa. It is considered as the basis of social behavior
in rodents as well as a driver of spatial distribution of individuals. Females are typically philopatric, whereby they have
access to resources to breed their offspring. This philopatric tendency is partly responsible for the genetic structuring in
the natural populations of mammals. Heteromyid rodents conform complex communities and the agonistic interactions
among them are common. Aggressiveness is the way to establish dominance hierarchies. By setting a hierarchy,
dominant individuals have priority access to critical resources. Chaetodipus siccus is an heteromyid endemic to the Baja
California peninsula, distributed across an area of ~270 km? where a particular pattern of high variation of matrilineal
lineages has been observed. The presence of multiple spatially segregated matrilineal lineages has been proposed,
reinforced by the aggressive nature of the species, which leads to limited panmixia within the range of C. siccus. To
test this hypothesis, a statistically parsimonious haplotype network study was conducted using matrilineal markers and
behavioral experiments of intra- and interspecific dominance. Thirty four localities were surveyed throughout the C.
siccus distribution range to capture specimens (n = 143) for the statistically parsimonious network. Muscle tissue was
used for DNA extraction, and fragments of Cytb and COI genes were sequenced. To study intraspecific and interspecific
dominance, ethological experiments were conducted between females under different conditions. For this purpose, 52
adult females of C. siccus and five adult females of C. arenarius, C. ammophilus, C. spinatus and C. rudinoris were captured
alive and maintained in captivity. Encounters took place inside neutral arenas every other night. Individuals were housed
individually in social cages. Fifty three haplotypes of Cytb and 15 of COI were identified from 143 C. siccus individuals. A
high variety of private haplotypes was observed (31 for Cytb and 5 for COI). The presence of a dominant individual over
another was observed in all conditions in the intraspecific and interspecific dominance experiments. Dominant females
were statistically more aggressive than subordinate females (p < 0.001), and C. siccus dominated over the other species. A
marked genetic structure was observed, with a considerable presence of private haplotypes. Itis considered that genetic
structure occurs when subpopulations are at least partially isolated from each other. There are no appreciable physical
barriers within the distribution range of the species. For this reason, it is suggested that ethological interactions rather
than geographical features may limit gene flow within the population of C. siccus. Structures with an unusual number of
haplotypes in small geographical areas, as in C. siccus, have been previously recognized for other mammal species. It is
argued that this pattern is the result of a philopatric character of females; this behavior restricts gene flow between areas.
The existence of several geographically restricted matrilineal lineages suggests that females do not disperse, but remain
within a very small geographic area. This points directly to the presence of philopatry in females. Agonistic behaviors are
the means through which an individual maintains its hierarchy over others, defining its preferential access to resources.
it's the extremely aggressive nature and a territorial behavior of females of C. siccus have resulted in the segregation of
matrilineal lineages.

Key words: agonistic encounters; gene flow; Heteromyidae; hierarchies of dominance; matrilines.

La filopatria, rasgo bioldgico presente en una amplia variedad de taxa zooldgicos, es considerada como base del
comportamiento social entre roedores. También es promotor importante de la distribucién espacial de los individuos.
Las hembras son tipicamente filopatricas, caracteristica que les confiere acceso a los recursos necesarios para criar a su
progenie. Esta tendencia filopatrica es en parte, responsable de la estructuraciéon genética en poblaciones naturales
de mamiferos. Los heterémidos conforman comunidades complejas y las interacciones agonisticas entre éstos es un
patrén generalizado. La agresividad es el medio por el cual se establecen jerarquias de dominancia; gracias a éstas,
los individuos dominantes obtienen acceso prioritario a recursos. Chaetodipus siccus es endémico de la peninsula de
Baja California, distribuido en un area de ~270 km?y en el cual se ha identificado un peculiar patrén de diversidad de
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linajes matrilineales. Por esto, se tiene la hipdtesis de la presencia de multiples linajes matrilineales segregados
espacialmente y promovidos por la naturaleza agresiva de la espacie, lo que limita la panmixia dentro de su area de
distribucion. Para probar esta hipétesis se realizdé una red de haplotipos estadisticamente parsimoniosa empleando
marcadores de herencia materna y experimentos etolégicos de dominancia a nivel intra e interespecifico. Se
visitaron 34 localidades para capturar individuos de C. siccus (n = 143) para el andlisis de la red estadisticamente
parsimoniosa. Se empled tejido muscular para la extraccion de DNA y se secuenciaron fragmentos de Cytb y COI.
Para estudiar la dominancia intra e interespecifica, se condujeron experimentos etoldgicos bajo diversas condiciones
entre hembras. Para esto, 52 hembras de C. siccus y cinco hembras de C. arenarius, C. ammophilus, C. spinatus y C.
rudinoris fueron capturadas vivas y mantenidas en cautiverio. Los encuentros tuvieron lugar en arenas neutrales,
cada tercera noche. Los individuos fueron alojados individualmente dentro de cajas sociales. Se identificaron 53
haplotipos de Cytb y 15 de COI a partir de 143 individuos de C. siccus. Se observé una considerable cantidad de
haplotipos Unicos (31 para Cytb y 5 para COIl). La presencia de un individuo dominante y uno subordinado fue
observada a través de las diferentes condiciones evaluadas durante los experimentos etolégicos de dominancia intra
e interespecifica. Las hembras dominantes fueron estadisticamente mas agresivas que las subordinadas (P < 0.001),
incluso, C. siccus dominé a las demas especies. Se observé una marcada estructura genética con la presencia de
varios haplotipos Unicos. Se considera que tal estructura se presenta cuando las subpoblaciones estan aisladas entre
ellas, al menos parcialmente. Dentro del area de distribucion de la especie no existen barreras fisicas apreciables. Es
por esto que las interacciones etoldgicas entre individuos, mas que las caracteristicas geograficas del habitat, pueden
ser las responsables del flujo limitado de genes, dentro de la poblacién de C. siccus. Estructuras con un inusual
numero de haplotipos distribuidos en dreas geograficas pequefas, como el caso de C. siccus, han sido observadas
previamente en otras poblaciones de mamiferos. Se argumenta que este patron resulta del caracter filopatrico entre
hembras, conducta que restringe el flujo genético entre dreas. La existencia de linajes matrilineales restringidos
geograficamente propone que las hembras no se dispersan y permanecen en pequefas areas geograficas. Esto
apunta directamente a la presencia de filopatria femenina. Los comportamientos agonisticos son el medio por el
cual unindividuo mantiene su jerarquia ante otros, lo que define su acceso preferencial a los recursos. En las hembras
de C.siccus, su naturaleza extremadamente agresiva y su comportamiento territorial ha resultado en la segregacién
espacial de multiples haplotipos matrilineales.
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Introduccion

A medida que los individuos maduran, éstos tienen la opcion de dispersarse o retrasar la dispersion
y permanecer en el mismo sitio en el que nacieron, a esto se le denomina filopatria (Solomon 2003).
Aunque gran interés en el estudio de la filopatria se debe a que dicha conducta es considerada
como la base del comportamiento social entre los roedores (Michener 1983; Waser y Jones 1983;
Solomon 2003; Clutton-Brock y Lukas 2012), también puede influir en la distribucion espacial de
individuos (Solomon y Getz 1997; Blumstein y Armitage 1999; Lacey 2000) y de linajes, promovidos
principalmente por las hembras (Chesser 1991; Dixon 2011). El estudio de la filopatria se ha
abordado de diferentes maneras segun el autor o el grupo de organismos estudiado. Debido a sus
varias connotaciones, se utilizara la idea propuesta por Waser y Jones (1983) que hace referencia
a la permanencia de un individuo, en su lugar de nacimiento, aun después de haber alcanzado la
madurez e independencia parental. Entre los mamiferos, las hembras son tipicamente filopatricas
(Chesser 1991; Dixon 2011), ya que de esta manera tienen acceso a sitios de refugio y de forrajeo
previamente conocidos y posiblemente heredados (McGuire et al. 1993), esenciales para la crianza
de su progenie (Greenwood 1980).

Los roedores de la familia Heteromyidae son un grupo de mamiferos en los que se ha
estudiado la evolucién de diversos patrones de comportamiento (e. g. Randall 19844, b; Bleich
y Price 1995; Newmark y Jenkins 2000; Winters y Waser 2003; Cooper y Randall 2007; Meshriy
et al. 2011). Este grupo de roedores se distribuye principalmente en los ambientes aridos de
Norteamérica (Vaughan et al. 2000). Las condiciones imperantes en estos ambientes los han
forzado a adquirir estrategias tanto fisiolégicas como de comportamiento para poder sobrevivir
a ciclos de precipitacién extrema seguidos de largos periodos de sequia (Vander-Wall 1990). Es
por esto que la obtencion y defensa del recurso alimenticio son centrales para estos organismos.
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Las comunidades de heteromidos pueden ser muy complejas, debido a que se ha registrado la
coexistencia de hasta seis especies diferentes (Brown y Harney 1993; Vaughan et al. 2000), por lo
que la defensa de territorios entre conespecificos y especies simpatricas es un patrén generalizado
(Eisenberg 1963; Jones 1993; Shier y Randall 2007). Los heterémidos representan un grupo de
especies solitarias, pero tienen sistemas sociales sélidos y establecen familiaridad con individuos
estrechamente relacionados (Cooper y Randall 2007). El sobrelapamiento de territorios es un
fendmeno comuln que contribuye a la organizacién social y promueve la tolerancia (Shier y
Randall 2007; Vazquez y Alvarez-Castafieda 2011), de esta manera se evitan enfrentamientos y
agresiones que pueden tener un alto costo energético en temporadas de intensa competencia por
recursos (Silk 2007; Holekamp et al. 2012). No obstante, existe la evidencia de comportamientos
agresivos entre heteromidos (Eisenberg 1963; Randall 1993). La agresion es el medio por el cual
se establecen jerarquias de dominancia, con las que se puede mediar la prioridad de acceso a los
recursos, de esta forma, las hembras dominantes podran monopolizar sitios de crianza o forrajeo
y permanecer filopatricas (Newmark y Jenkins 2000). Los experimentos de agresividad se han
utilizado frecuentemente en investigaciones de interacciones agonisticas entre roedores (Harper
y Batzli 1997; Johannesen et al. 2002; Shier y Randall 2007) y entre musarafas (Oleinichenko
2000; Rychlik y Zwolak 2006). La agresion parece ser una adaptacion primaria para hacer frente
a la competencia (Moynihan 1998); asi, la cantidad de conductas agonisticas especificas dirigidas
hacia un competidor deberan reflejar el grado de competencia verdadera (MacArthur 1972;
Perri y Randall 1999). Destacan dos estudios que abordan las jerarquias de dominancia entre
heterémidos. En el primero se abordaron las relaciones de dominancia entre especies simpdatricas
(Dipodomys stephensi y D. agilis) mediante encuentros agonisticos en el laboratorio, con el
propésito de determinar si dichas conductas previenen el uso del mismo habitat (Bleich y Price
1995). Dipodomys stephensi demostrd ser dominante y excluir a D. agilis, con lo que los autores
concluyen que el dominio interespecifico puede ser un factor importante en el uso diferencial del
habitat. En el segundo estudio se examind la mediacion de interacciones intraespecificas en D.
heermanni'y se probé si individuos no conocidos entre si establecen una jerarquia de dominancia
con la posterior disminucidn de conductas agresivas (Shier y Randall 2007). Los resultados
sugieren que las jerarquias de dominancia pueden ser el medio para mitigar la agresion.

Los procesos poblacionales primarios como la especiacion (Doebeli y Dieckmann 2003), el flujo
genético (Hedrick 2001) y las asociaciones entre individuos (Wang et al. 2011) afectan y reflejan
patrones de estructuraciéon genética. El analisis de las variaciones en el DNA mitocondrial de los
individuos ha contribuido significativamente en la identificacién de estructura genética en las
poblaciones naturales (Avise 2000). Los estudios socio-genéticos han establecido que la mayoria
de los mamiferos se caracterizan por exhibir un sistema poliginico con la presencia de hembras
filopatricas y la asociacion de éstas en grupos matrilineales estrechamente emparentados
(Clutton-Brock 1989; Kappeler et al. 2002). Sin embargo, se ha observado que las especies del
género Chaetodipus presentan un sistema social en donde los adultos son solitarios (Genoways y
Brown 1993; Jones 1993; Nowak 1999). La historia evolutiva de los heteromidos se basa en sélidas
hipdtesis que encuentran sustento en la informacién obtenida de varios marcadores moleculares
(Neiswenter y Riddle 2010).

El raton de abazones arenoso C. siccus (Osgood 1907) es parte del complejo arenarius, el cual
también incluye a C. arenarius (Merriam 1894) y C. ammophilus (Roth 1976; Alvarez-Castafeda y
Rios 2011; Rios y Alvarez-Castafieda 2013). C. siccus, originalmente descrito como subespecie de
C. arenarius (Patton y Alvarez-Castafieda 1999), se encuentra distribuido exclusivamente dentro
de la cuenca de Los Planes, en un area de ~270 km?y en una pequefa parte al sur de Isla Cerralvo,
en el Estado de Baja California Sur, México. Por otro lado, a partir de la revision del complejo
arenarius (Alvarez-Castafeda y Rios 2011) fue posible identificar varios haplotipos matrilineales
en la poblacion insular de C. siccus; de aqui que su caracter endémico, los patrones genéticos
Unicos que presenta (Alvarez-Castafieda y Rios 2011) y el potencial comportamiento filopatrico
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de sus hembras le confieren un gran interés en términos de conservacion. Es por ello que se
tiene la hipotesis de la presencia de multiples linajes matrilineales espacialmente segregados y
promovidos por la naturaleza agresiva de la especie. Lo que conlleva a panmixia limitada en el drea
de distribuciéon de C. siccus. Para probar estas hipoétesis se llevé a cabo una red estadisticamente
parsimoniosa empleando dos marcadores matrilineales (Cytb y COI) y experimentos etoldgicos de
dominancia intraespecifica e interespecifica.

Materiales y métodos

Red estadisticamente parsimoniosa y estructura genética. Se visitaron 34 localidades a través del
intervalo de distribucion de C. siccus entre septiembre y noviembre de 2010 (Anexo 1A). Para la
captura de los especimenes se empled la técnica de transecto lineal. En cada transecto (uno por
localidad) se colocaron 60 trampas para roedor tipo Sherman, con una separaciéon de 10 m entre
cadatrampa. Los animales fueron manipulados siguiendo en todo momento las recomendaciones
de la American Society of Mammalogists (Sikes et al. 2011). Los especimenes voucher, asi como
las muestras de tejido muscular (almacenadas en tubos con etanol al 96 %), fueron depositados
en la Coleccién de Mamiferos del Centro de Investigaciones Bioldgicas del Noroeste (CIB). Dicha
coleccién se encuentra registrada debidamente ante SEMARNAT (BCS MAM 085 0899). El detalle
de los ejemplares voucher, georreferencia de las localidades y los nimeros de acceso a GenBank
se encuentra en el Anexo 1By C.

Para la extracciéon del DNA genémico, la amplificacion del DNA (Cytb = 800 pb; COI = 650
pb) mediante la Reaccién en Cadena de la Polimerasa (PCR), la secuenciacién y la medicién de
variacién genética en C. siccus, se implementaron los protocolos y los andlisis descritos en Alvarez-
Castaneda y Rios (2011).

La relaciéon entre haplotipos de Cytb y COI fue inferida utilizando parsimonia estadistica
(Templeton etal. 1992) medianteTCS 2.8 (Clement et al. 2000). TCS estimalas relaciones haplotidicas
para niveles bajos de divergencia y ofrece una posible explicacion estadistica (P = 0.95) para
todas las conexiones. Los indices de diversidad (h), diversidad nucleotidica (m) y la media de las
diferencias entre pares de haplotipos (Mean number of pairwise differences; Tajima 1993) fueron
inferidos por medio de ARLEQUIN 3.0 (Excoffier et al. 2005). La media de las diferencias entre pares
de haplotipos se estima a partir del nUumero de mutaciones ocurridas desde la divergencia entre
cada par de haplotipos; la varianza total, estimada entre la frecuencia de un haplotipo y el tamafo
de muestra, asume la no recombinacién entre sitios y neutralidad selectiva (Tajima 1993).

Experimentos etoldgicos de dominancia. Para el estudio de dominancia entre hembras, se llevaron
a cabo experimentos etoldgicos, bajo diferentes condiciones y a partir de encuentros entre
diadas, dentro de arenas neutrales. Este tipo de experimentos se ha utilizado frecuentemente en
investigaciones etoldgicas de agresividad entre roedores (Harper y Batzli 1997; Johannesen et al.
2002; Shier y Randall 2007).

Dominancia intraespecifica

Primero. Dominancia directa entre hembras de C. siccus. Con este experimento se pretendio
demostrar que existe menos agresion entre hembras familiarizadas de la misma localidad de
captura que entre hembras no familiarizadas de diferente localidad de captura y las condiciones
fueron: a) entre hembras de la misma localidad de captura, b) entre hembras de la misma localidad
de captura con proceso de familiarizacién, ¢) entre hembras de diferente localidad de capturay d)
entre hembras de diferente localidad de captura con proceso de familiarizacién.

Segundo. Dominancia a través del tiempo entre hembras de C. siccus. Con este experimento se
pretendié demostrar que la relacién dominante-subordinado debera permanecer constante a lo
largo del tiempo. Para este experimento se consideraron las mismas condiciones descritas para el
primer experimento de dominancia directa, ya que ambos fueron llevados a la par.
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Tercero. Dominancia con base en la defensa del recurso alimenticio (Rychlik y Zwolak 2006) entre
hembras de C. siccus. Con este experimento se pretendié demostrar que la dominancia se ejerce
por el control del recurso, independientemente de su utilidad inmediata. Que las conductas
agonisticas se presentaran entre hembras, sin existir una agresion tedrica hacia el macho, ya que
al ser quien se dispersa, no representa una amenaza hacia las hembras. Las condiciones fueron
las siguientes: a) ambas hembras en ayuno de 24 h, b) ambas hembras alimentadas ad libitum,
¢) la dominante alimentada ad libitum y la subordinada en ayuno de 24 h. y d) ambas hembras
alimentadas ad libitum, con la presencia de un macho. Se proporcionaron 2 g de hojuelas de
avena como recurso a defender (aproximadamente 10 % del peso corporal de los individuos).

Dominancia interespecifica

Cuarto. Dominancia entre hembras de C. siccus y hembras de cuatro especies del género
Chaetodipus a partir de la defensa del recurso alimenticio (Rychlik y Zwolak 2006). Con este
experimento se pretendié demostrar que la dominancia interespecifica esta en funcion de la masa
corporal. Las especies enfrentadas con C. siccus fueron C. arenarius, C. ammophilus, C. spinatus'y
C. rudinoris. Los porcentajes de masa corporal en gramos de las cuatro especies con respecto a la
de C. siccus fueron 105, 111, 131 y 181 %, respectivamente. En este experimento se evaluaron las
mismas condiciones (a, b y c) descritas para el tercer experimento de dominancia con base en la
defensa del recurso alimenticio entre hembras, excepto que en éste no se consideré la condicion
donde el macho estuvo presente.

Procedimientos generales. Para los tres primeros experimentos de dominancia intraespecifica
se capturaron 32 hembras adultas y ocho machos adultos de C. siccus en las localidades A y B
separadas por 5 km (Figura 1). Dichas capturas se llevaron a cabo en septiembre de 2012 y junio
de 2013. Para el experimento de dominancia interespecifica, el cuarto, se capturaron 20 hembras
adultas de C. siccus de la localidad A, entre abril y junio de 2015 y cinco hembras adultas de C.
arenarius, C. spinatus, C. ammophilus y C. rudinoris (Anexo 1D).

Debido a que el cautiverio y el aislamiento promueven la agresividad entre los roedores, los
ejemplares fueron alojados en cajas sociales (Yoerg 1999; Yoerg y Shier 2000). Las cajas sociales
tiene la caracteristica de ser de acrilico transparente (20 x 20 x 20 cm) con dos pequeiios orificios en
la base. De esta manera las hembras tienen oportunidad de intercambio visual, auditivo y olfativo.
Cada hembra permanecié en la misma caja y con el mismo vecino durante el experimento. El
conjunto de las caracteristicas mencionadas anteriormente permitio llevar a cabo el proceso de
familiarizacion entre individuos. Los machos fueron alojados en cajas sociales diferentes a las de
las hembras.

Encuentros. Los encuentros se llevaron al cabo cada tercera noche, dentro de cajas de triplay (62
X 62 x 30 cm) colocadas sobre la tierra en una locacién al aire libre dentro de las instalaciones del
CIB. Una particién de madera dividié cada caja en partes iguales, manteniendo a los individuos
separados durante 10 min en los que exploraron el area antes de cada encuentro (Bleich y Price
1995; Yoerg y Shier 2000; Shier y Randall 2007). Posteriormente se removi6 la particion e inicié
el encuentro, el cual tuvo una duracién de 10 min. Los encuentros fueron grabados con camaras
de visidn nocturna para evitar que la presencia del espectador influyera en el resultado de las
interacciones entre los individuos durante la prueba. Posteriormente se analizaron los videos
de manera manual, incluso repitiendo algunas escenas, para la identificaciéon y codificacién
de conductas agonisticas, toma de los tiempos, duracién y frecuencia de las mismas, segun la
metodologia especificada a continuacién. Una vez que concluyeron los encuentros de cada
noche, los ratones fueron devueltos a su respectiva caja social.

Andlisis de datos. Se identificaron los comportamientos agonisticos presentados por los individuos
de acuerdo a Shier y Randall (2007). Los valores asignados a los comportamientos agonisticos
fueron: 1 (huida), 2 (movimiento), 3 (acercamiento), 4 (que se revuelca en la arena), 5 (olfateo), 6
(persecucion), 7 (estocada), 8 (ataque)y 9 (pelea). Losvaloresbajos (1,2, 3) reflejan comportamientos
sumisos mientras que los valores altos (4, 5, 6, 7, 8, 9) se refieren a comportamientos agresivos.
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Figura 1. Area de distribucion y sitios de captura (A y B) de las hembras de Chaetodipus siccus empleadas para los experimentos
etolégicos de dominancia (mapa modificado de Alvarez-Castafieda y Rios 2011).

Los valores presentados por cada diada de hembras en cada una de las condiciones de cada
experimento fueron sumados para integrar matrices de dominancia. La ocurrencia de cualquier
comportamiento agresivo de un individuo seguido de un comportamiento sumiso por parte del
otro, permitio resolver la relacion dominante-subordinado en cada encuentro de cada condicién
(Shier y Randall 2007). Los datos de cada condicién expresaron la accién del individuo dominante
y la reaccién del individuo subordinado, obteniendo asi datos pareados. Se compararon las
medianas de los valores de agresividad / sumision de los individuos dominante y subordinado
para cada condicién por separado mediante la prueba de signos de Wilcoxon (Wilcoxon 1945).
Para identificar diferencias en las masas corporales en gramos entre C. siccus y las cuatro especies
con las que fue enfrentada en el cuarto experimento (dominancia interespecifica), se realizé un
analisis de varianza (ANOVA) de una via. Los analisis estadisticos fueron realizados con el software

STATISTICA v.8.0 (Weiss 2007).
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Resultados

Red estadisticamente parsimoniosa y estructura genética. Chaetodipus siccus fue observado en las
34 localidades visitadas (Anexo 1A). Se identificaron 53 haplotipos a partir de un fragmento de
800 pb de Cytb (indices de diversidad: h =0.943 + 0.009; m=0.005 £ 0.002) y 15 haplotipos a partir
de un fragmento de 650 pb de COI (indices de diversidad: h = 0.628 + 0.039; m = 0.004 + 0.002)
entre 143 ejemplares examinados (con un maximo de cinco ejemplares por localidad).

La red estadisticamente parsimoniosa de Cytb (n = 53; 800 pb) tiene un maximo de 14
mutaciones y 31 haplotipos (58.5 %) fueron Unicos, restringiéndose su presencia a una localidad
(Figura 2; Anexo 1B), aunque la distancia entre localidades es < 1.7 km. La media de las diferencias
entre pares de haplotipos de Cytb fue de p=4.23 y de COI fue de p = 3.14. La red estadisticamente
parsimoniosa de COIl (n = 15; 650 pb) tiene un maximo de 18 mutaciones y cinco haplotipos (35.3
%) registrados en una sola localidad (Anexo 1C; no se muestra figura).
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Figura 2. Red estadisticamente parsimoniosa de Cytb para 800 pb. El tamafo de los circulos corresponde a nimero de
secuencias que sustentan a cada haplotipo. Los haplotipos 2, 3 y 4 distribuidos en Isla Cerralvo (Alvarez-Castafieda y Rios 2011) se
incluyeron en la red pero no fueron tomados en cuenta para el presente estudio.
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Dominancia intraespecifica. Los encuentros agonisticos fueron usualmente momentaneos (1 - 2
s); nunca resultaron en heridas fisicas apreciables. Los andlisis se basaron en los datos obtenidos
después de seis encuentros de ocho diadas de hembras de C. siccus para cada condicién (a, b, cy d)
del primero y segundo experimentos, y después de cuatro encuentros de ocho diadas de C. siccus
para cada condicion (a, b, cy d) del tercer experimento. En los tres experimentos de dominancia
intraespecifica, primero (directa), segundo (a través del tiempo) y tercero (con base en la defensa
del recurso alimenticio) se identificé la dominancia de un individuo sobre otro subordinado desde
el primer encuentro (P < 0.001), en todas las condiciones de cada experimento (Tabla 1).

En las diferentes condiciones del primero y segundo experimento, en los que se evalué el
proceso de familiarizacién, no se observé cambio en las medianas (diferencia de medianas = 5,
P < 0.001) de los comportamientos del individuo dominante y subordinado (Tabla 1). Durante
el segundo experimento, la dominancia de un individuo sobre otro subordinado permanecié
constante a lo largo de seis encuentros (P < 0.001; Tabla 1).

En el primer experimento (dominancia directa) y tercero (dominancia con base en la defensa
del recurso alimenticio) el individuo dominante mostré un intervalo de comportamientos mayor,
a diferencia del individuo subordinado, limitdndose a comportamientos sumisos (Figura 3 y 4,
respectivamente).

Los comportamientos mas frecuentes del individuo dominante fueron conductas agresivas,
conformando el 88 % (primer experimento) y el 95 % (segundo experimento). Los comportamientos mas
frecuentes del individuo subordinado fueron conductas de sumision conformando el 98 % en ambos.
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Figura 3. Frecuencia de comportamientos del individuo dominante (barras negras) y del individuo subordinado (barras
blancas) durante las condiciones del experimento 7 (a: dominancia directa / misma localidad de captura; b: dominancia con proceso
de familiarizaciéon /misma localidad de captura; c: dominancia directa / diferente localidad de captura; d: dominancia con proceso de
familiarizacion / diferente localidad de captura.
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Figura 4. Frecuencia de comportamientos del individuo dominantes (barras negras) y del individuo subordinado (barras
blancas) durante las condiciones del experimento 3 (a: hembras en ayuno de 24 horas; b: hembras alimentadas ad libitum; c: hembra
dominante alimentada ad libitum / hembra subordinada en ayuno de 24 horas; d: hembras alimentadas ad libitum con un macho
presente (comportamientos del macho no incluidos).

En el tercer experimento, dominancia en base a la defensa del recurso alimenticio, se observé
una disminucion de agresividad por parte del individuo dominante con respecto al subordinado
durante la condicién (g; diferencia de medianas = 1, P < 0.001; Tabla 1). En las demdas condiciones
(b, c y d) del tercer experimento, la hembra dominante no presentd variacion en la mediana
= 6 (Tabla 1). Ambas hembras presentaron agresion hacia el macho; éste se limitd a evitar la
agresion, presentando valores de sumision (1 y 2) relacionados con la huida y el movimiento,
respectivamente (datos no mostrados).

Dominancia interespecifica. La masa corporal promedio en gramos y la desviacion estandar de
25 hembras adultas de cada especie, C. arenarius (11.17 + 2.33), C. ammophilus (11.8 £ 3.26), C.
spinatus (13.9 £ 4.37) y C. rudinoris (19.26 + 4.37), demostré que C. siccus (10.6 + 1.44) es la mas
pequena de todas. La masa corporal en gramos de C. siccus no fue estadisticamente diferente con
relacion a la de C. arenarius y C. ammophilus (ANOVA de una via; F=1.511;g.1. =2,72; P=0.227)y
significativamente diferente con relacion a la de C. spinatus y C. rudinoris (F = 41.538; g. . = 2,72; P
< 0.001).

Chaetodipus siccus fue significativamente mas agresiva que las otras cuatro especies (P < 0.001;
Tabla 1), incluso con especies de mayor masa corporal (P < 0.001). No hubo efecto de la masa
corporal (tamafo) en el establecimiento de la jerarquia de dominancia, ni al momento de
defender el recurso alimenticio entre C. siccus y las demads especies. En las cuatro combinaciones
de especies (C. siccus - C. arenarius / C. ammophilus / C. spinatus / C. rudinoris), C. siccus, la mas
pequena, resultd la especie dominante, mostrando conductas agresivas mas frecuentemente que
las demas, al defender el alimento (P < 0.001; Tabla 1). Después de los encuentros (n = 25) de cada
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Tabla 1. Prueba de los signos de Wilcoxon de los individuos dominante y subordinado de los experimentos 1, 3 y 4. Las condiciones
del experimento de dominancia directa fueron: a: entre dos hembras de la misma localidad; b: entre dos hembras de la misma localidad con
un proceso de familiarizacion; ¢: entre dos hembras de diferente localidad; y d: entre dos hembras de diferente localidad con un proceso de
familiarizacion. Las condiciones del experimento de dominancia con base en la defensa del recurso alimenticio fueron: a: entre dos hembras
en ayuno de 24 h; b: entre dos hembras alimentadas ad libitum; c: entre la hembra dominante alimentada ad libitum y la subordinada en ayuno
de 24 h; d: entre dos hembras alimentadas ad libitum con la presencia de un macho. Individuo dominante (D), individuo subordinado (s),
estadistico de referencia (2), nimero de comportamientos observados durante cada condicion (N) y significancia estadistica (P).

Experimento 1 Medianas Prueba de los signos de Wilcoxon
Condicién D s V4 N P
a 6 1 29.177 1195 <0.001
b 6 2 20.849 952 <0.001
c 6 1 27.868 1257 <0.001
d 6 1 25.976 997 <0.001
Experimento 3
a 3 2 23.263 781 <0.001
b 6 1 21.828 824 <0.001
4 6 2 18.053 873 <0.001
d 6 1 17.079 473 <0.001
Experimento 4
C. siccus-C.arenarius
a 3 2 9.702 425 <0.001
b 3 2 7.283 285 <0.001
4 3 2 11.470 400 <0.001
C. siccus-C.ammophilus
a 4 2 12.820 562 <0.001
b 3 2 13.530 540 <0.001
c 3 2 12.504 552 <0.001
C. siccus-C. spinatus
a 3 2 13.249 473 <0.001
b 3 2 11.644 357 <0.001
4 3 2 12.817 498 <0.001
C. siccus-C.rudinoris
a 3 2 7.362 750 <0.001
3 2 6.481 647 <0.001
4 3 2 8.809 868 <0.001

condicidn, C. siccus mostrd un porcentaje mayor de dominancia, porcentaje basado en la suma de
comportamientos de cada diada (Tabla 2).

Discusion
La red estadisticamente parsimoniosa de C. siccus, mostré una marcada estructura genética, con
presencia considerable de haplotipos Unicos. Por otro lado, no se pudo determinar la presencia
de barreras fisicas observables que limiten el flujo genético y, por consiguiente, la disminuciéon en
la panmixia. Se considera que la estructuraciéon genética se produce cuando las subpoblaciones
estan al menos, parcialmente aisladas unas de otras, por ejemplo cuando el parentesco entre
subpoblaciones decrece en funcién de la distancia geografica entre individuos (Wright 1965;

1969; Cutrera et al. 2005; Dubuc-Messier et al. 2012). La ausencia de barreras fisicas o geograficas
visibles, aunado a la alta agresividad de las hembras de C. siccus, permite considerar que el flujo
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Tabla 2. Porcentaje de dominancia presentada por Chaetodipus siccus sobre las cuatro especies (con su respectivo porcentaje de masa
corporal en gramos con respecto a C. siccus; C. arenarius, C. ammophilus, C. spinatus y C. rudinoris), durante los encuentros (n = 25) de las tres
diferentes condiciones del experimento de dominancia con base en la defensa del recurso alimenticio. Condicion a (hembras en ayuno de 24
h), b (ad libitum) y c (hembra dominante ad libitum / subordinada en ayuno de 24 h).

Dominancia de C. siccus sobre:

C. arenarius C. ammophilus C. spinatus C. rudinoris
(105%) (111%) (131%) (181%)
a) ambas ayuno 84 80 72 56
b) ambas ad libitum 72 80 64 64
¢) dominante ad libitum 75 80 88 80

genético dentro de la poblacién puede limitarse por interacciones etoldgicas (Storz 1999; Wang et
al. 2011). Se ha determinado que la estructura también se relaciona estrechamente con procesos
evolutivos fundamentales y con aspectos sociales del comportamiento como especiacion,
dispersion, estrategias de crianza y filopatria (Hamilton 1964; Wright 1965; Wilson 1975; Storz 1999;
Ross 2001). Asi mismo, se considera que los sistemas sociales y la estructura genética tienen una
relacién dindmica (Kappeler y van Schaik 2002), ya que las asociaciones entre individuos pueden
aumentar la relacién genética a nivel local y al mismo tiempo, diferenciar estructuralmente a la
poblacién (Wang et al. 2011).

Estructuras con inusual nimero de haplotipos en areas reducidas de distribucion, han sido
previamente registradas para otros mamiferos. Es el caso del Iémur ratén gris, Microcebus
murinus en el que se detectaron 13 haplotipos mitocondriales (D-loop) en nueve hectdreas y a
partir de 85 individuos (Wimmer et al. 2002). Se argumenta que este patron es resultado de un
caracter filopatrico de las hembras de la especie y flujo genético restringido entre areas. En la rata
Neotoma micropus se identificaron 42 haplotipos mitocondriales (D-loop) en 40 km? a partir de
114 individuos (Méndez-Harclerode et al. 2005). Se argumenta que el patrén genético observado
se debe al flujo limitado entre sitios separados entre dos y cinco kilbmetros. Es interesante sefalar
que en los dos estudios anteriores se utilizé D-loop (0.32 sustituciones/sitio/1 millon de afos;
Sigurdardottir et al. 2000) que tiene una tasa de mutacion en promedio 1.8 veces mas rapida que
el Cytby COI (13 y 42 haplotipos, respectivamente), que es un gen mitocondrial no codificante;
mientras que los resultados para C. siccus corresponden a Cytb (0.176 sustituciones/sitio/1 millén
de anos en Rodentia; Nabholz et al. 2008) y COI (18 % mas lento que Cytb; Lavinia et al. 2016), genes
que si codifican y tienen una tasa de mutacién mas lenta (53 y 15 haplotipos, respectivamente).

La explicacion mas plausible para la estructura genética obtenida para C. siccus es que las
hembras presentan una organizacién filopatrica en la que a partir del establecimiento de jerarquias
de dominancia, defienden el recurso alimento mediante alta agresividad. La existencia de varios
linajes filomaternos restringidos geograficamente, sin barreras fisicas que limiten su dispersion,
propone el hecho de que las hembras no se dispersan, sino que se quedan dentro de un area
geografica muy pequefa. Esto apunta directamente a la presencia de filopatria en las hembras,
la que obedece al conjunto de variables de naturaleza bioldgica, a las restricciones ecolégicas
presentes en el ambiente y a los beneficios que trae consigo la propia filopatria (Solomon
2003). Cuando la filopatria se observa en las poblaciones naturales, existe una agregacién de
hembras cercanamente emparentadas entre si. El hecho de que existan este tipo de relaciones
entre los individuos no supone el libre acceso a recursos o territorios, pero puede aumentar la
sobrevivencia de la poblacion en los ambientes aridos, donde la distribucién de los recursos es
extremadamente irregular. Es por esto que las jerarquias entre individuos resultan esenciales para
el sano mantenimiento de las relaciones sociales (Rowell 1974; Kaufmann 1983).

Las conductas agonisticas son el medio por el cual un individuo mantiene su jerarquia ante
otros, definiendo su acceso preferencial a los recursos (Newmark y Jenkins 2000; Kinahan y Pillay
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2008). En el caso de las hembras de C. siccus, su naturaleza extremadamente agresiva, asi como un
comportamiento evidentemente territorial, posiblemente sean los promotores de la segregacion
de linajes matrilineales. Esta segregacién se comprobd con la identificaciéon de 53y 15 haplotipos
de Cytb y COI respectivamente en ~270 km?, de los cuales 31 (55.3 %) para Cytb y 5 (35.3 %) para
COl resultaron ser Unicos, con una separacion geografica de menos de 2 km y sin barreras fisicas
observables que limiten la dispersidn de los individuos. La media de las diferencias entre pares
de haplotipos en Cytb (u = 4.23) y COI (u = 3.14) sugieren una considerable diferenciacion entre
haplotipos, lo que apoya una estructura al interior de la poblacién de C. siccus.

Las diferencias sexuales de los individuos afectan directamente la estructura genética de las
poblaciones (Chesser et al. 1993; Dixon 2011). Los machos que se dispersan seran los potenciales
responsables del flujo genético, con lo que se mantiene lahomogeneidad. Las hembras filopatricas
serdn las promotoras de discontinuidades genéticas en las poblaciones y de la retencién de los
lazos sociales entre hembras emparentadas, lo que resultara en un sistema matrilineal y matrifocal
(Davis 1984; Dixon 2011). Estas discontinuidades se observan claramente en la distribucién
extremadamente localizada de los linajes matrilineales de C. siccus. Este fendbmeno se ha observado
entre hembras de la ardilla Spermophilus richardsonii (van Staaden et al. 1994, 1996) donde el
caracter filopatrico se traduce en una distribucién geogréfica muy localizada y no al azar de los
linajes matrilineales y los individuos estrechamente emparentados se encuentran espacialmente
cerca unos de otros. Las hembras vecinas tienden a estar mas relacionadas que lo esperado por el
azar, no solo en toda la poblacién, sino también al interior de cada linaje matrilineal.

Los extremos comportamientos agonisticosidentificados entre hembras de C. siccus y discutidos
mas adelante sugieren la presencia de agresividad extrema, incluso entre hembras del mismo
sitio de captura. Esto suscita la presencia de areas de influencia bien delimitadas y dominadas
a lo largo del tiempo por el mismo linaje matrilineal. Resultados similares se han observado
para S. richardsonii (van Staaden et al. 1994, 1996) donde se identificé una mayor superposicion
de territorios de hembras estrechamente emparentadas. No se identificé cooperacién o
coparticipacion de recursos, y cada hembra adulta conservé una zona nucleo y madrigueras
natales separadas (Michener 1983; Innes et al. 2012). Esta clase de comportamientos resultan en
una sociedad basada en pequenos grupos filopatricos que producen discontinuidades genéticas
discretas (van Staaden et al. 1994), como los patrones matrilineales presentados por C. siccus.

La combinacién de los resultados obtenidos en el presente trabajo con lo propuesto en los
estudios anteriormente mencionados, permiten corroborar la presencia de estructura genética
en linajes matrilineales, fendmeno que pueda tener su origen en el comportamiento territorial a
partir de conductas extremadamente agresivas entre hembras de C. siccus. El conjunto de todos
estos rasgos es una firma comun de la presencia de filopatria en hembras.

Los andlisis llevados al cabo permitieron identificar una relacion dominante — subordinado, la
cual permanece constante bajo diferentes condiciones. Esindependiente de lalocalidad de captura
y permanece constante incluso con un proceso de familiarizacién entre hembras. La coexistenciay
el proceso de conocerse unindividuo con otro durante su estadia en las cajas sociales, permitieron
a cada ratén establecer familiaridad con su vecino. La familiaridad es un mecanismo que mitiga la
agresion y promueve la tolerancia mutua entre individuos (Randall 1993; Shier y Randall 2007). En
las hembras de C. siccus, la familiarizacion no parece haber provocado cambio en la dominancia
0 sumision. Asi mismo, los resultados estan en contraposicién a los obtenidos por (Shier y
Randall 2007), quienes reportaron que después de un proceso de familiarizaciéon entre diadas,
las conductas agonisticas disminuyeron, permitiendo una relacién de tolerancia entre individuos.
Esto posiblemente se deba a que el individuo subordinado reconocié su jerarquia frente al
individuo dominante, relacion que se reforzé durante el proceso de familiarizaciéon, mientras el
dominante permitié ciertas conductas al individuo subordinado. La hembra dominante siempre
impondra su jerarquia sobre otra subordinada por medio de conductas agonisticas, pero que no
necesariamente sean enfrentamientos, de manera que se pueda optimizar el gasto de energia
(Silk 2007; Holekamp et al. 2012).
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Es importante sefalar que el enfrentamiento en el que se determina la dominancia es muy
breve (media de ~1.5 s) y después se mantiene. Esto implica que el proceso de dominancia
no tiene un consumo alto de energia y que posterior al establecimiento de ésta, el resto de los
comportamientosdelahembrasubordinadatiendenaserevasivos. Los altos niveles de agresividad
en hembras de C. siccus pueden estar relacionados a un comportamiento marcadamente territorial
y el acaparamiento de los limitados recursos alimenticos presentes en cierta area, con lo que
garantizan su éxito reproductivo.

La familiarizacion entre individuos de la misma localidad de captura parece haber tenido una
ligera influencia en ambos individuos, en comparacién con individuos que no siguieron el proceso
de familiarizacién. La hembra subordinada mostré un intervalo mas amplio de comportamientos,
mientras que la dominante mantuvo su jerarquia. Para hembras de diferente localidad de colecta,
con proceso de familiarizacion, el individuo subordinado presenté un intervalo constante de
comportamientos, mientras que el dominante no disminuyé la agresiéon y mantuvo su jerarquia,
en relacion con las conductas presentadas por hembras sin familiarizacién. Estos datos, en
conjunto, sugieren que la familiarizacion no afecta los niveles de agresividad presentados por los
individuos dominantes.

La dominancia se mantuvo bajo las diferentes condiciones de defensa del recurso alimenticio.
El individuo dominante se enfocé en obtener el recurso y la hembra subordinada circundé
continuamente el area alrededor del alimento intentando hacerse con éste, mientras evito la
agresiondeladominante. Lahembrasubordinadamostré unintervalo mayorde comportamientos.
Solamente en la condicién en que ambas se enfrentaron en ayunas, se observaron variaciones. La
dominante consumié tiempo alimentandose y guardando alimento en los abazones, presentando
menos conductas agresivas. Por otro lado, la subordinada se pudo aproximar mas al alimento,
pero sin comprometer la jerarquia de la dominante.

Experimentos similares a los conducidos en este trabajo, se han empleado para estudiar
comportamientos de dominancia y agresion intraespecificos en heterémidos (e. g. Bleich y Price
1995; Shier y Randall 2007) y en muridos como Microtus ochrogaster (Harper y Batzli 1997). Los
datos obtenidos en los estudios con C. siccus sugieren niveles de agresividad mas altos que los
previamente registrados para la rata canguro Dipodomys merriami (Randall 1989) y pocos o
ningunos comportamientos agonisticos entre hembras de D. merriami (Newmark y Jenkins 2000).
Sin embargo, no hay estudios que mencionen la presencia de jerarquias de dominancia entre los
individuos pertenecientes a este género.

Cuando se incluye al macho en el experimento con C. siccus, ambas hembras exhibieron
intensos comportamientos agonisticos hacia el macho. Estas observaciones refuerzan la idea de
la naturaleza extremadamente agresiva de las hembras. La dominancia basada en altos niveles de
agresividad, parece ser comun entre hembras de Chaetodipus. En contraparte para D. merriami,
los machos dominaron a las hembras (Newmark y Jenkins 2000).

