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* Help people understand that our health and well-
being, and that of our children, depends on the
well-being of the environment, and that we must
do everything we can to protect the environment

— Biodiversity sustains all life on earth

— Food choices impact human health and global
environmental health ...

— www.chgeharvard.org
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Continuum of the Natural-Social-Built Environments

built-social-
economic n.atural
environment

energy land use

Perception of the natural environment across the continuum from “pristine” to urban
ecosystems

Implications for operational definitions of sustainability

80% of Americans live in urban areas — removed from the natural environment (with
implications for ecosystem services)
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Human Well-Being and Ecosystem Services

e Subjective and objective aspects to HWB
— Social and economic indicators
— Satisfaction and happiness at the individual level
* Understanding of importance of ES to HWB
— Nature relatedness

— Perception of the natural environment as separate

* Dynamic relationship but policy decisions rely on
single snapshot

— Both ES, HWB and preferences change over time
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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 outcomes of
interest from an ecosystem services perspective

AOPs are basically cause-effect pathways written at a molecular
to organismal level

They actually have a physical basis within the organism and
follow the signal from initiating event(s) to apical outcome(s)

It is the etiology of the effect-----




00X {00 -y

How the AOP Links to Ecosystem Services

Ecosystem Services

Valued b
Stressors and Sources Regulatory Interest Yy

Adverse Outcome of

If > Stakeholders
Declines in fish and Recreational fishery
Management context wildlife populations Existence/nonuse value
for wildlife
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Relative Risk and AOP Context

Exposure, Pathways and Effects

Stressor (s) —a (exposure
attributes to effects)
Change in Spatial (patch
Examples: Mining Distribution of Bioaccumulation, € . P (p )
. . . population structure of the
Metals Manufacture endpoint habitat consumption, ) ) .
. ) dynamics, change in population,
Flame retardants Transportation or habitat types, uptake (exposure)
. . . age structure, predator-prey
Nanomaterials Use landuse, spatial leading to ) )
o ; exceedence of tissue dynamics,
Pesticides Disposal data on sources, molecular ]
) ) L levels, population resource
Nutrients Legacy transportation initiating event, . . -
. . - i extinction, change in availability,
Biologicals Biological sources pathways, perturbed cellular . .
. community confounding
location of waste response ..
] . structure stressors, biotic
disposal sites, pathways, organ L.
nonpoint inputs and organism and abiotic
-p p ) g factors
aerial deposition responses

Note: The sources, habitats, effects, impacts, and the components within ecological context are expressed
probabilistically in a spatial and temporal context
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Adverse Outcome Pathway Framework

]
Exposure
g Exposure links the generalized AOP
Uptake Delivery to Target Tissues with fit-for-purpose risk assessment
Perturbation KE: key event o
MIE: molecular initiating event
@ AO: adverse outcome
S Expected
Biologic Biological
inputs Function

Adverse
outcomes

Early cellular

inability to

: key events relevant to risk
Adaptive regulate assesment
Responses /
Molecular Perturbed cellular Adverse outcomes of
initiating events response pathways regulatory focus

I_ Toxicological Data _"— Epidemiologic Data —'
_ Adverse Outcome Pathwai a
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Quantitative Frameworks for Adverse Outcome Pathways
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' Decision Analysis as Integrating Framework

Decision Analytic Strategies for Integrating Ecosystem
Services and Risk Assessment
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Concluding Thoughts

Network-based approaches for quantifying conditional
probabilities

AOP portion of network consists of one or more
concentration-response functions

Concentration-response function outputs at the individual
level link to population models

Population models predict regulatory outcome(s) of interest
Exposures and initial MIEs may differ

Exposures may impact different key events via different
mechanisms

Different approaches depending on data
— High-throughput / in vitro results at each MIE, KE
— invivo lab or field data that collapses early KE to outcome



Concluding Thoughts

* Tools and approaches exist to support decision
making
— Bayesian Network Relative Risk Models

— GIS-based decision analytic approaches

e Stakeholders may not fully appreciate relationship of
ES to HWB
— Nature-relatedness and biophilia
— Push to quantify-monetize ES
— Static versus dynamic

— Significance of biodiversity across all domains of ES
* Key to resilience
e Key to thriving ecosystems
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