
Species distribution modelling 

with Bayesian statistics in R

A. Márcia Barbosa

https://modtools.wordpress.com/barbosa



Course outline



Course outline

Day 1:

Quick refresher on SDM / ENM

Species occurrence data

Predictor variables

[PRACTICAL]

Defining the modeling region (extent and resolution)

Background vs. (pseudo)absence data

[PRACTICAL]



Course outline

Day 2:

Basics of decision trees and tree ensembles

BART model building

BART prediction, uncertainty and credible intervals

[PRACTICAL]

Model evaluation

Block cross-validation

[PRACTICAL]
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Day 3:

Variable importance

Selection of relevant predictors

[PRACTICAL]

Partial dependence plots (one- and two-dimensional)

Spatial partial dependence plots

Machine-learning maps

[PRACTICAL]



Course outline

• not a course on GIS & mapping

• not a course on data management

• not a course on R & programming

we'll use a bit of each, and I'll help with 

anything I can, but we can't stray away 

from the core subject: using BART for SDM



Course outline

• also not a general SDM course!

- sampling bias

- data cleaning

- uncertainty in predictor variables

… methodological issues that apply to all SDMs

we'll use minimally adequate procedures, but we 

can't address these issues thoroughly in a short 

course focused on using BART for SDM



SDM / ENM refresher
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Species Distribution / Ecological Niche Models



• to assess the conditions under which a species 

has been observed

• to predict the locations where a species can

live

a SDM identifies areas with similar conditions to 

where the species is (more often) observed

Species Distribution / Ecological Niche Models



from geographical to environmental space and back

SDM

ENM

Species Distribution / Ecological Niche Models
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fundamental aspects

• quality of species occurrence data

• quality of predictor variables

• extent and resolution of study area

GARBAGE IN, 

GARBAGE OUT!

Species Distribution / Ecological Niche Models



Find out more



Find out more



Species occurrence: 

data types and sources



Data setup

species occurrence data:

1 = presence, 

0 = no recorded presence

values of the 

predictor variables

example of a data frame that can 
be used for computing a model



Occurrence data types

- point occurrences

- gridded data

- range map

- others? what's your data type?

most 
common



• many points are actually grid centroids!

• check spatial resolution / spatial accuracy / 

location error / coordinate uncertainty

• don't use a finer resolution in the predictor variables!

(more on this later)

Occurrence data: precision vs. accuracy



• exclude under-surveyed regions from modelling

• spatial thinning / gridding to homogeneous resolution

• target‐group background/absences: sites where other 

species of the group were recorded

Occurrence data: spatial bias



Occurrence data bases

https://www.gbif.org

https://www.inaturalist.org/observations

https://observation.org

https://www.idigbio.org

https://www.neotomadb.org

https://www.marinespecies.org

https://obis.org

just some 

examples!



Occurrence data papers

just some 
examples!



packages for obtaining species occurrence data

• geodata

• rgbif

• rinat

• rvertnet

• rebird

• ecoengine

• rbison

• ridigbio

• spocc (interface to several data sources)

this is what we'll 

use in class

just some examples!



• GBIF is not a data source/provider, but a repository

• we must cite the actual sources within it

• this video (~ minute 19-20) explains how to do that:

https://www.youtube.com/watch?v=cO7b477Fo6w

Citing species occurrence data

https://www.youtube.com/watch?v=cO7b477Fo6w


packages for cleaning species occurrence data

• scrubr (archived)

• fuzzySim::cleanCoords

• biogeo

• bdclean

• CoordinateCleaner

just some examples!

this is what we'll 

use in class



# download GBIF occurrence data for a particular species:

my_species <- "Loxodonta africana"

download_window <- ext(10, 50, -40, -10)

library(geodata)

gbif_data <- sp_occurrence(genus = "", 

species = my_species, ext = download_window )

Import species occurrence data

if you only want to 

download records from a 

limited part of the world 

(useful if your species is 

too widespread)

NOTE: analyses will take long to run 

if you work on a large area! Choose 

a relatively small area (not much 

larger than the example) to analyse 

during the course

(optional)



presences <- appendData(gbif_data, tracking_data)

plot(presences, "source")

plot(countries, add = TRUE)

Import species occurrence data

You can (additionally or instead) use your own occurrence 

data from e.g. field sampling or telemetry. Then:



Clean species occurrence data

NOTE: these are just some basic 

automated procedures; for serious work, 

carefully inspect and clean your data!