La estructura genética presente en C. siccus es mas compleja que para las otras especies del
género Chaetodipus presentes en el sur de la peninsula de Baja California (Alvarez-Castafieda y Rios
2011; Alvarez-Castafieda y Murphy 2014). Con este criterio se considerd que era necesario saber
el grado de agresividad que puede presentar C. siccus con otras especies el género, considerando
la masa corporal de las especies como unidad de medida de tamano. Los resultados del estudio
demostraron que C. siccus fue mas agresiva que las demas especies, a pesar de que C. rudinoris
practicamente la duplica en peso y tamafno. Se ha detectado agresividad para la mayoria de los
géneros (Dipodomys, Perognathus 'y Liomys) de heterémidos (Eisenberg 1963), es por ello que es
de llamar la atencién que la especie mas pequeina sea la que domine a todas las demas. Por
otra parte, se demuestra que C. siccus es una especie muy agresiva. Es por ello que cada hembra
establece su area de influencia, la cual defiende y no permite el ingreso de otros individuos. Este
hecho debe de influir de manera significativa la dispersion de individuos y por consiguiente, la
limitacion del flujo genético dentro del area de distribucion.
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Esta serie de estudios muestran que las hembras de regiones desérticas con recursos
alimenticios limitados, deben de tener conductas agresivas que permitan mantener sudominancia
sobre otros individuos y especies. Estas agresiones son instantaneas, sin llegar a enfrentamientos
que tengan un alto consumo de energia. La presencia de una serie de celdas o areas de influencia,
donde una hembra es dominante, tiene como resultado una limitada dispersion de las hembras,
y posiblemente también de los machos. El presente estudio etolégico demuestra una gran
agresividad entre hembras, lo que se observa en el establecimiento de jerarquias de dominancia
entre éstas. Tal condicién se puede interpretar como el medio que propicia una marcada
territorialidad femenina, en la que no se permite el libre transito de individuos. Las limitantes
de la dispersion pueden ser un factor importante en la reduccién de la panmixia poblacional de
C. siccus, que, a su vez, puede ser reflejada en la presencia de haplotipos matrilineales aislados y
especificos a ciertas localidades geograficas.
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Anexo 1A. Localidades de colecta visitadas (n = 34) y nimero de haplotipo (Cytb y COI) de
Chaetodipus siccus registrado por localidad.

Numero

de Haplotipo Cytb Haplotipo Localidad; coordenadas
localidad col
1 1,2, 3,4. 1,2, 16. Isla Cerralvo; 24.1555,-109.8692.
2 5,6. 3,4. 8.1 km N, 6.3 km E Los Planes; 24.0377,-109.8729.
3 7,8. 1,5. 7 km N Los Planes; 24.0261, -109.9340.
4 9,10. 9,10. 6 km N, 8 km W Los Planes; 24.0226, -110.0146.
5 6,8,9,11,12,13,14. |1,4,10,11,12.| 6 km N, 2 km E Los Planes; 24.0207,-109.9175.
6 1,6,7,8,9,15,16. 1,4,5. 5.3 km N Los Planes; 24.0152,-109.9334.
7 9,18. 1. 3kmN, 2.6 km W Los Planes; 23.9959, -109.9616.
8 9,17,18, 19, 20. 1,4. Ensenada de Muertos; 23.9992, -109.8269.
9 18, 21. 1,11, 0.5km S, 6.1 km W Los Planes; 23.9625, -109.9978.
10 22,23, 1. 1.3km S, 0.8 km E Los Planes; 23.9549, -109.9278.
11 24. 4, 2.5 km S Los Planes; 23.9446,-109.9363.
12 1,23, 25. 1,8. 3km S, 7 km W Los Planes; 23.9440, -110.0060.
13 9,26, 27. 1. 3.1kmS, 4 km W Los Planes; 23.9371,-109.8971.
14 6,9, 18, 28. 1,4, 14. 3.7kmSS, 1 km W Los Planes; 23.9334, -109.9480.
15 1,9,18, 29,30, 31. 1,4,10,15. 4.3 km S Los Planes; 23.9283,-109.9358.
16 18, 25,32,33,34,35. |1,4,6,7,8,13.|45km S, 1.9 km E Los Planes; 23.9254,-109.9170.
17 1,9,18, 36, 37. 1,4. 5km S, 1.6 km W Los Planes; 23.9232,-109.9535.
18 19, 23, 38. 1,4. 5.7km S, 8 km W Los Planes; 23.9155,-110.0164.
19 9,17,19, 39,40, 41. 1,4,17. 6 km'S, 2.8 km W Los Planes; 23.9130, -109.9073.
20 17,18. 1,4. 6 km'S, 1 km E Los Planes; 23.9138, -109.9307.
21 20,42,43. 1. 7km S, 8 km W Los Planes; 23.9044,-110.016.
22 1,49. 1. 7.4km S, 8.6 km W Los Planes; 23.8990, -110.0218.

18, 31, 44, 45, 46, 47,

23 48. 1,3,4,10. 7.5km S, 7.6 km W Los Planes; 23.9005, -110.0121.
24 5,9,14,23,37. 1,3,4,12 8.7km S, 8 km W Los Planes; 23.8893,-110.0183.
25 39. 1. 9.1km S, 2.9 km W Los Planes; 23.8850, -109.9073.
26 9,18,19,23,3539. |1,4. 9.2km S, 3.1 km W Los Planes; 23.8828, -109.9663.
27 9,18, 39, 50. 1. 10.3kmS, 7.4 km W Los Planes; 23.8742,-110.0091.
28 9,33. 1,7. 10.4km S, 6 km W Los Planes; 23.8728,-109.9914.
29 38. 1. 10.4 km S, 5.5 km W Los Planes; 23.8708, -109.9663.
30 9,18, 36. 1,4. 10.6 km S, 3 km W Los Planes; 23.872916, -109.9906.
31 18,52, 53. 1,7. 11 km S, 8 km W Los Planes; 23.8712,-110.013611.
32 24,35,51, 54. 4, 11km S, 3.7 km W Los Planes; 23.8703, -109.9711.
33 55. 4, 11.5km S, 8.7 km W Los Planes; 23.8635, -110.0209.
34 1,18, 56. 1,4. 11.8 km S, 0.6 km E Los Planes; 23.8598, -109.9300.
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Anexo 1B. Haplotipos de Citocromo b (Cytb), nimero de acceso y localidades (n = 34) de
referencia de los especimenes de Chaetodipus siccus. Las localidades y especimenes se presentan
como (latitud, -longitud; nimero de catalogo CIB).

Haplotipo 1 (GQ241440): Isla Cerralvo (24.1611, -109.8638; 230, 235. 24.1555, -109.8692; 16069.
24.1527, -109.8697; 5594); 5.3 km N Los Planes (24.0152, -109.9334; 19329); 3 km S, 7 km W Los
Planes (23.9440,-110.0060; 19026); 4.3 km S Los Planes (23.9283,-109.9358; 18651, 18659); 5 km S,
1.6 kmW Los Planes (23.9232,-109.9535; 18662); 7.4 km S, 8.6 km W Los Planes (23.8990,-110.0218;
19071, 19073); 11.8km S, 0.6 km E Los Planes (23.8598,-109.9300; 19513). Haplotipo 2 (KT321873):
Isla Cerralvo (24.1555, -109. 8692; 16065, 16070). Haplotipo 3 (KT321874): Isla Cerralvo (24.1555,
-109. 8692; 16066). Haplotipo 4 (KT321875): Isla Cerralvo (24.1555, -109.8692; 16067, 16068).
Haplotipo 5 (KT321876): 8.1 km N, 6.3 km E Los Planes (24.0377,-109.8729; 19304); 8.7 km S, 8 km
W Los Planes (23.8893, -110.0183; 19461). Haplotipo 6 (KT321877): 8.1 km N, 6.3 km E Los Planes
(24.0377,-109.8729; 19305); 6 km N, 2 km E Los Planes (24.0207,-109.9175; 19314); 5.3 km N Los
Planes (24.0152, -109.9334; 19323); 3.7 km S, 1 km W Los Planes (23.9334, -109.9480; 19259).
Haplotipo 7 (KT321878): 7 km N Los Planes (24.0261, -109.9340; 19306); 5.3 km N Los Planes
(24.0152, -109.9334; 19321). Haplotipo 8 (KT321879): 7 km N Los Planes (24.0261, -109.9340;
19307); 6 km N, 2 km E Los Planes (24.0207,-109.9175; 19308, 19310, 19313); 5.3 km N Los Planes
(24.0152, -109.9334; 19325). Haplotipo 9 (KT321880): 6 km N, 8 km W Los Planes (24.0226,
-110.0146; 18998, 19000); 6 km N, 2 km E Los Planes (24.0207, -109.9175; 19315); 5.3 km N Los
Planes (24.0152,-109.9334; 19327); Ensenada de Muertos (23.9992, -109.8269; 5600); 3 km N, 2.6
km W Los Planes (23.9959, -109.9616; 19014); 3.1 km S, 4 km W Los Planes (23.9371, -109.8971;
19337); 3.7 km S, 1 km W Los Planes (23.9334, -109.9480; 19339); 4.3 km S Los Planes (23.9283,
-109.9358; 15423; 18655, 18656, 18657); 5 km S, 1.6 km W Los Planes (23.9232, -109.9535; 19388);
6 km S, 2.8 km W Los Planes (23.9130, -109.9073; 19441, 19445); 8.7 km S, 8 km W Los Planes
(23.8893,-110.0183; 19466); 9.2 km S, 3.1 km W Los Planes (23.8828, -109.9663; 19477); 10.3 km S,
7.4kmW Los Planes (23.8742,-110.0091; 19492); 10.6 km S, 3 km W Los Planes (23.8729, -109.9906;
19104); 10.4km S, 6 kmW Los Planes (23.8728,-109.9914; 19496, 19497). Haplotipo 10 (KT321881):
6 km N, 8 km W Los Planes (24.0226, -110.0146; 18999). Haplotipo 11 (KT321882):6 km N, 2 km E
Los Planes (24.0207,-109.9175; 19309, 19312). Haplotipo 12 (KT321883):6 km N, 2 km E Los Planes
(24.0207, -109.9175; 19311). Haplotipo 13 (KT321884): 6 km N, 2 km E Los Planes (24.0207,
-109.9175; 19316). Haplotipo 14 (KT321885): 6 km N, 2 km E Los Planes (24.0207, -109.9175;
19317); 8.7 km S, 8 km W Los Planes (23.8893,-110.0183; 19463). Haplotipo 15 (KT321886): 5.3 km
N Los Planes (24.0152, -109.9334; 19320). Haplotipo 16 (KT321887): 5.3 km N Los Planes (24.0152,
-109.9334; 19322). Haplotipo 17 (KT321888): Ensenada de Muertos (23.9992, -109.8269; 5601,
5603, 5604); 6 km S, 1 km E Los Planes (23.9138, -109.9307; 17405); 6 km S, 2.8 km W Los Planes
(23.9130,-109.9073; 19447). Haplotipo 18 (KT321889): Ensenada de Muertos (23.9992, -109.8269;
5602, 5614); 3 km N, 2.6 km W Los Planes (23.9959, -109.9616; 19013); 0.5 km S, 6.1 km W Los
Planes (23.9625, -109.9978; 19037); 3.7 km S, 1 km W Los Planes (23.9334, -109.9480; 19342); 4.3
km S Los Planes (23.9283,-109.9358; 15421, 18654, 18658, 18661); 4.5 km S, 1.9 km E Los Planes
(23.9254,-109.9170; 18669); 5 km S, 1.6 km W Los Planes (23.9232,-109.9535; 19387); 6 km S, 1 km
E Los Planes (23.9138,-109.9307; 17404); 7.5 km S, 7.6 km W Los Planes (23.9005,-110.0121; 19451,
19452);9.2km S, 3.1 km W Los Planes (23.8828,-109.9663; 19470, 19476); 10.3 km S, 7.4 km W Los
Planes (23.8742,-110.0091; 19489, 19490, 19494); 10.6 km S, 3 km W Los Planes (23.8729,-109.9906;
19105); 11 km S, 8 km W Los Planes (23.8712, -110.0136; 19127); 11.8 km S, 0.6 km E Los Planes
(23.8598,-109.9300; 19511). Haplotipo 19 (KT321890): Ensenada de Muertos (23.9992, -109.8269;
5611); 5.7 km S, 8 km W Los Planes (23.9155, -110.0164; 19051); 6 km S, 2.8 km W Los Planes
(23.9130,-109.9073; 19439); 9.2 km S, 3.1 km W Los Planes (23.8828, -109.9663; 19479). Haplotipo
20 (KT321891): Ensenada de Muertos (23.999222, -109.8269; 5613); 7 km S, 8 km W Los Planes
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(23.9044, -110.016; 19066). Haplotipo 21 (KT321892): 0.5 km S, 6.1 km W Los Planes (23.9625,
-109.9978; 19035, 19036). Haplotipo 22 (KT321893): 1.3 km S, 0.8 km E Los Planes (23.9549,
-109.9278; 19331). Haplotipo 23 (KT321894): 1.3 km S, 0.8 km E Los Planes (23.9549, -109.9278;
19332);3km S, 7 kmW Los Planes (23.9440,-110.0060; 19025); 5.7 km S, 8 km W Los Planes (23.9155,
-110.0164; 19050); 8.7 km S, 8 km W Los Planes (23.8893,-110.0183; 19464, 19467); 9.2 km S, 3.1 km
W Los Planes (23.8828, -109.9663; 19474). Haplotipo 24 (KT321895): 2.5 km S Los Planes (23.9446,
-109.9363; 19334); 11 km S, 3.7 km W Los Planes (23.8703, -109.9711; 19117). Haplotipo 25
(KT321896): 3 km S, 7 km W Los Planes (23.9440, -110.0060; 19027); 4.5 km S, 1.9 km E Los Planes
(23.9254, -109.9170; 18668). Haplotipo 26 (KT321897): 3.1 km S, 4 km W Los Planes (23.9371,
-109.8971; 19335). Haplotipo 27 (KT321898): 3.1 km S, 4 km W Los Planes (23.9371, -109.8971;
19336). Haplotipo 28 (KT321899): 3.7 km S, 1 km W Los Planes (23.9334, -109.9480; 19343).
Haplotipo 29 (KT321900): 4.3 km S Los Planes (23.9283, -109.9358; 15422, 18660). Haplotipo 30
(KT321901): 4.3 km S Los Planes (23.9283, -109.9358; 18650, 18652). Haplotipo 31 (KT321902): 4.3
km S Los Planes (23.9283, -109.9358; 18653); 7.5 km S, 7.6 km W Los Planes (23.9005, -110.0121;
19459). Haplotipo 32 (KT321903): 4.5 km S, 1.9 km E Los Planes (23.9254, -109.9170; 18664).
Haplotipo 33 (KT321904): 4.5 km S, 1.9 km E Los Planes (23.9254, -109.9170; 18665); 10.4 km S, 6
km W Los Planes (23.8728, -109.9914; 19495). Haplotipo 34 (KT321905): 4.5 km S, 1.9 km E Los
Planes (23.9254, -109.9170; 18666). Haplotipo 35 (KT321906): 4.5 km S, 1.9 km E Los Planes
(23.9254,-109.9170; 18667);9.2km S, 3.1 km W Los Planes (23.8828,-109.9663;19471); 11 km S, 3.7
km W Los Planes (23.8703, -109.9711; 19116). Haplotipo 36 (KT321907): 5 km S, 1.6 km W Los
Planes (23.9232, -109.9530; 18663); 10.6 km S, 3 km W Los Planes (23.8729, -109.9906; 19106).
Haplotipo 37 (KT321908): 5 km S, 1.6 km W Los Planes (23.9232,-109.9530; 19386); 8.7 km S, 8 km
W Los Planes (23.8893,-110.0183; 19465). Haplotipo 38 (KT321909): 5.7 km S, 8 km W Los Planes
(23.9155, -110.0164; 19049); 10.4 km S, 5.5 km W Los Planes (23.8708, -109.9663; 19085, 19086).
Haplotipo 39 (KT321910): 6 km S, 2.8 km W Los Planes (23.9130,-109.9073; 19436); 9.1 km S, 2.9 km
W Los Planes (23.8850,-109.9073; 19468, 19469);9.2 km S, 3.1 km W Los Planes (23.8828,-109.9663;
19478); 10.3 km S, 7.4 km W Los Planes (23.8742, -110.0091; 19486). Haplotipo 40 (KT321911): 6
km S, 2.8 km W Los Planes (23.9130,-109.9073; 19440). Haplotipo 41 (KT321912):6 km S, 2.8 kmW
Los Planes (23.9130, -109.9073; 19442). Haplotipo 42 (KT321913): 7 km S, 8 km W Los Planes
(23.9044,-110.016; 19067). Haplotipo 43 (KT321914):7km S, 8 km W Los Planes (23.9044,-110.016;
19068). Haplotipo 44 (KT321915): 7.5 km S, 7.6 km W Los Planes (23.9005, -110.0121; 19453).
Haplotipo 45 (KT321916): 7.5 km S, 7.6 km W Los Planes (23.9005,-110.0121; 19454). Haplotipo 46
(KT321917): 7.5 km S, 7.6 km W Los Planes (23.9005, -110.0121; 19455). Haplotipo 47 (KT321918):
7.5kmS, 7.6 km W Los Planes (23.9005,-110.0121; 19456). Haplotipo 48 (KT321919):7.5km S, 7.6
km W Los Planes (23.9005, -110.0121; 194609). Haplotipo 49 (KT321920): 7.4 km S, 8.6 km W Los
Planes (23.8990, -110.0218; 19072). Haplotipo 50 (KT321921): 10.3 km S, 7.4 km W Los Planes
(23.8742, -110.0091; 19491). Haplotipo 51 (KT321922): 11 km S, 3.7 km W Los Planes (23.8703,
-109.9711; 19508). Haplotipo 52 (KT321923): 11 km S, 8 km W Los Planes (23.8712, -110.0136;
19126). Haplotipo 53 (KT321924): 11 km S, 8 km W Los Planes (23.8712, -110.0136; 19128).
Haplotipo 54 (KT321925): 11 km S, 3.7 km W Los Planes (23.8703,-109.9711; 19118). Haplotipo 55
(KT321926): 11.5 km S, 8.7 km W Los Planes (23.8635, -110.0209; 17406). Haplotipo 56 (KT321927):
11.8km S, 0.6 km E Los Planes (23.8598,-109.9300; 19512).
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Anexo 1C. Haplotipos de Citocromo ¢ oxidasa subunidad | (COI), nimero de acceso de y
localidades (n = 34) de referencia de los especimenes de Chaetodipus siccus. Las localidades y
especimenes se presentan como (latitud, -longitud; nimero de catalogo CIB).

Haplotipo 1 (KT321928): Isla Cerralvo (24.1555, -109.8692; 5594, 16065, 16066, 16069, 16070);
7 km N Los Planes (24.0261, -109.9340; 19307); 6 km N, 8 km W Los Planes (24.0226, -110.0146;
18998, 19000); 6 km N, 2 km E Los Planes (24.0207, -109.9175; 19308, 19310; 19315); 5.3 km N
Los Planes (24.0152, -109.9334; 19325, 19327, 19329); 3 km N, 2.6 km W Los Planes (23.9959,
-109.9616; 19013, 19014); Ensenada de Muertos (23.9992, -109.8269; 5600, 5602, 5613, 5614); 0.5
km 'S, 6.1 km W Los Planes (23.9625, -109.9978; 19037); 1.3 km S, 0.8 km E Los Planes (23.9549,
-109.9278; 19332); 3 km S, 7 km W Los Planes 23.9440, -110.0060; 19025, 19026); 3.1 km S, 4 km
W Los Planes (23.9371, -109.8971; 19335, 19336, 19337); 3.7 km S, 1 km W Los Planes (23.9334,
-109.9480; 19339); 4.3 km S Los Planes (23.9283, -109.9358; 15421, 15423, 18651, 18654, 18655,
18656, 18657, 18658, 18659, 18661); 4.5 km S, 1.9 km E Los Planes (23.9254, -109.9170; 18669); 5
km'S, 1.6 km W Los Planes (23.9232,-109.9535; 18662, 19387, 19388); 5.7 km S, 8 km W Los Planes
(23.9155,-110.0164; 19049, 19050); 6 km S, 2.8 km W Los Planes (23.9130,-109.9073; 19440, 19441,
19442, 19445); 6 km S, 1 km E Los Planes (23.9138, -109.9307; 17404); 7 km S, 8 km W Los Planes
(23.9044, -110.0167; 19066, 19067, 19068); 7.4 km S, 8.6 km W Los Planes (23.8990, -110.0218;
19071, 19072, 19073); 7.5 km S, 7.6 km W Los Planes (23.9005, -110.0121; 19451, 19452, 19453,
19455); 8.7 km S, 8 km W Los Planes (23.8893,-110.0183; 19464, 19466, 19467); 9.1 km S, 2.9 km W
Los Planes (23.8850, -109.9073; 19468, 19469); 9.2 km S, 3.1 km W Los Planes (23.8828, -109.9663;
19470, 19477, 19478); 10.3 km S, 7.4 km W Los Planes (23.8742, -110.0091; 19486, 19490, 19492,
19494); 10.4 km S, 5.5 km W Los Planes (23.8708, -109.9663; 19085, 19086); 10.4 km S, 6 km W
Los Planes (23.8728, -109.9914; 19496, 19497); 10.6 km S, 3 km W Los Planes (23.8729, -109.9906;
19104, 19105); 11 km S, 8 km W Los Planes (23.8712,-110.0136; 19127, 19128); 11.8 km S, 0.6 km E
Los Planes (23.8598,-109.9300; 19511). Haplotipo 2 (KT321929): Isla Cerralvo (24.1555,-109.8692;
16067, 16068). Haplotipo 3 (KT321930): 8.1 km N, 6.3 km E Los Planes (24.0377,-109.8729; 19304);
7.5kmS, 7.6 km W Los Planes (23.9005,-110.0121; 19460); 8.7 km S, 8 km W Los Planes (23.8893,
-110.0183; 19461). Haplotipo 4 (KT321931): 8.1 km N, 6.3 km E Los Planes (24.0377, -109.8729;
19305); 6 km N, 2 km E Los Planes (24.0207, -109.9175; 19316); 5.3 km N Los Planes (24.0152,
-109.9334; 19320, 19322, 19323); Ensenada de Muertos (23.9992, -109.8269; 5601, 5603, 5611);
2.5 km S Los Planes (23.9446,-109.9363; 19334); 3.7 km S, 1 km W Los Planes (23.9334, -109.9480;
19259); 4.3 km S Los Planes (23.9283, -109.9358; 15422, 18660); 4.5 km S, 1.9 km E Los Planes
(23.9254, -109.9170; 18667); 5 km S, 1.6 km W Los Planes (23.9232, -109.9535; 18663, 19386);
5.7 km S, 8 km W Los Planes (23.9155, -110.0164; 19051); 6 km S, 2.8 km W Los Planes (23.9130,
-109.9073; 19439, 19447); 6 km S, 1 km E Los Planes (23.9138,-109.9307; 17405); 7.5 km S, 7.6 km
W Los Planes (23.9005,-110.0121; 19454, 19456); 8.7 km S, 8 km W Los Planes (23.8893,-110.0183;
19465); 9.2 km S, 3.1 km W Los Planes (23.8828, -109.9663; 19471, 19479); 10.6 km S, 3 km W Los
Planes (23.8729, -109.9906; 19106); 11 km S, 3.7 km W Los Planes (23.8703, -109.9711; 19116,
19117,19118); 11.5 km S, 8.7 km W Los Planes (23.8635, -110.0209; 17406); 11.8 km S, 0.6 km E Los
Planes (23.8598,-109.9300; 19512). Haplotipo 5 (KT321932): 7 km N Los Planes (24.0261,-109.9340;
19306); 5.3 km N Los Planes (24.0152,-109.9334; 19321); 10.3 km S, 7.4 km W Los Planes (23.8742,
-110.0091; 19491). Haplotipo 6 (KT321933): 4.5 km S, 1.9 km E Los Planes (23.9254, -109.9170;
18664). Haplotipo 7 (KT321934):4.5km S, 1.9 km E Los Planes (23.9254,-109.9170; 18665); 10.4 km
S, 6 km W Los Planes (23.8728,-109.9914; 19495); 11 km S, 8 km W Los Planes (23.8712,-110.0136;
19126). Haplotipo 8 (KT321935): 3 km S, 7 km W Los Planes (23.9440, -110.0060; 19027); 4.5 km
S, 1.9 km E Los Planes (23.9254, -109.9170; 18668). Haplotipo 9 (KT321936): 6 km N, 8 km W Los
Planes (24.0226,-110.0146; 18999). Haplotipo 10 (KT321937): 6 km N, 2 km E Los Planes (24.0207,
-109.9175; 19309, 19312); 4.3 km S Los Planes (23.9283,-109.9358; 18653); 7.5 km S, 7.6 km W Los
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Planes (23.9005,-110.0121; 19459). Haplotipo 11 (KT321938): 6 km N, 2 km E Los Planes (24.0207,
-109.9175; 19311); 0.5 km S, 6.1 km W Los Planes (23.9625, -109.9978; 19035, 19036). Haplotipo
12 (KT321939):6 km N, 2 km E Los Planes (24.0207,-109.9175; 19317); 8.7 km S, 8 km W Los Planes
(23.8893, -110.0183; 19463). Haplotipo 13 (KT321940): 4.5 km S, 1.9 km E Los Planes (23.9254,
-109.9170; 18666). Haplotipo 14 (KT321941): 3.7 km S, 1 km W Los Planes (23.9334, -109.9480;
19343). Haplotipo 15 (KT321942): 43 km S Los Planes (23.9283, -109.9358; 18650, 18652).
Haplotipo 16 (KT321943): Isla Cerralvo (24.1555, -109.8692; 233). Haplotipo 17 (KT321944): 6 km
S, 2.8 km W Los Planes (23.9130, -109.9073; 19438).

Anexo 1D. Lista de ejemplares empleados en los experimentos etoldgicos, localidad de colecta
y numero de catalogo CIB.

Dominancia intraespecifica: C. siccus, 5 km S, 1.6 km W Los Planes, B. C. S. (23.9232 N, -109.9535
W), 22337-22341, 27290-27295, 27299-27301, 27303-27304 CIB; 6 km S, 2.8 km W Los Planes, B.
C.S.(23.9130 N, -109.9073 W) 22342-22349, 27275, 27277,27281-27283, 27285 27288-27389 CIB.

Dominancia interespecifica: C. siccus, 5 km S, 1.6 km W Los Planes, B. C.S. (23.9232 N, -109.9535 W),
22336, 23090-23093, 23100-23101; 3 km S, 7 km W Los Planes, B. C. S. (23.929440 N, -110.0060 W),
23164-23166; 6 km S, 2.8 km W Los Planes, B. C. S. (23.9130 N, -109.9073 W), 22350, 27550. 27639-
27646 CIB). C. arenarius: 3 km N, 7.7 km W Las Paz, B.C.S (24.1689 N, -110.3895 W), cinco ejemplares
capturados y liberados. C. ammophilus: 5 km N, 19.4 km W La Paz, B. C. S. (24.1884 N, -110.5030
W), cinco ejemplares capturados y liberados. C. spinatus: 5 km S, 1.6 km W Los Planes, B. C. S.
(23.9232 N, -109.9535 W), conco ejemplares capturados y liberados. C. rudinoris, 5km S, 1.6 km W
Los Planes, B. C. S. (23.9232 N, -109.9535 W), cinco ejemplares capturados y liberados.
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Changes in the landscape due to habitat loss and fragmentation interact with ecological processes of populations,
and define the local population abundance. We evaluated the relationship between the abundance of two common
marsupials, Didelphis marsupialis (common opossum) and Didelphis virginiana (Virginia opossum), and landscape
features in different levels of disturbance at Chiapas, the Highlands and the Central Depression. The goal was to identify
effects of changes in the landscape in their populations. Based on the biological characteristics of D. marsupialis and D.
virginiana our expectation was to observe higher abundance of opossums in areas with intermediate disturbance. At
the same time, establish a relationship between the landscape composition and the abundance of both species. We
placed 48 Tomahawk traps in three disturbance levels of the landscape. Within each disturbance level we obtained
the structure and composition of the landscape. The abundance of each species was considered as the number of
individuals captured. A relative abundance index was estimated from individuals captured by night traps. The influence
of the disturbance levels, the landscape, structure, and composition in the abundance of each species was evaluated
using multiple regression and generalized lineal model. The average abundance of Didelphis spp. was higher in the
Central Depression (5.56 individuals, SD = 4.82). Didelphis marsupialis was captured only in low disturbance with an
average of 0.56 individuals (SD = 1.04; Figure 2a), while D. virginiana was captured in the three levels of disturbance with
an average of 3.56 individuals (SD = 3.88; Figure 2b). The presence of D. marsupialis was influenced by the number of
patches (NP; P=0.003), while for D. virginiana landscape index was not associated with its presence (Table 2). Our results
suggest that the abundance of D. marsupialis and D. virginiana was not influenced by level of disturbance. However,
D. marsupialis was related to the number of patches and conserved areas; while D. virginiana was not affected by the
landscape attributes evaluated, i. e. composition and configuration, indicating that Virginia opossum can established
relatively abundant populations in landscapes highly disturbed. This study contributes to the understanding of the
effects of changes in the landscape in common species in Mexico due to human activities.

Key words: common species; Didelphis; habitat loss; landscape; landscape fragmentation; mammals.

Los cambios en el paisaje debido a la pérdida y fragmentacidn del hébitat interactian con procesos ecolégicos
poblacionales y definen la abundancia poblacional local. Se evaluaron las relaciones entre la abundancia de dos
marsupiales comunes, Didelphis marsupialis (tlacuache comun) y Didelphis virginiana (tlacuache de Virginia), y los
atributos del paisaje en diferentes niveles de disturbio en Chiapas, Los Altos y la Depresién Central. El objetivo fue
identificar efectos de cambios del paisaje sobre sus poblaciones. Con base en las caracteristicas bioldgicas de D.
marsupialis y D. virginiana, nuestra hipotesis fue observar una mayor abundancia de tlacuaches en areas con disturbio
intermedio. Al mismo tiempo, establecer una relacién entre la composicién del paisaje y la abundancia de ambas
especies. Se colocaron 48 trampas Tomahawk en tres niveles de disturbio. De cada nivel de disturbio se obtuvo la
estructura y composicion del paisaje. La abundancia por especie fue considerada como el nimero de individuos
capturados. El indice de abundancia relativa fue estimado mediante los individuos capturados por trampas noches. La
influencia del nivel de disturbio, paisaje, composicién y estructura en la abundancia para cada especie se estim6 a partir
de regresiones multiples y modelos lineales generalizados. La abundancia promedio de Didelphis sp. fue mayor en la
Depresion Central (5.56 individuos, DE = 4.82). Didelphis marsupialis fue capturada solo en condiciones de bajo disturbio
con un promedio de 0.56 individuos (DE = 1.04; Figura 2a), mientras que D. virginiana fue capturada en los tres niveles de
disturbio con un promedio de 3.56 individuos (DE = 3.88; Figura 2b). El nUmero de parches (NP) influyd en la presencia
de D. marsupialis (P = 0.003), en tanto que para D. virginiana ningun indice del paisaje se asocié con su presencia (Tabla
2). Nuestros resultados sugieren que el nivel de disturbio no influye en la abundancia de D. marsupialis y D. virginiana.
Sin embargo, D. marsupialis se relaciond con el nimero de parchesy dreas conservadas; en tanto que D. virginiana no fue
afectada por los atributos del paisaje evaluados, i. e. composicion y configuracion, indicando que el tlacuache de Virginia
puede establecer poblaciones relativamente abundantes en paisajes altamente perturbados. Este estudio contribuye
al conocimiento de los efectos de los cambios en el paisaje por actividades humanas en especies comunes en México.
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ABUNDANCE OF DIDELPHIS SPP. IN MODIFIED LANDSCAPES

Introduction

Landscape composition influences ecological processes at local and population levels (MacAlpine
et al. 2015). It is now possible to obtain a quantitative characterization of landscape attributes
and, with this, assess the effects of landscape modification on diversity patterns at different
geographical scales (Fan and Myin 2014). Landscape heterogeneity plays a role in the complexity
of biotic and abiotic interactions in a particular area. The landscape unit has two basic attributes:
composition and configuration. Landscape composition involves the number of components
(types of coverage) and the relative contribution of each, while configuration denotes the spatial
arrangement of those components within the landscape. Modified landscapes are a mixture of
natural and anthropogenic components, characterized by a high heterogeneity derived primarily
from changes in land use (Flick et al. 2012); however, landscapes where natural components have
been completely eliminated, such as cities and towns, show very low heterogeneity and offer
precarious conditions for the establishment of wild species (Schooley and Branch 2011; Garmendia
etal. 2013).

Changes in the geographical distribution, abundance and isolation of populations of wild
species are among the most noticeable consequences of landscape modification (Hughes et al.
2003; Lindenmayer et al. 2008; Spear et al. 2010). From an ecological perspective, ecosystem
disturbance and fragmentation are considered to be particularly detrimental for many terrestrial
mammals, since these are highly vulnerable to land-use changes (Gorresen and Willig 2004). In
contrast, it is believed that environments modified as a result of human activities provide a greater
availability and quality of resources for disturbance-tolerant mammals, thus leading to an increase
in their local abundance and the expansion of their populations (Gaston et al. 2000; Cruz-Salazar
et al. 2014). Both approaches consider that population viability in modified landscapes depends
on the intensity and permanence of landscape modification. The establishment of urban centers
and large monoculture areas are the anthropogenic disturbances with the strongest effect on the
permanence of wild species (Braunisch et al. 2010; Bruggeman et al. 2010; Schooley and Branch
2011; Garmendia et al. 2013).

Abundance is a population attribute of species that responds immediately to the effect of
landscape modification in both generalist and specialist species (Gaston 2010). Generalist species
are able to partially or entirely replace their original habitat by a modified one (Lindenmayer et al.
2000); therefore, landscape fragmentation and habitat loss are considered to have no negative
effects on their populations (Markovchick-Nicholls et al. 2007). Didelphis marsupialis (common
opossum) and D. virginiana (Virginia opossum) are common and extremely adaptable marsupials,
being both generalists and opportunistic (Adler 1997; Cabello 2006; Markovchick-Nicholls et al.
2007). Both species have a high dispersal capacity (5.7 km for D. virginiana, and > 1 km for D.
marsupialis; Gillette 1980; Sunquist et al. 1987), are promiscuous and nomadic, and thus maintain
genetically related populations even in fragmented landscapes (Beatty et al. 2012; Hennessy et al.
2015).

Despite the ecological importance of these marsupials (e. g., for seed dispersal, regulation of
insect abundance, potential preys) and their relevance for conservation as members of a mammal
group scarcely represented in Mexico (Medina-Romero et al. 2012), little progress has been made
in the knowledge of their abundance and the effects of landscape structure and composition
in Mexico. Studies on D. marsupialis have focused on the southern part of its distribution range
(Centraland South America; Adler et al. 1997; Caceres and Monteiro-Filho 1998; Kelly and Caro 2003;
Orjuela and Jiménez 2004; Lambert et al. 2005; Cabello 2006). In the case of D. virginiana, studies
have focused on the northern portion of its distribution range (North America; Kanda et al. 2005;
Markovchick-Nicholls et al. 2007; Kanda et al. 2009; Beasley et al. 2010; Beatty et al. 2012; Wright
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etal. 2012; Beatty et al. 2014; Hennessy et al. 2015). In Mexico, general life history characteristics
of its (Colchero et al. 2005; Zarza and Medellin 2005), feeding habits and reproduction (Oceguera-
Gonzdlez and Gonzélez-Romero 2008), bar codes (Cervantes et al. 2010), phylogeny (Medina-
Romero et al. 2012), local abundance and genetic diversity (Cruz-Salazar et al. 2014; 2016) have
been studied.

The aim of this study was to analyze the effect of the physical configuration and structure of
landscape on the abundance of D. marsupialis and D. virginiana, with particular emphasis on the
extent of landscape disturbance, as well as to determine whether their abundance increases with
the level of landscape disturbance and how this varies for each species. Based on previous studies
that identify D. marsupialis and D. virginiana as synanthropic species (Hennessy et al. 2015) and
that the greatest diversity of food and shelter occurs in moderately disturbed areas (Kanda et al.
2009; Beatty et al. 2014), an additional aim was to establish the relationship between opossum
abundance and landscape composition.

Materials and Methods

Study area. The study was conducted in two landscapes located in two distinct regions of the
State of Chiapas: the Highlands (Los Altos de Chiapas) and the Central Depression (Depresion
Central; Figure 1). Dominant plant communities in the Highlands are pine (Pinus) and oak (Quercus)
forests (Ramirez-Marcial et al. 2001; Gonzalez-Espinosa et al. 2005; Gonzalez-Espinosa et al. 2008).
Oak forests are constantly exposed to fragmentation and replacement by cropland (maize,
vegetables, flowers, fruit trees). These changes produce a landscape composed of secondary
plant communities, extensive livestock raising and human settlements (Gonzalez-Espinosa et
al. 2005). The dominant vegetation in the Central Depression is tropical, low-stature deciduous
forest and medium-stature semi-evergreen forest (Rocha-Loredo et al. 2010). The main land uses
include extensive livestock raising, fuelwood collection, agriculture (maize, vegetables, fruit trees)
and induced grassland (Ramirez-Albores 2010). These landscapes were selected based on the
knowledge of their respective levels of mammalian diversity (Naranjo et al. 2013), the presence
of both opossum species (Naranjo et al. 2005), and the fragmentation processes associated with
land-use change (Gonzalez-Espinosa et al. 2005; Rocha-Loredo et al. 2010).

Disturbance levels. Three disturbance levels were selected in each landscape based on the matrix
composition: L1, low disturbance, area consisting of a matrix of relatively continuous forest, with
little or no influence of anthropogenic activities, or where such activities had been suspended
for at least the last 15 years. The vegetation is undergoing a natural regeneration process. L2,
moderate disturbance, this area includes both natural and anthropogenic elements, the matrix
comprises productive activities, fragments of urban areas (housing, infrastructure), patches of
native vegetation and vegetation in an early successional stage (acahual). L3, high disturbance,
composed of an almost completely urbanized matrix plus areas with anthropogenic infrastructure
(buildings, recreational activities, occupational activities, education and/or transportation). These
areasinclude introduced and ornamental vegetation. From each disturbance level, three sampling
sites or landscape windows were obtained (3 replicates x 3 disturbance levels per landscape),
provided these shared similar characteristics in terms of land use and fragmentation.

In the Highlands, low-disturbance (L1) sampling sites were Cerro Corral de Piedra (CP), Cerro
Huitepec Biological Reserve (RH), and Moxviquil Biological Reserve (RM). Moderate disturbance
(L2): ElI Aguaje village (PA), San Isidro Las Huertas village (SI), and village km 36 on the Tuxtla
Gutiérrez-San Cristébal de Las Casas highway, Chiapas (PK). High disturbance (L3): San Cristobal
de Las Casas Municipal Cemetery (PM), San Cristébal de Las Casas Municipal Sports Center (CD),
and Colegio de la Frontera Sur, in the same municipality (EC; Figure 1a).

In the Central Depression, the low-disturbance (L1) sampling sites were: Coquelexquitzan
hill (CC), Ravine km-12 on the Tuxtla Gutiérrez-San Cristobal de Las Casas highway, Chiapas (CA),
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and La Pera, Berriozabal (LP). Moderate disturbance (L2): Perseverancia Ranch (RP), al Sol Ranch
(RS) and the Tuxtla Gutierrez campus of Instituto Tecnolégico de Monterrey, Chiapas (TM). High
disturbance (L3): Oriente Park (PO), Joyo Mayu Park (PJ), and Tuxtla Gutierrez Regional Technology
Center, Chiapas (TR; Table 1; Figure 1b).

Field work. In each sampling site, 48 sardine-baited (15.2 X 15.2 X 48 cm) Tomahawk traps were
placed in a radial arrangement, separated by 20 m from each other, within a total area of 289.5 ha
for four consecutive nights (Adler et al. 1997). Sampling was carried out from March through June
2011 and from March through June 2012. The sampling effort was: 192 trap-nights per site, 576
trap-nights per disturbance level (in each landscape), and 1,728 trap-nights per landscape. Each
specimen captured was determined taxonomically based on its length of the dark area of the
tail, cheek and pectoral coloration, (Gardner 1973; McManus 1974; Aranda 2000). The standard
biological attributes (i. e, sex, external measurements, weight) of each specimen were determined,
along with its geographical sampling location; the specimens were subsequently released.

Satellite imagery classification. To evaluate the structure and composition of each landscape,
SPOT 5 HRG satellite images were used: Two 2008 scenes for the Highlands and two 2011 scenes
for the Central Depression. The spatial resolution of these multispectral images was 10 m. The
images were registered using an orthorectification standard in order to analyze multiple images
in a mosaic and make them compatible with other spatial data (Cuartero and Felicisimo 2003).
Images were orthorectified using their orbital parameters and a 15 m Digital Elevation Model
(DEM) by INEGI for the study area. The Nearest Neighbor method was used for resampling both
the images and the DEM; geoidal undulations were corrected based on the central coordinates
of each image. The Mexican Gravimetric Geoid (GGM10) model and the current official reference
frame (ITRF08, epoch 2010.0) mandated by the Instituto Nacional de Estadistica y Geografia (INEGI
2013) were used. The absolute accuracy of geoid heights in the GGM10 model was estimated as a
20 cm (Mean Squared Error). Geoidal undulations for each scene were calculated using the Geoid
Height Interpolation System (SIAG v. 1.1) available at INEGI's website (INEGI 2013). Images were
orthorectified using the ENVI v. 5.1 (EVIS 2013) software, and a mosaic was built from the spatially
corrected images for the two entire areas of interest. Images were visually classified using the
interdependent method (FAO 1996) in ArcGIS v. 10.2 (ESRI 2011). For each vegetation coverage
and land use type considered in the interdependent classification of satellite images, 74 field trips
to the study area were conducted and 234 control points were recorded using the Garmin E-Trex
Global Positioning System (GPS) in the Universal Transverse Mercator (UTM) coordinate system.
Vegetation types or plant formations were described using the classification proposed by Miranda
and Hernandez X (1963); other land coverages and uses were described in terms of the INEGI
(2012)’s classification. Vegetation types and land uses observed in the Highlands were: oak forest,
pine forest, pine-oak forest, oak-pine forest, wetlands, secondary vegetation, grasslands, rain-
fed agriculture, urban areas and areas devoid of vegetation. For the Central Depression these
were: medium-stature semi-deciduous tropical forest, low-stature deciduous tropical forest, water
bodies, secondary vegetation, rain-fed agriculture and urban areas.

Landscape Indices. Sampling sites were geographically located in the landscape; afterwards,
a circular area of 7.07 km? and 1.6 km radius was outlined in each one. Each landscape was
characterized by a total of nine sites (3 replicates x 3 disturbance levels; Figure 1). Landscape
geometry (structure) was described in terms of the number of patches (NP), edge density (ED) and
mean shape index (MSI), while landscape composition was evaluated in terms of the Shannon’s
diversity index (SDI). These indexes were selected because they assess landscape structure and
heterogeneity, both of which may influence the abundance of mammals (Lambert et al. 2005;
Badii and Landeros 2006; Altamirano et al. 2012; Garmendia et al. 2013; Appendix 1). Landscape
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characterization was carried out with the ArcGIS v. 10.2 software (ESRI 2011). Landscape indexes
were calculated using the Patch Analyst plug-in for ArcGIS v. 10.2 (Rempel et al. 2012).

