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RESUMEN

Centrolene savagei hace parte familia Centrolenidae y es una especie endémica
de Colombia. Se caracteriza por ser una rana pequefia, de color verde pélido, con
puntos azules, verdes y blancos en el dorso, por la ausencia de espina humeral,
rostro redondeado y por la presencia de una linea labial blanca bastante visible.
Esta especie presenta cuidado parental sobre las posturas, siendo protegidas por
los machos los cuales se ubican directamente sobre ellas. Con el objetivo de
cuantificar el estado de las poblaciones de Centrolene savagei y evaluar algunos
aspectos ecoldgicos de esta especie en las Cordilleras Central y Occidental de
Colombia, haciendo énfasis en las estrategias de cuidado parental de las posturas
gue exhiben los machos de esta especie y la tendencia de los individuos a perchar
en alturas superiores a 2 m del suelo, se realizaron muestreos en 8 localidades
donde se encuentra reportada la especie. Se utilizé la técnica de captura-
recaptura para estimar el tamafio poblacional en cada una de las localidades, y se
tomaron registros de sexo y estado reproductivo de los individuos, nimero de
posturas y numero de huevos por postura con el fin de estimar la fertilidad y éxito
reproductivo de cada poblacion. Se evaluo la presencia de cuidado parental
durante diferentes horas del dia y de la noche, con el fin de determinar la variacion
de dicho comportamiento en la especie; asi mismo se registraron datos de
temperatura, humedad relativa, precipitacién, radiacion y cobertura vegetal en los
sitios de postura con el propdsito de evaluar su relacion con la presencia o
ausencia del macho. Por ultimo, se evaluoé la seleccion vertical de habitat por parte
de esta especie. Se registro la presencia de la especie en 6 de las 8 localidades
estudiadas, lograndose estimar el tamafio poblacional solo para 3 de ellas. Los
machos de Centrolene savagei presentan una preferencia significativa por sitios
de percha entre 0.1-2.0m de altura, y las posturas se encuentran principalmente a
alturas entre 1.5-2.0m; las hembras por su parte permanecen a alturas superiores
a los 6 metros y solo bajan para la reproduccion. El tamafio de las posturas no

guarda relacion alguna con el sitio de ovoposicion, por el contrario, puede estar



asociado a otras variables no evaluadas. Se presenta una gran tendencia al
cuidado de las posturas por parte del macho, sin embargo, el cuidado tiende a ser
menor en las horas del dia; pese a esto, la presencia o ausencia del macho, no

esta relacionada con las condiciones climaticas o ambientales de cada localidad.

Palabras clave: Anfibios, Centrolenidae, tamafio poblacional, sitio de oviposicion,
cuidado parental



1. INTRODUCCION

Colombia presenta gran diversidad de fauna de anfibios albergando cerca del 14%
del total de especies registradas en el mundo, siendo considerado uno de los
paises mas ricos en especies de anuros (Glaw & Koéhler 1998, Lynch 1998,
Acosta-Galvis 2000, Arroyo et. al. 2003). Probablemente, esta alta diversidad de
anfibios es el resultado de una sinergia de factores como la posicidén geografica, la
pluviosidad y la complejidad orografica del pais, condicion que genera una amplia
gama de hébitats 6ptimos para el desarrollo de esta fauna (Acosta-Galvis 2000,
Galeano et. al. 2006, Garcia-R et. al. 2007).

La familia Centrolenidae es un grupo de anfibios se caracterizan por presentar una
coloracion verde pélida en el dorso, y una piel muy fina y traslucida en el vientre,
que permite ver la mayoria de sus 6rganos internos (Cisneros-Heredia &
McDiarmid 2007). De acuerdo con Guayasamin et. al. (2009) este es uno de los
grupos de anuros neotropicales mas interesantes, debido a su morfologia y a sus
caracteristicas ecolégicas y de comportamiento. Actualmente, se han reportado
mas de 74 especies para Colombia (Frost et. al. 2015) aunque se cree que existen
mas especies aun no identificadas en las areas boscosas remanentes del pais, en

donde la fauna presente ha sido poco estudiada (Ruiz-C & Lynch 1997).

Los centrolénidos son especies territoriales y no permiten que otros machos
cantores estén cerca de su percha de canto, por ello, con el objetivo de defender
su territorio, presentan vocalizaciones de advertencia e incluso pelean entre
machos de la misma especie (Restrepo & Naranjo 1999). Dentro de este grupo
taxonémico, Centrolene savagei (Ruiz & Lynch 1991) es una especie endémica de
Colombia, que se caracteriza por presentar un tamafo pequefio, una coloracion
verde con puntos verdes y blancos en el dorso, por la ausencia de espina humeral,
por la presencia de dientes en el vomer, rostro redondeado, y por la presencia de

linea labial blanca bastante visible. Esta especie depende totalmente de la



presencia de agua para su reproducciéon (Lynch 1979), motivo por el cual se
encuentran con frecuencia en la vegetacion aledafia a las fuentes de agua de los

bosques (Ruiz & Lynch op. cit., Vargas-Salinas et. al. 2007, Quintero et. al. 2008).

El cuidado parental tiene lugar cuando cualquiera de los padres incrementa las
oportunidades supervivencia y crecimiento de sus crias, usualmente a costa de su
propia supervivencia y oportunidades de reproduccion (Crump 1995). En cerca del
10% de las especies de anfibios ha sido reportado cuidado parental, y alrededor
del 50% de los centrolenidos presentan este comportamiento (McDiarmid 1975,
Deutel et. al. 2011, Vargas-Salinas et. al. 2014, Crump 1995). A pesar que los
anuros pueden presentar diferentes tipos de cuidado parental, tales como
transporte de los huevos, cuidado de los huevos, cuidado de los renacuajos,
transporte de los renacuajos o alimentaciéon de los renacuajos, se ha establecido
que el mas comun en este grupo corresponde al cuidado de los huevos durante
las etapas del desarrollo mas vulnerables, lo que puede implicar mayores tasas de
mortalidad (Vockenhubert et. al. 2009, Lehtinen & Georgidis 2012, Crump 1995).

