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Research questions
How does biodiversity respond to human-driven
environmental change ?
• Improve predictive capacity, data and uncertainty
quantification
• Improve understanding of relevant processes and
feedbacks
• Improve scientific basis for environmental
management and monitoring

What is biodiversity?
Biological diversity means the variety of life on Earth –
within species, between species and of entire
ecosystems (Convention on Biological Diversity, 1992)

Wilson & Primack (2019) Open Book Publisher.
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The global biodiversity crisis

Living Planet Index (2020) WWF.

Biodiversity loss is a self-preservation issue
Alexander von Humboldt: „all natural forces are linked together,
and made mutually dependent upon each other“
è Biodiversity loss will jeopardize the achievement of the
sustainable development goals (SDGs)

Humboldt (1845) Cosmos. A
Physical description of the Universe.
Living Planet Report (2018) WWF.
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Biodiversity scales and processes
Scaling Issues in Landscape Ecology
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Figure 2.3 Space-time diagram of the boreal forest. A variety of disturbances, both abiotic and biotic, shape the structure
of the boreal forest landscape. Herbivores such as the moose (Alces alces), beaver (Castor canadensis), and deer mouse
(Peromyscus maniculatus) operate across a range of scales on the landscape, from daily foraging movements to annual dispersal events. The impact of these herbivores will thus depend on their scale of space use, which in turn is a function of body size.
Source: After Peterson, Allen, & Holling (1998). Photos: Moose by Ray Dumas and Deer Mouse by Gregory “Slobirdr” Smith (CC BY-SA 2.0 License).
Boreal landscape by Carol M. Highsmith. Beaver photo © Jody Ann/Shuttestock.com.

With (2019) Oxford Univ. Press.

è Models at
conservationrelevant scales
IPBES (2016) Methodological assessment report.

Modelling biodiversity response
• Correlative species distribution models (SDMs)
Biodiversity &
environmental data
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Correlative species distribution models (SDMs)
• Example: plant species distribution in Switzerland at 93 m
spatial resolution to guide monitoring and citizen scientists

Descombes
et al.Switzerland.
(2020) Ecography
43: 1448-1463.
Figure 5. Habitat suitability maps predicted from ensemble SDMs for three of the 60 plant species modelled
across
Maps

Correlative species distribution models (SDMs)
• Example: breeding and wintering ranges of Holarctic longdistance migratory birds at 0.5° spatial resolution
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Criticism I: Dymamic response to global change
Habitat becoming
suitable but not
colonisable

Six key mechanisms for
predicting biodiversity response:

Species
interactions

Dispersal

Habitat becoming
suitable and
colonisable
Current distribution
partly becoming unsuitable

Demography

Adaptation

Environment

Physiology

Ferrier et al. Eds (2016) IPBES.
Urban et al. (2016) Science 353: aad8466.

Dymamic response to global change

Scheffers et al. (2016) Science 354: aaf7671.

Criticism II: Biotic constraints on the niche
• Different biological processes might constrain current patterns
• Realised and observed niche are affected by demographic and
community processes
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diversity dynamics under
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(b)

Zurell (2017) J Avian Biol 48: 1505-1516.

mental change (Elith & Leathwick, 2009). Such range forecasts
are widely used to assess the impacts of environmental change
on biodiversity (Pereira et al., 2010; Dawson et al., 2011) and
increasingly serve as the basis for systematic conservation
planning (Pressey et al., 2007).
While the ecological literature abounds with various definitions of the niche (Chase & Leibold, 2003), the most influential
quantitative definition is arguably that of G. Evelyn Hutchinson
(Hutchinson, 1957, 1978). The Hutchinsonian niche is defined
as the set of environmental conditions under which a species
can ‘exist indefinitely’ (Hutchinson, 1957). In the absence of
dispersal and environmental variability, the persistence of a

Dynamic distribution models

‘demographic response functions’ (Pulliam, 2000) that describe
how birth and death rates vary with environmental conditions
(Maguire, 1973; Hutchinson, 1978; Holt, 2009).
Furthermore, demographic responses link Hutchinsonian
niches to range dynamics (Pulliam, 2000; Fig. 1). This is because
demographic response functions translate spatio-temporal
variation in environmental variables into variation of the three
fundamental demographic rates of birth, death and dispersal
(with the former two determining local population growth and
the niche). Range dynamics then arise from the dynamics of
many local populations that are founded and connected by
dispersal, with range size changes depending on how many sites

• Understanding structure and dynamics of populations
• Explicitly model population growth and dispersal:
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Figure 1 The demographic basis of Hutchinsonian niches, range dynamics and biogeographical
data.
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RangeShifter modelling platform
Ø An individual-based eco-evolutionary modelling platform
Species
interactions

Dispersal

Demography

Anne Malchow

Malchow et al. (2020) bioRxiv 2020.11.17.384545
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.

Adaptation

Environment

Physiology

RangeShifter modelling platform

Malchow et al. (2020) bioRxiv 2020.11.17.384545
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.

RangeShifter modelling platform

Maynard-Smith & Slatkin (1973):

Malchow et al. (2020) bioRxiv 2020.11.17.384545
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.

RangeShifter modelling platform

Caswell (2001):

Neubert & Caswell (2000):

Malchow et al. (2020) bioRxiv 2020.11.17.384545
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.

