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² Consideraciones Generales (compromisos)

² Captura:
o Ventajas y desventajas, aspectos bioé<cos
o Manejo de los individuos
o Disposi<vos comunes
o Es<maciones poblacionales

² Técnicas Alterna<vas Indirectas: Huellas, heces, madrigueras, pelos
o Ventajas y desventajas
o Información poblacional entregada

² Técnicas Alterna<vas Directas: Observación, Disposi<vos Automá<cos
o Ventajas y desventajas
o Información poblacional entregada

Obje%vo: Conocer técnicas comunes de trabajo en campo con mamíferos medianos y grandes, incluyendo 
capturas y alterna<vas a éstas, sus ventajas y desventajas, y prác<cas recomendables.

Obje<vos de la clase



Baja Detectabilidad

Tamaño de Muestra Grande
(nº réplicas, extensión espacial o temporal)

Alto Esfuerzo de Muestreo
(ParDcularmente en carnívoros)

Ø Hábitos reservados
Ø Crepusculares-nocturnos
Ø Bajas tasas reproducDvas
Ø Largo Dempo generacional
Ø Baja Densidad Poblacional 
Ø Muy móviles, gran rango de hogar

Ø Especies carismáDcas                                             Altos estándares bioéDcos

Introducción: Mamíferos medianos y grandes como objetos de estudio

ACTIVO: implica 
manipulación 
deliberada del 
ambiente o los 
organismos para 
facilitar el registro

PASIVO: registro 
de organismos o 
indicios sin influir 
deliberadamente 
sobre el sistema

INDIRECTO: basado en indicios de la 
ac5vidad de los organismos

DIRECTO: basado en el registro de 
los organismos.

Ø Observación facilitada con cebos 
Ø Reproducción de Vocalizaciones
Ø Captura (+ Marcaje/Recaptura)
Ø Colecta
Ø Radiotracking, GPS

Ø Trampas de huellas
Ø Trampas de pelos

Ø Conteo de huellas, heces, restos 
presa, o madrigueras

Ø Colecta de ADN ambiental 

Ø Puntos y transectos de 
observación o escucha

Ø Disposi5vos de registro 
automá5cos (i.e. trampas cámara, 
sensores bioacús5cos)

v Costo logís5co y Económico
v Riesgo al Bienestar Animal
v Calidad de la Información Obtenida 

Alto
Medio
Bajo

Consideraciones Generales: Tipos de Acercamiento



• Ocurrencia
• Abundancia rela/va 

(potencialmente absoluta)
• Uso rela/vo del hábitat
• Comportamiento

Información

• Registro casual
• Pasiva: Transectos de 

censo visual (e.g. nocturno 
con reflector), Puntos de 
observación y escucha

• Ac/va: Reproducción de 
vocalizaciones

Diseño

• Dependencia del clima y 
terreno

• Comúnmente no 
iden/fica individuos

Desventajas

• Bajo costo
• Esfuerzo medio 

(horas/hombre)
• Aplicabilidad sobre 

grandes áreas
• Iden/ficación más 

confiable de spp.

Ventajas

Observación Directa, Escucha

Tomahawk

•Ocurrencia
•Abundancia rela5va y 

absoluta
•Uso rela5vo del hábitat
•Comportamiento
•Variables demográficas
•Condición corporal

Información

•Ac5vo
•Con o sin cebo
•Oportunista o 

preestablecido
•Transectos o grilla 

sistemá5ca

Diseño

•Alto esfuerzo (hs/hombre)
•Áreas pequeñas
•Alto costo
•Alto riesgo para bienestar 

animal

Desventajas

•Información detallada
•Iden5ficación confiable

Ventajas

Cepo Acolchado

Conibear

Captura



Ejemplo de disposi,vo de captura viva: trampa de jaula (modelo Tomahawk)

Detalle cebos

Captura incidental

Havahart

Farías, A. A. 2019. Captura y manejo de mamíferos medianos y grandes en el campo. En: Experimentación con animales no tradicionales (ANTE) en Uruguay. Comisión Honoraria de 
Experimentación Animal (CHEA, CSIC, UdelaR), Montevideo, Uruguay. pp. 165-179.

Captura

gatillo (piso falso) acolchado

cerrojo

A
B C

Ejemplo de disposi,vo de captura viva: cepos acolchados
Captura



modelo Sherman

mul--catch

harp-trap (murciélagos)

pi8all

Captura
Ejemplos (mamíferos pequeños y medianos: captura viva)

Ejemplos (mamíferos pequeños y medianos: captura muerta)

modelo 
Victor trampa tubo

<po conibear

Captura



Ø Equipo recomendado: profesional veterinario + asistente.
Ø Inmovilización Química (ejemplo): Ketamina-Xylacina. 