En particular Centrolene savagei desarrolla cuidado parental sobre las posturas,
siendo protegidas por los machos, los cuales se ubican directamente sobre ellas.
Dichas posturas son depositadas mayoritariamente sobre el haz de las hojas de la
vegetacion de sotobosque lo cual facilita la identificacion de las mismas y la
respectiva asociacion al “padre” (Vargas-Salinas et. al. 2014). Sin embargo, y
dadas las diferentes alteraciones en los habitats, los registros de Centrolene
savagei han venido disminuyendo paulatinamente, lo que sugiere una reduccién
significativa de sus poblaciones, razon por la cual desde el 2004 se encuentra

catalogada como especie vulnerable por la UICN (Castro-H & Bolivar-G 2010).

Poblaciones de Centrolene savagei han sido registradas en localidades en las
Cordilleras Central y Occidental de Colombia, especificamente en los

departamentos de Antioquia, Quindio, Risaralda, Caldas, Valle del Cauca y Tolima



(Ruiz-C & Lynch op. cit., Vargas-Salinas et. al. op. cit., Cadavid-C et. al. 2005,
Castro-H & Vargas-Salinas 2008, Rojas-M et al. 2011, Diaz-G et. al. 2013, Luna-
Mora 2011, Escobar-Lasso & Rojas-Morales 2012, Prado-Safiudo 2011,
Guayasamin et. al. 2008). Como la mayoria de los anfibios, las poblaciones de
Centrolene savagei son afectadas principalmente por las modificaciones en el
hébitat, siendo las causas principales la tala de los bosques para la agricultura y la
contaminacion ambiental (Blaustein & Kiesecker 2002, Blaustein et. al. 2001,
Corredor et. al. 2010).

Recientemente, fue registrada la ausencia de cuidado parental por parte de los
machos de Centrolene savagei durante las horas del dia en la localidad del Alto
del Otofio, municipio de Cali (Prado-Safiudo 2011). Este cambio en el
comportamiento descrito para la especie, también fue registrado en la cordillera
Central, e incluso se detect6é un incremento en la altura de la percha de canto,
posiblemente asociado con cambios en las condiciones del habitat (Vargas-
Salinas et. al. 2014, Prado-Safiudo Obs. Pers.).

Centrolene savagei es una especie de la cual todavia existen muchos vacios en el
conocimiento de su biologia y ecologia. Aspectos generales que son esenciales
para fortalecer los procesos de valoracion del grado de amenaza que enfrenta la
especie, como por ejemplo, el tamafio de sus poblaciones, aun son desconocidos.
Como cualquier especie de anuro, Centrolene savagei responde de manera
especifica y Unica a las condiciones de su entorno, por lo tanto cualquier esfuerzo
de conservacion requiere de un conocimiento detallado del efecto que puede
llegar a tener las caracteristicas fisicas del entorno sobre las condiciones

fisiologicas y reproductivas de estos organismos.

En los bosques andinos numerosos factores han sido propuestos como elementos
determinantes del éxito de apareamiento de los anuros que alli habitan, sin

embargo, la importancia de cada uno de ellos depende principalmente de la



historia natural de le especie de interés. Considerando las caracteristicas de
Centrolene savagei, es de esperar que la variacion del cuidado parental en esta
especie dependera principalmente de las condiciones climaticas locales, siendo
una estrategia menos frecuente en aquellas areas donde se presenten
temperaturas bajas y el porcentaje de humedad relativa sea alto. Adicionalmente,
en aquellas localidades con altos grados de intervencién antropica o bosques muy
deteriorados, los individuos percharan y desovaran en alturas superiores a 2.0 m

debido a la reduccién en la disponibilidad del sustrato vegetal de menor altura.

Para responder a esta hipoétesis de estudio, en el presente trabajo se estudio de
manera sistematica las poblaciones de Centrolene savagei presentes en 8
localidades de los departamentos de Caldas, Risaralda, Quindio y Valle del
Cauca, en las cuales se evaluaron aspectos ecoldgicos de esta especie
considerando gran parte de su rango de distribucion geografica, teniendo como
objetivos especificos 1. Describir la estrategia de cuidado parental considerando el
efecto de variables bidticas y abibticas del habitat (Capitulo 3), 2. Evaluar la altura
de percha de los individuos teniendo en cuenta la estructura y caracteristicas
abidticas del dosel y la estrategia y ecologia reproductiva que exhibe la especie
(Capitulo 3), 3. Cuantificar el tamafio y describir la estructura de las poblaciones

estudiadas, y 4. Establecer los atributos de las posturas detectadas (Capitulo 4).
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ABSTRACT

Centrolene savagei (Centrolenidae) is part of the group of glassfrogs and is
endemic species to Colombia. It is characterized by a small size, a green dorsum
with dark green and white dots, lack of humeral spine and rounded snout. This
particular species has parental care of the clutches, being protected by the males
which are placed on them. In order to describe parental attendance strategies
exhibited by males of this species, we monitored eight localities in the Western and
Central Andes of Colombia, where the species has been reported. For each
individual and clutch identified we recorded height, distance to the edge, nearest
edge, and leaf area. Additionally for clutches we took into account number of eggs,
canopy cover, and presence or absence of parental care. We established that male
attendance is less common during daylight hours, and it is not related with climatic
or local environment conditions, but may be associated with other factors such as
the presence of potential predators. Centrolene savagei presents a significant
preference for laying its clutches on sites with heights between 0.1 -2.0 m above
water level, however the amount of eggs is not related with factors such as height,
leaf area, distance to the edge or nearest edge.