Analysis. Abundance was defined as the number of specimens captured per sampling site; this was
considered as the dependent variable for statistical analyses. Additionally, the relative abundance
index (L) was calculated based on the number of specimens captured per trap per night (Adler
et al. 1997). Potential explanatory variables of the abundance of D. marsupialis and D. virginiana
were disturbance level (low, moderate, high), landscape (the Highlands or Central Depression),
landscape structure and composition, and presence of each species. An analysis of variance was
carried out to determine the dispersion and treatment of the data obtained. The influence of the
disturbance level (low, moderate, high), landscape (the Highlands and Central Depression), and
landscape structure on the species abundance was assessed using multiple linear regression and
generalized linear models. The relationship between abundance and landscape composition was
determined by means of analysis of covariance (ANCOVA) with species as a covariate. To choose the
model that best described the data in terms of the influence of predictive factors (i. e. disturbance
level, landscape, species, landscape attributes) on abundance, the Akaike Information Criterion
(AIC) was used; AIC measures the statistical fit of each model using the formula: AIC=-2In (L) + 2K,
where L is the maximum likelihood of the estimated model, and K is the number of parameters in
the model; the best model is the one that yields the minimum AIC value (Akaike 1974). Due to the
few opossum specimens captured, especially for D. marsupialis, generalized linear models were
fitted to the opossum presence/absence in each vegetation and land-use type considered. Finally,
to determine whether the abundance of one marsupial species depends on the abundance of
the other, linear regressions with binomial error were used. All analyzes were performed with the

statistical program R v. 3 (Team 2013).
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Figure 1. Sampling sites or windows in the landscape for the capture Didelphis marsupialis and Didelphis virginiana in the
Highlands (a) and the Central Depression (b) of Chiapas, Mexico. RH = Cerro Huitepec Biological Reserve, RM = Moxviquil Biological
Reserve, CP = Cerro Corral de Piedra, PA = El Aguaje village, SI = San Isidro Las Huertas village, PK = Village km 36 of the Tuxtla Gutiérrez-
San Cristobal de Las Casas highway, CD = San Cristobal de Las Casas Municipal Sports Center, EC = Colegio de la Frontera Sur, San
Cristobal de Las Casas, PM = San Cristobal de Las Casas Municipal Cemetery, CC = Cerro Coquelexquitzan, CA = ravine km 12 of the
Tuxtla Gutiérrez-San Cristébal de Las Casas highway, LP = La Pera, Berriozabal, RS = Rancho al Sol, RP = Rancho Perseverancia, TM =
Tuxtla Gutierrez campus of Instituto Tecnolégico de Monterrey, PJ = Parque Joyo Mayu, PO = Parque del Oriente, Tr = Tuxtla Gutierrez
Regional Technology Center. The identification data (K - J) for the Central Depression images are: 602-316 and 602-317; for The
Highlands: 603-316; 603-317; 604-316; 604-317 and 605-317.
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Results

A total of 73 opossum specimens were captured: 10 D. marsupialis and 63 D. virginiana. The mean
abundance by region was 2.56 individuals in the Highlands and 0556 individuals in the Central
Depression. D. virginiana was the most abundant species in both landscapes. Four specimens
of D. marsupialis and 19 of D. virginiana were captured in The Highlands; six and 44 specimens,
respectively, were captured in the Central Depression (Table 1).

The mean opossum abundance, i. e. the total number of specimens captured by disturbance
levelin both sites was 3.17 for the low level, 3.83 for the moderate level and 5.17 for the high level. In
the Highlands, values obtained were 5 for the low level, 0.33 for the moderate level and 2.33 for the
high level; in the Central Depression, the corresponding values were 1.33, 7.33 and 8.0, respectively.
The mean abundance by species was 0.56 individuals for D. marsupialis and 3.56 for D. virginiana.

Abundance Distribution of Didelphis marsupialis. This species was captured in sites with high
heterogeneity and high number of fragments (Table 1). As forthe abundance recorded by disturbance
level, in the Highlands only four specimens of D. marsupialis were captured in low disturbance (L1)
sites, while in the Central Depression three specimens were captured in L1 and L2 (Table 1). The
mean relative abundance index (A)was 0.003 individuals per night, per trap in the Highlands and
0.005 in the Central Depression. By disturbance level, this index was 0.01 in L1 in The Highlands. In
the Central Depression, the values for this index were 0.008 in L1 and 0.006 in L2 (Figure 2a).

Abundance Distribution of Didelphis virginiana. The highest abundance was recorded in low-
disturbance sites in the Highlands (11 specimens) and in high-disturbance sites in the Central
Depression (24 specimens; Table 1). The mean relative abundance index (A)for each landscape
was 0.02 individuals per night per trap in the Highlands and 0.04 in the Central Depression. In
particular, at the Highlands 0.03 individuals were recorded in L1,0.002 in L2 and 0.02 in L3. In the
Central Depression, relative abundance figures were 0.002, 0.05 and 0.7, respectively (Figure 2b).

Landscape-Abundance Relationship The generalized linear models revealed a significant influence
of the number of patches (p = 0.003) and edge density (p = 0.02) on the presence of D. marsupialis
(Figure 3a). However, the evaluation of models with AIC showed that NP is the variable that best
predicts the presence of this species (Table 2). For D. virginiana no significant relationship was
found with any of the landscape characteristics considered (Figure 3b, Table 2). The ANCOVA also
found no influence of SDI on the abundance of both species (p = 0.73). The linear regression
showed no relationship between opossum abundance and disturbance level (p = 0.99), but it did
reveal a significant relationship between abundance and landscape (p = 0.003). Finally, the linear
regression with binomial error did not show a significant relationship between the number of D.
virginiana specimens captured and the total number of opossum specimens captured (Didelphis
spp.), in spite of having observed that the abundance of D. virginiana increased with the total
number of opossum specimens (p = 0.08).

Discussion

No relationship was observed between the abundance of D. marsupialis and the abundance of D.
virginiana within the landscape characteristics studied. Contrary to our expectation for species that
adaptable to — and even favored by — habitat disturbance by human activities (Naranjo et al. 2013;
Hennessy et al. 2015), the abundance of the two opossum species was unrelated to disturbance
levels. However, it is worth mentioning that D. marsupialis was found only in low disturbance areas,
and its occurrence was related to the number of patches; for its part, D. virginiana was captured
in higher numbers and at all disturbance levels in both areas. The abundance recorded in the
Central Depression and the Highlands of Chiapas is consistent with that observed in previous
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Figure 2. Relative Abundance Index () for Didelphis marsupialis (a) and D. virginiana (b) according to disturbance levels in the
Highlands (High) and the Central Depression (Depression) of Chiapas, Mexico. L1 = low disturbance, L2 = moderate disturbance, L3 =
high disturbance.

studies (Cherem et al. 1996; Adler et al. 1997; Caceres and Monteiro-Filho 1998; Kelly and Caro 2003;
Cruz-Salazar et al. 2014). The results suggest that the populations of these marsupials comprise
a few individuals in spite of their high reproductive rate and ability to exploit resources derived
from human activities. High mortality rates due to factors such as predation, hunting and road
collisions may explain the low abundance of D. marsupialis and D. virginiana in the populations
studied (Orjuela and Jiménez 2004; Cabello 2006; Tlapaya and Gallina 2010).

The abundance recorded in the Central Depression was significantly higher than in the
Highlands de Chiapas; this could be due to variations in resource availability in each region. the
Highlands is dominated by pine-oak forest patches, where diversity is low (Gonzalez-Espinosa
et al. 2008), offering fewer resources to Didelphis spp. In the Central Depression, tree diversity is
intermediate in low-stature tropical deciduous forests and high in the medium- and the high-
stature tropical evergreen forests (Gonzdlez-Espinosa et al. 2008). The high tree diversity and
the variations of climatic, soil, physiographic and disturbance features in the Central Depression
(Rocha-Loredo et al. 2010) foster a large variety of fruits, tubers and animals that are food sources
available for Didelphis marsupialis and D. virginiana (Colchero et al. 2005; Zarza and Medellin 2005),
hence contributing to a higher opossum abundance in this region.

In common species such as D. marsupialis and D. virginiana, an increase in population density
and the expansion of local populations in modified habitats are expected; accordingly, these are
known as synanthropic species (Lindenmayer et al. 2000; Markovchick-Nicholls et al. 2007; Ricotta
et al. 2008; Hennessy et al. 2015). On the other hand, landscape structure is known to influence
the abundance of wild species, including birds and mammals (Lindenmayer and Fischer 2007;
Bruggeman et al. 2010), and common species are today being seriously affected by human activities
(Gaston _and Fuller 2007; Gaston, 2010). Our findings indicate that these species responded
differently to disturbance levels, D. virginiana being the species that was distributed across all levels,
with no evident effect of human activities on its populations or its diversity and genetic structure
(Cruz-Salazar et al. 2016). By contrast, Oceguera-Gonzélez and Gonzalez-Romero (2008), working
in coffee plantations in Veracruz, observed a positive significant relationship between opossum
abundance and forest coverage, especially for D. virginiana, the abundance of which was lower
than that of D. marsupialis; this inconsistency may be explained by the particular environmental
and anthropogenic conditions in each study area, which determine the quantity and availability of
resources, and hence the interspecific competition and dominance of species (Begon et al. 2006).

The number of patches influenced the presence of D. marsupialis, i. e. a higher number of
patches is associated with a higher probability of finding this marsupial species. The presence of
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Table 1. Characterization of the landscape in the Highlands and the Central Depression, and abundance of Didelphis marsupialis (Dm)
and D. virginiana (Dv) by disturbance level (ND) and window (V). PGeo = geographic location of each sampling site in the coordinate system.
L1 = low disturbance, L2 = moderate disturbance, L3 = high disturbance, CP = Cerro Corral de Piedra, PA = El Aguaje village, SI = San Isidro
Las Huertas village, PK = Village km 36 of the Tuxtla Gutiérrez-San Cristobal de Las Casas highway, CD = San Cristobal de Las Casas Municipal
Sports Center, EC = Colegio de la Frontera Sur, San Cristobal de Las Casas, PM = San Cristobal de Las Casas Municipal Cemetery, CC = Cerro
Coquelexquitzan, CA = ravine km 12 of the Tuxtla Gutiérrez-San Cristobal de Las Casas highway, LP = La Pera, Berriozabal, RS = Rancho al Sol,
RP = Rancho Perseverancia, TM = Tuxtla Gutiérrez campus of the Instituto Tecnologico de Monterrey, PJ = Parque Joyo Mayu, PO = Parque del
Oriente, Tr =Tuxtla Gutierrez Regional Technology Center, NP = number of patches, ED = edge density, MSI = mean shape index, SDI = Shannon’s
diversity index.

Landscape ND v PGeo NP ED MSI SDI Dm Dv
Lat Long
The Highlands L1 CP 16.71° 92.61° 162 273.9 20.1 1.6 1 4
L1 RH 16.75° 92.68° 100 2225 21.8 1.6 3 2
L1 RM 16.76° 92.63° 108 240.1 21.4 1.6 0 5
L2 PA 16.68° 92.59° 219 172.8 15.2 1.8 0 1
L2 SI 16.69° 92.54° 88 186.6 20.3 1.7 0 0
L2 PK 16.69° 92.72° 112 255.6 21.9 1.5 0 0
L3 PM 16.72° 92.65° 54 93.9 18.4 0.9 0 0
L3 CD 16.73° 92.64° 36 69.6 18.5 0.4 0 2
L3 EC 16.71° 92.62° 127 223.8 20.6 2.0 0 5
Central Depression L1 CcC 16.72° 93.11° 218 305.2 19.6 1.4 2 0
L1 CA 16.72° 92.92° 97 249.7 23.7 1.2 0 1
L1 LP 16.87° 93.32° 84 160.9 18.3 0.7 1 0
L2 RP 16.64° 93.01° 206 349.6 22.7 1.5 3 8
L2 RS 16.61° 93.02° 282 4243 22.6 1.4 0 3
L2 ™ 16.76° 93.20° 108 204.0 19.0 1.7 0 8
L3 PO 16.76° 93.09° 80 138.6 18.8 0.6 0 2
L3 PJ 16.76° 93.14° 96 212.7 21.1 0.9 0 14
L3 TR 16.76° 93.17° 90 184.9 19.6 0.9 0 8

D. marsupialis was also restrained to relatively well-preserved areas, which suggests that despite
being considered a highly flexible generalist species (Adler et al. 1997; Cruz-Salazar et al. 2014),
habitat loss might be influencing its populations. However, landscape indexes and disturbance
levels were not related with the abundance (number of specimens captured) of this opossum
species; an assessment of habitat selection and occupation should be conducted to identify
metapopulations and gain a deeper insight into the dynamics of this marsupial in fragmented
landscapes (Murphy et al. 2010). To some extent, D. marsupialis can be benefited by landscape
fragmentation, but requires patches with low disturbance. Therefore, it is necessary to evaluate
the variations of its populations through time in environments undergoing constant habitat loss
and landscape fragmentation.

The abundance of D. virginiana was not associated with disturbance: in the Highlands, the
highest relative abundance was found in areas with the lowest disturbance, but in the Central
Depression the opposite occurred. This might be due to factors not considered in this study, such
as variations in the availability of food and shelter and potential predators (Markovchick-Nicholls
et al. 2007; Oceguera-Gonzélez and Gonzalez-Romero 2008). The presence of D. virginiana was
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Figure 3. Multiple regression analysis of presence/absence of Didelphis marsupialis, (a) and Didelphis virginiana, (b) and landscape
indices of the Highlands de Chiapas and the Central Depression, Mexico. Dm = Didelphis marsupialis, Dv = Didelphis virginiana. NP =
number of patches, ED = edge density, MSI = Media Shape index, P = proportion of opossum presence/absence in each class defined
in the landscape.

not determined by any landscape index, suggesting that landscape composition and structure do
not determine the absence or presence of this marsupial species, in agreement with Beatty et al.
(2012) and Hennessy et al. (2015) who found a panmictic population with a low genetic structure
in a fragmented landscape in Indiana. Kanda et al. (2009) proposed that the resources available for
D. virginiana in landscapes dominated by human activities serve as a source, and natural habitats
as sinks, in a metapopulation dynamics. For their part, Beatty et al. (2014) suggest that D. virginiana
uses both anthropogenic resources and forest remnants for the survival of its populations. In
this study, D. virginiana was found in all disturbance levels and showed no association with the

Table 2. Selection of generalized linear models between landscape indexes (IP) and the presence/absence of Didelphis marsupialis and D.
virginiana in the Highlands and the Central Depression of Chiapas, measured by the Akaike Information Criterion (AIC). ED = edge density, MSI
= mean shape index, NP = number of patches.

AIC
1P Modelo
D. marsupialis D. virginiana
ED Presencia/ausencia ~ ED 41.34° 130.89™
MSI Presencia/ausencia ~ MSI 46.51N 132.06™
NP Presencia/ausencia ~ NP 38.57" 131.62M8

"=P<0.05,"=P<0.01," = P<0.001, ™ = non significant
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landscape attributes considered, indicating that this marsupial can be found in relatively high
numbers in markedly disturbed areas with different landscape characteristics in the Highlands
and the Central Depression of Chiapas.

Itis worth mentioning that the possibility of the absence of a relationship between disturbance
levels and opossum abundance (Didelphis spp.) being due to the scale of the study cannot be
ruled out, since the species studied have high dispersal capacity and gene flow and thus can
maintain a single population across a broad geographic range, even despite the presence of
significant geographic barriers (Beatty et al. 2012; Hennessy et al. 2015). It is likely that an effect of
disturbance on the populations of D. marsupialis and D. virginiana could be detected at a regional
geographic scale; therefore, a study with a greater sampling effort, both in space and time, should
be conducted in the future to evaluate these aspects.

Aninteresting observation is that the lower abundance of D. marsupialis was related to a greater
abundance of D. virginiana; although this relationship was not significant, it is suggested that this
may be the result of interspecific competition for available and potential colonization sites (e. g.
food, shelter; Begon et al. 2006). However, our data are insufficient to evaluate this hypothesis.

This study establishes the relationship between fragmented landscapes and the presence of D.
marsupialis, and confirms the high capacity of D. virginiana to maintain populations in areas with
high disturbance levels during the dry season. It also contributes to the knowledge of common
mammals in Mexico, particularly regarding the consequences at the population level resulting
from habitat loss and landscape fragmentation by human activities.
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Appendix 1. Indexes selected to characterize landscape structure and configuration.

Landscape index Acronym Property Definition
Number of patches NP Degree of fragmentation Total number of fragments and number of fragments in each
class
Edge Density ED Edge feature Total edge perimeter relative to landscape area
Mean Shape Index MSI Complexity of fragment Calculates the mean shape by class level and landscape
shape
Shannon diversity index SDI Landscape diversity Estimates heterogeneity from probabilities. The value

represents the probability that two randomly selected items
could be different
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Hoffmann’s two-toed sloth (Choloepus hoffmanni) has been extensively studied since the 1940s in some countries across
its distribution range. However, several aspects of its biology remain unexplored or have been described superficially.
This study updated the geographic distribution of this sloth species in Colombia, describing external traits of specimens
that inhabit different areas of the country. Additionally, a revision of the current state of knowledge of this species in
Colombia was conducted, with a focus on the identification of information gaps and the major threats affecting this
species. An updated map of the distribution of C. hoffmanni in Colombia was elaborated, including the distribution
reported by IUCN, the records of specimens received in the Xenarthra center for rescue and rehabilitation (CRRX, for its
acronym in Spanish; primary information), the wildlife care centers of the Autonomous Regional Corporations (CARs, for
its acronym in Spanish), and records of biological collections available online (secondary information). CRRX specimens
were examined externally, and the external morphological characteristics (skull and body shape; pelage color, length
and density) were described. A comprehensive literature review was performed, compiling studies conducted over the
last two decades on this species in Colombia, analyzing their respective contributions to its knowledge. The records
obtained provide localities of occurrence for the species not previously recognized by IUCN, in 54 municipalities of
12 departments of Colombia. There are external morphological patterns defining lowland (interandean valleys and
Caribbean region), highland (Colombian Andes) and Colombian Pacific populations. The biggest information gaps
regard demography, distribution and genetics. The main threats identified are habitat loss (infrastructure construction,
forest clearance) and removal of specimen (illegal trade). The localities of occurrence obtained confirm the distribution
of this species in areas previously suggested at the north and center of the Cordillera Occidental, Cordillera Central and
Cauca River valley, besides the north, center and south of the Cordillera Oriental, Piedemonte Llanero, and the southern
Magdalena River valley. The external revision of specimens from the CRRX shows that although it is impossible to derive
clear taxonomic inferences from the evidence collected, pelage color, length and density are the most representative
external traits that differentiate lowland, highland and Pacific Colombian populations. The prioritization of issues such
as the conservation status and threats in the investigation of this species in Colombia during the last twenty years have
relegated key aspects such as demography, distribution, taxonomy and genetics, a fact that poses a challenge for the
execution of proper management actions in the country.

Key words: Choloepus hoffmanni; conservation; distribution; population density.

El perezoso de dos dedos de Hoffmann (Choloepus hoffmanni) ha sido ampliamente estudiado desde la década de
1940 en algunos paises de su distribucién. Sin embargo, aun son varios los aspectos de su biologia que permanecen
inexplorados o vagamente descritos. En el presente estudio se realiza una actualizacion de la distribucién geografica
de este perezoso en Colombia, describiendo caracteres externos de ejemplares para diferentes zonas del pais.
Adicionalmente se realiza un recuento del estado actual de su conocimiento en Colombia, con un enfoque dirigido
hacia la identificacién de vacios de informacion y sus principales amenazas. Se realizé6 un mapa actualizado de la
distribucion de C. hoffmanni en Colombia, incluyendo la realizada por la UICN, los registros de ejemplares recibidos por
el Centro de Rescate y Rehabilitacién de Xenarthras (CRRX, informacién primaria), los centros de atencion y valoracion
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de fauna de las Corporaciones Auténomas Regionales (CARs), y los registros de colecciones bioldgicas disponibles
en linea (informacion secundaria). Se examinaron externamente los ejemplares del CRRX, describiendo caracteres
morfoldgicos externos (formadel crdneoy torso, color, largoy densidad del pelaje). Se realizé unarevisién bibliogréfica
exhaustiva, compilando estudios realizados durante las ultimas dos décadas sobre esta especie en Colombia,
analizando sus aportes al conocimiento de la misma. Los registros obtenidos aportan localidades de ocurrencia de
la especie anteriormente no consideradas por la UICN, en 54 municipios de 12 departamentos de Colombia. Existen
patrones morfolégicos externos definiendo poblaciones de tierras bajas (valles interandinos y el Caribe), altas (Andes
colombianos) y del Pacifico colombiano. Los principales vacios de informacidn estan asociados a aspectos de su
demografia, distribucién y genética. Las principales amenazas identificadas son la pérdida de habitat (construccién
de infraestructura, tala del bosque) y la extraccion de individuos (tréfico ilegal de ejemplares). Las localidades de
ocurrencia obtenidas confirman la distribucién de esta especie en zonas previamente sugeridas sobre el norte y
centro de la Cordillera Occidental, Cordillera Central y valle interandino del rio Cauca, ademas del norte, centro y sur
de la Cordillera Oriental, el piedemonte llanero, y sur del valle interandino del rio Magdalena. La revision externa de
los ejemplares obtenidos por el CRRX muestra que si bien no es posible establecer inferencias taxonémicas claras
con la evidencia recopilada, el color, longitud y densidad del pelaje son los caracteres externos mas representativos
que estan diferenciando poblaciones de tierras bajas, altas y del Pacifico colombiano. La priorizacion de aspectos
como el estado de conservacién y amenazas en la investigacion de esta especie en Colombia durante los ultimos
veinte afos ha ocasionado que aspectos cruciales como su demografia, distribucién, taxonomia y genética hayan
sido relegados, hecho que representa un desafio para la formulacién de medidas correctas de manejo en el pais.

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

Introduction

Two-toed sloths (Choloepus spp.) are neotropical mammals belonging to the Order Pilosa
(superorder Xenarthra) and the Family Megalonychidae, with two species recognized to date: C.
hoffmanni and C. didactylus (Gardner 2008; Hayssen 2011). Both species are associated to the
canopy of continuous forest coverages dominated by mature and lush trees in rain forest, dry
forests and riparian forest ecosystems (Montgomery and Sunquist 1975; Eisenberg 1989).

The species Choloepus hoffmanni has two distribution areas in the Neotropics. The first spans
from southern Honduras to northern South America, comprising Colombia, western Venezuela
and northern Ecuador; the second is distributed in the Peruvian, Brazilian and Bolivian Amazon
(Wetzel 1982; Superina et al. 2010; Hayssen 2011). In Colombia, sloth have been reported in the
natural regions of the Caribbean, the Andes and the Pacific, at different altitudes that range from
sea level to 3,200 m (Alberico et al. 2000; Moreno 2003; Acevedo-Quintero et al. 2011; Hayssen
2011; Solari et al. 2013).

Five C. hoffmanni subspecies are recognized: C. h. juruanus, C. h. pallescens, C. h. agustinus, C.
h. capitalis and C. h. hoffmanni (Gardner 2008). Three of them have been reported in Colombia:
C. h. agustinus, in the central area and the eastern border with Venezuela; C. h. capitalis, in the
southern Pacific and the southern border with Ecuador; and C. h. hoffmanni, in the Caribbean zone
to the northeast of the country and along the Andes western cordillera to the south (Hayssen
2011). C. hoffmanni has not been assigned a threat category by the Ministry of the Environment
and Sustainable Development of Colombia (MADS 2014a), and is listed as Least Concern (LC) by
the International Union for the Conservation of Nature (IUCN) due to its wide distribution and its
alleged tolerance to habitat alterations (Superina et al. 2010).

Although this sloth is considered to be a widely distributed species in Colombia (Alberico
et al. 2000; Solari et al. 2013), there are still locations within its distribution range, phenotypical
variations and conservation threats that remain unknown or have been scarcely explored. The
present work is highly relevant since it carries out a comprehensive review of the current state of
knowledge of this species, identifying information gaps, updating its geographical distribution
range in Colombia, and describing external morphological traits that are unique to specimens
from different areas of the country. This information provides new insights for the proper analysis
of the current status as threatened species in the country, as well as for the decision-making
related to the conservation of this species.

408 THERYA Vol.7 (3):407-421



Plese et al.

Methods

Records were reviewed of seizures and voluntary deposite of C. hoffmanni specimens received
by the Xenarthra center for rescue and rehabilitation at AIUNAU foundation (CRRX, primary
information), during the past thirteen years (2002-2015; n = 245 specimens). Also reviewed were
data on specimens received by the wildlife care center and evaluation centers at the Autonomous
Regional Corporations (CARs, secondary information) corresponding to Antioquia, Cundinamarca,
Caldas, Huila, Quindio and Risaralda, over the last five years (2010-2015; n = 334 specimens;
Table 1). For each record, we considered the known locality where the specimen was extracted
(municipality and department), investigation that recorded the source of the specimens in the
seizure or the information provided by captors during the voluntary deposit. Specimens received
in these wildlife care center for which no information was available on their natural origin were
excluded from the present work. A review was conducted of the collection records in Colombia for
this species in the biological collection databases available in the Global Biodiversity Information
Facility (GBIF), Mammal Networked Information System (MaNIS), System of Information on
Biodiversity of Colombia (SIB; sources that include data from the biological collections of the
American Museum of Natural History, AMNH; Field Museum of Natural History, FMNH; United
States National Museum, USNM,; Instituto Alexander von Humboldt, IAvH; Mammals Museum at
Pontificia Universidad Javeriana, MPUJ-MAMM), and the online records of the Alberto Cadena
Garcia Mammal Collection of the Instituto de Ciencias Naturales of Colombia (ICN; Appendix
1). From these revisions, the records of localities of occurrence not included in the distribution
previously established by I[UCN in 2010 (Superina et al. 2010; Figure 1), were depicted onto a map
of Colombia. The geographic distribution reported by IUCN was developed through the analysis
of records of biological collections available at the time, and currently used by the Ministry of the
Environment and Sustainable Development of Colombia (MADS, for its acronym in Spanish) as the
basis for the implementation of management and conservation actions for C. hoffmanni.

All the specimens received by CRRX (n = 245 specimens) were examined externally at the time of
admission, and the identifiable external diagnostic traits were described (skull shape; body shape;
pelage color, density and length; Table 2). The specimens examined included 181 individuals
inhabiting the lowlands (< 1,500 m) “comming from the departments the departments of
Cérdoba, Sucre, Atlantico, Bolivar, Magdalena (Colombian Caribbean), Antioquia, Caldas and Huila
(interandean valleys); 59 individuals inhabiting the highlands (= 1,500 m), from the departments
of Antioquia, Cundinamarca, Caldas, Risaralda, Quindio and Boyacda (Colombian Andes); and five
individuals inhabiting the Colombian Pacific, from the departments of Chocé (municipality of El
Carmen del Atrato, 4 specimens; 1,700 m) and Nariflo (municipality of Tumaco, 1 specimen; 50
m). Each of these specimens (most of them having been just removed from their habitat) was
photographed at the time of reception in CRRX to document its external morphology, avoiding
physical handling to the maximum extent possible in order to prevent deaths resulting from
potential myopathies secondary to stress by handling (Kreeger et al. 2002). The adults received in
CRRX were reincorporated to their natural habitat in the shortest possible time according to their
extent of recovery, while neonates and juveniles (unable to survive without their mothers) were
attended in this center until their rehabilitation allowed the release.

Studies conducted for this species in Colombia in the last two decades were gathered, and the
contribution of each one to the knowledge of this species was analyzed. The studies reviewed
were classified according to the biological aspect addressed: ecology (demography, habitat,
distribution) or species management and conservation (conservation status - diagnosis of threats,
management actions; Table 3). The findings of studies that addressed demographic aspects were
compared with those in the first ecological investigation for this species in Panama (Montgomery
and Sunquist 1975; Table 3).
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Results

Distribution in Colombia. Records from biological collections, seizures and voluntary voluntary
deposits of illegal trade (received by CARs and CRRX) reveal localities of occurrence for this species
that were previously unknown by the IUCN (Superina et al. 2010). In the case of collection records,
such localities of occurrence are found in the departments of Antioquia (municipalities of Urrao
and Valdivia), Caldas (Aranzazu), Caqueta (Florencia), Casanare (Yopal), Cauca (El Tambo), Choco
(Bagado), Cundinamarca (Bojaca, Medina, Silvania, Tena), Huila (San Agustin), Meta (Acacias,
Cabuyaro, Villavicencio), Quindio (Calarcd, Salento) and Santander (Encino; Appendix 1, Figure 1).
In the case of records from illegal trade (CRRX and CARs), these localities of occurrence are found
in the departments of Antioquia (municipalities of Amalfi, Amaga, Andes, Angeldpolis, Caldas,
Ciudad Bolivar, Envigado, Jericé, Yarumal), Caldas (Chinchina, Manizales, Manzanares, Marquetalia,

Table 1. Records of Choloepus hoffmanni from seizures and voluntary deposits associated with illegal trade received by CARs and
CRRX, corresponding to localities of occurrence not included within the distribution reported by IUCN (Superina et al. 2010).

Locality
Department Municipality N::'cg:;:f Record Source
Antioquia Amalf 2 CRRX/CAR
Amaga 24 CRRX/CAR
Andes 17 CRRX/CAR
Angelépolis 19 CRRX/CAR
Caldas 25 CRRX/CAR
Ciudad Bolivar 27 CRRX/CAR
Envigado 14 CRRX/CAR
Jericé 21 CRRX/CAR
Yarumal 16 CRRX/CAR
Caldas Chinchina 30 CRRX/CAR
Manizales 21 CRRX/CAR
Manzanares 26 CRRX/CAR
Marquetalia 18 CRRX/CAR
Norcasia 13 CRRX/CAR
Palestina 23 CRRX/CAR
Samana 26 CRRX/CAR
Chocé El Carmen del Atrato 4 CRRX
Cundinamarca Alban 14 CRRX/CAR
Facatativa 21 CRRX/CAR
Guatavita 29 CRRX/CAR
La Mesa 17 CRRX/CAR
La Palma 18 CRRX/CAR
Mosquera 25 CRRX/CAR
San Antonio de Tequendama 19 CRRX/CAR
Simijaca 31 CRRX/CAR
Soacha 22 CRRX/CAR
Topaipi 16 CRRX/CAR
Villagémez 27 CRRX/CAR
Zipaquird 15 CRRX/CAR
Huila Garzén 8 CRRX/CAR
Pitalito 8 CRRX/CAR
Quindio Armenia 20 CRRX/CAR
Circasia 24 CRRX/CAR
Filandia 28 CRRX/CAR
Risaralda Pereira 26 CRRX/CAR
Dosquebradas 21 CRRX/CAR
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Norcasia, Palestina, Samana), Chocé (El Carmen del Atrato), Cundinamarca (Alban, Facatativa,
Guatavita, La Mesa, La Palma, Mosquera, San Antonio de Tequendama, Simijaca, Soacha, Topaipi,
Villagébmez, Zipaquira), Huila (Pitalito and Garzén), Quindio (Armenia, Circasia, Filandia) and
Risaralda (Pereira and Dosquebradas; Table 1, Figure 1).
External traits of specimens received in the Xenarthra center for rescue and rehabilitation (CRRX). Based
on the observations of the specimens received in CRRX from various parts of the country, three
distinctive geographical groups that share some external diagnostic characters were identified
(Table 2). C. hoffmanni specimens inhabiting the lowlands (Figure 2a, b, Table 2) show a long body
and a dolichocephalic skull. The pelage is yellowish-colored, being shorter and less dense than
the one in specimens from the highlands. The head and the body show no obvious differences
in pelage color. In juveniles, pelage is short and uniform, with a color that varies from golden to
light honey. Young lowland sloths inhabiting the interandean valleys of Cauca and Magdalena rivers
show a diamond-shaped light-colored pelage in the ventral surface of the neck. The weight of adult
specimens ranges from 5 to 7 kg, whereas newborns weigh 270-300 g.

Choloepus hoffmanni specimens inhabiting the highlands (Figure 2c¢, d, Table 2) show a square-
shaped body and a brachycephalic skull. Body pelage is long and dense, dull-colored, ranging
from 16-20 cm long in the back and hind limbs. There is a marked difference in pelage color
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Figure 1. Updated distribution map of Choloepus hoffmanni in Colombia. The area in textured black depicts the distribution
reported by IUCN (Superina et al. 2010). Black dots correspond to localities of occurrence not included by IUCN that were obtained
from georeferenced records of biological collections; municipalities shaded in yellow correspond to localities of occurrence not
georeferenced (see Appendix 1). Municipalities shaded in red correspond to localities of occurrence not reported by IUCN and
obtained from records of illegal trade (see Table 1).
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between the head and the body. The pelage of juveniles is dark brown, short and uniform. The
weight of adult specimens ranges from 8 to 10 kg, whereas newborns weigh 270-300 g.

Choloepus hoffmanni specimens inhabiting the Colombian central and southern Pacific (Figure
2e, f, Table 2) show a square-shaped body and a brachycephalic skull. The protruding snout is
longer than in specimens from the highlands and lowlands described above. The pelage is dark
brown-reddish in the back and light beige ventrally. There is a marked difference in pelage color
between head and body, except for specimens inhabiting the central Pacific (Choco, municipality
of Carmen del Atrato), where pelage color in the head and body show no contrasting features.

An additional feature that differentiates sloths from highlands and lowlands is the behavior
that characterizes each group. All the highland sloths that were physically examined in the present
study displayed aggressive behaviors, being easily annoyed. In some cases, these sloths attacked
the observer from tree branches (Figure 2c), displaying a threatening behavior that included
circular back-and-forth movements of body and arms, opening and closing of jaws, where they
subsequently exhibited a white foam (Figure 2d). As the angry behaviour continued, highlands
sloths displayed prominent rosette-shaped glands around the anus. Males used these glands to
mark branches, touching them with their anal area. Lowland individuals did not display these
aggressive behaviors under stressful situations.
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Figure 2. External appearance of Choloepus hoffmanni specimens examined in CRRX. Lowland specimens (a: adult from the
Colombian Caribbean region, department of Cordoba; b: juvenile from the Caribbean region, department of Cordoba); highland
specimens (c and d: adults from the Andean region, department of Antioquia); and the Colombian Pacific (e: juvenile from the
southern Colombian Pacific region, department of Narifio, municipality of Tumaco; f: adult from the southern Colombian Pacific
region, department of Narifio, municipality of Tumaco).

Current state of knowledge in Colombia. In the last two decades, 12 studies have been conducted
on this species in Colombia. Six of these studies addressed only management and conservation
issues related to this species (conservation status - diagnosis of threats, management actions), two
focused only on aspects of its ecology (demography, habitat, distribution), and four investigated
both aspects together (Table 3).

In the ecological field, demographic studies of the species (Table 3) reported densities ranging
from 0.079 to 1.50 ind/ha for various regions of the country. A relative abundance of individuals
ranging from 0.002-0.0083 ind/ha was reported for Arboletes (Antioquia; Acevedo-Quintero et al.
2011). The only sex ratio reported was 1:2.2 (3: Q) for a population in the municipality of Betulia,
Santander (Reyes-Amaya et al. 2015). As regards the habitat (Table 3), trees reported as most
frequently used were Brunellia sibundoya, Hedyosmum goudotianum and Quercus humboldtii in
Bojaca (Cundinamarca; Carmona 2003; Alvarez et al. 2004), Anacardium excelsum, Clarisia biflora,
Cupania americana and Guarea gigantea in Quimbaya (Quindio; Aguilar-Isaza and Lépez-Obando
2009) and Brownea ariza in Arboletes (Antioquia; Acevedo-Quintero et al. 2011). Finally, with
respect to the distribution (Table 3), external morphological differences in fur color were reported
between specimens inhabiting the lowlands (< 1,500 m) and the highlands (= 1,500 m) in the
department of Antioquia (Moreno 2003).

As regards management and conservation, on the conservation status - diagnosis of threats
for the species (Table 3), it was found that the main threats identified for the survival of sloth
populations in Colombia were the construction of infrastructure, forest clearance (Carmona 2003;
Moreno 2003; Alvarez et al. 2004) and illegal trade (Moreno and Plese 2006; 2014; Humariez-Lépez
et al. 2015). As regards management actions for conservation (Table 3), a series of rehabilitation,

Tabla 2. Diagnostic external characters of Choloepus hoffmanni populations from highlands, lowlands and the Colombian Pacific.

Head/body pelage

Skull shape Body shape Body pelage contrast Offspring
Lowlands (< Dolichocephalic Rectangular -yellow dorsally and ventrally - short (up to 10 cm.) No Light honey
1,500 m) - Lax
Highlands s (= Brachycephalic ~ Squared -dorsally and ventrally - long (up to 20 cm.) Yes Dark brown
1,500 m) - Dense
Colombian Pacific Brachycephalic ~ Squared -dark brown-reddish dorsally No (Central Pacific) -
- light beige ventrally Yes (Southern Pacific)

- Short (up to 15 cm.)
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Table 3. Studies conducted in the last two decades on Choloepus hoffmanni in Colombia, and aspects addressed. The study marked with an asterisk (*) compares
demographic information.

Aspect addressed
Ecology Management and Conservation
Reference Geographic m.n0m<mnm3 Demography Habitat Distribution Conservation status - Diagnosis of Management
scope involved threats measures
Montgomery Panama (Barro  Tropical Rain Forest Density (1.05 - Anacardium excelsum, Dupteryx
and Sunquist Colorado (Bh-T,27-171m) 2.7 ind/ha) panamensis, Spondias nigrecens
1975 (for Island)
comparative
purposes)*
Carmona 2003  Cundinamarca High Andean Forest Density (0.30  Quercus humboldtii, Brunellia Fragmentation by infrastructure works
(Bojaca) (BAA, 2,100 m) ind/ha) sibundoya, Hedyosmum and forest clearance
Goudotianum.
Moreno 2003 Antioquia Distributionin  Fragmentation by infrastructure works
Antioquia and forest clearance
Alvarezetal. Cundinamarca High Andean Forest Density (1.50  Quercus humboldtii, Brunellia Fragmentation by infrastructure works
2004 (Bojacd) (BAA, 2,900 m) ind/ha) sibundoya and forest clearance
Plese and Colombia Ex-situ
Moreno 2005 management:
rehabilitation-and-
release protocol.
Moreno and Colombia lllegal trade, and fragmentation by
Plese 2006 infrastructure works and forest clearance
Moreno et al. Colombia In-situ/ex-situ
2007 management:
National Strategy
for the prevention
and control of
illegal trade
Aguilar-Isaza Quindio Tropical dry forest ~ Density (0.079 Clarisia biflora, Guarea gigantea, Fragmentation by forest clearance and
and Lépez- (Quimbaya) (bs-T, 975 m) and ind/ha) Anacardium excelsum, American agrochemical poisoning
Obando 2009 premontane rain Cupania
forest (bh - PM,
1,100 m)
Acevedo- Antioquia Tropical Dry Forest  Density (0.002- Brownea ariza
Quinteroetal.  (Arboletes) (bs-T,0-100m) 0.0083 ind/ha)
2011
MADS 2014 Colombia In-situ/ex-situ
management:
Xenarthra National
Conservation
Program
Plese 2014 Colombia lllegal trade, and fragmentation by

infrastructure works and forest clearance

Humanez-Lépez Colombian lllegal trade in the Caribbean coast.

etal. 2015 Caribbean

coast
Reyes-Amaya et Santander Tropical Rain Forest  Density (0.35
al. 2015 (Betulia) (Bh-T,170-280m) ind/ha)/ sex

ratio (13:2.29)

reintroduction and relocation protocols have been issued as accessible tools for those in charge

of ex-situ management to achieve a proper rehabilitation and subsequent reintroduction into the
natural habitats of this species (Plese and Moreno 2005). The National Strategy for the prevention

and control of illegal trade of wild sloth species (Moreno et al. 2007), and the National Program for
the Conservation of the Superorder Xenarthra (MADS 2014b) have been issued. These guidelines

have set in-situ and ex-situ conservation actions for natural sloth populations facing certain degrees
of threat and subject to illegal use and/or exploitation in the country (including C. hoffmanni).
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Discussion

Distribution in Colombia. The distribution of C. hoffmanniin Colombia established by IUCN locates
this species in the north of the country throughout the Caribbean, with two distribution strips
that stretch toward the south. The first of these strips stretches along the Colombian Pacific
region down to the border with Ecuador in the south; the second strip runs along the Magdalena
River interandean valley, up to about half of the Huila department (Superina et al. 2010; Figure
1). This distribution is used by the Ministry of the Environment and Sustainable Development of
Colombia (MADS) as the basis for the implementation of conservation and management actions
for this species. However, this distribution does not include the type localities recorded previously
by Allen (1913) for C. h. agustinus in the departments of Huila (municipality of San Agustin) and
Quindio (municipality of Salento) (Appendix 1). Hayssen (2011) proposes a distribution for this
species that not only includes the type localities described by Allen (1913), but also encompasses
the whole of the Colombian Andes, its interandean valleys and the piedemonte Llanero, but
provides no evidence either own or other authors’ supporting such distribution range relative to
the one established by Superina et al. (2010).

The review of sloth records from biological collections (Appendix 1) and illegal trade records
(CARs and CRRX; Table 1) evidence the occurrence of C. hoffmanniin 54 municipalities notincluded
in the distribution acknowledged by IUCN (Superina et al. 2010), which belong to 12 departments
of the country (Figure 1). These records confirm the occurrence of this species in areas previously
covered within the distribution range suggested by Hayssen (2011), to the north and center of the
Cordillera Occidental, the Cordillera Central and the Cauca River interandean valley, in addition to
the north, center and south of the Cordillera Oriental, the Piedemonte Llanero, and the south of
the Magdalena River interandean valley (Figure 1).

The two-toed sloths observed in the department of Chocé (Barbacoas, Baudo and San Juan
River valley) had been previously described by Allen (1913) as Choloepus capitalis. Afterwards,
Cabrera (1958) denominated these specimens as C. hoffmanni capitalis. The external examination
of specimens received in CRRX and collected in the central Pacific and southern Colombia reveals a
dark brown-reddish pelage in the dorsal portion of the body, which contrasts with the light-beige
color in the ventral portion; the marked contrast of pelage color between head and body coincides
with what Allen (1913) described as C. capitalis, and Cabrera (1958) as C. hoffmanni capitalis (Table
2). The above findings support that this subspecies could be distributed along the Colombian
Pacific area, contrasting with the distribution suggested by Hayssen (201 1), which limits its presence
exclusively to the southern Pacific of Colombia and the northern Pacific of Ecuador. However, the
specimen from Tumaco (southern Pacific of Colombia) examined in this study, unlike the specimens
from the central Pacific examined and the specimens described by Allen (1913), has a white-colored
pelage in the head that is considerably more marked than in the other subspecies (Figure 2f, g). In
this regards, it is worth stressing that this observation derives from a single specimen, and therefore
caution should be exercised when performing specific comparisons.

Choloepus augustinus and C. andinus are taxa nominated by Allen (1913) based on specimens
from San Agustin, in the department of Huila, southern Colombia (1,550 m), and from Salento, in
the department of Quindio, central Colombia, which were subsequently homologated by Cabrera
(1958) as C. h. agustinus. The distribution of this subspecies suggested by Hayssen (2011) makes
no altitudinal distinction, reporting it from the Caribbean lowlands in northeast Colombia to the
lowlands (interandean valleys) and highlands (cordilleras) of the Andean region in the south of
the country. However, the lowland specimens examined show differences in body shape and
pelage color relative to highland specimens (Table 2), suggesting that the distribution proposed
by Hayssen (2011) for this subspecies should be reviewed.

In Colombia, the species C. didactylus has been reported from the north Andean region to the
Amazon, including the departments of Antioquia, Santander, Cundinamarca, Quindio, Caldas,
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Cauca, Valle del Cauca, Huila, Meta, Caqueta, and Amazon (Solari et al. 2013). However, Solari et
al. (2013) provides no evidence in support of the previous distribution, except for the one already
reported by Allen (1913) and Gardner (2008) for the departments of Caqueta and Cundinamarca,
respectively. Although the sympatric occurrence of C. hoffmanniand C. didactylus in the Equatorian
and Peruvian Amazon is well known (Gardner 2008), a number of studies in Colombia have reported
the departments of Antioquia, Caldas, Cauca, Huila, Quindio, Santander and Valle del Cauca in the
Colombian Andes as areas of distribution of C. hoffmannibut not of C. didactylus (Emmons and Feer
1997; Eisenberg and Redford 1999; Superina et al. 2010). Additionally, the external examination
of specimens received in CRRX and collected in the departments of Antioquia, Caldas, Huila and
Quindio, did not correspond to C. didactylus.

External traits of specimens received in the Xenarthra center for rescue and rehabilitation (CRRX). The
finding of external morphological differences between C. hoffmanni specimens from the lowlands
(Figure 2a, b) and highlands (Table 2, Figure 2c, d) is consistent with previous reports by Moreno
(2003). This author explains that although there are differences in the pelage coloration of some
specimens from populations separated by the interandean mountain ranges and valleys, the most
pronounced external differences are related to the altitude where specimens were found.

