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Resumen

El tapir centroamericano (Tapirus bairdii) es una especie que se encuentra en peligro de
extincion en toda su area de distribucion. En México, una de las poblaciones mas
importantes se encuentra en la region de la Sierra Madre de Chiapas (SMC). Sin
embargo, se conoce poco acerca de su estado de conservacion y las densidades que
presenta en dicha region. Actualmente, los estudios realizados con fototrampeo, en
combinacion con diferentes modelos como captura recaptura y marcaje recaptura
espacialmente explicitos (SCR y SMR), asi como los modelos de encuentro aleatorio
(REM) se han vuelto una herramienta muy popular para estimar densidades de especies
que no presentan un patron de marcaje natural, como es el caso del tapir
centroamericano. El objetivo principal del proyecto fue proporcionar una estimacién de
densidad estadisticamente robusta para el tapir centroamericano en el area natural
protegida La Frailescana, situada en la Sierra Madre de Chiapas, por medio de un analisis
comparativo para evaluar el comportamiento de tres modelos diferentes (SCR, SMR y
REM) para estimar densidades. Ademas, se identificaron las limitaciones vy
requerimientos metodologicos de cada uno de estos modelos para su aplicacién y se
propuso un tamafio poblacional para la Sierra Madre de Chiapas basado en los resultados
de densidad obtenidos. La estimacion de la densidad fue méas alta y menos precisa al
usar el REM en comparacion con los modelos espacialmente explicitos. El modelo SCR
proporciond la estimacién de densidad mas baja en comparacion con la SMR, pero SMR
tuvo los intervalos de confianza mas pequefios, lo que representa la estimacion de
densidad mas precisa. Creamos modelos de ocupacién para extrapolar la densidad a las
areas con mayor probabilidad de ocupacion del tapir centroamericano para obtener un
tamafo poblacional robusto para la SMC. Nuestro estudio es el primero en estimar la
densidad de una poblacion de tapir centroamericano bajo diferentes enfoques y nos

permitié definir prioridades de conservacién enfocados a dichos resultados.

Palabras clave: Tapirus bairdii, tamafio poblacional, ocupacién, modelos de captura-

recaptura espacialmente explicitos; random encounter model



Introduccién

El tapir centroamericano (Tapirus bairdii) es el mamifero nativo mas grande que habita
en el Neotropico. La distribucidon historica de esta especie incluia desde el sureste de
México hasta el norte de Colombia (Garcia et al. 2016), sin embargo, ahora se encuentra
limitada a sitos con grandes remanentes de bosque tropical y humedales que van desde
los 0 a los 3,700 msnm (Matola et al. 1997; Gonzalez-Maya et al. 2009). La especie se
encuentra catalogada como en Peligro en la lista roja de especies de la Union
Internacional para la Conservacion de la Naturaleza (UICN; Garcia et al. 2016) ya que se
encuentra amenazada en todo su area de distribucion por la pérdida de habitat y la

caceria furtiva (Jordan et al. 2010; Cove et al. 2013).

La UICN estima que existen alrededor de 3,000 individuos en vida silvestre para toda su
area de distribucion (Garcia et al. 2016), aunque algunos registros sugieren que puede
haber un nimero mayor en algunos paises (Jordan et al. 2010; Meyer et al. 2013), como
es el caso de México, donde previamente se habia estimado que quedaban alrededor de
2,600 individuos (Naranjo 2009). Por lo tanto, contar con una estimacion precisa de la
densidad en las distintas poblaciones es fundamental para conocer su estado de
conservacion y entender aspectos basicos de la ecologia de la especie (Sollmann et al.
2013; Rich et al. 2014). A su vez, esta informacién permite definir las prioridades de
conservacion y evaluar la eficacia de las politicas de manejo dirigidas a sus poblaciones
(Oliveira-Santos et al. 2010; Whittington y Sawaya 2015).

Existen diversos métodos y técnicas que permiten estimar las densidades de mamiferos
terrestres medianos y grandes, como la captura-marcaje-recaptura (Otis et al. 1978),
transectos lineales (Trolle et al. 2008), conteos de huellas y excretas (Lizcano y Cavelier
2000; Mandujano 2014), observacion directa (Fragoso 1991) y conteos aéreos (Mouréo
et al. 2000). Sin embargo, no todos pueden utilizarse para especies que son raras,

cripticas y elusivas como el tapir centroamericano (Zero et al. 2013; Dénes et al. 2015).



El foto-trampeo es una técnica no invasiva que permite obtener registros fotograficos de
especies que son raras o elusivas pudiendo abarcar grandes areas con un esfuerzo de
muestreo relativamente bajo (Srbek-Araujo y Chiarello 2005; Tobler et al. 2008). Esta
técnica, combinada con diferentes modelos de captura-recaptura (Karanth y Nichols
1998), es considerada una herramienta muy robusta e importante para estimar
parametros demograficos de las poblaciones silvestres, principalmente de aquellas que
presentan marcas naturales que permiten su identificacion individual, como la mayoria

de los felinos silvestres (Soisalo y Cavalcanti 2006).

Los modelos tradicionales de captura-recaptura (Otis et al. 1978; Karanth 1995; Karanth
y Nichols 1998), consideran que la poblacion es cerrada y utilizan la informacion generada
de las trampas camara para construir un historial de captura de los individuos
identificados para estimar su abundancia. Posteriormente, se agrega un area de
amortiguamiento alrededor del poligono de las cAmaras con base en el promedio de las
distancias maximas en que se movieron los individuos capturados en mas de una camara
(MMDM: mean maximum distance moved, por sus siglas en inglés), el cual estima un
area efectiva de muestreo (Ae), para finalmente obtener la densidad de la poblacion en el
area de interés D=N/Ae (Noss et al. 2012). Sin embargo, el modelo de CR presenta ciertas
limitaciones. La primera es que la estimacion de Ae es imprecisa, y muchos autores han
cuestionado su eficacia (Soisalo y Cavalcanti 2006). La segunda limitacién es que no se
considera la informacién espacial disponible obtenida de las ubicaciones de las trampas
camara. Esta informacion es importante porque la probabilidad de que un individuo sea
capturado en la trampa camara, depende de que exista un traslape en su area de
actividad y la localizacion de las trampas camara (Gopalaswamy et al. 2012). Por ultimo,
estos modelos requieren que los animales puedan ser identificados individualmente; sin
embargo, en la mayoria de los estudios realizados con trampas camara, solo un pequefio
porcentaje de las especies registradas presentan algun tipo de marca natural (Carbone
et al. 2001), por lo que este tipo de metodologia no es la mejor para el resto de las

especies.



Para abordar varias de estas limitaciones, se desarrollaron los modelos de captura-
recaptura espacialmente explicitos (SCR, por sus siglas en inglés; Efford 2004; Borchers
y Efford 2008; Royle et al. 2009). Estos modelos estiman la densidad de animales
incorporando la informacién del historial de captura junto con la informacién espacial
contenida en las trampas camara donde se registraron los individuos (Noss et al. 2012)
bajo dos posibles esquemas de analisis, bayesiano (Royle et al. 2009) o de maxima
verosimilitud (Efford 2004; Borchers y Efford 2008). De tal manera que la probabilidad de
encuentro se modela como una funcion de la distancia entre las trampas camara y el
centro de actividad de un animal s;. Con base en lo anterior, los modelos SRC estiman
dos parametros, Ao, que es la tasa de encuentro de la trampa camara en el centro de
actividad del individuo, y o, parametro escalar asociado al area de actividad, que describe
la disminucidn de la tasa de encuentro conforme aumenta la distancia desde el centro de
actividad (Tobler et al. 2013; Srivathsa et al. 2015). Sin embargo, estos modelos aun
requieren que todos los individuos fotografiados puedan ser identificados

individualmente.

En los ultimos afos, se han desarrollado modelos que permiten estimar densidades para
especies que no pueden ser identificadas individualmente o que solo algunos de los
miembros de la poblacion pueden ser identificados como es el caso del tapir
centroamericano (Chandler y Royle 2013; Sollman et al. 2013; Rich et al. 2014). Estos
modelos, llamados marcaje-recaptura espacialmente explicitos (mark-resight, SMR, por
sus siglas en inglés) estan basados en los métodos de SCR, sin embargo, utilizan conteos
espacialmente referenciados obtenidos de una o varias ocasiones de muestreo, y en
donde las unidades de muestreo (ej. trampas camara) se encuentran en un arreglo
compacto o muy pegadas unas de otras, de tal manera que los individuos puedan ser
registrados en multiples sitios (Chandler y Royle 2013). Estos modelos utilizan la
correlacion espacial en los conteos como informacién acerca de la distribucion espacial
y el tamafio de la poblacion (Chandler y Royle 2013). El modelo estima la densidad a
partir de fotografias de individuos identificados con certeza, fotografias con animales
marcados pero que no pueden ser identificados como un individuo per se, y fotografias

de animales no identificados (Rich et al. 2014).



Paralelo a los modelos de SCR, se desarroll6 un método, llamado Modelo de Encuentro
Aleatorio (Random Encounter Model, REM por sus siglas en inglés) que permite estimar
la densidad de individuos sin la necesidad de su identificacion individual (Rowcliffe et al.
2008). EI REM incorpora la informacion de las trampas camara y ecologia de movimiento
de la especie de estudio y se basa en tres supuestos para su aplicabilidad. El primero es
que los animales se comportan como particulas de gases ideales, moviéndose azarosa
e independientemente uno de otro. Por otro lado, las fotografias representan contactos
independientes entre los animales y las camaras y finalmente, el modelo se aplica dentro

de una poblacion cerrada (Zero et al. 2013; Carbajal-Borges et al. 2014).

Estudios recientes han podido estimar la densidad del tapir centroamericano utilizando
los modelos de captura-recaptura tradicionales (Mejia-Correa et al. 2010; Gonzalez-Maya
et al. 2012) y del tapir de tierras bajas (Tapirus terrestris), con los modelos SCR (Trolle
et al. 2008; Noss et al. 2012; Tobler et al. 2013). Sin embargo, aunque se ha cuestionado
la asertividad para identificar a los individuos en las fotografias a partir de cicatrices,
manchas, sexo o tamafo (Oliveira-Santos et al. 2010), en todos los casos, los
investigadores consideraron que hubo consistencia entre los observadores que
determinaron el nimero de individuos de la especie (Gonzalez-Maya et al., 2012; Tobler
et al., 2013). Por otro lado, el REM ha sido utilizado principalmente en México para
determinar la densidad de tapires (Carbajal-Borges et al. 2014; Lavariega-Nolasco et al.
2016). Los autores sugieren que es una buena alternativa a los modelos de captura-
recaptura, ya que no es necesario la identificacion individual, sin embargo, existen
limitaciones, sobre todo, asociadas a la estimacion de la velocidad de movimiento de la
especie (Carbajal-Borges et al. 2014).

Aunque los modelos anteriormente mencionados se han probado independientemente
con diferentes poblaciones de tapir, no existe un estudio que compare las diferentes
metodologias para conocer su asertividad y determinar las ventajas y desventajas de su
aplicacién, especialmente en una especie donde los individuos no pueden ser

reconocidos con certeza. Es por ello que uno de los objetivos de este trabajo de tesis fue
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realizar una comparacion entre los tres métodos antes mencionados, para estimar la

densidad del tapir centroamericano (Tapirus bairdii).

