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Long-term RAF Accomplishments 

z 1992: EPA’s Risk Assessment Forum  
developed “Framework for Ecological 
Risk Assessment” 

z 1998: Published the “Guidelines for  
Ecological Risk Assessment” 

z 2003: Produced the “Generic Ecological 
Assessment Endpoints (GEAEs) for 
Ecological Risk Assessment” 

z 2006: RAF held a P opulation Ecological 
Risk Assessment Modeling Training 
Workshop 



Current State of ERAs 

z Current practice focuses on organism-
level endpoints 
z Practical (uses toxicity testing) 
z Expedient (extrapolate to the population) 

z This approach assumes if you protect 
the individual (organism), you in turn 
protect the population 

Future Needs of ERAs 

z Shift from organism-level to population-
level endpoints 
z Allows direct evaluation of risk to  

populations 
z This shift will require: 
z Improved assessment planning 
z Evaluation of historical precedence 
z Evaluation of practice and use of population 

assessments 
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Meeting Goals, Process & 
Outcomes 

z Goals: 
z Solicit your individual opinions 
z Assess current  state-of-the-science 
z Discuss population ecology’s methods and 

tools 
z Three approaches for conducting 

assessments 
z Observational, Experimental, and Modeling 

z Summary workshop report 

Special Thanks 

z RAF Staff (Seema Schappelle, Colleen 
Flaherty, Gary Bangs) 

zWayne Munns (ORD) and Jim Chapman 
(Region 5) 

z Todd Bridges (from USACE) 
z Richard Sibly (University of Reading) 
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�� 6FLHQFH�VXIILFLHQWO\�PDWXUH6FLHQFH�VXIILFLHQWO\�PDWXUH 
�� 'HYHORS�SURJUDP'HYHORS�SURJUDP��VSHFLILF�JXLGDQFH�VSHFLILF�JXLGDQFH� 
IRU�XVH�RI�PRGHOV�	�GDWD�ZLWKLQ�D�IRU�XVH�RI�PRGHOV�	�GDWD�ZLWKLQ�D� 
WLHUHG�DVVHVVPHQW�IRUPDW�WLHUHG�DVVHVVPHQW�IRUPDW� 

�� 'HYHORS�WUDLQLQJ�WR�LPSURYH��'HYHORS�WUDLQLQJ�WR�LPSURYH�� 
FRPPXQLFDWLRQ�ZLWK�PDQDJHUV�	�FRPPXQLFDWLRQ�ZLWK�PDQDJHUV�	� 
VWDNHKROGHUVVWDNHKROGHUV 

�� 'HILQH�DFFHSWDEOH�SRSXODWLRQ�ULVN�'HILQH�DFFHSWDEOH�SRSXODWLRQ�ULVN� 
LQ�GLIIHUHQW�PDQDJHPHQW�FRQWH[WVLQ�GLIIHUHQW�PDQDJHPHQW�FRQWH[WV 

��
5$)�:RUNVKRS�RQ5$)�:RUNVKRS�RQ5$)�:RUNVKRS�RQ 
3RSXODWLRQ3RSXODWLRQ3RSXODWLRQ���/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW 

6(7$&�/(072;�:RUNVKRS6(7$&�/(072;�:RUNVKRS 

�� (FRORJLFDO�0RGHOV�LQ�6XSSRUW�RI�5HJXODWRU\�(FRORJLFDO�0RGHOV�LQ�6XSSRUW�RI�5HJXODWRU\� 
5LVN�$VVHVVPHQWV�RI�3HVWLFLGHV��5LVN�$VVHVVPHQWV�RI�3HVWLFLGHV�� 
'HYHORSLQJ�D�6WUDWHJ\�IRU�WKH�)XWXUH'HYHORSLQJ�D�6WUDWHJ\�IRU�WKH�)XWXUH 

�� 6HSWHPEHU������LQ�/HLS]LJ��*HUPDQ\6HSWHPEHU������LQ�/HLS]LJ��*HUPDQ\ 
�� ([SHUWV�IURP�(XURSH��86$�	�$VLD([SHUWV�IURP�(XURSH��86$�	�$VLD 
�� 3ULPDU\�IRFXV�RQ�UROH�RI�SRSXODWLRQ�3ULPDU\�IRFXV�RQ�UROH�RI�SRSXODWLRQ� 
PRGHOLQJ�LQ�ULVN�DVVHVVPHQWV�VXSSRUWLQJ�PRGHOLQJ�LQ�ULVN�DVVHVVPHQWV�VXSSRUWLQJ� 
UHJXODWRU\�VXEPLVVLRQV�LQ�WKH�(8UHJXODWRU\�VXEPLVVLRQV�LQ�WKH�(8 
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��
5$)�:RUNVKRS�RQ5$)�:RUNVKRS�RQ5$)�:RUNVKRS�RQ 
3RSXODWLRQ3RSXODWLRQ3RSXODWLRQ���/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW 

6SHFLILF�/(072;�4XHVWLRQV6SHFLILF�/(072;�4XHVWLRQV 

�� %HQHILWV�RI�SRSXODWLRQ�PRGHOLQJ�WR�%HQHILWV�RI�SRSXODWLRQ�PRGHOLQJ�WR� 
SHVWLFLGH�UHJLVWUDWLRQ"SHVWLFLGH�UHJLVWUDWLRQ" 

�� 2EVWDFOHV�SUHYHQWLQJ�XVH�RI�SRSXODWLRQ�2EVWDFOHV�SUHYHQWLQJ�XVH�RI�SRSXODWLRQ� 
PRGHOV�LQ�SHVWLFLGH�ULVN�DVVHVVPHQW"PRGHOV�LQ�SHVWLFLGH�ULVN�DVVHVVPHQW" 

�� +RZ�FDQ�REVWDFOHV�EH�RYHUFRPH"+RZ�FDQ�REVWDFOHV�EH�RYHUFRPH" 
�� :KDW�UHFRPPHQGDWLRQV�ZLOO�KHOS�HQVXUH�:KDW�UHFRPPHQGDWLRQV�ZLOO�KHOS�HQVXUH� 
JRRG�SRSXODWLRQ�PRGHOLQJ�SUDFWLFH�LQ�JRRG�SRSXODWLRQ�PRGHOLQJ�SUDFWLFH�LQ� 
SHVWLFLGH�ULVN�DVVHVVPHQW"SHVWLFLGH�ULVN�DVVHVVPHQW" 

����
5$)�:RUNVKRS�RQ5$)�:RUNVKRS�RQ5$)�:RUNVKRS�RQ 
3RSXODWLRQ3RSXODWLRQ3RSXODWLRQ���/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW/HYHO�(FRORJLFDO�5LVN�$VVHVVPHQW 

