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Disease TransmissionDisease Transmission

� Transmission of disease is influenced by aggregation 
patterns in the host population as well as its social 
organization and behavioral traits (Anderson and May 
1979, Hilker 2009, etc).

� Disease incidence (new infection per unit time)

� Density-dependent (mass action) transmission assumes 
that effective contact rate between susceptible and 
infective individuals increases linearly with population 
size.  

�Frequency- dependent (standard incidence or 
proportional mixing) assumes the number of contacts 
between susceptible and infective individuals is 
independent of population size.
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AlleeAllee Effect (Critical Effect (Critical DepensationDepensation))

� The phenomenon that populations benefit from large 

population sizes (due to high higher success rates in 

finding mating partners, predator dilution or reduction in 

inbreeding,  etc).

� At low densities, populations experience positive density 

dependence as they have difficulties in maintaining social 

functioning, for example. 

� If the Allee effect is strong (respectively, weak) the 

population growth rate is negative (reduced) at low 

densities. 



4

AlleeAllee Effect In Real PopulationsEffect In Real Populations

� Saiga Antelopes (Saiga tatarica ): One of 

the world’s most rapidly declining 

species, their numbers falling by 95% in 

just 15 years.

� Polar Bear (Ursus maritimus): Polar 

bears were listed as threatened in 2008 

by Dirk Kempthorne, an Interior 

Secretary under then-President George 

W. Bush, because of an alarming loss of 

summer sea ice in recent decades and 

climate models indicating the trend will 

continue.

� African Wild dog (Lycaon pictus)

� Island Fox (Urocyon littoralis)

� Atlantic cod (Gadus morhua )

� Polar bears
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Demographic EquationDemographic Equation
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QuestionQuestion

If a healthy host population at the disease-free 

equilibrium is subject to an Allee effect, can a small 

number of infected individuals with a fatal disease 

drive the total population to extinction?
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SI Epidemic Model SI Epidemic Model 

((HilkerHilker et alet al., Am. Nat. 2009)., Am. Nat. 2009)
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Initial Conditions Initial Conditions 
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Disease Threshold and RDisease Threshold and R00
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Local Stability Local Stability 
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PersistencePersistence
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ExtinctionExtinction
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Stability of Endemic EquilibriumStability of Endemic Equilibrium
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Conclusion (single patch)Conclusion (single patch)

� Studies of systems that exhibit the Allee
mechanism seem to be focused on the role of the 
Allee effect at small population densities.

� In combination with a fatal infectious disease, we 
prove that a small perturbation to the disease-
free equilibrium can lead to the catastrophic 
extinction of the host population.

� We prove that when there is an Allee effect in the 
host demographics and a fatal disease invades 
the host population, then the Allee threshold is 
effectively increased (Deredec and Couchamp, 
2006).
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SI Epidemic Patch ModelSI Epidemic Patch Model

Spatial heterogeneity, habitat connectivity and 

rates of movement play important roles in disease 

persistent and extinction (Allen et al. 2009, Yakubu 

and Castillo-Chavez 2002, Lloyd and May 2001).
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SI Model In Patchy EnvironmentSI Model In Patchy Environment
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Initial Conditions Initial Conditions 
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DiseaseDisease--Free Equilibrium PointsFree Equilibrium Points
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Population Extinction Population Extinction 
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Population Extinction: Population Extinction: 

Single PatchSingle Patch
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RR0 0 in Patchy Environmentin Patchy Environment
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RRδδ
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Population ExtinctionPopulation Extinction
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DiseaseDisease--Free Free SytemSytem
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Host Population Persistence Host Population Persistence 

(No Infected)(No Infected)
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Disease PersistenceDisease Persistence
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SI Epidemic PDE ModelSI Epidemic PDE Model
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SI PDE Model AssumptionsSI PDE Model Assumptions
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SI PDE: Initial ConditionsSI PDE: Initial Conditions
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SI PDE: Population ExtinctionSI PDE: Population Extinction
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SI PDE: DFESI PDE: DFE
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SI PDE: Population ExtinctionSI PDE: Population Extinction
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SI PDE: DiseaseSI PDE: Disease--Free SystemFree System
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SI PDE: Population PersistenceSI PDE: Population Persistence
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SI PDE: Disease ExtinctionSI PDE: Disease Extinction



37

Single Patch SI ModelSingle Patch SI Model
(A. Friedman and A.(A. Friedman and A.--A. Yakubu, JBD in press A. Yakubu, JBD in press 

2011)2011)

� If a healthy stable host 
population at the disease-free 
equilibrium is subject to an Allee
effect, can a small number of 
infected individuals with a fatal 
disease cause the host 
population to go extinct? 
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High Risk In All Patches High Risk In All Patches 
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High Risk High Risk VrsVrs Low Risk PatchesLow Risk Patches
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ConclusionConclusion

� We used mathematical theorems to link Allee effect in 

host demographics, spatial heterogeneity, habitat 

connectivity, and rates of movement to host population 

persistence or extinction.

� At high densities, migration from a low (respectively, high) 

risk patch to a high (respectively, low) risk patch can save 

an endangered species from local patch extinction.

� At high densities, migration of the total population 

between high risk patches leads to the extinction of the 

total population.
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Thank You!
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