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Integrated species distribution models
IDMs

Isaac et al. (2020)

unobserved true 
species distribution

LATENT STATE

locations of individuals

• They assume a common underlying 
spatial point process that 
determines the spatial locations of 
individuals of a species.


• Multiple data emerge from a  
common set of ecological 
processes. 


• Through different observation 
processes we obtain data that are 
imperfect representations of the 
truth. 
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Applications
IDMs



Latin America

• One of the most important 
hotspots of biodiversity in the 
world.


• One of the areas where 
biodiversity is declining at higher 
rates.

Neotropical region
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Herpailurus yagouaroundi
Yaguarundí

Top: observed in Argentina by hhulsberg, and bottom: in Mexico by albamaya (iNaturalist.org) 

IUCN (2022)

http://iNaturalist.org


Yaguarundí’s range dynamic

• Develop an integrated species 
distribution model (IDM) to 
model the temporal dynamics 
of the species’ entire geographic 
range (over two time periods).

Goal

         @flograttarola |         ecoevo.social/@flograttarola



Methods



Species data
Yaguarundí (2000-2021)

observed locations

https://doi.org/10.15468/DL.3CU474
GBIF.org (2022)

presence-only data 

• We removed records with a coordinate precision > 0.01 and a coordinate uncertainty > 25km. 
We also removed duplicated records.
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grid of 100x100 km 
over the study area 
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Species data
Yaguarundí and other Neotropical carnivores (2000-2021)

• We kept surveys that used camera traps and had info about the sampling area, the sampling 
effort, and the temporal span of the study.

observed site occupancy

https://doi.org/10.1002/ecy.3128
Nagy-Reis et al. (2020)

presence-absence data 
1
0

blobs of presence-absence 
(per time period)
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Species data
Yaguarundí

• The first period had 196 
yaguarundi occurrence 
records, and the second 
234.


• We used data from 8,346 
surveys. The yaguarundí 
was recorded in 614.
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Climate, landcover, vegetation
Covariates data

r < 0.6

We used a set of 28 potential covariates:


• Bioclimatic variables (WorldClim V2.1): bio1 - 
bio19.


• Elevation (WorldClim V2.1 SRTM elevation data)


• Land cover (MODIS - MCD12Q1): urban, 
barren, water, savanna, wetland, grassland.


• Net Primary Production (NPP) (MODIS - 
M*D17A3HGF)


• Percentage of Vegetation cover (MODIS TERRA 
- MOD44B): tree cover, no tree cover, non tree 
vegetation cover.
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Presence-only observation process
Thinning data

We used:


• Accessibility: we expected that 
highly accessible grid cells 
would have more point records 
than inaccessible grid cells.


• Country of origin: differences 
in data-sharing capacities and 
citizen-science levels of 
engagement among countries. 

Weiss et al. (2020)
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Spatial component
Smoothing splines

• They model the spatial structure in 
the distribution that is not 
accounted for by the 
environmental covariates. 


• We used the jagam function from 
the ‘mgcv’ package and k=9 
spline basis variables.
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Run

• jags function from the ‘R2jags’ 
package (to call JAGS from R)


• 3 chains


• 100,000 iterations per chain


• 10,000 burning length 


• 10 as thinning rate

The model
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Bayesian IDM

• The data, code, model, outputs and more can 
be found at: https://github.com/bienflorencia/
yaguarundi_IDM 

The model
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https://github.com/bienflorencia/yaguarundi_IDM
https://github.com/bienflorencia/yaguarundi_IDM
https://github.com/bienflorencia/yaguarundi_IDM


Results and 

Discussion
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Species range
Temporal change

• Retracted from the southern range limit in 
Argentina, Uruguay and Paraguay and the 
northern limit in Mexico. 


• Maintained its presence in central and 
southeast Brazil.


• Expanded at Brazilian and Colombian 
Amazon, near the Caatinga region of 
north-eastern Brazil and the border of 
Mexico with Guatemala.
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Conclusions



IDMs - Temporal change

• Data integration enabled us to 
increase each period's sample 
size, geographic extent, and 
environmental scope.


• We were able to estimate the 
temporal change in the species’ 
geographic range even over a 
relatively short time span while 
accounting for sampling bias and 
spatial autocorrelation.

Conclusions
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IDMs - Most up-to-date knowledge

• We have updated the knowledge 
represented by the IUCN 
expert’s range map.


• Many global studies rely on 
these sorts of maps; thus, they 
need to be more accurate. IDMs 
can be a solution to improve 
them.

Conclusions
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What’s next?



What’s next?
Scope for improvements

• Better predictions - Should we increase the number of splines? Correct 
predictions by including experts’ range maps as offsets? (Merow et al. 2016)


• Spatial component - How to model spatial autocorrelation in JAGS/NIMBLE: 
are there any practical solutions other than splines?


• Changes over time in climatic variables - How to include the temporality of 
covariates: are there any products available for Latin America?


• Interaction with other species - How to model co-occurrence effects: can 
we upgrade our model to model more than one species jointly?

         @flograttarola |         ecoevo.social/@flograttarola



What’s next?
Scope for improvements

• Better predictions - Should we increase the number of splines? Correct 
predictions by including experts’ range maps as offsets? (Merow et al. 2016)


• Spatial component - How to model spatial autocorrelation in JAGS/NIMBLE: 
are there any practical solutions other than splines?


• Changes over time in climatic variables - How to include the temporality of 
covariates: are there any products available for Latin America?


• Interaction with other species - How to model co-occurrence effects: can 
we upgrade our model to model more than one species jointly?

         @flograttarola |         ecoevo.social/@flograttarola



What’s next?
Scope for improvements

• Better predictions - Should we increase the number of splines? Correct 
predictions by including experts’ range maps as offsets? (Merow et al. 2016)


• Spatial component - How to model spatial autocorrelation in JAGS/NIMBLE: 
are there any practical solutions other than splines?


• Changes over time in climatic variables - How to include the temporality of 
covariates: are there any products available for Latin America?


• Interaction with other species - How to model co-occurrence effects: can 
we upgrade our model to model more than one species jointly?

         @flograttarola |         ecoevo.social/@flograttarola



What’s next?
Scope for improvements

• Better predictions - Should we increase the number of splines? Correct 
predictions by including experts’ range maps as offsets? (Merow et al. 2016)


• Spatial component - How to model spatial autocorrelation in JAGS/NIMBLE: 
are there any practical solutions other than splines?


• Changes over time in climatic variables - How to include the temporality of 
covariates: are there any products available for Latin America?


• Interaction with other species - How to model co-occurrence effects: can 
we upgrade our model to model more than one species jointly?

         @flograttarola |         ecoevo.social/@flograttarola



What’s next?
Challenge: increase data available in Latin America

• Engage more community-science users, i.e., through iNaturalist.


• Digitise new camera trap studies, i.e., literature and community science 
initiatives.
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Integrating presence-only and 
presence-absence data to model 
changes in species geographic ranges: 
An example of yaguarundí in Latin 
America (2022) EcoEvoRxiv.


https://doi.org/10.32942/osf.io/67c4u
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