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ABSTRACT

During recent decades, there has been a growing interest among biologists and 

conservationists in documenting and understanding the global amphibian decline 

crisis. Chytridiomycosis is an emerging infectious disease of amphibians caused by 

the pathogenic fungus, Batrachochytrium dendrobatidis, which has been 

associated with population declines of endemic amphibian species in upland 

montane rain forests all around the world. Despite Colombia being one of the 

richest countries in amphibian species diversity, few studies have been conducted 

to understand the distribution pattern of B. dendrobatidis in Colombia. At this 

moment, it is important to fill some information gaps related to the presence of B.

dendrobatidis in Colombia. We tested the relationship between presence of B.

dendrobatidis, the reproductive mode of the host amphibian, as well as the 

elevation and climatic conditions of survey sites. We sampled 227 individuals of 32 

anuran species from 10 genera. Frogs were swabbed in the field, and a PCR 

protocol was standardized to test for the presence of B. dendrobatidis. We

obtained 16 positive individuals (7.05%) for infection by B. dendrobatidis, shared 

among eight (25%) species across five (50%) genera. Infected amphibians were 

found in seven out of 13 survey localities. Our results showed that B. dendrobatidis

has infected a variety of amphibians from across a broad array of environments. 

We did not find a significant relationship between the presence of B. dendrobatidis

and three environmental variables tested. This study confirms that the amphibian 

diversity of the eastern Andes of Colombia is at risk. The wide taxonomic and 

environmental distribution of B. dendrobatidis revealed here suggests that many 

other areas of Colombia may be at risk as well.
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INTRODUCTION

Since 1970, dramatic diminutions of amphibian populations and species were 

recognized as a worldwide phenomenon (Blaustein and Wake 1995, Stuart et al 

2004). Approximately 1896 species are now threatened with extinction, and an

estimated 165 amphibian species already extinct all around the world (Stuart et al.

2004).  Amphibian declines have been attributed to factors such as: (1) global 

environmental changes, (2) habitat loss, (3) increased ultraviolet radiation, (4) 

stratospheric ozone loss, (5) chemical pollution, (6) acidic precipitation, and (7) the 

introduction of foreign species including pathogens (Blaustein et al. 1994). The last 

factor has gained particular attention during recent decades, as there has been a 

growing concern among scientists and conservationists that infectious diseases 

may be driving many amphibian declines.  These include infections by Ranavirus

sp. (dsDNA) and Ribeiroia sp. (Echinostomida), saprolegniosis caused by 

Saprolegnia ferax (Saprolegniales) and chytridiomycosis caused by 

Batrachochytrium dendrobatis (Chytridiales) (Daszak et al. 2003).

Batrachochytrium dendrobatidis is a non-hyphal, aquatic, parasitic chytrid fungus, 

and is the only chytrid known to parasitize live vertebrates. This parasite grows in 

superficial keratinized tissues of amphibians, i.e. the epidermis of post-

metamorphic amphibians and in the mouthparts of tadpoles (Longcore et al. 1999).

Depending on the host and environment, infection may cause a cutaneous 

mycosis, called chytridiomycosis that usually results in morbidity. The specific 

lethal action of infection by B. dendrobatidis is not known yet. However, Berger et

al. (1998) hypothesized two possible mechanisms by which the infection can kill 

amphibians: (1) physical effects due to epidermal hyperplasia that may inhibit 

cutaneous respiration and osmoregulation; or (2) the release of toxic metabolic 

products by the fungus that may be lethal to amphibians.  Laurance et al. (1996) 

were the first to propose that epidemic disease may have been the cause of 

amphibian declines in riparian rain forests of Australia. Soon after, Berger et al. 

(1998) identified the disease agent, B. dendrobatidis, as the likely cause of global 

amphibian declines. Over the last ten years, there has been debate about the 



! "

relative importance of various possible and non-exclusive causes of amphibian 

decline. Several authors have proposed a link between chytridiomycosis and 

declines of some amphibian populations around the world (Lips 1999, Bosch et al.

2001, Young et al. 2001, Bonaccorso et al. 2003, Daszak et al. 2003, Retallick et

al. 2004, Woodhams and Alford 2005, Lips et al. 2006, Skerratt et al. 2007, Lips et

al. 2008, Woodhams et al. 2008). Batrachochytrium dendrobatidis has been 

associated with population declines of at least 32 amphibian species in 12 families 

in montane rain forests (http://www.globalamphibians.org).