.H\�/(072;�&RQFOXVLRQV.H\�/(072;�&RQFOXVLRQV 

�� 'HYHORS�JXLGDQFH�RQ�*RRG�0RGHOLQJ�'HYHORS�JXLGDQFH�RQ�*RRG�0RGHOLQJ� 
3UDFWLFH3UDFWLFH 
±± PRGHO�GHYHORSPHQW�	�HYDOXDWLRQPRGHO�GHYHORSPHQW�	�HYDOXDWLRQ 
±± GRFXPHQWDWLRQ�	�FRPPXQLFDWLRQGRFXPHQWDWLRQ�	�FRPPXQLFDWLRQ 
±± DQDO\VLV�	�LQWHUSUHWDWLRQDQDO\VLV�	�LQWHUSUHWDWLRQ 

�� &DVH�VWXGLHV�WR�H[SORUH�YDOXH�DGGHG�E\�&DVH�VWXGLHV�WR�H[SORUH�YDOXH�DGGHG�E\� 
XVLQJ�PRGHOVXVLQJ�PRGHOV 



 

Is There a Potential for Using 

Population Models in the 


Aquatic Life Criteria Program?
 

Charles Delos
 

Office of Water
 

June 16, 2008 

Aquatic Life Criteria & Standards 

• Define biological goals in terms of 
community, not particular species. 
– Biocriteria: densities of indigenous species 

• Claim to protect populations, not individuals. 

• Chemical criteria describe level of protection 
based on toxicity test responses: 
– % of individuals 
– % of species 

14 



 

 
 

Program Use of Population Models 

• Saltwater dissolved oxygen criterion (2000): 
– Used population model in deriving the time-

variability facet of the criterion. 

• Future toxicant criteria derivation method: 
– Talked to Science Advisory Board three times 

(1993-2005) about our proposed approach 
incorporating population modeling as a critical 
component. 

Case Study:
 
Time-Variable Exposure Problem
 
- concentrations vary rapidly in flowing waters -

• To address the question: 
How often can toxicant criteria 
concentrations be exceeded without 

impairing aquatic life beneficial uses?
 
– Traditionally the program had cited ecological 

recovery time as a key determinant. 
– Office of Water and Office of R&D favored use of 

population modeling considerations. 
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 • How does a population respond to 
exposure to time-variable levels of effect? 
– How quickly does attrition take place when 

reproduction or early life stage survival is 
reduced? 

– How long does it take to replace individuals 
lost to toxicity? 

Components
 
of the
 

Case Study
 
Assessment
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Consider the Sensitivity of Tested Species
 

Genus Chronic EC20 (mg/L) 
Ceriodaphnia 16.10 
Daphnia 12.30 
Ictalurus 8.84 
Catostomus 4.79 
Micropterus 4.56 
Pimephales 3.09 
Lepomis 2.85 
Muscullium 2.26 
Hyalella 1.45 

For Each Species, Consider the Effect 
of a Long Series of Daily Exposures, 

Applying Two Models 

• Kinetic toxicity model to translate from lab 
test exposures to continuously variable 
concentrations. 

• Life-stage structured population model to 
reflect: 
– Population reduction from effects on survival 

and reproduction. 
– Rate of recovery after population loss. 
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Kinetic Toxicity Model 

• Structured as a first-order, single-
compartment accumulation model: 
– Accumulation-depuration 
– Damage-repair 

• Calibrated to acute & chronic effects data. 
• May take one of two forms: 

– Stochastic Process Model 
– Deterministic Process Model 

One Form of Toxicity Model 

• Stochastic Process Model 
– An organism might die if stress exceeds a 

certain threshold. 
– All individuals in a life stage have identical 

sensitivity. 
– Partial toxic responses are a manifestation of 

probabilities of effects appearing among the 
identical individuals. 
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Second Form of Toxicity Model 

• Deterministic Process Model 
– An organism will die if stress exceeds a certain 

threshold. 
– Different individuals have different sensitivity. 
– Partial responses stem from these differences. 
– Better fits the data. Recognizes “survivor bias”. 
– Requires that population model maintain an 

accounting of groups having differing sensitivity. 

Stage-Structured Population Model 

Juvenile 
Stage 

Adult 
Stage 

Early
Life 

Stage 

FFFF1((((1 FFFF2((((2 

FFFF1(1-((((1) 
FFFF2(1-((((2) 

FFFF3 

FFFF3m3 
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• Toxicant 
concentration, 
short example 

• Accumulation 
of stress or 
damage 

• Population 
response 
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Density Dependent 

Risk Measure 

• Society for Risk Analysis definition of “risk”: 
The probability of the event occurring 

times 
the consequence of the event if it occurs. 

• The expected value of loss:  Σ pi lossi 

• Measured in the units of what is lost, in our 
case, percentage of the population. 
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Obtaining Criterion that Protects One Assemblage 
- Using Density-Dependent Model -

Density-Dependent 
versus 

Density-Independent 
Approaches 

21 
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density 
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growth rate 

How to Make Density and Growth 
 
Reduction Mathematically Equivalent
 

Condition 1 

Define Endpoints as Long-Term
 

Fractional Reductions
 

Density-dependent 
density reduction 

T N Ref − N
¦ Exp 

t 1= NRef 

Density-independent 
growth reduction 

r − rRef Exp 

rRef 
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Condition 2 
For the Density Dependent Approach 
Use Beverton-Holt Survival Function 

Reference daily survival is the joint 
probability of surviving: 

– Ordinary perils. 	Density-independent
background survival probability: a constant. 

– Crowding.  	Density-dependent survival 

probability: Beverton-Holt function.
 

1 
1 + Į N 

How to Make Density and Growth
 
Reduction Mathematically Equivalent
 

Condition 3
 
Set Density-Dependence Parameter, Į, to
 

Maintain Density-Independent, 

Unlimited Growth Age Distribution
 

• For two life stages, Į1/Į2 = N2/N1 where N  
is from unlimited growth model results. 

• The DD model ends up with the same 
degrees of freedom as the DI model. 



 

 

Result of Applying 
the Previous Three Conditions 

• The combined density-independent and 
density-dependent assessment can be 
thought of as: 
– A  population growth assessment, 
– Made more understandable through a 

density translation or interpretation, 
given certain assumptions about the 
density dependence. 

Another Question Suited to 

Application of Population Models
 

• The WQ Criteria Program routinely says it 
protects species populations by protecting: 
– Survival of the most sensitive life stage. 
– Reproduction. 