In the case of specimens inhabiting the central Pacific and south of Colombia (Figure 2e, f),
altitude is seemingly unrelated to external characters. The individuals examined that inhabit the
Colombian Pacific highlands and lowlands shared traits that, taken together, differ from those
observed in sloths from highlands and lowlands in other parts of the country, mainly due to the
dark brown-reddish coloration and snout length observed in the Pacific sloths, the latter being
larger than in all other specimens examined (Table 2, Figure 2g, f).

The external characters addressed in the present work, which differentiate the C. hoffmanni
specimens examined into three groups for the lowlands, highlands and the Colombian Pacific (Table
2, Figure 2) , are still insufficient to establish clear taxonomic inferences for this species. However,
this finding warrants further analysis. The orogeny of the Andes in Colombia gave rise to the three
mountain ranges (eastern, central and western cordilleras) and the interandean valleys, allowing the
geographical isolation of wildlife species in the country (Herndndez-Camacho et al. 1992). The Cauca
River and Magdalena River interandean valleys, along with the Colombian Pacific, have been identified
as biogeographically complex zones, where at least three areas of mammal endemism converge
(Noguera-Urbano and Escalante 2015.). The ongoing studies on the genetics and distribution of the
two-toed sloth in Colombia (Plese, pers. comm.) are expected to shed light on these issues.

Current state of knowledge in Colombia. The differential use of habitats by C. hoffmanni seems to
be related to the availability and relative abundance of the trees that are preferred for feeding
(Montgomery and Sunquist 1978). Likewise, this species prefers trees with a largest diameter at
breast height (DBH), a greater height and a wider and lush canopy that facilitates the horizontal and
vertical displacement of individuals, providing a number of options for this species to move about
and choose from various microhabitats (i. e., descend to the ground to defecate and climb to the
canopy for thermoregulation purposes) (Montgomery and Sunquist 1975; 1978). These findings
are consistent with those reported in Colombia. This species shows preference toward trees with a
DBH greater than 169.64 cm, heights between 15 and 35 m and canopy cover between 14 and 42
m? (Aguilar-lsaza and Lépez-Obando 2009). Additionally, it prefers evergreen vegetation, which
provides shelter and food during the dry season (Acevedo-Quintero et al. 2011).

The ability of C. hoffmanni to adapt to secondary vegetation and agro-ecosystems has been
previously suggested (Vaughan et al. 2007; Peery and Pauli 2012). However, human intervention
by forest clearance and the construction of infrastructure affects the composition and structure
of forests used by this species. These anthropic factors affect the continuity of the canopy and
reduce the presence of plant species that provide food and shelter (Carmona 2003; Moreno
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2003; Alvarez et al. 2004; Moreno and Plese 2006; Aguilar-Isaza and Lopez-Obando 2009; Plese
2014). The presence of C. hoffmanni in secondary forests with heavy anthropic intervention and

agro-ecosystems responds to the anthropic pressure exerted on this species rather to its wide
adaptability to these environments (Carmona 2003).

The demographic characteristics of a species are crucial in decision-making for defining its
threat status and implement proper management actions for conservation (Morris and Doak 2002).
The studies on C. hoffmanni in Barro Colorado (Panama) recorded densities of 1.05 - 2.7 ind./ha in
the 1970s (Montgomery and Sunquist 1975). The population studies in humid and dry forests
in both lowlands and highlands have yielded markedly different sloth densities for Colombia
(Table 3). The lowest population density for Colombia was found in the Andean Cordillera Central,
department of Quindio (0.079 ind/ha, Aguilar-lsaza and Lépez-Obando 2009), being the lowest
reported so far for this species throughout its distribution range (Table 3). The methodological
differences of studies on population density for this species have been acknowledged as the
primary cause of the broad range of figures reported (Chiarello 2008; Reyes-Amaya et al. 2015).
However, the anthropogenic stress exerted on this sloth species in various areas of the country
(Cabrera etal. 2011) could be a key factor to interpret the low densities reported (Aguilar-Isaza and
Lépez-Obando 2009; Chavez and Arango 2004).

Management and conservation. Habitat fragmentation jeopardizes the survival of C. hoffmanni,
leading to the isolation, forced migration and decline of the existing populations (Moreno et
al. 2007). In the case of the Colombian Caribbean, one of the important distribution areas of
C. hoffmanni in the country (Superina et al. 2010), the tropical dry forest has been affected by
agriculture and livestock raising, resulting in small forest fragments surrounded by a mosaic of
pastureland, stubble and crop patches (Mendoza 1999; Marulanda et al. 2003; Garcia et al. 2014).
Recently, the MADS (2014a) has removed C. hoffmanni from the list of endangered species in
Colombia, partly due to its alleged ability to adapt to areas with anthropogenic intervention.
However, forest deforestation and fragmentation registered throughout the distribution range of
this species has been considerable during the second half of the previous decade: between the
years 2005-2010, Colombia has recorded an annual loss of 238.273 ha of natural forests, partitioned
by natural region as follows: Amazonia 55 %, Andes 22 %, Caribbean 10 %, Orinoquia 7 % and
Pacific 4 % (Cabrera et al. 2011). Additionally, there are active areas of intensive deforestation
in the San Lucas mountains, Paramillo, Magdalena Medio Santandereano, and Montes de Maria
sector, in the boundaries between the departments of Sucre and Bolivar (Cabrera et al. 2011).

Choloepus hofmanni is a species hunted for use as food in some areas of the country, and the
offspring and juveniles are trafficked in the black market of pets (Moreno and Plese 2006). Between
2008 and 2012, there was a high incidence of illegal trade for this species in the Colombian
Caribbean, with 21.3 % of total reports (Humanez-Lopez et al. 2015). Between January 2010 and
July 2015, the departments of the Andean area evidenced an increase in C. hoffmanni specimens
removed from their habitats, as observed in the Antioquean Uraba as well (Plese com. pers.).
Added to this is the occasional incidence of forest fires, mostly in the summer, and the expansion
of housing buildings in peri-urban countryside areas.

The National Strategy for the prevention and control of illegal trade of wild sloth species
(Moreno et al. 2007) and the National Program for the Conservation of the Superorder Xenarthra
(MADS 2014b) provide useful tools for the management of C. hoffmanni in the country. These
documents seek to identify, prioritize and consolidate coordinated actions between the
stakeholders responsible for environmental management, aimed to gain a deeper insight and
improve the conservation of the Xenarthra species. However, there are currently no specific
management tools allowing to perform coordinated actions between the stakeholders and
institutions responsible for the management and conservation of this species. In general, the
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actions implemented are isolated initiatives conducted by some entities, a situation similar to the
one that occurs with other species subject to conservation in Colombia (Rodriguez-Castro et al.
2015). Conservation actions that involve the protection of the habitat of this species through
state plans/strategies for the conservation, restoration and management of the forest coverage
in the country indirectly play a role in reducing the pressure on the habitat of the Hoffman'’s two-
toed sloth, and hence contribute to its conservation.

Information gaps. While extensive studies on the natural history of C. hoffmanni were conducted in
the 1940s (Britton 1941), 1970s (Montgomery and Sunquist 1975; 1978) and 1980s (Montgomery
1985) in some countries, there are still a number of aspects of the biology of this species that are
still unexplored or have been vaguely described (Chiarello 2008; Peery and Pauli 2012; MADS
2014b). This fact represents a major challenge for the conduct of an adequate assessment of
its conservation status and the development of proper management actions. The review and
analysis of the work done on the Hoffmann’s two-toed sloth in Colombia over the last two decades
reveal that aspects including the distribution, demography (i. e, sex ratio, reproductive seasons),
taxonomy and genetics of the populations of this species have been little explored, while aspects
such as its conservation status and threats have been widely addressed (Table 3).
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Appendix 1. Records of Choloepus hoffmanni from biological collections in localities of occurrence not included by IUCN (Superina et al.
2010). Acronyms of collections where the specimens registered are deposited: American Museum of Natural History (AMNH), Instituto Alexander
von Humboldt (IAvH), Alberto Garcia Cadena Mammal Collection - Institute of Natural Sciences (ICN). Coordinates provided according to WGS 84.

Colectin

Map Catalog date Departamento Municipio  Localidad Latitud Longitud Attitud Type specimen
number (m)
(y/m/d)
Yellow AMNH-136250 1939-02-14 Cundinamarca Medina 600
Yellow AMNH-33051 1911-09-30  Quindio Salento 2,134
Yellow AMNH-33909 1912-04-19  Huila San Agustin 1,524  Choloepus hoffmanni
agustinus (Allen 1913)
Yellow AMNH-33911 1912-06-23 Caquetd Florencia 305
Yellow AMNH-70534 1925-02-01 Meta Villavicencio
Yellow AMNH-76776 1927-01-01 Meta Acacias
Yellow AMNH-136301 1939-03-15 Meta Villavicencio 500
Yellow AMNH-136302 1939-03-16 Meta Villavicencio 500
Yellow AMNH-139229 1940-01-01 Meta Villavicencio 500
Yellow AMNH-33039 1911-11-08  Quindio Salento El Roble 2,195
Yellow AMNH-33052 1911-10-31  Quindio Salento 2,164  Choloepus hoffmanni
andinus (Allen 1913)
Yellow AMNH-33179 1912-10-29 Chocd Bagado 1,000
Yellow AMNH-34126 1912-11-02  Chocé Bagado
Yellow AMNH-37790 1914-12-21  Antioquia Valdivia 110
Yellow AMNH-69172 1922-09-01 Meta Villavicencio
Yellow AMNH-76775 1927-01-01 Meta Cabuyaro Puerto
Barrigon
Yellow AMNH-37801 Antioquia Valdivia
Yellow IAVH - No Casanare Yopal
especificado
Yellow IAVH - No Antioquia Urrao Rio Calles
especificado
Yellow IAVH - No Caldas Aranzazu Finca las 2,100
especificado Garzas
Yellow IAVH - No Cundinamarca Silvania Vda El
especificado Triunfo,
Black IAVH - No Cundinamarca Bojaca Fute 4.62889 -74.31361 2,590
especificado Finca San
Cayetano
Yellow IAVH - No Quindio Salento
especificado
Yellow IAVH - No Cundinamarca Bojaca Vda Fute, 2,590
especificado Finca San
Cayetano
Black IAVH - No Cauca El Tambo 2450000 -76.790000
especificado
Black ICN-1764 1966-08-05 Quindio Calarca Penas 4486290 -75.624630
Blancas.
Black ICN-3084 Cundinamarca Tena Laguna de 4684813  -74.388282
Pedropalo.
Black ICN-3701 1950-11-08 Meta Villavicencio  Rio Ocoa. 4.108496  -73.510504
Black ICN-3702 1951-04-07 Meta Villavicencio  Rio 3.986625 -73.426748
Guayuriba.
Black ICN-4539 1974-06-11  Cundinamarca Silvania La 4383788  -74.329422
Aguadita.
Yellow ICN-16394 Santander Encino Vereda 5,450
Los Micos,
fincala
Esperanza.
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Water, food and nutrition are three of the main factors that regulate the distribution and abundance of wildlife species in
agiven area. In Baja California Sur, Mexico, the bighorn sheep is one of the most appreciated species for its ecological and
economic value within the peninsular desert ecosystem; however, many aspects of its biology, ecology and population
status remain unknown. The objective of the present study was to evaluate the diet composition of the bighorn
sheep, analyzing the seasonal use and availability patterns of the plant species consumed. Using two food selection
indices, we tested the hypothesis that the bighorn sheep opportunistically selects plant species from its habitat in the
southern zone of Sierra El Mechudo, Baja California Sur, Mexico. The vegetation was characterized by means of 50 linear
transects measuring 100 m x 5 m (500 m?). The diet of the bighorn sheep was evaluated through the microhistological
analysis of feces. We calculated the percentage of in-vitro dry-matter digestibility and the digestible energy of forage
consumed by sheep. The similarity of seasonal vs. annual diet was determined through a cluster analysis. From two
food selection indices (lvlev’s electivity, Bonferroni), we estimated the proportion of use of plant species consumed by
sheep to determine food preferences. In the habitat, we identified 21 families with 63 species in 2010 and 22 families
with 50 species in 2011. Shrubs were the dominant forms. The analyses of faeces identified 47 species, consisting of
27 shrubs (62.1 %), 12 forbs (26.9 %), six trees (10.6 %), one succulent (0.2 %) and one unidentified species (0.1 %). The
cluster analysis showed seven similar groups. Ivlev’s and Bonferroni indices showed the selection of Bourrieria sonorae,
Melochia tomentosa and Caesalpinia placida by bighorn sheep in 2010; in 2011, it selected Bursera epinnata, Caesalpinia
placida and Larrea tridentata. Non-significant differences between seasons were observed regarding the composition
of plant species in the diet. Shrubs were the dominant life forms, followed by trees and succulents. Shrubs were the
preferred food foraged by sheep, accounting for 62.1 % of the diet; this finding is consistent with values reported for
Arizona and California. Non-significant differences were observed in the percent in-vitro dry matter digestibility and
digestible energy of the plant species foraged by sheep. However, we found that sheep grazed preferentially on four
plant species, three shrubs and one tree, of high food quality. In this study, the bighorn sheep behaved like a specialist;
therefore, we rejected the hypothesis that this species forages opportunistically on plant species. Studies on the diet
of the bighorn sheep are valuable to develop management plans for the species and its habitat, since these provide
information to better understand the extent of vegetation use and whether distribution sites are suitable and meet with
the requirements for the conservation of the species and its populations.

Key words: Digestible energy; diversity; opportunistic; selection index; use-availability.

Para la fauna ssilvestre el agua, la alimentacién y la nutricion son tres de los principales factores que regulan su distribucion
y el nimero de individuos de una especie en una area determinada. El borrego cimarrén en Baja California Sur, México,
constituye una de las especies mas apreciadas por su valor ecolégico y econémico dentro del ecosistema desértico
peninsular, a pesar de esto, se desconocen muchos aspectos de su biologia, ecologia y situacién poblacional. El objetivo
del presente estudio fue evaluar la composicién botanica de la dieta del borrego cimarrén, analizando los patrones de
uso y disponibilidad de las especies vegetales estacionalmente. Usando dos indices de seleccién, probamos la hipdtesis
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DIET OF THE BIGHORN SHEEP

que el borrego cimarrén selecciona de manera oportunista las especies vegetales del habitat, en la zona sur de la
Sierra El Mechudo, Baja California Sur, México. Se caracterizo la vegetacién por medio de 50 transectos lineales de
100 de largo por 5 m de ancho (500 m?). Se evalud la dieta de los borregos, mediante la técnica microhistolégica de
las heces. Calculamos el porcentaje de digestibilidad /n Vitro de la materia seca y la energia digestible de los forrajes
consumidos por los borregos. Se determind la similaridad de la dieta estacional y anualmente, a través de un analisis
cluster. A partir de dos indices de seleccién (Ivlev, Bonferroni), calculamos la proporcién de utilizacion de las especies
vegetales que consumen los borregos para conocer las preferencias. Encontramos en el habitat 21 familias con 63
especies en 2010y 22 familias con 50 especies durante 2011. Las especies arbustivas fueron las formas dominantes.
El analisis de excretas permitié identificar 47 especies, constituidas por 27 arbustos (62.1 %), 12 herbaceas (26.9
%), seis arboles (10.6 %), una suculenta (0.2 %) y una especie no identificada (0.1 %). El analisis cluster mostro siete
agrupaciones similares. Los indices de Ivlevy de Bonferroni encontraron que en 2010 prefirieron a; Bourrieria sonorae,
Melochia tomentosay Caesalpinia placida. Mientras que para 2011, seleccionaron solo a Bursera epinnata, Caesalpinia
placida'y Larrea tridentata. No se observaron diferencias estadisticas por estacion en la composicién de especies de
la vegetacion, la cual fue escasa, aprecidndose numerosas dreas con escasa cubierta vegetal. Las arbustivas son las
especies dominantes, seguidas de los arboles y las suculentas. Las especies arbustivas fueron mayormente usadas

por los borregos, constituyendo el 62.1 % en toda la dieta, valores similares encontrados en Arizona y California.
No se encontraron diferencias estadisticas en los valores de digestibilidad in vitro de la materia seca y de la energia
digestible de las especies de plantas que consumen los borregos. Sin embargo, encontramos que los borregos
seleccionaron cuatro especies, tres arbustos y un arbol, con valores altos de calidad. En este estudio, el borrego
cimarrén se comportd como un especialista, por lo tanto rechazamos la hipotesis de que esta especie utiliza las
especies vegetales de forma oportunista. Los estudios sobre la dieta de los borregos son valiosos para los planes
de manejo de la especie y de su hébitat, ya que a partir de estos, podemos comprender el grado de utilizacién de la
vegetacion y saber si los sitios de distribucion son adecuados y cumplen con los requerimientos necesarios para la
conservacion de la especie y sus poblaciones.

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

Introduction

In desert areas, wild ungulates have developed effective strategies for the use of food resources,
giventhe generally poor supply of high-quality resources; strategies are physiological (development
of a digestive system that optimizes food processing) and behavioral (ability to select feeding
grounds and food items; McNaughton 1986). In the particular case of the bighorn sheep, its large
molars and digestive tract are an example of the physiological strategies allowing a better use and
optimization of food resources (Rautenstrauch and Krausman 1989).

The factors that affect the quality of the diet in wild herbivores are: food intake (search, structural
defenses of plants), accessibility to nutrients (digestibility, fiber content, among others), and
concentration of secondary compounds in plants (Nagy and Haufler 1987; Nagy 1987). Two factors
of the habitat with the strongest effect on the diet of wild ruminants are availability (quantity and
accessibility) and quality of the plants consumed (nutritional content and digestibility; Ramirez-
Lozano 2004). Digestibility and digestible energy are considered to be key parameters that define
the food quality of plants, and can vary significantly from one species to another due to climatic
and seasonal factors (Di Marco 2011).

In nature we can distinguish two types of feeding strategies in wild animals. On the one
hand, specialists have developed morphological and metabolic abilities to exploit resources not
available for generalists. On the other, generalists have adapted their physiology to exploit various
food items that are constantly available and can be temporarily abundant (Jacksic 1989; Laca and
Demment 1996; Allen et al. 2011).

The desert subspecies of the bighorn sheep are opportunistic animals morphologically and
physiologically adapted to graze, which can consume a large variety of plants, mainly grasses and
forbs (Geist 1971; Cunningham 1989; DeYoung et al. 2000). However, due to the dominance of
shrubs and trees in the Sonoran Desert, sheep graze mainly on these two life forms (Krausman et
al. 1989). The bighorn sheep selects plant species with high protein content for maintenance and
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reproduction, as well as to cope with adverse weather conditions (Bailey et al. 1980). For sheep,
food and nutrient intake are two of the main factors that regulate their distribution and abundance
in a given area (Tarango and Krausman 1997).

The bighorn sheep (Ovis canadentsis) is naturally distributed in the states of Baja California (O. c.
cremnobates), Baja California Sur (O. ¢. weemsi) and Sonora (O. c. mexicana). The historical distribution
of this species reveals that there were resident populations in the states of Chihuahua, Coahuila and
Nuevo Leon (Valdez and Krausman 1999). Although in Baja California Sur, Mexico, the bighorn sheep
is one of the most appreciated species for its ecological and economic value within the peninsular
desert ecosystem, many aspects of its biology, ecology and population status still remain unknown.

During the past few years, several studies related to the bighorn sheep of Baja California Sur have
focused on specific aspects of its particular habitat, including physical variables (Alvarez-Cérdenas
etal. 2001), topography (Guerrero-Cardenas et al. 2003), and structural elements (Alvarez-Cardenas
et al. 2009). However, some aspects related to food intake and nutrition are still unknown. The
objective of the present study was to evaluate the diet composition of the bighorn sheep, analyzing
the grazing patterns and seasonal availability of the plant species foraged. The testing hypothesis
was that the bighorn sheep opportunistically selects some of the plant species in the habitat, taking
as a study case the southern zone of Sierra El Mechudo, Baja California Sur, Mexico.

Materials and Methods

Study area. The study was carried out in the southern end of the Sierra El Mechudo, a mountainous
area that borders the northern part of Bahia de La Paz, Baja California Sur. The site is known as El
Junco, located within the ejido Ley Federal de Aguas Numero Dos, 24° 24'44.17" N and -110° 45’
9.10" W, covering an area of 117,578 ha (Figure 1).
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Figure 1. The study area known as Junco, comprises the southern part of the Sierra El Mechudo, 50 km. north of the city of La
Paz, Baja California Sur.
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Topographically, the area is formed by a mountain ridge running parallel to Bahia de La Paz,
in the eastern coast of the peninsula, and comprises numerous canyons and cliffs. The study
area shows three types of vegetation (Alvarez-Cardenas et al. 2009): 1) thorny shrubs (species
of deciduous trees and shrubs with prominent thorns), in the highest parts, with species such as
Pachycormus discolor, Lemaireocereus thurberi and Opuntia sp.; 2) thornless shrubs (small-leaved
scrubs with no thorns), in hillsides and canyons, dominated by Lysiloma candida, Ruellia californica
and Fougquieria diguetii, and 3) thornless shrubs — cardon cacti (association of different thornless
species and thorny succulent species), in the lowest parts, dominated by Pachycereus pringlei and
Prosopis glandulosa.

The climate is warm, dry desert (Garcia 1988), with mean annual temperature ranging between
22 and 35 °C, and mean monthly temperatures of 17.9 to 35.3 °Ciin January and August, respectively.
The rainfall regime is characterized by summer precipitation, which peaks in September (SARH 1983).
Cyclical drought periods are common in the study area, and may last up to10 years (SARH 1983).

During the study, maximum temperatures of 45 °C were recorded during the summer, with an
average of 28 °C, with extremely scarce rainfall; this pattern occurred during the two years (Figure 2).

Vegetation assessment. The vegetation (composition and structure) was evaluated each month
using 50 linear transects measuring 100 m x 5 m (500 m?), according to the procedures by Mueller-
Dombois and Ellenberg (1974) and Bonham (1989). The plant species were identified, recording
the number of individuals, and coverage was measured (diameters and height of each individual).
Samples of all plant species present in the sampling sites were collected to elaborate a reference
catalog for the microhistological analyses (Pefia and Habib 1980). Diversity was determined
considering species richness and the number of individuals of each plant species in each transect
using the Shannon-Wiener index (Magurran 1983).

Collection of feces and analysis of the diet. The plant composition of the sheep diet was determined
annually (2010 and 2011) and seasonally (spring, summer, autumn and winter) using the
microhistological technique, which identifies epidermis fragments of plants found in sheep feces
based on the reference material (Sparks and Malechec 1968; Pefia and Habib 1980). In each
station, 30 to 40 fecal samples were collected monthly at random in sites where sheep were most
active, as suggested by Anthony and Smith (1974).

From each group of fecal samples collected by station, five were chosen at random, and from this
subgroup five slides of composite samples were prepared for each season of the year. A metallic slide
with orifices of approximately 7 mm in diameter was used to maintain a homogeneous sample size.
Subsequently, the species identified were classified according to order of importance (frequency of
occurrence) in the diet, temporal variation and life form (shrub, tree, forb or grass and succulent). In
each slide, 20 microscopic fields were observed at 100x magnification, identifying and quantifying
the plant fragments observed. The cumulative frequency was obtained (F = 1 - e*, where F is
frequency, e is the base of natural logarithms, and x is mean density), which was transformed to
relative density for each season of the year (Pefia and Habib 1980; Gallina 2012).

The percent contribution of each plant species was calculated. The species richness and
diversity in the diet was calculated by season of the year through the Shannon-Wiener index
(Magurran 1983; Moreno 2001). For each plant species found in sheep feces, the percentage of in-
vitro dry matter digestibility (/VDMD; Caddel and Allen 2000; Schroeder 2012) using the following
equation: % IVDMD = 88.9 - (0.779* % FDA), as well as the digestible energy content (DE = Mcal/
kg DM), using the formula suggested by Jurgen (2002) and Jones et al. (2010); DE = 4.618 - 0.0573
(* FDA). Where Mcal = Mega calories per kilogram dry matter (dry matter is equal to plant weight
minus its water content).

Statistical analysis. From a hierarchical analysis (cluster) of groups, the similarity of IVDMD and DE
values was calculated for the plant species consumed by sheep each season. This analysis used
the Pvclust R package (Suzuky 2014).
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X2 tests were carried out to test for significant differences between years with respect to the
plant species consumed by sheep, considering the richness of species consumed, percent relative
density by species, percent IVDMD, and DE. These analyses were undertaken using the statistics
program SPSS Statistic 0.20 (SPSS Inc., Chicago IL).

The selection of forage species by sheep was determined based on two analyses: First, Ivlev’s
electivity index (ISI; Strauss 1979), which relates in a simple way the proportion of each resource
used and the proportion of the same resource in the habitat. ISI = (r-n)/(r+n). Where: r.is the
percentage of the species i in the diet, and n, is the percentage of the species i in the available
vegetation. According to Stuth (1991), plant species were classified into three selectivity categories:
preferred (> 0.35), proportional (-0.35 to 0.35) and avoided (< -1.0). Second, from a x2goodness-
of-fit test, which evaluated significant differences between expected use of each vegetation type
(based on percent availability) and observed use (percent consumption). When the x? test shows
differences between expected vs observed use, Bonferroni’s confidence intervals are calculated
(Byers et al 1984). These intervals were used to determine what plant species are being: a) selected,
if the observed use is above the calculated interval (positive sign), b) avoided, if the observed use
is below the calculated interval (negative sign), or (c) used according to availability, if the use
observed falls within the estimated interval (equal sign; Marcum and Loftsgarden 1980; Byers et
al. 1984).

Results

Vegetation. In the habitat, 21 Families with 63 species were identified in 2010, and 22 Families
with 50 species in 2011. Shrubs were the dominant life forms, with heights of up to 1.90 m and a
coverage of 1.20 m. The Cactaceae and Euphorbiaceae were the best represented Families, with
ten and eight species, respectively. At the same time, there were six trees, with a mean height of
2.9 m, mainly represented by: Bursera microphyla, B. epinnata, Colubrina glabra, Lysiloma candida,
Olneya tesota and Prosopis palmeri. A few forbs were found: six species in 2010 and three in 2011.
The highest species abundance figures were recorded in autumn 2010 and winter 2011.

In the spring, summer and autumn 2010, the average richness was 45 species, which rose to
57 in winter. In summer and autumn 2011, 33 species were found, contrasting with only 24 in
spring; however, species richness increased to 47 in winter. Annually, richness was 63 species in
2010: 31 shrubs (59.2 %), 12 trees (16.4 %), 12 succulents (13.6 %) and six forbs (10.8 %). Ruellia
californica (12.0 %) and Jatropha cuneata (11.1 %) showed the largest number of individuals. In
2011, richness was 50 species: 22 shrubs (61.0 %), 14 trees (17.3 %), 11 succulents (17.0 %), and
three forbs (4.7 %); Jatropha cuneata (15.2 %) and Caesalpinia placida (10.0 %) were the dominant
shrubs and had the largest number of individuals. Diversity was minimum in spring 2011 (H'=3.2)
and maximum in winter 2010 (H’'=4.0). Evenness in the two years was J'= 0.85.

Diet. The analysis of feces allowed the identification of 47 plant species in the two years of the
study, composed mainly by 27 shrubs (62.1 %), 12 forbs (26.9 %), six trees (10.6 %), one succulent
(0.2 %), and an unidentified species (0.1 %). Altogether, the shrubs Caelsalpinia placida (7.5 %),
Melochia tomentosa (6.8 %) and Condalia globosa (5.7 %) showed the highest relative density,
followed by two grasses, Aristida adscencionis (9.5 %), and Bouteloua aristidoides (6.0 %).

Annually, sheep fed on 34 species of 21 Families in 2010: 21 shrubs (61.6 %), nine forbs (32.9
%) and four trees (5.5 %). The dominant species in the diet were Aristida adscencionis (12.2 %),
Caelsalpinia. placida (7.7 %), Condalia globosa (7.2 %), and Croton caboensis (6.2 %). An increase
was observed in 2011, with 39 species of 22 families: 23 shrubs (64.1%), eight forbs (21.3 %), six
trees (14.2 %), one succulent (0.3 %), and one unidentified species (0.1 %).

The grass A. adscencionis (7.8 %) and the shrubs C. placida (7.4 %), Melochia tomentosa (7.1
%) and Larrea tridentata (6.1 %) were the species with the highest relative density. The trophic
diversity showed no significant changes between years, with H' values between 2.8 and 3.2, and
an evenness J' of 0.85 to 0.90 in the two years.

www.mastozoologiamexicana.org 427



DIET OF THE BIGHORN SHEEP

50.0 - 1200
45.0 o
M A Aa A AL\ L 000
A A / Ay ’ i -
40.0 \A 4'{ A ad XA A 47 £ «A“ £ A
6 ‘ £ ‘\ 4 ,‘ x\ ,' ‘\ A \ [} “ ' \ H \
I "n I [} \
ol \ A A " A :
= 350 I : ¥ of *. 'y h A A ,‘ v A
o \ ! ! \ !
£ oL % 1 . \ ¥ o “x‘l \ A \ 800
= A v ! Ad
5 300 Y A M ‘.‘f X £
=
3 g
c 250 60.0 E
E: =
£ =
g 8
£ 200 2
g - 40.0
15.0
E
2
‘2 100
<
< - 20.0
5.0
00 I AAAAAA l L -l VI R Bk L leml ..ll L 00

BN Presipitation = <&=-T maximum —#— T minimum

Figure 2. Temperature and precipitation values correspond to seven years of data (2006-2012) captured by the climate station
Alfredo V. Bonfil (Comision Nacional del Agua) near the study area. The years of this study are from 2010 to 2011 as pointed out in the
figure.

The cluster analysis (Figure 3) revealed seven groups at 95% confidence, with the four seasons
of 2010 forming the first four similar groups, while the remaining three correspond to spring,
autumn and winter of 2011. Only the summer of 2011 showed different values in terms of number
of individuals, IV'DMD and DE, since the lowest values were recorded in this season.

The mean IVDMD in the two years was 68.2 %. Particularly in the winter 2010, the shrub
Viscainoa geniculata showed the highest digestibility value, 71.8 %, while in summer and winter
2011 Opuntia cholla (succulent) obtained similar values, 71.6 % in both cases. On average, the
contribution of digestible energy during the two years was 2.40 Mcal/kg DM. Seasonally, in winter
2010 V. geniculata showed the highest value, 3.36 Mcal/kg DM, followed by the tree Lysiloma
candida, with 3.21 Mcal/kg DM during spring. In summer, autumn and winter 2011, Fouquieria
diguetii showed mean values of 3.15 Mcal/kg DM, while O. cholla showed values of 3.35 Mcal/kg
DM only during the summer and winter, respectively.

The analysis of x? revealed significant differences between years with respect to the percent
relative density (x*, |, =221, p <0.0001) and number of plant species (x*, ,;=96.512, p <0.0001), but
not for VDMD and DE (x*, |, =190.611, p = 0.474;Table 1).

Dietary Preferences. The Ivlev’s electivity index identified seven species selected by sheepin the two
years of study. In 2010 sheep selected mainly four shrubs: Bourrieria sonorae, Caesalpinia placida,
Ditaxis sp. and Melochia tomentosa, with values above the 0.35 limit, while Ruellia califérnica and
Hibiscus denodatus were observed in a proportion equal to their availability, with values below the
range -0.35 to 0.35. During 2011 sheep selected only one tree, Bursera epinnata, and two shrubs,
C. placida and Larrea tridentata, while the shrubs Fouquieria diguetii and Jatropha cuneata were
found in the diet in a proportion equal to their availability.

The Bonferroni analysis detected preferences for different species in the two years. In 2010 sheep
selected two shrub species during the autumn; B. sonorae (x*=8.49, g.I.= 3, p < 0.05), and M. tomentosa
(x*=197.94, g. . = 3, p < 0.05); in the winter, sheep selected two shrubs and one forb; C. placida (x*=
500.21,g.1.=3, p < 0.05), R. californica (x* = 3318.65, g .I. = 3, p < 0.05) e H. denudatus (x*=159.29, g. . =
3,p <0.05). Inthe spring 2011, sheep selected four shrubs and one tree; F. diguetii (x*=1245.18,g .. =
3, p < 0.05) and L. tridentata (x*= 268.82, g.l. = 3, p < 0.05), in summer J. cuneata (x>=4787.71,g.1.= 3,
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p < 0.05), in autumn only C. placida (x> = 1642.68, g. |. = 3, p < 0.05) and in the winter sheep selected L.
tridentata again and B. epinnata (x*=78.71,g.1.= 3, p < 0.05; Table 2).

Discussion

Vegetation. The results of this study showed a minimum variation of the species found each year,
although a higher diversity was observed in 2011 vs. 2010. In contrast, the number of species was
higher during 2010; this was likely influenced by the lack of precipitation during this study (Figure
2), indicating a prolonged drought, which in general affected the entire state of Baja California Sur,
and probably was a determining factor in the distribution and abundance of vegetation. Hansen
(1980) points out that the low rainfall in the deserts of North America leads to an unpredictable
distribution of vegetation in general.

Table 1. Specific composition and percentage of relative density of forage species that make up the diet of bighorn sheep in the
Junco area during 2010 and 2011. Only plant species that were found with values of greater than 2% in the excreta were recorded. Within the
parenthesis, the value of percentage relative density of the species in the study area is indicated. Species without values in parentheses are
species that did not appear in the transects.

Station Life form Species 2010 2011
(%)
Spring Forbs Abutilon sp. 10.9 0
Aristida adscencionis 13.4 14.1
Bouteloua aristidoides 16.1 0
Shrubs Aeschinomene nivea 0(5.1) 10.1 (5.6)
Caelsalpinia placida 0 (0.6) 5.3(27.5)
Celtis reticulata 4.6 (1.9) 0
Condalia globosa 9 8.8
Croton caboensis 12.9 0
Fouquieria diguetii 0(10.1) 7.3 (8.3)
Ditaxis sp 4.2(0.2) 0
Larrea tridentata 0(4.1) 11.8(1.2)
Melochia tomentosa 0(0.5) 11.4 (0.2)
Ruellia californica 3.6 (13.4) 0
Trees Bursera epinnata 4.8 0
Summer Forbs Abutilon sp. 10.8 (0.7) 0
Aristida adscencionis 13.4 14.2
Bouteloua aristidoides 16.1 11.6
Senna confinis 0 3.7
Shrubs Celtis reticulata 4.6 0
Condalia globosa 0 6.7
Croton caboensis 12.9 0
Croton magdalenae 0 10.8
Ditaxis sp 42(0.2) 0
Euphorbia californica 0 3.7
Fouquieria diguetii 0(5.0) 3.4(7.6)
Haploppapus sonorensis 0 8.1
Jatropha cuneata 0(11.5) 6.7 (10.1)
Ruellia californica 3.6 (13.4) 0
Trees Bursera odorata 0 3.4
Autum Forbs Aristida adscencionis 10.2 5.9
Heteropongo contortus 4.7 3.7
Janusia californica 3.9 0
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Table1 (Contd).

Station Life form Species 2010 2011
(%)

Shrubs Bourrieria sonorae 6.7 (0.4) 0
Caesalpinia placida 19.0 (4.0) 21.4(9.4)

Calliandra californica 0(0.9) 4

Celltis reticulata 7.5 (1.6) 0

Condalia globosa 43 32

Ditaxis sp 5.5(0.3) 0

Jatropha cuneata 0(7.7) 4.5(16.9)

Krameria parvifolia 59 6.2 (1.5)

Melochia tomentosa 11.1(0.5) 10.5

Simonsia chinensis 0(1.0) 6.5(0.2)

Vizcainoa geniculata 0 4

Trees Bursera epinnata 3.6 (3.0) 5.1(2.3)
Bursera odorata 3.9(0.7) 4.2

Winter Forbs Aristida adscencionis 14.5 0
Bouteloua aristidoides 5.0 3.4

Heteropogon contortus 8.1 3.9

Hibiscus denudatus 3.0 (2.8) 4.8(5.9)

Janusia californica 10.0 0

Shrubs Aeschinomene nivea 0(4.7) 6.2 (0.4)
Buddleia corrugata 0 34

Caesalpinia placida 9.0 (2.3) 5.6 (6.9)

Celtis reticulata 9.5 0

Condalia globosa 6.3 0

Ditaxis sp 5.5(0.3) 0

Euphorbia californica 0 6.2

Jatropha cuneata 0(12.4) 3.2 (16.6)

Krameria parvifolia 0(0.3) 3.2

Larrea tridentata 0(2.8) 8.4 (1.6)

Melochia tomentosa 8.5 (1.6) 5(0.1)

Ruellia californica 6.7 (12.4) 7.7

Trees Bursera epinnata 0(1.0) 4.2(0.7)
Colubrina glabra 0(0.6) 6.2

Lysiloma candida 0(1.9) 6.2 (0.4)

Olneya tesota 0(0.1) 4.5(1.9)

During the study, the plant cover observed was dry and decaying, and open sites devoid of
vegetation were observed. Similar results were found in southern Arizona, when studying the
diet of the mule deer in natural and rural areas. In Arizona, high temperatures and lack of rain
were recorded, factors that directly affected the metabolism of plants, drying them up over a short
period of time (Alcala-Galvan and Krausman 2012). In addition, these authors claim that rainfall
directly affects the availability and quality of vegetation. Another important event associated
with the lack of rainfall was the scarce presence and proliferation of grasses and herbaceous
species, so that the higher abundance of species recorded in our study corresponded to shrubs,
which dominate in the study area and in general across Sierra El Mechudo. Then, the evaluation
of vegetation in the habitat where the bighorn sheep is distributed, along with plant composition
and cover, are two useful parameters to predict areas of importance as feeding and shelter grounds

(Hansen 1980).
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Diet. The diet of sheep in the two years of study included 47 plant species, mainly shrubs (62.1
%), followed by forbs (26.9 %) and trees (10.6 %). Similar results were recorded in the Sonoran
Desert, with shrubs achieving the highest consumption (47.5 %), followed by forbs and succulents

(Tarango et al. (2002).

A study conducted in the northern peninsula of Baja California reports that the diet of sheep
consisted of 43 % grasses, 33 % shrubs (including cacti) and 24 % forbs (Sdnchez 1976). In the same
year, but in the southern part of the peninsula, the same author mentions that sheep consumed
53 % grass, 23 % shrubs, 17 % forbs and 7 % unidentified matter. The type of vegetation and

Table 2. Selection values (Ivlev’s and Bonferroni) of plant species consumed by the bighorn sheep. The selectivity index (lvlev’s) was
interpreted into three categories: preferred (S) (> 0.35), proportional (P) (-0.35 to 0.35) and avoided (E) (-1.0). Bonferroni intervals show which
plant species are being selected, avoided or used according to their availability in the environment; selection (+), avoided (-) and use according
to their availability (=). Expected Use = EU, Observed Use = OU, Lower Limit= LL, Upper Limit = UL.

2010
Species EU ou LL UL Type of use IVLEV Type of use
Bourrieria sonorae
spring 0.290 0.273 -0.486 0.058 = 0.47 S
summer 0.258 0.273 -0.187 0.330 = 0.41 S
autumn 0.194 0.409 -0.370 0.156 + 0.88 S
winter 0.258 0.045 0.043 0.457 - -0.30 P
¥= 849gl=3 p<0.05
Caesalpinia placida
spring 0.058 0.078 -0.103 0.063 = 0.57 S
summer 0.273 0.078 0.081 0.308 - -0.26 P
autumn 0.446 0.558 -0.274 0.050 = 0.65 S
winter 0.223 0.286 -0.206 0.081 + 0.59 S
¥ =50021gl=3 p<0.05
Ditaxis. Sp
spring 0.182 0.216 -0.325 0.257 = 0.91 S
summer 0.182 0.216 -0.325 0.257 = 0.90 S
autumn 0.364 0.294 -0.285 0.424 - 0.90 S
winter 0.273 0.275 -0.334 0.330 = 091 S
= 8.10g1=3p<0.05
Hibiscus denudatus
spring 0.293 0.182 -0.090 0.313 - -0.45 P
summer 0.185 0.182 -0.194 0.200 = -0.39 P
autumn 0.312 0.273 -0.189 0.268 - -0.27 E
winter 0.210 0.364 -0.394 0.088 + 0.04 P
¥*=159.29 g1=3 p<0.05
Melochia tomentosa
spring 0.111 0.111 -0.131 0.131 = 0.68 S
summer 0.407 0.111 0.122 0.470 - 0.01 E
autumn 0.130 0.444 -0.488 -0.141 + 0.91 S
winter 0.352 0.333 -0.179 0.216 = 0.68 S
= 19794 gl=3 p<0.05
Ruellia californica
spring 0.299 0.220 -0.072 0.232 - -0.58 P
summer 0.182 0.220 -0.187 0.113 = -0.51 P
autumn 0.236 0.146 -0.041 0.220 - -0.62 P
winter 0.282 0.415 -0.310 0.045 + -0.30 E

¥ =3318.65g1=3 p<0.05
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Table 2 (Contd).
2011
Species UE Uo LI LS Type of use IVLEV Type of use
Bursera epinnata
spring 0.350 0.048 -0.451 -0.140 - 0.86 S
summer 0.283 0.071 0.182 0.549 - -0.52 P
autumn 0.250 0.476 -0.178 0.254 = 0.37 S
winter 0.117 0.405 -0.292 0.076 + 0.73 S
¥=7871gl=3 p<0.05
Caelsalpinia placida
spring 0.532 0.205 0.219 0.435 - -0.68 P
summer 0.010 0.054 -0.093 0.006 = 0.57 S
autumn 0.208 0.545 -0.454 -0.218 + 0.39 S
winter 0.249 0.196 -0.049 0.154 - -0.10 P
x*=1642.68 g.1.=3 p<0.05
Fouquieria diguetii
spring 0.132 0.610 -0.463 -0.153 + -0.07 P
summer 0.219 0.156 -0.125 0.133 - -0.38 P
autumn 0.241 0.117 -0.045 0.194 = -0.58 P
winter 0.408 0.117 0.105 0.354 - -0.59 P
¥=1245.18 g1=3 p<0.05
Jatropha cuneata
spring 0.128 0.131 -0.106 0.100 = -0.71 P
summer 0.229 0.361 -0.277 0.013 + -0.40 P
autumn 0.247 0.295 -0.187 0.090 = -0.58 P
winter 0.397 0.213 0.055 0.312 - -0.68 P
=4787.71 gl=3 p<0.05
Larrea tridentata
spring 0.084 0.478 -0.529 -0.259 + 0.81 S
summer 0.313 0.065 0.120 0.376 - -0.41 P
autumn 0.398 0.120 0.136 0.420 - -0.32 P
winter 0.205 0.337 -0.281 0.016 + 0.68 S

$=268.82g1=3 p<0.05

climate in the latter study are similar to those in our study area. Investigations on the diet of sheep
in the Rocky Mountains, in the northern part of the U. S. A, found similar results, where grasses
and forbs dominate the preferred plant species eaten (Brown et al. 1977; Seegmiller and Ohmart
1981). This contrasts with our results, where only two grass species were present in the diet of the
bighorn sheep in all seasons and in smaller proportion than shrubs.

The desert bighorn sheep eats an average of up to 110 plant species in arid zones during two or
three years (Browning and Monson 1980). While in areas of northern United States and southern
Canada, the Rocky Mountain sheep feeds on up to 200 plant species (Brown et al. 1977; Seegmiller
and Ohmart 1981);in Arizona, 58 species (Krausman et al. 1989); in California, 32 species (Seegmiller
and Ohmar (1981); and in Sonora, Mexico, 41 species (Tarango et al. (2002); the latter results are
similar to those found in our study, with 34 to 39 plant species eaten per year.

Shrubs were the life forms with the highest frequency in the diet during the two years of the
study. The reason for the preference for shrubs in this study partly lies in the fact that these are
perennial plants and represent food items that are available throughout the year. In addition, wild
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Figure 3. Cluster grouping analysis (dendrogram) showing seasonal similarity according to the values of in vitro digestibility
of dry matter (IVDDM) and digestibility energy (DE) in each of the plant species consumed by sheep. Larger clusters stand out as
rectangles with 95% significance levels.

ungulates consume more shrubs and trees in spring and summer because these life forms contain
more digestible nutrients, which become available as buds start to grow (Bolen and Robinson
2002; McNaughton 1986).

