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Introduction

Methods

The chytrid fungus, Batrachochytrium dendrobatidis (Bd), is one of 
the main drivers of the global amphibian decline as it causes 
chytridiomycosis, a disease that compromises the osmoregulatory 
and immune functions of the hosts’ skin (Berger et al., 1998). While 
Bd is known as the amphibian chytrid fungus, it is poorly studied in 
caecilians (Gymnophiona), an obscure order of tropical serpentine 
amphibians. Bd is a waterborne fungus, but recent reports of Bd in 
fossorial caecilians (Gower et al., 2013; Lambertini et al., 2017) 
indicate that it is also present in the soil, which has previously 
unknown implications for its dispersal. It is known that the low 
temperature variability of soil is linked to higher Bd growth and 
persistence and that many positive Bd samples in caecilians extend 
far outside suitable areas for Bd in anurans (Lambertini et al., 
2017). Therefore, in addition to potentially experiencing population 
declines from chytridiomycosis, caecilians likely act as host 
reservoirs and facilitate the transmission of the pathogen 
(Lambertini et al., 2017). Infected caecilians are likely to go 
unnoticed because of their cryptic habitats (Gower et al., 2013), so 
using GIS to gain an idea of their distribution is incredibly 
important for guiding amphibian conservation and rehabilitation 
efforts. Based on research done by Lambertini et al. (2017), I aimed 
to estimate the spatial distribution of caecilians infected with Bd in 
South America by performing a suitability analysis. 

Discussion and Conclusion

Lambertini et al. (2017) determined that three bioclimatic variables—
annual precipitation (Bio 12), maximum temperature of the warmest 
month (Bio 5), and precipitation in the wettest quarter  (Bio 16) —
were highly correlated with known occurrences of Bd-infected 
caecilians. Therefore, I used these three variables in the suitability 
analysis. Other bioclimatic variables, vegetation, and elevation had 
weak or no effects on the likelihood of Bd -infected caecilian 
occurrence (Lambertini et al., 2017) and so were excluded from the 
analysis. All analyses were performed in ArcMap version 10.7.1. 

Annual precipitation is positively correlated with Bd infection 
likelihood in caecilians (Lambertini et al., 2017). I reclassified these 
data into 3 categories based on thresholds known from Ron (2005) 
(Figure 1).

Maximum temperature of the warmest month is negatively correlated 
with Bd infection likelihood in caecilians (Lambertini et al., 2017).  I 
reclassified the these data into 3 categories based on thresholds 
known from Piotrowski et al. (2004), Ghirardi et al. (2011), and 
Churgin et al. (2013) (Figure 2). 

Precipitation in the wettest quarter is negatively correlated with Bd
infection likelihood in caecilians (Lambertini et al., 2017). As the 
effect of Bio 16 on Bd persistence is not well quantified in the 
primary literature, I reclassified these data into 3 categories based on 
natural breaks (Figure 3). 

I overlaid the reclassified bioclimatic variables on a raster of the 
caecilian geographical range in South America. I used an unweighted 
assessment to sum the bioclimatic inputs and produce a ranking 
suitability map (Table 1). To compare the suitability map with known 
occurrences of Bd-infected caecilians, I gathered occurrence data 
from Rendle et al. (2015) and Lambertini et al. (2017). To plot the 
occurrence points, I imported the samples’ latitude and longitude as 
coordinates. When this information was not available, I calculated the 
centroid of the municipality in which the sample was collected. 
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Figure 1. Annual Precipitation

Figure 2. Max Temperature- Warmest Month

Figure 3. Precipitation- Wettest Quarter

Suitability 
Value Bio 12 Bio 5 Bio 16

1 (low) <900 mm >33 °C >785 mm

2 900-

1500 mm

25-

33°C

415-

785 mm

3 (high) >1500 mm <25°C <415 mm

Table 1. Suitability Index. 

Bio 12= Annual Precipitation,

Bio 5= Max Temperature of the Warmest Month

Bio 16= Precipitation in the Wettest Quarter

Max Temperature of the 
Warmest Month (°C)

<25

25-33

>33

Precipitation in the 
Wettest Quarter (mm)

>785

415-785

>415

Most notably, the area along the northeast Andean foothills has high 
environmental suitability for Bd in caecilians. This is unexpected 
because there are no known occurrences of Bd-infected caecilians 
there, likely due to lack of sampling. This analysis has identified a 
previously ignored area as one that likely contains many Bd-
infected caecilians and should be given high priority for testing and 
research. 
It is important to note that the data sources used in this analysis 
have several limitations. The bioclimatic data are averages from the 
years 1970-2000, and the current climate has changed since then. 
Also, the caecilian range in South America is likely more extensive 
than shown because countries surly differ in the quality of species 
monitoring programs. Finally, a few of the occurrence points are 
not precise because they did not have associated coordinates and 
were calculated from the centroid of the municipality. 
Only the most important known predictors of Bd in caecilians were 
used in this study. However, other potentially important factors 
remain unknown. Bd susceptibility should increase with host 
population density, but such data are not available for caecilians. 
Data on caecilian species richness are available, but it remains 
unknown how caecilian diversity affects Bd dynamics since host 
diversity can have dilution or amplification effects on disease risk. 
This project has the potential to inspire and guide the development 
and advancement of amphibian conservation and rehabilitation 
efforts South America. Above all, I hope this highlights the need for 
more research on the biology of caecilians.Bd-Infected 
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Most of the South American caecilian range has moderate to high 
environmental suitability for Bd (Figure 4). Areas with the highest 
suitability are located in the southernmost part of Brazil and along 
the northeast Andean foothills. The Brazilian Pantanal and Caatinga 
had the lowest environmental suitability. 

Results
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Figure 4. Suitability Map for Bd in caecilians and known occurrences of Bd-infected caecilians  
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