Stuart et al. (2004) suggested that amphibian declines caused by chytridiomycosis

or “enigmatic reasons” have taxonomic and regional patterns. For instance, 

Rheobatrachidae, Leptodactylidae and Bufonidae have declined significantly more 

rapidly than the average for all amphibian families (sensu lato). Geographically, 

neotropical and subtropical species associated with streams at high elevations are 

much more affected (Lips et al. 2003, McDonald et al. 2005, Woodhams et al.

2005). Batrachochytrium dendrobatidis thrives in wet environments and cool 

temperatures, and does not survive desiccation at any point in its life cycle 

(Piotrowski et al. 2004). These aspects of its life history may explain in part why 

chytridiomycosis is especially problematic for (1) stream-breeding species (Daszak 

et al. 1999, Woodhams et al. 2005, Kriger and Hero 2007); and (2) mid- to high 

elevation populations (Daszak et al. 1999). Studies detecting the presence and 

prevalence of B. dendrobatidis have been conducted in many areas of the world.

Within Latin America, this species has been reported in, among other countries, 

Panama (Lips et al. 2006), Venezuela (Bonaccorso et al. 2003), Brazil (Carnaval et

al. 2006), Argentina (Herrera et al. 2005), Ecuador (Ron & Merino-Viteri 2000), and 

Uruguay (Mazzoni et al. 2003).

In the first published report of B. dendrobatidis in Colombia, Ruiz and Rueda-

Almonacid (2008) discovered B. dendrobatidis in specimens collected in 2004 and 

2005. Three out of the 53 frog species evaluated were recognized as positive for B.

dendrobatidis using a histological staining technique involving hematoxylin and 

eosin to identify the zoosporangium (reproductive) life stage of B. dendrobatidis
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embedded in the skin of preserved specimens. The infected species were Atelopus

mittermeieri collected in 2004 at the Santuario de Fauna y Flora Guanentá

(Department of Santander), Hyloscirtus bogotensis and Pristimantis elegans, both 

collected in 2005 at La Calera and the Parque Ecológico de Matarredonda 

(Department of Cundinamarca). This work represented an important first step in 

understanding the occurrence of B. dendrobatidis in Colombia. However, the 

samples were not collected in a systematic fashion, nor could any analysis be 

conducted of the ecological and taxonomic correlates of infection. 

In this study, we combine ecological surveys with molecular techniques to collect 

detailed information on the distribution pattern of infection by B. dendrobatidis in 

amphibians of Colombia. Our study focused on testing the relationship between the 

presence of B. dendrobatidis, and certain biological and ecological conditions of 

the amphibian species located within the central range of the Eastern Andes of 

Colombia. The variables we analyzed included host amphibian species, 

reproductive mode of the host, elevation and climatic conditions of the localities 

sampled. Here we aimed to test the relationship between the presence of B.

dendrobatidis and the amphibian’s reproductive mode. We performed comparative 

analyses between reproductive modes, following Duellman and Trueb (1986), four 

different reproductive modes were included in our sampling: (1) eggs and feeding 

tadpoles in lentic water, (2) eggs terrestrial and tadpoles aquatic, (3) terrestrial 

eggs that hatch into froglets, and (4) foam nest in water and tadpoles aquatic. In 

addition, we tested a statistical model on the relationship between the presence of 

B. dendrobatidis and the following environmental characteristics: elevation, total 

annual precipitation, mean annual temperature, and climatic classification. We 

used Polymerase Chain Reaction (PCR) technique as a non-invasive approach to 

detect the presence of B. dendrobatidis, regardless of external signs of infection or 

disease.
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Methods

Frog Surveys

We surveyed 13 localities at altitudes ranging from 200 to 3500 meters above sea 

level (m.a.s.l.) (Table 1). To maximize our chances of detecting the chytrid 

pathogen, the sites included localities where B. dendrobatidis was reported

previously (Ruiz & Rueda-Almonacid 2008): Parque Ecológico de Matarredonda in 

Cundinamarca, and Santuario de Fauna y Flora Guanentá in Santander. We 

selected 11 additional localities to cover an area between and around the two 

localities reported positive. 

We sampled adult and juvenile frogs during diurnal and noctural surveys between 

May 2007 and September 2008, using visual and acoustic searchers. Mean 

number of person-hours spent searching for amphibians in each locality was 60. 

