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Aim of manuscript and relevance

To assess the potential impacts of future climate change on the distribution of 
Desmodus rotundus, a common vampire bat species, and its role as a rabies virus 
reservoir. 

The study explores how climate-induced changes in the bat’s range could increase 
the risk of zoonotic disease transmission, particularly rabies, to new species, 
including humans. 

Desmodus rotundus
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Climate change and zoonotic diseases

The Intergovernmental Panel on Climate Change (IPCC) has predicted that climate 
change will amplify negative health impacts across the globe, affecting the ecosystem 
stability.

This leads to shifts in species distribution, creating new species assemblages and 
increasing the risk of pathogen transmission to new hosts. 

These changes can drive zoonotic diseases, causing economic losses due to the 
transmission of pathogens from wildlife to livestock. 
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Spillover

Pathogen spillover, has been linked to 
some of the most lethal zoonotic 
diseases which impact humans.

Bats can tolerate infection by viruses 
that are highly pathogenic to livestock 
and humans. 

Climate change impacts on health are 
not evenly distributed geographically.
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Rabies virus (RAVB)

Rabies virus (RABV) is a significant bat-borne pathogen in Latin America, causing 
over $8.6 billion in annual economic losses due to livestock deaths and lost human 
work hours. 

The common vampire bat (Desmodus rotundus) transmits RABV to humans and 
livestock, with outbreaks frequently occurring in tropical and subtropical regions, 
where human infection risks are linked to livestock outbreaks.

Desmodus rotundus
Desmodus rotundus
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Introduction

In the last 120 years, D. rotundus has expanded due to climate change, increasing 
the spread of RABV in livestock, particularly in Peru. 

Climate change is expected to further shift its distribution, raising the risk of RABV 
spillover. 

Ecological niche modeling (ENM) is used to predict these changes by assessing how 
environmental factors influence species distribution.



Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”.

7

MAxEnt Software

An ecological niche modeling (MAxEnt) was used to predict the future distribution of 
D. rotundus across various climate scenarios in the Americas. 

MaxEnt compares environmental conditions from occurrence locations with potential 
habitats, focusing on abiotic climate data to assess the species fundamental niche.

This approach avoids uncertainties from non-climate factors, offering a clearer view of 
future climate impacts. 
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Ocurrence location filtering

Occurrence data for D. rotundus was collected across Latin America from 1901 to 
2023, with 74.6% of records geolocated. 

To avoid bias and spatial autocorrelation, the data was filtered to one record per pixel 
at 5 km resolution. 

Duplicate coordinates were removed to ensure accurate representation of climatic 
conditions for model calibration based on current climate data (1970-2000). 
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Ocurrence location filtering

The occurrence locations of D. rotundus were matched with climate data from the 
WorldClim database at 5 km resolution. 

Using current climate data (1970-2000), environmental variables were extracted, and 
a principal component analysis (PCA) was performed to summarize climate data 
variance. 

The first three principal components, representing 80.4% of the variance, were used 
to plot the species historical distribution in environmental space. 
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Ecological Niche Modeling

The main objective of ecological niche modeling is to predict how the distribution of D. 
rotundus will change under different climate change scenarios. 

This is done by evaluating how the environmental conditions in areas where the 
species has already been observed may change in the future under various climate 
projections. 
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Selection of Climate Variables

19 climate metrics from the WorldClim dataset were used, including variables such as 
average temperature, precipitation and precipitation seasonality. 

Some of these variables were highly correlated with each other, so a Pearson 
correlation analysis was performed to eliminate highly redundant variables (ρ ≥ 0.5).

This reduced the climate variables to 7 that are considered important for the
ecosystem of D. rotunuds.

Click image to go to website

https://www.worldclim.org/data/index.html
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Filtering of Variables

Some variables were eliminated as they were not as relevant for modeling species’ 
fundamental niche:

• The mean diurnal temperature range
• Maximum temperature of the warmest month
• Precipitation during the driest quarter

Ultimately, four climate variables were used: 

• Precipitation seasonality.
• Annual precipitation. 
• Minimum temperature of the coldest month. 
• Isothermality.
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Calibration Area Restriction

A restricted calibration area was defined to improve model accuracy and exclude 
areas where D. rotundus cannot live due to dispersal limitations. 

This area was set with a 200 km buffer around occurrence locations, ten times the 
species' average range. 

The model was calibrated using the kuenm package in R, which enables the creation 
of models with various parameterizations. 

Additionally, parameters and feature classes were adjusted in MaxEnt software.
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Ecological Niche Model Projection

The final ecological niche model was projected across the Americas and multiple 
future climate scenarios using six Global Circulation Models (GCMs). 

The selected GCMs were chosen for their ability to capture climate variability and 
sensitivity to increased CO2. 

