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<-Introduced species have caused great harm

<~ e.g., Mongoose, Game fish, Eucalyptus trees,
Purple loosestrife

<>Non-natives also provide benefits

<> Agricultural Crops & Livestock
sa0Ormamental plants
~ " Househpldipets

<> Prohibition undesirable & unsuccessful
<> Careful planning Is essential
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< RiIsk-based framework

<> Balance benefits of intro vs risks, of.invasives

<> Phased introduction w/intervention points
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< Introduced Species Becomes Invasive,

<> Invasive “Hitchhiker” Species

< “Rogue” Introduction

wvaEinanciallRisks of Profitability,
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Aoplication: Introducing Nor-
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TNative Oysters N Chesapeake Bay

<> Chesapeake Is nation’s largest estuary

<> Dramatic decline in native oysters, (C.\Virginica)
In Chesapeake

wvaDiseaserresponsible for recent.declines
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Time Series of Oyster Landings in Chesapeake Bay

Sources: Data from Chesapeake Bay Program & National Marine Fisheries Service



Apolication: Introducing MNo
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Aatve OYSters in chesapeake Bay

<>Chesapeake IS nation’s largest estuary.

<>Dramatic decline in native oysters (C.virginica);in
Chesapeake

zlDisease.Responsible for Recent Declines

S INOENatVEsSUITIMeE GySterf(CPATIakensis) may e
sselution

<-Very Controversial
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< Important and controversial Issue

<> lllustrates problems commoen; to; ether
Introductions

2 Extensi_ie DataAvailalbless
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OIATICENEIER

<> Faster growing than native oysters,
<~ Tolerated MSX and Dermo disease;

<> Indistinguishable taste from native oysters
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riploids unable to reproduce

<> But probability of reverting terdiploids
(mosaics), capable of reproducing
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< Biological Controls

<> Technology-based standards




Source: Dew, Berkson, Hallerman and Allen, “Demographic Simulation Model for Assessing and

Managing Risks Posed by Proposed Deployment of Triploid Suminoe Oysters in the Chesapeake Bay”
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< Bielegical Controls
<> Technology-based standards

<> Best management practices
<> e.g., Locations where oysters,are planted

v Performance standards
el aximuniescapementrates

< Incentives
<> e.g., Liability for response costs & damages
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[Astitutions

< States play major role
<> Md. plants beds, and licenses harvesters

<~ Va. leases oyster beds to private parties
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<~ Spatially Explicit
<> Limited Access, Shared Resource (Md. Model)

<> Multi-agent Simulation Modeling
<> Principal-Agent Model (Va Model)
- GOV Agency.s.Principal

el Rtreducing Firms are’Agents
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< Sole Owner




Biological &
Economic
Parameters

GIS
Data Sets

Spatial Data Life History Parameters,

Prices, etc.

RePast Agent-

OpenMap™

GI|35 Toollokit Based Modeling
Environment

Results Detailed
Visual \)‘utput
Output Scenarios
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Analyses

Depiction of the Modeling System Architecture




" Oyster Poptlation Dynamics

<> Cohort-Based Model (Dew et al. 2005)

< Spatially Explicit Agent-Based Model

<~ Adult Oysters Sedentary,

S aransport Only DuringiiReproduction
2 DetailedivViodelmgrofEarly Life, Stages
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= Gamete Production
< Fertilization
<>Density Dependent

<-Gamete Sink
<>-Survival

-Dependsupenvirenmental’fconditionss
(e.gr, salinity)
<> Transport and Setting on Habitat
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- Iransport Occurs During Reproduction
<>Broadcast Spawners

<-Multi-Agent Simulation Model
<-Calibrated to North et al. (2007)
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Basin

All
Years 1995 1996 1997 1998 1999

Mobjack Bay
Piankatank
Rappahannock
VA Mainstem
York River

5.9 6.3 6.5 5.8 5.3 S. 1
3.9 S 4.9 3.4 3.2 3.2
7.2 87 1.5 I 6.4 6.3
16.7 194 17.2 158 159 14.8
/1 79 7.2 6.9 6.4 7.1

- Std Dev
Maximum

9.9
121.4

Source: North et al, 2007
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v=Iim Propoeses tor Introduce: Oysters

<-Governments Sets Constraints On Actions
by Firms

<>Firms Range in Reliability (01torl)
<‘Unreliable’ Firms Discount Costs of Invasion
s-Underestimate. Probabilityieiinvasion —

e

R RIor Believe They Won't besHeld
Accountable




Public/
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Depiction of Key Relationships
of Principal Agent Model




No I\/Iomtorlng of Control Actlons

< Government Allocates Fixed Number of
Permits to Firms for Introduction

< Control Actions by Firms Not
Observable
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-~ Government Observesinvasion After

A

the Fact

< Firm is Penalized if Invasion Occurs
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VBT@iEantral
Actions (R=1)

Marginal Cost of
ControllActions

MB Of Control
Actions (R=.5)

Protective

gt PN Actions



Ex Ante Expected Profit

Returns — P,..,* Penalty
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EXxpected
Profit R=1

Selection for
Unreliable Actors

>
Ex Post Penalty




<_>‘Uhre|iable’ Eirms Discount ex post Penalties
<~Understate Expected Costs of Invasion

<>Less Likely to Take Protective Actions

<-Overstate Ex Ante Profitability
<>More Likely to Participate

L-@Gonclusions: Market Forces. Select for.
—UnreliabledkEinms -
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