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1. Prepare for a full range of OA risk and impacts

2. Activate responsible elements of state government

3. Reduce the pollution that causes OA

4. Deploy living systems to slow and store carbon

5. Build resilience of affected communities, industries 

and interests

6. Engage beyond state borders

Six strategies for OA actions:



Strategy 3. Reduce the pollution that causes OA





How do we get from strategies to 
goals?

What science should be done?



What science should be done?

It’s simple, all of it…



What science should be done?

OK, then just the really big stuff



What science should be done?

OK, then just the really big stuff

And maybe not overly prescribed, make 
room for black swans…



Some subtext 1:

Target recommendations for CA legislative staff 

-be brief 
-have clear priorities and not a long wish list
-justify investments in science (with costs and 
benefits)



Some subtext 2:

But…Prop 68 passed in June 2018 authorizing 
$4 billion parks, environment and water bond  

OPC unlikely to be turning to legislature for 
funding in the near term

Science recommendations needed to inform 
next set of RFPs



Some subtext 3:

What’s really important is that other state 
agencies are engaged

-This is not going to happen without evidence 
that OA matters to their mission

-The Action Plan also unlikely to move forward if 
there’s no clarity on what can/should be done



Refined aim:

-specific priorities (if we can’t decide as a community 
why would others act or even care)

-science that delivers results quickly (if we can’t show 
returns on investments in research for the first $5 
million, we won’t have a case for the next $50 million)

-science that activates engagement (if we do science 
that we like but not science that the state needs, then 
the Action Plan is not going to have an extended life)



Recommendation 1.1: Identify the pattern of OA exposure in 
California, its progression, and the locations where the earliest and 
most detrimental changes in ocean chemistry will occur.

Recommendation 1.2: Characterize the vulnerability of marine life, 
habitats, and ecosystems of interest to California stakeholders. 

Recommendation 1.3: Quantify the societal and economic 
consequences of OA. 

Recommendation 1.4: Characterize OA’s contribution to coastal 
ecosystem impacts in relation to other stressors.

CA OA Action Plan Science Recommendations I

What should you care?



Recommendation 1.2: Characterize the vulnerability of marine 
life, habitats, and ecosystems of interest to California 
stakeholders. 



Recommendation 1.2: Characterize the vulnerability of marine 
life, habitats, and ecosystems of interest to California 
stakeholders. 
OA science has focused primarily on characterizing changes to ocean chemistry; we are still early in the process 
of understanding which species within California’s diverse ecosystems and productive fisheries are most 

threatened by these chemistry changes. For example, of the 200 species that support 
the bulk of California’s commercial and recreational fisheries, less 
than 10 have been studied for OA sensitivity. This deficit can 
largely and quickly be corrected by conducting experimental and 
observational studies on a range of species of priority social 
concern expected to be harmed by OA’s progression. A first-order 

understanding of vulnerability will need to grow quickly into a more complete picture of risks, where the scope, likelihood and 

timing of population- and ecosystem-level impacts are made clear to decisionmakers. Investments can start 
by supporting studies that quantify the sensitivity of responses in 
life stages that are most important for population dynamics, and 
that can be readily incorporated into management models. New 

understanding of vulnerability will accelerate and broaden stakeholder and agency engagement (S1, S2, S5). Also, because many
marine life populations cross jurisdictional boundaries, improved knowledge of vulnerability will bring together neighboring states 
and federal agencies to develop coordinated actions beyond California’s borders (S6). 



Recommendation 2.1: Identify where local pollution control actions 
will most effectively slow local acidification rates.

Recommendation 2.2: Explore how to maximize carbon reduction 
through natural and constructed living systems.

Recommendation 2.3: Develop the scientific foundation for managers 
to set ecologically protective water quality targets for OA.

Recommendation 2.4: Evaluate the use of existing management tools 
to preserve, support and enhance the resilience of fisheries and 
ecosystems in the face of intensifying OA.

CA OA Action Plan Science Recommendations II

What can you about it?



Recommendation 2.4: Evaluate the use of existing management 
tools to preserve, support and enhance the resilience of fisheries 
and ecosystems in the face of intensifying OA.



Recommendation 2.4: Evaluate the use of existing management 
tools to preserve, support and enhance the resilience of fisheries 
and ecosystems in the face of intensifying OA.
Two categories of actions are available to address OA. Managers can reduce stressors (S3, S4), or they can employ resilience 
management to assist ecological systems and dependent industries and communities in resisting and recovering from OA. 
Environmental scientists have a generalized understanding of how factors such as a diversified gene pool, broad population age 
structure, and intact ecological communities can help promote biological resilience. However, little research has been conducted on the 

specific biological attributes that can confer resilience against OA in California’s coastal ecosystems. Similarly, there is 
limited understanding of the factors that make fisheries and 
communities more resilient to OA, and how socio-economic 
resilience scales from biological resilience. Although resilience management represents a 

broad research frontier, near-term investigations should focus on screening for whether existing management interventions – such as 
Marine Protected Areas, spatial quotas, habitat restoration, fishery mobility, and catch shares – can meaningfully influence biological 
and socioeconomic resilience to OA. The aim would be to identify a set of tractable actions with existing management benefits that can 
be readily employed to lessen OA’s impacts. Strategies for enhancing resiliency will be crucial for broadening engagement by managers 
and other decision-makers (S2), who will need to work together to achieve greater resilience within affected industries and communities 
(S5).



Recommendation 2.4: Evaluate the use of existing management 
tools to preserve, support and enhance the resilience of fisheries 
and ecosystems in the face of intensifying OA.
Two categories of actions are available to address OA. Managers can reduce stressors (S3, S4), or they can employ resilience 
management to assist ecological systems and dependent industries and communities in resisting and recovering from OA. 
Environmental scientists have a generalized understanding of how factors such as a diversified gene pool, broad population age 
structure, and intact ecological communities can help promote biological resilience. However, little research has been conducted on the 
specific biological attributes that can confer resilience against OA in California’s coastal ecosystems. Similarly, there is limited 
understanding of the factors that make fisheries and communities more resilient to OA, and how socio-economic resilience scales from 

biological resilience.  Although resilience management represents a broad 
research frontier, near-term investigations should focus on 
screening for whether existing management interventions – such as 
Marine Protected Areas, spatial quotas, habitat restoration, fishery 
mobility, and catch shares – can meaningfully influence biological 
and socioeconomic resilience to OA. The aim would be to identify a set of tractable actions with 

existing management benefits that can be readily employed to lessen OA’s impacts. Strategies for enhancing resiliency will be crucial for 
broadening engagement by managers and other decision-makers (S2), who will need to work together to achieve greater resilience 
within affected industries and communities (S5).
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