• 1ra dosis: 3 – 5 mg/kg
• 2da dosis: 0,3 – 2 mg/kg

Ø En área protegida, sobre cubierta plásOca y manta.
Ø Mantas extra y bolsas de agua caliente (hipotermia).
Ø Monitoreo: 

• Tº rectal, frecuencias cardíaca y respiratoria (cada 5’-10’).
• condición corporal y lesiones (desinfección).

Ø Información:
• Muestras (sangre, pelos, heces, tejidos, etc.)
• Medidas morfométricas, sexo, edad y fotograWa.
• Marcaje (corte/Onción de pelaje, aretes, collares, radiocollares).

Ø Monitoreo hasta recuperación total y liberación in situ.

Ø Para incrementar éxito de captura
• Cebo (e.g. esencia, alimento, señuelo), altera comportamiento.
• Precebado: 2 – 3 noches inacOvas y abiertas.

Ø Trampas localizadas en siOos protegidos y revisadas frecuentemente.
Ø Instalación y revisión por 2 o más personas.

Tomado de: N. Lagos & R. Villalobos (2017) Técnicas de estudio 
de carnívoros terrestres. En: A. Iriarte & F. Jaksic, Los carnívoros 
de Chile. Fauna & Flora / Centro UC CAPES, SanOago, Chile

TRAMPEO

MANIPULACIÓN

Captura: Recomendaciones (... según experiencia propia)
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es de rápida absorción y posee un amplio margen de seguridad. Se usa en combinación con Xilacina para mejorar la anestesia y 
reducir algunos efectos colaterales no deseados, en especial la excesiva contracción muscular. En lugar de Xilaxina, se ha utilizado 
también la Medetomidina, un sedante-relajante muscular, cuyo efecto es revertido posteriormente con el antagonista Atipa-
mezole. Las dosis de estos medicamentos variarán según la especie y el peso del animal capturado. El peso debe ser calculado a 
simple vista, por lo que la experticia de quien administre la dosis es vital para el cálculo de la dosis necesaria. A continuación en 
la Tabla 6 se observan los valores de las dosis de ambos medicamentos para individuos adultos de diferentes especies, además de 
los tiempos de inducción y de recuperación de los efectos anestésicos. Los valores de las dosis son solo referenciales, para mayor 
información revisar la bibliografía citada (ver también Kreeger, 1999).

Tabla 6: Valores de dosis de medicamentos utilizados para adormecer carnívoros
y los tiempos de inducción y de recuperación a los efectos anestésicos.

Dosis (mg/kg) Tiempos (min)

 Ketamina Xilacina Medetomidina Inducción Recuperación Referencias

Lycalopex culpaeus 15-20 1-2 - 2-5 40-80 Kreeger et al., 
1990; Traviani et 

al., 1992; Traviani 
& Delibes, 1994

Lycalopex fulvipes 10 1 - - - Jiménez, 2007

Puma concolor 11,7 ± 1,7 2 ± 0,3 - 6 ± 1,9 77,3 ± 29,2 Logan et al., 1986

Leopardus guigna 15,4 ± 3,2
14,5 ± 1,1

1,7 ± 0,3
8,6 ± 0,9

- 4,6 ± 2,9
5

63,9 ± 31,9
20

Acosta et al., 2007
Freer, 2004

Leopardus colocolo 5 - 0,05 (0,25*) 9 65 (23+) Beltrán et al., 2009

Oncifelis geoffroyi 5,78 - 0,95 (0,5*) - - (30) Uhart et al., 2005

(*) Entre paréntesis la dosis indicada para el antagonista (Atipamezole)
(+) Se indica el tiempo de anestesia hasta aplicación del antagonista, y entre paréntesis el tiempo de recuperación desde la aplicación de éste.

Posterior a la inyección del animal se recomienda seguir el siguiente protocolo (modificado de Luengos, 2003):
a) Durante los 5 a 10 minutos posteriores a la inyección, se debe permanecer alejado del animal mientras se produce la induc-

ción de la anestesia. 
b) Posteriormente se ubica al animal en un lugar protegido
c) Se cubren los ojos del animal con una mascarilla
d) Se toma el peso del animal con una balanza o pesola (dinamómetro)
e) Se toma la temperatura rectal, frecuencia cardíaca y frecuencia respiratoria (se repite cada 10 minutos)
f) Se toman muestras de sangre, pelo y heces
g) Se buscan lesiones posiblemente provocadas durante la captura 
h) Se revisa en busca de parásitos
i) Se registra el sexo y medidas morfométricas (Figura 6)
j) Se observan los dientes para estimación de la edad
k) Se instalan marcas, collares de seguimiento (si es considerado por el estudio)

Se recomienda registrar la dosis inyectada, el tiempo de acción del anestésico, hora y dosis de refuerzo (de haber sido nece-
sario), y la hora de salida de la anestesia

Figura 6: Medidas corporales tomadas a cada ejemplar en particular. Largo cola (LCo), largo total (LT), altura a la cruz (AC), circunferencia cuello (CC), 
largo oreja (LO), largo cabeza (LCa), largo metatarso (LMTP), distancia entre caninos (DC) y largo de carnicera (LCar).