Por otro lado, los modelos de ocupacion han sido ampliamente utilizados para hacer
inferencias respecto a los factores que afectan los patrones de distribucion de las
especies (Hines et al. 2010; Karanth et al. 2011; Ferreguetti et al. 2017). Estos modelos
de ocupacion estiman la probabilidad de que una especie se encuentre presente en un
area en particular (probabilidad de ocupacion= y) y su probabilidad de deteccién (p), a
partir de historiales de deteccion/no deteccién, obtenidos de un muestreo repetitivo, es
decir, diferentes sitios de muestreo visitados repetidamente (MacKenzie et al. 2006).
Ademas, los modelos de ocupacién permiten evaluar cuéles variables del paisaje son las
que mas se asocian con la probabilidad de ocupacion de una especie. De esa manera,
los resultados obtenidos de estos modelos pueden ser utilizados para generar
informacion respecto a las areas que pueden estar siendo ocupadas por una especie, y
enfocar los esfuerzos de manejo y conservacion a dichas éreas (Jathanna et al. 2015).
Con base en lo anterior, se utilizaron los modelos de ocupacion para conocer las areas
de mayor probabilidad de ocupacién del tapir centroamericano en la region de la Sierra
Madre de Chiapas y esta informacién se utilizé para extrapolar los resultados de las
estimaciones de densidad para obtener una aproximacion del tamafio actual de su
poblacion en dicha region. El estudio se realizo en el Area de Proteccion de Recursos
Naturales La Frailescana (APRNF), region que alberga una de las poblaciones mas
importantes en México (Naranjo 2009), y de la cual se conoce poco acerca de su estado
de conservacién (Naranjo y Cruz 1998; Mendoza y Carbajal-Borges 2011; Mendoza et al.
2013; Carbajal-Borges et al. 2014), ademas de que la regién es un corredor importante
para esta y otras especies hacia las reservas de la Selva El Ocote en Chiapas y Los

Chimalapas en Oaxaca.

Considerando lo anterior este trabajo de tesis tuvo como objetivo principal proporcionar
una estimacion de densidad estadisticamente robusta para el tapir centroamericano en
el area natural protegida La Frailescana, situada en la Sierra Madre de Chiapas, por

medio de un andlisis comparativo para evaluar el comportamiento de los tres modelos
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mencionados anteriormente para estimar densidades (SCR, SMR y REM). Ademas, se
identificaron las limitaciones y requerimientos metodolégicos de cada uno de estos
modelos para su aplicacion. El objetivo final es que esta informacion pueda ser utilizada
como una herramienta que permita estandarizar la metodologia para estimar la densidad
de una especie de la cual se carece de informacion respecto al estado de conservacion
de sus poblaciones para gran parte de su distribucidon geografica. Finalmente, se
identificaron las areas de mayor probabilidad de presencia de la especie para la region
de la Sierra Madre de Chiapas, a través de modelos de ocupacion, para realizar una
extrapolacion de las estimaciones de densidad obtenidas para contar con un tamafio
poblacional de la especie en dicha region. Esta informacion es extremadamente
importante para elaborar estrategias de conservacion de esta especie en peligro de

extincion.
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Abstract Knowledge of size and density of a population is fundamental to assess the
recovery of any endangered species. However, these parameters are challenging to estimate,
especially for unmarked species such as the Baird’s tapir. Spatial capture recapture (SCR)
models have been widely used to estimate densities of species where individuals can be
uniquely identified, but in recent years alternatives have been developed to obtain density
estimates for unmarked populations. In this study we used photographic records to estimate
Baird’s tapir densities in the Sierra Madre de Chiapas. We compared the performance of SCR
with newer modeling including spatial mark-resight (SMR) and random encounter model
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(REM). Baird’s tapir density did not differ significantly among statistical techniques. Density
estimation (ind/km?) was higher and less precise using the REM (0.12-0.41) compared to
spatially explicit models. The SCR model provided the lowest density estimation (0.039-
0.16) in comparison with the SMR (0.08-0.14), but SMR had the smallest confidence
intervals, representing the most precise density estimation. We create occupancy models to
extrapolate density to areas with greater probability of occurrence of Baird’s tapir to obtain
a more reliable estimation population size for the SMC. Our study is the first to estimate
Baird's tapir density of a population under different approaches, which allowed to compare
their limitations for the study and effectiveness for their applicability in other studies. Our
findings support the need to strengthen surveillance and monitoring programs in the natural
protected areas of southern Mexico and to develop actions that promote Baird's tapir

conservation.

Key words Tapirus bairdii, density, spatial capture-recapture, spatial mark-resight, random

encounter model, Mexico, maximum likelihood analysis

Introduction

The Baird’s tapir (Tapirus bairdii) is one of the last representatives of the megafauna that
survived the Pleistocene extinctions (Koch & Barnosky, 2006) and is considered a living
fossil because of its unique morphological and behavioral characteristics resembling those of
primitive ungulates (Janis, 1984). Nowadays, tapirs are the largest native terrestrial mammals
inhabiting the Neotropics (Naranjo, 2009), and because of their size and feeding habits, they
provide important ecosystem services as seed dispersers and predators, as well as seedling
controllers (Tobler et al., 2006; O’Farrill et al., 2013).

The historic distribution of the Baird’s tapir ranged from southeastern Mexico to
northwestern Colombia (Garcia et al., 2016). Today, its presence is limited to areas with large
remnants of tropical forest and wetlands ranging from 0 to 3,620 meters above the sea level
(masl; Matola et al., 1997; Gonzélez-Maya et al., 2012). Populations are declining mainly
because of poaching, droughts and habitat loss as consequence of land use changes, logging,
plantations and fires (Garcia et al., 2016). However, the extent of its decline is not well known

because there is no reliable information on its population density and size for most of the
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Baird’s tapir distribution (Naranjo, 2009; Mejia-Correa et al., 2010; Gonzélez-Maya et al.,
2012; Carbajal-Borges et al., 2014; Lavariega-Nolasco et al., 2016; Botello et al., 2017).
The Red List of Threatened Species of the International Union for the Conservation of Nature
(IUCN) estimates that there are around 3,000 individuals left in the wild throughout the entire
distribution range (Garcia et al., 2016). Nevertheless, some recent studies suggest that there
may be a greater number of tapirs in some countries (Garcia et al., 2016; Schank et al., 2017),
as is the case of Mexico, which has an estimate of around 2,600 tapirs for the entire country
(Naranjo, 2009).

In order to have a better understanding of the conservation status of the Baird"s tapir, it is
fundamental to have accurate estimates of its populations densities, which will allow to
define conservation priorities and evaluate the effectiveness of management policies directed
towards these populations (Oliveira-Santos et al., 2010; Whittington & Sawaya, 2015).
There are several methods and techniques for estimating densities of medium-large-sized
terrestrial mammals including line transects, capture-recapture methods, telemetry and sign
counts (Johnson et al., 2005; Srivathsa et al., 2015; Howe et al., 2017; Popescu et al., 2017).
Although not all of these can be used for rare, unmarked and elusive species such as the
Baird’s tapir (Zero et al., 2013; Dénes et al., 2015). Camera-trapping constitutes a non-
invasive technique to obtain photographic records from large areas for long periods of time
with a relatively low cost (Srbek-Araujo & Chiarello, 2005). This technique combined with
different density models is considered a very robust and valuable tool for estimating wildlife
population and distribution parameters including elusive and unmarked species (O’Connell
etal., 2011).

One of the most commonly used method to estimate density is the spatially explicit capture-
recapture model (SCR). The SCR model estimate animal densities by incorporating capture
history information along with the spatial information of where individuals were recorded
(Efford, Borchers, et al., 2009; Royle et al., 2009). However, these models require the
animals to be identified individually which is problematic for species that lack natural
markings and thus are difficult to distinguish (e.qg., tapirs; Carbone et al., 2001).

In recent years, additional models have been developed to allow estimating densities for
species that cannot be individually identified or that only some members of the population
can be identified (Royle et al., 2013, 2014; Sollmann et al., 2013; Rich et al., 2014). These
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models, called spatially explicit mark-recapture (SMR), are based on SCR models. However,
individual encounter histories are partially latent only for the marked animals (Royle et al.,
2014), whereas it uses accumulated counts for unmarked individuals (Sollmann et al., 2013;
Rich et al., 2014). Therefore, the SMR model estimates the density from records of
individuals identified with certainty, records of animals that are marked but cannot be
identified individually, and records of unidentified animals (Rich et al., 2014).

Parallel to the SCR models, Rowcliffe et al., (2008) developed the Random Encounter Model
(REM) a modification on the gas collision theory. REM allows estimating densities without
the need of individual recognition based on information related to the speed of movement
and sensor detection parameters (Lucas et al., 2015).

Each of these models (SCR, SMR and REM) has been independently tested in different
wildlife populations (Royle et al., 2011; Sollmann et al., 2013; Cusack et al., 2015). However,
few studies have focused on comparing these different methodologies to know their
effectiveness and applicability, especially for species that cannot be easily identified
individually (Noss et al., 2012; Zero et al., 2013; Anile et al., 2014; Rich et al., 2014; Kane
et al., 2015; Whittington & Sawaya, 2015).

On the other hand, occupancy models have been widely used to make inferences regarding
the factors affecting the spatial distribution patterns of species (Hines et al., 2010; Karanth et
al., 2011; Ferreguetti et al., 2017). Occupancy models estimate the probability that a species
is present in a particular area (y) and its probability of detection (p), based on detection/non-
detection histories obtained from repetitive sampling (MacKenzie et al., 2006). Occupancy
models allow to evaluate which landscape variables are mostly associated with the occupancy
of a species. Therefore, the results obtained from these models can be used to generate
information about species habitat preferences to create species potential distribution maps in
order to prioritize management and conservation efforts on these particular areas (Jathanna
etal., 2015).

In this study, we aimed to estimate Baird’s tapir population size in the Sierra Madre de
Chiapas (SMC) using camera traps. We first compared the performance of several density
estimation models, (1) SCR, (2) SMR and (3) REM. Subsequently, we extrapolated the
density to areas with greater probability of occurrence of Baird’s tapir. With this approach

we obtained a more reliable estimation of the species population size for the SMC with a
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more realistic and detailed scheme than previous studies. We expect this information to be
useful to develop standardized protocols to systematically evaluate Baird’s tapir population

across its distribution range.

Study Area

The Sierra Madre de Chiapas (SMC), in southwestern Mexico bordering with Guatemala is
a rugged mountain range with elevations ranging from 200 to 2900 masl (CEIEG, 2010). The
region covers an area of around 5,000 km? and currently has four protected areas under
different categories: a State Reserve, Pico el Loro-Paxtal, and four Federal Reserves, El
Triunfo and La Sepultura Biosphere Reserves and the Natural Resources Protected Area La
Frailescana (Fig. 1). The SMC has at least seven vegetation types including coniferous forest,
oak forest, semi-deciduous forest, dry forest, evergreen forest and cloud forest (Pérez-Farrera
et al., 2006).

Land tenure in the SMC is under control of small landowners and ejidos, which are peasant
communities owning large extensions of land for farming and other uses. The use of land is
mainly for agriculture and livestock production, which are causing the growth of the
agricultural frontier and the consequent deforestation and habitat loss for many wildlife
species (CEIEG, 2010). These phenomena, together with subsistence hunting and fires, are
the main threats for wildlife in the region, especially for tapirs and other large mammals
(Naranjo, 2009).

Methods

We conducted camera trapping surveys in the middle of the SMC complex, in the Natural
Resources Protected Area La Frailescana (NRPAF). The area was divided into two blocks of
29 camera trap stations each. The first block was active from April 3 to May 31, 2018 and
the second block from May 31 to July 29, 2018. A total of 58 camera-trap stations were
placed covering an area of 70 km? (Figure 2). Forty-eight stations were set in pairs facing
one another to photograph both sides of the tapirs to increase reliability to assign unique
identities to individuals, and the remaining 10 stations only had one camera trap each. The
simple stations were decided based on the safety of the equipment, since they were located
very close to human settlements or where the risk of theft was high. Two doubles and one
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simple station were lost to robbery. The stations were active 53 + 2 days to ensure
demographic enclosure and the sampling effort was 2,975 camera days. The camera trap
stations were placed at an average distance between stations of 813 + 227 m at 50 cm from
the ground. Distance between cameras was defined based on the movements and home range
reported for tapirs in other studies (Foerster and Vaughan 2002, Trolle et al., 2008) and with
the aim of increasing the probability of capture different individuals in each camera trap
station (Chavez et al., 2014). Camera traps were programmed to be active 24 hours a day and
without delay between captures to maximize photo-captures.