• Does reducing reproduction have the same 
effect as reducing survival? 

• Does reducing early life stage survival have 
the same effect as reducing adult survival? 
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Rapidity: Mortality v. Repro Effects 
Bluegill: maturity time 2 yrs, Ȝ = 1.002 (/day) = 2 (/yr) 

1 

Repro & ELS Survival EC50 0.8
 

All Stages Survival EC50
 0.6 
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What About Time-Varying 

Background Conditions?
 

• This assessment 
– Does not address seasonality. 
– Does not address good years versus bad years 

for the reference population. 
• Thus, the reference population growth rate or 

density is uniform throughout the simulation. 
• If the background varied between favorable, 

midrange, and adverse conditions, how 
would it affect the results? 
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Effect of Time-Variable
 
Background Conditions
 

• The endpoints used by this assessment 
are not affected. 

• But other possible endpoints, such as 
used in PVA, would be strongly affected. 

• Conclude: what needs to be included in 
the analysis depends on the question 
asked. 

Can We Effectively Address 

Time Variable Exposure
 

Without Using
 
Population Modeling?
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Combining Probability of a Concentration 
with the Toxicity-Test Response Curve 

Alternative Risk Paradigm 
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Comparing the Alternative Risk Paradigm
 
with the
 

Coupled Toxicity Model & Population Model
 

• Alternative risk paradigm: 
– Omits kinetics of toxicity. 
– Omits sequencing of events. 
– Cannot discern life-stage sensitivity differences. 
– Omits persistence of loss (recovery time). 

• For same exposure series, fingernail clam: 
– 4.4% reduction, alternative risk paradigm. 
– 6.9% reduction, kinetic & population models. 
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Future of Population Models in
 
Aquatic Life Criteria?
 

• Additional complexity not especially welcome. 
• Mature program: change is problematic. 

• But… the program 
has allowed 
release of the draft 
assessment 
document to the 
workshop 
participants. 
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al Risk Assessment
Regulatory Perspective

Population Modeling in
Ecologic

Population Modeling in 
Ecological Risk Assessment 

Regulatory Perspective 
EdwardEdward OdenkirchenOdenkirchen, Ph.D., Ph.D. 
Office of Pesticide ProgramsOffice of Pesticide Programs 

United States Environmental Protection AgencyUnited States Environmental Protection Agency 
June, 2008June, 2008 

Goals of the presentationGoals of the presentation 
Explain: 
•	 How population modeling fits into the regulatory 

process 
•	 Benefits of population modeling 
•	 Requirements of models used for regulatory 

purposes 
•	 Challenges facing use of models in regulation 
•	 Current Efforts in OPP 
•	 Perspective of pesticide regulation 

“your mileage may vary” 



FIFRA Regulatory Decisions
 

 

 

  

 

  

FIFRA Regulatory Decisions 
•	 The Administrator shall register a pesticide if he 

determines that “when used in accordance with 
widespread and commonly recognized practice it will not 
generally cause unreasonable adverse effects on the
environment” 

PL 95396, sec. 3(c)(5)(D) 

•	 “Unreasonable adverse effects on the environment 
means any unreasonable risk to man or the
environment, taking into account the economic, social, 
and environmental costs and benefits of the use of any
pesticide” 

PL 95396, sec. 2(bb). 

part of Agency concerns for some time
Prediction of population effects has beenPrediction of population effects has been 
part of Agency   concerns for some time 

•	 “Reputable presumption of risk shall arise 
if a pesticide’s ingredients, metabolites, or 
degradation products …can be reasonably 
anticipated to result in significant local, 
regional, or national population reductions 
in nontarget organisms.” 

Federal Register Vol. 40 number 129, July 3, 1975 
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concerns for some time
Predictionn of population effects has been
part of Agency

  
 

  

  

 

Predictio of population effects has been 
part of Agency   concerns for some time 
•	 “Define ecological risk assessment. . . as 

estimating the likelihood or probability of 
adverse effects (e.g. mortality to single species 
of organisms, reduction in populations of non-
target organisms due to acute, chronic, a 
reproductive effects, or disruption in community 
and ecosystem level functions” 

Urban and Cook, 1986 

PredictioPredictionn of populof population effectation effects has beens has been 
part of Agencpart of Agencyy concerns for sconcerns for soome timeme time 

Risk Manager Questions 
–	 What are the effects of concern? 
–	 What is the magnitude and probability of these effects ? 
–	 Are the effects seen across different species ? 
–	 Will there be population effects? 
– Will the effects influence the density and diversity of the 

species? 
– How confident are we in our estimates of effects? 

(Steve Johnson 1997, currently EPA Administrator) 
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EPA’s Risk ParadigmEPA’s Risk Paradigm 

Assessments
Screening-Level Ecological Risk

ProblemProblem 
FormulationFormulation 

ExposureExposure EffectsEffects 

RiskRisk 
CharactCharac erizationterization 

Risk ManagementRisk Management 

DiscussionDiscussion 
with Riskwith Risk 
ManagersManagers 

AnalysisAnalysis 

DD 
aa 
tt 
aa 

AssessmentAssessment 

Screening-Level Ecological Risk 
Assessments 

32 

• Focus on assessment endpoints related to survival, 
fecundity, and growth 

• “These assessment endpoints, while measured at the 
individual level, provide insight about risks at  higher  
levels of biological  organization (e.g., populations).” 

Overview of the Ecological Risk  Assessment  Process  in the Office 
of Pesticide Programs, U.S.  Environmental Protection Agency  
2004 

• For many risk management decisions these assessment 
endpoints and their inference to population effects are 
sufficient to inform the management decision 



exity of the Assessment
The Regulatory Picture Informs the

Rigor/Compl
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–  
–

  
–   
–  

The Regulatory Picture Informs the 

Rigor/Complexity of the Assessment
 

•	 Decision components such as the predicted benefits and 
the nature of the expected effects may dictate the level
of risk assessment complexity. 

•	 Some cases may require only the initial screening efforts 

•	 Others may progress from simple risk quotient
approaches to estimation of the probability and 
magnitude of individual effects and (in the future) on to 
model predictions of population responses. 

Benefits of Population ModelingBenefits of Population Modeling 
•	 Provide limited interpretations of screening level 

risk assessment results 
RQs magnitude of effects  simple generic population tools 

•	 Refine problem formulation for future risk 
assessments 

Explore demographic characteristics
 
Identify types of species of greatest concern
 

•	 Provides for common evaluation metric for cross 
chemical and cross effects prioritizations 

When are acute or chronic effects more important?
 