En la mayoría de los estudios, una vez que el animal ha sido capturado es necesario marcarlo para poder identificarlo fá-
cilmente en terreno o en caso de recaptura. Estudios de estimación de tamaños poblacionales, ámbitos de hogar, cálculo de 
variables demográficas y de comportamiento requieren esto. En algunas ocasiones no es necesario marcar a los animales, ya que 
poseen marcas naturales que facilitan su identificación individual. Cicatrices, marcas de peleas y otras marcas naturales también 
ayudan en la identificación. Sin embargo, es aconsejable utilizar otras metodologías de marcaje, ya que las marcas se encuentran 
siempre presentes en todos los individuos, pudiendo repetirse y dar lugar a identificaciones confusas. En carnívoros se suelen 
utilizar etiquetas plásticas o metálicas numeradas, llamadas crotales (o caravanas), que son colocadas en la oreja del animal, 
teniendo cuidado de no interferir con la circulación sanguínea y de tratar bien la herida de la inserción de manera de evitar infec-
ciones. Existen de distintos tamaños, colores y forma, dependiendo del animal con que se trabaje. Estas marcas funcionan bien en 
estudios de captura-recaptura, recomendándose marcar ambas orejas porque pueden ser rasgadas en peleas con otros animales 
o al engancharse en la vegetación. Para el marcaje también se utilizan collares fluorescentes, útiles para animales de hábitos noc-
turnos, cuya duración e intensidad dependerá del tamaño y vida útil de las baterías. Otra opción es la de utilizar tintas, colorantes 
comerciales, pigmentos fluorescentes o máquinas de rasurar para marcar el pelaje. Sin embargo, estas marcas duran hasta que el 
animal muda el pelo. Finalmente, el uso de chips (o “transponders”) evita los problemas de los métodos convencionales, como la 
temporalidad de la marca, su pérdida y molestias ocasionadas al animal, permitiendo su identificación remota durante toda su 
vida. Su principal desventaja es su reducido rango de acción, ya que la señal debe ser leída a pocos centímetros, haciéndose nece-
saria la recaptura del animal. Además, al ser completamente imperceptibles, no permite la identificación del animal a distancia.

Para estudios demográficos o de dinámica poblacional es necesario conocer la edad de los individuos con que se trabaja. 
Sin embargo, aún en casos en donde los individuos pueden ser examinados cuidadosamente, su edad exacta es difícil de deter-
minar. En muchas especies sólo se reconocen grupos etarios, y a veces sólo se distingue entre maduros e inmaduros. En general, 
características externas fácilmente identificables en terreno como tamaño, peso, coloración y conducta son buenos criterios para 
estimar la edad en la mayoría de los carnívoros. La confiabilidad en la estimación dependerá de la experticia de los investigadores 

Tomado de: N. Lagos & R. Villalobos (2017) Técnicas de estudio de carnívoros terrestres. En: A. Iriarte & F. Jaksic, Los carnívoros de Chile. Fauna & Flora / Centro UC CAPES, SanOago, Chile
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Captura: Anestésicos



Instalación

Manipulación

Captura: disposición de trampas y manipulación de micromamíferos

• Abundancia absoluta
• Uso del hábitat, 

movimientos
• Comportamiento, 

ac9vidad y fisiología
• Demogra?a e historia de 

vida

Información

• Ac9vo 
• Trampeo generalmente 

dirigido o sistemá9co

Diseño

• Esfuerzo alto a muy alto 
(hs/hombre)

• Áreas pequeñas
• Costo alto a muy alto

Desventajas

• Información muy 
detallada, fuera del 
momento de la captura

• Iden9ficación confiable

Ventajas

Captura + Telemetría



Fig 2. Location of two sites in northern Australia where video-camera collars for visualising and estimating dog-to-dog contacts were trialled on
community dogs.

https://doi.org/10.1371/journal.pone.0181859.g002

Fig 3. Habitat use identified from dog ID130, with attached video cameras in Seisia, the Northern Peninsula Area (NPA) of Cape York, Queensland.
The study was conducted during September 2014. Images include: (a) beach (b) surrounding bush land, (c) urban (road) environment.

https://doi.org/10.1371/journal.pone.0181859.g003

Estimating contact rates between free-roaming domestic dogs using novel miniature cameras

PLOS ONE | https://doi.org/10.1371/journal.pone.0181859 July 27, 2017 5 / 16

currently face. Finally, tracking data should be
made easily available to policy-makers, conserva-
tion organizations, and other scientists via online
data repositories such as Movebank, EuroDeer, or
WRAM (21–23). These archives for animal move-
ment data can greatly increase the scientific return
on investment and promote animal welfare by
reducing the need for new data collection.