We performed tapir density estimate under a spatial capture-recapture framework. The SCR
model consider that each individual of the population has an activity center (s) on which the
movements of the individual are concentrated. The SCR estimates the density by modelling
the number and location of activity centers s; within the space state S. Therefore, the
probability of encounter is modelled as a function of the distance between the camera traps
and the center of activity (home range) of an animal s;. Based on the above, the SCR models
estimate two parameters, Lo, which is the encounter rate of the camera trap at the center of
activity of the individual, and o, a scalar parameter related to the area of activity, which
describes the decrease of the encounter rate as distance increases from the center of activity
(Royle et al., 2009). The assumptions of these models (Royle et al., 2014) are: 1) each
individual of the population has a fixed point associated with it, its center of activity; 2) (S)
is an area large enough to include the s; of all individuals potentially exposed to the traps; 3)
capture probability is a function of the distance between the trap and the s; of the animal; 4)
the population is geographically closed; 5) animals are correctly identified and; 6) individuals
can be detected in multiple locations. For this, all tapir photographs obtained from the camera
traps survey were analyzed to identify tapir individuals from unique marks such as spots,
scars, notches on the ears, body structure and sex (Oliveira-Santos et al., 2010; Gonzalez-
Maya et al., 2012). To improve the accuracy of individual identification, two researchers
independently classified all tapir individuals obtained during the survey and results were then
compared and a consensus reached (Kelly et al., 2008; Foster & Harmsen, 2012).

We analyzed the SCR models in a maximum likelihood framework (Efford et al., 2009) using
the secr package version 3.2.0 for R (Core Team, 2016; Efford, 2019). We define our state-
space as the size of the camera array polygon plus a buffer of 2.3 km, this distance was chosen
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based on the theory that the buffer should be wide enough to have zero probabilities of
animals present at the edge appear in our sample (Efford, 2019). We fit the null model using
the half-normal detection function with a Poisson distribution. This was done to set the same
model in SMR to allow for direct comparison of the results.
We implemented the spatial mark-resight (SMR) model by using the encounter history data
from marked individuals and the counts of the unmarked individuals to estimate Baird’s tapir
density. The assumptions for this model (Sollmann et al., 2013; Royle et al., 2014; Efford,
2019) are: 1) marked individuals represent a random sample from a defined population with
auniform and known area, the state space (S); 2) the number of remaining marked individuals
at the time of re-sighting maybe known or unknown; 3) no marks are lost between marking
or resighting and; 4) all individuals are correctly identified as marked or unmarked. In this
model, sampling events are either marking or sighting occasions. For this study we used
sighting only-data with unknown individuals pre-marked, using the function addSightings
and the special attributes markocc and Tu of the package secr 3.2 for R (Efford, 2019). We
used the same buffer size and input files as for the SCR models, plus an additional capture
history data set, which included the counts of unmarked animals in a binary form (1/0). We
used the half-normal detection function to fit the model, and due to the overdispersion of the
pooled counts, we re-fitted the model using an overdispersion-adjusted pseudo-likelihood.
The REM incorporates information from camera traps and the speed of movement of the
species and detection of the species. It is based on three assumptions: 1) animals behave like
particles of ideal gases, moving randomly and independently from each other; 2) the
photographs represent independent contacts between animals and cameras and; 3) the model
is applied within a closed population. The REM estimate density (D) using the following
model (Rowcliffe et al., 2008; Eq. 1):

__y T

t('m‘(Z + 6‘))

Where y= number of tapir detections, t= survey effort in hours, v=speed of movement
(distance travelled in 24 h), r= radial distance to the animal (in meters), and 6= zone of
detection.
For the REM analysis, we used the formula mentioned above (Eq. 1) and considered the

following parameters: y as independent photographic tapir detections, defined as one or a set
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of photographs of the same species separated by 24 h (Lavariega-Nolasco et al., 2016). For
the variable v we considered available information regarding the average speed of movement
of three tapir species (T. bairdii, T. terrestris and T. pinchaque) since these data is not
currently available for the Baird’s tapir in the study site. For the Baird’s tapir we use
information from a study conducted in Indio Maiz, Nicaragua using only pre-Hurricane data
(Jordan et al., 2019), with a movement average speed of 4.06 km/day (ranging from 2.04 to
7.6 km/day; Jordan, pers com). For T. pinchaque, the estimated speed was 0.6 km/hr (Lizcano
& Cavelier, 2000) considering that the species walked an average of 10 hr a day, we obtained
a daily speed of 6 km/day. Finally, the average speed for T. terrestris was 5.2 km/day (range
3.6-6.7 km; Tobler, 2008). Based on the above, we used 6 km/day for the v parameter. The
detection zone parameters, distance r and arc 0, were estimated for each camera trap. The
parameter 6 was obtained through a series of perpendicular approaches on each side of the
camera trap (10 per side), at distances of 3 and 6 meters. The distance obtained between the
two detection points was used to calculate 6 by the Cosine Law. The resulting 6 angles were
transformed to radians and averaged to obtain a single measurement per camera trap. Finally,
r was obtained by performing approximations at different distances and angles until the
camera trap did not detect movement. We used 10,000 bootstraps and performed the analysis
using the personal Rowcliffe script for R (Carbajal-Borges et al., 2014).

Finally, we compared density estimation models using the 95% of confidence intervals and
considered estimates to be different if the 95% confidence intervals did not overlap.
Occupancy models. We used likelihood-based occupancy modelling to identify variables that
best explain the occupancy and detectability, hence tapir habitat preferences in the SMC. We
spatialized the best occupancy model to the entire Sierra Madre de Chiapas to identify areas
with higher probability of occurrence. We then extrapolated the density obtained from our
study to these areas in order to estimate the population size in the region.

For this, we used de la Torre et al. (2018) theoretical framework and camera trap dataset but
scaled only for the SMC. We used the information gathered from 55 camera trap stations
covering an area of 400km? in the PA La Frailescana (Figure 2). The stations were
functioning between August 2015 to December 2016. Sampling effort was 9,274 trap days
and the stations where active from 34 days to 15 months. We compiled a geospatial dataset
of environmental and anthropogenic variables that where both biologically meaningful and
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not correlated to each other (Table 1).We generate raster layers with each pixel of 30 m
resolution and used circular moving window radius of 30, 90, 510, and 1020 m to evaluate
all variables at five spatial scales because species are likely to be influenced by resources and
factors distributed at potentially different scales (Johnson et al., 2002; Irvin et al., 2013). We
developed tapir detection histories based on the photographic records using binary values,
where 1 represented the capture of the species in a specific day and camera trap station and
0 represented the lack detection of the species. We used 15 days intervals as a sampling
period to increase detection probability, based on the information that Baird"s tapir can cycle
its home range every 10-12 days (Jordan, 2015). We extracted the values of each covariate
from the location of the camera trap and rescaled them using the mean value for each
covariate and dividing it by the standard deviation. We analyzed all the variables with a
Pearson test for multicollinearity and we did not include those variables that were correlated
at >0.6 in the same candidate model.

Detection and occupancy probabilities were estimated through 35 sampling occasions
following the single season model, assuming both closed population and that tapir occupancy
of the tapirs was constant through the sampling period (MacKenzie et al., 2006). We built
171 candidate models assuming the following criteria: 1) variation in the occupancy
probability as function of the covariates and detectability remained constant [(P.) + v]; 2)
variation in detectability and occupancy as a function of covariates [P+ y];3) detectability
and occupancy remained constant across all sites [(P.)+( y.)]. For the candidate models that
included variation in detectability we used only the landscape covariates with a radii of 90 m
scale, and we included the categorical covariates season of the year and sampling effort; and
for the candidate models that included variation in the occupancy, we first identified the most
informative scale for each of the covariates (30, 90, 240, 510, 1020 m radius) and test all
models including additive combinations and used only the covariates that had the strongest
influence on the occupancy with a summed model weigh (w;) <50%.

We fitted occupancy models in the package Unmarked version 3.1.1. for R (Fiske et al.,
2011), using the logit link function and 2000 bootstraps to assess the adjustment fit (P). We
only consider those candidate models for which their confidence intervals did not include 0
in their informative predictors. Models were compared using AIC scores and weighs, and we

only considered competitive models those with a AAIC <2 (Burnham & Anderson, 2004).
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We evaluated the accuracy of our best candidate model by calculating the receiver operator
characteristic (ROC) curve. The area under the ROC curve is obtained by plotting sensitivity
(number of true positive predictions) vs 1-specificity (number of false positives; Hanely &
McNeil, 1982); therefore, it estimates the probability that a randomly chosen pair of occupied
and unoccupied sites are correctly ranked. Usually, values of 0.5-0.7 indicate low accuracy,
0.7-0.9 indicate useful application and values >0.9 indicate high accuracy (Manel et al.,
2001). Additionally, we determined the optimal threshold value for assigning occupancy (Liu
et al., 2005). Therefore, we defined occupancy areas with probabilities > to the threshold
optimal value as potential habitat, and areas < to the optimal threshold value as non-habitat.
To implement the analysis, we used a database of 58 Baird’s tapir records from the region
obtained from biological data-sets (National System of Information on Biodiversity-
CONABIO-Mexico), other researchers (Mendoza et al., 2013) and records collected by us
through camera traps and sights (footprints and scats). We used the package pROC for R
(Robin et al., 2011) for the analysis.

Population size in the Sierra Madre de Chiapas. To calculate the tapir occupancy probability
in each cell (30m pixel) of the study area, we used the inverse logit function applying the
information of the best occupancy model in the Raster Calculator tool of ArcGIS 10.2 (ESRI,
2013). We used the forest cover with values >75% as an input mask data to extract the values
of the occupancy raster. Using the new raster of occupancy, we classify the values of the
occupancy probability into three intervals: 1) low occupancy: from the upper confidence
interval threshold to discriminate habitat from no habitat obtained from the ROC analysis
(0.2) to 0.59; 2) medium occupancy: from 0.6 to 0.89; and 3) high occupancy: from 0.9 to
1.0. We converted the raster into polygons and calculated the surface area for each
classification. In order to provide an estimate of the population size of Baird’s tapir in the
Sierra Madre de Chiapas, we extrapolated density estimations using the mean density of each

model and extrapolate to each interval.

Results

During a total sampling effort of 2,975 camera days, we obtained 426 photographs of Baird’s
tapir. Of these 38 were independent records, considering 24h as an independence criterion,
which results in a relative abundance of 1.3 photographs/100 camera days. We were able to
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identify 9 different individuals, including one calf (Table 2). However, for the purpose of the
study, we did not consider juveniles for the density estimations. Additionally, we had 9
independent tapir photographs that could not be assigned to any identified individual (Table
2).

The estimated density for Baird’s tapir using SCR model was 0.08 ind/km? (IC: 0.039-0.16).
Capture probability at home-range center (g0) was estimated at 0.04+ SE 0.01 and sigma
value of 655.2 m +SE 77.9 m. For the density estimation using the SMR model, we obtained
a density of 0.10 ind/km? (1C:0.08-0.14), with an estimate of 0.04+ SE 0.01 for g0 and a
sigma of 655.2 m +SE 77.9 m. For the REM we obtained a density estimation of 0.26 ind/km?
(1C:0.12-0.41).

Occupancy models. We obtained 154 independent detections of Baird’s tapir over 25 of the
55 sampling sites that produced a naive occupancy estimates of 0.45 and 0.40 for
detectability. According to the Akaike Information Criterion (AAIC), the first two candidate
models had strong support (<2) to explain the occupancy and detectability of Baird"s tapir in
the SMC (Table 3). Both models included the covariates SHA240 and ELE1020 for the
occupancy and DE90, ELE90 and EFFORT for detectability. In the case of the second-best
candidate model, the covariate TPI90 was included, however, it was not a good predictor
because the 95% of the confidence intervals overlapped.

For the best candidate model, both covariates, ELE1020 and SHA240, had positive
relationship with tapir occupancy, which means that occupancy increase in higher elevation
sites (probability of occupancy and the probability of detectability y=0.05-0.84) and when
topographic heterogeneity was greater (y=0.00-0.99). For detectability, the three covariates,
ELE90, DE90 and EFFORT had positive correlations, where detectability increased at higher
elevations (p=0.01-0.10), when distance to deforested patches increased (p=0.01-0.13) and
when the sampling effort was greater (p=0.05-0.33).