Key words: Amphibians, Centrolenidae, oviposition site, male attendance.



INTRODUCTION

Centrolene savagei (Ruiz & Lynch 1991) is an endemic glassfrog of Colombia that
is characterized by a small body size, green dorsum with dark green and white
dots, rounded snout when viewed dorsally, and lack of humeral spine (figure 1).
Since 2004, this species has been listed by IUCN as a vulnerable species (Castro-
H & Bolivar-G 2010, AmphibiaWeb 2015), being mainly affected by the clearing of

forests for agriculture and environmental pollution (Blaustein & Kiesecker 2002).

Currently, Centrolene savagei has been registered in the Central and Western
Andes of Colombia (Cordilleras Occidental and Central of Colombia) in the
departments of Quindio, Antioquia, Risaralda, Caldas, Tolima and Valle del Cauca
(Ruiz-C & Lynch 1991, Vargas-Salinas et. al. 2007, Cadavid-C et. al. 2005, Castro-
H & Vargas-Salinas 2008, Rojas-M et. al. 2011, Diaz-G et. al. 2013, Luna-Mora
2011, Escobar-Lasso & Rojas-Morales 2012, Guayasamin et. al. 2008). This
species lays egg clutches in the upper side of the leaves and the males exhibit
parental attendance placing themselves near to or over the clutch (Vargas-Salinas
et. al. 2007, Quintero et. al. 2008, Ruiz & Lynch 1991, Vargas-Salinas et. al. 2014).

Recently, absence of male attendance during the daylight hours was observed at
El Alto del Otofio, Cali, department of Valle del Cauca (Pers. Obs. Prado-Safiudo).
According with Delia et al. (2014), the lack of parental care in glassfrogs may
cause embryos to hatch faster. Additionally, other behavioral changes where
observed, such as the tendency of males staying and singing in leaves 3 m above
the ground (Pers. Obs. Prado-Safiudo).

Here, we examined eight populations of Centrolene savagei in the departments of
Caldas, Risaralda, Quindio and Valle del Cauca, in order to describe the changes
of parental attendance and to evaluate the tendency of staying and ovipositing at

higher levels.



MATERIALS AND METHODS

The data was collected in 8 field trips between October of 2012 and June 2013;
each field trip lasted 3 days, and was performed in one of the eight localities
established according to previous registers of the species (Table 1, figure 2).
Visual encounter survey was conducted along one creek over an established
transect of 500 meters per locality. All individuals and egg clutches were registered
and a consecutive number was assigned. Adult individuals were marked by toe
clipping. Height above the ground, distance to the edge of the creek, nearest edge
and leaf area were registered for each individual and each clutch detected.
Additionally for clutches, the number of eggs, canopy cover and presence or

absence (over night and daylight hours) of the male was registered.

In order to search individuals and clutches at heights above 3 m, 4 ascent stations
were set up along the transect, and ascent equipment was used to reach heights
up to 6 meters above the ground. During the sampling effort a data logger to

register temperature and humidity was installed in each transect.

Every sampling event occurred between 7pm and lam, and between 11am and

2pm, by two persons, for a total sampling effort of 54 hours per locality.

In order to determine if the encounters of male attendance of Centrolene savagei
were consistent with the expected according to literature (male attendance over
day and night hours) a Chi-square test was carried out and a Hotelling’s T? was
performed for evaluating if the presence or absence of parental care was
associated with biotic or abiotic variables. To determine if there was a tendency of
ovipositing at higher altitudes Chi-square test was carried out and in order to know
if there is a relationship between the number of eggs per clutch and variables such
as height, nearest edge, distance to the edge of the creek, and leaf area,

Spearman tests was used.
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RESULTS

During the sample period, a total of 49 adult individuals (462 and 39), 9 juveniles,
19 egg clutches and 2 aplexus were registered; however, registers were only found
in 6 of the 8 localities (absent in Ucumari and Florencia, table 2). Male attendance
was observed in 17 of the clutches in different ways: male over the clutch, male
next to the clutch, and male in a leaf near the clutch (figure 3); parental attendance

was also observed at different hours of the day (Table 3).

Although it was expected to find the male at different times of day, from 59
observations made to the clutches, male was present only 23 (18 over night hours,
5 over daylight hours). Only 4 of the 19 clutches (21.05%) had parental care during
daylight hours, while the 73.68% of them had care during night. For two of the
clutches parental attendance was never registered (one of them was a fully
hatched clutch) (Table 3).

According to this results, males of Centrolene savegi are not always attending their
clutches (X?=21.96, p<0.000), however, this behavior is more often during night
hours than daylight hours. It was also established that the presence or absence of
the male is not related with the nearest edge, distance to edge, height, leaf area,

temperature, humidity or canopy cover (T?=6.73, p<0.542).

All the registered clutches were located at the upper side of the leaf, with a mean
area of 639.32cm? + 970.74, a mean distance to the edge of 31.63cm + 34.16, and
a mean height of 178.1cm % 97.6. One of the clutches was fully hatched, so the
number of eggs could not be determined, the other 18 had an average size of 20

eggs + 4.14.

According to selection of ovipositing sites, it was established that Centrolene
savagei prefer to locate their clutches at heights between 0.1-2.0 meters above

ground level (X22=9.57, p<0.008), over running water. However, no significant
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relationship between the size of the clutches and height (rs=0.39, p>0.05), the area
of the leaves (rs=0.14, p>0.05), distance to edge (rs=0.04, p>0.05), and nearest
edge (rs=0.10, p>0.05) were detected.

