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Aquatic Ecosystem ModelAquatic Ecosystem Model

Source:  DeAngelis et al. (1989)



Mathematical Modeling PrimerMathematical Modeling Primer

•• Models help to clarify our assumptions Models help to clarify our assumptions 
about the worldabout the world

•• Models help to identify uncertaintiesModels help to identify uncertainties

•• Mechanistic models are often more useful Mechanistic models are often more useful 
than statistical modelsthan statistical models

•• Models are not a Models are not a panacea, but getting a panacea, but getting a 
precise and accurate answer from a model precise and accurate answer from a model 
is not always necessaryis not always necessary



OutlineOutline

•• How to select ecological endpoints How to select ecological endpoints 
for monitoring or assessing natural for monitoring or assessing natural 
recovery of sedimentsrecovery of sediments

•• How to define recovery targets How to define recovery targets 
relative to valued resources and relative to valued resources and 
natural variabilitynatural variability

•• Role of ecological modeling in Role of ecological modeling in 
Monitored Natural Recovery (MNR)Monitored Natural Recovery (MNR)



Ecological EndpointsEcological Endpoints

Monitoring natural recovery of Monitoring natural recovery of 
sediments or declaring an area sediments or declaring an area 
"recovered" requires the definition of "recovered" requires the definition of 
endpoints that can be measured and endpoints that can be measured and 
clearly understood by scientists, clearly understood by scientists, 
environmental managers, and the environmental managers, and the 
publicpublic



Major Ecological EndpointsMajor Ecological Endpoints

•• Population abundancePopulation abundance

•• Organism distributionOrganism distribution

•• Species richnessSpecies richness

•• Age and guild structureAge and guild structure

Presence/absence of species is Presence/absence of species is 
not a sufficient measure of  not a sufficient measure of  
recoveryrecovery



Selecting EndpointsSelecting Endpoints

•• Ecological structure and dynamics Ecological structure and dynamics 
of benthic communitiesof benthic communities
–– MacroinvertebratesMacroinvertebrates

–– FishFish
–– Aquatic vegetationAquatic vegetation

•• Statistical design issuesStatistical design issues

•• Stakeholder interests (values)Stakeholder interests (values)

•• Regulatory policyRegulatory policy



Population and Community Population and Community 
EndpointsEndpoints

• Measure these endpoints directly 
(e.g., species-area curves)

• Extrapolate population or community-
level effects from toxicity test results 
based on empirical relationships 

• Use ecological models to extrapolate



Empirical Model of Endpoint Empirical Model of Endpoint 
Relationships Relationships 



Recovery TargetsRecovery Targets



Defining Recovery TargetsDefining Recovery Targets

•• Mean and variance of each recovery Mean and variance of each recovery 
endpointendpoint

•• Similarity to reference area (e.g., Similarity to reference area (e.g., 
multivariate similarity index)multivariate similarity index)

•• Temporal and spatial dynamics of Temporal and spatial dynamics of 
system must be consideredsystem must be considered

•• Stakeholder consensus is criticalStakeholder consensus is critical



Variability in Variability in 
Endpoint ValuesEndpoint Values



Benthic Benthic MacrofaunaMacrofauna Abundance Abundance 
Before and After TSESIS Oil Before and After TSESIS Oil 
SpillSpill

Source:  Elmgren et al. (1980)



Arthropod Community Arthropod Community 
Response After Insecticide Response After Insecticide 
Treatment in Treatment in MesocosmsMesocosms

Source:  van den Brink et al. (1996)



Benthic Benthic 
Infauna Infauna 
Before and Before and 
After After 
AMOCO AMOCO 
CADIZ Oil CADIZ Oil 
Spill Spill 



Role of Ecological ModelingRole of Ecological Modeling



Role of Ecological ModelsRole of Ecological Models

•• Support the definition of recovery Support the definition of recovery 
targetstargets
–– Develop hypotheses about system Develop hypotheses about system 

behavior before and after remediationbehavior before and after remediation

–– Interpret available data to define the Interpret available data to define the 
level of natural variability expected in level of natural variability expected in 
ecological systemsecological systems



Role of EcoRole of Eco--Models Models 
(continued)(continued)

•• Interpret monitoring data during Interpret monitoring data during 
recoveryrecovery

–– Extrapolate from measurement to Extrapolate from measurement to 
assessment endpointsassessment endpoints

–– Identify role of different stressors Identify role of different stressors 
(reproduction vs. mortality)(reproduction vs. mortality)

–– Evaluate importance of density dependent Evaluate importance of density dependent 
and density independent factorsand density independent factors