The Area under the Receiver Operating Characteristic Curve (AUC) for the best occupancy
model was 79.7% (CIl 95%: 75.4-84%). Model sensitivity (ability to correctly predict species
presence) and specificity (ability to correctly predict species absent) were 81% (CI: 72.8%-
96.5%) and 30.5% (Cl: 19.7%-47.17%) respectively. The optimum threshold value to
discriminate habitat from no habitat of Baird"s tapir was 0.02% (0.01% — 0.2%).
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Population size in the Sierra Madre de Chiapas. Using the best occupancy model, we
calculated the area of occurrence for tapirs in the SMC, which encompassed a maximum area
of 2,305 km? (considering the 3 occupancy intervals; Fig 4).

Table 4 shows the estimated population size for each occupancy interval and table 5 the
estimated population size for each Natural Protected Area in the SMC. Considering the
medium and high occupancy intervals (1660 km?) combined with the SMR density estimates
we obtained a population size of 166 (IC: 133-232) individuals for the SMC and using the
three occupancy intervals (2305 km?) 231 (IC: 184-323) tapir individuals for the entire

region.

Discussion

Mean tapir density estimation was higher using the REM model compared to the spatially
explicit models. The SCR model provide the lowest density estimation, in comparison with
the SMR (Fig. 3). However, the three models overlapped their 95% confidence intervals (Cl),
indicating no significant differences between them. SMR had the smallest CI, representing
the most precise density estimation from the three models.

Considering density estimates of Baird"s tapir from the SCR model, we obtained one of the
lowest tapir densities for the entire distribution range, only above the lower density value
calculated for the Sierra Madre de Oaxaca, and between 1 and 36 times lower than any other
recent studies (Table 6).

Although our low densities may be due to some conservation issues including poaching and
habitat loss (de la Torre et al. 2018), it is more likely that the large variations seen across
previous studies are related to data quality and methods used for data analysis. For example,
in studies that used traditional capture-recapture models (TCR) which resulted in the highest
density values (Mejia-Correa et al., 2010; Gonzalez-Maya et al., 2012; Botello et al., 2017;
Camacho, 2018), most studies deployed <10 camera trap stations with an effective sampling
area (ESA) values between 7-19 km? (Table 6) estimated through the % Mean Maximum
Distance Moved (MMDM), which have been proven to an overestimate densities of different
species (Soisalo & Cavalcanti, 2006; Noss et al., 2012; Tobler & Powell, 2013). Therefore,
it is important to meet all the criteria, including camera traps polygons several times larger

than the average species home range and sufficient number of camera traps to ensure
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recaptures of different individuals, to obtain a reliable density estimate (Obbard et al., 2010;
Gerber et al., 2012; Noss et al., 2012). TCR can provide accurate density estimates, however,
it requires to estimate the sampled area based on empirical approaches (Parmenter et al.,
2003; Sharma et al., 2010) which has been proven to have recognized statistical
disadvantages (Efford, 2004; Soisalo & Cavalcanti, 2006; Gopalaswamy et al., 2012).
Additional deficiencies include the fact that although spatial information related to the animal
home range and movement obtained from camera trap locations is available, it is not fully
exploited, which is important because the probability of an individual being captured in the
camera trap depends on an overlap in their activity area and the location of camera traps
(Gopalaswamy et al., 2012). Therefore, the spatially explicit capture recapture models can
be a better approach to estimate densities (Noss et al., 2012).

Our REM density estimate was higher but not significantly different (i.e. overlapping 95%
CI) than those obtained with the SCR and SMR models (Fig 3). However, their CI were the
largest of the three models. This was probably because gas model does not represent
accurately how animals move in space and the speed of movement parameter was not
available for our study site which produced a bias in the estimation since the model is very
sensitive to this parameter (Rovero & Marshall, 2009). Additionally, the script we used only
considered the mean of r and 6 values of the set of camera traps and not the individual value
for each camera trap, which can lead to a skewed density estimate (Rovero & Marshall,
2009).

We also found that our REM mean density estimate (0.26 ind/km?) was higher than that
obtained by Carbajal-Borges et al., (2014) for the same region (Table 6). However, as we
mentioned above, one of the main limitations of this model is its sensitivity to the speed of
the species movement. In this case, we used 6 km/day and Carbajal-Borges et al (2014) used
14.4 km/day. If we re-calculate density using 14.4 km/day, our estimate decreases to 0.10
ind/km? (1C:0.05-0.17), lower than Carbajal Borges et al. (2014) and closer to those obtained
with the SCR and SMR models. Other authors (Lavariega-Nolasco et al., 2016; Camacho,
2018) had difficulties for finding a speed parameter for their study area, so they used a range
of speeds (7-21.6 km/day). Nevertheless, this could lead to estimations become unreliable

and inaccurate (Table 6).

25



405

410

415

420

425

430

Other studies that compared REM against other models (e.g. SCR, line transect), found
similar density estimates and more precise results than line transects (Zero et al., 2013; Anile
et al., 2014). However, these studies used available data from GPS collars from the same
study site to estimate movement speed (Zero et al., 2013). Therefore, REM can be a very
promising model to estimate densities for unmarked populations, because it does not require
the individual identification, but unless accurate speed of movement is available for the study
site, it would be challenging to estimate a reliable and unbiased density values.

Spatially explicit models have proven to be very effective to estimate densities of natural
marked and in recent years, unmarked animals (Anile et al., 2014; Rich et al., 2014; Kane et
al., 2015; Srivathsa et al., 2015). In our study, although both had similar results, SMR
produced a slightly higher density estimate with smaller confidence intervals than SCR. This
is likely because SMR uses all the available information, including the encounter data from
the marked individuals which provide movement and detection information and the count
data of unmarked individuals (Chandler & Royle, 2013; Royle et al., 2014). The inclusion of
data from unmarked individuals could help improve density estimates that would be biased
low if a large proportion of photographs cannot be attributed to individuals (Chandler &
Royle, 2013).

Previous studies also showed that SMR improved density estimates for species without
individual marks compared to other models including SCR, TCR and non-spatial mark-
resight (Rich et al., 2014; Kane et al., 2015). Additionally, Chandler & Royle, (2013)
demonstrated using simulations that SMR estimations where more precise and less biased
than those using only marked individuals. Nonetheless, it is important to consider some
potential limitations of the SMR assumptions, especially when camera traps are used: 1) no
marks are lost between marking or resighting and; 2) all individuals are correctly identified
as marked or unmarked (Royle et al., 2014). Both assumptions can be easily violated if fuzzy
records are used or where only parts of the individual are shown in the photographs or if
temporary marks are used (presence of ticks or botflies) which can lead to misidentification
of marked and unmarked individuals. Other limitations are the time identify individuals and
the uncertainty associated with the identification. However, several studies on tapirs were

able to be consistent in the number of identified individuals between researchers (Gonzalez-
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Maya et al., 2012; Tobler et al., 2013), and identification can improve especially when results
are discussed and integrated among several researchers (Tobler et al., 2013).

In this study we used the null model for SCR and SMR density estimates to allow for direct
comparison. However, the advantage of spatially explicit models is that there are multiple
ways to improve modeling. We can specify different sources of variation in the encounter
probability including individual heterogeneity, site and individual covariates such as sex, age
classes or habitat type, time variation and behavioral response to capture (Royle et al., 2014;
Efford, 2019) which can affect parameter estimates (o, A), and if correctly applied, can
improve accuracy in density estimation. Therefore, spatially explicit models can be a very
flexible and versatile tool to monitor effectively populations across regions and over time
(Kane et al., 2015).

This is the first study to estimate Baird”s tapir density using camera traps in combination with
two spatially explicit models and REM. These comparisons allowed us to identify their
limitations and, although there is no ground truth with which to compare our study estimates,
the results suggest that the SMR produced the most accurate density estimate that can be used
as a baseline estimates for Baird’s tapir in the SMC. Although many details of the model
need to be explored and improved (Chandler & Royle, 2013; Royle et al., 2014), SMR holds
a great potential to address density estimation problems from unmarked species.

Population size in the Sierra Madre de Chiapas. We applied our best occupancy model to the
entire landscape of the SMC to identify the areas with the greatest likelihood of Baird’s tapir
occurrence. We then used our density estimates to predict the total population size or Baird’s
tapir in the SMC. Although spatial extrapolations can be challenging, and their limitations
should be considered, they can be a very useful resource when large-scale data collection is
hampered by logistical, financial and technical limitations (Miller et al., 2004).

We chose occupancy modeling because they have proven to be efficient tools for predicting
the presence of a species as a function of habitat covariates while accounting for imperfect
detection (MacKenzie et al., 2006). Although results have to be taken with caution, we found
convenient to extrapolate density estimates to the SMC, since the region has similar
characteristics throughout its landscape, including rugged and mountainous terrain, similar
vegetation types, climate, social context and Baird’s tapir facing the same threats in all parts
of the SMC (Naranjo, 2009).
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Our occupancy model results suggest that Baird"s tapir presence is associated with higher
elevations and rugged terrain, which are found in the most remote areas of the SMC, where
human presence is scarce or limited (for more discussion see de la Torre et al. 2018).
However, the area of occurrence of the species turned out to be smaller than estimated by de
la de la Torre et al., (2018) since occupancy models did not consider significant forest cover
covariate. Consequently, we created a forest cover >75% as an input mask data to extract the
occupancy values, which strongly reduced these areas.

Considering only the medium and high occupancy intervals (1660 km?) combined with the
SMR density estimates we obtained a population size of 166 (Cl: 133-232) individuals for
the SMC, which is lower than 225 individuals estimated by Naranjo (2009) for the same
region and similar area (1,500 km?). Yet, including the lower occupancy interval (645 km?),
population size increases to 230 (Cl: 184-323) individuals. Still, lower occupancy intervals
must be treated cautiously, because occurrence probability is less than 60%. Furthermore,
these areas are closer to towns, roads, livestock and agricultural lands, which limits tapir
presence because threats are higher in these areas. Finally, protected areas comprised around
1,700 km? of habitat for Baird’s tapir (including the lower occupancy interval), however,
outside there are an additional 500 km? of unprotected habitat, which could be sustaining an
important number of tapirs (Table 5).

Conservation Implications

The SMC harbours one of the six remaining Baird’s tapir populations in Mexico, and the area
is critical for maintaining connectivity between the mountain (Selva Zoque and Chimalapas)
and the rainforest (Selva Lacandona) tapir populations (de la Torre et al., 2018; Schank et
al., submitted).

Our findings support the need to strengthen the existing protection in the four protected areas
of the SMC. If we compare our results with those obtained by Naranjo (2009), the SMC tapir
populations have decreased by around 30% in the last 10 years, and if this trend continues
there will be only around 100 individuals by 2029. Therefore, we suggest that the NRPA La
Frailescana should be reclassified to a higher category of protection (e.g. Biosphere Reserve),
since it is located in the middle of two Biosphere Reserves El Triunfo and La Sepultura, and

the lack of national park personnel to carry out monitoring and surveillance activities and

28



495

500

505

510

515

520

economic resources to implement conservation actions in this area, may harm the
connectivity within the SMC and fragment even more Baird’s tapir and other wildlife
populations that inhabit this region. Future work may focus on validating areas where there
is no information on population status of this species such as the State Reserve, Pico del Loro
Paxtal and unprotected areas. Additionally, it is a priority to consider the protection of the
500 km? of unprotected areas through different schemes including payments for ecosystem
services for the communal and private lands (de la Torre et al., 2018; Schank, et al.
submitted), and for national lands, including these within extant protected areas of the SMC.
Throughout this process, the inclusion and participation of local communities in decision-
making processes must be encouraged to strengthen strategies and conservation actions. It
will be necessary to promote social organization and improve land use planning and
management in local communities to identify and prioritize conservation needs.

Fostering sustainable alternatives can alleviate and reduce the impact on hunting and habitat
loss in the SMC. For example, in previous years, large quantities of shade-grown coffee
plantations, one of the main agricultural products in the region, were lost to coffee leaf rust
(Hemileia vastatrix). Nowadays, producers are acquiring sun coffee trees which they believe
are more resistant to plague, but this practice, is generating forest loss in sites that were
previously conserved. In this way, it is important to bring new technologies and alternatives
that can help solve the problems of the communities and promote conservation of Baird’s
tapir habitat.