Detailed data, diverse questions

Early ecology papers using VHF tracking typi-
cally addressed questions of animal home range
size and habitat preference (24). High-resolution
location data and sensor streams allow scientists
to consider the ultimate behavioral and ecolog-
ical mechanisms that underlie these movements,
as well as the proximate internal and external
factors that direct them (Fig. 4). There has also
been a new push to identify the consequences of
movement decisions, not only for individual ani-

mals, but also for the populations they connect
and the ecosystems they move through.

Describing movement and its causes

As the spatial accuracy and temporal resolution
of tracking data increase, we can obtain a more
process-relevant picture of animal movement.
These fine-grain data have opened up new re-
search questions and also forced the develop-
ment of new metrics and models to describe
phenomena and test hypotheses. The advance of
“big tracking data” has led to the ultimate vision
of highly predictivemodels of animalmovement.
Such models are dearly needed by conservation
managers working on habitat restoration pro-
grams, global change biologists, and intergovern-
mental agencies trying to predict the movements
of problem animals such as desert locusts or
queleas (25) or diseased animals such as ducks
carrying avian influenza (26).

The large, continuous data streams frommod-
ern GPS tracking tags have revolutionized the
study of animal space use, not only through the
sheer size of data sets (3) but also by revealing an
entirely new source of biological information
about animal behavior that comes from connect-
ing sequential movement steps. Repeat locations
along a movement trajectory are inherently non-
independent; traditional analytical approaches
attempted to factor out this interdependence be-
fore describing an animal’s space use (27).Modern
approaches leverage new biological understand-
ing from this autocorrelation by integrating space
and time to test hypotheses about animal move-
ment (28). Other approaches use high-resolution
movement andaccelerometer information to char-
acterize behaviors, providing deeper insight and pre-
dictions intowhy animals visit different areas (15).
Deducing habitat preferences remains a prior-

ity for many tracking studies. Step-selection
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Hierarchical pigeon flocks

A| Collective motion
Migrating bird mortality

B| Life history
Hornbill seed dispersal

C| Ecosystem services

Monkey fights

D| Social behavior
Fisher corridor use

E| Conservation behavior
Cougar hunting

F| Ecophysiology
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Fig. 4. Discoveries from tracking data. High-resolution animal tracking is
leading to important discoveries in a variety of fields. (A) Studies of leadership
in flocking pigeons documented a consistent hierarchy in following behavior, as
representing by the gray lines (100). (B) Determining where migratory birds
died showed that mortality rate was six times higher during migration than
during the breeding orwintering groundsand thatmost of the 15 deaths (green
lines) occurred in the Sahara desert (46). (C) Tracks of large hornbills in South
Africa (red lines) showed that they move between scattered fragments of
natural vegetation (green patches), moving seeds with them, and highlight
the importance of networks of smaller forests acting as stepping stones to
connect far-flung larger forests (116). (D) Simultaneous tracks of competing

monkey groups allowed researchers to document the winners and losers of
territorial contests and discover a substantial home-field advantage that
allows smaller groups to fend off more numerous competing groups closer to
the center of their range (93). (E) Fishers (red lines) moving through sub-
urban Albany, New York, were found to repeatedly use movement corridors to
connect smaller forest fragments (green area) into home ranges that were
large enough to sustain their hunting needs (15). (F) Accelerometers com-
binedwith GPS tags allowed ecophysiologists to quantify the energy expended
(arrows show direction of travel, and colored lines the animal’s energy ex-
penditure) by cougars attacking prey and show the cost of targeting large
prey (inset graph) (80).
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of data management and analysis must first be
overcome.
The future of animal tracking will see smaller

tags collecting more data, less invasively, on a
greater variety of animals. In addition to GPS
tags, these could include a series of intercon-
nected sensors to understand internal physiolog-
ical state and decision-making (5), similar to the
body-area sensor networks currently being pio-
neered in human subjects (6). Finally, we expect
select cases of massive multi-animal tracking to
reveal the details of interactions among and
within species and also offer distributed moni-
toring of our changing environment.

Tracking technology: Advances in
GPS and sensor technology

Although scientists have been using electronic
tags to track animal movement since the 1960s
(7), data from these early studies were sparse
because of the manual labor needed to find and
record animal locations. The first automated track-
ing tags worked with the Argos satellite network
but were expensive and relatively inaccurate (8).
Since the U.S. Department of Defense stopped its
policy of degrading the accuracy of civilian GPS
receivers in 2000, however, the field of animal
tracking has exploded. Large-scale consumer
electronics demand has driven the development
of smaller batteries and cheaper, more energy-
efficient microprocessors, allowing GPS tracking
to be an option for most medium- or large-sized
vertebrates (Fig. 2). In the last few years, tracking
technology has passed important thresholds in
both size and temporal resolution of data collec-
tion (Fig. 3) and is revolutionizing our under-
standing of animal ecology.
Locating animals remains the primary objec-

tive of most animal tracking studies, although
tracking tags now typically incorporate a variety
of other sensors to help monitor the animal and
its environment. Three-axis accelerometers built
into tags can be used to continuously describe be-
havior and energy use over an animal’s entire
lifetime (9) by measuring fine-scale body move-
ments. Implanted electronics can record heart
rate, electroencephalographic (EEG) activity, inter-
nal temperature, and other physiological param-
eters (10, 11). Animal-mounted cameras are also
now small enough to be useful on terrestrialmam-
mals and birds, adding new perspective and in-
sight to themotivations of animal movement (12).