DISCUSSION

It is known that 10% of amphibian species have parental care; males of glassfrogs
tempt to attend their eggs, especially within the genus Centrolene and
Hyalinobatrachium (Vargas-Salinas et. al. 2014, McDiarmid 1975, Deutel et. al.
2011, Crump 1995). Even though anurans may present several types of parental
care (egg transport, egg attendance, tadpole attendance, tadpole transport or
tadpole feeding), it has been established that the most common type of parental
care in this group is egg attendance, due to be the most vulnerable life stage,
which may have high mortality rates (Vockenhubert et. al. 2009, Lehtinen &
Georgidis 2012, Crump 1995).

Three main reasons have been suggested to explain the parental care in
amphibians: increase reproductive success when fertility is low, decrease
developmental abnormalities caused by yolk stratification or lack of oxygen, and
provide a more suitable micro habitat for the development of the offspring (Crump
1996, Vockenhuber et al., 2008).

According to Hayes (1991), one of the main functions of parental care in frogs is to
keep hydration of the embryos to ensure their development. However, this
behavior seems to be closely related to the climate, being more intense during dry
seasons or hot afternoons (Delia et al. 2010, 2013). Therefore, a variable parental
care may generate environmental instability during the egg stage, altering the
optimal time to hatch (Vockenhuber et al 2009, Delia et. a. 2014).

As shown, the absence of male attendance during daylight and night hours is not

related to climatic conditions of the localities, or specific characteristics of the
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ovispositing site, however it could be associated with the need of protection against
potential predators (Escobar-Lasso & Rojas-Morales 2012). The presence or
absence of the male in each clutch could be related to the risk for itself, of
remaining in the clutch, due to the presence of predators, or the low incidence of
clutches predators in the area, however it would require an extensive monitoring

strategy in order to test this hypothesis.

It is widely accepted that males of Centrolenidae family are territorial, and are the
ones that apparently select sites where the conditions may increase the survival of
the embryos (Rueda, 1994, Valencia-Aguilar et al 2012, Cabanzo et al 2013, Dias
et al 2014). In this context the results suggest that males of Centrolene savagei
preferred leaves located at heights between 0.1-2.0m maybe in order to prevent
the impact produced to tadpoles that fall from higher places, that could be a
potential threat to reproductive success.

The size of the egg clutches in frogs may vary due to external factors. However,
Duellman & Trueb (1986) identified the age, size and health of the female as the
main causes for the varying size of the clutch. Likewise, Villa (1994) presented
evidence suggesting that the size of the clutch in Centrolene group is highly
variable, due to the variation in energy investment required by the heterogeneity of
the conditions for oviposition sites. According to the results, there is no relationship
between the number of eggs per clutch and the height, area of the leaf, distance to
the edge or nearest edge, suggesting that this variation may depend on other

aspects that aren’t related with oviposition sites.

We conclude that parental attendance in Centrolene savagei is not exhibit during
all daylight and night hours, being less frequent during the day. This behavior is not
related with climatic and environmental conditions of the locality, but may be
associated with other factors such as the presence of potential predators. Males

are the ones that select and defend territories, including oviposition sites, having
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preference for those located at heights between 0.1-2.0m. When higher places are
selected, clutches tend to have greater amounts of eggs, probably to counteract

the risk of death of tadpoles.
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LOCALITY MUNICIPALITY LAT LON E P T
Alto Bonito Manizales 05°06'42.9”’N  75°30°334”W 1780 2600 18
Florencia Samanéa 05°31'41.3’N  75°02’52.0"W 1520 1460 20
La Pastora Pereira 04°42°07.0’N 75°32°04.9’"W 2100 2220 12
Santa Rosa Santa Rosa de Cabal 04°53'23.5"N  75°37'10.3"W 1650 2573 19
de Cabal
Finlandia Finlandia 04°40'57.6"N  75°38'21.2"W 1830 2515 17
Boquia Salento 04°38°'05.8"N  75°35'28.2"W 1720 1820 15
Alto el Otofilo  Santiago de Cali 03°22'21.4"N 76°36'08.1"W 1650 2000 18
Chicoral La Cumbre 03°33'44.5'N 76°35'35.1”"W 1790 1200 19
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Table 2: Number of individuals and clutches of Centrolene savagei registered at 6

localities of study.

Santa
Alto Rosa de Alto del

LOCALITY Bonito Cabal Finlandia Boquia Otofio Chicoral Total
Males 7 7 2 2 20 8 46
Females 0 2 0 0 1 0 3
Juveniles 0 0 0 1 6 2 9
Amplexus 0 1 0 0 1 0 2
Clutches 2 5 0 1 8 3 19




Table 3: Hours of male attendance over clutches of Centrolene savagei.

OBSERVATION TIME

MALE PRESENT MALE ABSENT
LOCALITY CLUTCH DURING DURING DURING DURING
DAY NIGHT DAY NIGHT
] 1 - 21:35 12:01 -
Alto Bonito
- 21:50 12:01 -
20:45
1 11:54 11:27 -
20:59
- 11:22
2 21:15 20:16
Santa Rosa - 11:20
de Cabal 11:22
3 - 21:20 20:16
11:20
20:16
4 11:22 - 11:20
21:22
5* - - 11:55 -
i 11:43 20:39
Boquia 1 - 21:36
12:39 20:17
1 - 20:30 13:56 21:11
14:01 22:57
2 - 21:30 11:52
22:36
12:25
14:03 23:09
Alto del 3 11:41 22:10 12:14 -
to de : _
Otofio 21:33
11:37
4 - 21:50 -
12:07
11:48
5 - 22:38 -
12:18
6 - 20:55 12:27 -
7 - 21:50 12:33 -
8 - 22:15 12:38 -
1 - - 10:53 19:45
Chicoral 2 - 21:25 11:00 -
3 11:00 - 11:00 21:30

*Fully hatched clutch
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FIGURE LEGENDS
Figure 1: Male of Centrolene savagei.
Figure 2: Sampled localities.
Figure 3: Types of parental attendance exhibited by males of Centrolene savagei.

a) male over the clutch, b) male next to the clutch, and c¢) male in a leaf near the

clutch.



