
Joint Management of Wildlife and Joint Management of Wildlife and 
Livestock DiseaseLivestock Disease

Richard D. Horan, Richard D. Horan, 

Christopher Wolf, and Eli P. FenichelChristopher Wolf, and Eli P. Fenichel
Michigan State UniversityMichigan State University

Ken MathewsKen Mathews
ERSERS

We gratefully acknowledge that funding for this work was provideWe gratefully acknowledge that funding for this work was provided by the Economic Research d by the Economic Research 
ServiceService--USDA Program of Research on the Economics of Invasive Species MaUSDA Program of Research on the Economics of Invasive Species Management nagement 

(PREISM).(PREISM).



Wildlife diseasesWildlife diseases

•• Major global problem Major global problem 
–– Human healthHuman health

•• 61 % of human pathogens are 61 % of human pathogens are zoonoticzoonotic

–– LivestockLivestock
•• 77% of livestock pathogens are 77% of livestock pathogens are zoonoticzoonotic

–– RecreationRecreation
•• Hunting and fishingHunting and fishing

–– ConservationConservation
•• TB in Lions in Krueger ParkTB in Lions in Krueger Park
•• Brucellosis in Yellowstone BisonBrucellosis in Yellowstone Bison



Ecological Literature Ecological Literature 
on Infectious Diseaseson Infectious Diseases

• Conventionally, management recommendations 
come from this literature

•• Primary focus has been on pathogens infecting a Primary focus has been on pathogens infecting a 
single hostsingle host

• Recent interest in diseases infecting multiple 
hosts



Management of Wildlife DiseasesManagement of Wildlife Diseases

•• FirstFirst--Best: remove or treat infected individualsBest: remove or treat infected individuals
–– Often not identifiable prior to postOften not identifiable prior to post--mortem testingmortem testing

•• Actual approaches are nonActual approaches are non--targeted: secondtargeted: second--bestbest
–– Traditional strategies derived from ecological literatureTraditional strategies derived from ecological literature

–– Based on two related conceptsBased on two related concepts
•• R0 R0 
•• HostHost--density thresholdsdensity thresholds



RR00: Basic Reproduction Rate of Pathogen: Basic Reproduction Rate of Pathogen

•• Initial rate of growth in Initial rate of growth in diseasedisease--freefree populationpopulation
–– Disease invades or spreads when Disease invades or spreads when R0>1 >1 
–– Disease diminishes in prevalence when Disease diminishes in prevalence when R0<1<1

•• RR00=1 criterion used to guide management=1 criterion used to guide management
–– Standard approach: use constant effort policy to Standard approach: use constant effort policy to 

reduce reduce R0 below unity and eradicate diseasebelow unity and eradicate disease



RR00=1 Criterion is Problematic=1 Criterion is Problematic

•• Defines a frontier of effort ratesDefines a frontier of effort rates
–– An aggregate metric An aggregate metric ---- does not reflect risks to individual hostsdoes not reflect risks to individual hosts
–– Does not guide effort choicesDoes not guide effort choices

•• Derived based on diseaseDerived based on disease--free equilibriumfree equilibrium
–– Used to guide postUsed to guide post--infection managementinfection management
–– Myopic management due to constant effort rates and focus on Myopic management due to constant effort rates and focus on 

prepre--infection stateinfection state

•• Criterion used to eradicate disease, but may not be Criterion used to eradicate disease, but may not be 
efficientefficient



Roberts and Roberts and HeesterbeekHeesterbeek (2003)(2003)

•• Focus on hostFocus on host--density thresholds, not Rdensity thresholds, not R00
–– Pathogen cannot invade if host density is less Pathogen cannot invade if host density is less 

than thresholdthan threshold

•• Derive thresholds for reservoir populationsDerive thresholds for reservoir populations
–– Target only reservoir hostsTarget only reservoir hosts
–– Reservoir status is defined based on initial Reservoir status is defined based on initial 

force of infectionforce of infection



ObjectivesObjectives

• Use a bioeconomic model to explore socially 
efficient management of an infected multiple 
host system
– Numerical example: Bovine TB in Michigan white-

tailed deer and cattle

• Explore the role of host-density thresholds

• Explore the notion of targeting the reservoir 
species
– Deer in our model



Prior literature on Prior literature on 
livestocklivestock--wildlife disease problemswildlife disease problems

• Prior livestock models
– Explore disease dynamics within and between herds

• Barlow et al. 1997, 1998

– Ignore infectious interactions with wildlife
• Chi et al. 2002; Scantlebury et al. 2004

• Prior wildlife models
– Ignore interactions with livestock even when these 

motivate the analysis
• Barlow 1996; Dobson and Meagher 1996; Horan and Wolf 

2005; Fenichel and Horan 2007, Forthcoming





Deer Management OptionsDeer Management Options

Management of harvests (Management of harvests (hhDD) ) 
and supplemental feeding (and supplemental feeding (ff))

