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Goal

AOP Poster

Population Modeling
WE071 Stark et al. Population Models for Use in

Bayesian Networks and Adverse Outcome
Pathways

Take molecular effects and write the equation to 

predict risks to populations in a defined landscape.



Introduction

Background to the Adverse Outcome Pathway (AOP) model

Construction of the Bayesian network to describe mixture 
toxicity, the AOP and changes in the population

Sensitivity analysis

Frustrations

Conclusions



Adverse Outcome Pathway

An AOP is a conceptual construct that portrays existing 
knowledge concerning the linkage between a direct 
molecular initiating event and an adverse outcome at a 
biological level of organization relevant to risk assessment.

I do not do levels of organization ---I prefer scale but that is 
another talk.



Adverse Outcome Pathway for OP (Russom et al 2014) 
is turned into an Influence diagram.

AOP is not sufficient to 
predict effects or risks to 
populations until scale, 
location, and environmental 
conditions are introduced.

Influence diagram



Bayesian Network Models-acyclic graphs

The conditional probability tables 
are describe by exposure-response 
relationships whether they are 
organophosphates or ecological 
attributes.

Exposure-response can be 
determined by data or modeling.
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Specific case study

Pesticides in Washington State Rivers with the Skagit River 
as today’s example

Acetylcholinesterase inhibitor-organophosphates

Chinook as species (listed as protected)

Population effects-Chlorpyrifos example.



Simplified one pesticide model

AOP segment of the influence diagram



The Rivers:
The nodes are 
set from site 
specific data 
for each of 
the 4 
watersheds

The River 
and the 
season



Today we will talk about the Skagit River and 
Chinook salmon

SkagitMt. Baker 



Pesticide concentrations are parent nodes and are 
specific to the river.

Pesticide 
Concentrations

The nodes are 
set from site 
specific data 
for each of 
the 4 
watersheds



Part of the model describes water quality parameters.

Ecological 
Factors These nodes 

are set from 
site specific 
data for each 
of the 4 
watersheds



Now for the Population part of the calculation….

Population 
Parameters

These 
nodes set 
up the input 
for the 
population 
simulations



Now for the Population part of the calculation….

Population size 
distribution

These nodes 
set up the 
input for the 
population 
simulations

Simulation year



The conditional probability table constructed using 
population modeling for all states of juvenile and Adult 
percent reduction

The table is 9 X 200 or 
1800 cells.



The conditional probability table is based on RAMAS 
population modeling—see C. Mitchell et al poster

Population model based on Baldwin et al (2009) and Spromberg and Scholz 
(2011) to estimate changes in population and patches.
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20 percent reduction 50 percent reductionBaseline model

RAMAS modeling and the output predicts exposure-
response relationships-C. Mitchell modeling



Changes in the Chlorpyrifos Case study-Typical Skagit 
Conditions

Skagit-spring-20 years
Chlorpyrifos measured

Spring is typical for 
some of the runs and 
the subsequent 
spawning.

High risk Low population

Low risk High population



Changes in the Chlorpyrifos Case study-Best case and 
Worst case scenarios-Influence analysis

Skagit-winter-20 years
Chlorpyrifos low

Skagit-summer-20 years
Chlorpyrifos maximum

Worst CaseBest Case

Shift in 
distribution



Sensitivity Analysis via Entropy analysis 
measured by mutual Information

Toxicity
equivalent to 
Dissolved 
Oxygen
and 
Temperature 
in information 
contribution



Limitations and Frustrations

Additional dose-response information needed to 
describe effects upon migration and other endpoints in 
an exposure-response manner

The interactions between ecology and toxicology are 
not clear.

River and run specific life-history data are not available, 
although Chinook are the iconic species of the region.



Conclusions

AOPs can be incorporated into models that include 
ecological parameters to predict population dynamics 
and risk to those populations.

So now we can incorporate an AOP into a probabilistic 
risk assessment.

Toxicology and the Environment are important variables 
the rank of importance changes with location, season 
and the time into the future.