These models account for equilibrium climate sensitivity (ECS) and transient climate 
response (TCR) across different climate change scenarios. 
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Future Climate Scenarios and Model Projections

The model was projected across Shared Socio-economic Pathways (SSPs) to 
account for variations in climate change severity based on future greenhouse gas 
emissions and population growth.

• SSP1 sustainable development.

• SSP2 middle-of-the-road pathway.

• SSP3 fragmentation.

• SSP5 high emissions future.
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Future Climate Scenarios and Model Projections

Projections were made for three times periods: 2020-2040, 2041-2060, and 2061-
2080.

The combination of GCMs, SSPs and time periods allow for a comprehensive 
assessment of the possible future distributions of D. rotundus in a variety of climates. 
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Projection without Extrapolation

The MaxEnt model projected the species' future suitability without extrapolation to 
avoid incorrect assumptions about its physiological tolerances. 

Extrapolation could suggest the species has broader tolerances than observed under 
the current climate, which contradicts the ecological niche conservatism hypothesis. 

This hypothesis posits that species maintain their climatic tolerances over time, even 
during rapid changes.
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Post-projection analysis

1. MOP Analysis (Mobility-Oriented Parity): To identify areas with extrapolation risk 
where climate condition differ from training data.

2. Model Ensemble: To assess how climate change affects D. rotundus distribution.

3. Binarization of Maps: To evaluate suitable and unsuitable areas for the species.

4. Latitudinal and Elevation Changes: To determine how distribution may change 
across time and SSPs.
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Results

304 models were effective in prediction with low omission rates (E=0.05)

Minimum temperature of the coldest month (32.7%) and precipitation seasonality 
(32.6%) were the most relevant variables. 

D. rotundus could expand its range into the southern United states and south-central 
portions of Argentina and Chile in the next 20-80 years.

Some CMs such as the MPI model and Eveg, showed greater variability in projected 
latitudes for D. rotundus suitability areas, especially to the north. 

Areas with high livestock density and Amazon regions may face higher risks from 
species expansion and rabies transmission. 
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Suitable projections

Habitat suitability projection for D. rotundus in SSP 2 and SSP 5 scenarios. Loss of suitable
area in the Amazon is observed by 2060 and 2080, with expansion north and south in the
worst-case scenario.
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Change in future suitability

Future suitability change for D. 
rotundus shows a loss in the 
central Amazon and gains in 
western Mexico, Southern US, 
and central Argentina, with 
expansion north and south, 
under all climate scenarios.
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Projected suitability changes for D. rotunuds

A: Significant increase in the most
northern suitable latitude for all
SSPs (p = 0.001).

B: Increase in total suitable area
for D. rotundus across all
projections (p = 0.028), with
notable bell curve patterns in 
SSP3 and SSP5 (worst-case 
scenarios).
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Global circulation model variability

Most future projections show 
northern suitable latitude for 
D. rotundus above current 
estimates, with higher 
variation in EVeg and MPI 
models due to low CO2 
sensitivity and aerosol 
forcing differences.
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Discussion

• The models showed that D. rotundus could expand its distribution northward and 
southward due to climate change. 

• Keys areas in the Amazon rainforest could become unsuitable for the species due 
to changes in precipitation patterns. 

• D. rotundus' distribution is influenced by the minimum temperature of the coldest 
month and precipitation seasonality, as the bat is sensitive to temperature and 
relies on tropical ecosystems.
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Discussion

Climate change could alter the distribution of D. rotundus and facilitate the 
transmission of rabies to new species, including humans and livestock. 

Areas like the southern U.S., Mexico, and parts o South America may grace 
increased zoonotic disease risks due to expansion of rabies outbreaks. 

The study used projections without extrapolation to avoid assuming rapid adaptation 
to unobserved climates. 

This approach minimizes uncertainty by ensuring models do not predict ecologically 
unlikely areas. 

It also highlighted that factors like land use and livestock density changes could 
significantly influence the results.



Distributed through a Creative Commons Attribution (BY) license granting the licensee the right to copy, distribute, display and make derivative works based on this document, including commercial use, as 
long as they credit the author as “Laboratorio de Genomica Viral y Humana, Facultad de Medicina UASLP”.

26

Conclusions

D. rotundus could expand its range in the next 20-80 years into new areas due to 
climate change, including the southern U.S. and parts of Argentina and Chile. 

Some areas in higher latitudes may become suitable , while parts of the Amazon 
Rainforest may become unsuitable. 

Dispersal success depends on resource availability, including pre density. 

Recommendation: Implement preventive measures and educational programs in 
areas vulnerable to D. rotundus expansion, to reduce risks of human-wildlife conflict 
and rabies transmission. 
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