With regard to the seasonal diet, the summer 2011 showed the greatest contribution of species
consumed (n = 32), coinciding with the study by Brewer and Harverson (2007) on sheep in the
Texas desert. The authors state that the highest consumption occurs in the summer and remains
until the end of the autumn under normal rainfall conditions.

In general during all seasons, a similar contribution of plant species was observed, with a slight
variation between seasons, and plant diversity was relatively constant throughout the years, with
2.8in 2010 and 3.3 in 2011. This contrasts with the findings reported by Tarango et al. (2002),
where the mean diversity in the diet varied between 0.47 and 0.51, considered as a low value by
the authors, that was attributed to the lack of rainfall during their study.

In the present study, low values were found in the consumption of plant species in autumn,
and although the weather conditions were not particularly harsh (32 to 36 °C), plants began to dry
up, becoming less palatable for sheep. However, the number of species consumed increased in
winter, likely because weather improves significantly in this season (temperature decreases from
45 °C to 30 °C), representing better conditions for sheep. This situation induces sheep to move
about for longer periods, hence consuming a higher number of plant species and seek individual
species (Brewer and Harverson 2007).
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Dietary Preferences. In our study, not all plant species were consumed in proportion to their
availability, since we found differences between availability and consumption of plant species. In
2010, sheep fed on 17 species out of the 63 that were recorded. In 2011, the number of species
consumed remained unchanged (17) out of 50 species available. These results may be due to the
fact that the evaluation of the vegetation failed to include all species, given the great extension of
the study area, and to the fact that during the collection of feces it was impossible to access some
sites where sheep were observed due to the difficult terrain.

The differences in the diet of sheep are also attributable to the movements during the day,
since animals cover a distance of up to 20 km in a single day (Cuninham and Ohmart 1986). During
these movements, animals feed in different sites on a variety of plant species and life forms. In
addition to the likely explanations just mentioned, sheep used the different types of food not
necessarily according of their availability; this consumption pattern may also be associated
with certain characteristics of the plants eaten, such as digestibility, variety of nutrient content,
palatability and texture (Krausman et al. 1989).

Bailey (1980); Browning and Monson (1980); Krasuman et al. (1989) pointed out that the
adaptations of the desert sheep have enabled it to colonize and survive in sites with relatively
scarce vegetation. This suggests that sheep has no preference for any particular type and feeds on
whatever food types are available; for this reason, the bighorn sheep has been considered to be an
opportunist. However, our analysis of food selection indicated that sheep do select at least three
plant species each year of study, according to the two indices used (Bonferroni and Ivlev). These
plant species have acceptable digestibility values, a likely explanation of their being preferred. The
above is consistent with the results reported by Martinez (2010), who mentions that the selectivity
of certain types of food by wild ungulates is related to the energy and nutritional requirements
according to the physiological status of the animals.

In this study, it was found that sheep selected Caesalpinia placida and Melochia tomentosa
during the autumn 2010 and winter 2011, but preferred Larrea tridentata in winter and spring
2011. These species show good-quality digestibility values, according to figures reported by
Caddel and Allen (2000); Di Marco (2011); Schroeder (2012) and Minson (1990), who indicate
that plant species of good forage quality for wild ruminants must have an IVDMD value of 50 %;
alternatively, they consider that a high-quality forage have an IVDMD value of approximately 70
%; by contrast, forage types with IVDMD values below 50 are considered to be low-quality food.

Furthermore, the selection of those species may be due to that at least two of them (C. placida
and L. tridentata) were found with the highest abundance, being dominant species in the area.
On the other hand Croton caboensis, Lysiloma candida and Viscainoa geniculata were the species
with the greatest contributions in terms of digestible energy in all seasons, with 3.1 to 3.3 Mcal/kg
DM, and although these were not preferentially selected, were consumed in a proportion equal
to their availability. This may be due to the fact that the bighorn mating season takes place in
summer and autumn, leading to the first births in winter, which induces animals to feed on plant
species with high digestibility values that provide energy during these periods.

In general, digestible energy was low relative to forage consumed by sheep in the Rocky
Mountains in northern USA (2.12-2.80 Mcal/kg DM vs. 10.4-8.70 Mcal/kg DM, respectively; Shank
1982). On the other hand, the digestibility of forage consumed by sheep in California varied from
33.4 % to 38.7 % and 21.5 % to 75.3 % within a single year (Rominger et al. 1988; Rominger et al.
1988). The proportion of the grass Aristida adecencionis was higher (66.8 %) in the winter, while the
shrub Atriplex hymenelytra reached levels of 69.9 % to 75.3 % in all seasons. These food types are
of good quiality for sheep, as they meet its daily energy requirement.

The digestible energy of the different plant species consumed by the white tail deer in Nuevo
Leon is obtained throughout the different seasons of the year, with the lowest intake in the
summer (1.99 Mcal/kg DM) and peak values in winter (2.15 Mcal/kg DM; Ramirez-Lozano 2004),
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which are sufficient to fulfill the maintenance requirements of deers. In our study, the digestible
energy levels recorded are consistent with those reported in study on deer, ranging from 1.61 to
2.45 Mcal/kg DM, which fulfill at least the energy requirements for the daily maintenance of the
bighorn sheep throughout the year.

In this study, the bighorn sheep behaved as a specialist. Therefore, we rejected the hypothesis
that sheep consume plant species opportunistically. This is due to the finding that sheep did
not feed on the various plant species in proportion to their availability. It was noted that as the
availability of forage with high digestibility and digestible energy decreases (mainly shrubs), the
bighorn sheep incorporates other available species into its diet in spite of their lower IVDMD and
DE levels.

The plant species selected as food items by sheep in its diet may vary in the different seasons,
depending on their availability and abundance. The bighorn sheep can behave either as a
specialists or as a generalist, and environmental conditions usually determine the availability and
consumption of food types (Martinez 2010).

The studies on the diet of the bighorn sheep are valuable for the development of management
plans for this species and its habitat, since it allows to understand the degree of utilization of the
vegetation and whether it fulfills the requirements for the survival of the bighorn sheep and their
populations.
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Activity patterns have been explained as one of the axes that allow the niche segregation, which helps explain the
coexistence of species, researchers have overlooked the relevance of these and their effects on the community dynamics.
At northern Quintana Roo, Mexico, activity patterns of jaguar (Panthera onca), puma (Puma concolor) and 18 potential
preys were evaluated by camera trapping in 2008, 2010 - 2012. The objectives were determining the overlap in circadian
cycles between pumas, jaguars and potential prey to know if their activity patterns change over time. For the study only
independent records of all species were considered, the overlap in activity patterns was evaluated using the coefficient
of overlap (d). Bootstrap confidence intervals for coefficient of overlap were calculated at 95 % level based on 1,000
bootstrap replicates of the observed overlap coefficient. It is assumed that the activity data are generated by a circular
distribution; thus activity patterns between pairs of species were compared by the nonparametric statistical test of
Watson and Wheeler. Both predators were active throughout the day but are primarily nocturnal-twilight with estimated
overlap coefficient of 0.87, their activity patterns changed over the years, factors like human activity and fair near to the
reserve affect the activity, this factors modified the activity of both cats. Both cats had a temporal association with seven
potential preys. The temporal segregation was given by the peaks of activity and spatial evasion. This study allows us
understand temporal segregation strategies between felines and the factors that influencing changes in their activity
patterns, although both cats have a high overlap in time. A detailed analysis shows that they modified their activity
patterns through the years, this resulted after changes in the environment (human activity, fair near to the reserve,
distribution and abundance prey), and this in turn causes a change in activity patterns of both felines evading each other.

Key words: felidae; overlap coefficient; potential prey; time.

La conformacién de los patrones de actividad se ha considerado como uno de los factores que determinan la segregaciéon
de nicho y contribuye a explicar la coexistencia de las especies. No obstante, se ha subestimado la importancia de sus
efectos en la dinamica de la comunidad. En el norte de Quintana Roo, México, se evaluaron los patrones de actividad del
jaguar (Panthera onca), puma (Puma concolor) y 18 presas potenciales por medio de trampeo fotogréfico en 2008, 2010-
2012. Los objetivos del estudio fueron determinar la superposicion de los ciclos circadianos entre pumas, jaguares y sus
presas potenciales y saber si sus patrones de actividad cambian a través del tiempo. Se consideraron sélo los registros
independientes de todas las especies, la superposicion en los patrones de actividad se evalué mediante el coeficiente
de traslape (d). Se calcularon intervalos de confianza bootstrap para el coeficiente de traslape al 95 % con base en 1,000
repeticiones bootstrap del coeficiente de traslape observado. Se asume que los datos de actividad son generados por
una distribucién circular, de modo que los patrones de actividad entre pares de especies se compararon mediante
la prueba estadistica no paramétrica de Watson y Wheeler. Ambos depredadores estuvieron activos durante todo el
dia, principalmente nocturnos-crepusculares con una estimacion del coeficiente de traslape de 0.87, sus patrones de
actividad cambiaron a lo largo de los afos, factores como la actividad humana e incendios forestales cerca de la reserva
afectaron su actividad y la modificaron. Ambos felinos tuvieron una asociaciéon temporal con siete presas potenciales.
La segregacion temporal fue dada por los picos de actividad y la evasidn espacial. Este trabajo nos permite comprender
las estrategias de segregacion temporal entre felinos y los factores que influyen en los cambios en sus patrones de
actividad. Aunque ambos gatos tienen una alto traslape en los patrones de actividad, un andlisis detallado muestra que
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estos los modifican a través de los afios, como respuesta en cambios en el ambiente (la actividad humana, incendios
forestales, distribucién y abundancia de presas), y esto a su vez provoca un cambio en los patrones de actividad de
ambos felinos como una estrategia de evasion.

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

Introduccion

Los mecanismos que permiten la coexistencia de las especies han sido entendidos a través del
analisis de la segregacion en el uso de los recursos y es un aspecto fundamental en el estudio
de la ecologia de comunidades. Los tres ejes que han sido descritos como fundamentales para
explicar la segregacion de nicho son comida, espacio y tiempo (Schoener 1974; Gordon 2000),
considerados factores mediadores de las interacciones ecolégicas (Kronfeld-Schor y Dayan 2003).
Generalmente la comida y el espacio han sido estudiados para explicar la coexistencia de especies,
mientras que ha sido subestimada la relevancia que tienen los patrones de actividad y sus efectos
sobre la dindmica de la comunidad (Morgan 2004).

Cada especie hace uso del tiempo de acuerdo a diferentes factores, como son patrones de
alimentacion (Scognamillo et al. 2003), temperatura (Estrada 2008; Hernandez-Saint Martin
et al. 2013), disturbios naturales y perturbaciones humanas (Van Dyke et al. 1986; Paviolo et al.
2009), depredadores, codepredadores (Scognamillo et al. 2003), presas (Emmons 1987; Karanth
y Sunquist 2000; Carrillo et al. 2009) e inclusive algunos estudios han encontrado modificaciones
en los patrones de actividad de algunas poblaciones de felinos de acuerdo a la disponibilidad de
presas (Sunquist y Sunquist 2002).

En el caso de los grandes depredadores, la segregacién de nicho se ha explicado como un uso
diferencial de los recursos entre los que se encuentra una segregacion temporal, sugerida como un
medio para evitar la depredacion entre gremios (Fedriani et al. 2000). Los felinos de gran tamafio,
como es el caso del jaguar (Panthera onca) y puma (Puma concolor) cuya distribucion es simpatrica
(Scognamillo et al. 2003), se encuentran activos tanto de noche como de dia y presentan un alto
traslape en sus patrones de actividad (Sunquist y Sunquist 2002; Foster et al. 2013; Herndndez-
Saint Martin et al. 2013). Sin embargo, la diferencia parece radicar en los picos de actividad
dentro de cada una de las categorias (diurno, nocturno y crepuscular) dentro del ciclo circadiano
(Herndndez-Saint Martin et al. 2013) o en la asociacién con sus presas; no obstante, estos factores
no son constantes a lo largo de su distribucién (Sunquist 1981; Emmons 1987; Foster et al. 2010).

Considerando lo anterior, los objetivos del presente trabajo fueron estimar los patrones de
actividad de jaguares, pumas y sus presas para determinar el grado de traslape en los patrones
de actividad, y poder conocer si estos varian a lo largo de los afos y definir si existe una relacién
temporal entre depredadores y sus presas.

Materiales y métodos

Area de estudio. El estudio fue realizado en la Reserva Ecoldgica El Edén (REEE) y sus alrededores,
en el municipio de Lazaro Cardenas, Quinta Roo, al noreste de la Peninsula de Yucatan, México (21°
36'00"a 20°34'00"Ny-87°6'00"a -87°45'00"W). La altitud se encuentra entre 5y 10 m (Lazcano-
Barrero etal. 1992). La Reserva abarca un total de 3,077 ha que pertenecen a la regién biolégica de
Yalahau (Gémez-Pompa et al. 2011) que cuenta con cinco tipos de vegetacion, de los que destacan
por su extension la selva mediana subcaducifolia y los acahuales y la zona forma parte de las
selvas tropicales localizadas mas al norte (Navarro et al. 2007).

440 THERYA Vol.7 (3):439-448



Avila-Ndjera et al.

Disefio de muestreoy seleccion de sitios. El estudio se realizé en cuatro periodos, de julio a septiembre
del 2008, de octubre a diciembre del 2010, de mayo a julio del 2011 y de agosto a noviembre
del 2012. Se empled el método de trampeo fotografico y se utilizaron camaras de las marcas
Cuddeback Expert, Capture, Capture IR, Moultrie y Wildview. Para la ubicacién de éstas en el area
de estudio, se siguio el disefio del CENJAGUAR (Chavez et al. 2007), el cual consiste en seleccionar
dos o tres estaciones (sitios donde se colocan las cdmaras) en una parcela de 9 km2. Se establecieron
al menos nueve de éstas, contiguas, y en cada una de las parcelas por lo menos una estacién fue
“doble” (es decir, en ella se montaron dos camaras, una frente a la otra). En el 2008 se dispusieron 27
estaciones que estuvieron activas 65 dias; en el 2010, 24 por 48 dias; en el 2011, 22 por 82 dias y en
el 2012, 24 que funcionaron durante 72 dias. Las estaciones fueron ubicadas en senderos, brechas
corta fuego y caminos de terraceria. Las estaciones fueron situadas a una distancia de 1.5 a 3 km
una de otra. Las camaras operaron las 24 horas y fueron revisadas cada 15 dias.

Uso de informacion. En todos los andlisis se utilizaron registros (eventos) independientes de cada
especie, considerandose como tal a individuos: 1) en fotografias consecutivas de ejemplares de la
misma especie plenamente identificables, 2) en fotografias con una separacién de 3 horas en las
que no fue posible identificar a cada animal de la misma especie y 3) en fotografias de multiples
individuos. Se consideraron los registros de ardilla (Sciurus spp.), armadillo (Dasypus novemcinctus),
cereque (Dasyprocta puntata), coati (Nasua narica), coyote (Canis latrans), eira (Eira barbara),
jaguar (P. onca), hocofaisan (Crax rubra), mapache (Procyon lotor), mono araia (Ateles geoffroyi);
0so hormiguero (Tamandua mexicana), pavo ocelado (Meleagris ocellata), pecari de collar (Pecari
tajacu), puma (P. concolor), tepezcuintle (Cuniculus paca), tlacuache (Didelphis spp.), temazate
(Mazama temama), venado cola blanca (Odocoileus virginianus), zorrillo bilineado (Conepatus
semiestratus), zorrillo manchado (Spilogale angustifrons).

Patrones de actividad. Se clasificaron en tres categorias los patrones de actividad, nocturno (20:00
- 6:00), diurno (8:00 - 18:00) y crepuscular (6:00 - 8:00 y 18:00 - 20:00). Ademads, se consideraron
periodos consecutivos de dos horas para conocer los picos de actividad. Las especies fueron
clasificadas de acuerdo a su patrén de actividad, segun el criterio de Gémez et al. (2005), en
diurnas (< 15 % de las observaciones fueron en la noche), principalmente diurnas (15 % - 35 % de
las observaciones fueron en la noche), nocturnas (> 85 % de las observaciones fueron en la noche)
y principalmente nocturna (65 — 85 % de las observaciones fueron en la noche). Otras categorias
consideradas son la catameral (individuos que se encuentran intermitentemente activos tanto
de noche como de dia) y la de los organismos crepusculares (que se encuentran activos en las
primeras horas del amanecer como del atardecer).

Traslape en los patrones de actividad. Para evaluar el traslape en los patrones de actividad,
y la variacién a lo largo de los anos asi como la relacion temporal entre depredadores y
presas, se estimo el coeficiente de traslape (4), el cual varia de 0 (no traslape) a 1 (traslape
completo) (Ridout y Linkie 2009). Definiendo el estimador del coeficiente de traslape como
d= J'Ol min{f (£),5(£)}dt,donde f(£)y §(¢) son las estimaciones de las dos funciones de
actividad en el tiempo t que se comparan. Se calcularon intervalos de confianza al 95 % para
coeficiente de traslape través los percentiles 2.5 y 97.5 de 1,000 repeticiones de bootstrap. El
andlisis estadistico se realizé con la libreria overlap del paquete estadistico R (versién 3.1.0).

Se asume que los datos de actividad son generados por una distribucién de probabilidad
circular; asi, se compararon los patrones de actividad entre pares de especies a través de la
prueba estadistica no paramétrica de Watson y Wheeler (Zar 1999). El estadistico de prueba W
sigue, asintéticamente, una distribucion de x* con dos grados de libertad y se utilizd un nivel
de significancia a = 0.05 para probar la hipétesis nula de igualdad en patrones de actividad. Se
compararon los patrones de actividad entre pumas, jaguares y las especies con mas de 10 registros
y cuyo valor estimado del coeficiente de traslape fue mayor a 0.50.
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Resultados

Los pumas y los jaguares se consideran catamerales ya que se encuentran activos tanto de noche
como de dia; sin embargo, el 74 % de los registros de pumas y 69 % de los registros del jaguar
se encuentran en la categoria nocturna y crepuscular (Tabla 1, Figura1). El 44 % de los registros
del jaguar fueron nocturnos con picos de actividad entre 20:00 - 22:00 y 2:00 - 4:00 h. Dentro del
patrén de actividad crepuscular (25 % de los registros) la mayoria se encuentran entre las 18:00 y
20:00 h. En el horario diurno se obtuvo el 31 % de los registros, de los cuales el menor nimero de
estos se encuentran entre las 8:00 y las 14:00 h (Figura 1). La proporcién de registros de jaguares
por categoria de patrén de actividad cambié anualmente, las proporciones anuales observadas
fueron: en el crepusculo, 22 %, 23 %, 14 %y 37 %; en el patron diurno, 43 %, 46 %, 0 %y 6 %; y en
el patrén nocturno 35 %, 31 %, 86 % y 57 %.

Los pumas dentro de la REEE se mantienen activos durante todo el dia. El 49 % de las
observaciones fueron nocturnas con picos de actividad entre las 20:00 y 2:00 h. en el crepusculo
(25 % de los registros) el mayor numero de ellas fueron por la tarde (6:00 - 8:00 h). El 31 % de los
registros fueron diurnos de los cuales el menor nimero fueron entre las 10:00 y las 16:00 h (Figura
1). El porcentaje de registros de pumas por categoria varié a los largo de los afos. El patrén de
actividad nocturno fue donde se obtuvieron el mayor nimero de registros durante los cuatro
anos (48.9 %, 31.2 %, 46.6 % 36.5 %), sequido por el diurno (23 %, 37.5 %, 26.6 % y 7.3 %), y por
ultimo el patrén crepuscular (27.6 %, 31.2 %, 26.6 %y 19.5 %).

El coeficiente de traslape entre jaguares y pumas fue de 0.87 cuando se consideran los registros
de los cuatro afnos en conjunto; sin embargo, en el andlisis anual, este patron vario (Figura 1) ya que
modifican sus patrones de actividad a lo largo de los afios. Cuando se compararon los patrones
de actividad de cada felino en afos distintos, el coeficiente de traslape estimado (d) tomé valores
entre 0.52 y 0.77 para el jaguar, con el menor coeficiente entre 2010 y 2011; mientras que para
pumas varié de 0.72 a 0.78, con el menor valor obtenido entre los aflos 2011y 2012 (Tabla 2).

De las 18 especies presas del jaguar y del puma consideradas en el analisis, se describe el
patrén de actividad de solo siete de ellas (Didelphis spp, D. novemcinctus, N. narica, M. ocellata, M.
temama, O. virginianus y P. tajacu) en el Tabla 1, ya que presentaron un traslape temporal superior
a 0.5 (Tabla 3), de éstas, cinco se consideran diurnas y solamente Didelphis spp. y D. novemcinctus
principalmente nocturnas. De las especies consideradas, la asociacion mas alta, de acuerdo al
coeficiente de traslape, fue entre el jaguar y puma con el armadillo, ambas con un valor de A =
0.74 (Tabla 3).

Tabla 1. Numero de registros independientes, porcentaje de eventos por patron de actividad y su clasificacién para pumas (Puma

concolor), jaguares (Panthera onca) y las especies asociadas cuyo valor del coeficiente de traslape ( d) fue superior a 0.5y con mas de 10 registros

independientes en la Reserva Ecolégica el Edén, Quintana Roo, México.

% de eventos independientes

Especies Numero de registros  Nocturnos Diurnos Crepusculares Clasificacion

Dasypus novemcinctus 10 80.0 0 20.0 Principalmente nocturna
Didelphis spp. 24 84.0 8.0 8.0 Principalmente nocturna
Meleagris ocellata 221 4.0 70.0 26.0 Diurna

Mazama temama 15 20.0 47.0 33.0 Diurna

Nasua narica 77 6.0 77.0 17.0 Diurna

Puma concolor 134 49.0 31.0 25.0 Catameral

Panthera onca 142 44.0 31.0 25.0 Catameral

Odocoileus virginianus 48 8.5 79.0 12.5 Diurna

Pecari tajacu 40 7.0 75.5 17.5 Diurna
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De acuerdo con la prueba de Watson y Wheeler, jaguares y pumas tienen estadisticamente el
mismo patrén de actividad (W = 2.83,g.1. =2, P > 0.25; Tabla 4). Entre jaguares y las siete presas
consideradas, solamente con D. novemcinctus se observa que no hay diferencia estadisticamente
significativa en sus patrones de actividad (W =3.75,g.1.=2,P > 0.15). En el caso de los pumas y las
especies para las que el coeficiente de traslape es mayor a 0.5, solo existe evidencia significativa
de igualdad en los patrones de actividad con dos de ellas, D. novemcinctus (W=3.02,g9.l.=2,P >
0.22) y temazate (W =5.64, g.l. =2, P > 0.06; Tabla 4).

Discusion
Este estudio permiti6 evaluar los tres objetivos planteados. Se definieron los patrones de actividad
de ambos depredadores y sus presas potenciales en un selva mediana del norte de Quintana Roo,
asi como, el grado de traslape. Ademads, por ser un estudio de mediano plazo se conocieron los

cambios en sus patrones de actividad a lo largo del tiempo y se observaron los efectos que tienen
las perturbaciones naturales en las poblaciones silvestres y su actividad.

La coexistencia entre grandes depredadores se ha estudiado principalmente en tres ejes,
alimentacion, espacio y tiempo. La segregacién temporal es generalmente menos significativa
que la segregacion en los otros dos ejes para explicar la coexistencia. Esto es explicado por las
restricciones propias del reloj bioldgico de cada especie y al costo de cambiar los patrones de
actividad de un ciclo circadiano a otro (Kronfeld-Schor y Dayan 2003). Entre jaguares y pumas,
a lo largo de su distribucion, la segregacion temporal como estrategia de evasiéon no ha sido
plenamente identificada (Romero-Mufoz et al. 2010). Factores como la densidad, estacionalidad,
tipoy densidad de presas juegan factores importantes que median dicha interaccién entre ambos
depredadores y su tolerancia en el traslape de los ciclos circadianos.
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Figura 1. Horarios de actividad de jaguar (Panthera onca) y puma (Puma concolor) con coeficiente de traslape estimada por
ano de estudio en la Reserva Ecoldgica El Edén, Quintana Roo, México, durante 4 afos de estudio: a) 2008, b) 2010, ) 2011, d) 2012.
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Tabla 2. Coeficiente de traslape estimado (d) en los patrones de actividad del jaguar (Panthera onca) y puma (Puma concolor) entre pares
de afios (2008, 2010-2012) en la Reserva Ecoldgica el Edén.

Aios indice de traslape (d) Intervalo de confianza 95 %
Panthera onca 2008-2010 0.77 0.61 0.90
2010-2011 0.51 0.32 0.86
2011-2012 0.62 0.41 0.88
2008-2012 0.80 0.70 0.89
Puma concolor 2008-2010 0.78 0.66 0.91
2010-2011 0.76 0.65 0.91
2011-2012 0.71 0.55 0.85
2008-2012 0.75 0.56 0.85

Los jaguares y pumas presentan actividad catameral dentro de la REEE, y aunque el traslape en
sus patrones de actividad es alto (d=0.87, W =2.83, g.l. =2, P> 0.25). La diferencia estriba en los
picos de actividad dentro de cada categoria. Lo que se ha definido como un proceso de evasion
de depredacion entre gremios (Fedriani et al. 2000).

El porcentaje de registros por cada categoria (nocturno, diurno y crepuscular), asi como el
grado de traslape entre los depredadores y entre ellos y sus presas potenciales varia a lo largo de
su distribucién y a la temporalidad (Emmons 1987; Carrillo 2009; Harmsen et al. 2011; Scognamillo
et al. 2003). Por ejemplo, en el centro de México los jaguares son mas activos entre 0:00 y 6:00 y
los pumas entre 4:00 - 6:00 y 18:00 - 22:00 h. En los bosques homogéneos del noroeste de México
ambas especies presentan un alto traslape en sus patrones de actividad, ambas especies estan
activas principalmente entre 19:00 - 22:00 y 5:00 - 08:00 h, asociadas a arroyos secos donde se
facilita el desplazamiento (Nuiez et al. 2002).

En la REEE ambos depredadores son activos durante todo el dia, lo que se ha asociado a tener
una mayor posibilidad de encontrar diferente tipos de presa y a un nicho tréfico mas amplio
(Lima 2002). Sin embargo, el mayor nimero de registros se encuentran durante la noche similar
a lo que ocurre en Llanos, Venezuela (Sunquist 1981; Emmons 1987; Scognamillo et al. 2003) y
en algunos sitios de Bolivia (Lima 2002). Asi mismo, presentan un decremento en su actividad
en las horas de mayor temperatura 10:00 - 16:00. Esto ha sido relacionado a tres factores; en
primer lugar a que la noche les proporciona ventajas de caza ya que pueden acercarse mas a sus
presas sin ser detectados (Hernandez et al. 2008), en la noche sus presas son mas detectables o
vulnerables (Sunquist 1981; Emmons 1987); ademds, estas horas son mas frescas ayudando a su
desplazamiento y a un menor gasto energético a la hora de cazar (Hernandez et al. 2008).

Las mayores diferencias en sus patrones de actividad en el area de estudio se observan en el
crepusculo donde pumas presentan un importante pico de actividad de 6:00 - 8:00 h y jaguares
de 18:00 a 20:00 h similar a lo ocurrido en la Reserva de la Biosfera Abra-Tanchipa en San Luis
Potosi México (Hernandez-Saint Martin et al. 2013), y la Selva Maya en el Sur de Quintana Roo
(Herndndez 2008). Se ha definido que la actividad durante dichos periodos es importante para
ambos depredadores ya que se asocia con la actividad de la mayor parte de las especies presa
(Romero-Muioz et al. 2010). El pico de actividad crepuscular de los pumas podria estar asociado
a algunas de sus principales presas como M. temama o M. ocellata, ademas de la evasién entre
gremios como se ve en las modificaciones en los patrones de actividad a lo largo del tiempo
dentro de la Reserva.

Aligual que lo que ocurre en otras areas de distribucién tanto jaguares como pumas modifican
sus patrones de actividad durante las diferentes temporadas del afo, debido a las diferentes
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adaptaciones; por ejemplo, hay evidencia que los pumas estan mejor adaptados a zonas secas
y jaguares a zonas humedas y esto también se refleja en la densidad de ambos depredadores.
Esto directamente puede influir en el traslape de los patrones de actividad (Romero-Muioz et
al. 2010); asi, en los Llanos, Venezuela los jaguares se encuentran mas activos durante el dia en la
época lluviosa y los pumas son mas activos durante la noche tanto en época seca como en lluvias
(Emmons 1987). Estas diferencias tan marcadas se encuentran asociadasalaactividad y abundancia
de las presas en espacios determinados (Sunquist 1981; Emmons 1987; Romero-Munoz et al. 2010;
Scognamillo et al. 2003). En la REEE las diferencias se observan a través de los afos y la temporada
de lluvias. Por ejemplo, una modificaciéon importante ocurrié en el 2011 donde se registré un
incendio en las afueras de la Reserva en la parte norte afectando profundamente la actividad y
distribucion de los animales. En este afio el jaguar fue notoriamente mas activo durante la noche
con un picos de actividad entre las 0:00 - 6:00 h y el puma durante las horas diurnas y las primeras
horas nocturnas 20:00 - 0:00 h. Esta modificacién en sus patrones de actividad nos indican la poca
tolerancia de los jaguares a las perturbaciones mientras que pumas son mas tolerantes a ellas y
cambian sus patrones de actividad para evadir al jaguar.

El traslape en los patrones de actividad de acuerdo al coeficiente de traslape varia entre
depredadores y sus presas, ambas especies de félidos presentan un alto traslape en los patrones
de actividad con las especies mdas importantes en su dieta (D. novemcinctus, Didelphis spp, N.
narica, M. ocellata, M. temama, O. virginianus y T. tajacu; datos obtenidos de camaras trampa
y analisis de dieta) y con las cuales mantienen una asociaciéon espacial (datos obtenidos de

Tabla 3. Coeficiente de traslape (d) en el patron de actividad del jaguar (Panthera onca), puma (Puma concolor) y presas potenciales en la
Reserva Ecolégica el Edén durante cuatro afios (2008, 2010-2012).

Especie indice de traslape (A) Intervalo de confianza 95%
Panthera onca Dasypus novemcinctus 0.74 0.59 0.92
Didelphis spp. 0.63 0.44 0.75
Crax rubra 0.51 0.21 0.62
Nasua narica 0.57 0.44 0.64
Mazama temama 0.60 0.43 0.80
Meleagris ocellata 0.52 0.42 0.59
Odocoileus virginianus 0.52 0.37 0.60
Puma concolor 0.87 0.78 0.93
Pecari tajacu 0.46 0.30 0.55
Puma concolor Dasypus novemcinctus 0.74 0.59 0.91
Didelphis spp. 0.64 0.44 0.76
Crax rubra 0.58 0.46 0.68
Nasua narica 0.60 0.48 0.69
Meleagris ocellata 0.56 0.45 0.62
Mazama temama 0.67 0.53 0.84
Odocoileus virginianus 0.57 0.42 0.67
Panthera onca 0.87 0.79 0.93
Pecari tajacu 0.52 0.52 0.65
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Tabla 4. Traslape en los patrones de actividad entre jaguares y pumas y siete presas potenciales en la Reserva Ecoldgica el Edén, durante
cuatro afos de estudio (2008, 2010-2012). Prueba estadistica no paramétrica de Watson y Wheeler (Zar 1999) para datos circulares.

Jaguar Puma

Especie w P w P
Puma concolor 2.84 0.24

Dasypus novemcinctus 3.76 0.15 3.03 0.22
Didelphis spp. 15.04 0.00 13.57 0.00
Meleagris ocellata 93.34 0.00 75.04 0.00
Mazama temama 9.23 0.01 5.65 0.06
Nasua narica 54.31 0.00 46.42 0.00
Odocoileus virginianus 42.82 0.00 38.25 0.00
Pecari tajacu 41.18 0.00 37.40 0.00

camaras trampa). Sin embargo, de acuerdo con la prueba de Watson y Wheeler son significativas
las diferencias en los patrones de actividad, con excepcién de armadillo con jaguar y armadillo
y temazate con puma. Se ha sugerido que cuando ambos depredador y presa se encuentran
activos es cuando ocurre la caza (Lima 2002; Romero-Muioz et al. 2010). No obstante, se sabe que
los depredadores también cazan de manera oportunista (Emmons 1987). Por otro lado, existe
la posibilidad de que los felinos casen cuando la presa no esté activa o cuando los animales se
encuentran activos en diferentes horarios (Romero-Mufioz et al. 2010). Algunos estudios inclusive
sugieren que ambos depredadores no rigen sus patrones de actividad de acuerdo al de sus presas
potenciales y presentan variaciones mas notorias en sus ciclos circadianos (Romero-Muioz et al.
2010; Hernandez-Saint Martin et al. 2013) lo cual ocurre en la REEE.
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Thegenus Akodonisone of the mostabundantand species-rich genus of Neotropical mammals. Its species-level taxonomy
has been changing actively since its establishment. Currently, the genus is divided into five groups of species: aerosus,
boliviensis, cursor, dolores, and varius. Most taxonomic studies of the genus Akodon have focused on boliviensis, varius,
and cursor. Taxa from the aerosus group, including A. orophilus, remain largely unknown and poorly studied, even when
several authors indicate that most species could constitute species complexes. Here we review populations currently
assigned to A. orophilus; our results allowed the description of a new species of Akodon. We carried out a complete
and thorough revision of species of the Akodon aerosus group from the central Peruvian montane forests. We included
external and craniodental characters and morphometric data for our analyses. Multivariate statistics and morphological
characterizations were performed in order to find differences between species. A new species of Akodon from Peru is
described based on combined analyses of cranial morphology and morphometric data. This new species was compared
with other taxa from the aerosus species group, it is easily distinguishable from congeners by a unique combination of
pelage coloration, body size, and cranial morphology. This new species is most likely endemic to montane forests from
Huénuco, and its discovery contributes to uncover the real diversity of Peruvian rodents, adding up to nine species of
Akodon from montane cloud forests. Moreover, it supports the previous hypothesis that montane rodent species are
complex species; therefore, further research is necessary.

Keywords: Akodon aerosus group; Akodon orophilus; Hudnuco; montane cloud forest; Peru; taxonomy.

El género Akodon es uno de los roedores sigmodontinos mas abundantes y diversos del neotrépico. Su taxonomia y
sistematica ha ido cambiando desde su conformacién. Actualmente, el género estd divido en cinco grupos de especies:
aerosus, boliviensis, cursor, dolores y varius. La mayoria de los estudios realizados se han centrado en especies del
grupo boliviensis, varius y cursor mientras taxa del grupo aerosus, incluyendo a A. orophilus, permanecen pobremente
estudiados; a pesar que varios autores indicaron que la mayoria de ellos podrian representar complejo de especies.
En el presente estudio, nosotros revisamos poblaciones asignadas a A. orophilus del departamento de Huénuco, cuyos
resultados nos permite describir una nueva especie. Se realizd una revision completa y exhaustiva de las especies
del grupo Akodon aerosus que ocurren en los bosques montanos del centro del Perd, asi como comparaciones con
otras especies que habitan estos bosques. Se incluyeron los caracteres externos y craneales y datos morfométricos en
nuestros andlisis. Estadisticas multivariantes y caracterizaciones morfoldgicas se realizaron con el fin de encontrar las
diferencias entre las especies. Una nueva especie de Akodon de Peru se describe basandonos en un andlisis combinado
de datos morfolégicos y morfométricos externos y craneodentales. Esta nueva especie es facilmente distinguible de
las otras especies del grupo aerosus por una combinacién Unica de coloracion del pelaje, tamafo corporal, morfologia
craneal y caracteres externos. La nueva especie es probablemente endémica a los bosques montanos de Hudnuco y
su descubrimiento ayuda a revelar la verdadera diversidad de los roedores peruanos en este tipo de regién y eleva a
nueve las especies de Akodon presentes en bosques montanos. Ademads, se apoya la hipétesis previa que indica que las
especies montanas representan complejos de especies; por lo que son necesarias mas investigaciones sobre ellas.
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Introduction

The genus Akodon Meyen, 1833, contains ca. 39 extant species and is one of the most diverse South
American genus of rodents. The taxonomy of Akodon has been actively changing since it was first
established. For instance, the species A. philipmyersi, A. polopi, and A. josemariarguedasi have been
recently described (Pardinas et al. 2005; Jayat et al. 2010; Jiménez et al. 2013); A. aliquantulus, A.
oenos, and A. viridescens were recently synonymized (Jayat et al. 2010; Pardinas et al. 2011; D’Elia
et al. 2011); finally, other forms like A. caenosus were elevated to full species (Jayat et al. 2010). In
addition, two species: A. latebricola and A. bogotensis, were removed from Akodon and allocated
to the new genus Neomicroxus (Alvarado-Serrano and D’Elia 2013). Still, other species, like A.
azarae, A. budini, A. pervalens, A. siberiae, and A. mimus, have unclear phylogenetic relationships,
suggesting that the radiation of Akodon is currently neither fully resolved nor understood.

Previous studies have suggested a monophyletic Akodon divided into five main groups of
species: aerosus, boliviensis, cursor, varius, and dolores (Smith and Patton 2007; Jayat et al. 2010;
Coyneretal. 2013), the first two of which occur in Peru. The Akodon aerosus clade was first recovered
by Patton and Smith (1992) and includes the species A. aerosus, A. mimus, A. mollis, A. orophilus,
and A. torques, all of which are distributed in Peru. Later, this species group was expanded by
Smith and Patton (2007) with four additional species (A. cf. budini, A. affinis, A. albiventer, and A.
siberiae). Both studies supported the monophyly of the group; however, a recent study by Coyner
et al. (2013) suggested that this group is paraphyletic and includes members of the cursor group.
This group is minimally composed of A. aerosus, A. albiventer, A. affinis, A. mollis, A. orophilus, A.
surdus, and A. torques (Pardifas et al. 2015). Meanwhile, studies of the aerosus group at the species
level are scarce, and issues such as variable chromosome numbers (see Patton and Smith 1992;
Smith and Patton 2007), the taxonomic complexity of some species (e. g., A. aerosus Patton and
Smith 1992), and the highly divergent mitochondrial DNA between species (see Patton and Smith
1992; Smith and Patton 1991; 1993; 2007) add uncertainty to the taxonomy of the group.

Patton and Smith (1992) and Smith and Patton (1993, 2007), based on a phylogenetic
analysis of cytochrome b sequences, suggested that A. orophilus encompasses more than one
species. They reported sequence divergence values between 5 and 10 % between samples
from Unchog (Hudnuco), Puerta del Monte (San Martin), Leymebamba (Amazonas), and Palca
(Junin). Later, Pacheco et al. (2012) described the karyotype of A. orophilus based on specimens
from Hudnuco (2n = 22). Later, Jiménez et al. (2013) assigned that karyomorph to a new entity, A.
josemariarguedasi, assigning the diploid complement 2n = 26 to A. orophilus s. s. from Amazonas.
As such, Jiménez et al. (2013) corroborated that A. orophilus s. I. is a species group. These authors
restricted the distribution of A. orophilus to the eastern Andean slopes in Amazonas and northern
San Martin departments, while A. josemariarguedasi was restricted to the south of the Rio Huallaga
in Huanuco and Junin departments. More recently, Coyner et al. (2013) proposed the recognition
of A. orientalis as a distinct species from A. orophilus based on some morphological differences
and molecular data; however, Pardifias et al. (2015) retained it as subspecies following previous
authors.

In2001 and 2002, the junior author (VP) led two expeditions to the montane forests of Cordillera
de Carpish (Huanuco), and collected A. orophilus among other species. We review these specimens
and found them different from A. orophilus s. s., and other species of Akodon. Herein, we describe
these species as belonging to a new species of Akodon based on an assessment of craniodental
and external morphological traits and analysis of morphometric data. We compare this new
species with other members of the A. aerosus species group based on their close phylogenetic
relationships established in previous molecular studies (Smith and Patton 2007; Jayat et al. 2010;
Coyner et al. 2013) and summarized by Pardifias et al. (2015). Finally, we also highlight the need to
protect the Cordillera de Carpish given its high species diversity and endemism (Parker and O’Neil
1976; Young and Leon 1999; Beltrdn and Salinas 2010).
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Material and Methods

A total of 44 specimens allocated to Akodon orophilus and collected in Hudnuco department
were examined in this study (Appendix). These specimens are housed in the collection of the
Departamento de Mastozoologia del Museo de Historia Natural, Universidad Nacional Mayor
de San Marcos, Lima, Peru (MUSM). Morphological descriptions and comparisons were based
on qualitative external and cranial characters using the terminology of Voss (1988), Myers et al.
(1990), Pacheco (2003), and Jiménez et al. (2013); molar cusps and enamel fold terminology follows
Reig (1977); capitalized color nomenclature follows Smithe (1975). Age classes were estimated
following the criteria of Myers (1989). Comparative measurements were taken from Jiménez et al.
(2013) and Myers and Patton (1989).

In addition, we examined specimens of A. aerosus, A. josemariarguedasi, A. orophilus s. I., A.
torques, and A. surdus (Appendix) for morphological comparisons; these species were chosen for
their geographic distribution in eastern montane cloud forest and close phylogenetic relationships
(see Smith and Patton 2007; Jayat et al. 2010; Coyner et al. 2013, Pardifas et al. 2015). Also included
in the comparisons were other species that inhabit cloud forests, such as A. kofordi, A. fumeus, A.
budini, and A. siberiae; comparisons with these species were based on the descriptions provided
by Myers and Patton (1989) and Pardifias et al. (2015).

For the morphometric characterization, 19 cranial dimensions for 61 specimens of Akodon
were recorded to the nearest millimeter using digital calipers, following Luna and Pacheco (2002)
and Jiménez et al. (2013). These 19 measurements and their abbreviations include: greatest skull
length (GSL), condyloincisive length (CIL), condylomolar length (CML), length of orbital fossa
(LOF), length of nasals (LN), diastema length (DL), length of incisive foramina (LIF), length of
maxillary toothrow (LM), breadth of incisive foramina (BIF), breadth of rostrum (BR), breadth of
palatal bridge (BPB), breadth of first upper molar (BM1), breadth of nasals (BN), least interorbital
breadth (LIB), zygomatic breadth (ZB), braincase breadth (BB), breadth of zygomatic plate (BZP),
depth of incisor (DI), and height of braincase (HBC). For the multivariate analyses, we used only
adult specimens of age classes 4 and 5 and after rejecting the hypothesis of sexual dimorphism
by a t-test analysis, pooled specimens of both sexes. All 19 measurements were transformed to
their natural logarithm to perform a Principal Component Analysis (PCA) on a correlation matrix,
in order to assess morphometric variation. A discriminant function analysis (DA) was also carried
out to examine the level of discrimination between samples. These analyses and the univariate
descriptive analysis for all measurements were conducted with the program SPSS 13.0 for Windows.

Results

Morphometric analyses. The first three principal components of the PCA explained 60.85% of
the total variation in the PCA. Loadings of the variables analyzed along components 1, 2, and
3 are shown in Table 1. All variables showed a positive loading on the first axis (except DI), thus
indicating a general variation in size where CML, ZB, GSL, CIL, and BR had relatively large loadings.
Meanwhile, LIF, DI, and DL (positives) on the second axis, and BZP (negative) on the third, had
relatively large loadings. Individual scores for the components (PC1 and PC2) are plotted in
Figure 1. Three main groups of specimens can be identified in the scatterplot of PC1 and PC2,
one formed by A. orophilus s. s. from Amazonas and San Martin departments, A. josemariarguedasi
and specimens collected in the Cordillera de Carpish (Hudnuco department). Specimens of A.
orophilus s. s. overlap marginally with specimens from the Cordillera de Carpish currently assigned
to A. orophilus; meanwhile A. josemariarguedasi separates completely from A. orophilus s. s. and
specimens collected at the Cordillera de Carpish currently assigned to A. orophilus, confirming the
difference in size among these populations (Figure 1). A discriminant function analysis revealed

www.mastozoologiamexicana.org 451



NEW PERUVIAN AKODON FROM MONTANE FOREST

a significant variation among these three groups (Wilk’s lambda = 0.027; p < 0.000) and showed
a clear separation among them (Figure 1). The first discriminant function accounted for 68.4%
of the variance. The most influential variables for the first and second function were BR and BN,
respectively. Percentages of misidentifications were low, only one individual from the Cordillera de
Carpish (Huanuco department) and A. orophilus s. s. were mistakenly identified, while 100% were
correctly classified as A. josemariarguedasi. These results indicate that the specimens collected
in the Cordillera de Carpish, currently assigned to A. orophilus, are morphometrically distinct
from typical A. orophilus and A. josemariarguedasi. The mean standard deviation and range of
external and cranial measurements of the specimens examined are shown in Table 2. In addition,
specimens from Carpish have some morphological peculiarities, such as dark dorsal coloration,
narrow parapterygoid fossa, with straight outward edges, long incisive foramina that nonetheless
only reaches the protoflexus of M1, and smaller entoconid-hypoconid cusp pair of m1, which
differentiates them from A. orophilus s. s. and A. josemariarguedasi.