Figure 1
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ABSTRACT

Centrolene savagei (Centrolenidae) is part of the group of glass frogs and is an
endemic species to Colombia. It is characterized by a small size, a green dorsum
with dark green and white dots, lack of humeral spine, rounded snout and white
stomach and rectum. This species has been registered in the Central and Western
Andes of Colombia (Cordilleras Occidental and Central of Colombia) in the
departments of Antioquia, Quindio, Risaralda, Caldas, Tolima and Valle del Cauca.
In order to determine the population status and sizes of the species in the Western
and Central Andes of Colombia, we performed 8 field trips in 8 different localities of
four departments (Valle del Cauca, Quindio, Risaralda and Cauca) where
Centrolene savagei was previously reported. Visual encounters were performed in
order to register individuals and egg clutches of the species. We determine that the
species was present in 6 of the 8 studied localities (absent at Ucumari and
Florencia), showing apparently stable populations. The population size was only
estimated for three localities (Alto del Otofio, Chicoral, and Santa Rosa),
suggesting that a higher sampling effort is needed in order to obtain more accurate
information about these populations (Finlandia, Boquia and Alto Bonito). Male

individuals and clutches are usually found between 1.5-2.0 meters, while female
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individuals stay most of the time above 6.0 meters height, and only go down for

reproduction.

Key words: Amphibians, Centrolenidae, population size, capture-recapture, perche

site.

INTRODUCTION

The family Centrolenidae is a clade of anurans, commonly known as glassfrogs,
endemic to the Neotropical region, occurring from southern Mexico through Central
America and into South America mainly through the Cordillera de Los Andes from
Venezuela to Bolivia, with species in the Amazonas and Orinoco River basins, the

Guayana Shield region, eastern Brazil, and northern Argentina (Frost 2014).

Considerable advances in phylogenetic knowledge of the family Centrolenidae
have been achieved; but the natural history, ecology, and conservation status of
most species are virtually unknown (Cisneros-Heredia & McDiarmid 2003, 2004).
Actually, of the 153 species of glassfrogs, 74 have been reported in Colombia
(AmphibiaWeb 2015). One of this is Centrolene savagei (Ruiz & Lynch 1991), an
endemic species to Colombia that is characterized by a small body size, green
dorsum with dark green and white dots, rounded snout when viewed dorsally, and
lack of humeral spine (Ruiz & Lynch 1991). Since 2004, this species has been
listed by IUCN as vulnerable (Castro-H & Bolivar-G 2010, AmphibiaWeb 2015),
being mainly affected by the clearing of forests for agriculture and environmental

pollution (Blaustein & Kiesecker 2002).

Centrolene savagei has been reported from the Central and Western Andes of
Colombia, in some locations of the departments of Antioquia, Quindio, Risaralda,
Caldas, Tolima and Valle del Cauca (Ruiz-C & Lynch 1991, Vargas-Salinas et. al.
2007, Cadavid-C et. al. 2005, Castro-H & Vargas-Salinas 2008, Rojas-M et. al.
2011, Diaz-G et. al. 2013, Luna-Mora 2011, Escobar-Lasso & Rojas-Morales 2012,
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Guayasamin et. al. 2008). However, population sizes have not been estimated yet
although this is a main ecological index in order to determine the conservation
status for an species. In this paper, we used capture-recapture techniques in order
to estimate the population size of Centrolene savagei population in the localities

where it has been previously reported.

MATERIALS AND METHODS

Capture-recapture data were collected in eight field trips carried out between
October 2012 and June 2013. Field trips were performed in eight different localities
within Western and Central Andes of Colombia (Table 1), each field trip lasted 3
days long, and every locality was sampled once. In each locality, a 500 m transect
was established along a creek, and a visual encounter survey was carried out at
night by two observers during four hours during night, and 1.5 hours during

daylight. The effective effort was equivalent to 33 hours per locality.

All individuals detected were marked with a consecutive number using the toe
clipping techniques. A recapture history for each locality was assemblage from the
subsequent surveys. Taking into account the short sampling time, we assumed
closed population conditions and use the adjusted Lincoln-Petersen model (Ng) in

order to estimate the population size.

As no recaptures were recorded at Ucumari and Florencia, this estimation only
was carried out in the localities where the recapture was positive, and the
population size record was used in order to define the Centrolene savagei density

in these locations as individuals per hectare.

Finally, each captured individual was sexed through physical observations of
characteristics such as size and buccal slips, and the height above water level of
the perch was registered. Furthermore, all detected clutches in each transect were

marked with a consecutive number, and height above water level was recorded. In
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order to search individuals and clutches at heights above 3 m, four ascent stations
were set up along each transect, and ascent equipment was used to reach heights

up to 6 meters above the ground.

RESULTS

A total of 49 adult individuals (463 and 39), 9 juveniles, 18 egg clutches, and 2
amplexus were registered during this study. However, at Ucumari and Florencia,
no individuals of Centrolene savagei were found (Table 2). The highest abundance
was found in Alto el Otofio (21 individuals) and the lowest abundance was
recorded in Finlandia and Boquia (2 individuals, table 3). The average amount of
individuals and clutches of Centrolene savagei found per hour during the sampling
effort were 0.409 and of 0.144 respectively. Only at Alto del Otofio, Chicoral and

Santa Rosa de Cabal recapture was present (Table 3).

The estimate population size in the Alto del Otofio was 132 + 13 individuals
(density = 440 + 43 Ind/ha), followed by the population found at Chicoral with 41 +
8 individuals (density = 137 + 27 Ind/ha), and the last one found at Santa Rosa de
Cabal with 37 £ 6 individuals (density = 123 £ 20 ind/ha).

No recaptures occurred at Finlandia, Boquia or Alto Bonito. Therefore, no

estimation of population size at these localities could be done.

