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MidMid--Atlantic Invasive SpeciesAtlantic Invasive Species

•• Ecosystem structure and Ecosystem structure and 
functionfunction

•• Broad array of Broad array of taxataxa
–– Plants, insects, pathogensPlants, insects, pathogens

•• Regional habitat diversityRegional habitat diversity
–– ForestForest

•• AlliariaAlliaria petiolatapetiolata
•• DisculaDiscula destructivadestructiva
•• AdelgesAdelges tsugaetsugae
•• LymantriaLymantria dispardispar

MidMid--Atlantic Invasive SpeciesAtlantic Invasive Species

•• Regional habitat Regional habitat 
diversitydiversity
–– Streams, riversStreams, rivers

•• DreissenaDreissena polymorphapolymorpha
•• HydrillaHydrilla verticillataverticillata

–– WetlandsWetlands
•• LythrumLythrum salicariasalicaria
•• MicrostegiumMicrostegium vimineumvimineum

–– Chesapeake BayChesapeake Bay
•• Cygnus Cygnus olorolor
•• MyocastorMyocastor coypuscoypus
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MidMid--Atlantic Invasive SpeciesAtlantic Invasive Species

•• Ecosystem goods and Ecosystem goods and 
services, socioeconomic services, socioeconomic 
costscosts
–– DreissenaDreissena polymorphapolymorpha
–– HydrillaHydrilla verticillataverticillata

•• Public healthPublic health
–– AedesAedes albopictusalbopictus
–– HeracleumHeracleum

mantegazzianummantegazzianum

Chestnut blightChestnut blight

CryphonectriaCryphonectria parasiticaparasitica

•• Significant, but often overlooked Significant, but often overlooked 
problemproblem

•• Existing strategies are reactiveExisting strategies are reactive
•• Action taken only after detection of Action taken only after detection of 

invasion/collateral damageinvasion/collateral damage
•• Due to timeDue to time--lag, species may already lag, species may already 

be establishedbe established
•• Such an approach is environmental Such an approach is environmental 

catchcatch--upup

MidMid--Atlantic Invasive SpeciesAtlantic Invasive Species

What is a better way ?What is a better way ?
Predictive ModelingPredictive Modeling

•• Accumulate occurrence data on Accumulate occurrence data on 
native rangenative range

•• Build ecological niche modelBuild ecological niche model
•• Project niche model to areas of Project niche model to areas of 

actual or potential invasionactual or potential invasion

•• Uses a genetic algorithm, an artificial Uses a genetic algorithm, an artificial 
intelligence application, for choosing rulesintelligence application, for choosing rules

•• Uses multiple rule types (BIOCLIM, logistic Uses multiple rule types (BIOCLIM, logistic 
regression, etc.)regression, etc.)

•• Different decision rules may apply to Different decision rules may apply to 
different sectors of species’ distributionsdifferent sectors of species’ distributions

•• Extensive testing indicates excellent Extensive testing indicates excellent 
predictive abilitypredictive ability

Predictive Modeling:Predictive Modeling:
Genetic Algorithm for RuleGenetic Algorithm for Rule--set set 

Prediction (GARP)Prediction (GARP)
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Tests of GARP Model Tests of GARP Model PredictivityPredictivity
•• Anderson, R. P., M. Gomez, and A. T. Peterson. 2002. GeographicaAnderson, R. P., M. Gomez, and A. T. Peterson. 2002. Geographical distributions of spiny pocket mice in South America: l distributions of spiny pocket mice in South America: 