Table 1. Loadings of the first three components of a Principal Component Analysis of 19 measurements of Akodon orophiluss.s. (n = 18),
Akodon josemariarguedasi (n = 21), and Akodon kotosh sp. nov. (n = 22) of tooth-wear classes 4 and 5. Measurements are defined in Material and
Methods.

Principal Component

Character
1 2 3

CML 0.87 0.08 -0.01
ZB 0.81 -0.08 -0.02
GSL 0.80 0.31 -0.19
CIL 0.76 0.48 -0.03
BR 0.73 -0.34 0.00
LIB 0.70 -0.18 0.34
LM 0.68 -0.23 0.23
BIF 0.66 -0.13 0.15
BN 0.65 0.17 0.30
BB 0.63 -0.45 -0.17
LOF 0.58 0.37 0.25
HBC 0.52 -0.52 -0.07
LN 0.52 0.39 0.09
BM1I 0.44 -0.41 0.15
LIF 0.15 0.77 0.02
DI -0.14 0.70 0.48
DL 0.40 0.57 -0.44
BZP 0.26 0.08 -0.73
BPB 0.60 -0.11 -0.12
Eigenvalues 7.05 2.93 1.43
% of Variance 37.11 15.45 7.51
Cumulative % 37.83 52.56 60.08
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Figure 1. Specimen scores of adult individuals (age classes 4 and 5) of Akodon kotosh sp. nov. (white circle, n = 22), Akodon
josemariarguedasi (gray circle, n = 21) and Akodon orophilus s. s. (black circle, n = 18) for principal components 1 and 2 generated from
the correlation matrix (top) and for canonical variants extracted from a discriminant function analysis (bottom) of 19 craniodental
measurements. The percent of the total variation explained by each axis is indicated.

Discussion

Based on the high level of sequence divergence for the cytochrome b gene, Patton and Smith
(1992), suggested that Akodon orophilus is a complex of species. Subsequent studies (Smith and
Patton 1993; 2007) that included a larger geographic range, analyzing samples from the Peruvian
departments of Amazonas, San Martin, Huanuco, and Junin, supported their hypothesis. During
our research we have examined specimens assigned to A. orophilus from Amazonas, Huanuco,
and San Martin, and found morphological (see below) and morphometric differences among
them that support the initial hypothesis of Patton and Smith (1992). Taking this information into
consideration, and based on our combined analyses of morphology and morphometric data, we
propose the recognition of populations from the Cordillera de Carpish (Huanuco department) as
a new species, which is described as follows.
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Akodon kotosh sp. nov.

Holotype. Adult female (age class 4) deposited at the Museo de Historia Natural of the Universidad
Mayor de San Marcos (MUSM 18950), skull removed and cleaned, with tissue sample preserved in
alcohol, collected on 15 August 2002 by Marina Villalobos, original field number MVC 115.

Type locality. Peru, Huanuco department, Huanuco province, Chinchao district, Caserio de San
Pedro de Carpish, -9°41.70'S, -76° 05.28''W, elevation 2,400 m.a.s.l. (Figure 2).

Paratypes. Four specimens, two males (MUSM 19006, 18998) and two females MUSM (19036,
19023), collected at the type locality in August 2002 and preserved as skulls and skins.

Nomenclature statement. A life science identifier (LSID) number was obtained for the new species
Akodon kotosh: urn:lsid:zoobank.org:pub:DE7571D4-5F5A-4D4A-87DD-9E8CC2183FB5

Diagnosis. Akodon kotosh sp. nov. is distinguished from other species of the Akodon aerosus species
group by the following combination of characters: large size (TL=170t0 222 mm; LT=71.5 to 100 mm),
uniform dark olive brown coloration, with dorsal and ventral pelage not countershading, ventral hairs
with dark bases; unicolored tail; large and broad skull (GSL= 26.06 to 28.95 mm, ZB = 12.65 to 14.40
mm); broad nasals (BD = 2.95 to 3.72 mm); large incisive foramen (LIF = 5.68 to 6.71 mm); large lacrimals;
broad antorbital bridge; wide zygomatic notch being somewhat shallow in depth; conspicuous gnathic
process; incisive foramen that extends backward to the protoflexus of the first upper molar M1; broad
interorbital region (LIB=5.13 to 5.68 mm); narrow parapterygoid fossa; small foramen ovale; robust jaw
without a prominent capsular process; low-crowned molars; and anterior edge of the masseteric crest
placed posterior to procingulum of m1; bilobed m3 with small entoconid/hypoconid cusp pair.
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Figure 2. A: Map of Peru showing the distribution of Akodon orophilus s. s., A. josemariarguedasi, Akodon mollis, and A. kotosh sp.
nov. B: Map of central Peruvian Andes displaying a fraction of the distribution of A. josemariarguedasi and the collecting localities of A.
kotosh sp. nov., 1) Carpish (Type locality), 2) Huanacaure (based on Jiménez et al. 2013 and Pardifas et al. 2015).
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Description. A large member of the genus Akodon (Table 2), the overall color of the dorsum is
dark olive brown, fur hairs average about 10.0 mm in length, the base of which is dark gray, the
subterminal band is pale brown, and the tip is dark brown. Guard hairs are gray at the base and
black at the tip, extending up to 2 mm beyond fur hairs. The venter is olive gray and slightly paler
than the dorsum. The chin has a small patch of white hairs (Figure 3). Eyerings are inconspicuous.
Forefeet are slightly paler and covered with black or brown-based hairs. The ungual tufts on
the manus are white. The hindfeet are covered by dark brown hairs. The ungual tufts of pes are
brown or bicolored with white tips. Ears are covered by delicate, short hairs. Mystacial vibrissae
are moderately long and reach the ears when bent, some are white and others are black; the
submental and interramal vibrissae are white. One to three superciliary vibrissae are present, one
of them more conspicuous, and genal-1 is present; both types of vibrissae are black. The tail is
short, about 85% of the head-body length, and slightly contrasting in color; the hairs on the dorsal

Table 2. Summary statistics (X, standard deviation, range) for 23 external and cranial measurements (in mm) of adult specimens (age
classes 4 and 5) of Akodon orophilus s. s., Akodon kotosh sp. nov., and Akodon josemariarguedasi. Variables are described in Material and Methods.

Akodon orophilus s.s. Akodon kotosh sp. nov. Akodon josemariarguedasi

Character _ B

N X+SD Range N X+£SD Range N X=SD Range
TL 21  187.33+8.88 171.00-201.00 25  198.08 £ 11.68 170.00-222.00 19 19232+ 11.91 176.00-221.00
LT 21 85.19+7.14 74.00-100.00 25 91.10 + 6.69 71.50-100.00 19 89.08 +7.94 75.00-106.00
EAR 21 16.55+1.24 14.00-19.00 24 15.69 + 1.34 14.00-19.00 19 15.61 £+ 1.36 12.00-17.00
HF 21 2276+1.22 21.00-25.00 23 23.96 +1.30 20.00-25.50 19 22.84 +1.65 21.00-27.00
GSL 22 27.04+0.30 26.23-27.45 33 27.48 +0.64 26.06-28.95 23 26.81 +0.38 26.06-27.49
CIL 22 24.55+0.37 23.77-25.25 33 25.05+0.61 23.63-26.39 23 24.47 +0.44 23.54-25.25
CML 22 16.59 £ 0.31 16.05-17.15 33 16.78 £ 0.38 15.95-17.46 23 16.23 £0.24 15.72-16.68
LOF 22 8.34+0.18 8.06-8.67 33 8.61 £0.28 8.22-9.20 23 8.31+0.17 7.97-8.67
LN 22 10.43+0.36 9.79-11.22 33 10.87 £0.41 10.08-11.92 23 10.47 +£0.27 9.90-10.85
DL 22 6.83+£0.21 6.50-7.27 32 6.98 £0.28 6.43-7.70 23 6.87+£0.22 6.51-7.16
LM 22 439+0.17 3.97-4.82 33 447+0.14 4.10-4.70 23 422+0.11 3.93-4.43
LIF 22 5.82+£0.28 5.28-6.35 33 6.14£0.25 5.68-6.71 23 6.09 £0.25 5.61-6.55
BIF 22 2.14+£0.12 1.98-2.40 33 221+0.15 1.89-2.69 23 1.99+0.11 1.72-2.25
BPB 22 2.98+0.14 2.78-3.20 32 2.96£0.19 2.65-3.51 23 2.71+0.21 2.38-3.15
BM1 22 1.26 +0.06 1.17-1.40 32 1.29+0.06 1.13-1.43 23 1.22+£0.06 1.12-1.34
BR 22 476 £0.21 4.25-5.09 33 4.70 +£0.29 4.20-5.60 23 439+0.16 4.07-4.67
BN 22 3.09+£0.14 2.89-3.32 33 3.31+0.17 2.95-3.72 23 3.10+0.11 2.82-3.30
LIB 22 5.27+0.16 5.05-5.63 33 5.44+£0.15 5.13-5.68 23 5.15+0.18 4.87-5.48
ZB 22 13.37+0.34 12.78-14.07 33 13.51+0.40 12.65-14.40 23 12.92+0.31 12.24-13.40
BB 22 12.28 £0.31 11.95-13.02 33 12.23 £0.30 11.7-13.05 23 11.90 +0.29 11.28-12.51
BZP 22 2.08+0.14 1.83-2.31 32 2.04+0.19 1.56-2.60 23 2.03+£0.10 1.78-2.19
DI 22 1.25+0.05 1.14-1.33 32 1.32+£0.04 1.23-1.41 23 1.33+0.05 1.27-1.43
HBC 22 8.45+0.27 7.80-8.85 33 8.46 +0.24 8.01-8.95 23 8.21+0.12 8.04-8.54
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Figure 3. Dorsal and ventral views of museum study-skin of Akodon kotosh sp. nov. (MUSM 18947; left), A. orophilus s. s. (MUSM
36984; center), and A. josemariarguedasi (MUSM 22759; right). Scale bar = 10 mm.

surface are black, while those on the ventral side are white; scales on both sides of the tail are small
and black. Dorsal and ventral hairs are over 2 scales in length.

The skull is slightly elongated, with a rounded braincase (Figure 4). The profile of the skull is flat.
The rostrum is arched, long, and somewhat broad. The gnathic process is conspicuous. The nasals
are long and wide, extending anteriorly beyond the premaxillae, but not expanding beyond the
lacrimals posteriorly. The anterior edges of nasals are pointed with posterior margins slightly blunt
or somewhat pointed. The premaxilla extends posteriorly slightly behind the nasals. The fronto-
parietal suture is somewhat rounded or little rounded in Huanacaure specimens.
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Zygomatic notches are wide and moderately deep with rounded borders. Zygomatic arches
are robust and anteriorly convergent, and the malar process is thick. Lacrimals are large. Lambdoid
ridgesare welldeveloped,andtheinterparietal boneisreduced.Theinterorbital regionis hourglass-
shaped without ridges and broad. Incisive foramina extend only to the protoflexus of M1, not
reaching the protocone and diverging on the posterior border. The maxillary septum occupies
less than half of incisive foramina length. Anterior palatal pits are conspicuous and located at the
level of the second upper molar (M2) hypoflexus. Posterior palatal pits are located slightly behind
the anterior margin on both sides of the mesopterygoid fossa and are absent in some cases. The
mesopterygoid fossa is broader than the parapterygoid fossa at midpoint and has parallel margins,
extending anteriorly to the posterior border of the third upper molar (M3) or slightly anterior to
it, producing a short palate; its anterior margin is slightly biconcave. The parapterygoid plate is
narrow, fenestrated, and divergent with straight external margins. Sphenopalatine vacuities are
usually present and slightly developed. Auditory bullae are flask-shaped and intermediate in size,
with short and broad Eustachian tubes.

Laterally, the zygomatic plate is moderately broad. The anterior border is generally convex. A
distinct masseteric tubercle is present in front of the root of the zygomatic plate. The posterior
ascending process of the alisphenoid is always ventral to the squamoso-alisphenoid groove. The
tegmen tympani slightly overlaps the posterior process of the squamosal. The dorsal aperture of
the ectotympanicring is either opened or closed. The nasolacrimal foramen is present, its diameter
being smaller than or equal in size to M2. The oval foramen and foramen ovale accessorius are
usually smaller than M3. The optic foramen is larger than M3. The ethmoid foramen is dorsal to
M3. The carotid circulation corresponds to pattern 1 with the sphenofrontal foramen, stapedial
foramen, and squamoso-alisphenoid groove present. The postglenoid foramen is large, almost
twice the size of the subsquamosal fenestra, and both are rounded. The hamular process is usually
thick and curved but thicker and shorter in specimens from Huanacaure. The sphenopalatine
foramen is shorter than M2 and mostly closed.

The upper molars are crested, and the main cusps show an alternate arrangement. The
anterolabial and anterolingual conules of M1 are approximately equal in size and are divided by a
somewhat developed anteromedian flexus. The paraflexus and metaflexus are conspicuous but the
anteroflexus and posteroflexus are shallow. The anteroloph, mesoloph, posteroloph, paralophule,
parastyle, and mesostyle are present, while the metalophule and mesoflexus are absent. On the
lingual side, the protoflexus and hypoflexus are present while the enterostyle is absent. In M2, the
protocone, paracone, hypocone, and metacone show a diagonal arrangement; the paraflexus,
metaflexus, protoflexus,and hypoflexus are present but the anteroloph, mesoloph,and metalophule
are absent; the mesostyle, paralophule, and posteroflexus are present. The posteroloph is poorly
defined. M3 has a deep metaflexus, posteroflexus, posteroloph, and hypoflexus. The paracone
and protocone are larger than the metacone and hypocone. In some individuals, molars show
fossettes that could represent vestigial mesoflexi. In the lower toothrow, the conids of the first
lower molar (m1) and second lower molar (m2) are arranged diagonally with the metaconid and
entoconid anterior to the protoconid and hypoconid, respectively. In m1, the anteromedian flexid
is inconspicuous; the anterolingual conulid is smaller than the anterolabial conulid; the protostylid
is well developed and the ectostylid is minute; the posterolophid and posteroflexid are well
defined. The second lower molar presents a tiny mesostylid. The third lower molar is eight-shaped
and small, with a small posterior lobe corresponding to the entoconid-hypoconid cusp pair (Fig. 5).

The lower jaw is similar to the one observed in other species of Akodon, with the mandibular
rami somewhat robust. The coronoid process is delicate and falciform, and its dorsal margin lies
above the condylar process. The lunar notch is deep and wide and the angular process is robust.
The condylar process is moderately long, usually placed at the same level as the angular process.
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Figure 4. Holotype (MUSM 18950) of Akodon kotosh sp. nov. Scale bar =10 mm.

The lower incisor alveolus lacks a distinct capsular process; mandibular and mental foramina are
present, although reduced. The masseteric tubercle and the lower masseteric crest are highly
noticeable. The anterior edge of the masseteric crest is posterior to the procingulum of m1.

Akodon kotosh sp.nov. has 12 thoracic ribs; the vertebral column includes 7 cervical, 12 thoracic,
6 lumbar, 4 sacral, and 28 caudal vertebrae.

Etymology. The term kotosh derives from a noun in apposition referring to an archaeological site
where a pre-Columbian temple called “manos cruzadas” is located. This site is about 5 km from
the town of Huanuco. This pre-Columbian culture emerged about 1,800 BC. Kotosh is one of the
most important archaeological sites in Hudnuco department and is located 30 km southwest of
the type locality.

Distribution. Akodon kotosh sp. nov. is currently known from two localities only: Caserio San Pedro
de Carpish and Huanacaure forest, Cordillera de Carpish, Huanuco department (Figure 2).

Comparisons. Akodon kotosh sp. nov. can be differentiated from A. orophilus by its darker coloration;
longer tail (91.10 mm versus 85.19 mm on average); shorter ears (15.69 mm versus 16.55 mm on
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Figure 5. Detailed occlusal views of upper (top) and lower (bottom) right molar series of Akodon kotosh sp. nov. (MUSM 18598;
left), A. orophilus s. s. (MUSM 36583; center), and A. josemariarguedasi (MUSM 22750; right).

average); longer (27.48 mm versus 27.04 mm on average) and broader skull (13.51 mm versus
13.37 mm on average); broader nasals (3.31 mm versus 3.09 mm on average) that are more
projected anteriorly; longer incisive foramina (6.14 mm versus 5.82 mm on average) reaching the
protoflexus of M1; smaller entoconid-hypoconid cusp pair; a conspicuous masseteric tubercle;
and a narrower parapterygoid fossa with parallel sides (Figures 5, 6).

Akodon kotosh sp. nov. is distinguishable from A. josemariarguedasi by its darker and uniform
body pelage; larger hindfoot (23.96 mm versus 22.84 mm on average); longer (27.48 mm versus
26.81 mm on average) and broader skull (13.51 mm versus 12.92 mm on average); nasal projecting
little beyond the premaxilla; incisive foramina reaching only to the protoflexus of M1; broader
palate (2.96 mm versus 2.71 mm on average); larger molars (4.47 mm versus 4.22 mm on average);
broader mesopterygoid fossa with parallel margins; narrower parapterygoid fossa with straight
outward edges; and smaller entoconid-hypoconid cusp pair; inconspicuous anteromedian flexus
and flexid (Figure 5).

Akodon kotosh sp. nov. differs from A. torques by its slightly darker coloration. Nasals are longer
(10.87 mm versus 10.65 mm on average) and broader than in A. torques (3.31 mm versus 3.07 mm
on average); the posterior margin of nasals is less tapered and it does not extend beyond the
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lacrimals; the incisive foramen extends backward to the protoflexus of M1. Akodon kotosh sp. nov.
exhibits a rounded fronto-parietal suture; narrower and longer parapterygoid fossa with straight
external borders; and a larger oval foramen and broader zygomatic plate (2.04 mm versus 1.85
mm on average).

Akodon kotosh sp. nov. is distinguishable from A. aerosus by its darker coloration; longer tail
(91.10 mm versus 87.37 mm on average); deeper zygomatic notch and narrower antorbital bridge;
narrower and rectangular zygomatic plate with a convex anterior border (2.04 mm versus 2.22
mm on average); the incisive foramen extends backward only to the protoflexus of M1; smaller
oval foramen and indistinct capsular process.

Akodon kotosh sp. nov. is distinguished from A. surdus by its more olivaceous tinge, paler toe
and longer tail (91.10 mm versus 70.00 mm on average); smaller skull (27.48 mm versus 28.93 mm
on average) with shorter (10.87 mm versus 11.43 mm on average) and narrower nasals (3.31 mm
versus 3.60 mm on average). It has a more pointed anterior border and a less tapered posterior
border; incisive foramina extend backward to the protoflexus of M1; narrower interorbital region
(5.44 mm versus 5.52 mm on average); narrower antorbital bridge; narrower and slating zygomatic
plate (2.04 mm versus 2.31 mm on average); narrower mesopterygoid; and parapterygoid fossa
with straight external borders.

Akodon kotosh sp. nov. markedly differs from A. budini by its shorter ears (15.69 mm versus
20.2 mm on average); unicolored tail; less hypsodont molars; shallower zygomatic notch; incisive
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Figure 6. Cranial differences between Akodon kotosh sp. nov. (left) and A. orophilus s. s. (right). A) Narrower parapterygoid fossa
in Akodon kotosh sp. nov. B) The nasal bone is projected more anteriorly in Akodon kotosh sp. nov. C) Broader nasal bone in Akodon
kotosh sp. nov. D) Shorter incisive foramen in Akodon kotosh sp. nov. if = incisive foramen; max = maxillary; na = nasal; pal = palatine;
pf = parapterygoid fossa; pre = premaxillary.
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foramen extending backward to the protoflexus of M1; narrower mesopterygoid fossa; broader
interorbital region (5.44 mm versus 4.96 mm on average); longer nasal (10.87 mm versus 10.09
mm on average); shorter molars (4.47 mm versus 4.98 mm on average); narrower zygomatic plate
(2.04 mm versus 2.36 mm on average); and inconspicuous anteromedian flexid.

Akodon kotosh sp. nov. can be easily distinguished from A. siberiae by its shorter ears (15.69
mm versus 18.5 mm on average); shorter dorsal hairs (10 mm versus 12 mm on average); broader
interorbital region (5.44 mm versus 5.15 mm on average); shorter molars (4.47 mm versus 4.81 mm
on average); shorter incisive foramen (6.14 mm versus 6.37 mm on average) that extends backward
to the protoflexus of M1; and narrower mesopterygoid fossa with straight lateral margins.

Two other species occur in montane forests: Akodon fumeus and A. kofordi. Both belong to
the Akodon boliviensis species group (sensu Pardinas et al. 2015). In general, they have a different
color pattern with a dark brown dorsum with an olivaceous tone and a buff ventral side; they are
smaller in most external and cranial dimensions. Both have a narrower mesopterygoid fossa and
interorbital region than Akodon kotosh sp. nov.

Natural History. Akodon kotosh sp. nov. is sympatric with Microryzomys minutus, Thomasomys
notatus, T. ischyrus, and T. kalinowskii. No pregnant individuals were found during fieldwork in
February, May, or November.

Akodon kotosh sp. nov. inhabits mountain forests above 2,400 m.a.s.l. Carpish is a dense

montane forest with trees not exceeding 20 m. Trees are conspicuously covered by epiphytes,
mosses, lichens, and bromeliads. The most abundant plant families at Carpish are Orchidaceae,
Asteraceae, Melastomataceae, and Rubiaceae (Beltran and Salinas 2010).
Remarks. Molecular data for the new species is not available, although sequences are available for
specimens previously assigned to A. orophilus by Smith and Patton (1993; 2007) that were collected
in the nearby areas of Palca (Junin) and Unchog (Hudnuco). The first one corresponds to Akodon
josemariarguedasi and the second could belong to an undescribed species. Based on molecular data
and some morphological features, Coyner et al. (2013) indicated that the specimen from Unchog
(Hudnuco department) belongs to Akodon orientalis, a form previously considered a synonym of A.
orophilus. However, Jiménez et al. (2013) pointed out that there is no morphological difference between
A. orophilus orientalis and A. o. orophilus except that specimens of orientalis from Amazonas and
northeastern San Martin department are darker; meanwhile, Pardifas et al. (2015) considered orientalis
as a subspecies of orophilus. For us, this specimen may represent an unnamed species. This specimen
exhibits some differences with A. orophilus, including a ventral side with whitish hair tips, larger lacrimals,
serrated contour of the posterior end of nasal, and a more delicate mandible. Compared to A. kotosh
sp. nov,, the specimen from Unchog has a longer incisive foramen that extends to the protocone of M1,
rounded anterior border of the nasal, and a more delicate mandible. In addition, this specimen has a
more conspicuous gnathic process, a pointed posterior margin of nasal, shallow zygomatic notches, a
long incisive foramen, and inconspicuous antero-palate pits, relative to A. josemariarguedasi.

Similarly, populations from five localities in northern Huanuco department (Kenwarajra, Pampa
Hermosa, Iscarag, Campamento Provias, and Campamento regional) and two localities in central
San Martin (La playa and Los Chochos) were originally allocated to Akodon orophilus; however, our
more detailed analysis points to an inconclusive status for them due to their high morphological
variability. These specimens do not fully agree with the descriptions of A. josemariarguedasi, A.
orophilus s. s., nor A. kotosh sp. nov. For instance, populations from northern Huanuco department
have a more yellowish body coloration, square posterior border of the nasal, conspicuous
posterior palatal pits, and a larger lacrimal; individuals from San Martin are slightly smaller, with
larger lacrimals, a more yellowish rostrum, more conspicuous eyerings, and bicolored hairs on the
ventral side of the tail, compared to A. kotosh sp. nov., A. orophilus s. s., and A. josemariarguedasi.
We suggest that molecular analyses could contribute to clarify this complex taxonomic scenario.
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After the description of Akodon kotosh sp. nov., nine species of Akodon are known from the
Peruvian montane cloud forests. In addition, our results show that further studies are still needed
to clarify the true diversity of Akodon inhabiting the Peruvian cloud forest, particularly when other
member of the aerosus group such as A. mollis and A. aerosus could encompass more than one
species. This is also true for other rodent species that inhabit this kind of forest, which is home
to a number of endemic mammal species. For that reason, the establishment of more protected
areas is necessary because the montane cloud forests suffer one of the highest rates of species loss
(Gentry 1992) owing to the conversion of forested land and logging.
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Appendix

Vouchers of the specimens examined are deposited in Museo de Historia Natural de la Universidad
Nacional Mayor de San Marcos, Lima (MUSM) and The Field Museum, Chicago (FMNH).

Akodon aerosus (n = 38) CUSCO; Carretera Paucartambo-Pillcopata, km 150-13°13'38.3"S,-71°
37'10.6"" W (MUSM 8960-997).

Akodon kotosh sp. nov. (n = 44) HUANUCO; Chinchao, Carpish -9° 43’ 27" S, -76° 6’ 02" W (MUSM
18438-439, 18449, 18588, 18598-599, 18604, 18620, 18622, 18625, 18648-650, 18656, 18663,
18665, 18667-678, 18680, 18726, 18945, 18950, 18953, 18986, 18998, 19023, 19044, 19053).
Huanacaure -9°45'26"S, -75° 52" 53"W (MUSM 36817-832).

Akodon josemariarguedasi (n = 70) HUANUCO; Ambo, Chaglla-9°53'12" S,-75°53'22" W (MUSM
17763,17764,17769,17773,17774,17776-782,17784-785,17787,17792-793, 17798). Galloganan
-10°09'32"S, -76° 08" 10" W (MUSM 22747-763). Hatuncucho -10°9'16" S, -76° 7' 45" W (MUSM
22764-779).Ichocan -10° 10’ 15"S, -76° 07’ 12"'W (MUSM 36747-765).

Akodon orophilus s. s. (n = 83). AMAZONAS: Bongara: Hierba Buena -5° 47" 45" S, -77° 47' 17"
W (MUSM 36901-36909, 36965-36969). Chachapoyas: Leymebamba -6° 44’ 37" S, -77° 47" 51" W
(FMNH 19725, 19727, 19729, MUSM 36983, 36984). San Antonio -6° 19'48"S,-77° 48'36"W (MUSM
37005-37034). Luya: Huiquilla -6° 22" 43" S, -77° 58 45" W (MUSM 25732-25744, 36970-36982).
SAN MARTIN: Mariscal Caceres: ARazco Pueblo -6° 50" 24" S, -77° 29’ 24" W (MUSM 24387-24389).
Estacion bioldgica Laurel -6° 41’ 24" S, -77° 42" 0" W (MUSM 24390-24392). Moyobamba: Puca
Tambo -6°0'0"S,-77° 0" 0"W (FMNH 19856).

Akodon surdus (n = 5) CUSCO: La Convencion: Paltaybamba -13° 1'9”S, -72° 43" 29" W (USNM
194642) + Idma-12°52'60"S, -72° 49'0" W (USNM 194657). Huadquina-13°8'3"S, -72°36'25"W
(USNM 194663, 194694). Monte Carmelo-Koshipiari-12°25'41" S, -72°2'36" W (MUSM 36600).

Akodon torques (n = 22) CUSCO: Paucartambo: P. V. Acjanaco -13° 11" 47" S, -71° 37" 11" W
(MUSM 9042-9048, 9080, 9099, 9112-9114, 9167-9176).

Akodon sp. (n = 80) HUANUCO: Huacaybamba: Kenwarajra -9° 5’ 19” S, -76° 47" 41” W (MUSM
22978-22983). Pampa Hermosa -8° 53’ 35” S, -76° 58’ 20" W (MUSM 22984-22998). Huamalies.
Iscarag -9° 18" 17" S, -76° 35" 35" W (MUSM 22832, 22871). Maranén: Campamento Provias -8°
40'5.8"S, -76° 58'9.2"W (MUSM 22920-921). Campamento Regional; -8°39'54.7"S, -77°0'8.3" W
(MUSM 22922-934). SAN MARTIN; Mariscal Caceres, La Playa; -7° 38'41”S, -77° 28’ 53" W (MUSM
7541-561). Los Chochos; -7°33'50" S, -77°25"30" W (MUSM 7622-642).
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Plaguicidas organoclorados y anticolinérgicos en ratones
silvestres en ecosistemas de humedales costeros del Golfo de México

Organochlorine and anticholinergic
pesticides in wild mice from wetland
ecosystems of the Gulf of Mexico
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Terminos Lagoon area is a highly important economic and biological area, and one of the most important fresh water
reservoirs in Mesoamerica. This area has been affected by human activities such as the disposal of pollutants, including
pesticides that cause damage among wildlife. Our research evaluated the exposition of three wild rodent species
Oryzomys couesi, Peromyscus leucopus, and Reithrodontomys gracilis to organochlorine and anticholinergic pesticides in
nine localities of Terminos Lagoon. We collected samples of brain, skeletal muscle, and liver to evaluate organochlorine
and anticholinergic pesticides exposure. We measure acetylcholinesterase (AChE) activity as anticholinergic pesticide
exposure sign. We found significant differences in acetylcholinesterase activity among localities in brain for two species
O. couesi and R. gracilis, but not for skeletal muscle tissue. We found 20 organochlorine compounds in rodent’s liver of
which only lindane, aldrine and heptachlor were in amounts suggesting a recent exposure. The AChE inhibition is not
enough evidence for anticholinergic pesticide exposure. Recent organochlorine pesticides application and exposition
was detected, but sources are unknown, probably atmospheric deposition. Rodent exposure to pesticides could
affect negatively its population dynamic. This detrimental effects can reach higher trophic levels because predators
biomagnifies some of these compounds.

Key words: Aldrin; AChE inhibition; carbamates; DDT; organophosphorus; Pollution; wild rodents.

El drea de LagunadeTérminos es de granimportancia econémicay biolégicay es uno de los reservorios de agua dulce mas
importantes de Mesoamérica, la cual ha sido impactada por las actividades antrépicas que incorporan contaminantes,
entre ellos los plaguicidas, los cuales dafan a la fauna silvestre. Este trabajo evalud la exposiciéon de tres especies
de ratones silvestres Oryzomys couesi, Peromyscus leucopus y Reithrodontomys gracilis a plaguicidas anticolinérgicos
y organoclorados en nueve sitios de Laguna de Términos. Se colectaron muestras de cerebro, musculo e higado. Se
midi6 la actividad de la enzima acetilcolinesterasa en musculo y cerebro como evidencia de la exposicién a plaguicidas
anticolinérgicos. Se determinaron lo compuestos organoclorados y sus concentraciones en muestras de higado como
evidencia de la exposicion a los mismos. Se encontraron diferencias en la actividad de la enzima acetilcolinesterasa
entre zonas de muestreo en cerebro para O. couesi y R. gracilis pero no en musculo. Se detectaron 20 compuestos
organoclorados en el higado de los ratones, de los cuales sélo el lindano, el aldrin y el heptacloro se encontraron en
cantidades que sugieren una exposicion reciente. La inhibicién del a actividad de la AChE no es evidencia contundente
parala exposicion a plaguicidas anticolinérgicos en el drea. Se detectd la aplicacidon y exposicién reciente a plaguicidas OC,
el pueden ser las deposiciones atmosféricas. La exposicion de los ratones a los plaguicidas puede afectar negativamente
su dinamica poblacional. Estos efectos perjudiciales pueden alcanzar niveles superiores en las redes tréficas ya que estos
compuestos son persistentes y se biomagnifican a través de los niveles superiores de las redes tréficas.
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PLAGUICIDAS EN ROEDORES SILVESTRES DE HUMEDALES COSTEROS

Introduccion

Los plaguicidas quimicos sintéticos se han empleado desde la segunda mitad del siglo XX como
primera opcién para controlar insectos plaga y minimizar las pérdidas de las cosechas en todo
el mundo. Su uso ha ido en aumento de manera descontrolada de casi 280 mil toneladas en
1964 solo para Estados Unidos hasta mas de 2.3 millones de toneladas en 2007 a nivel mundial
(EPA 2011). Como consecuencia del uso indiscriminado de plaguicidas, la salud humana y la
ambiental se han visto afectadas por su interaccién con la actividad biolégica de los organismos
benéficos para el ambiente (Gonzalez-Castillo et al. 2012). Debido a que estos compuestos no son
especificos, pueden causar efectos perjudiciales sobre el ecosistema y el ser humano (Bouchard et
al. 2006) y amenazar el equilibrio ecolégico (Hemingway y Ranson 2000).

Los compuestos organoclorados (OC) fueron los primeros en emplearse ampliamente en el
control de insectos plaga por su alta efectividad en eliminarlos, particularmente el DDT (Snedeker
2001). Sin embargo, este compuesto fue prohibido al descubrir los efectos adversos de su uso
tales como la alta capacidad carcinogénica y la alteracién de la permeabilidad de la membrana
neuronal, caracteristicas comunes con otros OC. Ademas, al ser altamente lipofilicos, los OC
se bioacumulan en los tejidos grasos y pueden biomagnificarse a través de las redes tréficas
hacia los eslabones superiores, por lo cual se pueden detectar los compuestos o sus derivados
dentro de los tejidos como evidencia de su exposicion (Albert y Loera 2013). De igual manera,
pueden producir a largo plazo disrupciéon endécrina, al imitar la acciéon de algunas hormonas
como estrogenos y andrégenos debido a la similitud en su estructura quimica con una hormona
enddgena, llevando a cabo un efecto bioldgico similar (agonista) al de la hormona original o
bloqueandolo (antagonista; Salame Méndez et al. 2008). Asimismo, estos compuestos son muy
estables quimica y bioquimicamente, ya que su vida media en el ambiente es superior a los
diez anos y en muchos casos los productos de degradacion parcial de estas sustancias son mas
estables que el compuesto original, como es el caso del DDT cuya vida media se estima en 10 afos,
mientras que sus productos de degradacién, el DDE y DDD pueden durar en el ambiente por mas

de 30 anos (Albert y Loera 2013).

Como una alternativa al uso de OC, se han empleado plaguicidas organofosforados (OP) y
carbamatos, los cuales son mas solubles en agua y poco solubles en lipidos, por lo que no se
acumulan en los tejidos grasos y se degradan a una velocidad mayor en el ambiente (Lartiges
y Garrigues 1995). Estos compuestos se consideran anticolinérgicos, es decir, impiden la
hidrdlisis del neurotransmisor acetilcolina (ACh) en colina y acido acético por accion de la
enzima acetilcolinesterasa (AChE), por lo cual la ACh se acumula en las terminaciones del sistema
nervioso central y periférico (Albert y Loera 2013). De esta manera, se alteran funciones como la
termorregulacion y el comportamiento (actividad, tiempo de forrajeo, habilidad de aprendizaje y
el consumo de agua o alimento), lo cual conlleva a pérdida de peso, problemas en el desarrollo, y
bajo éxito reproductivo en aves y mamiferos (Story y Cox 2001).

Las respuestas bioldgicas de los vertebrados ante los plaguicidas pueden permanecer por
semanas después de que los compuestos se han degradado en el ambiente, por lo que estas
respuestas pueden servir como indicadores de su exposicion, también llamados biomarcadores de
exposiciéon. Los biomarcadores de exposicidon se definen como respuestas bioldgicas que permiten
detectar y medir una sustancia exdgena o sus metabolitos, o el producto de una interaccién entre
el agente xenobidtico y algunas moléculas o células blanco dentro de un organismo (van der
Qost et al. 2003). Esto permite confirmar y evaluar la exposicion de individuos a una sustancia o
grupo de sustancias en particular, relacionando la exposicion externa y la dosimetria interna (van
der Oost et al. 2003). La actividad de la enzima AChE es uno de los biomarcadores de exposicion
mas usados para evaluar la exposicion a plaguicidas anticolinérgicos por ser facil de medir en
laboratorio y poco costoso en comparacién con otros métodos (Walker et al. 2012).

Con el propdsito de estimar el impacto de los plaguicidas sobre la fauna silvestre, numerosos
estudios han evaluado, bajo condiciones controladas, su efecto sobre animales en laboratorio
como peces (Fulton y Key 2001), roedores (Astroff y Young 1998; Timofeeva et al. 2008; Roegge et
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al. 2008) y aves (Fildes et al. 2009), tomando en cuenta el papel de las caracteristicas inherentes a
los organismos como la especie, el sexo y la edad.

Como consecuencia, los efectos sobre la fauna silvestre ain no son comprendidos del todo, ya
que existen factores ambientales que juegan roles fundamentales en la cinética de degradaciény
persistencia de los plaguicidas, que influyen en la exposicidon de los organismos a los plaguicidas
(Albert y Loera 2013). De igual forma, la manera en la cual los organismos responden a dichos
factores y las interacciones con otros organismos, son importantes para elucidar el efecto
ecolégico de los plaguicidas. Algunas respuestas conductuales asociadas a interacciones
interespecificas como la depredacién pueden verse alteradas por la exposicién a plaguicidas
e impactar a nivel poblacional disminuyendo el nimero de individuos. Esto debido a que los
animales pueden ser mas susceptibles a ser capturados o, en el caso de los depredadores, pueden
no ser lo suficientemente habiles para cazar a sus presas. Por otra parte, pueden bioacumular y
biomagnificar los plaguicidas, y producir a largo plazo la disminucién en el éxito reproductivo
(Fernie y Letcher 2010; Bourgeon et al. 2013).

Debido a que los plaguicidas son transportados largas distancias dependiendo de su
persistencia, pueden afectar a organismos que estén alejados de la zona de influencia (como es el
caso del DDT aplicado en zonas tropicales y que se ha detectado como DDE en el artico viajando
miles de kildémetros). Ademas, pueden sufrir transformaciones dependiendo de las caracteristicas
del medio a través del cual son transportados (aire, agua, suelo), la manera en que se aplican y la
presencia de cuerpos de agua o de precipitacion (Castro y Yoshida 1971, Ghadiri et al. 1995). Tal
es el caso de la temperatura y la salinidad en ambientes acudticos, mientras que en ambientes
terrestres, son de gran importancia la estructura y la quimica del suelo (Poissant et al. 2008).
Asimismo, las caracteristicas quimicas propias del plaguicida y la vida media estan relacionadas
con su persistencia en el ambiente, mientras que el tiempo desde la aplicacion y la distancia
influyen en los productos de degradacion detectados en un sitio determinado (Karpuzcu et al.

2013; Mackay et al. 2014).

Como parte la fauna no dainina que se ve afectada por los plaguicidas se encuentran aquellas
especies que habitan en los humedales. Estos ecosistemas son de gran importancia por ser zonas
de transicion entre los ambientes terrestres y marinos. Fungen como zonas de refugio y crianza
para muchas especies, ademas de ser reservorio de nutrientes y metales que escurren de los
ambientes circundantes, y que en cantidades excesivas pueden fungir como contaminantes, a lo
cual se suma la descarga de plaguicidas y otros compuestos procedentes de los asentamientos
humanos cercanos (Mitsch y Gosselink 2000).

Entre los organismos que se encuentran en contacto directo con los plaguicidas adsorbidos
en el suelo estan los mamiferos herbivoros, tal es el caso de los roedores debido a sus habitos
de forrajeo, removiendo el suelo para encontrar u ocultar semillas y depredar raices y plantulas.
Los roedores son importantes ya que fungen como sostén de muchos depredadores, conectando
el nivel de los productores primarios con los consumidores secundarios o depredadores en los

ecosistemas terrestres (Chamucero-Santacoloma et al. 2011).

Loshumedalesdel Areade Proteccién deFloray FaunaLagunadeTérminos (APFFLT) en Campeche
en conjunto con la Reserva de la Bidsfera Pantanos de Centla en Tabasco, forman la unidad ecolégica
costera mas importante de Mesoamérica por su productividad natural y biodiversidad (CONAGUA
2007). Historicamente, la Laguna de Términos ha sido una zona fuertemente impactada por el
humano debido al crecimiento poblacional y a las actividades productivas como la agricultura,
ganaderia y la industria petrolera (Villalobos 2015). A pesar de que los OC como el DDT dejaron
de usarse en México oficialmente desde el afio 2000 para el control de vectores de enfermedades
como el paludismo y dengue (SSA 2001), en el drea de Laguna de Términos se ha reportado la
presencia de compuestos de las familias del diclorodifeniltricloroetano (DDT), endosulfanes, drines,
clordanos, isémeros del hexaclorociclohexano (HCHs) y el OP Clorpirifos, tanto en sedimento
como en biota acudtica, (Carvalho et al. 2009; Ramirez-Elias et al. 2016) y se ha dejado de lado el
conocimiento sobre el impacto de estos compuestos en los organismos terrestres.
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Por lo anterior, el presente trabajo tiene como objetivo identificar si existe una exposicién
reciente a plaguicidas OC y anticolinérgicos en tres especies de ratones (Oryzomys couesi,
Peromyscus leucopus y Reithrodontomys gracilis), esto, a través de determinar y cuantificar los
plaguicidas OC acumulados en el higado, y de caracterizar y comparar la actividad de la enzima
acetilcolinesterasa (AChE) en musculo esquelético y cerebro como efecto de la exposicion a
plaguicidas anticolinérgicos (OP y carbamatos) en diferentes zonas del APFFLT.

Materiales y métodos

468

Area de estudio. El APFFLT se localiza al suroeste de México, en la costa del estado de Campeche
y comprende parte de los municipios de Carmen, Palizada y Champotén. Es parte del complejo
ecoldgico de la planicie costera que controla los procesos deltaicos del sistema de rios Grijalva-
Usumacinta, que es el de mayor volumen de descarga de agua dulce y sedimentos terrigenos
hacia el mar en todo el pais. El clima es tropical humedo y la precipitaciéon anual va de 1,100 a
2,000 mm. Se presentan tres temporadas, lluvias (junio a septiembre), secas (febrero a mayo) y
nortes (octubre a enero; CONAGUA 2007).

El trabajo de campo se llevé a cabo de febrero a agosto de 2015 en nueve sitios del APFFLT:
Rancho Nohan, Rancho R1 y Tixchel, Aguacatal, Las Bodegas, La Toza, Los Corralitos, San Roman,
La Leona/Nicte-Ha (Figura 1).

Captura de roedores. En cada sitio de muestreo la captura se realizé con 100 trampas Sherman
cebadas con una mezcla de avena-semillas de girasol-vainilla dispuestas cada una a 10 m dentro
de una cuadricula de 100 x 100 m (Jones y Teeling 2006). Se eligieron individuos adultos de
Oryzomys couesi, Peromyscus leucopus y Reithrodontomys gracilis por ser abundantes en el drea'y
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Figura 1. Distribucién de los sitios de muestreo en El Area de Proteccién de Flora y Fauna Laguna de Términos en Campeche.
Los sitios muestreados fueron Rancho Nohan, Tixchel, Rancho R1, El Aguacatal, La Leona/Nicté-Ha, Los Corralitos, Las Bodegas, San
Romany La Toza.
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debido a que no se encuentran bajo algun estado de proteccién (SEMARNAT 2010; I[UCN 2015).
Se identificaron hasta especie con el apoyo de guias de campo (Reid 2009; Alvarez-Castafieda et
al. 2015) y se tomaron las medidas morfométricas convencionales (longitud total, longitud de la
cola, longitud de la pata trasera, longitud de la hendidura de la oreja, masa, sexo y edad). Estos
organismos se sacrificaron siguiendo el método de eutanasia por dislocacion cervical (SAGARPA
2014) para tomar muestras de cerebro, de musculo esquelético e higado, los cuales fueron
congelados a una temperatura de -20 a -4 °C hasta el momento de su andlisis en laboratorio.