Different microhabitats were surveyed within each site, whenever possible, 

including streams, ponds, open areas and forests. To ensure that no individuals

were sampled twice, frogs were released at the end of the sampling effort, and no 

further frogs were caught at the same site.

We sampled for the presence of B. dendrobatidis using skin swabs. To avoid 

transmitting potential pathogens between individuals, we captured each frog in a 

new 20 x 25 cm plastic bag and manipulated each animal using a new pair of nitrile 

gloves. Following Livo (2004), skin samples were taken by firmly running a cotton 

swab 40-45 times over the frog: 10-15 times over the drink patch and lateral 

surfaces, five times over the ventral surface of each hand, five times along the 

underside of each thigh, and five times along the toe webbing of each foot. We 

placed each swab in a 2 ml tube containing 1 ml of 70% ethanol. The samples 

were transported back to the lab at ambient temperatures and then stored in the 

lab at -40ºC until processing.
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Molecular Analysis

We extracted total DNA using the GenReleaser® Kit (Bioventures, Inc.), following 

the manufacturer’s protocol. Each round of extractions included a negative and a 

positive control, the latter was a B. dendrobatidis sample kindly provided by Donna 

Boyle (CSIRO Livestock Industries, Australia) or Joyce Longcore (University of 

Maine, USA).

DNA extracts were tested for the presence of B. dendrobatidis using PCR. We 

used the PCR primers developed by Annis et al (2004) to amplify the ITS1-ITS2

region specifically in B. dendrobatidis: Bd1a (5’- CAGTGTGCCATATGTCACG-3’)

and Bd2a (5’-CATGGTTCATATCTGTCCAG-3’). The amplifications were 

performed in a MJ Research Peltier Thermal Cycler (PTC-200) thermocycler, with 

a 12 µl final volume reaction for each sample. One reaction consisted of 1,2 µl of 

each primer (1 µM), 1,6 µl of doubly distilled DNA-free water (Promega), 6 µl of 

GoTaq� Green Master Mix (1X) (Promega) and 2 µl of chytrid sample. The 

amplification conditions consisted of an initial denaturation at 95 ºC during 2 

minutes, followed by 35 cycles of 45 seconds at 95 ºC for denaturation, 45 

seconds at 55 ºC for annealing, 1 minute at 72 ºC for extension, 10 minutes at 72 

ºC for final extension. We also used positive and negative controls to check the 

amplification reaction as in the extraction protocol.

We scored the presence or absence of B. dendrobatidis by running out the PCR 

product on a 2% agarose gel.  Each gel had a first lane with 5 µl of a DNA ladder 

(HyperLadder II, Bioline) as a DNA size standard. To each of the subsequent lanes 

we loaded 5 µl of each amplification product, plus the positive and negative 

controls. The amplified DNA fragments were separated by electrophoresis with 

0.5X TBE buffer and a power supply of 110 V and 80 mA, during 45 minutes. 

An additional control assay was conducted between molecular analysis, in order to 

confirm the positive and negative results obtained from field samples. We used 16 

samples: four positive controls kindly provided by Joyce Longcore, four positive 
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and four negative samples from our field surveys, and four samples with just 

alcohol. Without knowing the origin of each sample, one researcher extracted,

amplified and scored the presence or absence of B. dendrobatidis following the 

protocols described before.

Finally, the field samples tested positive for B. dendrobatidis were amplified again 

with a 24 µl PCR reaction, and 5 µl of the product were loaded in a 2% gel to 

confirm the presence of PCR products. The remaining 20 µl were cleaned using 

Exonuclease I and SAP enzymes: 2.42 µl of SAP Buffer (1.1X), 0.44 µl of SAP 

enzyme (0.02 U/µl), and 0.165µl of Exo I enzyme (0.15 U/ml). We used a cycling

profile of 37ºC for 1 hour following by protein denaturation at 80 ºC for 15 min.  A 

subset of PCR products was sequenced in order to confirm the identity of the 

amplification products. Sequencing reactions for each primer were performed in a 

ABI Prism 310 automatic Sequencer (PE Applied Biosystems) with a 10 µl final 

volume reaction.  Each reaction consisted of 1 µl of Big Dye, 1.5 µl of Big Dye 

Buffer (0.75X), 0.5 µl of primer (0.25 µM), 4 µl of doubly distilled DNA-free water 