Data in real time

Real-time acquisition of data on the movement
and behavior of tagged animals is fundamentally
changing the ways that scientists, managers, and
conservation groups use animal-tracking infor-
mation. Recovering data from animal-borne sen-
sors has been one of the enduring challenges of
bio-logging: Until recently, study animals had to
be recaptured to access the data stored in their
tag’s onboard memory. This led to high rates of
data loss; for example, 11% of store-on-board
GPS tags used in one set of mammal tracking
studies were never recovered (13), and this sta-
tistic is presumably worse for migratory birds.
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Fig. 2. Tagging animals with technology. Diverse species require diverse tracking technology and at-
tachmentmethods, including harnesses, collars, and EEGmonitors: (A) commoncuckoo (Cuculus canorus),
(B) northern tamandua (Tamandua mexicana), (C) fisher (Pekania pennanti), (D) great egret (Ardea alba),
(E) three-toed sloth (Bradypus variegatus) with a collar and EEGmonitor (F), lion (Panthera leo), (G) olive
baboon (Papio anubis), (H) plains zebra (Equus quagga), and (I) Lyle’s flying fox (Pteropus lylei).
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Kays et al. 2015. Terrestrial animal tracking as an eye on life and planet. Science 348:aaa2478. 

possible. The remainder of the cats were sterilized, vaccinated, and
returned to their site of capture. They are currently maintained within
designated colonies through daily feeding and monitoring by the TNR
manager or his employee. New cats that cannot be adopted or socialized
are added to colonies following vaccination and sterilization. They do
not receive additional vaccines. The cats were fed daily around the
same time, and provided with medical care if needed. We outfitted cats
with KittyCams from May to December 2014 and again from February
to August 2015. Previous research noted above, as well as our Kittycam
work with pet cats, demonstrated that most activity takes place during
warmer seasons, February through November (Loyd et al., 2013a). We
placed cameras on cats by quickly scruffing habituated cats and slipping
the collar over the head. All procedures received approval from the
University of Georgia’s Institutional Animal Care and Use Committee
(AUP #A2010 05-091-Y3-A0).

We outfitted 31 individuals with cameras (17 male, 12 female). Cat
colonies were located at various forested and suburban spots on Jekyll
Island (Fig. 1). Sites located in suburban neighborhoods were categor-
ized as “developed” whereas those in close proximity to natural forest
or beach were labeled “undeveloped.”

2.4. Video analysis

We collected and analyzed 681 h of video and used a total of 645 h
in analysis (after removing data where camera malfunctions could skew
the activity budget calculations). We collected an average of 22 video
hours (range 3.8–60 h) from each cat, depending on how frequently the
cat could be handled. The data represents a relatively complete account
of cat behavior for a 24-h period, with cameras deployed on sampled
individuals in the morning before feeding times and removed the fol-
lowing day at feeding time. While reviewing video, we calculated how
much time the cats spent in active or inactive states. We used defini-
tions described by Stanton et al., 2015 as a guideline (Table 1). Active
states included eating/drinking provided food, hunting, and roaming.
Roaming was defined as any movement such as walking, running, and
interacting with other cats or wildlife. Hunting included stalking,
chasing, batting, harassing, pouncing, eating prey, or playing with prey.
Inactive states included sleeping, grooming, and resting.

We also specifically examined interaction events with wildlife.
Interactions with other animals included encounters where the cat was
aware that the other animal was present (for example, lifted its head
and looked at the other animal). Interaction events included: watching,
pursuing, approaching, avoiding/fleeing, attacking, fighting, eating or
drinking in close proximity, and anything else eliciting a response from
the cat that was unrelated to hunting. Interactions lasted from a few

seconds to over 30min. We recorded the time of day and the species
involved in each interaction. Since non-predatory interactions were our
focus for this study, we only counted interactions between cats and
larger or like-sized animals. In order to understand if the cat interac-
tions with wildlife correlated with feeding-site activity, we compared
the frequency of interactions around the colony sites during a desig-
nated feeding period to interspecies interactions recorded outside of
this period. The designated feeding period was constructed by adding a
two-hour buffer before and after each colony’s 0845 h feeding time. We
considered interactions that occurred within this four-hour timeframe
to be facilitated by, or related to, the provision of food at a central
feeding station location for colony inhabitants.