ACC Evaluation of ACC Evaluation of 
Ecological ModelsEcological Models

•• Evaluate extrapolation, population, Evaluate extrapolation, population, 
ecosystem, and landscape modelsecosystem, and landscape models

•• Rank models with respect to scientific, Rank models with respect to scientific, 
political, and economic criteriapolitical, and economic criteria

•• Recommend models for development Recommend models for development 
and “validation”and “validation”

•• Summarize case study dataSummarize case study data

•• Evaluate feasibility of model validationEvaluate feasibility of model validation



Types of Ecological ModelsTypes of Ecological Models

–– Scalar Scalar 
abundanceabundance

–– LifeLife--historyhistory
–– IndividualIndividual--based based 
–– MetapopulationMetapopulation

Population Population 
ModelsModels



Types of Ecological ModelsTypes of Ecological Models
(continued)(continued)

Spatially aggregated, multispecies Spatially aggregated, multispecies 
models models 

–– FoodFood--webweb
–– AbioticAbiotic/biotic ecosystem/biotic ecosystem

• Marine, estuarine, lake, river
• Wetland
• Desert, forest, grassland, island

Ecosystem Ecosystem 
ModelsModels



Types of Ecological ModelsTypes of Ecological Models
(continued)(continued)

Spatially explicit multispecies modelsSpatially explicit multispecies models

• Estuarine, river
• Wetlands
• Forest, grassland, island, multiple

Landscape Landscape 
ModelsModels



Types of Ecological ModelsTypes of Ecological Models
(continued)(continued)

ToxicityToxicity
ExtrapolationsExtrapolations

–– Uncertainty factorsUncertainty factors
–– IntertaxonIntertaxon

regressionsregressions
–– SpeciesSpecies--sensitivity sensitivity 

distributionsdistributions



Evaluation CriteriaEvaluation Criteria

•• ScientificScientific
–– Realism and complexityRealism and complexity
–– RelevanceRelevance
–– FlexibilityFlexibility
–– Treatment of uncertaintyTreatment of uncertainty
–– Degree of developmentDegree of development
–– Ease of parameter estimationEase of parameter estimation

•• Political and EconomicPolitical and Economic
–– Regulatory acceptanceRegulatory acceptance
–– CredibilityCredibility
–– Resource efficiencyResource efficiency



Relevance and Tractability of Relevance and Tractability of 
Endpoints in Ecological ModelingEndpoints in Ecological Modeling



Modeling ResultsModeling Results



Malthusian Growth ModelMalthusian Growth Model

rr = 0.18= 0.18
RR = 1.2= 1.2

rr = = ––0.220.22
RR = 0.8= 0.8

dN/dt = rN Nt+1=RNt

Nt = N0exp(rt) Nt = RtN0

Nt+1 = Ntexp(r) DN/Dt = (R–1)N

Source:  Applied Biomathematics (2000)
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Burrowing Mayfly ModelBurrowing Mayfly Model

•• Eutrophication caused virtual Eutrophication caused virtual 
elimination of elimination of HexageniaHexagenia in western in western 
Lake Erie in the early 1950sLake Erie in the early 1950s

•• Simple logistic model was initially Simple logistic model was initially 
used to estimate recovery timesused to estimate recovery times

Source: Source: Kolar Kolar et al. 1997et al. 1997



Logistic Growth ModelLogistic Growth Model



Density DependenceDensity Dependence



Burrowing Mayfly ModelBurrowing Mayfly Model
(continued)(continued)

dNdN//dt dt = = rN rN –– rNrN22/K/K

•• K = carrying capacity = 350 K = carrying capacity = 350 
individuals/mindividuals/m22

•• r = intrinsic rate of population r = intrinsic rate of population 
growth = 0.3, 0.6, 0.9, 1.2 times/yrgrowth = 0.3, 0.6, 0.9, 1.2 times/yr

•• Recovery time = 10Recovery time = 10--41 yr41 yr

Source: Source: KolarKolar et al. 1997et al. 1997



Macroinvertebrate Recovery in Macroinvertebrate Recovery in 
StreamsStreams



Burrowing Mayfly ModelBurrowing Mayfly Model
(continued)(continued)

•• Adding immigration reduces Adding immigration reduces 
recovery time by 2recovery time by 2--17 yr17 yr

•• Contaminated sediments increased Contaminated sediments increased 
recovery time by 5recovery time by 5--11 yr11 yr

•• Competition with Competition with chironomid chironomid larvae larvae 
added 5added 5--11 yr11 yr

•• Fish predation added 4Fish predation added 4--47 yr47 yr
•• Full model estimated recovery times Full model estimated recovery times 

of 48of 48--81 yr81 yr
Source: Source: KolarKolar et al. 1997et al. 1997



Great Blue Heron Great Blue Heron 
Population ModelPopulation Model

Life CycleLife Cycle



Population Model for Wading Population Model for Wading 
Birds in the EvergladesBirds in the Everglades