Adult individuals were found between 59 and 445 cm above water level, with a
mean height of 182.5 + 78.6 cm (Table 4). Female individuals were found between
114 to 124 cm above water level. Egg clutches were found at the same height

range, with a mean height of 180.7 £ 99.9 cm (Table 5).

DISCUSSION

This study provides the first quantitative assessment of population metrics of
Centrolene savagei in six localities of Colombia. This species has been classified
as vulnerable by the IUCN (Castro-H & Bolivar-G 2010, AmphibiaWeb 2015) and
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currently it has been recorded in six departments (Ruiz-C & Lynch 1991, Vargas-
Salinas et. al. 2007, Cadavid-C et. al. 2005, Castro-H & Vargas-Salinas 2008,
Rojas-M et. al. 2011, Diaz-G et. al. 2013, Luna-Mora 2011, Escobar-Lasso &
Rojas-Morales 2012, Guayasamin et. al. 2008).

Baseline population vital rates, including abundance, survival, and population
growth rates, are critical for determining extinction risk and population trends.
Mark—recapture studies are a particularly robust method for determining population
vital rates and can be used to monitor changes through time (Cole et. al. 2014).
Although, long term monitoring is essential to accurately distinguish drivers of
population dynamics, assess extinction risk and rigorously estimate population
parameters (Bonebrake et. al. 2010, Caldwell et. al. 1991), some authors like Funk
et. al. (2003) and Cole et. al. (2014) have been suggested that short-term capture-
recapture analysis, assuming closed populations, is a good method for monitoring

density of small frogs over time.

Our result suggests that some sites (e.g., Alto el Otofio) may be capable of
supporting larger breeding populations and thus have greater conservation value
for this endemic species. However, no records in some locations (e.g. Florencia
and Ucumari) where it has been previously recorded (Ruiz & Lynch 1991, Rojas-M
et. al. 2011, Prado-Safiudo 2011), suggests that the species could have been
extinguish from those areas, that the population size is to small that it requests a
greater sampling effort in order to determine their occurrences, or that the local
conditions of these areas were not the proper ones for the reproduction of the

species, decreasing the chance of visual encounters .

Unfortunately, the low rate of recaptures only allowed estimating the population
size at three locations: Alto del Otofio, Chicoral, and Santa Rosa. Populations of
Finladia, Boquia and Alto Bonito require a higher sampling effort in order to

achieve a population estimate and be able to draw more accurate conclusions.



31

However, a positive record of Centrolene savagei in all these locations, suggest
that local biotic and abiotic conditions are enough for sustaining individuals of this
specie. Furthermore, the low rate of recaptures could be associated with a low
detectability of Centrolene savegei in the study zones. It is usually common in
complex and heterogeneous systems, such as tropical forests, and may derive
from a cryptic coloration of Centroele savagei, sex behavior patterns or with a
seasonal reduced individual foraging activity and reproduction (Haddad & Giaretta
1999, Ruiz-Gutierrez & Zipkin 2011, Kajin & Grelle 2012, Maritz & Alexander
2012).

The range height of perching between1.5-2.0 meters, tempt to provide favorable
conditions to reduce predation by small terrestrial mammals on individuals or eggs,
even it does not represent a risk to the survival of tadpoles (Hampton & Otto 2014,
Cisneros-Heredia & Guayasamin 2014). On the other hand, females usually stay at
a higher level within the forest (Restrepo & Naranjo 1999, Quintero et. al. 2008),
reducing drastically its detectability by traditional sampling methods. However, it is
important to emphasize that, despite the ascents made with the equipment
(reaching heights of up to 6 meters), no females of the species were found
between 2.0-6.0 meters high, suggesting that females preferred perches above 6
m height, getting down only for reproduction (Quintero et al. 2008)., that females
usually migrate to the inner part of the forest, or that other sampling techniques are

required in order to improve the results.

We conclude that Centrolene savagei has apparently stable populations at four
departments of Colombia (Valle del Cauca, Risaralda, Quindio and Caldas). We
were able to report the size and density of the population in three locations (Alto
del Otofio, Chicoral and Santa Rosa de Cabal), in five other locations, it is required
to increase the sampling effort in order to define the Centrolene savagei vital rates.

At two locations (Florencia and Ucumari) where this species has been previously
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recorded, it seems that is no longer there. However, further studies are needed in
order to determine the complete absence of the species at these localities.
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Table 1. Localities. LAT: latitude, LON: Longitude, E: Elevation (m above sea

level), P: mean precipitation (mm/year), T: mean temperature (°C)

LOCALITY MUNICIPALITY LAT LON E P T
Alto Bonito Manizales 05°06’42.9’N  75°30'334”"W 1780 2600 18
Florencia Samana 05°31°41.3’"N  75°02’52.0"W 1520 1460 20
Ucumari Pereira 04°42°'07.0"N 75°32°04.9"W 2100 2220 12
Santa Rosa Santa Rosa de Cabal 04°53'23.5"N  75°37'10.3"W 1650 2573 19
de Cabal

Finlandia Finlandia 04°40'57.6"N  75°38'21.2"W 1830 2515 17
Boquia Salento 04°38'05.8"N  75°3528.2"W 1720 1820 15
Alto el Otoflo ~ Santiago de Cali 03°22'21.4’N  76°36’08.1"W 1650 2000 18
Chicoral La Cumbre 03°33'44.5'N 76°35'35.1”"W 1790 1200 19
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Table 2: Individuals of Centrolene savagei registered at the localities

Santa
Alto Rosa Alto
LOCALITY  del Florencia Chicoral Finlandia de Boquia Ucumari Bonito Total
Otofio

Cabal
Males 20 0 8 2 7 2 0 7 46
Females 1 0 0 0 2 0 0 0 3
Juveniles 6 0 2 0 0 1 0 0 9
Amplexus 1 0 0 0 1 0 0 0 2
Clutches 7 0 3 0 5 1 0 2 18




Table 3: Marked and recaptured Centrolene savagei individuals per locality

LOCALITY MARKED RECAPTURED
Alto del Otofio 21 3
Chicoral 8 1
Finlandia 2 0
Santa Rosa 9 2
Boquia 2 0
Alto Bonito 7 0




Table 4: Height at which adult individuals where found. Individuals with two

different heights, refer to recapture events.

