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» Modelling approaches
» Theory and scales

» Individuals

» Populations

» Communities

» Epidemics

» More!




MODELLING APPROACHES
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To find factors that shape the empirical data.



MATHEMATICAL MODELING
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MATHEMATICAL MODELS AND METHODS
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MATHEMATICAL MODELS AND METHODS
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Variable Space Time Stochasticity Model type(s)
Discrete No Discrete No —
Yes Markov chain
Continuous No —
Yes Markov process
Discrete Discrete No —
Yes Multidimensional Markov chain, discrete-time IBM on grid
or patch network, discrete-time SPOM
Continuous No —
Yes Multidimensional Markov process, continuous-time IBM on a
grid or patch network, continuous-time SPOM
Continuous Discrete No —
Yes Discrete-time individual-based model in continuous space
Continuous No —
Yes Spatiotemporal point process
Continuous No Discrete No Difference equation
Yes Stochastic difference equation
Continuous No Differential equation, integral equation
Yes Stochastic differential equation
Discrete Discrete No System of difference equations
Yes System of stochastic difference equations
Continuous No System of differential equations
Yes System of stochastic differential equations
Continuous Discrete No Integro-difference equation
Yes Stochastic integro-difference equation
Continuous No Partial differential equation, differential equation with
convolution
Yes Stochastic partial differential equation




CHOOSING THE PROPER MODEL

> Interpretation of mathematical concepts in favor of biology.

> Identify the level of generality.

» Evaluate the extent to which there is empirical support.

Ginzburg et al. Ecol.Mod. 2007(207)356—362



CONSIDER THE SCALE
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Increasing spatiotemporal scale
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searchin
for fo

» Time scale: ecological or evolutionary

» Spatial scale

Ran Nathan et al. PNAS 2008;105:19052-19059
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Movement Ecology INDIVIDUALS

Individuals’ movement...
» Why move?
» Where to move?

» How to move?

A Navigation
: capacity
@

Where to move?
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Ran Nathan et al. PNAS 2008;105:19052-19059




Movement Ecology INDIVIDUALS

Considering observed trajectories:

» Where to move?

Does spatial memory
influence the
movements decision?

IBM PDE
Simulations Numerical integration
Berbert and Fagan Berbert and Lewis

Ecological Complexity Ecological Complexity

2012 (12) 1-12. 2018 (33) 41-48.




INDIVIDUAL-BASED MODEL
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o o o 1 » Avoid the last visited sites, or

> Follow the migration route.

y coordinate

> Spatial configuration changes
from year to year, according
to the persistence level.

x coordinate
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y coordinate

INDIVIDUAL-BASED MODEL

1.0 (c) 10
09 09

N / o 0.8 -
4 :
0.7 4 \ ',—/D—:. = .
{ boU™ \ a—0
0.6 - . (

o5 N

04 -

y coordinate

0.3;
02+
0.1:q
o+ 77T T T T

00 0.1 02 03 04 05 06 0.7 08 09 10
X coordinate

(d) 1.0 ‘

0.9 4

-

0.8

0.7
0.6 -

05

0.4 -

y coordinate

03

-

02

0.1 4

\
;Initialsite
LI AL I E A S B B B |

00 0.1 02 03 04 05 0.6 07 08 09 10
X coordinate



INDIVIDUAL-BASED MODEL

Landscape persistence (p)
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Critical working memory (x,)



PARTIAL DIFFERENTIAL EQUATIONS MODEL

Combining random searches and individuals spatial memory
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Continuous space and time



PARTIAL DIFFERENTIAL EQUATIONS MODEL
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PARTIAL DIFFERENTIAL EQUATIONS MODEL
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PARTIAL DIFFERENTIAL EQUATIONS MODEL

Population reach (xp)




PARTIAL DIFFERENTIAL EQUATIONS MODEL
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POPULATION DYNAMICS

» Births
» Deaths
» Migration

» Resources




POPULATION DYNAMICS

» Births
» Deaths
» Migration

» Resources
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POPULATION DYNAMICS

» Births
» Deaths
» Migration

» Resources

» Structured populations
» Space explicitly modeled

» Habitat loss and
fragmentation




COMMUNITIES

Tertiary
Consumers

» Interactions
» Resource-consumer

» Competition
Contumttre

marten ) PredatiOn

Primary
Consumers

Pacific Edith's
tree frog  checkerspot

Pika

Douglas's
squirrel  Mule deer

Red-breasted
nuthatch

Plants, Flowers, Producers

Nuts, Seeds, Fruit, ;'.'cd
Insects -



COMMUNITIES

» Predation
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volution of fox and rabbit populations




COMMUNITIES

» Interactions

» Resource-consumer

» Competition

\ » Predation
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Structured populations

C . > Space explicitly modeled
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& [PIDEMICS
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» Interaction

» Compartments
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EPIDEMICS

» Interaction

» Compartments
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y EPIDEMICS

» Interaction

» Compartments

» Structured populations
» Space explicitly modeled
» Vector

» Public Policies




Evolutionary ecology

Cellular and molecular dynamics

Genetics
Tumor growth | S
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Which tools can we use to explore causes, mechanisms and patterns of
the biological world? With what degree of specificity and generality?
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