2.5. Statistical analysis

We used the average percent of time cats spent in alternative states
of behavior to compare activity by age, sex and location. We tested for
association among numerical variables using Pearson correlations (time
spent in alternative behaviors, cat age), then used these variables with
cat sex and colony location (developed or undeveloped), as potential
predictors in a general linear regression model (95% confidence level)
with percent of time roaming as the response. In our second regression
model, we used the average percent of time cats spent hunting as a
response. We investigated differences in behavior by location (colonies
close to undeveloped natural area or located within a developed, more
urban/suburban area of the island). Fifteen cats had deployments over
two seasons. We used a Wilcoxon signed ranks test (95% confidence
interval level) to determine whether there was a difference in percent of
time spent roaming between two seasons for these fifteen cats. We used
circular statistics to examine timing of frequent cat-wildlife interac-
tions. Circular statistics are used to analyze variables that are cyclic in
nature, like directional data (Mardia, 1975). Time of day data is also
cyclic and we used these analyses to compare the frequency of inter-
actions around the TNR feeding stations during a designated feeding
period to interspecies interactions recorded outside of this period. The
designated feeding period was constructed by adding a two-hour buffer
before and after each colony’s 0845 h feeding time. Interactions that
occurred within this four-hour timeframe were considered facilitated
by, or related to, the provision of food at a central feeding station lo-
cation for colony inhabitants. We used the Rayleigh test to investigate
whether timing of cat-wildlife interactions was uniform in distribution
or whether frequencies exhibited a pattern.

3. Results

3.1. Stray cat activity patterns

We were able to use video collected from 152 camera deployments
on 26 individual cats for behavior analysis. Deployments with less than
2 h of recording due to malfunction were eliminated, and three of our

Fig. 2. A colony cat fitted with a National Geographic Kittycam on Jekyll Island, Georgia,
USA 2014.

Table 1
Ethogram of behaviors observed in free roaming cats on Jekyll Island, GA.

Modifier Description

Active States
Hunting Actively pursuing/stalking/harassing live prey
Eating/Drinking Ingesting food/water provided by humans
Roaming Walking/running/interacting with cats or wildlife in non-

predatory way
Inactive States
Sleeping Lying still with minimal movement and not easily disturbeda

Grooming Cat cleans itself by licking/biting/chewing its fur
Resting Cat is not moving but is alert and easily disturbed

a time the camera is off is assumed equivalent to sleeping because the motion sensor is
not triggered.
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Biologging

• Ocurrencia
• Abundancia Rela0va
• Uso rela0vo del hábitat
• Comportamiento

Información

• Registro casual
• Prospección sistemá0ca 

pasiva (Conteo en transectos
o grillas)

• Prospección sistemá0ca 
ac0va (Huelleros con/sin 
cebo)

Diseño

• Dependencia de sustrato 
y clima

• Dificultad para diferenciar 
especies

• Generalmente, no 
dis0ngue individuos

Desventajas

• Bajo costo
• Bajo esfuerzo 

(horas/hombre)
• Aplicabilidad sobre 

grandes áreas

Ventajas

Registros Indirectos: Huellas



Registros Indirectos: Huellas

• Ocurrencia
• Abundancia Rela0va
• Uso rela0vo del hábitat
• Comportamiento (e.g. 

dieta, reproducción)
• Generalmente 

complementario

Información

• Registro casual
• Prospección sistemá0ca 

pasiva (Conteo en 
transectos, grillas o áreas)

• Prospección sistemá0ca 
ac0va (uso de refugios 
ar0ficiales)

Diseño

• Dependencia del 
ambiente

• Dificultad para diferenciar 
especies

• Generalmente, no 
dis0ngue individuos

Desventajas

• Bajo costo
• Bajo esfuerzo 

(horas/hombre)
• Aplicabilidad sobre 

grandes áreas

Ventajas

Registros Indirectos: otros indicios de presencia



Fecal:
Ø Estudios de Biodiversidad (iden1ficación de especies, 

ADN del hospedador en células epiteliales del intes1no, 
ADN de la flora bacteriana)

Ø Estudios Poblacionales (ADN microsatélite, células 
epiteliales del intes1no, combinado con captura-
marcaje-recaptura)

Ø Estudios Epidemiológicos (ADN parásitos)

Ambiental:
Ø Estudios de Biodiversidad (iden1ficación de especies, 

combinados con herramientas de metagenómica son 
tremendamente poderosos)

Ø Estudios Poblacionales (ADN microsatélite, dis1ntas 
fuentes, incluyendo material bió1co, abió1co y otros 
organismos)

Registros Indirectos: ADN Fecal y Ambiental

• Ocurrencia
• Abundancia rela/va 

(potencialmente absoluta)
• Uso rela/vo del hábitat
• Comportamiento

Información

• Ac/vo (cebo) o Pasivo 
• Oportunista, sistemá/co, 

aleatorio
• Transectos, grillas

Diseño

• Costo moderado a alto
• Gran can/dad de 

información a procesar

Desventajas

• Información detallada
• Iden/ficación 

mayormente confiable
• Esfuerzo medio
• Áreas rela/vamente 

extensas

Ventajas

Sensores Automá/cos



Trampas Cámara

Trampas Cámara: detección vs. registro



Broadley, K., Burton, A. C., Avgar, T., & Bou6n, S. (2019). Density-dependent space use 
affects interpreta6on of camera trap detec6on rates. Ecology and evolu.on, 9(24), 
14031-14041.