ADULT HEIGHT
LOCALITY INDIVIUDUAL SEX (cm)
1 J 214
) g 149,7
233,4
3 g 124
124
4 Q 124
5 d 203
6 J 92
7 J 190
8 J 59
9 J 113
Alto del 121,5
Otofo 10 8 132
11 d 154
12 d 136
13 d 165
14 d 217
15 d 95
16 d 91,5
17 J 234
18 J 138
19 J 270
20 J 445
21 J 173,5
1 J 153
2 J 97,5
3 J 144,2
4 d 184
Chicoral 5 3 133
5 3 148
142
7 d 167
8 J 155,5
Finlandia 1 C? 178,6
2 d 438
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Boquia

138,5
252

Santa Rosa
de Cabal

205,5
205,5
205,5
212,2
185,8
121
121
114
113,2
250
132

Alto Bonito

N O oA WN PO 00O N0 WDN

Oy O30 08 O O3 O[O O OO0 O O Oy Oy |08 Oy

204,5
236,54
282
312,5
321
317
165,5




Table 5: Egg clutches height at 6 localities

LOCALITY CLUTCH HEIGHT
1

Alto Bonito 282
2 321
1 205,5

Santa 2 212,2

Rosa de 3 185,8

Cabal 4 1132
5 228

Boquia 1 138,5
1 140
2 124
3 92

Alto del 4

Otofo 59
5 91,5
6 270
7 445
1 69,2

Chicoral 2 133
3

142

43
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4. DISCUSION GENERAL

Centrolene savagei es una especie que pese a estar catalogada como vulnerable
segun la UICN (Castro-H & Bolivar-G op. cit., AmphibiaWeb 2015), tiene registros
de poblaciones estables en las cordilleras Central y Occidental de Colombia. Sin
embargo, muchas de estas poblaciones han sido afectadas, a tal punto que en
algunos casos, la especie no se ha vuelto a registrar (Ruiz-C & Lynch 1991,
Vargas-Salinas et. al. 2007, Cadavid-C et. al. 2005, Castro-H & Vargas-Salinas
2008, Rojas-M et. al. 2001, Diaz-G et. al. 2013, Luna-Mora 2011, Escobar-Lasso &
Rojas-Morales 2012). Para definir de manera acertada el nivel de vulnerabilidad de
una especie, no solo basta con conocer su patron geografico de distribucion, sino
gue se hace necesario establecer algunos atributos poblacionales como el tamafio
o la densidad, e incluso la informacién sobre aspectos reproductivos adquieren
una mayor relevancia (Fryxell et al 2014). Este estudio proporciona la primera
evaluacion cuantitativa de algunos indicadores de poblaciones de Centrolene
savagei en seis localidades de Colombia, informacién que se convierte en punto

de referencia para el monitoreo de esta especie endémica de Colombia.

La falta de registros de esta especie en Florencia y Ucumari, localidades donde
previamente habia sido reportada (Ruiz & Lynch 1991, Rojas-M et. al. 2011.,
Prado-Safudo 2011), sugieren que Centrolene savagei podria estar extinta
localmente, o que las poblaciones son tan pequefias que se requiere de un
esfuerzo de muestreo mayor para determinar su presencia en estas zonas.
Adicionalmente, se pudo establecer que el Alto del Otofio, es una localidad que
provee soporte a poblaciones de mayor tamafo, lo cual la convierte en una

localidad de mayor valor de importancia para la conservacion de la especie.

Las bajas tasas de recaptura impidieron la estimacion poblacional en algunas
localidades, por lo que se recomienda un mayor esfuerzo de muestreo en

localidades tales como Finlandia, Boquia y Alto Bonito, con el fin de lograr dichas
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estimaciones y poder obtener conclusiones mas precisas. Sin embargo, el hecho
de que existan registros de esta especie en seis de las ocho localidades
estudiadas, sugiere que las condiciones bioticas y abidticas de las zonas son
adecuadas para la especie, y probablemente la baja tasa de recapturas estaria
asociada con una baja probabilidad de deteccion de la especie como resultado de
la segregacion sexual del uso del habitat y capacidad criptica (Haddad & Giaretta
1999, Ruiz-Gutierrez & Zipkin 2011, Kajin & Grelle 2012, Maritz & Alexander
2012).

Es claro que una tendencia al cuidado parental en los anfibios puede incrementar
el éxito reproductivo cuando la tasa de fertilidad es baja, puede disminuir
anomalias durante el desarrollo embrionario, y brindar un micro habitat mas
favorable para el desarrollo de la progenie (Crump 1996, Vockenhuber et al.
2008). Sin embargo, este comportamiento parece estar también estrechamente
relacionado con las condiciones climéaticas locales o la probabilidad de

depredacion que enfrenta la postura (Delia et al. 2010, 2013).

