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Research questions

How does biodiversity respond to human-driven
environmental change ?

* Improve predictive capacity, data and uncertainty
guantification

* Improve understanding of relevant processes and
feedbacks

* Improve scientific basis for environmental
management and monitoring



What is biodiversity? ' D
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Biological diversity means the variety of life on Earth —
within species, between species and of entire
ecosystems (Convention on Biological Diversity, 1992)
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Wilson & Primack (2019) Open Book Publisher.



The global biodiversity crisis ', i
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Living Planet Index (2018) WWF.
Mace et al. (2018) Nat Sustain 1: 448-451.



The global biodiversity crisis
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Biodiversity loss is a self-preservation issue
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Alexander von Humboldt: ,,all natural forces are linked together,
and made mutually dependent upon each other”

=» 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) WWEF.



Bending the curve of biodiversity loss . gy
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Convention on Biological
Diversity: ,,By 2050,
biodiversity is valued,
conserved, restored and
widely used [...]“
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Living Planet Index (2018) WWF.
Mace et al. (2018) Nat Sustain 1: 448-451.



Bending the curve of biodiversity loss
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Stimulate new analytical
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Living Planet Index (2018) WWF.
Mace et al. (2018) Nat Sustain 1: 448-451.



Biodiversity scales and processes
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Modelling biodiversity response ' D
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* Correlative species distribution models (SDMs)

Biodiversity & SDMs Predicting potential
environmental data distribution
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Examples: Zurell et al. (2012) Ecography 35: 590-603.
Zurell et al. (2016) Diversity and Distributions 22: 905-917.

Zurell et al. (2018) Nature Climate Change 8: 992-996.



Correlative species distribution models (SDMs) . @ﬁ@

* Example: plant species distribution in Switzerland at 93 m
spatial resolution to guide monitoring and citizen scientists

) [ Standard predictors ] [ EIV predictors ]
7 N T < :

/ Gentiana pneumonanthe

1/

Descombes et al. (2020) Ecography 43: 1448-1463.
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Correlative species distribution models (SDMs): s iy
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 Example: breeding and wintering ranges of Holarctic long-
distance migratory birds at 0.5° spatial resolution

* Current
= Future
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Zurell et al. (2018) Nature Climate Change 8: 992-996.
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Modelling biodiversity response ' D
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* Correlative species distribution models (SDMs)

Biodiversity & SDMs Predicting potential
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Criticism I: Dymamic response to global change

Habitat becoming
suitable but not
colonisable
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Current distribution
partly becoming unsuitable

Six key mechanisms for
predicting biodiversity response:

Species
interactions

Adaptation

Dispersal Environment

Demography Physiology

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



Dymamic response to global change s
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Criticism Il: Biotic constraints on the niche

Oox\' €rs; * é}:

.
LD
o, -
L]

&,
Q’am
‘e

Different biological processes might constrain current patterns

Realised and observed niche are affected by demographic and
community processes

(a) Biotic factors restricting the realised niche

Species occurrence

Realised Fundamental

4 niche niche

\
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1
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Temperature

* Dispersal limitation
* Competition

* Predation

* Parasitism/Disease

(b) Biotic factors expanding the realised niche

Species occurrence

Temperature

* Source-sink dynamics
* Extinction debt

* Facilitation

e Adaptation

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



Dynamic distribution models ' D

* Understanding structure and dynamics of populations
* Explicitly model population growth and dispersal:

_______________________________
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Schurr et al. (2012) J Biogeogr 39: 2146-2162.



RangeShifter modelling platform

» An individual-based eco-evolutionary modelling platform
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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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RangeShifter modelling platform s
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Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.
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RangeShifter modelling platform s
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Malchow et al. (2020) bioRxiv 2020.11.17.384545 ABERDEEN
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.