(Promega) and 3 µl of the PCR product. The reaction conditions consisted of an 

initial denaturation at 96 ºC during 1 minute, followed by 34 cycles of 10 seconds at 

96 ºC for denaturation, 5 seconds at 50 ºC for annealing, 4 minutes at 60 ºC for 

final extension.  Chromatograms obtained after sequencing were edited using 

Seqscape (Applied Biosystems). These ITS sequences were aligned using 

ClustalX version 2.0 (Larkin et al. 2007) and were used in a BLAST search of 

GenBank for similar sequences, which yielded a total of ten ITS sequences from 

other B. dendrobatidis samples (EU779859-EU779867, AY997031) plus the 

related Rhizophydiales species (EF585657).

Data Analysis

Climatic parameters were obtained from regional atlas of Santander, Boyaca, 

Cundinamarca and Meta departments, from the web site of the Colombian Institute 
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for Environmental Studies (IDEAM: www.ideam.gov.co/atlas). The climatic data 

are: 1) total annual precipitation, which ranged from 250 to 5250 millimeters in our 

study area, and 2) mean annual temperature, which ranged from <1.5 to >24 ºC.

We adopted a correlation approach to test for relationships between the 

reproductive mode of the amphibian host species, environmental variables 

describing the location where samples were collected, and the presence of B.

dendrobatidis. A logistic regression analysis was conducted using the Enter or 

Forced entry method, where all variables are entered in a single step to evaluate 

the model. Variables included were reproductive mode, elevation, total annual 

precipitation and mean annual temperature as predictor variables of the probability 

of Bd occurrence (SPSS 11.0 for Macintosh). 

RESULTS

We sampled 227 individual amphibians in the field, representing 32 anuran species 

from 10 genera (Table 2). Among all swabs, 7.05% (16 out of 227) of the samples 

tested positive for B. dendrobatidis, including 25% (8 of 32) of the species and 50% 

(5 out of 10) of the genera surveyed. Among the species that tested positive for the 

chytrid, three are classified by the IUCN Red List (www.iucnredlist.org) as of Least 

Concern (LC: Dendropsophus labialis and Rheobates palmatus), one is classified 

as Vulnerable (VU: P. elegans), and two are regarded as Near Threatened (NT: P.

savagei and Rhinella sternosignata). Three taxa could not be determined to the 

level of species and are referred as Hyloxalus “ibague” a candidate species under 

revision, and two unidentified strabomantids, Pristimantis sp. 1 and Pristimantis sp.

3.

All amplified sequences of the ITS1-ITS2 region of B. dendrobatidis, contained 

identical DNA sequences with 262 base pairs. Comparisons between our 

sequences and ten sequences from GenBank showed no differences except with 

EU779865 and EU779866. The difference was an indel of 6 nucleotides between

position fourteen and fifteen in our sequences. 
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Among the four different reproductive modes represented by the 32 species 

surveyed, three tested positive for B. dendrobatidis (Figure 1). The only 

reproductive strategy that tested negative was foam nest on water and aquatic 

tadpoles, represented by three species of the genus Leptodactylus.

We found that seven of the 13 survey sites tested positive for B. dendrobatidis

(Figure 2). These localities were in three departments in the northeastern Andes of 

Colombia: Boyacá (one positive locality), Cundinamarca (four positive localities) 

and Meta (two positive localities). We did not find an altitudinal pattern for the 

presence and prevalence of B. dendrobatidis, as we found positive samples 

throughout most of the altitudinal range (Figure 3A and 3B) and no association 

between elevation and differences  (Logistic regression analysis, P = 0.363; df = 

3).

Batrachochytrium dendrobatidis was distributed broadly across sites that varied in 

precipitation (Figure 5), temperature (Figure 6), and climatic classifications (Figure 

7). Thus, our results did not show any evidence of relationship between 

environmental variables and Bd presence even between species or individuals. 

Our logistic regression model did not provide any evidence of explanatory power 

of: reproductive mode, total annual precipitation, mean annual temperature or 

elevation on the presence or absence of B. dendrobatidis (Logistic regression 

analysis, P =0.008; df =14, Nagelkerke R2=0.308). Also, the individual effect of 

each variable was not significant in our general model (Table 3). 