If we want to ensure Baird’s tapir conservation and protection in the SMC we will need to
work together local and federal governments, civil society, NGO’s and local communities to
strengthen protected areas and develop sustainable alternatives that allow the coexistence of

tapirs and the development of local communities.

Author contributions MR conceptualized the study. MR, JAT, RRH, MWT and EJN
design the study. MR, JAT and GC compiled the information and set camera traps. MR
drafted the manuscript. JAT, MWT, EJN, CAJ, RAM and RRH, reviewed and improved the

manuscript.

29



525

530

535

540

545

550

Acknowledgements Marina Rivero acknowledges the scholarship and financial support
provided by the National Council of Science and Technology (CONACyT; scholarship:
624549), and El Colegio de la Frontera Sur. We are grateful to the administration of the
Natural Resource Protection Area La Frailescana (CONANP-Mexico), particularly to R.
Diaz Velazquez and M. Morales Hernandez for supporting this research. We thank
communities of Plan de Ayala, Reforma Agraria, Francisco Murguia and Joaquin Miguel
Gutierrez and specially the community monitors for their invaluable help and compromise in
the field activities. We thank Itzamna Guarneros and Leonardo Diaz for its help in the field,
Paulina Arroyo for helping with tapir identifications, and Ninon Meyer for her comments to
the manuscript . This work was financied by the Zoological Society of London (ZSL) EDGE
of Existence Programme-National Geographic Photo Ark and Wildlife Conservation

Network.

Conflicts of interest None

Reference

ANILE, S., RAGNI, B., RANDI, E., MATTUCCI, F. & ROVERO, F. (2014) Wildcat population
density on the Etna volcano, Italy: A comparison of density estimation methods. Journal
of Zoology, 293, 252-261.

BOTELLO, F., ROMERO-CALDERON, A.G., SANCHEZ-HERNANDEZ, J., HERNANDEZ, O., LOPEZ-
VILLEGAS, G. & VIiCcTOR SANCHEZ-CORDERO (2017) Densidad poblacional del tapir
centroamericano (Tapirella bairdii) en bosque meséfilo de montafia en Totontepec Villa
de Morelos, Oaxaca, México. Revista Mexicana de Biodiversidad, 88, 918-923.

BURNHAM, K.P. & ANDERSON, D.R. (2004) Multimodel Inference: Understanding AIC and
BIC in Model Selection. Sociological Methods & Research, 33, 261-304.

CAMACHO, C.V. (2018) Abundancia poblacional de Tapirella bairdii en tres nacleos agrarios
de la Sierra Mixe de Oaxaca, México. MsC thesis. Universidad Nacional Auténoma de

México, Mexico City, Mexico.

CARBAJAL-BORGES, J.P., GODINEZ-GOMEZ, O. & MENDOZA, E. (2014) Density, abundance

and activity patterns of the endangered Tapirus bairdii in one of its last strongholds in

30



555

560

565

570

575

southern Mexico. Tropical Conservation Science, 7, 100-114.

CARBONE, C., CHRISTIE, S., CONFORTI, K., COULSON, T., FRANKLIN, N., GINSBERG, J.R., ET
AL. (2001) The use of photographic rates to estimate densities of tigers and other cryptic

mammals. Animal Conservation, 4, 75-79.

CEIEG (2010) Region VI. Frailesca. Comité Estatal de Informacion y Estadistica y
Geografica. Tuxtla Gutiérrez, Chiapas. Http://www.ceieg.chiapas.gob.mx [accessed 26
May 2019].

CHANDLER, R.B. & ROYLE, J.A. (2013) Spatially explicit models for inference about density
in unmarked or partially marked populations. Annals of Applied Statistics, 7, 936-954.

CHAVEZ, C., DE LA TORRE, J.A., BARCENAS, H., MEDELLIN, R.A., ZARZA, H. & CEBALLOS,
G.G. (2014) Manual de Foto-trampeo para el estudio de fauna silvestre. El jaguar en
México como estudio de caso. Alianza WWEF-Telcel, Universidad Nacional Autbnoma

de México, Mexico City, Mexico.

R DeVELOPMENT CORE TEAM (2016) R: A Language and Environment for Statistical

Computing. R Foundation for Statistical Computing, Vienna, Austria.

CUSACK, J.J., SWANSON, A., COULSON, T., PACKER, C., CARBONE, C., DICKMAN, A.J., ET AL.
(2015) Applying a random encounter model to estimate lion density from camera traps
in Serengeti National Park, Tanzania. Journal of Wildlife Management, 79, 1014-1021.

DENES, F. V., SILVEIRA, L.F. & BEISSINGER, S.R. (2015) Estimating abundance of unmarked
animal populations: Accounting for imperfect detection and other sources of zero
inflation. Methods in Ecology and Evolution, 6, 543-556.

EFFORD, M. (2004) Density estimation in live-trapping studies. Oikos, 106, 598-610.

EFFOrRD, M.G. (2019) secr 3.2.0: Spatially Explicit  Capture-Recapture.
Http://www.otago.ac.nz/density/SECRInR.html [accessed 26 May 2019].

EFFORD, M.G., BORCHERS, D.L. & BYROM, A.E. (2009) Density estimation by spatially
capture-recapture: likelihood based methods. In Modeling Demographic Processes in
Marked Populations (eds D.L. Thomson, E.G. Cooch & M.J. Conroy), pp. 255-269.

31


http://www.ceieg.chiapas.gob.mx/
http://www.otago.ac.nz/density/SECRinR.html

580

585

590

595

600

605

Springer, Berlin.

EFFORD, M.G., DAWSON, D.K. & BORCHERS, D.L. (2009) Population density estimated from

locations of individuals on a passive detector array. Ecology, 90, 2676-2682.
ESRI (2013) ArcGIS Desktop: Release 10.2. Redlands CA.

FERREGUETTI, A.C., ToMAs, W.M. & BERGALLO, H.G. (2017) Density, occupancy, and
detectability of lowland tapirs, Tapirus terrestris, in Vale Natural Reserve, southeastern

Brazil. Journal of Mammalogy, 98, 114-123.

FIskE, I., CHANDLER, R., MILLER, D., RoYLE, A., KERY, M., HOSTETLER, J. & REBECCA
HUTCHINSON (2011) Unmarked: an R package for fitting hierarchical models of wildlife

occurrence and abundance. Journal of Statistical Software, 1-23.

FOSTER, R.J. & HARMSEN, B.J. (2012) A critique of density estimation from camera-trap data.
Journal of Wildlife Management, 76, 224-236.

GARCIA, M., JORDAN, C., O’FARRIL, G., POOT, C., MEYER, N., ESTRADA, N., ET AL. (2016)
Tapirus bairdii. In The IUCN Red List of Threatened Species 2016.
Http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T21471A45173340.en  [accessed
26 May 2019].

GERBER, B.D., KARPANTY, S.M. & KELLY, M.J. (2012) Evaluating the potential biases in
carnivore capture-recapture studies associated with the use of lure and varying density
estimation techniques using photographic-sampling data of the Malagasy civet.

Population Ecology, 54, 43-54.

GONZALEZ-MAYA, J.F., SCHIPPER, J., POLIDORO, B., HOEPKER, A., ZARRATE-CHARRY, D. &
BELANT, J.L. (2012) Baird’s tapir density in high elevation forests of the Talamanca
region of Costa Rica. Integrative Zoology, 7, 381-388.

GOPALASWAMY, A.M., ROYLE, J.A., HINES, J.E., SINGH, P., JATHANNA, D., KUMAR, N.S. &
KARANTH, K.U. (2012) Program SPACECAP: Software for estimating animal density
using spatially explicit capture-recapture models. Methods in Ecology and Evolution, 3,
1067-1072.

32


http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T21471A45173340.en

610

615

620

625

630

HANELY, J.A. & MCNEIL, B.J. (1982) The Meaning and Use of the Area under a Receiver
Operating (ROC) Curvel Characteristic. Diagnostic Radiology, 143, 29-36.

HINES, J.E., NICHOLS, J.D., ROYLE, J.A., MACKENZIE, D.l., GOPALASWAMY, A.M., KUMAR,
N.S. & K. U. KARANTH (2010) Tigers on trails: occupancy modeling for cluster
sampling. Ecological Applications, 20, 1456-1466.

Howe, E.J., BUCKLAND, S.T., DESPRES-EINSPENNER, M. & KUHL, H.S. (2017) Distance
sampling with camera traps. Methods in Ecology and Evolution, 1558-1565.

IRVIN, E., DUREN, K.R., BULER, J.J., JONES, W., GONZON, A.T. & WiLLIAmMS, C.K. (2013) A
multi-scale occupancy model for the grasshopper sparrow in the Mid-Atlantic. Journal
of Wildlife Management, 77, 1564-1571.

JANIS, C. (1984) Tapirs as Living Fossils. In Living Fossils (eds N. Eldredge & S.M. Stanley),
p. 80-86. Springer-Verlag, New York.

JATHANNA, D., KARANTH, K.U., KUMAR, N.S. & KARANTH, K.K. (2015) Patterns and
Determinants of Habitat Occupancy by the Asian Elephant in the Western Ghats of
Karnataka , India. PLoS ONE, 1-19.

JOHNSON, A.E., KNOTT, C.D., PAMUNGKAS, B., PASARIBU, M. & MARSHALL, A.J. (2005) A
survey of the orangutan (Pongo pygmaeus wurmbii) population in and around Gunung
Palung National Park, West Kalimantan, Indonesia based on nest counts. Biological
Conservation, 495-507.

JOHNSON, C.J., PARKER, K.L., HEARD, D.C. & GILLINGHAM, M.P. (2002) A multiscale
behavioral approach to understanding the movements of woodland caribou. Ecological
Applications, 12, 1840-1860.

JorDAN, C.A. (2015) The dynamics of wildlife and environmental knowledge in a
bioculturally diverse coupled natural and human system in the Caribbean region of
Nicaragua. PhD thesis. Michigan State University, Michigan, United States of America.

JORDAN, C.A., HOOVER, B., DANS, A.J., SCHANK, C. & MILLER, J.A. (2019) The Impact of
Hurricane Otto on Baird’s Tapir Movement in Nicaragua’s Indio Maiz Biological

Reserve. In Movement Ecology of Neotropical Forest Mammals (eds R. Reyna-Hurtado

33



635

640

645

650

655

660

& C. Chapman), p. 5-19. Springer International Publishing.

KANE, M.D., MoRIN, D.J. & KELLY, M.J. (2015) Potential for camera-traps and spatial mark-
resight models to improve monitoring of the critically endangered West African lion
(Panthera leo). Biodiversity and Conservation, 24, 3527-3541.

KARANTH, K.U., GopALASWAMY, A.M., KUMAR, N.S., VAIDYANATHAN, S., NICHOLS, J.D.
& MACKENZIE, D.I. (2011) Monitoring carnivore populations at the landscape scale :
occupancy modelling of tigers from sign surveys. Journal of Applied Ecology, 48,
1048-1056.

KELLY, M.J., Noss, A.J., DI BITETTI, M.S., MAFFEI, L., ARISPE, R.L., PAVIOLO, A., ET AL.
(2008) Estimating Puma Densities from Camera Trapping across Three Study Sites:

Bolivia, Argentina, and Belize. Journal of Mammalogy, 89, 408-418.

KocH, P.L. & BARNOsKY, A.D. (2006) Late Quaternary Extinctions: State of the Debate.
Annual Review of Ecology, Evolution, and Systematics, 37, 215-250.

DE LA TORRE, J.A., RIVERO, M., CAMACHO, G. & ALVAREZ-MARQUEZ, L.A. (2018)
Assessing occupancy and habitat connectivity for Baird’s tapir to establish conservation
priorities in the Sierra Madre de Chiapas, Mexico. Journal for Nature Conservation, 41,
16-25.

LAVARIEGA-NOLASCO, M.C., BRIONES-SALAS, M., MAzAs-TEoDoclO, A. & E., D.-M.
(2016) Ecology and local knowledge of the Baird’s tapir (Tapirella bairdii) in the Sierra
Madre de Oaxaca, Mexico. Integrative Zoology, 11, 361-374.

Liu, C., BERRY, P.M., DAWSON, T.P. & PEARSON, R.G. (2005) Selecting thresholds of

occurrence in the prediction of species distributions. Ecography, 3, 385-393.

