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Population models add value to 
ecotoxicological data
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• Integrate separate effects on survival, growth, and 
reproduction

• Help to identify sensitive life-history stages

• Seamless integration of AOP

• Support environmental protection goals

• Allow exploration of interaction between 
environment and chemical stressors



So, why do we need another ecological 
modeling concept?

Leap between screening-level assessments and population models is huge
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Exogenous factors are difficult to 
parameterize and often poorly understood

Etterson et al. 2021. A spatially explicit model for estimating risks of pesticide exposure to bird populations. PLOS One 4



Endogenous Lifecycle Models (ELMs)
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OK, maybe…let’s see some examples
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Parameter definitions:
• sj = survival from fledging to 1st year
• sa = survival after 1st year
• f = annual fecundity (offspring/year)
• p = breeding propensity

Lifecycle adapted from Pulliam 
1988. American Naturalist

Tree Swallow

Lifecycle from Young 1968. Ecology 

Bald Eagle



The lifecycle graph and model are isoinformatic
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Lifecycle adapted from Pulliam 
1988. American Naturalist

Tree Swallow

Lifecycle from Young 1968. Ecology 

Bald Eagle

Stakeholders can reach 
consensus on the lifecycle 

graph without reference to the 
mathematics

𝑀𝑀 =

0 0 0 0 0 0 𝑝𝑝𝑝𝑝
𝑠𝑠𝑗𝑗 0 0 0 0 0 0
0 𝑠𝑠𝑎𝑎 0 0 0 0 0
0 0 𝑠𝑠𝑎𝑎 0 0 0 0
0 0 0 𝑠𝑠𝑎𝑎 0 0 0
0 0 0 0 𝑠𝑠𝑎𝑎 0 0
0 0 0 0 0 𝑠𝑠𝑎𝑎 𝑠𝑠𝑎𝑎

𝑀𝑀 = 𝑓𝑓𝑠𝑠𝑗𝑗 𝑓𝑓𝑠𝑠𝑗𝑗
𝑠𝑠𝑎𝑎 𝑠𝑠𝑎𝑎

?



Fitness predictions

Tree Swallow

𝑀𝑀 = 𝑓𝑓𝑠𝑠𝑗𝑗 𝑓𝑓𝑠𝑠𝑗𝑗
𝑠𝑠𝑎𝑎 𝑠𝑠𝑎𝑎

Fitness predictions:
• Intrinsic fitness (λf) = expected annual production 

of genetic descendants (including self)

• Lifetime reproductive success (LRS) = expected 
lifetime production of offspring

𝜆𝜆𝑓𝑓 = 𝑠𝑠𝑎𝑎 + 𝑓𝑓𝑠𝑠𝑗𝑗

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑓𝑓
𝑠𝑠𝑗𝑗

1 − 𝑠𝑠𝑎𝑎



Identification of sensitive life stages
Process Parameter λf Sensitivity LRS Sensitivity
Juvenile Survival sj 𝜕𝜕𝜆𝜆𝑓𝑓

𝜕𝜕𝜕𝜕𝑗𝑗
= 𝑓𝑓

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑠𝑠𝑗𝑗

=
𝑓𝑓

1 − 𝑠𝑠𝑎𝑎
Adult Survival sa 𝜕𝜕𝜆𝜆𝑓𝑓

𝜕𝜕𝜕𝜕𝑎𝑎
= 1

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑎𝑎

=
𝑠𝑠𝑗𝑗𝑓𝑓

1 − 𝑠𝑠𝑎𝑎 2

Fecundity f 𝜕𝜕𝜆𝜆𝑓𝑓
𝜕𝜕𝜕𝜕

= 𝑠𝑠𝑗𝑗
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

=
𝑠𝑠𝑗𝑗

1 − 𝑠𝑠𝑎𝑎
Fitness predictions:
• Intrinsic fitness (λf) = expected annual production 

of genetic descendants (including self)

• Lifetime reproductive success (LRS) = expected 
lifetime production of offspring

𝜆𝜆𝑓𝑓 = 𝑠𝑠𝑎𝑎 + 𝑓𝑓𝑠𝑠𝑗𝑗

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑓𝑓
𝑠𝑠𝑗𝑗

1 − 𝑠𝑠𝑎𝑎



Integration with adverse outcome pathways

• AOPs describe perturbations to endogenous biological systems
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AOP from Doering et al. 2018. ES&T



ELM = a series of directed graphs
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MCnest

AOP Endogenous System ELM



Response depends on lifecycle
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Endogenous Lifecycle Models add value to 
ecotoxicological data
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Integrate separate effects on survival, growth, and 
reproduction

Support environmental protection goals

Help identify sensitive life-history stages

Help integrate data on exposure, toxicity, & 
adverse outcome pathways

Ø Allow exploration of interaction between 
environment and chemical stressors



For more information…

• See forthcoming manuscript in Environmental Science & Technology
• Email us: etterson.matthew@epa.gov
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