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Northeastern México is one of the most diverse regions in the country with high mammal richness. This region
also sits on the northern periphery of the geographic distribution of ocelots (Leopardus pardalis), which are listed
as endangered in México. Ocelot ecology in northeastern México is poorly known at local and landscape levels,
especially in the ecologically rich temperate sierras, a perceived stronghold for ocelots. We used an occupancy
approach to estimate ocelot-habitat use in Tamaulipan thornshrub and tropical deciduous forests and a spatially
explicit capture—recapture (SECR) framework to estimate density of ocelots in the northern edge of the Sierra
Tamaulipas, México. From May to December 2009, we conducted two camera trap surveys (summer: 20 camera
stations; fall: 58 camera stations) on Rancho Caracol and Rancho Camotal, north of the Rio Soto de La Marina.
We found ocelot detections were higher in areas with increasing patch density of tropical deciduous forest and
habitat use was greater in Tamaulipan thornshrub and tropical deciduous forests with lower edge densities. Ocelot
densities varied by sex, with females achieving greater densities (7.88 ocelots/100 km? [95% CI: 4.85-12.81])
than males (3.81 ocelots/100 km? [95% CI: 1.96-7.43]). Ocelots were averse to areas with high densities of
edge cover in each woody community, supporting the notion of a forest patch interior species. Despite the study
occurring 11 years ago, population densities were also among the highest reported in México using spatially
explicit capture—recapture methods, The high ecological integrity of the habitat within the Sierra de Tamaulipas,
recent protection as a Biosphere Reserve, and remote rugged terrain suggest long-term security of the ocelot
population in this region.
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El noreste de México es una de las regiones mds diversas del pais y una zona con alta diversidad de mamiferos.
Estaregion también se encuentra en la periferia norte del rango de distribucidn del ocelote (Leopardus pardalis), el
cual estd catalogado como en peligro de extincién en México. La ecologia de los ocelotes en el noreste de México
es poco conocida a escala local y de paisaje, especialmente en las sierras templadas, de alto valor ecoldgico y
consideradas como un bastion para los ocelotes. Empleamos un enfoque de ocupacién para estimar el uso del
hébitat del ocelote en los bosques caducifolios de Tamaulipas y en los bosques tropicales de hoja caduca, asi como
un marco SECR para estimar la densidad de los ocelotes en el limite norte de la Sierra de Tamaulipas, México.
Entre mayo y diciembre de 2009, realizamos dos sondeos mediante cdmaras trampa (verano: 20 localizaciones
con cdmara; otofio: 58 localizaciones con cdmara) en Rancho Caracol y Rancho Catamol, al norte del Rio Soto
de La Marina. Encontramos que las detecciones de ocelote fueron mayores a mayor densidad de parche en los
bosques tropicales de hoja caduca y que el uso del hédbitat fue mayor en los bosques caducifolios de Tamaulipas y
en los bosques tropicales a densidades de borde mds bajas. Las densidades de ocelote variaron segin el sexo, con
las hembras alcanzando mayores densidades [7,88 ocelotes/100 km? (95% CI: 4,85-12,81)] que los machos [3,81
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ocelotes/100 km? (95% CI: 1,96-7,43)]. Los ocelotes evitaron aquellas dreas con altas densidades de cobertura
de borde en cada comunidad lefiosa, apoyando la idea del ocelote como especie de interior de parche forestal.
Las densidades de poblacién también estuvieron entre las mds altas reportadas en México utilizando métodos
de captura-recaptura espacialmente explicitos. A pesar de que el estudio fue realizado hace 11 afios, la alta
integridad ecoldgica del habitat dentro de la Sierra de Tamaulipas, su reciente proteccién como Reserva de la
Biosfera y el terreno accidentado y aislado sugieren que la poblacion de ocelote en esta region se encuentra

asegurada a largo plazo.
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Human-mediated changes in natural landscapes represent one
of the main causes of biodiversity loss worldwide (Seto et al.
2011). In North America, México is considered a megadiverse
country that contains 12% of the world’s biodiversity but has
been affected by high rates of deforestation and ecological loss
(Ortega-Huerta and Peterson 2004; Vazquez-Reyes et al. 2019).
From 1970 to 2000, this loss of woody cover has been attrib-
uted to agricultural and urban expansion, with urbanization
rapidly increasing over the last two decades (Bonilla-Moheno
et al. 2012). The country contains a rich mammal diversity; the
fifth-highest mammal richness worldwide (Ceballos 2014).

Northeastern México (Tamaulipas and Nuevo Leon) is one
of the most diverse regions in the country and is considered
a major biodiversity hotspot for species richness, endemism,
and threatened and endangered species (Ortega-Huerta 2004;
Ceballos 2014; Vazquez-Reyes et al. 2019). This region spans
multiple climatic zones and eco-regions but historically was
not immune to landscape change (Ortega-Huerta and Peterson
2004; Trevifio-Carre6n and Valiente-Banuet 2005; Grigione
et al. 2009). Areas along the Rio Bravo (sic: Rio Grande) ex-
perienced extensive clearing of native Tamaulipan thornshrub
on each side of the border, which has contributed to reduc-
tions in local mammal populations, especially carnivores
(Leslie 2016; Bonilla-Moheno and Aide 2020; Lombardi
et al. 2020a).

Due to its rich biodiversity, the region has designated many
protected areas, biosphere reserves, and priority regions for
conservation (Arriaga et al. 2000; Vazquez-Reyes et al. 2019).
Many of the protected areas and regions occur in remote and
remnant temperate forests of the Sierra Madre Oriental, and
sky islands of the Sierra San Carlos and Sierra Tamaulipas
in Nuevo Leon and southern Tamaulipas (Ortega-Huerta and
Peterson 2004; Monroy-Vilchis et al. 2019; Vizquez-Reyes
et al. 2019). These extensive mountainous areas have also re-
tained high ecological integrity, biodiversity, naturalness, and
landscape heterogeneity (Ortega-Huerta and Medley 1999;
Ortega-Huerta and Peterson 2004; Mora 2017, 2019). Protected
and priority regions of northeastern México are thought to have
retained larger populations of carnivores, as compared to areas
along the border (Mora 2017).