Which chemical’s suite of risk predictions is of more concern?
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Benefits of Population Modeling
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Benefits of Population Modeling 
•	 Allow for considerations of temporal and spatial variability

in evaluating the consequences of predicted individual
effects 

When or where can populations sustain temporary impacts? 
Support biologically relevant mitigation options 

•	 Evaluations of effects consequences for species of special
concern (e.g., federally listed threatened or endangered 
species) 

Assessments under the Endangered Species Act to inform the 
question of species jeopardy 

•	 Future: support efforts to establish risk and benefit
measures in common units 

Requirements of models used for
regulatory purposes

Requirements of models used for 
regulatory purposes 

•	 Make use of existing effects data sets 
– Minimize reliance on effects endpoints that are 


outside current testing capability
 

•	 Model variables can be readily populated 
with existing data sources 

•	 Compatibility with existing individual risk 
prediction tools 
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ReqRequuiremeiremennts of models uts of models ussed fored for 
regulatoregulatorry puy purporposseses 

•	 Adapt/Use existing Models from other 
programs and scientific literature when 
practical 

•	 Use of publicly accessible models 
(avoiding proprietary models if possible) 

ReqRequuiremeiremennts of models uts of models ussed fored for 
regulatoregulatorry puy purporposseses 

•	 Explicit about model assumptions, 
uncertainties, and limitations 
–	 What simplifying assumptions have been made? 
– How do those assumptions limit the application and 

interpretation of predictions? 

•	 Explicit about the model predictions 
–	 Statements of the nature of the predictions being made 
– Output of the model is based on agreed upon needs 

from risk managers 

35 



ry purposes
Requirements of models used for

regulato
 

 

 

 

Requirements of models used for 
regulatory purposes 

Model architecture that allows for 
advancement of the model in 
complexity and realism 
– Avoiding different tools at different levels of 

refinement when practical 
– Allow for incorporation of additional variables 

without developing a new tool at each 
iteration 

ReqRequuiremeiremennts of models uts of models ussed fored for 
regulatoregulatorry puy purporposseses 

•	 Scientific peer review following Agency 
approaches (e.g. OPP SAP) 

•	 Fulfills Agency quality assurance and 
quality control requirements 

• Validation? 
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Challenges facing use of models in
regulation

 

 
 

 

Challenges facing use of models in 
regulation 

Achieving appropriate balance between three
 
factors:
 
–	 Model Simplicity 

•	 Mathematical/software construct and information requirements 

–	 Model Realism 
•	 The extent to which the model represents real organisms under 

real situations 

–	 Model Portability 
• The ability to apply the model across risk assessment 

scenarios, geographical areas, and organism types 

ChallChallengeenges fas facing ucing usse of modele of models ins in 
regulatioregulationn 

Where to position the model? 

Is there just one desired position or many depending on 
situation? 

Simple 

Portable Real 

? 
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Challenges facing use of models in
regulation

Challenges facing use of models in 
regulation 

•	 Selecting Informative Outputs 
–	 Numbers of organisms 
–	 Age structure changes 
–	 Trajectories over time 
–	 Time to some threshold of concern 
–	 Chance of recovery or extinction 

•	 Outputs as stand alone measure or relative 
changes to some null/background condition 

ChallChallengeenges fas facing ucing usse of modele of models ins in 
regulatioregulationn 

•	 Dealing with the propagation of uncertainties 
in individual effects risk predictions 

• Can we avoid zero to infinity uncertainty bounds? 

•	 Overcoming the temptation to account for all
possible variables at every level of 
assessment 

•	 Deciding between generic life histories and 
actual species 
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OPP Efforts

 
  

 
 

 

  

  

  

OPP Efforts 
•	 Currently partnering with the Office of Research 

and Development on several projects 

•	 The goals for these projects 

–	 Produce tools for near term application 
– Provide a framework for development of more refined 

population tools 
– Establish a basis for dialogue with risk managers on 

expected outputs and capabilities of population 
models 

OPOPP EffortsP Efforts 
ORD Mid-continent Ecology Division 

– Methods to extract reproduction endpoints from 
avian reproduction tests for future population 
modeling 

• Move from existing hypothesis testing based 
assessments 

• Incorporate the full extent of measurement endpoints 
• Apply these endpoints to appropriate stages in the 

avian reproduction cycle 
• Utilize OPP refined risk assessment model outputs 
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OPP Efforts
 

 

 

   

 

 
 

 

OPP Efforts 
ORD Atlantic Ecology Division 

– Proof of concept model for estuarine invertebrates 
using mysids 

– List publicly available aquatic organism population 
models 

• I.D. models suitable for use in OPP risk assessment 
• I.D. taxa in need of population model development 

– Group birds by population demographics/life history 
for large scale crops 

– Matrix population models for life history groups of 
birds 

OPOPP EffortsP Efforts 

ORD Western Ecology Division 

– Developing a spatially explicit meta-
population model (PATCH) to predict avian 
population responses to pesticide use in 
selected agro-environments 

• Make use of AED matrix models 
• Incorporate OPP refined risk mortality outputs 
• Incorporate MED reproduction impairment output 
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Last ThoughtsLast Thoughts 
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•	 All models are wrong and some are useful 
George Box 

•	 The purpose of computing is insight, not 
numbers 

Richard Hamming 



David W.  Charters 

Environmental Response Team
Office of Remediation and Technology Innovation
Office of Solid Waste and Emergency  Response 

Risk Assessment Forum 
June 16, 2008 

Washington D.C. 
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Comprehensive Environmental Response, Compensation and 
Liability Act (CERCLA) 

�CERCLA requires EPA  to assess risk to Human 
Health and the Environment at Sites 

�Risk is only one of nine criteria for Remedial 
Decisions 
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OSWER Directive 9285.7-17 

�CERCLA Ecological Risk Assessment Should: 
–1. Identify and characterize current and 
potential threats to the environment from a 
hazardous waste spill 

–2. Evaluate the ecological impacts of 
alternative remedial strategies 

–3. Establish Clean-up levels in the selected 
remedy that will protect those natural 
resources. 

OSWER Directive 9285.7-28P 
–Superfund ERAs gather effects data on 
individuals in order to predict or postulate 
potential effects on local wildlife, fish, 
invertebrates, and plant populations and 
communities that occur in specific habitats at 
sites. 