RangeShifter modelling platform
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Neubert & Caswell (2000):
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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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RangeShifter modelling platform s
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Persecution reduction
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Applying dynamic distribution models s i
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Example: Caucasian leopard

Medium Low

High

Stage-structured model, individual-based movement decisions

Prey restoration
Medium

Occupancy Probability [l B 400 km
's\o b:)\o o\o Cbo\e go\o L1 1
LA
N @ Bleyhl et al. (2021) Ecol Appl. DOI: 10.1002/eap.2338



Applying dynamic distribution models

Example: black grouse in Switzerland

e Stage-structured model, individual-based
movement decisions

H-a1

2400

2000

MWean elevation [m]

- 1600

2001 2025 2050 2075 2100
Simulation year

2001 2075 2050 2075 2100
Simulation year

Zurell et al. (2012) Ecography 35: 590-603.



State-of-the-art dynamic distribution models . @ﬁ@
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Coupled SDM- Hierarchical models simultaneously
demography models infer process rates and demography-
environment relationship
T(l_ﬁ> « | Hutchinsonian niche
Nip1 = Nee : %
> 5
< 3
— &
&0 3
o £
GEJ c | r<0 |Niche(r>0) | r<0
o Environment
Habitat suitability X :
Example: Zurell et al. (2012) Ecography 35: 590-603. Example: Pagel & Schurr (2012) Glob Ecol Biogeogr 21: 293-304.

Theoretical underpinning

Flexibility

-




Next steps: calibration workflows

Fitting single-species simulation models to data
=>» Model selection & process attribution

=» Validation of predictive accuracy, cross-validation

Direct calibration
Integration of existing information

Demographic rates
Meta-analyses/experiments \
Dispersal submodels

Inverse calibration
Comparison of

Likelihood model and data

Repeat and
add new T

information

Forecasting &
Quantification \
of uncertainty

Model selection

Occupancy Pop Dyn

A v X
B X v
Posterior C v v

Modified from Hartig et al. (2012) J Biogeogr 39: 2240-2252.



Next steps: calibration workflows s O

Fitting single-species simulation models to data
=>» Model selection & process attribution
=» Validation of predictive accuracy, cross-validation

Sampling grid + data

Presence/absence
maps

s

Time series of
local abundance

)
ac g, B S5 dre o aa
o

Spatial block-cross validation

Model complexity & statistical support?
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Next steps: process attribution s i

e Capturing disequilibrial dynamics and legacies:
extinctions debts and colonisation credits

Habitat New Long-distance disperser Short-distance disperser
loss equilibrium oF oF
: ! Dispersal  Persistence Dispersal  persistence
4 i ! limitation limitation
TN, U oo -E---“- § 3t -> b § ar - =
1 H © <
1 H ho] ©
3 : i Extincti 5 5
S . ! xtinction 2 « Year 0 2 & Year0
© 1 1 © ©
o) L. : : debt c c
S | Short-living i i 0al Vear - | Year
< i | 100 100
----------------- : : T o 1 1 1 1 1 1 f on 1 1 1 1 i 1 1
i . 20 2 4 6 810 202 4 6 8 10
- Temperature Temperature

Time
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 s i
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=> extend to multi-species model
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Malchow et al. (2020) bioRxiv 2020.11.17.384545 ABERDEEN
Building on Bocedi et al. (2012) Methods Ecol Evol 5: 388-396.



Next steps: integrated modelling platform .

* Feedbacks between biodiversity dynamics and drivers

— E.g. feedback between climate change-induced pollinator
population decrease & demand for agricultural land


zurell

zurell
Sorry, work in progress, and thus not open …


Next steps: integrated modelling platform .

* Feedbacks between trophic levels

— E.g. feedback between vegetation and herbivores, options
for wildlife management and restoration
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Next steps: integrated modelling platform .
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e Computer-aided adaptive management
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Thank you for listening! . o
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Contact:

Prof. Dr. Damaris Zurell
Ecology & Macroecology
University of Potsdam
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