Both are nonBoth are non--selective with respect to disease statusselective with respect to disease status





Cattle Management OptionsCattle Management Options

Harvests of healthy cattle (Harvests of healthy cattle (hhcc) ) 

Test and removal of sick animalsTest and removal of sick animals

BiosecurityBiosecurity investments (investments (ZZ))

Selective with respect 
to disease status

KZK δ−=&



SI SI Disease Model: DeerDisease Model: Deer
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Similar model for cattle, except no dependence on Similar model for cattle, except no dependence on 
feeding, and selective with respect to disease statusfeeding, and selective with respect to disease status
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ReRe--scaled scaled SISI Model: DeerModel: Deer
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NNDD = total population= total population
θθDD = = IIDD//NND D = disease prevalence rate= disease prevalence rate

New Equations of MotionNew Equations of Motion



HostHost--density Threshold for Deerdensity Threshold for Deer

= the value of = the value of NNDD(t(t) that solves) that solves

–– The pathogen will not spread in population The pathogen will not spread in population ii whenwhen

•• Traditional focus is on the threshold defined at Traditional focus is on the threshold defined at 
prepre--infection equilibriuminfection equilibrium
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HostHost--Density Threshold Density Threshold 
at Diseaseat Disease--Free EquilibriumFree Equilibrium
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Criticisms of ConventionallyCriticisms of Conventionally--
Defined ThresholdsDefined Thresholds

•• ExogenousExogenous
–– Based on all hosts being at diseaseBased on all hosts being at disease--free free equilibriaequilibria
–– TimeTime--invariantinvariant
–– MyopicMyopic

•• Should be endogenous and timeShould be endogenous and time--varying.  varying.  
–– Threshold = Threshold = 

•• Used to identity Used to identity minimumminimum effort levels for single control effort levels for single control 
optionoption
–– How should efforts be targeted by control, by species, and over How should efforts be targeted by control, by species, and over 

time?time?
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BioeconomicBioeconomic ProblemProblem

•• BioeconomicBioeconomic problem:problem:

subject tosubject to
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MB from investing elsewhere in economy = MB from investing elsewhere in economy = 
Own rate of return to investing in cattleOwn rate of return to investing in cattle
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Marginal productivity of Marginal productivity of 
cattlecattle

More cattle increases withinMore cattle increases within--
herd infectious contactsherd infectious contacts

Larger cattle population Larger cattle population 
reduces threshold for deerreduces threshold for deer

Capital gainCapital gain

Marginal cost of larger herdMarginal cost of larger herd



MB from investing elsewhere in economy = MB from investing elsewhere in economy = 
Own rate of return to investing in deerOwn rate of return to investing in deer
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Marginal productivity of Marginal productivity of 
deerdeer

Larger deer populationLarger deer population
is an adverse change is an adverse change 
relative to own thresholdrelative to own threshold

Larger deer population causesLarger deer population causes
more infectious contacts with cattlemore infectious contacts with cattle

Capital gainCapital gain

Marginal cost savingsMarginal cost savings



MB of investing elsewhere = MC of reMB of investing elsewhere = MC of re--directing directing 
resources away from disease controlresources away from disease control

(3)(3)

Marginal deer Marginal deer 
productivity impact of productivity impact of 
increased prevalence increased prevalence 
in deerin deer

Larger prevalence inLarger prevalence in
deer generates more deer generates more 
Infectious contactsInfectious contacts

Larger prevalence in deer increasesLarger prevalence in deer increases
Infectious contacts with cattleInfectious contacts with cattle

Capital lossCapital loss

Marginal damages to huntersMarginal damages to hunters
from increased prevalencefrom increased prevalence
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Solutions are Feedback RulesSolutions are Feedback Rules

Now Now NNDD on both sides of the equation.  on both sides of the equation.  

ReRe--solve for solve for optimal optimal hosthost--density threshold: density threshold: 

Plug feedback rules into deer host density thresholdPlug feedback rules into deer host density threshold
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SolutionSolution

•• Deer and cattle managed as almost separate Deer and cattle managed as almost separate 
systems (but not quite) systems (but not quite) 

•• Reduces the reservoir status of deerReduces the reservoir status of deer

•• Reservoir status is endogenousReservoir status is endogenous

Invest heavily in Invest heavily in biosecuritybiosecurity
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Deer-prevalence dynamics when cattle are ten times more valuable 
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ConclusionsConclusions
• “Rule of thumb” in ecological lit is to manage reservoir populations 

relative to a fixed host-density threshold

• This paper contributes to the economics of wildlife disease 
management

• Two themes
– Economic and ecological systems jointly determined

• Thresholds endogenous
• Reservoir status endogenous

– How to target resources
• Non-selective wildlife controls reduce relative efficiency of these controls
• Primarily direct controls towards reducing reservoir status of wildlife

– Reduces incentives to target wildlife – opposite of prior economic and ecological 
work

• Eradication is not optimal


