Introduction todeterministicmodelsin
ecologyandevolution

Fredéric Hamelin

1. Introduction todynamicalkystemsn ecology
2. Introduction toresiliencein ecologicakystems
3. Introduction toevolutionaryinvasionanalysis

LINSTITUT
CIgI'O



Introduction toresiliencan
ecologicabystems

Frédéric Hamelin

LINSTITUT
CIgI'O



Outline

Threshold

AECO | Og | Cal' es | I | ence Stable State Alternative Stable State
AAbrupt regimeshifts: o

1. Facts

2. Theory

A Exploitedpopulationdynamics
A Overfishing
A Overgrazing
A Shifts due to pollution or loss of biodiversity
A Shallowlakeseutrophication
A Coralreef degradation

A Recurring outbreaks of insect pests el bl LGS avaind Y AFimn s
CORAL REEFS ALGAE DOMINATED REEFS

ATipping points and early warning signals s




Resilience

AEngineeringthe amount of stress a
material can withstand before breaking

APsychologythe ability to bounce back
after negative emotional experiences

ADevelopment the ability of a person,
household, or other aggregate unit to
avoid poverty in the face of various
stressors and shocks

AEcology the ability of ecosystems to
absorb change and disturbance

ASocicecology the ability to adapt or
transform in the face of change




Resiliencen ecology

Alntuitively: the ability of a system to cope
with disturbances, bounce back, and
maintain its state and functionality

A2 concurrentdefinitions

AEngineering resiliencethe speed at which a
system returns to a reference state after a
disturbance

AEcological resilienceghe magnitude of
disturbance that can be absorbed before a
system tips into another state

Engineering resilience
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Stability tipping point,
theory
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Abrupt regime shifts: the facts
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Biggs et al (2018) The regime shifts datab&selogy and Society
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W Forest to savanna
B Steppe to tundra
= Mangrove transitions
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B Bush encroachment

® Marine foodwebs

& Indian summer monsoon
& Thermohaline circulation

& Common pool resource

& Sprawling vs compact city

@ Bivalves collapse

@ Coastal marine eutrophication
® Coral transitions

® Freshwater eutrophication

® Hypoxia

® Kelp transitions

® Seagrass transitions

m Coniferous to deciduous forest
B Soil salinization

= River channel position

® Submerged to floating plants
= Salt marshes to tidal flats
= Thermokarst lake

® Arctic sea-ice loss
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B Tundra to boreal forest
= Peatland transitions
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Mechanism underlying regime shift

: e Aquatic systems

: m Terestrial systems

1 = Land-water interface
: e Climate system

1 ® Social systems



Biggs et al (2018) The regime shifts datab&selogy and Society
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Global 1

® Thermohaline circulation

® Arctic sea-ice loss
@ Hypoxia @ West Antarctic ice sheet
® Fisheries collapse & Greenland ice sheet
@ Marine food webs
Sub- ® Coastal marine eutrophication
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® Bivalves collapse
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® Seagrass transitions
Local/landscape m Bush encroachment
B Soil salinization
= Mangrove transitions
= Peatland transitions

= Salt marshes to tidal flats
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® Spawling vs compact city
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Biggs et al (2018) The regime shifts datab&s®logy and Society

Global climate change =——mmmmmooooo——4§
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Abruptregimeshifts:theory



Exploitedoopulationdynamics



Exploitation of dishpopulation

APopulationdensity. U
Alntrinsicgrowth rate:
ACarryingcapacity
ACatchability
AFishingeffort:

Kot (2001)Elements of mathematical

ecology Cambridge University Press.
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Equilibria
ASpeciesbsent:l T
ASpecies present:

BIC Y
ASpecies persistendt:

AFishing effort must be
limited, otherwise
overfishing and extinction
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Bifurcationdiagram
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Sustainablegield

AYieldat equilibrium
(catches per unit time)
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Sustainablgield

N al'équilibre
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Optimal fishing effort
allows half of the
population to be
conserved
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Introduction of an Alleeffect

allee effects

in ecology and conservation

franck courchamp | ludék berec | joanna gascoigne



Fishing a population with strong Allee effect
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Equilibria
AEquilibrium:any( suchthat;
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Equilibria
AEquilibrium:any( suchthat;
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Equilibria
AEquilibrium:any( suchthat;
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Equilibria
AEquilibrium:any( suchthat;
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N al'equilibre

Catastrophidifurcation

Critical fishing effort
beyond which the

T population suddenly dies
P out (tipping point).
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Yieldcurve

Optimal fishing effort is
dangerously close to the

tipping point!
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Dynamics of North Atlantic cod
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Hutchings & Rangeley (2011) Correlates of
recovery for Canadian Atlantic co@ddus
morhua). Canadian Journal of Zoolagy



Dynamics ofjrazeavegetation

APlantdensity U

AGrazerdensity, 6
(constant)

APlantsgrazedper unit time:

(Hollingfunctionalresponsg
AModel due to

Noy-Meir (1975) Stability of grazing systems:

an application of predateprey graphs.
Journal of Ecology
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Equilibria
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Equilibria
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Catastrophidifurcation

Density of grazers beyond
which vegetation
suddenly dies out

(tipping point)

M a l'équilibre

Discontinuous bifurcation
(abrupt extinction that is
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Hysteresys

Density of grazers beyond
which vegetation
suddenly dies out
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Overgrazing

Photos taken about 100 meters apart. The area on the right was overgrazed until the 1950s. Following its degradatiaan, t
was abandoned. No regeneration of the ecosystem has been observed to date.

Semiarid ecosystem EIPlanerénBird SanctuaryZaragoza, Spain

Ecosystemes et transitions catastrophiques, S&ié
https://sfecologie.org/regard/r37hysteresissoniakefi/



Shifts due to pollution or loss of biodiversity



utrophication othallowlakes

Example of two lakes, one of which is clear and the other has become turbid




Why are shallow lakes prone to eutrophication?
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Lake eutrophication model

APhosphorusoncentration:0
AContribution from the

watershed (inflow)
ASedimentatiorrate: /

Qo

AResuspensiomte:
AModel due to

Carpenter et al (1999) Management of
eutrophication for lakes subject to potentially
irreversible change=cological applications
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Equilibria
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Equilibres

AEquilibrium:any0 suchthat;
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Equilibres
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Catastrophidifurcation
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Coralreefs

AProportion of the seabed
occupied by
ACorals6
AMacro-algae U
AAlgal turf'O p 0 0
AGrazingntensity (by sea
urchinsand parrotfishes:

AModel due to

Mumbyet al (2007) Thresholds and the
resilience of Caribbean coral redf¢ature




Equilibria brstabilityand bifurcation

reductionin grazingintensity, 4

Coral
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Coral hysteresis in the Caribbean

Coral cover (%)
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Coralhysteresisn Moorea

Overlap UC SANTA BARBARA

Seaweed field

LOTS OF ALGAE

Coral reef

LOTS OF CORAL

LOW HERBIVORY HIGH HERBIVORY

Schmitt et al (2019) Experimental support for
alternative attractors on coral reef®roceedings
of the National Academy of Sciences



Sprucebudworm

AChoristoneurdumiferana moth native to
North America

ARecurring infestations every 30 years

Boulanger & Arseneault (2004) Spruce budworm outbreaks in
eastern Québec over the last 450 years. Can. J. For. Res