Insights from predictive models. Global Ecology and BiogeographyInsights from predictive models. Global Ecology and Biogeography 11:13111:131--141.141.
•• Anderson, R. P., M. Anderson, R. P., M. LaverdeLaverde, and A. T. Peterson. In press. Niche, and A. T. Peterson. In press. Niche--based models of species' potential based models of species' potential macrodistributionsmacrodistributions

suggest competition and competitive release in spiny pocket micesuggest competition and competitive release in spiny pocket mice. . OikosOikos..
•• Anderson, R. P., D. Lew, and A. T. Peterson. 2003. Using error dAnderson, R. P., D. Lew, and A. T. Peterson. 2003. Using error distributions to select best subsets of predictive models of istributions to select best subsets of predictive models of 

species' distributions. Ecological species' distributions. Ecological ModellingModelling..
•• FeriaFeria, T. P., and A. T. Peterson. 2002. Using point occurrence data a, T. P., and A. T. Peterson. 2002. Using point occurrence data and inferential algorithms to predict local communities nd inferential algorithms to predict local communities 

of birds. Diversity and Distributions 8:49of birds. Diversity and Distributions 8:49--56.56.
•• Peterson, A. T. 2001. Predicting species' geographic distributioPeterson, A. T. 2001. Predicting species' geographic distributions based on ecological niche modeling. Condor 103:599ns based on ecological niche modeling. Condor 103:599--

605.605.
•• Peterson, A. T., L. G. Ball, and K. C. Peterson, A. T., L. G. Ball, and K. C. CohoonCohoon. 2002a. Predicting distributions of tropical birds. Ibis 144:e2. 2002a. Predicting distributions of tropical birds. Ibis 144:e277--e32.e32.
•• Peterson, A. T., and K. C. Peterson, A. T., and K. C. CohoonCohoon. 1999. Sensitivity of distributional prediction algorithms to g. 1999. Sensitivity of distributional prediction algorithms to geographic data eographic data 

completeness. Ecological completeness. Ecological ModellingModelling 117:159117:159--164.164.
•• Peterson, A. T., S. L. Egbert, V. SanchezPeterson, A. T., S. L. Egbert, V. Sanchez--Cordero, and K. P. Price. 2000. Geographic analysis of conservatCordero, and K. P. Price. 2000. Geographic analysis of conservation priorities ion priorities 

using distributional using distributional modellingmodelling and and complementaritycomplementarity: Endemic birds and mammals in : Endemic birds and mammals in VeracruzVeracruz, Mexico. Biological , Mexico. Biological 
Conservation 93:85Conservation 93:85--94.94.

•• Peterson, A. T., M. A. OrtegaPeterson, A. T., M. A. Ortega--Huerta, J. Bartley, V. SanchezHuerta, J. Bartley, V. Sanchez--Cordero, J. Soberon, R. H. Buddemeier, and D. R. B. Cordero, J. Soberon, R. H. Buddemeier, and D. R. B. 
StockwellStockwell. 2002b. Future projections for Mexican faunas under global clim. 2002b. Future projections for Mexican faunas under global climate change scenarios. NATURE 416:626ate change scenarios. NATURE 416:626--629.629.

•• Peterson, A. T., V. SanchezPeterson, A. T., V. Sanchez--Cordero, J. Soberon, J. Bartley, R. H. Buddemeier, and A. G. NavCordero, J. Soberon, J. Bartley, R. H. Buddemeier, and A. G. Navarroarro--SiguenzaSiguenza. 2001. . 2001. 
Effects of global climate change on geographic distributions of Effects of global climate change on geographic distributions of Mexican Mexican CracidaeCracidae. Ecological . Ecological ModellingModelling 144:21144:21--30.30.

•• Peterson, A. T., R. ScachettiPeterson, A. T., R. Scachetti--Pereira, and W. W. Hargrove. Submitted. Potential distribution oPereira, and W. W. Hargrove. Submitted. Potential distribution of Asian f Asian longhornedlonghorned beetles beetles 
((AnoplophoraAnoplophora glabripennisglabripennis) in North America. Journal of Economic Entomology.) in North America. Journal of Economic Entomology.

•• Peterson, A. T., J. Soberon, and V. SanchezPeterson, A. T., J. Soberon, and V. Sanchez--Cordero. 1999. Conservatism of ecological niches in evolutionaryCordero. 1999. Conservatism of ecological niches in evolutionary time. time. 
Science 285:1265Science 285:1265--1267.1267.