Trabajo de Laboratorio. La determinacion de la actividad de la enzima AChE en cerebro y musculo
esquelético se hizo siguiendo el método de Ellman et al. (1961), adaptado a un microensayo
(Campoy et al. 1992). La proteina se determiné con el método de Bradford (1976). A partir de los
valores de proteinas se procedié a estimar la actividad de la acetilcolinesterasa (AChE) mediante
el método de Ellman et al. (1961).

Para la determinacién de los compuestos OC, las muestras de higado se homogenizaron y
secaron con sulfato de sodio, la extraccion se realizé6 mediante el método Soxhleth en cloruro
de metileno:hexano (1:1; EPA 1996). Se emple6 un cromatégrafo de gases Varian 3800 con un
detector de captura de electrones con fuente de ®*Ni, con columna cromatografica capilar HT8
(60 m x 0.25 mm; 25 pm film thickness) (SGE Analytical Science, USA). El cdlculo de las &reas de
los picos se realizd con el programa Star Chromatography Workstation version 6. La identificacion
y cuantificacion de los plaguicidas OC se realizd con un estandar cuya mezcla de compuestos
(SUPELCO 47426-U CLP Organochlorine Pesticide Mix) fueron: alfa, beta, gamma y delta-HCH,
heptacloro, epdéxido de heptacloro, a-endosulfan, $-endosulfan, endosulfan sulfato, dieldrin,
aldrin, endrin, endrin aldehido, p,p’-DDD, p,p’-DDE y p,p’-DDT.

Todos los analisis de laboratorio se realizaron bajo la supervision del Jaime Rendén von Osten

en el Laboratorio de Ecotoxicologia del Instituto de Ecologia, Pesquerias y Oceanografia del Golfo
de México (EPOMEX) de la Universidad Auténoma de Campeche.

Andlisis de datos. Los andlisis estadisticos se realizaron con el programa InfoStat/S Version 2016e.
Se analizaron 20 individuos de R. gracilis (seis hembras y 14 machos); 23 O. couesi (cuatro hembras
y 18 machos) y 14 P. leucopus (seis hembras y ocho machos). El area de estudio se dividié en dos
zonas para el analisis de la actividad de la enzima AChE: la zona de rios que incluye los sitios La
Leona/Nicte-Ha, Los Corralitos, Las Bodegas, La Toza y San Roman; y la zona de costa que incluye
los sitios Nohan, Tixchel, Rancho R1 y El Aguacatal. Se realizaron andlisis de U de Mann-Whitney
para comparar la actividad de la AChE en musculo esquelético, en cerebro y entre sexos, entre
zonas en O. couesi y R. gracilis. La actividad de esta enzima para P. leucopus sélo se reporté debido
a que se encontrd Unicamente en la zona de costa (Quinn y Keough 2007).

Las concentraciones de plaguicidas determinados en las muestras de higado se compararon
entre especies y sitios mediante analisis de ANOVA mixto (Quinn y Keough 2007). Los resultados
de los plaguicidas se agruparon en familias con el mismo peso molecular o de acuerdo a sus
productos de degradacién como se muestra a continuacion:

SDDT = p,p'-DDT + p,p'-DDD + p,p'-DDE

YEndosulfanes = a-Endosulfan + 3-Endosulfan + Endosulfan Sulfato
>HCH = a-HCH + B-HCH + y-HCH (lindano) + 6-HCH

Y Aldrines = Aldrin + Dieldrin

YEndrines = Endrin + Endrin aldehido + Endrin cetona
YHeptacloros = Heptacloro + Epéxido de Heptacloro

XClordanos = trans-Clordano + cis-Clordano

Metoxicloro

Ademas, se determind la temporalidad de la exposicion a los plaguicidas mediante el calculo de la
proporcion que ocupan los productos de degradacion e isomeros presentes en los plaguicidas de
grado técnico, con respecto al total de las concentraciones de cada tipo de plaguicida, expresadas
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como sumatorias (). Asi, si la proporciéon de los productos de degradacion e isémeros en el
higado corresponde a la proporcién que contienen los plaguicidas de grado técnico con respecto
a la sumatoria del plaguicida (¥), se consideré un indicio de que la exposicion a alguno de los
compuestos encontrados ha ocurrido en un tiempo menor a la vida media del compuesto, por lo
tanto es reciente.

Resultados

Actividad de la enzima AChE. No se encontraron diferencias significativas en la comparacion entre
sexos para ninguna de las tres especies. Para O. couesi no se encontraron diferencias significativas
en la actividad de la AChe en musculo esquelético entre zonas (U =71, p = 0.84). Sin embargo, se
encontraron diferencias significativas en la actividad de la AChE en cerebro entre zonas (U = 63, p
=0.03; Tabla 1, Figura 2).

De manera similar, para R. gracilis no se encontraron diferencias significativas en la actividad de
la AChE en musculo esquelético entre zonas (U = 83, p = 0.45), mientras que en la actividad de la
AChE en cerebro si se encontraron diferencias significativas (U =47, p = 0.03). En tanto P. leucopus
se registr6 una actividad promedio de AChE en cerebro de 26.35 + 5.87 ng nmoles/min/mL, y en
musculo fue 5.52 + 1.52 ng nmoles/min/mL (Tabla 3).

Plaguicidas OC en ratones. Se detectaron 20 compuestos OC entre los que se encuentran las
familias de DDT, drines, clordanos, heptacloros, metoxicloro, isémeros de HCH y endosulfan (Tabla
4). En las concentraciones de las sumas de plaguicidas en higado de ratén se encontré que las
concentraciones varian por sitio para las sumas de cada familia de compuestos OC, pero la especie
y la interaccion entre la especie y el sitio no influyeron de manera significativa en esta variacién
(Tabla 5).

Los OC 2DDTs, 2HCHs y XEndrin fueron los de mayor concentracién en los ratones del 4rea de
estudio con promedios de 876.6 ng-g”, 546.1 ng-g' y 451.9 ng-g™ respectivamente. Los sitios con
mas OC fueron La Leona/Nicte-Ha, Rancho Nohan y San Roman con mas de quince compuestos.
Por otra parte en Aguacatal se encontraron cuatro compuestos: heptacloro, metoxicloro, a-HCH
y B-HCH, en Lo Corralitos se detectaron tres compuestos: heptacloro, metoxicloro y a-HCH, en La
Toza se encontraron dos compuestos: endosulfan sulfato y B-HCH, mientras que en el sitio Las
Bodegas no se detectaron plaguicidas (Tabla 4).

Los integrantes de la familia del DDT estuvieron presentes en cinco sitios de los nueve
muestreados siendo mas abundantes en los sitios La Leona/Nicte-Ha, San Roman y Tixchel en
donde se observaron proporciones de DDT/~DDT > 0.75, en comparacién con las proporciones
DDE/32DDT < 0.1 y DDE/ZDDT < 0.15. En Rancho R1 se presentaron proporciones de DDT/2DDT
= 0.32, DDE/2DDT = 0.43 y DDE/2DDT = 0.24, mientras en Tixchel las proporciones fueron DDT/
>DDT = 0.96 y DDE/2DDT = 0.03 (Tabla 4).

La familia de los endosulfanes estuvo presente en seis sitios. En La Leona/Nicte-Ha se
observaron la proporciones a-Endosulfan/>Endosulfanes = 0.26, B-Endosulfan/ZEndosulfanes =
0.54, en San Roman se encontré a-Endosulfan/ZEndosulfanes = 0.11 3-Endosulfan/ZEndosulfanes
=0.72 y Sulfato de Endosulfan/~Endosulfanes = 0.16 y en la Toza se detect6 Unicamente el sulfato
de endosulfan. Por otra parte, en Tixchel sélo se encontré 3-Endosulfan, en tanto que en R1sélo se
detecto el sulfato de endosulfan, y en Tixchel se detecté el B-Endosulfan (Tabla 4, Figura 5).

Tabla 1. Resultado de la prueba U de Mann Whitney en la comparacién de la actividad de la enzima AChE en musculo esquelético y
cerebro de Oryzomys couesi entre zonas.

Tejido Zona Estadistico H Gl P
Musculo esquelético Rios vs Costa 71 nl=8,n2=15 0.84
Cerebro Rios vs Costa 63 nl =8 n2=15 0.03
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Figura 2. Actividad de la AChE en musculo (a) y cerebro (b) en Oryzomys. couesi por zona.

Los HCHs se encontraron en todos los sitios. Se observaron proporciones de a-HCH/XHCH =
0.06, 3-HCH/XHCH = 0.22, yHCH/XHCH = 0.18 y SHCH/XHCH = 0.31 en La Leona/Nicte-Ha. En San
Roman se observaron proporciones de a-HCH/XHCH = 0.14, 3-HCH/>HCH = 0.25, yHCH/XHCH =
0.25y SHCH/XHCH = 0.33. En Corralitos se detect6 sélo a-HCH y en La Toza 3-HCH. En Rancho R1
predominé el lindano con proporciéon yHCH/XHCH = 0.44, en Rancho Nohan predomina el 3-HCH
/ZHCH = 0.72, en Tixchel las proporciones fueron SHCH/XHCH = 0.46 y yHCH/XHCH = 0.38, y en
Aguacatal se encontraron proporciones de a-HCH/ZHCH = 0.66 y 3-HCH /ZHCH = 033 (Tabla 4,
Figura 5).

Los drines estuvieron en las siguientes proporciones: Aldrin/ZAldrin = 0.25, Dieldrin/ZAldrin
= 0.69 en La Leona/Nicte-Ha, En Rancho R1 y Tixchel sélo se encontré aldrin, En Rancho R1y San
Roman sélo se encontré endrin cetona, y sélo en Rancho Nohan se detecté endrin en proporcién
de Endrin/ZEndrin = 0.3 (Tabla 4, Figura 5).

Los heptacloros se encontraron en ocho de los nueve sitios con proporciones de Heptacloro/
>Heptacloro > 0.8 y Epéxido de heptacloro/>Heptacloro < 0.2 (Tabla 4).

Los clordanos se encontraron cuatro de los nueve los sitios. En La Leona/Nicte-Ha se observaron
proporciones de trans-Clordano/2Clordanos = 0.57 y cis-Clordano/2Clordanos = 0.42, en San
Roman las proporciones fueron trans-Clordano/2Clordanos = 0.27 y cis-Clordano/2Clordanos =
0.72, y en Rancho Nohan se observaron proporciones de trans-Clordano/~Clordanos = 0.3 y cis-
Clordano/2Clordanos = 0.69 (Tabla 4, Figura 5).
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Figura 3. Actividad de la AChE en musculo (a) y cerebro (b) en Reithrodontomys gracilis por zona.
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Tabla 2. Resultado de la prueba U de Mann Whitney en la comparacién de la actividad de la enzima AChE en musculo esquelético y
cerebro de Reithrodontomys gracilis entre zonas.

Tejido Zona Estadistico H Gl P
Musculo esquelético Rios vs Costa 83 nl=7,n2=13 0.45
Cerebro Rios vs Costa 47 nl=7,n2=13 0.03

Discusion y conclusiones

Inhibicién de la AChE. La actividad de las colinesterasas es uno de los procesos metabdlicos mas
susceptibles de ser alterados, de manera inmediata, en presencia de plaguicidas OP y carbamicos.
Es por ello que su cuantificacién se emplea como un instrumento para determinar la exposicion
a dichos compuestos, aun después de que éstos se han degradado en el ambiente (Depledge y
Fossi 1994). Sin embargo, se ha reportado que esta enzima se puede inhibir ante la presencia de
grandes cantidades de metales pesados como Cd?**, Hg?*, Pb?* asi como sulfato de cobre y cloruro
de cadmio, y productos de la combustion de hidrocarburos (Payne et al. 1996).

Para el area de Laguna de Términos se encontro evidencia de la disminucién en la actividad
de la enzima AChE en cerebro en O. couesi y R. gracilis Gnicamente en cerebro, en donde la menor
actividad se observo en la zona de costa a pesar de que en la zona de rios hay una fuerte actividad
agricola y uso de plaguicidas OP, particularmente por las plantaciones arroceras en las que se
emplean compuestos como clorpirifos etil, monocrotofos y malatién contra insectos plaga como
la chinche café (Oevalus insularis), el gusano soldado (Spodoptera frugiperda) y otros gusanos
defoliadores o cortadores como el gusano cabezén (Telicota sp.) y el gusano medidor (Trichoplusia
sp.; Orona-Castro 2008). También es empleado paration para combatir otras plagas como la
mosca de la fruta (Anastrepha sp.), trips (Selenothrips rubocinctus) y escamas (Coccus mangiferae),
asi como el carbamato carbofuran para el control de barrenadores (Xiloborus sp., Apate sp. y
Batocera sp.) (Tucuch Cauich et al. 2005, Reyes-Montero 2014).

En la zona de costa hay poca actividad agricola entre la que destaca el cultivo de chile (Capsium
annuum) en donde se emplean los OP malatién y metamidofos para el control de plagas (Botello et
al. 1998). No obstante, la actividad preponderante es la extraccion de hidrocarburos, la cual podria
estar exponiendo a los ratones a metales pesados y a productos de combustion de hidrocarburos, los
cuales en grandes cantidades pueden estar influyendo en la inhibicién de la AChE (Payne et al. 1996).

Ademas, la inhibicion diferencial de la AChE en cerebro y musculo puede deberse a la presencia
de la enzima BChE predominantemente en el musculo esquelético, la cual ha demostrado tener
un efecto protector frente a la intoxicaciéon por OP en roedores como ratas y cobayas, asi como en
primates al hidrolizar a la acetilcolina auxiliando en la transmisién del impulso nervioso (Raveh et
al. 1997; Allon et al. 1998; Mehrani 2004).
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Figura 4. Actividad de la AChE en musculo (a) y cerebro (b) en Peromyscus. leucopus en la zona de costa.
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Tabla 3. Actividad enzimatica en musculo esquelético y cerebro de las tres especies de roedores evaluados.

Especie Zona Tejido Media SE
O. couesi Costa Musculo e. 3 0.94
Cerebro 31.46 9.24
Rios Musculo e. 3.83 0.87
Cerebro 52.09 4.56
R. gracilis Costa Musculo e. 8.68 0.97
Cerebro 27.9 322
Rios Musculo e. 6.64 1.66
Cerebro 53.72 8.57
P. leucopus Costa Musculo e. 5.52 1.52
Cerebro 26.35 5.87

Para el género Peromyscus se cuenta con valores de referencia de otras especies como P,
manuculatus, cuya actividad de AChE cerebral en condiciones de laboratorio fue de 7.931 pmol/
AThCh hidrolizada/min/g de cerebro en machos y de 7.731 umol/AThCh hidrolizada/min/g en
hembras (Block et al. 1993), mientras que la actividad de la misma especie en ejemplares silvestres
fue cercano a 9.2 umol/AThC hidrolizada/min/g de cerebro (Block et al. 1999). Ademas, Block et al.
(1993) reporta que, en vida silvestre, la actividad de la AChE en P. maniculatus y P. leucopus no son
estadisticamente diferentes.

De igual manera, Andrade-Herrera (2011) reporté valores de actividad promedio de AChE en
musculo de 5.134 nmoles/min/mL en P. difficilis y de 6.579 nmoles/min/mL en P. melanotis. En este
trabajo P. leucopus tuvo una actividad promedio maxima en musculo de 16.26 ng nmoles/min/
mL de proteina, mientras que en cerebro fue de 65.90 ng nmoles/min/mL de proteina, valores por
encima de lo reportado para otras especies del mismo género.

Sin embargo, se debe tomar en cuenta que los organismos de diferentes especies e incluso
de la misma, pueden tener variaciones en sus respuestas a los estimulos ambientales como
consecuencia de las adaptaciones regionales, e incluso, especies provenientes de los mismos sitios
de colecta pueden presentar respuestas diferenciales entre las condiciones de laboratorioy en vida
silvestre (Dell’lOmo et al. 2003). Las colinesterasas pueden verse afectadas por factores naturales

Tabla 5. Resultados del ANOVA mixto para contrastar el efecto de los factores sitio y especie sobre la sumas de los plaguicidas

organoclorados, en donde sélo se muestran los resultados del factor sitio por tener un efecto significativo en la variabilidad de todos los

plaguicidas. Un asterisco (*) indica una P < 0.05, dos asteriscos (**) indican un P < 0.001,

Plaguicida Variable Efecto Gl Efecto  MS Efecto Gl Error  MS Error F p

XDDT Sitio Fijo 7 1961640 42 249476.30 7.86 o
YEndosulfan Sitio Fijo 7 569276.2 42 40309.59 14.12 **
YHCH Sitio Fijo 7 1301731 42 80065.07 16.25 **
>Drines Sitio Fijo 7 78822.65 42 11285.51 6.98 *x
YEndrin Sitio Fijo 7 244085.7 42 99324.44 2.46 *
YHeptacloro Sitio Fijo 7 290284.0 42 18248.46 1591 **
YClordano Sitio Fijo 7 77801.79 42 11106.83 7.01 **
XMetoxicloro Sitio Fijo 7 2977363 42 182558.1 16.31 **
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Tabla 4. Concentracion de plaguicidas organoclorados (ng.g-' peso seco) en higado por especie y sitio.

Oryzomys couesi Peromyscus Reithrodontomys gracilis
leucopus

Plaguicida /Sitio AG R1 RNH TIX COR 111411;1—(1)/ SR RNH TIX R1 BDG SR  TOZA
pp’ DDD <462 <462 <462 309 <4.62 781.1 107.8 82.1 <4.62 <4.62 <4062 <4062 <4.62
pp’ DDE <4.62 <462 <462 <462 <4.62 400.7 13.4 725 <462 <462 <462 <462 <462
pp’ DDT <4.62 <4.62 541 9744 <462 42348 642 <4.62 <4.62 <4.62 <462 22933 <4.62
XDDT <4.62 <4.62 54.1 10053 <4.62 5416.7 1853  154.6 <4.62 <4.62 <4.62 22933 <4.62
a-Endosulfan <462 <4062 61.7 <462 <4062 831.8 220 1025 <4.62 <4.62 <4062 <4062 <4062
B-Endosulfan <462 <462 14.7 15.8 <4.62 2067.7 139.0 162.7 <4.62 <462 <462 <4062 <4.62
Endosulfan Sulfato ~ <4.62 4.1 <462 <462 <462 <4062 93.7 31,5 <4.62 <4.62 <462 <4.62 15.5
YEndosulfan <4.62 4.1 76.4 158 <4.62 2899.5 2548 2967 <4.62 <4.62 <462 <4.62 15.5
a-HCH 35,6 <4.62 <4.62 12.0 12.0 541.6 41.8 5.4 3.9 502 <4.62 149 <4.62
B-HCH 17.6  <4.62 23.5 11.8 <4.62 12844 47.1 476 <462 <462 <462 1204 33.1
y-HCH <4.62 <462 <4.62 52.6 <4.62 901.2 <4.62 <4.62 <4.62 67.7 <4.62 333 <4.62
8-HCH <4.62 <462 <4.62 633 <4.62 16515 143 <4062 <4062 358 <4.62 722 <4.62
YHCH 532 <4.62 235 1397 12.0 4378.7 103.2 53.0 39  153.6 <462 2408 33.1
Aldrin <4.62 <4.62 <4.62 55 <4.62 2742 <4.62 295 <4.62 39 <462 <462 <4062
Dieldrin <462 <462 <462 <462 <462 803.2 549 1161 <4.62 <4.62 <4.62 <462 <4.62
YAldrin <462 <4.62 <4.62 55 <462 10773 549 1456 <4.62 39 <462 <462 <4062
Endrin <4.62 <462 <4.62 <4.62 <4.62 588.3 2.6 88.5 <4.62 <4.62 <462 <462 <4.62
Endrin aldehido <4.62 <4062 41.1 324 <462 4073  <4.62 93.0 <4.62 <4.62 <4.62 24 <4.62
Endrin cetona <4.62 <4.62 <4.62 133 <4.62 937.6 88 108.6 <4.62 12674 <4.62 13592 <4.62
YEndrin <462 <462 41.1 457 <4.62 19333 114 290.0 <4.62 12674 <4.62 1361.7 <4.62
Heptacloro 39.8 7.1 83.1 98.1 40.6  1683.6 53.0 2443 64 103.6 <462 2339 <4.62
Epoxido de <462 <462 <462 <462 <462 401.8 <4.62 <4.62 <462 <462 <462 <462 <462
Heptacloro
XHeptacloros 39.8 7.1 83.1 98.1 40.6 20854 53.0 2445 64 103.6 0.0 2339 <4.62
trans-Clordano <4.62 <462 <462 <462 <4.62 610.0 14.1 207 <4.62 <4.62 <4062 <4062 <462
cis-Clordano <462 <462 <462 <462 <462 459.2 37.2 95.7 <4.62 <462 <462 <462 <462
XClordanos <4.62 <462 <4.62 <462 <462 1069.2 513 1164 <462 <462 <462 <462 <4062
Metoxicloro 355 622 329.1 1747 136.8 6708.0 2487 10183 1163 373.1 0.0 1200.6 <4.62

como la genética, la edad, el género, el estado reproductivo, la regulacidon endocrina e incluso
los ritmos circadianos y épocas climaticas, el estado nutricional y de salud de los organismos, la
temperatura o la presencia en el medio de metales o biotoxinas (Roberts et al. 1988, Alves-Amaral
etal. 2010). Por ello, la evaluacion de la AChE como biomarcador especifico para la exposicion a
plaguicidas OP debe complementarse con otros biomarcadores de exposicién que puedan dar
mas informacidn sobre los riesgos que representa los plaguicidas OP.
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Figura 5. Proporciéon que ocupan los productos de degradacién e isémeros de cada familia de plaguicida por sitio

Compuestos OC en ratones. En este trabajo, las mayores concentraciones de plaguicidas OC se
observaron en los ratones de Leona/Nicte-Ha con concentraciones de *DDT = 5416.7 ng.g’,
YEndosulfan =2899.5 ng.g’, X HCH =4378.7 ng.g™, ZAldrin = 1077.3 ng.g", 2Endrin = 1933.3 ng.g™,
y YHeptacloro =2085.4 ng.g™.

En peces de sitios cercanos a esta area en el sistema Palizada del Este, Diaz-Gonzalez et al.
(2005) reportan concentraciones de XDDT = 928.8 ng.g™, 2Endosulfan = 11.3 ng.g”", > HCH = 12.56
ng.g™', 2Aldrin=52.2 ng.g™, 2Endrin = 1686.3 ng.g™”, XHeptacloro =44.01 ng.g™". De manera similar,
en ostras y peces de zonas aledafas en Laguna del Este, evaluadas por Carvalho et al. (2009) se
detectaron compuestos OC pero en concentraciones aun menores, del orden de picogramos.
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Esta disminucién en las concentraciones de OC en organismos acuaticos del drea puede
indicar que los compuestos estan poco disponibles ya que se sedimentan junto con las particulas
organicas a las que se unen por adsorcidn. En contraste, los organismos terrestres se encuentran
en contacto directo con los plaguicidas que se adhieren a la materia orgdnica del suelo y puede
permanecer por mas tiempo.

Para la mayoria de los plaguicidas detectados en el higado de los ratones, los productos de
degradacion se encuentran concentrados en mayor proporcién indicando mayor exposiciéon de
los ratones a dichas sustancias y sugieren que ha transcurrido mucho tiempo desde la ultima
vez que fueron aplicados. Sin embargo, en los sitos La Leona/Nicte Ha, San Roman y Tixchel, la
proporcion p,p’-DDT/ZDDT fue mayor a 0.75, mientras las de p,p-DDE/2DDT y p,p-DDD/2DDT
fueron menores a 0.25, lo que podria sugerir una exposicion reciente al p,p’'DDT ya que este
compuesto ocupa del 60-80 % del DDT de grado técnico. Sin embargo, la proporcion alta de p.p’-
DDT no necesariamente es signo de una aplicacion reciente del plaguicida DDT como tal, ya que
el producto de su degradacion, el p,p'DDE, tiene mayor volatilidad (hasta ocho veces mas que
el DDT) y podria estar menos disponible al contacto con los organismos, y por consiguiente se
puede bioacumular menos (ATSDR 2002a), por lo que las concentraciones de DDT pueden ser los
remanentes de la aplicacion intensiva de este compuesto en las campanas de control de vectores
en los 90s.

Por otra parte, desde el 2014 la Secretaria de Agricultura, Ganaderia, Desarrollo Rural Pesca y
Alimentacién (SAGARPA) ha implementado en Campeche el uso del plaguicida organoclorado
dicofol en la estrategia para el control del 4dcaro rojo de las palmas (Raoiella indica Hirst) en
los municipios de Carmen y Palizada, al igual que para el control de plagas del limén como el
acaro blanco (Polyphagotar senomuslatus) y el arador o negrilla del fruto. El dicofol de brado
técnico puede contener p,p-DDT y p,p’-DDE como impurezas, explicando la presencia de estos
compuestos (ATSDR 2002a).

Enratones, se han observado alteraciones en higado como alargamiento de las células y tubulos
centrales a partir de 0.25 a 0.5 mg/kg/dia. El nivel de efecto adverso observable mas bajo (LOAEL
por sus siglas en inglés) para el DDT en ratones se estima en 0.5 mg/kg/dia para efectos en el
desarrollo neuronal, impidiendo la habituacién de los organismos (ATSDR 2002a). En este estudio
se encontraron concentraciones maximas equivalentes a XDDT = 2.3 mg/kg en San Roméan y 2DDT
=5.4mg/kg en La Leona/Nicte-Ha, lo lleva a suponer que los roedores silvestres pueden presentar
las alteraciones antes mencionadas en la células hepaticas y en el sistema nervioso.

Otro compuesto que se encontré en proporciones altas en ratones es el HCH. Este suele ser
mas abundante en su isomero a-HCH en los ambientes acudticos y en la atmdsfera, mientras que el
isdmero [3-HCH, el isémero mas hidrofébico y estable, se encuentra mayormente asociado a suelos,
tejidosy fluidos animales, similaralisomero y-HCH (Walker 1999). En contraste, se encontré en mayor
concentracion el isomero a-HCH en el higado de ratones de los sitios Aguacatal y Los Corralitos, y
el y-HCH en Rancho R1, lo cual podria indicar una aplicacién reciente de HCHs en los sitios antes
mencionados, ya que el lindano de grado técnico que se emplea en el control de plagas es una
mezcla de varios isémeros del HCH, en donde el a-HCH ocupa del 60-70% con una vida media de 20
a50dias, y el y-HCH (el tnico con accién insecticida) con una vida media de 20 semanas comprende
del 6-10% (ATSDR 2005). El lindano se emplea como tratamiento para el control de plagas durante
la germinacion de semillas y en el proceso y el control de dcaros y pulgas en el ganado.

En ratas, el LOAEL en una exposicién crénica para el a-HCH a dosis de 0.8 mg/kg/dia por mas
de 107 semanas produce efectos en higado, mientras para el f-HCH es de 0.18 mg/kg/dia por 13
dias para efectos en el higado. Para el y-HCH, el LOAEL en ratones para inmunotoxicidad es de 6.25
mg/kg/dia durante cinco semanas (ATSDR 2005). Ademas, en un estudio realizado por Srivastava y
Raizada (2000) se observé que la exposicion a dosis de 13.1 mg/kg/dia en la época de apareamiento
produce una disminucion en la viabilidad de las crias. En este trabajo se encontraron concentraciones
maximas de a-HCH equivalentes a 0.54 mg/kg, concentraciones de f-HCH de 1.28 mg/kg y y-HCH con
0.9 mg/kg en La Leona/Nicte-Ha, lo cual sugiere que estos compuestos pueden no estar causando
efectos hepaticos o reproductivos negativos en las poblaciones de roedores silvestres.
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El aldrin de grado técnico estd conformado en mas del 90 % de aldrin, 3.5 % de isodrin 'y el 6 %
restante se reparte entre mas de diez compuestos diferentes, y el principal producto de degradacién
de este compuesto es el dieldrin el cual en suelos tropicales puede desaparecer hasta en un 90 % en
un mes, mientras que en zonas templadas puede permanecer hasta cinco afos (ATSDR 2002b). Las
proporciones Aldrin/ZAldrin = 1 en Rancho R1 y Tixchel indican que han estado expuestos Unicamente
aesa sustancia y no a otros productos de degradacion, por lo que se asume la exposicion relativamente
reciente de este OC, ya que el aldrin se metaboliza rdpidamente en el organismoy en el ambiente hacia
dieldrin, el cual se bioacumula y biomagnifica (Kloskowski et al. 1981). El principal uso del aldrin fue en
el control de termitas, sin embargo, no parece haber alguna fuente local de este OC por lo que podria
estar poniéndose en contacto con los organismos mediante deposiciones atmosféricas.

El LOAEL para la toxicidad en el desarrollo embrionario de ratones, el aldrin se estima en 2
mg/kg/dia, en tanto que de 2 — 4 mg/kg/dia al final de la gestaciéon produce un aumento en el
umbral de convulsiones por shock electroconvulsivo cerebral, y una exposicién aguda a 25 mg/kg
produce crias con patas palmeadas (ATSDR 2007). En este trabajo se encontré una concentracién
maxima equivalente a XAldrin = 1.07 mg/kg en el sitio La leona/Nicte-Ha la cual puede no estar
causando un efecto observable en los roedores silvestres.

El Heptacloro también se encontré en proporciones de Heptacloro/XHeptacloro > 0.75 en todos
los sitios, indicando la exposicion relativamente reciente de los organismos a dicho compuesto.
Esto debido a que el heptacloro de grado técnico estd integrado por mas del 70 % de Heptacloro
(ATSDR 2007), por lo cual se encuentra acumulado en grandes proporciones en comparacién con
la proporcién Epdxido de heptacloro/XHeptacloro que apenas alcanza 0.24 en el sitio La Leona/
Nicte-Ha. No se encontré evidencia del uso local de este compuesto por lo que podria encontrarse
debido a las deposiciones atmosféricas.

En ratones, el LOAEL en una exposicidén perinatal aguda en ratas a Heptacloro es de 0.03
mg/kg/dia con efectos en el desarrollo de los sistemas nervioso e inmune. En ratas macho, una
exposicion durante 70 dias a 0.65 mg/kg/dia disminuye el nUmero de espermas en el epididimo
e incrementa su reabsorcién, mientras en hembras la exposicion a 1.8 mg/kg/dia disminuye la
fertilidad y aumenta la resorcién de oocitos. También se puede observar lesion hepatica, hepatitis,
hepatomegalia y necrosis en una exposicion aguda de 5-10 mg/kg/dia de Heptacloro, en tanto
que los danos neuroldgicos se pueden observar en una exposicién aguda a 7mg/kg/dia (ATSDR
2007). En este trabajo se detectaron las mayores concentraciones equivalentes a XHeptacloro =
0.24 mg/kg en Rancho Nohan y XHeptacloro = 2.1 mg/kg para el sitio La Leona/Nicte-Ha, con lo
que los sistemas, nervioso, inmune y reproductivo reproductivos pueden verse afectados y podria
repercutir en el éxito reproductivo de los roedores silvestres de estos sitios.

Los plaguicidas antes mencionados presentan evidencia de aplicacion reciente. Sin embargo, la
CICOPLAFEST (2004) categoriza al lindano (HCHs) y al DDT como de uso restringido ya que solamente
las instancias de gobierno como la Secretaria de Salud tienen permitido su uso para campanas
sanitarias como el control de vectores de enfermedades. De manera similar, el aldrin se encuentra
bajo la categoria de uso prohibido, categorias bajo la cual han permanecido estos plaguicidas desde
1991. Por otra parte, el heptacloro no ha sido registrado como plaguicida en México, por lo que su
comercio y uso no estan permitidos, en tanto que su uso en el drea de estudio no estd reportado.

Implicaciones para la conservacién. Como se ha descrito previamente, los ratones del APFFLT
estan expuestos a una gran cantidad de plaguicidas derivadas de las actividades agricolas como
los compuestos OP y Carbamatos, asi como OC y sus productos de degradacion, los cuales se han
concentrado y acumulado en el higado y posiblemente en otros tejidos.

En el presente trabajo no se puede hablar de una evidencia especifica de la exposicion a
plaguicidas OP ya que la inhibicién de la actividad de la enzima AChE en musculo y cerebro no
fue contundente para la zona de rios con mayor actividad agricola y por consiguiente una mayor
aplicacion de compuestos OP y carbamatos. Se deben tomar en cuenta fuentes adicionales de
contaminacién las cuales podrian estar influyendo en la inhibiciéon de la AChE como lo son los
metales pesados, producto de la extraccion de hidrocarburos en la zona costera, en donde se
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observé menor actividad enzimatica. Cabe mencionar que los mecanismos que compensan
la inhibiciéon de la AChE, como la actividad de la butirilcolinesterasa, puede estar ayudando a
los roedores a compensar los efectos de la exposicidon a plaguicidas anticolinérgicos, evitando
los efectos anticolinérgicos como la dificultad de termorregular y la el riesgo a enfermedades
neurolégicas, lo cual los puede hacer mas susceptibles a la depredacion (Albert y Loera 2005;
Timofeeva et al. 2008; Roegge et al. 2008).

En el caso de los plaguicidas OC, aunque fueron pocos los encontrados en concentraciones
por encima del LOAEL, no hay que dejar de lado los posibles efectos adversos a largo plazo. Estos
compuestos son altamente bioacumulables debido a que son muy solubles en grasa, lo que
les permite unirse a las moléculas lipidicas y permanecer en el tejido graso hasta que se utiliza,
momento en el cual los plaguicidas se liberan y producen efectos téxicos. Como consecuencia
se puede producir desde estrés oxidativo, alteraciones en la estructura de las células en érganos
internos o pueden fungir como disruptores enddcrinos impidiendo la maduracion de los gametos
hasta la masculinizacién o feminizacién de los individuos, ademds de ser teratogénicos e incluso
cancerigenos (Gupta et al. 2009).

La alteracion en las respuestas de los ratones ante los cambios ambientales y las interacciones
con otros organismos pueden repercutir de manera directa en la composicién, estructuray dinamica
poblacional al aumentar las tasas de depredacion y disminuir la fertilidad cambiando la dindmica de
las poblaciones silvestres (Block et al. 1999). Ademas, los plaguicidas concentrados en los roedores
se biomagnifican hacia los niveles superiores de la redes tréficas, con lo cual los depredadores
también se ven afectados de diferentes maneras. Uno de los ejemplos mas claros se observé en
la década de los 60s en las aves rapaces a partir de la disminucién del grosor del cascarén de los
huevos como consecuencia de la aplicacion del DDT (Ratckliffe 1970; Jiménez et al. 2007).

La informacion obtenida en este trabajo es un panorama general de uno de los eslabones mas
bajos de la red tréfica que puede impactar de manera importante en el nivel superior o a incluso
al ecosistema. Es recomendable realizar un monitoreo de los efectos de los plaguicidas sobre
los ratones y la fauna que se asocia a ellos en el drea de Laguna de Términos mediante el uso de
biomarcadores de exposicidon para determinar los efectos individuales a corto plazo, asi como
realizar censos, que en conjunto pueden ayudar a comprender los cambios en las estructuras
poblacionales a largo plazo.

En este contexto, es importante que las instancias de gobierno encargadas de regular en
materia de plaguicidas como son SAGARPA, SEMARNAT y la Secretaria de Salud impulsen la
implementacion y seguimiento de las estrategias ya existentes de regulacién y vigilancia en la
distribucion y uso de plaguicidas. Dichas acciones deben seguirse particularmente para algunos
OC que se encuentran prohibidos o son de uso restringido de acuerdo a las leyes federales
como lo son el lindano, aldrin y heptacloro, y que se han encontrado de manera reiterada por
diferentes estudios en el drea de Laguna de Términos, incluyendo el presente trabajo, y que
se encuentran prohibidos o restringidos por las leyes Federales. Ademas, en el caso de los
compuestos anticolinérgicos como los OP y carbamatos que se encuentran permitidos, es crucial
que se respeten las dosis y frecuencias recomendadas para el control de plagas en los diferentes
cultivos, ya que en muchos casos las aplicaciones se realizan sin tomar en cuenta estos parametros,
afectando a la fauna hacia la cual no van dirigidos dichos compuestos. Lo anterior es fundamental
en areas de importancia bioldgica como las areas naturales protegidas como el Area de Proteccién
de Flora y Fauna Laguna de Términos, ya que es uno de los principales reservorios de agua dulce
del pais y ademas cuenta con una gran biodiversidad terrestre y acuatica que es ampliamente
aprovechada por los habitantes de poblados inmersos en dicha zona.

Adicionalmente, es fundamental impulsar el desarrollo de alternativas de produccién que no
incluyan el uso de plaguicidas sintéticos. Dentro de estas alternativas se encuentra el control
bioldgico de plagas bien disehado y el uso de compuestos naturales que puedan degradarse con
mayor rapidez que a largo plazo producen efectos adversos menores en el ambiente. La agricultura
orgdnica y el policultivo son opciones que pueden ser benéficas al aumentar la diversidad de
especies vegetales y pueden contribuir en la restauracion el suelo.
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Leucism is a partial hypopigmentary congenital disorder that indicates low levels of genetic diversity and is considered
to be an unusual trait in wild populations. In continental America, few cases of abnormal coloration in vertebrates
have been recorded. This feature can increase the selective pressure on individuals who have it, and can result from
population isolation which, in turn, could act as an alarming indicator of environmental change. This condition has
not been reported previously in genera of small rodent such as Akodon, Nephelomys, Thomasomys, Trasandinomys and
Mesomys. Therefore, the aim of this note is to report 38 cases of leucism found in eight rodent species for the first time:
Akodon mollis (n = 7), Nephelomys albigularis (n = 7), N. moerex (n = 18), Transandinomys talamancae (n = 2), Thomasomys
auricularis (n = 1), T. taczanowskii (n = 1), T. paramorum (n = 1) and Mesomys hispidus (n = 1).

Key words: Ecuador; leucism; Rodentia.

El leucismo es un desorden hipopigmentario congénito, que refleja bajos niveles de diversidad genéticay es considerado
inusual en poblaciones silvestres. Pocos son los casos que han sido registrados de coloraciones anémalas en vertebrados
para el continente americano. Esta caracteristica puede incrementar la presion selectiva en los individuos que la
presentan, pudiendo darse por aislamiento poblacional que a su vez podria actuar como un indicador de cambios
ambientales. Esta condicién nunca habia sido reportada en los géneros de roedores pequenos: Akodon, Nephelomys,
Thomasomys, Trasandinomys y Mesomys. Por lo tanto el objetivo de la presente nota es dar a conocer por primera vez
38 casos de leucismo para ocho especies de roedores: Akodon mollis (n = 7), Nephelomys albigularis (n = 7), N. moerex (n
= 18), Transandinomys talamancae (n = 2), Thomasomys auricularis (n = 1), T. taczanowskii (n = 1), T. paramorum (n=1) y
Mesomys hispidus (n=1).

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

Introduction

Abnormal coloration in mammals and other animals is considered as a hypopigmentary congenital
disorder that reflects low genetic diversity levels; these chromatic aberrations are expressed mainly
as albinism and leucism (Phillips 1954; Bensch et al. 2000). Leucism is expressed as the almost total
decoloration of certain parts of the body, but preserving the typical color of eyes, nails and skin
(Bensch et al. 2000; Miller 2005). The occurrence of leucism is associated with factors such as pollution,
environmental alterations (Moller and Mousseau 2001), low-quality diet (Owen and Shimmings 1992;
Peles etal. 1995), or follicular damage (Phillips 1954; Hafner and Hafner 1987). Individuals with leucism
are more frequent in small and isolated populations due to inbreeding, which causes recessive alleles
to be expressed (Holyoak 1978; Bensch et al. 2000).

Leucism is relatively rare in small mammals (Steen and Sonerud 2012), with only 18 cases of
abnormal colorations reported in the American continent for the order Rodentia (Appendix 1). In
South America, the genera Akodon, Nephelomys and Thomasomys, all of which include a wide variety
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of species, as well as Trasandinomys and Mesomys, with fewer species, are taxa for which albinism
and leucism in wild specimens have not been previously reported.

In Ecuador only two cases of color aberrations in small mammals are known, one albine
Vampyrum spectrum specimen (Brito and Leon 2014) and one Carollia perpicillata specimen with
leucism (Boada and Tirira 2010); information on these conditions for other mammals is unknown.
This note reports the first cases of leucism for several species of Ecuadorian rodents distributed
mainly to the southwest and other areas of the country.

Materials and Methods

The study included several field trips to eight sites in 2015. The study area comprises the Cordillera
de Chilla, southeastern Ecuador, between 2,434 m (-79.501° W, -3.625 °S) and 3,668 m (-79.469° W,
-3.063° S). The study sites include natural habitats with human interventions: montane forests
(visually dominated by Polylepis sp, Ocotea sp and several Melastomataceae species); and moorland
shrub (visually dominated by Stipa sp, Calamagrostis sp and several shrub species of Asteraceae).
The field work was framed within the project “Guide to the mammals of the El Oro province”.

The systematic methodology for capturing small mammals consisted in the use of live traps
(Sherman and Tomahawk). One hundred traps (90 Sherman and 10 Tomahawk traps, the latter
interspersed every two and three stations) were arranged in transects of 15 and 25 stations, each
station with two and six traps, usually with a separation of approximately 10 m between stations.
The trapping effort was 1,650 trap-nights. The bait used was a mixture of oats flavored with
vanilla and coconut essence. The reference specimens are deposited in the Museo Ecuatoriano de
Ciencias Naturales, Instituto Nacional de Biodiversidad (DMMECN). Additionally, a review of the
mammal collection of DMMECN was conducted in search of specimens with this anomaly.

Results

A total of 170 rodent specimens belonging to 11 species were captured in Cordillera de Chilla. In
all, nine individuals (5.3 %) had leucism (Figure 1). Thirty nine individuals of the genus Akodon
were captured, six (15.4 %) of which showed leucism. In the case of Nephelomys and Thomasomys
(with 27 and 57 specimens captured, respectively), two (7.1 %) and one (1.8 %) individuals showed
this condition. All specimens were captured in areas with native vegetation.

As regards the revision of voucher specimens (DMMECN), 29 showed leucism (Table 1); these
belong to two families, five genera and seven species. Cricetids (Figure 2) of the genus Nephelomys
(n = 23) accounted for most cases, while Akodon (n = 1), Transandinomys (n = 2), Thomasomys (n =
2), and Mesomys (n = 1) exhibited leucism to a lesser extent.

The sum of leucism records in Cordillera de Chilla plus the voucher specimens amounts to 38
individuals of eight species: Akodon mollis (n = 7), Nephelomys albigularis (n = 7), N. moerex (n =
18), Transandinomys talamancae (n = 2), Thomasomys auricularis (n = 1), T. taczanowskii (n = 1), T.
paramorum (n = 1), and Mesomys hispidus (n = 1).

Discussion

In southwestern Ecuador, Cordillera de Chilla is considered as an important bridge for the passage
of wild animals between the Pacific slope, the Andes and the Amazon (Krabbe 2008); however, in
the last decades natural habitats have been fragmented, with forests and moors being replaced
by pasture and large areas of pine plantations. Today there are only small isolated remnants
along the borders of ravines and rocky walls. Even the small ravine forests still existing are being
disturbed by livestock that invades these areas to feed on herbs and tree bark. This situation
is likely influencing the emergence of species with leucism, in agreement with Holyoak (1978),
Bensch et al. (2000) and Lopucki and Mréz (2010), who state that the frequency of occurrence
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Figure 1. Rodents with leucism recorded in Cordillera de Chilla, southwestern Ecuador: A = Akodon mollis (DMMECN 4,847);
B =A. mollis (DMMECN 4,849); C = A. mollis (DMMECN 4,833); D = A. mollis (DMMECN 4,845); E = Thomasomys taczanowskii (DMMEC
4,822); Polylepis forest in northern Ecuador: F = Thomasomys paramorum (not collected). Photographs J. Brito.

of Individuals with atypical colorations in a wild population is affected mainly by the isolation of
populations.

The fragmentation of natural habitats in Cordillera de Chilla could be preventing gene flow
between rodent populations, even in Akodon mollis, a terrestrial species that inhabits forests and
moorland shrub, and which is usually tolerant to habitat modification. However, N. albigularis, a
terrestrial rodent, and T. taczanowskii a rodent of semi-arboreal habits, both associated only with
forests, also showed leucism, although in smaller numbers.