EPA as a Natural Resource Trustee 

�EPA is not a Natural Resource Trustee 

�We do not do damage or restoration, we do 
risk 
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Superfund Extrapolates Toxicity  Data including 
Benchmarks to Potential Impacts (risk) to Local 

Populations 
�Superfund based on causal rel ationships 

�Superfund is based on hazardous material spills (“spills” not  permitted) 

�“Severe” liver damage in a population (laboratory or field collected) is extrapolated 
to impacts (e.g., increases in  mortality, decreases in reproduction). 

�Frequently the Cleanup goals are based on No Observed Adverse Effect Levels or 
Low Observed Adverse Effect Levels or another range of Tox. Benchmarks of which 
there are many. 

�It does not require that impacts are documented on sites, consistent with human  
health assessments that do not require an epidemiological study showing impacts to  
take action. 



Challenges to Assessing Population Risk at 
Hazardous Waste Sites 

�Size Matters…Small sites restrict data collection...Large sites take time 

�Short time frames allotted for  a Remedial Investigation/Feasibility Study do not allow  
for long term studies 

�Effects must be linked to hazardous substances releases 

�We  are probably weakest in the terrestrial and aquatic areas 

�Some believe that we can assess risk to individual organisms on a site 

�Reference locations 

�Unfortunately, a learned aversion to research at sites, there is a great need to  
unlearn this reaction. 

45 

What would be Useful for a Positive Impact of 
Population Sciences in the Superfund Program? 

�Short term studies that could be implemented in two years or less. 

�In rare cases that the assessment could take several years, what 
population metrics could be utilized to develop a numeric cleanup goal. 

�Technical  projections of individual  level effects (e.g., liver toxicity) to  
population impacts. 

�How  impacts on relatively small local populations can impact larger  
populations. 

�How  very small populations, e.g., threatened or endangered species might 
be evaluated. 



Take Home Message 
�We need help in population science 

�We are a frustrating bunch  many are linear thinkers (like that is a bad thing) 

�We generally are engineering based (We are there to fix the problem) 

�Many went to school specifically to learn to build walls (and other structures) 

�Frontal assaults denigrating our intelligence  is  met with withholding of funds (Golden Rule) 

�We are not quite as slow as people would think 

�And talking slower and louder usually does not help 
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Questions? 



 

Bruce Duncan 
U.S. EPA Region 10, Seattle 

(WA, OR, ID, AK) 

EPA Risk Assessment Forum 
Workshop on Population-Level ERA 

Crystal City 
June 16-18, 2008 

Regional perspective:  
Population-level ERA  
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Population-level ERA  issues 
Regional (10) Perspective – with focus on 

contaminants 

•Are there regulatory requirements? 
•Management or stakeholder goals to protect populations?  
•Are population-level risks involved directly in decisions that 
are made?  
•Where do you think the science is sufficiently developed, and
where are advancements needed? 
•Are there issues with respect to the state of practice of that 
science?  Application issues?  Interpretation issues?  
•Do you think some sort of guidance would help to address 
these? 
•Relevant case studies 

 



 

 
 

 
 

   
 

 

  

Population-level ERA issues 
Regional (10) Perspective – with focus on 

contaminants 

•Are there regulatory requirements? 
•Management or stakeholder goals to protect populations? 
•Are population-level risks involved directly in decisions that 
are made? 
•Where do you think the science is sufficiently developed, 
and where are advancements needed? 
•Are there issues with respect to the state of practice 
of that science? Application issues?  Interpretation 
issues?  
•Do you think some sort of guidance would help to 
address these? 
•Relevant case studies 

Population-level ERA issues 
Regional (10) Perspective – with focus on 

contaminants 

Shared Goal: To evaluate/predict population-level effects 
relative to contaminant stress 
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How might we bring population-level  
ecological risk assessment into: 

• CERCLA risk assessments, and  
• State water quality standards approval process? 

Why  these two uses of  PLERA?: 
•Scale (state v smaller/tiny) 
•Purpose (prospective v retrospective) 
•Role of trustees (protective v damage assessment) 
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Looking for: 

•How to evaluate &  predict at  
population-level 

•How to extrapolate UP from levels 
below 

Keep in mind we  do not assess individuals  



 

 

Issues related to evaluating population-
level effects* 

•Definition of population 

•Population parameters/measures/etc.  

•Interpretation 

•Uncertainty Analysis -

*these have been well-articulated before 

Issues related to evaluating 
population-level effects 

•Definition of population – 
relative to the needed decision, 
(scale, purpose – 
protect/recover, etc.) 

Breeding, migratory, 
subpopulation, habitat 
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Issues related to evaluating population-level 
effects 

•Definition of population 

•Population parameters/measures/etc.*-
which are best for: 

•Evaluating contaminants? 
•Existing effects? Potential effects? – 
we generally  need to predict potential  
effects and what may happen after  an 
action is  taken or even if habitat  
changes 

*density, sex/ratio, age structure, intrinsic rate of 
growth, … 

Issues related to evaluating population-level effects 

•Definition of population 

•Population parameters/measures/etc. 

•Interpretation 
•what is adverse*? 
•How to make comparisons - with reference conditions/ 
gradients? 

*determining “adverse” is helped by: 
•strong relationships (cf vetted paradigms – AWQC; SpS Curves) 
•better use of dose/response data 
•consider the management decision and the role of protectiveness 
in balancing uncertainty 



 

Issues related to evaluating population-level effects 

•Definition of population 

•Population parameters/measures/etc. 

•Interpretation 

•Uncertainty Analysis – 
•What happens to the role of the population selected as 
an indicator/surrogate? 
•Does the assessment become too species-specific? 

What I would like to 
come away with  

from this 
Workshop: 

1. Ideas on how to mainstream  
PLERA in regions 
•	 Framework, 
•	 Tools, 
•	 Case studies (decisions-

protective levels),  
•	 Technical papers 
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What I would like to 
come away with: 

2 Useful tips on population 
measures/parameters (e.g., 
analogy to tox testing & tissue 
residues). How to expand 
experimental studies 

•crosswalk measures of 
exposure & effects for 
populations 

•contaminants as a subset 
of multiple stressors 
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The Relevance of Populations to 

USACE
 

Todd S. Bridges, Ph.D.
 