LizcANO, D.J. & CAVELIER, J. (2000) Densidad poblacional y disponibilidad de habitat de la
danta de montana (Tapirus pinchaque) en los Andes Centrales de Colombia. Biotropica,
32, 165-173.

Lucas, T.C.D., MOORCROFT, E.A., FREEMAN, R., ROWCLIFFE, J.M. & JONES, K.E. (2015) A
generalised random encounter model for estimating animal density with remote sensor
data. Methods in Ecology and Evolution, 6, 500-509.

34



665

670

675

680

685

690

MACKENzIE, D.I., NicHOLS, J.D., ROYLE, J.A., PoLLock, K.H., BAILEY, L.L. & HINES, J.E.
(2006) Occupancy Estimation and Modeling: Inferring Patterns and Dynamics of

Species Occurrence. Academic Press, Elsevier, Burlington, MA.

MANEL, S., WiLLIAMS, C.H. & ORMEROD, S.J. (2001) Evaluating presence — absence models
in ecology : the need to account for prevalence. Journal of Applied Ecology, 38, 921—
931.

MATOLA, S., CUARON, A.D. & RUBIO-TORGLER, H. (1997) Status and Action Plan of Baird’s
Tapir (Tapirus bairdii). In Tapirs: Status Survey and Conservation Action Plan (eds
D.M. Brooks, R.E. Bodmer & S. Mantola), p. 164. IUCN/SSC Tapir Specialist Group,
Gland, Switzerland and Cambridge, UK.

MEJIA-CORREA, S., DIAZ-MARTINEZ, A. & MOLINA, R. (2010) Densidad y habitos
alimentarios de la danta Tapirus bairdii en el Parque Nacional Natural Los Katios,

Colombia. Tapir Conservation, 23, 16-23.

MENDOZA, E., FULLER, T.L., THOMASSEN, H.A., RAMIREZ-MEIJIA, D. & SMITH, T.B. (2013)
A preliminary assessment of the effectiveness of the Mesoamerican Biological Corridor
for protecting potential Baird ° s tapir (Tapirus bairdii) habitat in southern Mexico.

Integrative zoology, 8, 35-47.

MILLER, J.R., TURNER, M.G., SMITHWICK, E.A.H., DENT, C.L. & STANLEY, E.H. (2004)
Spatial Extrapolation: The Science of Predicting Ecological Patterns and Processes.
BioScience, 54, 310-320.

NARANJO, E.P. (2009) Ecology and conservation of Baird’s tapir in Mexico. Tropical
Conservation Science, 4, 140-158.

Noss, A.J., GARDNER, B., MAFFEI, L., CUELLAR, E., MONTARO, R., ROMERO-MURNOZ, A., ET
AL. (2012) Comparison of density estimation methods for mammal populations with
camera traps in the Kaa-lya del Gran Chaco landscape. Animal Conservation, 15, 527—
535.

O’CONNELL, A.F., NicHoLs, J.D. & KARANTH, K.U. (2011) Camera Traps in Animal
Ecology: Methods and Analyses. Springer, Japan.

35



695

700

705

710

715

O’FARRILL, G., GALETTI, M. & CAMPOS-ARCEIZ, A. (2013) Frugivory and seed dispersal by
tapirs: an insight on their ecological role. Integrative Zoology, 8, 4-17.

OBBARD, M.E., HOWE, E.J. & KYLE, C.J. (2010) Empirical comparison of density estimators

for large carnivores. Journal of Applied Ecology, 47, 76-84.

OLIVEIRA-SANTOS, L.G.R., Zucco, C.A., ANTUNES, P.C. & CRAWSHAW, P.G. (2010) Is it
possible to individually identify mammals with no natural markings using camera-traps?

A controlled case-study with lowland tapirs. Mammalian Biology, 75, 375-378.

PARMENTER, R., DUNNUM, J.L., FRANKLIN, A.B. & Lusow, B.C. (2003) Small-mammal
density estimation: A field comparison of grid-based vs web- based density estimators.
Ecological Monographs, 73, 1-26.

PEREZ-FARRERA, M.A., MELENDEZ-LOPEZ, E., SARMIENTO, O.F.,, MORENO, N.L. &
NAJARRO, F.H. (2006) Inventario floristico de la zona de proteccion forestal la Frailesca,
Chiapas, Mexico. Comision Nacional para el Conocimiento y Uso de la Biodiversidad.
Mexico. http://www.conabio.gob.mx/institucion/proyectos/resultados/InfY012-2.pdf
[accessed 26 May 2019]

Popescu, V.D., losiF, R., Pop, M.I., CHIRIAC, S., Bouros, G. & FURNAS, B.J. (2017)
Integrating sign surveys and telemetry data for estimating brown bear (Ursus arctos)

density in the Romanian Carpathians. Ecology and Evolution, 7134-7144.

RicH, L.N., KELLY, M.J., SOLLMANN, R., Noss, A.J., MAFFEI, L., ARISPE, R.L., ET AL. (2014)
Comparing capture—recapture, mark-resight, and spatial mark-resight models for

estimating puma densities via camera traps. Journal of Mammalogy, 95, 382—-391.

RoBIN, X., TURCK, N., HAINARD, A., TIBERTI, N., LISACEK, F., SANCHEZ, J.-C., ET AL. (2011)
pROC: an open-source package for R and S+ to analyze and compare ROC curves. BMC

Bioinformatics 12:77.

ROVERO, F. & MARSHALL, A.R. (2009) Camera trapping photographic rate as an index of
density in forest ungulates. Journal of Applied Ecology, 46, 1011-1017.

RowcLIFFE, J.M., FIELD, J., TURVEY, S.T. & CARBONE, C. (2008) Estimating animal desnsity

using camera traps without the need for individual recognition. Journal of Applied

36


http://www.conabio.gob.mx/institucion/proyectos/resultados/InfY012-2.pdf

720

725

730

735

740

745

Ecology, 45, 1228-1236.

ROYLE, J.A., CHANDLER, R.B., GAZENKSI, K.D. & GRAVES, T.A. (2013) Spatial capture—
recapture models for jointly estimating population density and landscape connectivity.
Ecology, 94, 287-294.

ROYLE, J.A., CHANDLER, R.B., SOLLMANN, R. & GARDNER, B. (2014) Spatial Capture-

Recapture. Elsevier, Amsterdam.

ROYLE, J.A., MAGOUN, A.J., GARDNER, B., VALKENBURG, P. & LOWELL, R.E. (2011) Density
estimation in a wolverine population using spatial capture-recapture models. Journal of
Wildlife Management, 75, 604-611.

ROYLE, J.A., NicHOLS, J.D., KARANTH, K.U. & GOPALASWAMY, A.M. (2009) A hierarchical
model for estimating density in camera-trap studies. Journal of Applied Ecology, 46,
118-127.

SCHANK, C., CoVvE, M. V., KELLY, M.J., MENDOZA, E., O’FARRILL, G., REYNA-HURTADO, R.,
ET AL. (2017) Using a novel model approach to assess the distribution and conservation

status of the endangered Baird’s tapir. Diversity and Distributions, 23, 1459-1471.

SCHANK, C.J., ARIMA, E.Y., CoVvE, M. V., BRANDT, L.S.E., BRENES-MORA, E., CARVER, A.,
ET AL. (undated) Population status, connectivity, and conservation action for the

endangered Baird’s tapir. Biological Conservation.

SHARMA, R.K., JHALA, Y. V., QURESHI, Q., VATTAKAVEN, J., GOPAL, R. & NAYAK, K. (2010)
Evaluating capture — recapture population and density estimation of tigers in a
population with known parameters. Animal Conservation, 94-103.

SoisAaLo, M.K. & CAVALCANTI, S.M.C. (2006) Estimating the density of a jaguar population
in the Brazilian Pantanal using camera-traps and capture-recapture sampling in

combination with GPS radio-telemetry. Biological Conservation, 129, 487-496.

SOLLMANN, R., GARDNER, B., CHANDLER, R.B., SHINDLE, D.B., ONORATO, D.P., ROYLE, J.A.
& O’CONNELL, A.F. (2013) Using multiple data sources provides density estimates for
endangered Florida panther. Journal of Applied Ecology, 50, 961-968.

37



750

755

760

765

770

SRBEK-ARAUJO, A.C. & CHIARELLO, A.G. (2005) Is camera-trapping an efficient method for
surveying mammals in Neotropical forests? A case study in south-eastern Brazil.

Journal of Tropical Ecology, 21, 121-125.

SRIVATHSA, A., PARAMESHWARAN, R., SHARMA, S. & KARANTH, K.U. (2015) Estimating
population sizes of leopard cats in the Western Ghats using camera surveys. Journal of
Mammalogy, 96, 742—750.

TOBLER, M., E.J.NARANJO & LIRA-TORRES, I. (2006) Habitat Preference,Feeding Habits and
Conservation of Baird’s Tapir in Neotropical Montane Oak Forests. In Ecology and
Conservation of Neotropical Montane Oak Forests (ed M. Kappelle), pp. 347-359.
Springer-Verlag, Berlin Heidelberg.

TOBLER, M. & PoOwELL, G.V.N. (2013) Estimating jaguar densities with camera traps:
Problems with current designs and recommendations for future studies. Biological
Conservation, 159, 109-118.

ToBLER, M.W. (2008) The Ecology of the Lowland Tapir in Madre De Dios, Peru: Using
New Technologies To Study Large Rainforest Mammals. PhD thesis.Texas A&M
University, Texas, United States of America.

TOBLER, M.W., HIBERT, F., DEBEIR, L. & RICHARD-HANSEN, C. (2013) Estimates of density
and sustainable harvest of the lowland tapir Tapirus terrestris in the Amazon of French

Guiana using a Bayesian spatially explicit capture—recapture model. Oryx, 48, 410-419.

WHITTINGTON, J. & SAWAYA, M.A. (2015) A comparison of grizzly bear demographic
parameters estimated from non-spatial and spatial open population capture-recapture
models. PLoS ONE, 10, 1-17.

ZERO, V.H., SUNDARESAN, S.R., O’BRIEN, T.G. & KINNAIRD, M.F. (2013) Monitoring an
Endangered savannah ungulate, Grevy’s zebra Equus grevyi: Choosing a method for
estimating population densities. Oryx, 47, 410-419.

38



TABLE 1 Description of covariates used to model variation in detectability (p) and occupancy

(w) across sites.

Type Variable name Abreviation Description
Forest cover  Forest Cover C Percentage of forest coverage around the pixel
Primary forest (> PFor75 Amount of primary forest (> 75%) around each
75% of forest pixel
cover)
Primary forest (> PFor90 Amount of primary forest (> 90%) around each
90% of forest pixel
cover)
Terrain Topographic TPI Classification of landscape according the slope
Position Index position within a different radius. This index
incorporated richness and evenness into a single
measure.
Elevation ELE Elevation (mals)
Shannon SHA Differences of ranges of elevation values within a
Topographic Index different radius.
Human Distance to towns DistT The minimum distance (Euclidian) to the nearest
town
Density of towns DENT Density of towns around each pixel using a radio
of 3.5 km, which is equivalent to the radius of the
home range of Baird’s tapirs (Reyna-Hurtado et
al., 2016)
Distance to paved DistR The minimum distance to the nearest paved roads
roads
Distance to DE The nearest distance to the deforested patch>0.5
deforestation edge km2
Site covariates  Season of the year =~ SEASON Season of the year when the camera trap station
was active; dry or Rainy season
Sampling effort EFFORT Number of active days of the camera trap stations
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TABLE 2 Demography of the Baird"s tapir captures (n=9) and recaptures of marked and
number of unmarked individuals obtained from camera trapping survey between April to
July 2018.

Tapir capture Number of individually ~ Number of individually Number of unmarked
marked tapir captures marked tapir (recaptures) (unidentifiable) tapirs

Adult males 5 4 (12) 5

Adult females 3 4 (16) 0

Juvenil 1 1 (6) 0

Sex undetermined 0 0 5
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TABLE 3 Summary of our model-selection procedure examining variables affecting the

probability of occupancy and detectability of the Baird’s tapir from August 2015 to

December 2016. We report the model rank, Akaike’s Information Criterion (AICc) relative
difference in AIC compared to the top-ranked model (AAICc), the AIC model weight (w;)

and the number of parameters in the model (K). See Table 1 for description of the covariates.