# remove occurrences with duplicate, missing, unlikely, 

impossible, overly uncertain, or absence coordinates:

library(fuzzySim)

presences <- cleanCoords(presences, coord.cols = 

c("decimalLongitude", "decimalLatitude"), 

uncert.col = "coordinateUncertaintyInMeters",

uncert.limit = 10000, 

abs.col = "occurrenceStatus")



Predictor variables: 

data types and sources



Abiotic

• climate: precipitation, temperature, seasonality,  

frost days, dry periods…

• topography: altitude, slope, aspect, bathymetry…

• physical/chemical properties of soil/water

Biotic

• (potential) presence or abundance of other species

• modifications of the environment caused by other 

species, incl. human influence (population density, 

urbanization, land use, traffic…)

Predictor variables: types



• Continuous: climate, topography

• Categorical: soil type, land use

Can be converted to 
continuous:

• target encoding

• relevant classes

– proportion

– mean distance

Predictor variables: types

https://www.blasbenito.com/post/target-encoding/


• obtained e.g. from interpolation, downscaling or 
remote sensing

• often in grid (raster) format: pixels = spatial units

[WorldClim interpolated temperature]

zooming in: gridded data

Predictor variables



http://www.worldclim.org/

http://chelsa-climate.org/

http://envirem.github.io/

http://paleoclim.org/team-paleoclim/

https://datadryad.org/resource/doi:10.5061/dryad.s2v81

Predictor variables: data bases

https://www.climatologylab.org/terraclimate.html

http://www.bio-oracle.org/

http://www.marspec.org/

just some 

examples!



PREDICTOR VARIABLES: data papersPredictor variables: data papers



• ecological relevance

• availability (at appropriate scale)

• collinearity (correlations with other variables)

• statistical significance / informativeness / 

contribution to the model

Predictor variable selection

[TODAY]

[DAY 3]



• raster::getData

• geodata

• sdmpredictors

not exhaustive lists! 

for real work, do a thorough data search

Predictor variables: R packages

this is what we'll 

use in class



# download/import variables with 'geodata' pkg:

# terrestrial:

layers <- worldclim_global(var = "bio", res = 5, 

path = "../outputs")

# marine:

layers <- rast(lapply(marine_layer_names, 

function(v) bio_oracle(path = "../outputs", 

var = v, stat = "Mean", benthic = FALSE)))

Import predictor variables



plot(layers)

# terrestrial:

Import predictor variables

[...]



Import predictor variables

plot(layers)

# marine:



Data prep in general

• gathering and formatting data (species occurrences 

+ predictor variables) is usually the most 

laborious and time-consuming part of modeling 

work

• we'll use general data sources as examples but, for 

real work, you should take the time to gather data 

that are more complete and more appropriate for 

your region and study system



PRACTICAL

• download the course materials; don't move or 

rename files within the 'practicals' folder (unless you're 

prepared to change all scripts accordingly!)

• the scripts set the working directory automatically and 

use relative file paths, so that they are reproducible

on any computer (this is good practice, adopt it!)

• if you choose a different species, the scripts will 

automatically use a dedicated folder for its outputs, 

with no need to manually create new folders

• do the assignments so I can keep you on a good path!



PRACTICAL

• some parts of the scripts 

need to be run, bypassed 

or edited, depending on 

your species and region

• to avoid doing senseless 

things, you need to read 

the script annotations!

• tick this to see full lines 

without having to 

constantly scroll right

run "1a_data.R" (in "practicals/R") one command at a 

time – observe each result before moving on!



PRACTICAL

• if you have limited experience with R, better 

stick to the scripts (changing only the species) 

and keep focus on the course subject

• if you’re more experienced with R and have time 

left, you can try to adapt the script e.g. to add 

different variables, compare with other modelling 

methods, etc.

• ask me for help whenever you need it, but 

remember this is not an R course and we can’t get 

too distracted from the course subject
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