RangeShifter modelling platform

Malchow et al. (2020) bioRxiv 2020.11.17.384545
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.
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Applying dynamic distribution models

Applying dynamic distribution models
Example: black grouse in Switzerland
• Stage-structured model, individual-based
movement decisions
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State-of-the-art dynamic distribution models

Coupled SDMdemography models

Hierarchical models simultaneously
infer process rates and demographyenvironment relationship
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Theoretical underpinning
Flexibility

Next steps: calibration workflows
Fitting single-species simulation models to data
èModel selection & process attribution
èValidation of predictive accuracy, cross-validation
Direct calibration
Integration of existing information
•
•
•
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Modified from Hartig et al. (2012) J Biogeogr 39: 2240-2252.
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‘demographic response functions’ (Pulliam, 2000) that describe
how birth and death rates vary with environmental conditions
(Maguire, 1973; Hutchinson, 1978; Holt, 2009).
Furthermore, demographic responses link Hutchinsonian
niches to range dynamics (Pulliam, 2000; Fig. 1). This is because
demographic response functions translate spatio-temporal
variation in environmental variables into variation of the three
fundamental demographic rates of birth, death and dispersal
(with the former two determining local population growth and
the niche). Range dynamics then arise from
the dynamics of
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many local populations that are founded and connected by
dispersal, with range size changes depending on how many sites

Next steps: calibration workflows
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Fitting single-species simulation models to data
èModel selection & process attribution
èValidation of predictive accuracy, cross-validation

Biodiversitätsmonitoring Schweiz BDM. Beschreibung der Methoden und Indikatoren

BAFU 2014

Data

Abb. 4 > Stichprobennetz für Z7

Sampling grid + data

Das Stichprobennetz für Z7 wurde in den beiden biogeografischen Regionen Jura und
Alpensüdflanke verdichtet.
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Abb. 5 > Stichprobennetz für Z9 (Gefässpflanzen, Moose und Mollusken)

Observa on

Das Z9-Stichprobennetz für landlebende Arten umfasst rund 1600 terrestrische
Stichprobeflächen.

aphic
s to the
ment

Dispersal rates

Demographic
measurements

Model complexity & statistical support?
FA,J%

J" PJ,A%

A"
PA,A%
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pronounced in neutral communities and large-scale
contagious disturbances resulted in even patchier spatial distributions. Under climate change, the focal species exhibited range shifts accompanied with distinct
population decreases. Also, for all scenarios the focal
species showed distinct time lags in range filling following climate change with dispersal limitations at
the range front and persistence in unsuitable conditions at the rear range edge (Figs 2 and S6). Dispersal
limitations were more pronounced in short-range dispersal scenarios and under biotic interactions. In the

Next steps: process attribution

• Capturing disequilibrial dynamics and legacies:
extinctions debts and colonisation credits
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Modified from Kuussari et al. (2009) Trends Ecol Evol 24: 564-571.

Zurell et al. (2016) Glob Ch Biol 22: 2651-2664.

Next steps: model extension

Maynard-Smith & Slatkin (1973)

=> extend to multi-species model

Malchow et al. (2020) bioRxiv 2020.11.17.384545
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.

Next steps: integrated modelling platform

re 3 Uniting biodiversity and Earth system models. We coupled the RangeShifter 25 and
AFTY 54 biodiversity and land use models (A) to represent feedbacks between climateced changes in habitat quality, land use, and a simulated pollinator species in the French
ntryside surrounding Clermont-Ferand, classified by habitat type, including crops that do or
ot support the pollinator (B). In C, we demonstrate changes in habitat types from the
oupled to the coupled model with arrows and icon size proportional to habitat area. The
pled model predicts higher conversion rates of pasture and natural areas to cropland (C) than
oupled models
fewer pollinators
(D) reduce crop
yields, increasing
demand for
– because
E.g. feedback
between
climate
change-induced
pollinator
cultural land and decreasing crop supply (E). Details in Supplementary Materials.

• Feedbacks between biodiversity dynamics and drivers
population decrease & demand for agricultural land

Sorry, work in progress, and thus not open …

Urban et al. (under review)

Next steps: integrated modelling platform

Appendix: research questions

• Feedbacks between trophic levels

– E.g.
feedback
between
and herbivores, options
Which
effects
would
havevegetation
wildlife management
scenarios ov
for wildlife management and restoration
sur plant communitys at landscape scale?

The coupling so far: overview

When accounted for, does wild herbivory modify the distribution of
Sorry, work in progress, and thus not open …
at mid- and long-term
on management
/ density of ung
Step?1 :(depending
from PFG to ungulate
habitats

When modelled, does a dynamical plant resource, grazed by sev
species, modify predicted occupancy for chamois?
Landscape maps &
habitat suitability
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Modelling targets:
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Dispersal
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FECUNDITY

Scenario features:

Step 2 : disturbance by
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3

Boulangeat et al 2014 (GCB), Bocedi et al 2014
Boulangeat et al. (2014) Global Ch Biol 20: 2368-2378.

Next steps: integrated modelling platform
• Computer-aided adaptive management

Sorry, work in
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Wanted
The Swiss army knife of
biodiversity modelling
Accessible

Sorry, work in progress, and thus not open
…
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Urban et al. (under review)
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