La disposición de la cámara en la estación de fototrampeo, y la abundancia, ámbito de hogar y tasas de 
movimiento de los individuos pueden afectar su tasa de registro. 

Trampas Cámara: tasas de registro

La distancia entre cámaras depende del obje3vo del 
trabajo.
Ø Ocupación (‘ocupancia’), distribución, uso de hábitat: 1 o 2 

veces el diámetro máximo promedio del territorio o área de 
acción (home-range)

Ø Uso de microhabitats, abundancia (métodos de captura-
recaptura espaciales): 2 o más cámaras dentro de un home-
range ”Hpico”.

Ø Combinación de usos en diseños agregados, esquemas 
mul3nivel.

Ejemplo: relevamiento de pumas, Norte de Chile. Figure 1.1: Camera-trap spacing and the spatial closure assumption. Black circles represent camera-trap stations,
coloured shapes represent animal movement patterns. For occupancy and N-mixture analysis, only one station should be
within the home range of the target species (species A and B). For spatial capture recapture, multiple stations should be
within the home range of the target species (species C).

zie et al., 2002).This means that the spacing between
camera-traps should be larger than the home range di-
ameter of the species of interest (Figure 1.1). Studies
on multiple species will require a compromise, which
may necessitate removing some species from subse-
quent analyses, or employing more complex analytical
methods accounting for lack of spatial independence.
For example, for Southeast Asian species with large
home ranges – such as large carnivores, elephants,
and even wild pigs – spatial independence will be
difficult to achieve. In our studies, we used a 2.5 km
spacing, which ensured spatial independence of all
but a few species in our study sites. Spatial capture-
recapture, on the other hand, requires that individu-
als are photographed across multiple stations (Royle,
2004; Royle & Young, 2008). In this case, it is neces-
sary to have multiple cameras within the home range
of the species of interest (Figure 1.1). Again, exact
spacing will depend on the movement behaviour of
the focal species. Camera-trap spacing will be close
for species with small home ranges and wider for
wide-ranging species.

All three analyses require minimizing the proba-
bility that the population changes within the sampling
period through births and deaths or immigration and
emigration (see MacKenzie et al., 2002; Rota et al.,
2009, for more information on the closure assump-
tion). To meet assumptions of population closure,
it is important to keep sampling periods relatively
short. Appropriate time frames will depend on the

study species. For our studies, we attempted to keep
sampling periods close to 60 days. For some sites,
particularly in the rugged terrain of Vietnam and Laos
where logistical considerations make fieldwork diffi-
cult, we used longer durations (up to 120 days).

The spatial independence considerations men-
tioned above mean, in a practical sense, that consid-
eration must be given to camera-trap station place-
ment before a survey begins. An alternative to op-
portunistic camera-trapping surveys is a standardised
or systematic approach. If the objective is to anal-
yse camera-trap data within occupancy, N-mixture or
capture-recapture frameworks, then an opportunistic
or non-standardised survey design is not appropri-
ate. Although there are different types of systematic
survey designs, one of the most widely-used is a grid-
based design. For our landscape-scale surveys, we
overlaid a 2.5 km coarse grid onto our study sites, and
placed a single camera-trap station (with two cam-
eras per station) at the centrepoint of each square
(Figure i.4 and 1.18). Spacing camera-trap stations
systematically enabled us to collect data that could
be analysed using both single-species (section 2.2,
case studies section 3.1.1, 3.2, 3.2.1, 3.2.2 and 3.2.3)
and community-level occupancy analyses (section 2.3,
case study 3.3.1). A systematic design was also used
for our studies that estimated local abundance (sec-
tion 2.5, case studies section 3.4.1 and 3.6.1) and
density (section 2.4, case studies section 3.5.1 and
3.6.1). Because density analysis requires individuals
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En: Abrams, et al. 2018. Studying terrestrial mammals in tropical 
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L. Garzón

Ejemplo de diseño agregado 
en un muestreo en curso.

Trampas Cámara: disposición, diseño de muestreo



Wearn, O. R., & Glover-Kapfer, P. (2017). Camera-trapping for conservaBon: a guide to best-pracBces. WWF conserva,on technology series, 1(1), 181.

Trampas Cámara: marcaje recaptura

Las marcas naturales permiten 
el uso de técnicas de marcaje-
recaptura sin manipulación.

También hay avances recientes 
en el desarrollos de métodos 
de es;mación de abundancia 
para individuos no marcados...

Trampas Cámara: marcaje recaptura



Técnicas alterna-vas directas: Cámaras trampa Información sobre 
comportamiento, 
estructura social, 

reproducción, 
condición corporal, etc.