Senior Scientist, Environmental Science
 

U.S. Army Engineer Research and Development Center
 

Vicksburg, MS
 

Ecological Risk 
• Ecological Risk Assessment: “…a 

process…to evaluate the likelihood of 
adverse ecological effects”,  USEPA, Fed. 
Reg. Vol. 61 No. 175 (1996) 
– Ecology: “The scientific study of the

interactions that determine the distribution 
and abundance of organisms.” Krebs (1972) 

• The two key questions: 
– Where are they? 
– How many are there? 
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USACE Missions and Problems 

• Navigation 
– Dredged material management 

• Hydropower and reservoir management 
– Fish passage and “take” 

• Ecosystem restoration 
– Sturgeon and Interior Least Tern 
– Contaminant remediation 

• Invasive species management 

U.S. Navigation 
Dredging Program 

•	 400 U.S. Ports 
– Transport for  95% 

of international 
trade 

•	 25,000 miles of 
navigation channel 

•	 200 million cubic 
yards of sediment 
dredged annually 

•	 $1 billion budget 
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Marine Protection, Research 
and Sanctuaries Act of 1972, § 
102: “...changes in  marine 
ecosystem diversity,  
productivity, and stability; and 
species and community  
population changes.” 

40 CFR § 227.27(b) 
“Materials…will not cause 
unreasonable 
acute or chronic toxicity or other  
sublethal adverse effects…” 

SF-DODS 
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Population Modeling 

Individual >>>>>>>>>>>>>> Population 
Survivorship, Growth, Reproduction 
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Daphnia magna 

• Evaluated chronic 
toxicity of 17 Great 
Lakes sediments over  
21-d exposure
• Measured effects on  
survival, development 
rates, reproductive rates
• Summarized effects 
using an age-classified 
population model 

Daphnia magna 
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Bridges, T.S., R.B. Wright, B.R. Gray, A.B. 
Gibson, and T.M. Dillon.  1996. Chronic 
toxicity of Great Lakes sediments to 
Daphnia magna: elutriate effects on 
survival, reproduction, and population 
growth. Ecotoxicology 5: 83-102. 
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Leptocheirus plumulosus 
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Leptocheirus plumulosus 
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Leptocheirus plumulosus Population-level Effects 
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Contributions 
• Effect of BRH on  

lambda due to  
reduced survival  
in 0-3 wk olds and 
reduced fecundity  
during weeks 4-8 

• Magnitude of the 
contributions from  
survival and 
fecundity are 
similar 



HARS/MDS

  -  
  

    

Historic Area Remediation Site 
• NY Mud Dump Site  

closed in 1997 
• Revising approach for 

evaluating whether 
material suitable for use  
as remediation material 

• Using spatially explicit 
exposure modeling of 
fish   

HARS/MDS 

Linkov, I., D. Burmistrov, J. Cura, T.S. Bridges.  2002.  Risk based management of 
contaminated sediments: consideration of spatial and temporal patterns in exposure 
modeling. Environmental Science and Technology 36:238-246. 
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Fish Tagging Study 
• Project team from NMFS, 

Sandy Hook, NJ 
– Fabrizio, Pessutti,  

Manderson, Drohan, Phelan 
• Black Sea Bass and 

Summer Flounder 
identified as study species 
– Site use and relevance 

to humans health 



Fish Tagging Study 
• 72 moored acoustic 

receivers placed at  HARS 
in April 2003 
– 800 m apart 

• 129 BSB and 24 SF tagged 
and released in May-Jun 
2003 

• Completed array retrieval 
in Sept 2004 
– 1,625,315 detections 

•75% of BSB dispersed  
from HARS by Nov 2003 
•75% of SF dispersed  
from HARS by Sept 2003 
•1 SF, 2(?) BSB returned  
in 2004 

The two key questions: 
1. Where  are they? 
2. How many are 
there? 
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USACE Owns 
and Operates 

• 260 navigation 
locks 

• 600 reservoirs 
• 75 hydroelectric 

facilities 
– Generating 25%  

of the  country’s 
hydropower 
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Richard B. Russell Dam 

• Pumped storage 
operations entrain 
fish  from J. Strom  
Thurmond Reservoir 
• Study purpose: 
evaluate long-term 
population-level 
impact of mortality  
from entrainment 

• threadfin shad, 
blueback herring, 
striped bass, hybrid  
bass, black crappie 



Blueback Herring 
• Stochastic matrix population model  with 4  

age classes built using monthly  gillnet 
data, hydroacoustic surveys, and fecundity  
estimates using Boltin (1995) 

• Density dependence modeled us ing  
Beverton-Holt and site data 

• Scenarios  evaluated included estimates  of  
total entrainment mortality  using: 
– Measured estimates of 1.3% (Scenario A) and  

0.56% (Scenario B) 
– Hypothetical estimates of 4%, 8%, 12% 
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Ecosystem Restoration 

• Projects range from 
small to very large 

• Budget 
justifications 
closely scrutinized 
by OMB 

• Need to strongly 
establish 
quantitative, 
scientific basis for  
environmental 
benefits 
– E.g., more of 

species x  
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Gunpowder River 
Sediment Assessment 
• 100 km2, 186 sedimen
samples 
• Chronic toxicity 

– Leptocheirus 
plumulosus 
• survival, growth, 

reproduction 

t 
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Leptocheirus plumulosus Metapopulation Model For 
Gunpowder River, Aberdeen Proving Ground, MD 
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T.S. Bridges, H.R. Akcakaya, B. Bunch.  2008. 
Leptocheirus plumulosus in the upper Chesapeake Bay: 
sediment toxicity effects at the metapopulation level.  In, 
Demographic Toxicity: Methods in Ecological Risk 
Assessment H.R. Akcakaya, J.D. Stark, T.S. Bridges, 
eds.  Oxford University Press, pp. 242-254. 
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Range of the Pallid Sturgeon 

River Miles 
Upper Missouri River – Impounded 960 
Lower Missouri River – Free-flowing 811 
Middle Mississippi River 200 
Lower Mississippi River 985 

Gavin’s Point Dam 



 

  
 

  

 
 

   
 

 
 

 
 

 
 

  

 

  

  
 

 

Issues 
• Latitudinal trends in abundance and size over a 3,000 river mile range   
• Population status and threats vary geographically 

– Lower MS River  – stable populations; entrainment from water diversions is  a threat 
– Middle MS  River – harvesting impacts 
– Lower Missouri River – uncertain status;  habitat restoration and stocking ongoing  
– Upper Missouri River  – no recruitment; stocking  necessary to maintain  populations 

• Movement between rivers has been documented   - single or multiple populations?   
• Genetic uncertainties undermining progress in recovery 

Research results in 
better understanding 

Pallid sturgeon will 
not go extinct, but 
is threatened in 
parts of its range. 

Can pallid sturgeon be 
successfully maintained in 
the impounded reaches of 

the upper MO River ? 

Delineate reaches 

Determine if stocking is 
adequate 

Habitat Demography 

Are pallid sturgeon populations 
viable in the free-flowing portion 

of the range? 