•• Peterson, A. T., D. R. B. Peterson, A. T., D. R. B. StockwellStockwell, and D. A. Kluza. 2002c. Distributional prediction based on eco, and D. A. Kluza. 2002c. Distributional prediction based on ecological niche modeling logical niche modeling 
of primary occurrence data. Pages 617of primary occurrence data. Pages 617--623 623 inin Predicting Species Occurrences: Issues of Scale and Accuracy. 'Predicting Species Occurrences: Issues of Scale and Accuracy. '('J. M. ('J. M. 
Scott, P. J. Scott, P. J. HeglundHeglund, and M. L. Morrison, , and M. L. Morrison, Ed.)'.IslandEd.)'.Island Press, Washington, D.C.Press, Washington, D.C.

•• Peterson, A. T., and D. A. Vieglais. 2001. Predicting species inPeterson, A. T., and D. A. Vieglais. 2001. Predicting species invasions using ecological niche modeling. vasions using ecological niche modeling. BioScienceBioScience
51:36351:363--371.371.

•• StockwellStockwell, D. R. B., and A. T. Peterson. 2002a. Controlling bias in biodi, D. R. B., and A. T. Peterson. 2002a. Controlling bias in biodiversity data. Pages 537versity data. Pages 537--546 546 inin Predicting Species Predicting Species 
Occurrences: Issues of Scale and Accuracy. '('J. M. Scott, P. J.Occurrences: Issues of Scale and Accuracy. '('J. M. Scott, P. J. HeglundHeglund, and M. L. Morrison, , and M. L. Morrison, Ed.)'.IslandEd.)'.Island Press, Press, 
Washington, D.C.Washington, D.C.

•• StockwellStockwell, D. R. B., and A. T. Peterson. 2002b. Effects of sample size on, D. R. B., and A. T. Peterson. 2002b. Effects of sample size on accuracy of species distribution models. accuracy of species distribution models. 
Ecological Ecological ModellingModelling 148:1148:1--13.13.

HydrillaHydrilla verticillataverticillata

Ecological Niche ModelingEcological Niche Modeling
Native range locality dataNative range locality data

Ecological dataEcological data

Specimen recordsSpecimen records

TemperatureTemperature

PrecipitationPrecipitation

Solar radiationSolar radiation

Snow coverSnow cover

FrostFrost--free daysfree days

Rule set for predictionRule set for prediction

0    r    0.50  0.99  28.55 0.35  0.5040    r    0.50  0.99  28.55 0.35  0.504
IF       IF       -- ElevElev*0.26 r + *0.26 r + PrecipPrecip*0.19 r *0.19 r -- Temp*0.10 rTemp*0.10 r
THEN    THEN    TaxonTaxon=BACKGROUND=BACKGROUND

4    r    0.53  0.86  23.58 0.51  0.3144    r    0.53  0.86  23.58 0.51  0.314
IF       + IF       + ElevElev*0.32 r *0.32 r -- PrecipPrecip*0.19 r *0.19 r -- Temp*0.10 rTemp*0.10 r
THEN    THEN    TaxonTaxon=PRESENT=PRESENT

1    r    0.49  0.91  26.32 0.39  0.1221    r    0.49  0.91  26.32 0.39  0.122
IF       IF       -- ElevElev*0.02 r + *0.02 r + PrecipPrecip*0.28 r *0.28 r -- Temp*0.30 rTemp*0.30 r
THEN    THEN    TaxonTaxon=BACKGROUND=BACKGROUND

3    m    0.49  0.85  23.73 0.44  0.0283    m    0.49  0.85  23.73 0.44  0.028
IF      IF      ElevElev=[1482,3360]r AND =[1482,3360]r AND PrecipPrecip=[ 1, 4]r AND Temp=[ 2, 4]r=[ 1, 4]r AND Temp=[ 2, 4]r
THEN    THEN    TaxonTaxon=PRESENT=PRESENT

6    d    0.49  0.86  20.90 0.33  0.0196    d    0.49  0.86  20.90 0.33  0.019
IF      IF      ElevElev=[1937,3241]r=[1937,3241]r
THEN    THEN    TaxonTaxon=PRESENT=PRESENT