Numbers after the variable represent the window area: 30m, 90m, 510m, 1020m and (.) as

constant.
A Weight
Rank Model AlCc AlC W) K
1 Y(SHA240 + ELE1020); p(DE90+ ELE90 +EFFORT) 506.00 0.00 0.33 7
2 W(SHA240 + ELE1020 +TP190); p(DE90+ ELE90 +EFFORT) 507.50 1.57 0.15 8
Y(SHA240 + ELE1020+ PFor75); p(DE90 + ELE90+
3 EFFORT) 508.50 2.48 0.10 8
Y(SHA240 + ELE1020 +C1020); p(DE90 + ELE90+
4 EFFORT) 508.60 2.61 0.09 8
5 Y(SHA240); p(DE90 +ELE90 +EFFORT) 509.00 2.99 0.08 6
6 Y(SHA240 + C1020); p(DE90 + ELE90+ EFFORT) 509.40 3.47 0.06 7
7 Y(SHA240 + TP190); p(DE90 +ELE90 +EFFORT) 509.50 3.55 0.06 7
8 Y(SHA240+ PFor); p(DE90 +ELE90 +EFFORT) 510.70 4.75 0.03 7
P(C1020 + ELE1020 +TPI90 +SHA240 + R101020+ PFor90
9 + PFor75); p(DE90 + ELE9S0+ EFFORT) 513.00 7.03 0.01 12
10 W(ELE1020); p(DE90 +ELE90 + EFFORT) 517.50 11.51 0.001 6
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TABLE 4 Baird’s tapir population estimates in the Sierra Madre de Chiapas considering the contribution of each occupancy intervals: low
(0.2-0.59), medium (0.6-0.89) and high (0.9-1.0) for each of the density models, SECR, SEMR and REM. ICI: Inferior Confidence

Interval; UCI: Upper Confidence Interval.

795
SECR SEMR REM
Occupancy Area LCI Mean UClI LCI Mean UClI LClI Mean UCI
intervals ke 0.4 0.08 0.16 0.08 0.1 0.14 0.12 0.26 0.41
(Ind/kmz)  (Ind/km2) ~ (Ind/km?)  (Ind/kmz)  (Ind/km?)  (Ind/kmz)  (Ind/kmz)  (Ind/kmz)  (Ind/kmg)

Low (0.2-0.6) 645 26 52 103 52 65 90 77 168 264

Medium (0.6-0.9) 622 25 50 100 50 62 87 75 162 255

High (0.9-1.0) 1038 42 83 166 83 104 145 125 270 426
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800

SECR SEMR REM

Qccupancy NPA Area ICI Mean UCI ICI Mean UCI ICI Mean UCI
intervals km? "0 4 0.08 0.16 0.08 0.1 0.14 0.12 0.26 0.41
(Ind/km2) ~ (Ind/kme)  (Ind/kmz)  (Ind/kme)  (Ind/kmz)  (Ind/kme)  (Ind/km2)  (Ind/kmz)  (Ind/km:)

Sepultura 113 5 18 11 16 14 29 46
Frailescana 106 4 17 11 15 13 28 43

Low T.riunfo 163 7 13 26 13 16 23 20 42 67
(0.2-0.6) tlcfr%(IjDea:xtal 73 3 6 12 6 7 10 9 19 30
Unprotected 190 8 15 30 15 19 27 23 49 78

Total 645 26 52 103 52 65 90 77 168 264
Sepultura 88 4 14 9 12 11 23 36
Frailescana 82 3 13 8 11 10 21 34
Medium T_riunfo 202 8 16 32 16 20 28 24 53 83
(0.6-0.9) i'(fr%%e;xtal 98 4 8 16 8 10 14 12 25 40
Unprotected 152 6 12 24 12 15 21 18 40 62

Total 622 25 50 100 50 62 87 75 162 255
Sepultura 86 3 14 12 10 22 35
Frailescana 74 3 12 10 9 19 30

High T_riunfo 444 18 36 71 36 44 62 53 115 182
(0.6-1.0) ilc;:r%(liealxtal 243 10 19 39 19 24 34 29 63 100
Unprotected 191 8 15 31 15 19 27 23 50 78

Total 1038 42 83 166 83 104 145 125 270 426

TABLE 5 Population estimates inside each of the Natural Protected Areas (NPA) of the Sierra Madre de Chiapas considering the contribution
of each of the occupancy categories: low (0.2-0.59), medium (0.6-0.89) and high (0.9-1.0) for each of the density models, SECR, SEMR
and REM. ICI: Inferior Confidence Interval; UCI: Upper Confidence Interval.
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TABLE 6 Baird’s tapir density estimation obtained in other studies throughout its distribution range using Traditional Capture Recapture
(TCR) Models and Random Encounter Model (REM). NCTS: Number of Camera Trap Stations; NCTD: Number of camera trap days;
IP: Number of Independent photographs; NIT: Number of identified tapirs; SR: Speed Rate in km/day; ESA: Effective Sampled Area in
kmz2; MDE: Mean Density Estimate in ind/kmz.

805
Study area Method NCTS NCTD IP NIT SR ESA _MDE Source
km/day  (kme) (ind/ km)
México
Sierra Madre de REM 51 3215 65 i 7916 0.07-0.24 Lavariega-Nolasco, et
Oaxaca al, 2016
Totontepec Villa +p 7 502 43 9 . 1875 0.32 Botello, et al. 2017
de Morelos
Sierra Mixe TCR 47 . 326 57 10-17  0.43-054 Vazq“ezzo(,igm“ho’
Sierra Mixe REM 47 i 7016 - 0.03-0.95 Vazq“ezzo(,igm“ho’
El Triunfo REM 25 3817 54 14.4 0.12 Carbajal-Bojorquez, et
al, 2014
Costa Rica TCR 10 540 77 15 716 293 Gonzélez-Maya, et al,
Talamanca 2012
Colombia Mejia-Correa, et al,
Los Katios TCR 27 1215 48 13 - 13.68 1.02 2014

44



810

815

FiG. 1Study area showing the four Natural Protected Areas inside the Sierra Madre de

Chiapas, and the location of the camera traps that were used to perform density estimate

analysis.
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820

825

FiG. 2 Camera-trap layout used in 2015-2016 and 2018 in La Frailescana. Purple dots

correspond to the 2015-2016 camera trap survey used to perform occupancy models. Green

squares and triangles correspond to the 2018 camera trap survey to estimate Baird’s tapir

density in the Sierra Madre de Chiapas.
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830

FiG. 3 Comparison of density estimates for Baird’s tapir in the Sierra Madre de Chiapas,
obtained by camera trapping survey and using three different models: Spatially Explicit
Capture-Recapture (SECR), Spatially Explicit Mark Resight (SEMR) and Random

Encounter Model (REM). Whiskers represent the 95% confidence intervals.
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FiG. 4 Map showing the probability of occupancy of the Baird’s tapir in the Sierra Madre de

Chiapas. Probability of occupancy were classified in three intervals: 1) low occupancy: from 0.2

to 0.6 (yellow); 2) medium occupancy: from 0.6-to 0.9 (red); and 2) high occupancy: from 0.9-

1.0 (blue).
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Conclusiones

Contar con el tamafio y densidad de individuos de una poblacion es fundamental para
evaluar el estado y las politicas de conservacion enfocadas a cualquier especie en peligro
de extincion. Sin embargo, estos parametros son dificiles de estimar, especialmente para

especies sin patrones de marcas naturales, como en el tapir centroamericano.

En este estudio utilizamos registros fotograficos obtenidos por trampas camara para
estimar la densidad del tapir centroamericano en la Sierra Madre de Chiapas. Utilizamos
los modelos de captura-recaptura espacialmente explicitos (SCR) y comparamos sus
limitaciones y requerimientos metodolégicos con nuevos modelos que incluyen el de
marcaje-recaptura espacialmente explicito (SMR) y el modelo de encuentro aleatorio
(REM).

Los resultados demostraron que las estimaciones de densidad del tapir centroamericano
no difirieron significativamente entre los tres modelos, ya que hubo un traslape entre los
intervalos de confianza (IC) del 95%. La estimacién de la densidad fue mas alta y menos
precisa al usar el REM 0.26 ind / km2 (IC: 0.12-0.41) en comparacion con los modelos
espacialmente explicitos. El modelo SCR proporcioné la estimacion de densidad mas
baja 0.08 ind/km? (IC: 0.039-0.16) en comparacién con el SMR 0.10 ind/km? (IC: 0.08-
0.14), sin embargo, SMR tuvo los intervalos de confianza mas pequefios, lo cual indica
gue esta estimacion de densidad fue la mas precisa.

Por otro lado, utilizamos los modelos de ocupacion para identificar las areas de mayor
probabilidad de presencia de la especie y asi poder contar con un area a la cual extrapolar
las densidades obtenidas con los modelos de densidad, para poder predecir su tamafio

poblacional en la Sierra Madre de Chiapas (SMC).

Utilizando el mejor modelo de ocupacion, calculamos un total de 2,305 km? como area
de ocupacion para los tapires en la SMC. Sin embargo, para poder realizar la
extrapolacion de densidad, dividimos el area identificada en tres categorias de acuerdo

con su probabilidad de ocupacion: 1) probabilidad baja (0.2-0.59); 2) probabilidad media
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(0.6-0.89) y; 3) probabilidad alta (0.9-1.0). Posteriormente, utilizamos el promedio de
densidad obtenido del SMR, que fue el mas preciso de los tres modelos y lo multiplicamos

por el &rea de cada una de las categorias identificadas.

Teniendo en cuenta solo las areas con intervalos de ocupacion medio y alto (1660 km?)
y utilizando la estimacion de densidad de SMR, obtuvimos un tamafio poblacional de 166
individuos (IC: 133-232) para toda la SMC. Si incluimos las &reas con un intervalo de
ocupacion mas bajo (645 km?), el tamario de la poblacién aumenta a 230 individuos (IC:
184-323). Sin embargo, es importante tomar en cuenta que el intervalo mas bajo de
ocupacién tiene una probabilidad de ocupacion menor al 60%, por lo que este ultimo
resultado debe de tratarse con cautela. Ademas, estas areas se encuentran mas cerca
de ciudades, caminos, ganado y cultivos, lo cual limita la presencia de los tapires porque

las amenazas son mayores.

Este es el primer estudio que estima la densidad del tapir centroamericano utilizando
trampas camara en combinacion con dos modelos espacialmente explicitos (SCRy SMR)
y el modelo de encuentro aleatorio (REM). Este trabajo nos permitié realizar
comparaciones e identificar las limitaciones de cada uno de los modelos y, aunque no
conocemos el numero real de individuos que hay en la regién y con la cual podamos
comparar las estimaciones de nuestro estudio, los resultados sugieren que el SMR
produjo la estimacién de densidad mas precisa. Sin embargo, aunque se deberan
explorar y mejorar muchos detalles del modelo (Chandler y Royle 2013; Royle et al.
2014), tiene un gran potencial para abordar los problemas de estimacion de densidad de

especies sin marcas naturales como el tapir centroamericano.

Nuestros resultados respaldan la necesidad de fortalecer la proteccidén existente en las
cuatro areas protegidas del SMC, para mantener la conectividad dentro del SMC y
fomentar la recuperacion de las poblaciones de tapir centroamericano y otras poblaciones

de fauna silvestre que habitan en esta region.
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Por otro lado, en futuros proyectos se debera enfocar la validacion de areas donde no
hay informacion sobre el estado de la poblacion de esta especie, como la Reserva Estatal,
el Pico del Loro Paxtal. Ademas, debera ser una prioridad considerar la proteccién de las
areas que no se encuentran protegidas a través de diferentes esquemas, incluyendo
pagos por servicios ambientales para las tierras que son comunales y privadas (de la
Torre et al. 2018; Schank et al. sometido), e incluir los terrenos nacionales dentro de las

areas protegidas existentes del SMC.