DISCUSSION

We detected a low but alarming frequency of samples that tested positive for the 

infectious disease using a PCR assay (Table 2). The low numbers of individuals 

positive for B. dendrobatidis suggest that the chytrid is wide spread but at low 

prevalence within and among localities and host amphibian species surveyed. Our 

findings agree with the irregularly and widely distribution and broad range of 

amphibian species infected by B. dendrobatidis in Europe (Trenton et al. 2005) and 
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Australia (Kriger and Hero 2008). Low prevalence could indicate two opposite 

scenarios: either the fungus is just at the beginning of spreading across the area 

surveyed, or that B. dendrobatidis is already endemic at the region and infection is 

maintained in susceptible frog species at a very low prevalence (Lampo et al 

2006).  However, based on Ruiz and Rueda-Amonacid (2008) results for Eastern 

Andes of Colombia, B. dendrobatidis was present in specimens collected since 

2004, so the second scenario is the most plausible to explain our low prevalence 

results, as Lips et al. (2008) suggested that B. dendrobatidis can move across 

countries in less than 5 years.

The lack of genetic variability between B. dendrobatidis samples from eastern 

Andes of Colombia is consistent with previous results from North America, Central 

America, Africa and Australia (Morehouse et al. 2003, Morgan et al. 2007) that 

suggested B. dendrobatidis as a recently emerged disease agent, given the lack of 

nucleotide polymorphism, along a great number of loci sampled (10 loci by 

Morehouse et al. 2003, 76 loci by Morgan et al. 2007).

When comparing among reproductive modes (Figure 1), we expected that species 

that require direct contact with water for reproduction would show a higher 

prevalence for B. dendrobatidis (Daszak et al. 1999, Woodhams et al. 2005, Kriger 

and Hero 2007). We found no association between reproductive modes (Logistic 

regression analysis, P = 0.802; df = 3) as Lips et al. (2006) found from El Copé, 

Panama, showing that even terrestrial species become infected by B.

dendrobatidis and in many cases their populations declined. Possible explanations 

included: 1) there is no positive relation between reproductive mode and probability 

of infection by B. dendrobatidis or 2) the effect of sample size, because there is a 

possibility to sample individuals without B. dendrobatidis or with a low prevalence, 

less than 10 zoospores of the chytrid, so the molecular technique is not able to 

detect it.

Seven of 13 sites in our study region hosted B. dendrobatidis, indicating that many 

habitats may be suitable for this fungus.  Results supported only one positive 

locality (Matarredonda), meanwhile the other two localities (Santuario de Fauna y 
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Flora Guanentá and La Calera) also reported positive for the chytrid (Rueda-

Amonacid 2008), tested negative for B. dendrobatidis in our study. We propose 

that different results obtained could be explained because: we just found the 

survivors after amphibian population declination or we obtained false negatives 

because the probability to find a positive individual was low because the light

infections or low anuran population densities to sample.

Our data showed no evidence that anuran species at high altitudes are more likely 

to be infected by B. dendrobatidis than low altitude species (Figure 3) (Logistic 

regression analysis, P = 0.363, df = 1). The lack of altitudinal pattern of B.

dendrobatidis infection supports previous studies such as Ron (2005), who 

proposed that in the Neotropics, B. dendrobatidis might be spread across a wide 

range of available environmental conditions. Kriger and Hero (2008), Carnaval et

al. (2006) also found that B. dendrobatidis is capable of infecting frogs at most 

altitudes in Australia and Brazil respectively. 

The bioclimatic modeling by Ron (2005) suggested that B. dendrobatidis could 

survive in many areas across the globe, under a wide variety of environmental 

combinations. Our field data support this prediction as we found infected frogs 

across a wide range of climatic regimes. We found no evidence of correlation 

between annual precipitation and B. dendrobatidis presence (Logistic regression 

analysis, P = 0.754, df = 5). Ron (2005) also predicted that optimal regions for B.

dendrobatidis should have a mean annual temperature range between 20ºC and 

25ºC. Piotrowski et al. (2004) using laboratory conditions, found that B.

dendrobatidis optimal growth temperature was between 17ºC and 25ºC. Consistent

with these studies, our data showed species positive for B. dendrobatidis at 

localities with a mean annual temperature range of 18ºC to 24ºC, on a 

macrohabitat scale. However, our logistic regression analysis did not show a 

strong correlation between temperature and B. dendrobatidis presence (Logistic 

regression analysis, P = 0.358, df = 5). Some neotropical regions present high 

levels of precipitation all year round even in hot localities, a fact that could help us 

to explain the lack of a clear B. dendrobatidis distribution pattern in our study. The
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environmental variables used to build our logistic regression model apparently do 

not allow accurate predictions of the distribution of B. dendrobatidis in the eastern 

Andean cordillera of Colombia. There could be, however, other variables that may 

better predict the establishment of B. dendrobatidis in this region, or perhaps the 

range of values of each variable studied was not sufficiently wide. 