Trampas Cámara: comportamiento, condición, demogra>a
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Tosa et al. Next-Generation Natural History

FIGURE 1 | Technology-fueled innovation that is allowing for next-generation natural history.

forest elephants (Wrege et al., 2017), and monitoring the impacts
of anthropogenic noise on terrestrial and marine communities
(Hatch et al., 2012).

A major advantage of next-generation natural history is
that these sensors collect data on entire ecosystems including
the biotic and abiotic components. Since these sensors create
permanent records of images and sounds, data can be extracted
later using continually improving methods, even if the study

FIGURE 2 | Conceptual framework of the scientific method where
observations both form the foundation of ecological theories through inductive
reasoning and serve as the validation of ecological theories through deductive
reasoning.

was only designed to monitor a single target species (Ru�
et al., 2020). Due to the ability to detect multiple species, these
sensors are increasingly utilized to monitor species interactions
and communities. Remote cameras have been used to identify
pollination services provided by bats (Frick, 2013), the relative
seed dispersal services provided by bears and birds (Harrer and
Levi, 2018; Figure 4F), small mammal foraging activity and
behavior as secondary seed dispersers from bear scats (Shakeri
et al., 2018), otherwise unobservable predator-prey interactions
in the tree canopy (Linnell and Lesmeister, 2020), and patterns
of species coexistence and partitioning (Lesmeister et al., 2015).
Auxiliary data from camera trapping can provide information
on the phenology of plants, daily temperature, and snowpack
(Hofmeester et al., 2019), which can be used to study climate
change. Passive acoustic monitoring is particularly well-suited
for large-scale multi-species biodiversity monitoring (e.g., Furnas
and Callas, 2015; Rich et al., 2019). These natural history datasets
allow us to investigate landscape-scale questions such as the
impacts of anthropogenic activities on the environment and
wildlife. One example is soundscape ecology, which focuses on
using acoustic indices to infer ecosystem status independent
of species identification. Soundscape ecology has been applied
to human well-being (Pijanowski et al., 2011), assessments
of noise pollution on protected areas and endangered species
(Buxton et al., 2017), and the creation of rapid and non-invasive
biodiversity indices (Ross et al., 2018).

A key challenge associated with surveys using non-invasive
sensors is that they generate a massive amount of data, which has
necessitated parallel advances in computer processing (Teixeira
et al., 2019). Whereas an increased e�ciency of data collection
would generally constrain the storage, processing, analysis, and
sharing of large datasets, advances in artificial intelligence (e.g.,
computer vision and deep learning), and high-performance
computers have demonstrated the capability to relieve some

Frontiers in Ecology and Evolution | www.frontiersin.org 3 July 2021 | Volume 9 | Article 698131
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Nuevas tecnologías (e.g. =pos de disposi=vos, capaceidades e intercomunicación de los mismos), generan abren 
nuevas posibilidades y generan desaIos (e.g. manejo de la información, aspectos é=cos). 

Trampas Cámara: automa=zación, nuevas tecnologías



Involucramiento Social: Ciencia Ciudadana

Recolección y análisis de heces
Ø Recolección de heces: 

- Con guantes de látex, ambientes abiertos, evitando contacto.
- Depositadas en bolsas hermé=cas, rotuladas.
- Almacenamiento del material congelado. 

Ø Tratamiento en gabinete (laboratorio húmedo):
- Manipulación con guantes de látex y mascarilla.
- Disgregación en agua =bia con detergente y cloro.
- Lavado y tamizado bajo grifo.
- Secado sobre papel absorbente, a la intemperie o en estufa (60ºC).

Ø Determinación de dieta:
- Separación de restos diagnós=cos no digeridos en lupa estereoscópica 

(guantes + mascarilla).
- Comparación de partes duras con claves y material de colección.
- Preparados microscópicos de pelos decolorados e improntas sobre 

gela=na o esmalte transparente. 

Estudios dietarios 



Técnicas Moleculares

Estudios dietarios 

Presas grandes

Alto % digerible

Subes3mación

Atención especial

Detectabilidad: fuente  importante de sesgos al cuan3ficar composición de la dieta.

Dificultad de detección

Presas pequeñas
(restos diagnós3cos pequeños)

Baja visibilidad
Perdida durante tamizado

Recolección y análisis de heces

Estudios dietarios 



Frecuencia Numérica Rela/va (FN)
nº items presa de la categoría

nº items presa totales

Frecuencia de Ocurrenco (FO)
nº heces posi/vas para la categoría

nº de heces totales

Proporción de individuos 
depredados 

de cada categoría presa

Regularidad (“asiduidad”) 
del consumo de cada 

categoría 

Sensible a diferencias en 
detectabilidad, tendiendo a 
subes/mar presas grandes 

con pocos restos no 
digeridos (e.g. carroña) 

Subes/ma la importancia 
de presas agregadas 

temporal/espacialmente

Tiempo/espacio

Recolección y análisis de heces

Estudios dietarios 
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