Aquatic Ecosystem ModelAquatic Ecosystem Model

Source:  DeAngelis et al. (1989)



CASM CASM –– Example ApplicationExample Application

Source: Bartell 2000, ACC Workshop



Source:  http:// jclough.com/prof/AQUATOX.html



ATLSSATLSS General Structure of ATLSS General Structure of ATLSS 
Everglades Modeling SystemEverglades Modeling System

Source:  DeAngelis (1996)



Reference:Reference: DeAngelis DeAngelis (1996)(1996)

Stressor:Stressor: Developed for mercury, but may be modified Developed for mercury, but may be modified 
for other contaminantsfor other contaminants

Type ofType of
ecosystem:ecosystem: LargeLarge--scale wetlands (Florida Everglades)scale wetlands (Florida Everglades)

TemporalTemporal
resolution:resolution: Variable; executed on userVariable; executed on user--defined cyclesdefined cycles

SpatialSpatial
resolution:resolution: Currently based on 100Currently based on 100--mm2 2 gridsgrids

Model Profile:  ATLSSModel Profile:  ATLSS

Model Name Model Name Across Trophic Level Simulation SystemAcross Trophic Level Simulation System



GeographicGeographic
scale:scale: Variable; based on multiple gridsVariable; based on multiple grids

BiologicalBiological Variable; guild at lower Variable; guild at lower trophictrophic levels andlevels and
scale:scale: species at upper species at upper trophictrophic levelslevels

Time scale:Time scale: OpenOpen

Model type:Model type: Varied; low Varied; low trophictrophic levels are process models, levels are process models, 
middle middle trophictrophic levels are structured cohort levels are structured cohort 
models, and high models, and high trophictrophic levels are levels are 
individualindividual--based modelsbased models

Model Profile:  ATLSSModel Profile:  ATLSS
(continued)(continued)

Model Name Model Name Across Trophic Level Simulation SystemAcross Trophic Level Simulation System



Level ofLevel of
detail:detail: Tier 2Tier 2

Endpoints:Endpoints: MultitrophicMultitrophic abundance; abundance; intertrophicintertrophic carbon carbon 
flow and populations of keystone species flow and populations of keystone species 
(abundance and diversity); mercury (abundance and diversity); mercury 
bioaccumulationbioaccumulation

Model Profile:  ATLSSModel Profile:  ATLSS
(continued)(continued)

Model Name Model Name Across Trophic Level Simulation SystemAcross Trophic Level Simulation System



Selection of Models is Selection of Models is 
Related to Model Uses!Related to Model Uses!

EndpointsEndpoints

Risk Assessment Risk Assessment 
QuestionsQuestions

Model UsesModel Uses

HabitatHabitat

Modeling ObjectivesModeling Objectives

Model TypeModel Type

Model SpecificationModel Specification

Level of AnalysisLevel of Analysis



ConclusionsConclusions

•• Suitable models of populations, foodSuitable models of populations, food--
webs, and ecosystems are currently webs, and ecosystems are currently 
available for use in evaluation of available for use in evaluation of 
ecological recoveryecological recovery

•• AgeAge-- or stageor stage--structured models of structured models of 
populations are well developedpopulations are well developed

•• Ecosystem and landscape models often Ecosystem and landscape models often 
need to be modified for application to need to be modified for application to 
specific sites specific sites 



ConclusionsConclusions
(continued)(continued)

•• ATLSS approach of combining different ATLSS approach of combining different 
types of models is promisingtypes of models is promising

•• Recovery times of individual species Recovery times of individual species 
may be substantially longer than may be substantially longer than 
recovery of a functioning communityrecovery of a functioning community

•• Incorporating effects of residual toxics Incorporating effects of residual toxics 
may be the greatest challenge for may be the greatest challenge for 
ecological modeling of recoveryecological modeling of recovery
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The EndThe End



Monitoring Data AnalysesMonitoring Data Analyses

•• Use Use univariateunivariate or multivariate or multivariate 
statistical analyses to:statistical analyses to:

–– Interpret dataInterpret data

–– Evaluate trendsEvaluate trends

–– Assess the achievement of recovery Assess the achievement of recovery 
targetstargets

•• Avoid indices like IBI, RBP, etc.Avoid indices like IBI, RBP, etc.



IFEM IFEM –– Example ApplicationExample Application

Source: Bartell 2000, ACC Workshop



IFEM IFEM –– Example ApplicationExample Application

Source: Bartell 2000, ACC Workshop



Source:  http:// jclough.com/prof/AQUATOX.html