Our study presents novel results as frogs that tested positive for B. dendrobatidis

were found at localities not predicted by fundamental niche models. Ron (2005) 

proposed that the llanos of Colombia should show a low level of suitability for B.

dendrobatidis. Our data showed that the chytrid is present near this region, the 

foothills of the eastern Andes of Colombia, specifically: Restrepo (500 m.a.s.l.) and 

La Argentina (200 m.a.s.l.).

This study is the first molecular non-invasive survey of the presence and 

prevalence of B. dendrobatidis in amphibian populations in Colombia. Our work

supports previous research and hypothesis proposed on B. dendrobatidis in

showing that even anuran terrestrial species become infected, there is a low 

genetic variability between B. dendrobatidis isolations, there is a lack of altitudinal 

pattern of B. dendrobatidis presence, and it occurs under a wide variety of 

environmental combinations. On the other hand, our results refuse some 

prevalence and distribution patterns of B. dendrobatidis proposed by other authors 

(Daszak et al. 1999, Daskak et al. 2003, Woodhams and Alford 2005, Kriger and 

Hero 2007), showing that at our study region there are few possibilities to predict 

the B. dendrobatidis presence, prevalence and distribution. Based on our results 

we propose a long-term project, evaluating more species and micro-environmental

variables that might predict the presence of B. dendrobatidis, and using a more 

sensitive technique to detect the chytrid, for example real time PCR, in order to 

avoid type two error.
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Figure 1. Number of anuran species (A) and individuals (B) infected (red) and not infected 
(blue) by B. dendrobatidis, evaluated in four reproductive modes represented in our study 
region: Mode 1= eggs and feeding tadpoles in lentic water, Mode 2= eggs terrestrial and 
tadpoles aquatic, Mode 3= terrestrial eggs that hatch into froglets and Mode 4= foam nest 
on water and tadpoles aquatic.

A

B



! )’

Figure 2. Map of the sites surveyed, displaying the altitude range where they are located. 
Red dots are localities with positive species for B. dendrobatidis and blue dots are for 
negatives.
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Figure 3. Altitude of the localities surveyed and the prevalence of B. dendrobatidis among 
(A) species and (B) individuals. Pie charts display the number of species (3A) and 
individuals (3B) tested positive for B. dendrobatidis (red) against negative (blue).  In 
parenthesis, the number of positive species (A) and individuals (B) in numerator and the 
total number sampled in denominator, respectively. 
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Figure 4. Number of anuran species (A) and individuals (B) that tested positive (red) and 
negative (blue) for B. dendrobatidis, founded at 13 study sites with different regimens of 
total annual precipitation (mm/yr).
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Figure 5. Number of anuran species (A) and individuals (B) tested positive (red) and 
negative (blue) for B. dendrobatidis, founded at 13 study sites with different media annual 
temperatures.!
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Figure 6. Number of anuran species (A) and individuals (B) tested positive (red) and 
negative (blue) for B. dendrobatidis, founded at 13 study sites within different climatic 
classification.
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Table 1. Localities surveyed in the Northern East Andes of Colombia. 

LOCALITION
ALTITUDE

(m a.s.l.)

LATITUDE (N)

deg min sec

LONGITUDE (W)  deg 

min sec

CHINGAZA 3500 04°41’25” 73°48’23”

MATARREDONDA 3200 04°32’55” 74°00’25”

CHIPAQUE 2853 04°26’02” 74°05’22”

CERRO EL ZUQUE 2700 04°35’60” 74°04’58”

COCUY 2689 06°24’19” 72°26’47”

JUAICA 2587 04°12’52” 73°09’58”

SUPATÁ 2103 05°01’58” 74°15’48”

LA VEGA 1283 04°58’19” 74°37’12”

LAS BRISAS 1970 04°26’12” 73°55’10”

VIROLÍN 1715 06°06’04” 73°13’07”

BUENAVISTA 1270 04°10’30” 73°34’00”

RESTREPO 500 04°14’58” 73°34’58”

LA ARGENTINA 200 04°21’35” 72°54’39”
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Table 2. Frog species sampled for B. dendrobatidis.  Table shows reproductive mode, 
presence or absence of B. dendrobatidis and the threatened status data for each species 
surveyed. Threatened status is based on the IUCN Red List, LC= Least Concern, VU= 
Vulnerable, EN= Endangered, NT= Near Threatened.