Se debera fomentar la inclusion y participacion de las comunidades locales en los
procesos de toma de decisiones para fortalecer las estrategias y acciones de
conservacion. Seréd necesario promover la organizacion social y mejorar la planificacion
y el uso de la tierra por medio de ordenamientos territoriales en las comunidades locales

para identificar y priorizar las necesidades de conservacion.

Finalmente, se deberan fomentar alternativas sostenibles que puedan reducir el impacto
en la caza y la pérdida de habitat en el SMC, por medio de nuevas tecnologias y
alternativas que ayuden a mitigar los problemas sociales en las comunidades y promover

la conservacion del habitat del tapir centroamericano.

51



Literatura citada

Borchers D, Efford MG. 2008. Spatially Explicit Maximum Likelihood Methods for Capture-
Recapture Studies. Biometrics 64:377-385.

Carbajal-Borges JP, Godinez-Gomez O, Mendoza E. 2014. Density, abundance and
activity patterns of the endangered Tapirus bairdii in one of its last strongholds in
southern Mexico. Trop. Conserv. Sci. 7:100-114.

Carbone C, Christie S, Conforti K, Coulson T, Franklin N, Ginsberg JR, Griffiths M, Holden
J, Kawanishi K, Kinnaird M, et al. 2001. The use of photographic rates to estimate
densities of tigers and other cryptic mammals. Anim. Conserv. 4:75-79.

Chandler RB, Royle JA. 2013. Spatially explicit models for inference about density in
unmarked or partially marked populations. Ann. Appl. Stat. 7:936-954.

Cove M V., Vargas LEP, de la Cruz JC, Spinola RM, Jackson VL, Saénz JC, Chassot O.
2013. Factors influencing the occurrence of the Endangered Baird’s tapir Tapirus
bairdii: potential flagship species for a Costa Rican biological corridor. Oryx 48:402—
409.

Dénes F V., Silveira LF, Beissinger SR. 2015. Estimating abundance of unmarked animal
populations: Accounting for imperfect detection and other sources of zero inflation.
Methods Ecol. Evol. 6:543-556.

Efford M. 2004. Density estimation in live-trapping studies. Oikos 106:598-610.

Ferreguetti AC, Tomas WM, Bergallo HG. 2017. Density, occupancy, and detectability of
lowland tapirs, Tapirus terrestris, in Vale Natural Reserve, southeastern Brazil. J.
Mammal. 98:114-123.

Fragoso JM. 1991. The effect of hunting in tapirs in Belize. In: Robinson JG and, Redford
KH, editors. Neotropical Wildlife Use and Conservation. Chicago: University Chicago
Press. p. 154-162.

Garcia M, Jordan C, O’Farril G, Poot C, Meyer N, Estrada N, Leonardo R, Naranjo E,
Simons A, Herrera A, et al. 2016. Tapirus bairdii en The IUCN Red List of Threatened
Species 2016. [acceso 26 mayo 2019]

Gonzalez-Maya JF, Schipper J, Polidoro B, Hoepker A, Zarrate-Charry D, Belant JL. 2012.

Baird’s tapir density in high elevation forests of the Talamanca region of Costa Rica.

52



Integr. Zool. 7:381-388.

Gonzalez-Maya JF, Schipper J, Rojas-Jiménez K. 2009. Elevational Distribution and
Abundance of Baird’s Tapir (Tapirus bairdii) at different Protection Areas in
Talamanca Region of Costa Rica. Tapir Conserv. 18:29-35.

Gopalaswamy AM, Royle JA, Hines JE, Singh P, Jathanna D, Kumar NS, Karanth KU.
2012. Program SPACECAP: Software for estimating animal density using spatially
explicit capture-recapture models. Methods Ecol. Evol. 3:1067-1072.

Hines JE, Nichols JD, Royle JA, MacKenzie DI, Gopalaswamy AM, Kumar NS, K. U.
Karanth. 2010. Tigers on trails: occupancy modeling for cluster sampling. Ecol. Appl.
20:1456-1466.

Jathanna D, Karanth KU, Kumar NS, Karanth KK. 2015. Patterns and Determinants of
Habitat Occupancy by the Asian Elephant in the Western Ghats of Karnataka , India.
PL0S One:1-19.

Jordan CA, Stevens KJ, Urquhart GR, Kramer DB, Roe K. 2010. A New Record of Baird’s
tapir in Nicaragua and Potential Implications. Tapir Conserv. 19:11-15.

Karanth KU. 1995. Estimating tiger Panthera tigris populations from camera-trap data using
capture-recapture models. Biol. Conserv. 71:333-338.

Karanth KU, Gopalaswamy AM, Kumar NS, Vaidyanathan S, Nichols JD, Mackenzie DI.
2011. Monitoring carnivore populations at the landscape scale: occupancy
modelling of tigers from sign surveys. J. Appl. Ecol. 48:1048-1056.

Karanth KU, Nichols JD. 1998. Estimation of tiger densities in India using photographic
captures and recaptures. Ecology 79:2852—-2862.

de la Torre JA, Rivero M, Camacho G, Alvarez-Marquez LA. 2018. Assessing occupancy
and habitat connectivity for Baird’s tapir to establish conservation priorities in the
Sierra Madre de Chiapas, Mexico. J. Nat. Conserv. 41:16-25.

Lavariega-Nolasco MC, Briones-Salas M, Mazas-Teodocio A, E. D-M. 2016. Ecology and
local knowledge of the Baird’s tapir (Tapirella bairdii) in the Sierra Madre de Oaxaca,
Mexico. Integr. Zool. 11:361-374.

Lizcano DJ, Cavelier J. 2000. Densidad Poblacional y Disponibilidad de Habitat de la Danta
de Montana (Tapirus pinchaque) en los Andes Centrales de Colombia. Biotropica
32:165-173.

53



MacKenzie DI, Nichols JD, Royle JA, Pollock KH, Bailey LL, Hines JE. 2006. Occupancy
Estimation and Modeling: Inferring Patterns and Dynamics of Species Occurrence.
1st ed. Burlington, MA: Academic Press, Elsevier.

Mandujano S. 2014. PELLET: An Excel®-based procedure for estimating deer population
density using the pellet-group counting method. Trop. Conserv. Sci. 7:308-325.

Matola S, Cuaron AD, Rubio-Torgler H. 1997. Status and Action Plan of Baird’s Tapir
(Tapirus bairdii). In: Brooks DM, Bodmer RE, Mantola S, editors. Tapirs: Status
Survey and Conservation Action Plan. Gland, Switzerland and Cambridge, UK:
IUCN/SSC Tapir Specialist Group. p. 164.

Mejia-Correa S, Diaz-Martinez A, Molina R. 2010. Densidad y habitos alimentarios de la
danta Tapirus bairdii en el Parque Nacional Natural Los Katios, Colombia. Tapir
Conserv. 23:16-23.

Mendoza E, Fuller TL, Thomassen HA, Ramirez-mejia D, Smith TB. 2013. A preliminary
assessment of the effectiveness of the Mesoamerican Biological Corridor for
protecting potential Baird ’ s tapir (Tapirus bairdii) habitat in southern Mexico. Integr.
Zool. 8:35-47.

Mendoza ER, Carbajal-Borges JP. 2011. Avances y perspectivas para la conservacion del
tapir centroamericano en México. CONABIO. Biodiversitas 99:12-16.

Meyer N, Moreno R, Jansen PA. 2013. Distribution and conservation status of Baird’s tapir
in Panama. Tapir Conserv. 22:10-13.

Mourdo G, Coutinho M, Mauro R, Campos Z, Tomas W, Magnusson W. 2000. Aerial
surveys of caiman, marsh deer and pampas deer in the Pantanal Wetland of Brazil.
Biol. Conserv. 92:175-183.

Naranjo E, Cruz E. 1998. Ecologia del tapir (Tapirus bairdii) en la Reserva de la Biésfera
la Sepultura, Chiapas, México. Acta Zooldgica Mex. 73:111-125.

Naranjo EP. 2009. Ecology and conservation of Baird’s tapir in Mexico. Trop. Conserv. Sci.
4:140-158.

Noss AJ, Gardner B, Maffei L, Cuéllar E, Montafio R, Romero-Mufioz A, Sollman R,
O’Connell AF. 2012. Comparison of density estimation methods for mammal
populations with camera traps in the Kaa-lya del Gran Chaco landscape. Anim.
Conserv. 15:527-535.

54



Oliveira-Santos LGR, Zucco CA, Antunes PC, Crawshaw PG. 2010. Is it possible to
individually identify mammals with no natural markings using camera-traps? A
controlled case-study with lowland tapirs. Mamm. Biol. 75:375-378.

Otis DL, Burnham KP, White GC, Anderson DR. 1978. Statistical Inference from Capture
Data on Closed Animal Populations. Wildl. Monogr. 62:3—-135.

Rich LN, Kelly MJ, Sollmann R, Noss AJ, Maffei L, Arispe RL, Paviolo A, De Angelo CD, Di
Blanco YE, Di Bitetti MS. 2014. Comparing capture—recapture, mark—resight, and
spatial mark—resight models for estimating puma densities via camera traps. J.
Mammal. 95:382-391.

Rowcliffe JM, Field J, Turvey ST, Carbone C. 2008. Estimating animal desnsity using
camera traps without the need for individual recognition. J. Appl. Ecol. 45:1228—
1236.

Royle JA, Chandler RB, Sollmann R, Gardner B. 2014. Spatial Capture-Recapture. Royle
JA, Chandler RB, Sollmann R, Gardner B, editors. Amsterdam: Elsevier.

Royle JA, Karanth KU, Gopalaswamy AM, Kumar NS. 2009. Bayesian inference in camera
trapping studies for a class of spatial capture-recapture models. Ecology 90:3233—
3244.

Schank CJ, Arima EY, Cove M V., Brandt LSE, Brenes-Mora E, Carver A, Diaz-Pulido A,
Estrada N, Foster RJ, Godinez-Gomez O, et al. Population status, connectivity, and
conservation action for the endangered Baird’s tapir. Biol. Conserv.

Soisalo MK, Cavalcanti SMC. 2006. Estimating the density of a jaguar population in the
Brazilian Pantanal using camera-traps and capture-recapture sampling in
combination with GPS radio-telemetry. Biol. Conserv. 129:487-496.

Sollman R, Gardner B, Parsons AW, Stocking JJ, McClintock BT, Simons TR, Pollock KH,
O’"Connell AF. 2013. A spatial mark—resight model augmented with telemetry data.
Ecology 94:553-559.

Sollmann R, Gardner B, Chandler RB, Shindle DB, Onorato DP, Royle JA, O’'Connell AF.
2013. Using multiple data sources provides density estimates for endangered
Florida panther. J. Appl. Ecol. 50:961-968.

Srbek-Araujo AC, Chiarello AG. 2005. Is camera-trapping an efficient method for surveying

mammals in Neotropical forests? A case study in south-eastern Brazil. J. Trop. Ecol.

55



21:121-125.

Srivathsa A, Parameshwaran R, Sharma S, Karanth KU. 2015. Estimating population sizes
of leopard cats in the Western Ghats using camera surveys. J. Mammal. 96:742—
750.

Tobler MW, Carrillo-Percastegui SE, Leite Pitman R, Mares R, Powell G. 2008. An
evaluation of camera traps for inventorying large- and medium-sized terrestrial
rainforest mammals. Anim. Conserv. 11:169-178.

Tobler MW, Hibert F, Debeir L, Richard-Hansen C. 2013. Estimates of density and
sustainable harvest of the lowland tapir Tapirus terrestris in the Amazon of French
Guiana using a Bayesian spatially explicit capture—recapture model. Oryx 48:410—
419.

Trolle M, Noss AJ, Cordeiro JLP, Oliveira LFB. 2008. Brazilian tapir density in the Pantanal:
A comparison of systematic camera-trapping and line-transect surveys. Biotropica
40:211-217.

Whittington J, Sawaya MA. 2015. A comparison of grizzly bear demographic parameters
estimated from non-spatial and spatial open population capture-recapture models.
PLoS One 10:1-17.

Zero VH, Sundaresan SR, O’Brien TG, Kinnaird MF. 2013. Monitoring an Endangered
savannah ungulate, Grevy’s zebra Equus grevyi: Choosing a method for estimating

population densities. Oryx 47:410-419.

56