This region sits on the northern geographic periphery of a
variety of neotropical carnivores such as jaguar (Panthera
onca), white-nosed coatimundi (Nasua narica), jaguarundi
(Puma yagourundi), margay (Leopardus weidii), and ocelot
(Leopardus pardalis; Ceballos 2014; Hunter 2015). Compared

to elsewhere in their geographic range, these species may be
threatened or rare; thus, protection of these peripheral popula-
tions is of important conservation value (Grigione et al. 2009;
Mora 2017, 2019). Peripheral population protections or lack
thereof can differ by species, conservation value, and distri-
bution within each country. For instance, in Texas, the white-
nosed coatimundi is considered rare and threatened, with
limited distribution in the borderlands, but in Tamaulipas and
Nuevo Leon, they are common mesocarnivores. Regardless of
conservation status, ecological evaluation of population-level
processes and habitat use is important for conservation and re-
covery action of threatened and endangered species (Monroy-
Vilchis et al. 2019).

Ocelots are medium-sized neotropical felids and are listed as
endangered in the United States and México (Ceballos 2014;
Hunter 2015). Populations in Tamaulipas, Nuevo Leon, and
southern Texas are considered genetically similar but have re-
mained genetically isolated for more than 80 years (Jane ka
et al. 2007; Caso et al. 2008). Threats in each country impacting
ocelot populations include habitat loss and fragmentation, envi-
ronmental stochasticity, road mortality, illegal hunting, and loss
of genetic diversity (Lopez-Gonzilez et al. 2003; Jane ka et al.
2007; Martinez-Hernandez et al. 2015; Blackburn et al. 2020).
Populations in southern Texas (<80 individuals) face a >33%
probability of extirpation by 2055 without population augmen-
tation or mitigation measures (Haines et al. 2005). Compared to
Texas, ocelot populations in México are considered more stable
occurring along the Sierra Madre Occidentalis in the west,
throughout central and southern México, and into the Sierra
Madre Oriental and Tamaulipan Mezquital in northeastern
Meéxico (Ceballos 2014). Consequently, ocelots occur in a
variety of dense vegetation types ranging from moist broad-
leaf forests (Pérez-Irineo and Santos-Moreno 2014; Martinez-
Hernandez et al. 2015), tropical deciduous and sub-deciduous
forests (De Villa Meza et al. 2002; Caso 2013), pine-oak wood-
lands (Barcenas and Medellin 2010), and semi-arid scrubland
(Velazco-Macias and Pefia-Mondragén 2015). Additionally,
ocelots continue to be documented in nontypical habitats across
Meéxico (see Gomez-Ramirez et al. 2017).

Less than 10 studies have undertaken ecological research
on ocelot populations in northeastern México at local (Caso
1994, 2013; Martinez-Hernandez et al. 2015; Velazco-Macias
and Pefia-Mondragén 2015; Carvajal-Villarreal 2016) and
landscape levels (Ortega-Huerta and Peterson 2004; Martinez-
Calderas et al. 2015; Mora 2017). Ecological evaluations of
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ocelot population strongholds in this region, especially in the
remote and ecologically rich temperate sierras are important
for informing bi-national and regional conservation strategies
of ocelots. Information on biological processes such as popu-
lation density and landscape structure (e.g., patch density, edge
density, shape index) that influence habitat use and quality can
be used to manifest information about ocelots and infer high
productivity of protected areas and vegetation classes (Jackson
et al. 2005; Mora 2017; Lombardi et al. 2020b). Furthermore,
the inclusion of sex-specific variations in local population es-
timates and sex ratios can help further refine management and
conservation efforts (Satter et al. 2019).

We designed the study in the northern Sierra Tamaulipas to
use an occupancy approach to identify habitat use patterns of
ocelots in Tamaulipan thornshrub and tropical deciduous forests
and use a spatially explicit capture—recapture (SECR) frame-
work to estimate population size and density. This information
will allow us to gain a better understanding of the population
dynamics of the central Tamaulipas metapopulation located in
the foothills of the northern Sierra Tamaulipas. We predicted

() spatial structure and pattern of woody communities would
reflect ocelot use of larger areas with lower edge densities of
thornshrub and deciduous forest; (ii) ocelot densities and en-
counter probabilities would vary by sex, with females having
greater densities, and (iii) densities may reflect a potential
stronghold for ocelots in northeastern México.

MATERIALS AND METHODS

Study area.—Our study occurred on Rancho Caracol and
Rancho Camotal in the northern edge of the Sierra Tamaulipas
of central Tamaulipas, México (125.3 km?) (Fig. 1). Annual
climate included 40-86 cm precipitation (Leopold 1959), and
temperatures of 19°C in the dry (November to April) and 26°C
in the wet (May to October) seasons (Comisién Nacional de
Areas Naturales Protegidas 2005). The area occurred within the
confluence of the Tamaulipan Mezquital, Tamaulipan Matorral,
and northern edge of the Veracruz moist forests eco-regions
(Ricketts et al. 1999). The Rio Soto La Marina formed the
southern border of the study area. Elevations ranged from 100 to

Fig. 1.—Study area on Rancho Caracol and Rancho Camotal in the northern Sierra de Tamaulipas, Tamaulipas, México used for camera trap sur-
veys to estimate ocelot (Leopardus pardalis) density and habitat use from 24 May to 9 December 2009.
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