The present is the first report of leucism in eight rodent species of Ecuador. The museological
reviews, field reports and studies on population genetics will contribute to understand the
existence of spatial and temporal patterns, or demonstrate the indirect causes of these aberrations
in natural populations.
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Table 1. Localities of Ecuadorian rodents with leucism reported in this contribution.

Species Province/Locality Long. Lat. Alt. Voucher (DMMECN)
Akodon mollis Azuay, El Cajas -79.0872  -3.1797 4,000 0077
El Oro, Cerro de Arcos -79.4694  -3.0630 3,668  4726-27
El Oro, Payana -79.6152  -3.5044 3,044 4833
El Oro, Shifinguro -79.5933  -3.4777 3,178  4845,4847, 4849
Imbabura, Cotacachi -78.6677  0.3108 1,756 3420
Nephelomys albigularis El Oro, Chivatuco -79.5011  -3.625 2,434 4847
El Oro, Yacuvifiay -79.7113  -3.5749 2,473 4903
Morona Santiago, Parque Nacional -78.4968  -2.1898 3,300 1521
Sangay
Pichincha, Calacali -78.5354  0.0030 2,240  3524,3528
Pichincha, Nanegalito -78.7005  0.0628 1,740 2525
Nephelomys moerex Cotopaxi, San Francisco de las Pampas  -79.0051  0.4179 2,050 1085
Pichincha, Calacali -78.5354  0.0030 2,240 2545
Pichincha, Lloa -78.5836  -0.2497 3,387  2551,2725-26,2739, 2733, 2737
Pichincha, Nanegalito -78.7005  0.0628 1,740 2816, 2824, 2826 2846, 4397
Pichincha, Nono -78.6678  -0.1329 2,800 2484, 2538-39, 2541
Pichincha, Reserva Pahuma -78.7005  0.0628 1,740 2482
Transandinomys talamacae Pichincha, Minas, -78.4343  0.1670 1,820  2583-84
Thomasomys auricularis Azuay, El Cajas -79.2355  -2.7872 4,000 0071
Thomasomys taczanowskii  El Oro, Chilla Cocha -79.6252  -3.5005 3,315 4822
Thomasomys paramorum Carchi, Bosque de Polylepis -77.0052  0.2309 3,650  Not collected
Mesomys hispidus Sucumbios, Reserva Ecologica Cofan-  -77.9822  0.7154 375 3486

Bermejo
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Appendix 1

Records of rodents with chromatic aberrations in the American continent.

Rodentia Country Condition Source
Sciuridae
Ammospermophilus harrisii USA Albinism Neal 1964
Citellus sp USA Albinism Turkowski y Parker 1967
Tamias striatus USA Albinism Guiles 1997
Geomyidae
Thomomys sp USA Albinism and Leucism  Burnet 1925
Heteromidae
Liomys pictus Mexico Albinism Martinez-Colonel et al. 2013
Perognathus sp USA Albinism Egoscue and Lewis 1968
Cricetidae
Akodon mollis Ecuador Leucism This study
Clethrionomys gapperi Canada Leucism Bowman and Curran 2000
Delomys dorsalis Brazil Albinism Cademartori and Pacheco 1999
Microtus montanus USA Albinism Jannett 1981
Microtus pennsylvanicus USA Albinism and Leucism  Peles et al. 1995; Parsons and Bondrup-Nielsen 1995
Microtus pinetorum USA Albinism Schantz 1960
Mpyodes rutilus USA Albinism Whitman and Jackson 2009
Nephelomys albigularis Ecuador Leucism This study
Nephelomys moerex Ecuador Leucism This study
Ondatra zibethicus USA Albinism Benton 1953
Peromyscus fraterculus Mexico Leucism Camargo et al. 2014
Phyllotis andium Peru Albinism Ramirez and Arana 2005
Reithrodontomys megalotis USA Albinism Egoscue 1958
Thomasomys auricularis Ecuador Leucism This study
Thomasomys paramorum Ecuador Leucism This study
Thomasomys taczanowskii Ecuador Leucism This study
Transandinomys talamancae Ecuador Leucism This study
Dasyproctidae
Dasyprocta azarae Brasil Leucism Oliveira 2009
Echimyidae
Mesomys hispidus Ecuador Leucism This study
Trinomys albispinus Brasil Leucism Pessoa and Reis 1995
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Nuevo registro de la Rata Cangrejera de Stolzmann Ichthyomys
stolzmanni (Rodentia: Cricetidae) en Ecuador

New record of Stolzmann’s crab-eating rat
Ichthyomys stolzmanni (Rodentia: Cricetidae)
in Ecuador
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Stolzmann’s crab-eating rat Ichthyomys stolzmanni is known from six locaties, two of those in the eastern slopes of
Ecuador and four in southeastern Peru. We recorded a male specimen in the Jurumbuno River, on the eastern slopes
of Ecuador at the province of Morona Santiago. We described the body and cranial characteristics, which are within
the range known for the species, except that the tail is bicolored to the medial portion and the rear half is uniformly
dark. The digestive tract contained traces of insects (Corydalus sp.), shrimps (Macrobrachium sp.), and isopods (Artystone
trisibia); the latter parasitizes fish, and this is the first report of this parasite in the diet of I. stolzmanni. Our record in the
Jurumbuno River is the third locality in Ecuador for the species studied, 40 years after its previous capture.

Key words: distribution; Ichthyomyini; Sangay National Park; southeastern Ecuador.

Registramos un individuo macho en el rio Jurumbuno, en la vertiente oriental del Ecuador, provincia de Morona Santiago.
Describimos caracteristicas corporales y craneanas, éstas se encuentran dentro del intervalo conocido para la especie,
exceptuando la cola que es bicolor hasta la parte medial y la mitad posterior uniformemente oscura. El tracto digestivo
contenia restos de insectos (Corydalus sp.), camarones (Macrobrachium sp.), e isépodos (Artystone trisibia), éste ultimo
parasita a peces y es encontrado por primera vez en la dieta de /. stolzmanni. Nuestro registro, en el rio Jurumbuno,
representa la tercera localidad en Ecuador luego de 40 afos de su ultima captura.

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

Introduction

The genus Ichthyomys encompasses four species of cricetid rodents adapted to the semi-aquatic life,
which occur only in the Neotropics, from Panama to southern Peru, including northeastern Venezuela.
The species of the genus Ichthyomys inhabit lowland and montane forests, and moors, in an altitudinal
range of 214 to 3,526 m a.s.l,, along streams, springs or artificial water courses such as ditches (Voss
1988; Pacheco and Ugarte-Nunez 2011; Garcia et al. 2012; Santilldn and Segovia 2013;Voss 2015). The
genus feeds preferentially on shrimp, crabs, insect larvae, semi-aquatic cockroaches and fish (Thomas
1893; Voss et al. 1982; Pacheco and Ugarte-Nufez 2011; Santilldn and Segovia 2013). Similarly, this
rodent may be preyed upon by nocturnal birds of prey (Brito et al. 2015).

Ichthyomys stolzmanni is known only from two localities in the eastern slope of Ecuador (Anthony
1923; Voss 1988; Tirira 2011) and four from southeastern Peru (Thomas 1893; Voss 1988; Pacheco
and Ugarte-Nunez 2011). The latest collection for Ecuador was carried out by A. Gardner in 1976 in
Sabanilla, province of Zamora Chinchipe (Pacheco 2003; Tirira 2007). This specimen was determined
(Pacheco 2003) as Ichthyomys hydrobates. However, Tirira (pers. comm.), based on the review of this
specimen (USNM 513625, young male) that shows a markedly bicolored tail and was collected east of
the Andes (Voss 2015), identified this specimen as /. stolzmanni.
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Historically, I. stolzmanni grouped two subspecies: I. s. orientalis inhabiting northern Ecuador,
and L. s. stolzmanni from southern Peru (Cabrera 1961; Voss 1988). Only a single subspecies is
currently recognized (Pacheco and Ugarte-Nunez 2011), because no phenotypic characteristics
differentiate them, a proposal followed by Voss (2015).

In the present work we report a new locality for . stolzmanni, which also implies an additional
report 40 years after the previous collection in Ecuador, being the first reference for the province
of Morona Santiago. The morphological and cranial measures of the specimen collected are
reported, and the palmar and plantar structures are described; additionally, the stomach contents
of this specimen are mentioned. The information about the characters described may be useful
for future taxonomic, phylogenetic and ecological studies, while contributing relevant data to the
protection of this poorly known species.

Materials and Methods

492

One specimen of I. stolzmanni was collected by German Tenecota on 29 March 2016, at Jurumbuno
river (-2° 06’ 55.32"S, -78° 07" 12.76" W, 1,300 m), Nueva Alianza sector, buffer zone of the Sangay
National Park, province of Morona Santiago, Ecuador (Figure 1). The collection area belongs to
the Eastern Subtropical plains (Albuja et al. 2012), in the Upano-Zamora ichtyogeographic zone
(Barriga 2012). In the collection site, the Jurumbuno river measures approximately 12 m wide
by 1 m deep (Figure 2). The specimen was caught with a 20-pound net with 20-mm mesh-size.
Several fish species have been captured in the same site, including sardines (Astyanax spp.),
curundas (Lebiasina elongata), bocachicos (Prochilodus nigricans), prefadillas (Astroblepus festae),
carachamas (Chaetostoma breve), barbudos (Rhamdia quelen), viejas (Aequidens tetramerus) and
chuvis (Crenicichla sp; F. Anaguano-Yancha, unpublished data).

80°W 75°W

N

5°84 -5°S

10°84 r10°S

Elevation

P Max 6074 &/

Min :0

Bolivia

e -

75°W

80°W

Figure 1. Record localities of Ichthyomys stolzmanni; Ecuador: A =Tena, B = Jurumbuno river, C = Sabanilla (Anthony 1923; Voss
1988; Tirira 2007; this study); Peru: D = Chanchamayo, E = Ayacucho, F = The Bagrecito, G = Arizona (Thomas 1983; Pacheco and Ugarte-
Nufez 2011).
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Figure 2. View of Jurumbuno river (1,300 m), habitat of Ichthyomys stolzmanni in Ecuador.

Brito et al.

The reference specimen was deposited in the Mastozoology Division of the Museo Ecuatoriano
de Ciencias Naturales, Quito, Ecuador (DMMECN 4,914), from which the skull was removed and
cleaned with dermestid larvae; the body was preserved in 75 % alcohol. Cranial measures were
taken with a digital gauge to the nearest 0.1 mm. The measures, body and cranial features were
recorded following Voss (1988). Food items in the stomach contents were identified with a
magnifying glass (Leica EZ4HD) at 35x.

Table 1. Measures of Ichthyomys stolzmanni specimens from Ecuador and Peru.

Ecuador

Peru

DMMECN

4,914

(Anthony 1923; Voss 1988)

(Thomas 1898; Pacheco and Ugarte-Nuiiez 2011)

Age

Sex

Head-body length

Tail length

Hind foot length

Ear length
Condyle-incisor length
Diastema length

Upper molar series
Incisive foramen length
Incisor apex width
Incisive foramen width
Palate width

Nasal length

Nasal width

Least interorbital constriction
Bizygomatic width
Cranial width
Zygomatic plate width
Upper first molar width
Upper incisor length
Upper incisor depth
Width between occipital condyles
Weight in grams

Slc/a
Males
160
185
41
11
354
9.2
43
6.5
22
1.8
2.9
12.3
4.1
4.8
16.8
13.8
1.5
1.4
6.1
1.9
9.7
140

3-5/o, f/a
4 males 2 females

39.3+0.52 (39— 40) 6
9.8+0.45(9-10)5
33.6+127(322-352)6
8.740.44 (8.1-9.1)6
4440.05(43-44)6
6.6+0.19(6.3-6.8)6
2240.08(2.1-2.3)6
20+0.16 (1.8-2.2) 6
3.0+£021(27-33)6
113 +0.44 (10.9-12.1)6
3.9+023(3.6-42)6
444029 (4.0-4.8)6
16.2+0.61 (15.4 - 17.0) 6
14.3+0.16 (14.1 - 14.6) 6
1.540.15(1.3-1.7) 6
1.640.05 (15— 1.6) 6
594040 (5.4-64)5
1.940.12(1.8-2.1) 6
9.0+0.17 (8.8~ 9.2)

2/o/a, 4/?/a, 2/o/a
2 females 1 undetermined
177
39+1.41(38-40)2
10+0(10-10) 2
29.87 +4.57 (26.64 —33.1) 2
8.45+1.31(7.03-9.61)3
4.03+0.32(3.81-44)3
6.15+0.59 (5.47-6.5)3
1.92+0.23 (1.66 —2.1) 3
2.29+0.23 (2.02-2.44) 3
2.90+0.41(2.49-3.3)3
10.41 +1.34 (8.88 —11.35) 3
3.85+0.45(3.34-4.2)3
484+0.14(474-5)3
16
13.45+1.06 (12.07 - 14.2) 2
1.28+0.21 (1.04-1.4)3
1.49+1.10 (1.41 -1.6) 3
5.51+0.82(4.56-6)3
1.71 £ 0.33 (1.34-1.98) 3
8.96+0.76 (8.42-9.5)2
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Results

The main body and cranial measures of the I. stolzmanni specimen from the Jurumbuno river (Table
1) are within the range known for the species (Voss 1988; Pacheco and Ugarte-Nurnez 2011). The
specimen DMMECN 4,914 shows a narrow skull and interorbital region, with obvious supraorbital
foramen, carotid circulation pattern 3 (sensu Voss 1988), presence of the orbicular apophysis of the
malleus (Figure 3) and leg longer than 39.0 mm, all of which being diagnostic characters for this
species (Voss 1988, 2015).

Figure 3. Dorsal (above), ventral (center) and lateral (bottom) view of the skull of Ichthyomys stolzmanni (DMMECN 4,914). Bar = 10 mm.

Externally, the specimen shows the following features: coat with a dark brown color dorsally
and whitish with yellowish shades ventrally (Figure 4); pectoral region with a dark brown strip;
thick and short mistacial whiskers that do not surpass the shoulder when bended backwards. The
tail, longer than the head-body length, is thick, robust and densely covered with hairs, dark brown
dorsally, while ventrally it is whitish to the medial region and dark brown distally (Figure 4). The
hairs at the tip of the tail protrude 7.0 mm.
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Figure 4. Front and lateral (above), dorsal (center) and ventral (bottom) view of the head of Ichthyomys stolzmanni (DMMECN
4,914); head-body length 160 mm.

The front leg is medium-sized and thin; it has five fingers with claws, with the thumb being
shortened with a short and rounded claw. The remaining fingers are relatively short, with
enlarged and curved claws. Tufts of nail hairs cover 40 % of the claws in the hands. The metacarpal
region is whitish with long dark brown hairs. The palmar surface shows five pads: the thenar and
hypothenar pads are enlarged and separated by a small space; the three interdigital pads share a
similar size, approximately 50 % of the thenar pad size (Figure 5).

The hind leg is relatively long and wide, with short nail tufts that cover 30 % of the claws.
The dorsal region of the foot is white, with short and medium black hairs, most noticeable at the
outer edge. The dorsal surface of the phalanges is white with black hairs. Five plantar pads are
present; the thenar tubercle is well developed and the hypothenar is absent. There is a wide space
between the thenar pad and the first interdigital pad. Plantar surfaces are tuberculate. Digits are
relatively short and wide. The outer edges of the foot and digits are bordered by fringes of hairs
that measure 2.5 mm long. There are poorly developed interdigital membranes between fingers
[-1land IV -V, while those between fingers Il - lll and Il - IV grow beyond the first interphalangeal
joint (Figure 5). The stomach and digestive tract contained remains of an arthropod (Corydalus
sp.), a shrimp (Macrobrachium sp.) and an isopod (Artystone trisibia).
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Figure 5. Palmar view of the right front leg (left) and plantar view of the right hind leg (right) of Ichthyomys stolzmanni (DMMECN
4,914). Bar =10 mm.

Discussion

Traditionally, the population of I. stolzmanni of Ecuador was considered as a single subspecies,
I s. orientalis, that differs from the typical Peruvian form based on the metacarpal coloration (e.
g., Cabrera 1961; Voss 1988). However, the I. stolzmanni specimen (DMMECN 4,914) collected at
the Jurumbuno river, although matching the majority of cranial and body characters reported
by Voss (1988), differs from the specimens previously reported for Ecuador (Anthony 1923; Voss
1988) and Peru (Thomas 1893; Voss 1988; Pacheco and Ugarte-Nufez 2011; Voss 2015), which
show a markedly bicolored tail. The specimen examined (DMMECN 4,914) has a bicolored tail to
the medial part, while the posterior half is uniformly dark (a character not previously recorded
in Ichthyomys). Other species of Ichthyomys (I. hydrobates, I. pittieri and I. tweedii) usually show
a uniformly dark tail. Additional specimens should be collected from localities to fill the gap of
nearly 1,000 kilometers between the Ecuadorian and Peruvian localities, in order to assess within-
and between-population variation patterns in tail coloration.

The stomach contents of I. stolzmanni from the Jurumbuno river evidenced the presence of
insects, shrimp and isopods; this finding is partly consistent with the stomach content reported
for other specimens of this species (Voss et al. 1982; Voss 1988; Santillan and Segovia 2013). The
finding of the isopod Artystone trisibia in the stomach content of the rat is unusual, as these
organisms in the Jurumbuno river are parasites that have been reported inside benthic fish
(Anaguano-Yancha and Brito 2015; Anaguano-Yancha and Brito in prep.); however, the stomach
contents of the rat showed no evidence of fish. In southern Peru, /. stolzmanni feeds on fish and
often preys on trout cultures (Pacheco and Ugarte-Nurnez 2011). However, in the locality reported
here, despite its proximity to tilapia culture ponds, local people are unaware of the predation of
their fish by the rat, although they mention attacks by the water opossum (Chironectes minimus).

496 THERYA Vol.7 (3):491-498



Brito et al.

In Ecuador, the known distribution of I. stolzmanni was limited to only two localities, the
provinces of Napo and Zamora Chinchipe (Anthony 1923; Voss 1988; Pacheco 2003; Tirira 2007).
The specimen reported here represents the third locality for Ecuador and the first for the province
of Morona Santiago, 40 years after the previous collection.

Ichthyomys stolzmanni is considered to be a rare and little known rat due to the conventional
sampling methods used to date (Pacheco and Ugarte-Nunez 2011). [ stolzmanni is poorly
represented in scientific collections and its distribution is little known. For this reason, and given
that the knowledge about non-flying small mammals in Ecuador is still fragmented, further
sampling efforts are needed in the eastern foothills of the country, an area considered as an
important diversity and endemism zone (Myers et al. 2000; Prado et al. 2014; Maestri and Patterson
2016).
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To date, few studies have focused on the Bryde’s whale, Balaenoptera edeni, one of the eigth species comprising the family
Balaenopteridae. This species can be distinguished from other rorquals by the presence of three parallel longitudinal
ridges on top of the rostrum, whereas other rorquals possess only one. The potential distribution of this species in the
Mexican Pacific is thought to extend south from 26° N, along the coast of Mexico from Baja California to the border with
Guatemala. Our knowledge about this species in the Mexican South Pacific is limited, particularly off the coast of Oaxaca
where no previous sightings have been reported. The sightings were recorded during oceanic trips to monitor humpback
whale (Megaptera novaeangliae) migrations off the central coast of Oaxaca, Mexico, between December 2011 and January
2012. The observation platforms were 6 m fiberglass boats with a 60 hp outboard engine. The geographical coordinates
were registered with a handheld GPS; also recorded were sea surface temperature and the behavior of rorqual specimens.
The initial species identification was based on the presence of three parallel longitudinal ridges on the head, and was
subsequently corroborated by comparing the photographs and video taken during the sightings with field guides.
Four separate rorqual sightings were documented between 1.3 and 7.1 km from the coast of Estacahuite, Zipolite, and
Ventanilla, Oaxaca, Mexico. Two sightings involved groups with calves; during one sighting, three killer whales, Orcinus
orca, were also observed, although neither predatory behavior nor other interaction occurred. The behaviors observed
included breaches by calves, surface activity, and slow and erratic movements with sudden changes of direction in
response to the presence of the research boat. During surface exhalations, one individual produced vocalizations that
were audible at the surface. The presence of B. edeni off the central coast of Oaxaca, Mexico, may be associated with
the oceanographic characteristics and high productivity of the Gulf of Tehuantepec. All behaviors observed during the
sightings were typical of the species, including evasive maneuvers and sudden changes of direction with respect to
the boat. The fortuitous recording of audible vocalizations clearly recognizable from the research boat during surface
exhalations is remarkable. These sightings are the first reports of B. edeni for the state of Oaxaca and the Mexican South
Pacific. Thus, there is a clear need to increase intensive, long-term monitoring efforts in order to better understand the
ecological implications and other aspects related to the presence of the Bryde’s whale and other marine mammals in the
region. Future research should focus on assessing the spatial and temporal occurrence of B. edeni in this region.

Key words: Bryde's whale; central coast of Oaxaca; distribution; mexican south Pacific; sightings.

El rorcual tropical Balaenoptera edeni, es probablemente la especie menos estudiada de las ocho que comprende la
familia Balaenopteridae. Puede identificarse por la presencia de tres quillas paralelas situadas en la region dorsal de
la boca, a diferencia de otros rorcuales que poseen solo una. En el Pacifico mexicano su distribucion potencial puede
extenderse hacia el sur a los 26 °N, desde Baja California, a lo largo de la costa continental de México hasta la frontera con
Guatemala. En la regidn del Pacifico Sur mexicano el conocimiento sobre la especie es limitado, particularmente en la
costa de Oaxaca se carecia de registros. Los avistamientos se registraron durante navegaciones para el monitoreo de la
migracién de ballena jorobada (Megaptera novaeangliae) en la Costa Central de Oaxaca, entre diciembre de 2011y enero
de 2012. Las observaciones fueron hechas desde embarcaciones de fibra de vidrio de seis m de eslora y motor fuera de
borda de 60 hp. Se registraron las coordenadas con GPS de mano, temperatura superficial del mar y comportamientos.
La identificacion de la especie fue corroborada por la presencia de las tres quillas paralelas en el rostro, empleando el
material fotogréfico y de video tomado durante los avistamientos y consultado en guias de campo. Se documentaron
cuatro avistamientos entre 1.3 y 7.1 km de la costa, frente a las costas de Estacahuite, Zipolite y Ventanilla. En dos
avistamientos se observaron grupos con crias y en uno se observé el encuentro con un grupo de tres orcas Orcinus
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orca sin mostrar interaccién ni conducta depredatoria hacia los rorcuales. Los comportamientos registrados en la
superficie fueron saltos de cria, actividad en superficie, desplazamiento lento y erratico con cambios repentinos
para evadir la embarcacion. Ademas, en un individuo se documenté la emision de sonidos audibles en superficie
durante los soplos. La presencia de B. edeni en la zona costera de Oaxaca, puede estar asociada a las caracteristicas
oceanogréficas y a la alta productividad del Golfo de Tehuantepec. Los comportamientos registrados fueron
caracteristicos de la especie, ya que en todos los avistamientos se mostraron evasivas hacia la embarcacién con
cambios repentinos en su direccién. Lo relevante en este reporte fue el registro fortuito de vocalizaciones audibles
durante las respiraciones en superficie, las cuales se escucharon claramente desde la embarcacién. La importancia
de estos registros radica en que son los primeros reportes de B. edeni para el estado de Oaxaca y la region del Pacifico
Sur mexicano. Lo anterior, hace evidente la necesidad de incrementar los esfuerzos de monitoreo de forma intensiva
y de largo plazo, tendientes a conocer aspectos ecolégicos de los mamiferos marinos y en especial de la especie, su
posible presencia a lo largo del afo en las costas de Oaxaca y los factores que determinan su ocurrencia espacial y
temporal en esta regién.

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

Introduction

The Bryde's whale, Balaenoptera edeni (Anderson, 1879), is probably the least studied baleen whale;
it is listed in the Data Deficient (DD) risk category of the International Union for the Conservation
of Nature’s Red List (IUCN 2016), and is classified as a species subject to special protection (Pr) in
the Mexican Official Standard NOM-059-SEMARNAT-2010 (DOF 2010). It can be identified by the
presence of three parallel longitudinal ridges on top of the rostrum, unlike other rorquals, which
possess a single ridge (Jefferson et al. 1993; Carwardine 2002). The prominence of these ridges
is variable and difficult to observe from a research boat at sea; for this reason, this species was
misidentified as either the sei whale (B. borealis; Jefferson et al. 1993) or other species such as the
fin whale (B. physalus) and the antarctic minke whale or southern minke whale (B. bonaerensis;
Nino-Torres et al. 2011). It has a relatively small, elongated and slim body that measures up to 14.6
m (Reeves et al. 2002). The pectoral fins are relatively short and with a pointed tip, and the dorsal
fin is prominent and falcate, located at about two thirds of the total body length (Carwardine
2002; Reeves et al. 2002). The body coloration pattern is variable, being black-bluish dorsally and
white or yellowish ventrally (Guerrero-Ruiz et al. 2006; Nifio-Torres et al. 2011).

The Bryde's whale has a pan-tropical distribution between 40° N and 40° S, or delimited by the
20 °Cisotherm, and can be seen near the coast and in areas of high productivity (Carwardine 2002;
Guerrero-Ruiz et al. 2006). In the North Pacific, it is found from California to Central America, and in
the Mexican Pacific its potential distribution may extend south to 26°N, from Baja California along
the continental coast of Mexico to the border with Guatemala (Urban and Flores 1996; Urbédn
and Guerrero-Ruiz 2008). Some authors have suggested the existence of two populations in the
Gulf of California: a resident one, of which calves have been observed throughout the year, and
another one associated with the Eastern Tropical Pacific population (Tershy et al. 1990; Nifio-Torres
etal 2011). In the Mexican South Pacific, the knowledge about the species is scarce, particularly
for the coast of Oaxaca, where the presence of this species has not been previously recorded.

During oceanic trips for monitoring the migration of the humpback whale (Megaptera
novaeangliae) in the Central Coast of Oaxaca, conducted by Mamiferos Marinos de Oaxaca
Biodiversidad y Conservaciéon Asociacién Civil (MMOBIDIiC AC) and Universidad del Mar, four
sightings of B. edeni were recorded between December 2011 and January 2012. The observation
platforms used were 6 m fiberglass boats with a 60 hp outboard engine. B. edeni was first
identified based on the presence of the three ridges on top of the rostrum using the photographs
and videos taken during the sightings, and comparing the morphological characteristics with the

descriptions by Reeves et al. (2002).

The first two sightings occurred on 10 December 2011 (Figure 1), the first record being at 12:01
hours, 7.1 km off Estacahuite bay (15° 36'43.4" N, -96° 26’ 28.8" W), where a single specimen was
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observed moving slowly to the southeast and breaching on two occasions. Later,a mother and a
calf were sighted at 13:07 h, 1.3 km off Estacahuite (15° 39'27.06" N, -96° 26'47.7"W), also moving
slowly to the southeast. In both sightings, the local sea surface temperature was 26 °C.

On 27 January 2012, two additional sightings were recorded. The first occurred at 8:21, 4.4
km from Roca Blanca island, in front of Zipolite beach (Figure 1). Five individuals were observed,
including a calf (15°36'54.1”N, -96° 31"52.0"W); sea surface temperature was 26 °C. The individuals
displayed an active surface behavior along with erratic movements to the northwest, evading
the observation platform with sudden changes of direction. In this occasion, three individuals
of Orcinus orca (a calf and two females: an adult and a juvenile) were observed moving in the
opposite direction to the group of Bryde's whales and five meters apart from them. Although there
are reports of killer whales (Orcinus orca) hunting Bryde’s whales in the Gulf of California (Silber et
al. 1990), neither interactions nor predatory behaviors were noticed during the sighting reported
here, as both groups moved away from one another in their respective directions. The second
sighting was of a mother with a calf, at 9:56, 4.7 km off Ventanilla beach (15° 37'57.4"N, -96° 36’
35.6"W), moving slowly with erratic movements to the southeast. Both individuals displayed an
active surface behavior and evaded the boat; the calf performed two full-body breaches belly up
(one of which was partially recorded on video). During the sighting, the emission of vocalizations
or sounds by the mother were recorded on video on three occasions, after surface breathing,
which were clearly audible from the boat and lasted approximately one second.

It has been suggested that the occurrence and displacement of this rorqual are influenced by
prey availability, which in turn is affected by environmental variability; in the Gulf of California, a
larger number of rorquals have been observed in La Nifa cold conditions that facilitate the migration
of sardines into the Gulf (Salvadeo et al. 2011). Its presence in the coastal area of Oaxaca may be
associated with the oceanographic characteristics and high productivity that prevail in the Gulf of
Tehuantepec, which define this region as a center of high biological activity (Ortega-Garcia et al.
2000). In addition, the anchovy, a prey consumed by the Bryde's whale, (Guerrero-Ruiz et al. 2006),
has been reported as one of the most abundant species, both in number and in weight, in the Gulf
of Tehuantepec at the beginning of the dry season (winter-spring), when Tehuano winds give rise to
upwelling events and a significant drop of sea surface temperature (Ayala-Duval et al. 1988).

On the other hand, the behaviors recorded were typical of the species, since in all sightings
rorquals evaded the boat with sudden changes of direction. A remarkable fact was the fortuitous
record of audible vocalizations during surface breaths, which were clearly heard from the boat.

e R ———— - —

Figure 1. Balaenoptera edeni individuals recorded between December 2011 and January 2012 in the central coast of Oaxaca. a
and b show adult specimens; ¢, a mother and a calf, and d, the parallel lateral ridges on top of the rostrum that is characteristic of the
species.
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Figure 2. Distribution of the sightings of Balaenoptera edeni in the central coast of Oaxaca between December 2011 and
January 2012.

These records are relevant for being the first reports of B. edeni for the state of Oaxaca,
particularly since studies on the Bryde's whale in the Mexican Pacific are scarce and the effort
has focused on very specific areas of the north and west zones. These findings point to the need
to conduct intensive long-term monitoring in the Mexican South Pacific, aimed at investigating
ecological aspects of marine mammals, in particular focusing on the Bryde’s whale, its presence
throughout the year in the Pacific coast of Oaxaca, and the factors that determine its spatial and
temporal occurrence in this region.

The authors would like to thank UMAR for financing the project 2IE1207, to MMOBIDICA. C., and
ALIAM S. A. de C. V. for their contribution to financing the ocean trips of the Programa Permanente
de Monitoreo de Mamiferos Marinos de la Costa Central de Oaxaca. Thanks also to the volunteers
who participated during the ocean trips of the program. Finally, to the anonymous reviewers who
provided valuable comments to improve the manuscript. This manuscript was translated by Maria
Elena Sdnchez Salazar with support of THERYA through a CONACYT grant.
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El Dr. Ivan Lira-Torres nacié en la ciudad de México en julio
de 1971. Realizd sus estudios basicos en la misma ciudad
de México hasta llegar al nivel de licenciatura. Estudio
la carrera de Médico Veterinario Zootecnista, en la
Facultad de Medicina Veterinaria y Zootecnia, de
la UNAM, su examen profesional lo presento el 29
de enero de 1999, con la tesis “Identificacién de
endopardasitos en Tapirus bairdii en la reserva de
la Biosfera La Sepultura y el Zoolégico Regional
Miguel Alvarez del Toro, Chiapas, México. Sus
estudios de Maestria en Ciencias en Manejo
de Recursos Naturales y Desarrollo Rural con
orientacién en Conservacion de Biodiversidad, los
cursoé en el Colegio de la Frontera Sur (ECOSUR). Su
examen de grado lo presentd el 28 de enero del 2002,
con la tesis “Ecologia del Tapirus bairdii en la Reserva de la
Bidsfera El Triunfo (Poligono 1), Chiapas, México.

Su ultima escala de preparacion académica la hizo en el Centro Interdisciplinario de Investigacion
para el Desarrollo Integral Regional, Unidad Oaxaca, del Instituto Politécnico Nacional, dentro del
programa doctoral de Conservacion y Aprovechamiento de Recursos Naturales. El titulo de su tesis
fue “Impacto de la caceria de subsistencia y ganaderia extensiva en las poblaciones de carnivoros y
sus presas en la Selva Zoque, Oaxaca”, y su presentacion y defensa la realizé el 3 de julio del 2014.

Durante su vida académica Ivan Lira, realizd diversas estancias de estudio y preparacién en varias
instituciones del pais. Siempre vimos en lvan una persona impaciente por aprender mas, por lo que
siempre que veia una oportunidad de aprender o aplicar sus conocimientos no dudaba en hacerlo.
Varias fueron las estancias que realizé: En el Zoolégico San Juan de Aragén, en la ciudad de México, en
el Aviario “Xaman-Ha” en Quintana Roo, en el Zoolégico Regional Miguel Alvarez del Toro (ZOOMAT),
enTuxtla Gutiérrez, Chiapasy en el herpetario de la Facultad de Ciencias de la UNAM, entre otros mas.
Curso6 alrededor de 17 talleres y cursos de actualizacién en diversas areas de la medicina veterinaria
y manejo y conservacion de fauna silvestre. Presenté mas de 30 trabajos en simposios y congresos
nacionales e internacionales.

Como docente, el lvan, inicio en el ano de 1992, siendo asistente técnico del médico veterinario
zootecnista titular en el Zoolégico de San Juan de Aragdn, en la Ciudad de México. A partir de ese
momento, impartié alrededor de 20 cursos de: especializacion, a nivel licenciatura y posgrado.
Dirigié un poco mas de 12 proyectos de investigacidn financiados por instituciones como: Instituto
de Biologia de la UNAM, Instituto de Historia Natural y Ecologia del Gobierno de Chiapas, Secretaria
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del Medio Ambiente y Recursos Naturales (SEMARNAT), Tapir specialist group, Idea wild y la World
Wildlife Found (WWF), entre otras mas.

Fue miembro de diferentes organizaciones como el grupo de especialistas en tapires de
la Comision de sobrevivencia de especies de la Unién Internacional para la Conservacién de
la Naturaleza (IUCN/SSC; Species survival comision)/Tapir specialist group, de los subcomités
Técnicos Consultivos Nacionales para la Conservacién y Recuperacion del Jaguar (Panthera onca) y
para la conservacién y recuperacién del tapir y pecari de labios blancos. Al grupo de especialistas

Fig. 1. Imagen del trabajo realizado con tapires en La Fortaleza, al norte de los Chimalapas, Oaxaca.

en pecaries (México), al de especialistas en tapir centroamericano (México), al de expertos para
la conservacion del jaguar y otros felinos silvestre (México) y por supuesto formo parte de la
Asociacién Mexicana de Mastozoologia (AMMACQ).

Ivan fue uno de los primeros conservacionistas en México en estudiar tapires por su gran interés
y carifio que les tenia (Figura 1). Asistid a varios de los Simposios del jaguar en el siglo XXI. Realizd
varios estudios y publicaciones de esta carismatica especie (Figura 2). A lo largo de su carrera
profesional. Trabajé como médico veterinario (Zoolégico de San Juan de Aragdn), consultor
(WWE), curador (UMAR), investigador (UMAR), profesor (UNAM, UNICACH, UMAR), asesor (UNAM)
y recientemente contratado como investigador de tiempo completo en la Universidad Auténoma
de Tamaulipas (noviembre de 2015).

Public6 mas de 45 trabajos en revistas nacionales e internacionales, asi como en libros
especializados y de divulgacién. A Ivan siempre le interesé que se leyera su trabajo sin importar
la calidad de la revista. Se preocupd por que la gente comun y los comuneros de las regiones
donde trabajo tuvieran informacién de primera mano para el conocimiento y conservacion de
sus recursos. Prueba de ellos son las publicaciones que hizo en forma de guia cientifica para dar
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a conocer la presencia de diversos grupos de mamiferos en regiones como la Sierra Madre de
Oaxaca, la Selva Zoque y la Sierra Madre del Sur, todas en el estado de Oaxaca.

Durante muchos afos, se sinti6 comprometido con la conservacién de la fauna silvestre en
México, su trabajo no sélo se centré en tapires y jaguares, sino que trabajé con varias especies
como venados, puma, ocelotes, pecaries, tortugas, serpientes y cocodrilos, entre otros mas
(Figura 3). Durante su estancia postdoctoral en el Laboratorio de Fauna Silvestre de la Universidad
Auténoma de Nuevo Ledn trabajo con diversos temas con oso negro (Figura 4).

Entre las areas que fueron de su interés podemos mencionar: manejo de vida silvestre, biologia
y medicina de la conservacién, programas de manejo y rescate de fauna silvestre en MIAs, manejo
de areas naturales protegidas, educacién ambiental, monitoreo de biodiversidad, ecologia de
poblaciones, asistencia técnica y desarrollo rural, capacitacion en comunidades.

Ivan fue un ser humano apasionado y comprometido con la vida silvestre, la investigacion
y la ensefanza. Para todos los que estuvimos cerca de él, como familia, amigos, profesores, lo
recordaremos con un enorme carifio.

Ivan formo parte de mi vida, primero como un colega, después como mi alumno y al final
como un gran amigo. Su paso por el CIIDIR, Oaxaca, del Instituto Politécnico Nacional tuvo
varios contratiempos, pero al final logré con entusiasmo, carifio y perseverancia obtener
el grado de Doctor en Ciencias. Cuando lo conoci, en el VIl Congreso de Mastozoologia
celebrado en San Cristobal de las Casas en el afo 2002, me platicé de muchos de los
proyectos que tenia. Queria continuar con sus estudios de posgrado y me pregunto sobre
las posibilidades de trabajar en Oaxaca. Tuvieron que pasar cerca de ocho afos para que
él pudiera llegar al CIIDIR. Iniciamos con un proyecto sobre tapires, después lo cambiamos
a jaguares, finalmente y viendo la cantidad de datos que se tenian optamos por analizar el
efecto de la caceria de subsistencia y ganaderia extensiva de los carnivoros en la zona norte
de la selva alta perennifolia de los Chimalapas en el estado de Oaxaca.

Cada visita de lvan a Oaxaca se convertia en un remolino de actividades, en unas pocas
horas tenia el equipo preparado y funcionando, listo para salir a la selva donde siempre
habia gente que lo recibiria con carifio y dispuestos a sudar y mojarse con el trabajo de

11/18/12 11:16 &AM

Fig. 2. Imagen obtenida del trabajo de fototrampeo que formé parte de su tesis doctoral en la Fortaleza al norte de los
Chimalapas, Oaxaca.
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Fig. 3. Actividades de campo realizadas con diversos grupos faunisticos.

campo. Siempre me conto de sus aventuras y deseos de explorar, era muy arrebatado y
queria hacer todo rapido. Creo que esas ganas por aprender y conocer mas de la naturaleza
le vencian.

Tuve la suerte de ser su amigo, platicamos durante todas sus visitas a Oaxaca, de sus
problemas y alegrias. Conoci al ser humano, al amigo, siempre dispuesto a ayudarme,
terminé recibiendo consejos y ensenanzas de Ivan. Quedaron pendientes datos por
publicar, quedaron pendientes visitas a la selva, quedaron pendientes muchas platicas. Mi
equipo de trabajo, lo recordara como mi hijo académico prodigo (MB-S).

Tuve la fortuna de conocer al Ivan Lira Torres en el 2014, cuando se encontraba buscando
donde establecerse como investigador después de haber concluido su Doctorado. Fue asi
que al conocer sobre la trayectoria de Ivan y sobre su interés de trabajar en manejo de
fauna silvestre, con énfasis en grandes mamiferos, que le ofreci una estancia postdoctoral
en nuestro laboratorio en la Universidad Autonoma de Nuevo Ledn (UANL). De esta
manera, lvan se integré a nuestro equipo de trabajo y rdpidamente nos demostré su
gran compromiso, experiencia y disponibilidad de trabajar en manejo y conservacion
de fauna silvestre (Figura 5). Durante este breve tiempo pudimos colaborar en temas
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de investigacién con oso negro, coyote, jaguar, venado cola blanca y ocelote en diversas
areas de estudio en el noreste de México. Asimismo, Ivan trabajo también ampliamente
en el entrenamiento de estudiantes de licenciatura y posgrado de manera formal en la
UANL, asi como en el entrenamiento de personal técnico de diferentes dependencias de
gobierno y de productores agropecuarios en temas de manejo de conflictos entre fauna
silvestre y actividades humanas. Durante su desarrollo profesional Ivan siempre mostré
su gran disponibilidad de compartir sus conocimientos con los demds, pero sobre todo
siempre nos demostré su gran calidez humana. Finalmente en 2015 Ivan concluyo su
estancia Postdoctoral en nuestro laboratorio para integrarse como Maestro Investigador en
el Instituto de Ecologia Aplicada de la Universidad Auténoma de Tamaulipas, desde donde
seguimos trabajando como colaboradores muy cercanos y tenia proyectos de investigacion
en curso. Principalmente generando informacion muy importante sobre la ecologia del
jaguar y ecologia de enfermedades con oso negro en el corredor bioldgico de la Sierra

Figura 4. Entre las Ultimas especies a las cuales dedico su conocimiento y esfuerzo para conservar fue el oso negro en el norte
del pais.
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Fig. 5. Equipo de trabajo en manejo de oso negro, El Manzano, Sgo. Nuevo Leén (20-1V-2015).

Madre Oriental en los estados de Nuevo Ledn y Tamaulipas. Nunca olvidaré las palabras
de Ivan cuando me platicé que su doctor le recomendaba que tratara de buscar un trabajo
que no involucrara el pasar tanto tiempo en el campo, a lo cual Ivdn me decia que él estaba
consciente de los riesgos pero que él no cambiaria su trabajo porque era lo que él amaba
hacer y lo que le daba sentido a su vida. Ivan con su gran entusiasmo por su trabajo y con
su preparacion y experiencia se encontraba al inicio de una gran carrera como investigador
y conservacionista, preocupado siempre por nuestros recursos naturales y por la formacion
de recurso humano, por lo que su inesperada partida deja un gran hueco dificil de llenar.
Para todos quienes tuvimos la oportunidad de trabajar con Ivdn es una obligacion el honrar
su memoria haciendo lo que el siempre hizo con gran pasién y compromiso, es decir,
trabajar por la conservacion (RC-T).

Miguel Briones-Salas! y Rogelio Carrera-Trevifio?

' Centro Interdisciplinario de Investigacion para el Desarrollo Integral Regional, Unidad Oaxaca (CIIDIR-OAX.), IPN. Hornos 1003,
Santa Cruz Xoxocotlan, 71230. Oaxaca, México. E-mail: miguelbrionessalas@hotmail.com (MB-S).

2 Facultad de Medicina Veterinaria y Zootecnia, Universidad Auténoma de Nuevo Ledn, Campus Ciencias Agropecuarias,
Francisco Villa s/n, Col. Ex-Hacienda “El Canada’, Escobedo, 66050. Nuevo Ledn, México. E-mail: rogeliocarrera@hotmail.com
(RC-T).

510 THERYA Vol.7(3):505-510


mailto:miguelbrionessalas@hotmail.com
mailto:rogeliocarrera@hotmail.com

	449 EspeciesEndemicas_edit CN.pdf
	Marcador 1

	390 on line CN.pdf
	Marcador 1

	391_dominancia On line CN.pdf
	Marcador 1
	_GoBack

	401- on line English CN.pdf
	Marcador 1

	412-Peresosos English on line_2 CN.pdf
	Marcador 1
	__DdeLink__24_798456738
	__DdeLink__22_111329472811

	394 borrego on line CN.pdf
	Marcador 1

	379 felinos_stac-CN_3 CN.pdf
	Marcador 1

	336 Akodon On line CN.pdf
	Marcador 1

	422-pesticidas_2 CN.pdf
	Marcador 1

	408 leucismo _on line CN.pdf
	Marcador 1

	414 Ichthyomys On line CN.pdf
	Marcador 1

	396 edeni on line CN.pdf
	Marcador 1

	451 Obituario Ivan Lira-stac2 CN_stac-2 CN.pdf
	Marcador 1
	_GoBack

	451 Obituario Ivan Lira-stac2 CN_stac-2 CN.pdf
	Marcador 1
	_GoBack


