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• Problems with current models:

4

Ø  biased towards static & correlative models (79%)

Ø  biased towards the species and population level (80%)

Ø  omit key biological processes

Ø  no feedbacks with environmental drivers
Urban  et al. (2022) BioScience 72: 91-104. 

Zurell et al. (2022) Ecography 2022: e05787.



Key biological mechanisms for predicting
biodiversity impact

Urban  et al. (2016) Science 353: aad8466. 5



Available biodiversity models
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Figure 1. Current biodiversity projection m
odels and their characteristics. W

e assessed from
 left to right how m

odels 
incorporated six im

portant biological processes, the levels of biodiversity m
odeled, incorporation of spatial or and 

tem
poral com

ponents, essential biodiversity indicators returned as outputs, and m
odel generality, m

odifiability, and open 
access. M

ore sophisticated incorporation of m
echanistic com

ponents and greater accessibility indicated by darker shading. 
M

odels are ordered from
 bottom

 to top on the basis of the num
ber of com

ponents incorporated and their sophistication.
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Towards a universal projection platform
Forum
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Figure 2. A universal biodiversity projection platform would project changes in species abundances, traits, genetics, and 
associated environmental impacts. The basic model begins with the environment, which varies in space (the bottom orange 
to yellow heat map) and can change through time naturally but also through human impacts and management actions 
with bottom layers indicating human impacts (e.g., urbanization) and management strategies (e.g., reserve design). The 
environmental layers interact with the genome (the blue funnel) to determine traits from the yellow ring (e.g., physiology 
and phenology) as shown by arrows. These traits in turn combine (the green funnel) to determine demographic inputs 
(births, immigration) and outputs (deaths, emigration). Each species is embedded in an interaction network (a). Arrows 
inside the funnel indicate how changes in species abundances feed back to alter genetics and the environment. Managers 
can design mitigation measures and test them with the modeling framework (e.g., corridors linking green habitats). 
Essential biodiversity variables are entered from monitoring and recorded in a data cube (light blue). The platform 
would follow a nested modular design (b), such that users can choose from multiple options that then reveal additional 
options and ultimately input parameters. An example nested set of options is presented here to inform the death rate of a 
focal species. In this case, a user selected the green-highlighted nodes to model a species with a death rate that depended 
on an enemy species. This interaction was also determined by trait variation in the prey species that was underlain by 
quantitative genetic variation, which has the potential to evolve through a nonzero heritability (h2).

Demography

Traits

Genetics

Environment

Death rate

Biotic

Abiotic

Competitor

Enemy

Density-
dependent

Environment-
dependent

Function menu
function?

Trait-based

Environment

environ?

Environment

Genetics

trait?

Species

Sp
ac

e

Output

Data input-
output cube

Quantitative
genetics

Explicit
genetics

h2 = ?

Management

(A) Module-based biodiversity model (B) Example nested modular design

Species abundance

Species interactions

Human impacts

Monitoring

Natural habitat

species?

091-104-biab099_COW.indd   95 16-12-2021   10:26:43 PM

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/72/1/91/6403637 by U

niversitaetsbibliothek Potsdam
 user on 07 January 2022

Urban  et al. (2022) BioScience 72: 91-104. 7



Towards a universal projection platform
Forum

https://academic.oup.com/bioscience  January 2022 / Vol. 72 No. 1 • BioScience   95   

Figure 2. A universal biodiversity projection platform would project changes in species abundances, traits, genetics, and 
associated environmental impacts. The basic model begins with the environment, which varies in space (the bottom orange 
to yellow heat map) and can change through time naturally but also through human impacts and management actions 
with bottom layers indicating human impacts (e.g., urbanization) and management strategies (e.g., reserve design). The 
environmental layers interact with the genome (the blue funnel) to determine traits from the yellow ring (e.g., physiology 
and phenology) as shown by arrows. These traits in turn combine (the green funnel) to determine demographic inputs 
(births, immigration) and outputs (deaths, emigration). Each species is embedded in an interaction network (a). Arrows 
inside the funnel indicate how changes in species abundances feed back to alter genetics and the environment. Managers 
can design mitigation measures and test them with the modeling framework (e.g., corridors linking green habitats). 
Essential biodiversity variables are entered from monitoring and recorded in a data cube (light blue). The platform 
would follow a nested modular design (b), such that users can choose from multiple options that then reveal additional 
options and ultimately input parameters. An example nested set of options is presented here to inform the death rate of a 
focal species. In this case, a user selected the green-highlighted nodes to model a species with a death rate that depended 
on an enemy species. This interaction was also determined by trait variation in the prey species that was underlain by 
quantitative genetic variation, which has the potential to evolve through a nonzero heritability (h2).

Demography

Traits

Genetics

Environment

Death rate

Biotic

Abiotic

Competitor

Enemy

Density-
dependent

Environment-
dependent

Function menu
function?

Trait-based

Environment

environ?

Environment

Genetics

trait?

Species

Sp
ac

e

Output

Data input-
output cube

Quantitative
genetics

Explicit
genetics

h2 = ?

Management

(A) Module-based biodiversity model (B) Example nested modular design

Species abundance

Species interactions

Human impacts

Monitoring

Natural habitat

species?

091-104-biab099_COW.indd   95 16-12-2021   10:26:43 PM

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/article/72/1/91/6403637 by U

niversitaetsbibliothek Potsdam
 user on 07 January 2022

Urban  et al. (2022) BioScience 72: 91-104. 7

Accessible

Adaptable
Flexible

ScalableReproducable

Realistic
Transferable

Wanted!
The Swiss army knife of
biodiversity modelling



Towards a universal projection platform

• Example: RangeShifter – modular individual-based eco-evolutionary 
modelling platform

Bocedi et al. (2014) Methods Ecol Evol 5: 388-396.
Bocedi et al. (2021) Ecography 44: 1453-1462.
Malchow et al. (2021) Ecography 44: 1443-1452.

https://rangeshifter.github.io 
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https://rangeshifter.github.io/


BMIP - Regional biodiversity model 
intercomparison

Example regions/taxa: North American breeding birds, Australian mammals and 
reptiles, European aquatic invertebrates, Finnish plants

Input

Climate
ISIMIP3b

Land use
LUH2

Biodiversity data
Species occurrence / 
abundance time series, 
dispersal parameters, 
demographic parameters, 
physiological parameters
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BMIP - Regional biodiversity model 
intercomparison

Input Models Assessments

Climate
ISIMIP3b

Land use
LUH2

Biodiversity data
Species occurrence / 
abundance time series, 
dispersal parameters, 
demographic parameters, 
physiological parameters

Global
SDM (distribution), ADM 
(abundance)

Regional
Dynamic occupancy models, 
integral projection models, 
spatially explicit population 
models (RangeShifter, steps, 
MetaRange, MigClim), 
EcoPhys

• Model evaluation – spatial 
and temporal patterns and 
dynamics

• Taxonomic and functional 
diversity

• Attribution to abiotic 
drivers (climate and land 
use) and biotic drivers 
(time-lagged responses)

• Future spatiotemporal 
predictions considering 
time lags
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New GEO BON working group
• Detection and attribution of biodiversity

change
• Tools to inform the Monitoring-to-Mitigation 

Pathway
• Knowledge-to-Action Hub for co-

development of models with stakeholders
and transfer to policymakers

10



Thank you!
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