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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]



Course outline

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

 nhot 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



Species Distribution / Ecological Niche Models
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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
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Species Distribution / Ecological Niche Models

fundamental aspects

« quality of species occurrence data
« quality of predictor variables

« extent and resolution of study area

GARBAGE IN,
GARBAGE OUT!
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Find out more
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Species occurrence:

data types and sources



Data setup

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

- N rren
point occurrences “_ most

common

P

- gridded data i

\:EE——'

- rangemap | =

uuuuu

- others? what's your data type?



Occurrence data: precision vs. accuracy

 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: spatial bias

« 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 bases

4
https://www.gbif.org ’j\
GBIForg

https://www.inaturalist.org/observations iNaturaIist

https://observation.org %} Observation.org

Add + Observations =«

https://www.marinespecies.org \X/RMS

World Register of Marine Species

just some
https://obis.org @B|S Secmiaosyesry, examples!
https://www.idigbio.org ﬁrﬁ"‘i:]Dl(__;BlD
https://www.neotomadb.org \ NEOTOMA PALEOECOLOGY DATABASE

p /',il’ 3T 2O w@UBOOYN



Occurrence data papers
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C packages for obtaining species occurrence data

* |geodata
[ Jo—0n this is what we'l
* rgbif use in class

* rinat
* rvertnet
* rebird .
just some examples!
°* ecoengine
* rbison
* ridigbio

* spocc (interface to several data sources)



Citing species occurrence data

« 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:

+ rgbif is an R package from rOpenSci that allows searching and retrieving
ata from GBIF. r%bif wraps R code around the GBIF API to allow you to
talk to GBIF from R and access metadata, species names, and
occurrences.

RGBIF « occ_download() function: like downloading from GBIF.org
« Access to search API—synchronous and fast, but no logging, no DOI

) « gbif_citation() function: citation helper
MAIS VIDEOS

| S {) 173472500 B2 & Youlube

R
LJd

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



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

- packages for cleaning species occurrence data

* scrubr (archived)

°[fuzzySim::cleanCoords]

this i1s what we'll

e biogeo :
g use In class

* bdclean

* CoordinateCleaner

just some examples!



Import species occurrence data

# download GBIF occurrence data for a particular species:
my speciles <- "Loxodonta africana"

download window <- ext (10, 50, -40, -10)

~—

(optional)
library (geodata)

gbif data <- sp occurrence (genus = "",

species = my_species,[ext = download_window])

/

If you only want to -
'NOTE: analyses will take long to run)

download records from a _

limited part of the world If you work on a large area! Choose

(useful if your species is a relatively small area (not much
too widespread) larger than the example) to analyse

\_ during the course )




Import species occurrence data

You can (additionally or instead) use your own occurrence
data from e.qg. field sampling or telemetry. Then:

presences <- appendData (gbif data, tracking data)

plot (presences, "source")

plot (countries, add = TRUE)

| ® GBIF
tracking data




Clean species occurrence 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")

g NOTE: these are just some basic

automated procedures; for serious work,
carefully inspect and clean your datal!

. J




Predictor variables:

data types and sources



Predictor variables: types

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
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» target encoding

* relevant classes
— proportion
- mean distance



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

Predictor variables

« obtained e.qg. from interpolation, downscaling or
remote sensing

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

zooming in: gridded data

S

[ WorldClim interpolated temperature]



Predictor variables: data bases

http://www.worldclim.org/ [ieidlel@ 1

http://envirem.github.io/ E N v I R E M
http://chelsa-climate.org/ (HELSA

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

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

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

just some
MARSPEC
g marspec oy examples!
MARINE SPATIAL ECOLOGY

http://paleoclim.org/team-paleoclim/ W’
adh



Predictor variables: data papers

BRITISH

Methods in Ecology and Evolution [ s

International Journal of Climatology SOCIETY

& Free Access

Research Article & Full Access CliMond: global high-resolution historical and future scenario
WorldClim 2: new 1-km spatial resolution climate surfaces for |climate surfaces for bioclimatic modelling
global land areas

Darren J. Kriticos &, Bruce L. Webber, Agathe Leriche, Noboru Ota, lan Macadam, Janice Bathols, John

. = K. Scott
Stephen E. Fick g%, Robert]. Hijmans T

Global Ecology P
and Biogeography Macroecalogy

SCIENTIFIC DATA

3 Full Access

Data Descriptor = OPEN = Published: 05 September 2017

Bio-ORACLE: a global environmental dataset for marine

Climatologies at high resolution for th
imatologles at high resolution tor the species distribution modelling

earth’s land surface areas

Lennert Tyberghein i, Heroen Verbruggen, Klaas Pauly, Charles Troupin, Frederic Mineur,

Olivier De Clerck
|

Dirk Nikolaus Karger, Olaf Conrad, Jiirgen Bohner, Tobias Kawohl, Holger Kreft, Rodrigo Wi

Soria-Auza, Niklaus E. Zimmermann, H. Peter Linder & Michael Kessler

SCIENTIFIC D AT A

A JOURNAL OF SPACE
ANDTIME IN ECOLOGY
Data Descriptor =~ OPEN | Published: 20 June 2017

Research @ Full Access MERRAclim, a high-resolution global

ENVIREM: an expanded set of bioclimatic and dataset of remotely sensed bioclimatic

topographic variables increases flexibility and improves variables for ecological modelling
performance of ecological niche modeling

Greta C. Vega B4 Luis R. Pertierra & Miguel Angel Olalla-Tarraga

Pascal O. Title &, Jordan B. Bemmels I




Predictor variable selection

« ecological relevance
[TODAY]

« availability (at appropriate scale)

« collinearity (correlations with other variables)

 statistical significance / informativeness /

contribution to the model
[DAY 3]



Predictor variables: R packages

* raster: :getData

. [geodata] - this is what we'll
~usein class

* sdmpredictors

not exhaustive lists!

for real work, do a thorough data search



Import predictor variables

# 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:
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Import predictor variables

plot (layers)

# marine:
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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

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

time - observe each result before moving on!

@ Rstudio « some parts of the scripts
File Edit Code View Plots Session need to be run, bypassed
V-1 Inseq Sechion or edited, depending on
® 00 pac  JumpTo. your species and region

Go To File/Function...

« to avoid doing senseless
Show Document Outline

30 |mu . Wean Long Lines things, you need to read

g% il \ the script annotations!

Show Diagnostics - tick this to see full lines
33 : :
34 Go To Help without having to_
35 Go To Function Definition COI’\Stantly SCI‘O|| ﬂght
%é Extract Function Ctrl+Alt+X



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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