Delineate reaches 

Determine if population is self-
sustaining based on age-

structured models. 

Determine number and 
interrelationships among 

populations 

Age and 
Density 

Fecundity and 
Recruitment 

Genetics Morphology Behavior 
Population 
Modeling 

Evaluate 
subpopulations 

by reach 

Determine range 
of movements and 

habitat use 

Telemetry 

Solution – Range-wide Population Viability  Analysis (PVA) 

Declining Stable 

PVA 

Deficient 
recruitment 

Sufficient 
recruitment 

Excessive 
recruitment 

Single 
population 

Multiple 
populations 

Management 
Action 

Increasing 

Management 
Action 

Meta-PVA 

Management 
Action if 

necessary 

73 



Interior Least Tern 
Background: 
- Listed in 1985 
- Recovery goals set at 7,000 birds 
- 2005, ABC and ERDC conducted 
the first range-wide survey and 
detected >17,000 individuals. 

Problem: 
- Recent flooding created habitat 
- Habitat is  now declining  
(vegetation encroachment, erosion,  
lack of  flood  flows to create new or  
sustain existing sandbars) 
- Long-term sustainability? 
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^ŽƵƚŚĞƌŶ�WůĂŝŶƐ�;Εϰ͕ϬϬϬͿ 
DŝƐƐŝƐƐŝƉƉŝͬKŚŝŽ�;ΕϭϮ͕ϬϬϬͿ 
'ƵůĨ��ŽĂƐƚ�;ΕϭϮ͕ϬϬϬͿ 



 

 

Interior Least Tern 
Approach: Develop a habitat-based 
population model with three primary 
objectives/capabilities: 

1) Evaluate range-wide Interior Least Tern 
population status 
2) Evaluate sandbar habitat conditions for 
all riverine reaches with >50 ILT 
3) Evaluate the effects of different 
management actions (including no action) on 
1) tern populations; and 2) tern habitat. 

Invasive Species 
• Impacts 

– Navigation 
– Flood control 
– Hydropower 
– Recreation 
– Environment 

• Population-relevant questions 
– Quantifying “invasiveness” 
– Predicting spread 
– Developing effective control strategies 

• Mechanical 
• Chemical 
• Biological  
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Population Issues 
• Establishing relevance to the decision 
•	 Reliability of information for decision-making 

How to quantify and use information about uncertainty 
Establishing confidence in models 

• Physics envy” 
• Prediction, projection, forecast 
• Verification and validation 

• Distinguishing influence of multiple factors 
• Defining temporal limits on projections 
•	 Considering space 

Broad range in scale (meters to 1,000s k) 
Behavior and movement 

• Requiring use of other information/models 

• Using “synthetic” populations 
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5LVNV�RI�)LVKHU\�0RUWDOLW\�WR�D�6HDELUG�
3RSXODWLRQ�DQG�&RQVHUYDWLRQ�,PSOLFDWLRQV
5LVNV�RI�)LVKHU\�0RUWDOLW\�WR�D�6HDELUG� 

3RSXODWLRQ�DQG�&RQVHUYDWLRQ�,PSOLFDWLRQV 

LVLRQ

Q

86�(3$� *XOI�(FRORJ\�'LY

-LOO�$ZNHUPD-LOO�$ZNHUPDQ 

86�(3$���*XOI�(FRORJ\�'LYLVLRQ 

3OLJKW�RI�WKH�$OEDWURVV�±
/RQJOLQH E\FDWFK

3OLJKW�RI�WKH�$OEDWURVV�± 
/RQJOLQH E\FDWFK 

77 



- -

$OEDWURVV�$OEDWURVV�E\FDWFKE\FDWFK LQ�LQ� 
DUWHVDQDODUWHVDQDO ILVKHULHVILVKHULHV 

Photo: ProDelphinus Photo: ProDelphinus 
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%UHHGLQJ�VFKHGXOH�RI�:DYHG�$OEDWURVVHV%UHHGLQJ�VFKHGXOH�RI�:DYHG�$OEDWURVVHV 

0D\�0D\��� -XQHXQH -XO\�-XO\� $XJXVW�$XJXVW��� -DQXDU\DQXDU\ 

3HUX 

(FXDGRU 

*DODSDJRV 

3HUX 

(FXDGRU 
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7KUHH7KUHH��VWDJH�PDWUL[�PRGHOVWDJH�PDWUL[�PRGHO 

-XYHQLOH 

6XEDGXOW 

$GXOW 

+LVWRULF�Ȝ  ������� 



6WRFKDVWLF�6WRFKDVWLF� 
SRSXODWLRQ�JURZWKSRSXODWLRQ�JURZWK 

&XUUHQW�Ȝ  ������� 

���������� 

���������� 

���������� 

�������� 

�������� 
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Photo: ProDelphinus 

$&$3$&$3 
$FWLRQ�SODQ$FWLRQ�SODQ

$FWLRQ�3ODQ�IRU�:DYHG�$OEDWURVV 
3KRHEDVWULD LUURUDWD 

$JUHHPHQW�RQ�WKH�&RQVHUYDWLRQ� 
RI�$OEDWURVVHV�DQG�3HWUHOV 



~

6H[6H[��VSHFLILF�GLIIHUHQFHVVSHFLILF�GLIIHUHQFHV 

�� +LJKHU�PDOH�EDQG�+LJKHU�PDOH�EDQG� 
UHFRYHU\�UDWH������UHFRYHU\�UDWH������

�� 6XJJHVWLRQ�RI�GLIIHUHQWLDO�6XJJHVWLRQ�RI�GLIIHUHQWLDO� 
PRUWDOLW\�LQ�PDUNPRUWDOLW\�LQ�PDUN��UHVLJKWUHVLJKW 
PRGHOVPRGHOV 

�� 0RUH�IHPDOH�DGXOWV0RUH�IHPDOH�DGXOWV 
�� 'LIIHUHQFHV�LQ�IRUDJLQJ�'LIIHUHQFHV�LQ�IRUDJLQJ� 
EHKDYLRUEHKDYLRU 
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'LIIHUHQFHV�LQ�'LIIHUHQFHV�LQ� 
IRUDJLQJ�EHKDYLRUIRUDJLQJ�EHKDYLRU 
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Number ofNumber of 
parametersparameters 

ModelModel 
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6XPPDU\6XPPDU\ 
�� ,QFLGHQWDO�FDWFK�DQG�LQWHQWLRQDO�KDUYHVW�FRQWULEXWH�WR�,QFLGHQWDO�FDWFK�DQG�LQWHQWLRQDO�KDUYHVW�FRQWULEXWH�WR� 
LQFUHDVHG�PRUWDOLW\�LQ�ZDYHG�DOEDWURVVHVLQFUHDVHG�PRUWDOLW\�LQ�ZDYHG�DOEDWURVVHV 