2    d    0.49  0.85  23.78 0.44  0.0132    d    0.49  0.85  23.78 0.44  0.013
IF      IF      ElevElev=[ 0,2727]r AND =[ 0,2727]r AND PrecipPrecip=[ 4, 9]r=[ 4, 9]r
THEN    THEN    TaxonTaxon=BACKGROUND=BACKGROUND

5    d    0.48  0.83  22.11 0.41  0.0005    d    0.48  0.83  22.11 0.41  0.000
IF      IF      ElevElev=[1640,2866]r AND =[1640,2866]r AND PrecipPrecip=[ 1, 4]r AND Temp=[ 2, 5]r=[ 1, 4]r AND Temp=[ 2, 5]r
THEN    THEN    TaxonTaxon=PRESENT=PRESENT
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Native range locality dataNative range locality data

Ecological dataEcological data
GARPGARP

Distributional Distributional 
predictionprediction

Invasive speciesInvasive species
projectionprojection

Ecological Niche Ecological Niche 
ModelingModeling

HydrillaHydrilla verticillataverticillata

HydrillaHydrilla verticillataverticillata
Potential Distribution as Percent of Potential Distribution as Percent of 

Watershed AreaWatershed Area

1 - 20
21 - 40
41 - 60
61 - 80
81 - 100

Sudden Oak DeathSudden Oak Death
((PhytophthoraPhytophthora ramorumramorum))
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Sudden Oak DeathSudden Oak Death
((PhytophthoraPhytophthora ramorumramorum))

Section  Section  LobataeLobatae
Species Richness Species Richness 

1 - 4
5 - 7
8 - 10
11 - 13

Sudden Oak DeathSudden Oak Death
Native Range?Native Range?

Native range locality dataNative range locality data

Ecological dataEcological data
GARPGARP

Distributional Distributional 
predictionprediction

Invasive speciesInvasive species
projectionprojection

Ecological Niche Ecological Niche 
ModelingModeling
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Native range locality dataNative range locality data

Ecological dataEcological data
GARPGARP

Distributional Distributional 
predictionprediction

Ecological Niche Ecological Niche 
ModelingModeling

Native range locality dataNative range locality data

Ecological dataEcological data
GARPGARP

Distributional Distributional 
predictionprediction

Ecological Niche Ecological Niche 
ModelingModeling

Changed climateChanged climate
projectionprojection

HydrillaHydrilla verticillataverticillata
Potential DistributionPotential Distribution

HydrillaHydrilla verticillataverticillata
Potential Distribution, 2020Potential Distribution, 2020

Hadley CM2 HSDX20 ModelHadley CM2 HSDX20 Model
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HydrillaHydrilla verticillataverticillata
Potential Distribution as Percent of Potential Distribution as Percent of 

Watershed AreaWatershed Area

1 - 20
21 - 40
41 - 60
61 - 80
81 - 100

HydrillaHydrilla verticillataverticillata
Potential Distribution as Percent of Potential Distribution as Percent of 

Watershed Area, 2020Watershed Area, 2020

Hadley CM2 HSDX20 ModelHadley CM2 HSDX20 Model

1 - 20
21 - 40
41 - 60
61 - 80
81 - 100

Invasive Species Risk Invasive Species Risk 
AssessmentAssessment

Native range locality dataNative range locality data
Ecological Ecological 

NicheNiche
ModelingModeling
(GARP)(GARP)

Assess RisksAssess Risks
Species bySpecies by

SpeciesSpeciesPolicy!Policy!

Other ApplicationsOther Applications

•• Model/predict spread of emerging diseasesModel/predict spread of emerging diseases
•• Predict and avoid environmental impacts Predict and avoid environmental impacts 
•• Design agricultural systems to avoid pestsDesign agricultural systems to avoid pests
•• Develop optimal conservation strategiesDevelop optimal conservation strategies
•• Design species reintroduction programs Design species reintroduction programs 
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http://http://www.lifemapper.org/desktopgarpwww.lifemapper.org/desktopgarp

http://http://www.lifemapper.orgwww.lifemapper.org