Para Centrolene savagei se pudo determinar que la ausencia de cuidado parental
por parte del macho no esta relacionado con las condiciones climaticas de las
diferentes localidades, o0 a caracteristicas especificas de los sitios de ovoposicién,
sin embargo, por lo que probablemente esta variabilidad en el patron general de
cuidado parental estaria relacionado a la necesidad de brindar proteccion a los
huevos contra posibles depredadores (Escobar-Lasso & Rojas-Morales 2012); por
lo tanto, la presencia o ausencia del macho dependera primordialmente del riesgo
gue ello implique para si mismo, o a la baja incidencia de posibles depredadores
de los huevos. En este contexto, en ambientes con adecuadas condiciones
microclimaticas y una baja probabilidad de depredacion la presencia de los

machos cuidando la postura seria innecesaria.
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Como todos los machos de la familia Centrolenide, los machos de Centrolene
savagei son altamente territoriales, y ademas escogen los sitios de oviposicion
buscando incrementar la probabilidad de supervivencia a la progenie (Rueda
1994, Valencia-Aguilar et al 2012, Cabanzo et al 2013, Dias et al 2014). Estos
individuos defienden activamente sus sitios de percha de intrusos, y tienden a
ubicar sus huevos a una altura entre 1.5-2.0 metros sobre las corrientes de agua,
con el proposito de reducir la incidencia de depredadores rastreros y aumentar la
supervivencia de los renacuajos (Hampton & Otto 2014, Cisneros-Heredia &

Guayasamin 2014).

Por otra parte, las hembras de Centrolene savagei, suelen habitar un estrato de
altura mayor en el sotobosque, lo que reduce la probabilidad de detectabilidad por
parte de los investigadores (Restrepo & Naranjo 1999, Quintero et. al. 2008). En el
presente trabajo no se registraron hembras de esta especie entre los 2.0-6.0
metros de altura, aun hacienda uso de equipo de acenso, por lo que es altamente
probable que las hembras de Centrolene savagei estén habitando incluso un
estrato arboreo mayor a 6 m y solo descienda para los procesos reproductivos y
de ovoposicién como lo sugiere Quintero et. al. (2008).

El nimero de huevos que conforman una postura puede variar entre individuos de
una misma especie por factores como la edad, el tamafio y el estado de salud de
la hembra (Duellman & Trueb 1986). Sin embargo, en los Centrolenidos el tamafio
de la postura ha sido fuertemente relacionado con la variacion en el gasto
energético asociado a las diferencias en las condiciones de los sitios de
oviposicion (Villa 1994). Para Centrolene savagei, se logro establecer que el
namero promedio de huevos que conforma una postura no se relaciona con las
condiciones fisicas del sitio de postura como la altura, el area de la hoja, distancia
a la orilla u orilla mas cercana. Probablemente, el tamafio de la postura en esta
especie estaria respondiendo a un factor particular, que aun no ha sido

identificado.
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Con este trabajo se aporta informacién técnica complementaria sobre aspectos
poblacionales y uso del habitat para actividades reproductivas de Centrolene
savagei en todo su rango de distribucién geogréafica. Sin embargo, ain es
desconocido el efecto que pueda tener la rapida transformacion y fragmentacién
del habitat que ocupan o incluso la alteracion del ciclo hidrologico local por efecto

de cambio climético sobre estas poblaciones.
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5. CONCLUSIONES

Con base en los resultados obtenidos, se logré determinar que pese a ser una
especie catalogada como vulnerable segun la UICN, Centrolene savagei se
encuentra presente en seis de las ocho localidades estudiadas, sugiriendo que las
condiciones bioticas y abibticas de estas localidades (Alto del Otofio, Chicoral,
Finlandia, Santa Rosa de Cabal, Boquia y Alto Bonito) son adecuadas para la
especie, siendo claro que algunas localidades (e.g. Alto del Otofio) son capaces
de soportar poblaciones mas grandes, por lo que tendrian un mayor valor para la

conservacion.

La estimacién del tamafio poblacional solo fue posible en tres localidades (Alto del
Otofio, Chicoral y Santa Rosa de Cabal) debido a que en las otras no se
obtuvieron recapturas, probablemente asociado a una baja probabilidad de
deteccion como consecuencia de una baja densidad poblacional. La ausencia de
registros en localidades como Florencia y Ucumari sugiere una extinciéon local de
la especie o una disminucion drastica en las densidades de estas poblaciones, lo

qgue impidié su encuentro durante el tiempo de muestreo.

Los machos y las posturas de la especie se encontraron preferentemente entre
1.5-2.0m de altura, sugiriendo que este rango brinda condiciones favorables para
el desarrollo de los huevos. Ademas, probablemente reduzca el efecto de los
depredadores al evitar el accionar de depredadores rastreros, aunque no es tan
alto como para poner en riesgo la integridad de los renacuajos al impactar la
corriente de agua al caer. Las hembras por el contrario, se encontraron a alturas
mayores a los 6 m, bajando a los estrados inferiores Unicamente para la

reproduccion.

Aunque se registro una tendencia al incremento en el numero de huevos por

postura a medida que esta se encuentra ubicada a alturas superiores, el tamafo
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de las posturas no estuvo estadisticamente relacionado con la altura, el area de la
hoja o la distancia a la orilla o la orientacion geografica de la misma. Por lo tanto,
se asume que la eleccion del sitio para la ovoposicion no esta determinado por

ninguno de estos factores.

Pese a que existe una fuerte tendencia al cuidado de las posturas por parte del
macho, éste no siempre estuvo presente, siendo menor la incidencia del cuidado
parental durante el dia que durante la noche. Aunque se determiné que la
presencia o ausencia del macho no esta ligada a las condiciones climaticas o
ambientales de cada localidad, se propone que esta tendencia puede estar

fuertemente asociada con otros factores tales como la presencia de depredadores.

Con el fin de ahondar mas en el conocimiento ecolégico de la especie, se hace
necesario un mayor esfuerzo de muestreo que permita evaluar aspectos no
considerados durante el estudio, ademas de validar la presencia de Centrolene
savagei en localidades donde ha sido reportada con anterioridad, pero que debido
a diferentes factores, sus poblaciones se han visto fuertemente afectadas, a tal
punto que pudiera estar extinta en algunas de las localidades en donde
previamente ha sido reportada.
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