�� (162�HYHQWV�IXUWKHU�LPSDFW�D�UHGXFHG�SRSXODWLRQ�JURZWK�(162�HYHQWV�IXUWKHU�LPSDFW�D�UHGXFHG�SRSXODWLRQ�JURZWK� 
UDWH�UDWH� 

�� )LVKHU\�FDSWXUH�SRVVLEO\�FRQWULEXWLQJ�WR�GLIIHUHQWLDO�)LVKHU\�FDSWXUH�SRVVLEO\�FRQWULEXWLQJ�WR�GLIIHUHQWLDO� 
PRUWDOLW\PRUWDOLW\ 

�� 0DOHV�DUH�PRUH�VXVFHSWLEOH�WR�FDSWXUH�EHFDXVH�RI�WKHLU�0DOHV�DUH�PRUH�VXVFHSWLEOH�WR�FDSWXUH�EHFDXVH�RI�WKHLU� 
IRUDJLQJ�EHKDYLRUIRUDJLQJ�EHKDYLRU 
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3RSXODWLRQ�HFRORJ\
 

5LFKDUG�6LEO\ 
8QLYHUVLW\�RI�5HDGLQJ��8. 
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%DUQWKRXVH�HW�DO������3RSXODWLRQ�OHYHO��HFRORJLFDO�ULVN�DVVHVVPHQW
 

A firm scientific foundation is in place …[but need to 
include] 

� FRPSHQVDWRU\�SURFHVVHV�ZLWKLQ�SRSXODWLRQV 
� KHWHURJHQHRXV�HQYLURQPHQWV 

7DON�VWUXFWXUH
 

• What are the population endpoints 

• Stress and density can be measured in small animals 

• Relating lab and  field 

• Microarrays  will one day predict growth reproduction 
and survival 

• York workshop 2004 
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+RZ�LV�SJU DIIHFWHG�E\�VWUHVV�DQG�GHQVLW\
 

6SULQJWDLOV�)ROVRPLD FDQGLGD
 

+RZ�VWUHVV�DIIHFWV�SRSXODWLRQ�JURZWK 
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,PDJH�DV�FDSWXUHG

$IWHU�SURFHVVLQJ
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Noel et al 2006
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5HODWLQJ�ODE�DQG�ILHOG 

Daphnia magna 

3RQGV�VDPSOHG�IRU�'DSKQLD�PDJQD LQ�<RUNVKLUH�E\�*�)U\HU 



3UHVHQFH�DEVHQFH�RI� ��PDJQD

3RQGV�FRQWDLQLQJ�'DSKQLD�PDJQD 
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+RZ�JHQHV�FRQWURO�JURZWK��UHSURGXFWLRQ�DQG�VXUYLYDO 

Daphnia magna 
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&KDQJHV�LQ�'��PDJQD�JHQH�H[SUHVVLRQ
 
Functional category Upregulation Downregulation 
1. METABOLISM 
1.1 Carbohydrate and fat 
metabolism (A) 
Glycolysis/Gluconeogenesis Glycogen synthase 

Glucose-6-phosphatase 
Cellulase activity Endoglucanase 2 
Lipid Metabolism GM2 ganglioside activator p 
1.2 Energy metabolism (B) 
Coenzymes NADH dehydrogenase subunit 3 NADH dehydrogenase subun 

ATP synthase a chain 
Electron transport Cytochrome c oxidase subunit 1 Cytochrome b 
Citric acid cycle  Succinate dehydrogenase
1.3 Amino acid  and polypeptide 
metabolism (C) 
Oxidative deamination  Glutamate dehydrogenase
Peptidases Carboxypeptidase A1 

Trypsin Trypsin 
 Chymotrypsin B2 
Metalloendopeptidase Astacin (zinc metalloproteas 
2.TRANSCRIPTION AND 
TRANSLATION (D) 
RNA 16S ib l RNA 

 

:KHUH�ZH�ZDQW�WR�JR�ZLWK�PLFURDUUD\V
 

Identify genes/pathways involved in control of 

 

 

• Reproduction 

• Survival 

• Growth  
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Population risk assessment of birds and 
mammals in the UK 

Andy Hart and Mark Klook 
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$JHQW�EDVHG PRGHO��$%0�
 

Spatially explicit model of 
animal behaviour of the 
vole 

7KH�VWXG\�ODQGVFDSH
 

Real 10x10 km Danish 
landscape by Bjerringbro, 
1-m resolution 

Legend 
Main road 
Roadside verge 
Permanent grass 
Unmanaged grassland 
Rotational field (same colours for all crops) 
Coniferous forest 
Deciduous forest 
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c) BEHAVIORAL STATE 
FM = FINDING MATE 

FM 

$JHQW�VSHFLILFDWLRQ
 
Is it past 

covey 
hopping 

time (June 
1st)? 

Is it past 
breeding 

date (June 
19th)? 

Are you 
in a new 

covey 
now? 

Are coveys 
within 

500m of 
you? 

Are you 
visiting 

some other 
covey? 

Did you 
find mate 

in new 
covey? 

Did you 
find mate in 
your search 

area? 

Jump to a 
new covey 

Does your 
mate have 
a territory? 

Leave the 
covey 

Fly to a new 
area 

Find Mate in area 
(500 m2) 

Join this 
covey Make your 

covey 

Revoke 
visitors pass 

DY 

FL 

FM 

GM 
FOM 
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YES 

YES 

YES 

YES 

YES 
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YES 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
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Spatially explicit model of 
animal behaviour of the 
vole 

Population dynamics 
emerge as result of local 
interactions 

Dynamic landscape with 
crop rotation and 
weather-dependent plant 
growth 
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� WR[LFLW\�HQGSRLQWV�LQ�WKH�ODE 
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� DVVHVV�H[SRVXUH�LQ�WKH�ILHOG 
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Legend
Main road
Roadside verge
Permanent grass
Unmanaged grassland
Arable field
Coniferous forest
Deciduous forest

 

9DULDWLRQ�LQ�FDUU\LQJ�FDSDFLW\��.� 
Vole Skylark 

Beetle Spider 

:KLWH DUHDV�KDYH�1 �� 

6XPPDU\
 

• Endpoints are abundance and population growth rate 

• Stress and density can be measured in springtails 

• Ecological niche relates lab and field 

• Microarrays will one day predict growth reproduction 
and survival 

• Individual based models 
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