SPECIES NAME REPRODUCTIVE MODE Bd POSITIVES 

(TOTAL)

CURRENT

STATUS

Pristimantis nervicus
Terrestrial eggs; direct 
development

0 (15) LC

Dendropsophus labialis Eggs and tadpoles in lentic waters 4 (44) LC

Pristimantis elegans
Terrestrial eggs; direct 
development

1 (28) VU

Hyloxalus subpunctatus Terrestrial eggs ; aquatic tadpoles 0 (9) LC

Pristimantis sp 6
Terrestrial eggs; direct 
development

0 (1) -

Ranitomeya sp "supata" Terrestrial eggs ; aquatic tadpoles 0 (16) -

Hyloxalus sp "ibague" Terrestrial eggs ; aquatic tadpoles 1 (11) -

Cochranella adiazeta Terrestrial eggs ; aquatic tadpoles 0 (1) VU

Dendropsophus padreluna Eggs and tadpoles in lentic waters 0 (2) LC

Rheobates palmatus Terrestrial eggs ; aquatic tadpoles 5 (14) LC

Pristimantis bacchus
Terrestrial eggs; direct 
development

0 (6) EN

Pristimantis sp. 4
Terrestrial eggs; direct 
development

0 (3) -

Pristimantis sp. 5
Terrestrial eggs; direct 
development

0 (1) -

Dendropsophus virolinensis Eggs and tadpoles lentic 0 (1) LC

Hypsiboas crepitans Eggs and tadpoles in lentic waters 0 (1) LC

Rhinella marina Eggs and tadpoles in lentic waters 0 (7) LC
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Leptodactylus sp.1
Foam nest on water; aquatic 
tadpoles

0 (1) -

Leptodactylus colombiensis
Foam nest on water; aquatic 
tadpoles

0 (4) LC

Leptodactylus lineatus
Foam nest on water; aquatic 
tadpoles

0 (1) LC

Dendropsophus mathiassoni Eggs and tadpoles in lentic waters 0 (7) LC

Pristimantis sp. 3
Terrestrial eggs; direct 
development

2 (5) -

Pristimantis cf savagei
Terrestrial eggs; direct 
development

1 (4) NT

Pristimantis sp. 1
Terrestrial eggs; direct 
development

1 (6) -

Pristimantis sp. 2
Terrestrial eggs; direct 
development

0 (1) -

Pristimantis sp. 7
Terrestrial eggs; direct 
development

0 (7) -

Pristimantis sp. 8
Terrestrial eggs; direct 
development

0 (1) -

Rhinella sp 1 Eggs and tadpoles in lentic waters 0 (15) -

Rhinella sp 2 Eggs and tadpoles in lentic waters 0 (1) -

Rhinella sternosignata Eggs and tadpoles in lentic waters 1 (3) NT

Pristimantis bogotensis
Terrestrial eggs; direct 
development

0 (8) LC

Centrolene buckleyi Eggs terrestrial; aquatic tadpoles 0 (3) NT

Ranitomeya virolinensis Eggs terrestrial; aquatic tadpoles 0 (1) EN
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Table 3. Logistic regression analysis for the presence of B. dendrobatidis.  Reproductive 
mode, total annual precipitation, mean annual temperature and elevation were used as 
explanatory variables of the presence/absence of B. dendrobatidis. Model multinomial 
logistic regression algorithm is Nagelkerke R2= 0.308 (P =0.008; df =14).

!

!

!

VARIABLES IN THE EQUATION WALD df
SIGNIFICANCE

(P value)

Reproductive Mode 0.99 3 0.80

Total Annual Precipitation (mm/yr) 2.65 5 0.75

Mean Annual Temperature (ºC) 5.50 5 0.35

Elevation (m a.s.l) 0.83 1 0.36


