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West Coast shellfish aquaculture:  $270 Million annually

Whiskey Creek Shellfish Hatchery: 2007 larval class failures

Presenter
Presentation Notes
Tell story about whiskey creek and the progression from observing problems, to a policy dialogue around funding, to legislative action and response to ocean acidification. The model of Oregon’s bottom up approach was successful here (industry/scientist to Legislators/managers), and has been repeated in subsequent cases.  



West Coast shellfish aquaculture:  $270 Million annually

WILD POPULATIONS: 
Pteropod pitting 
measured in situ

Presenter
Presentation Notes
Note: The WCSH solution is inapplicable for wild stocks and ecosystems.  Pteropods are showing pitting in the wild now, during times of upwelling and corrosive waters.



Temperature change (light blue) and carbon dioxide change (dark blue) measured 
from the EPICA Dome C ice core in Antarctica (Jouzel et al. 2007; Lüthi et al. 2008).

Increased CO2 = warming

Range: 170-320 ppm 
over 800,000 years

Presenter
Presentation Notes
From ice core analysis, we know that when atmospheric carbon dioxide increases, so does atmospheric temperature.  CLICKWe also retrospectively understand that the meandering of CO2 has ranged from approximately 170-320 ppm.   We are currently at 410 ppm, nearly 100 ppm over the maximum of the last eight hundred thousand years.



 Increasing  CO2
in atmosphere

 Increasing pCO2
in ocean

Increased CO2 = acidification

Presenter
Presentation Notes
Ice cores are not informative for recent decades.  Here we turn to a few continuous datasets around the world.  This beautiful set of data collected in our WAFWA State of Hawaii – shows the “Keeling Curve” pattern we are all familiar with.  Rising atmospheric CO2, now regularly over 400 ppm.  CLICKWhat you might not be as familiar with are the mirrored data sets of pCO2 (or CO2 dissolved in the ocean’s surface waters) CLICKSide note: National Geographic piece on the blob?  Do they have images to use?  Atmospheric circulation comparisons?IF IT SAYS Anthropogenic, Climate deniers will shut off.



 Increasing  CO2
in atmosphere

 Decreasing pH 
in ocean 

 Increasing pCO2
in ocean

Increased CO2 = acidification

Presenter
Presentation Notes
and pH (or availability of Hydrogen ions). Acidification is a PHYSICAL EQUILIBRIUM process – the more in the air, the more in the water.  pCO2 and pH are noisy signals, because they are both affected by daily (day/night) cycles, weather, algae blooms, animal respiration and other processes.  In Puget Sound Washington, one study showed that they could detect rush hour acidification signals in the surface waters of the Sound that lay just next to a major freeway that is typically congested during rush hour traffic.   CLICKThis translates from the physical process into the biological impacts that we fear.  Pteropods or “sea butterflies” – beautiful tiny snails that live up in the water column offshore – are being found with pitted shells during periods of acidified conditions.  In addition to being lovely and interesting marine animals, these snails are favorite food of many finfish, most notably salmon and rockfish, which are favorite fishery targets in Oregon’s waters. 



Biological 
Impacts Economic Impacts

Commercial & Sport

Presenter
Presentation Notes
So, in Oregon and the PacNW, we witnessed economic impacts to the oyster industry.CLICK: We’ve connected the dots between CO2, water chemistry, and now biological impact CLICK and even direct economic cost.  CLICK: But Oregon relies on wild-caught seafood for a significant portion of it coastal economy, still.  Iconic species like pink shrimp, Dungeness crab, CLICK: salmon and Pacific halibut fuel vibrant commercial fishing and sport industries, coastal tourism, and are an important part of Oregon’s overall economy.  Our fisheries are currently in great shape, supporting significant commercial and tourism (recreation) industries worth billions in Oregon alone. Impacts include Shellgrowth in larvae (oysters, pink shrimp, crab)Behavior – homing (salmon), predator/prey interactions (clown fish, Pollock), and OAH-avoidance (halibut)In 2017, Pacific halibut essentially disappeared from the Washington coast during 2017’s stock assessment survey which coincided with an enormous hypoxia event;  the disappearance left managers and researchers to guess whether the halibut left temporarily or permanently, placing pressure on this year’s survey to inform future harvest caps.  In 2018, they appear to be in depleted numbers off of Oregon.  But we are having yet another severe and widespread hypoxia event here.



Oregon’s Coordinating Council on OAH 
• Oregon Senate Bill 1039 (2017)
• OAH Council Recommendations (2018)
• Governor’s Oregon OAH Action Plan (2019)

Bios: 
Report p. 49

Presenter
Presentation Notes
Among other actions, the legislature created the Oregon CC on OAH. Governor has made 



Overarching
Themes

Themes: 
Report p. 23 

Strengthen OAH science, monitoring, and research

Reduce causes of OAH

Promote OAH adaptation and resilience

Raise awareness of OAH science, impacts and solutions

Commit resources to OAH actions



Theme 1: Report p. 26 

Strengthen Ocean Acidification and Hypoxia Science, 
Monitoring and Research

Recommendation 1.1 Expand and maintain a robust monitoring network that captures OAH oceanographic trends… 
and biological responses to OAH… through collaborative efforts in the State and West Coast region.

Recommendation 1.2 Develop an OAH assessment and research plan for Oregon, to be implemented in collaboration 
with partners, that includes characterizing OAH vulnerabilities and adaptation/resilience strategies for Oregon 
ecosystem and socio-economic assets. 

Recommendation 1.3 Establish research priorities to inform decision-making on mitigation alternatives for excess 
CO2 in marine waters… and OAH mitigation strategies (e.g., reduce pollutants that exacerbate OAH and biological 
impacts of OAH), to address the OAH vulnerability impacts to Oregon’s ecosystem and human communities.



Theme 2: Report p. 30 

Recommendation 2.1 Develop and implement aligned strategies between CO2 and OAH management and mitigation 
efforts, to create a comprehensive and non-redundant approach to reduce excess CO2 and OAH. 

Recommendation 2.2 Reduce water pollutants that amplify or exacerbate OAH impacts, to make permanent 
improvements in water quality.



Theme 3: Report p. 32 

Recommendation 3.1 Incorporate OAH adaptation and resilience strategies into existing planning and decision-
making frameworks to strengthen Oregon’s marine ecosystems and human communities.

Recommendation 3.2 Support new OAH resilience initiatives to sustain Oregon’s habitats, species, and human 
communities. 



Theme 4: Report p. 34 

Recommendation 4.1 Develop and implement foundational communications and awareness strategies on OAH 
science, impacts, and solutions (e.g., 10-year plans), working collaboratively with partners. 

Recommendation 4.2 Develop audience-specific materials and strategies on OAH science, impacts and solutions to 
increase awareness and understanding in key audiences. 



Theme 5: Report p. 38 

Recommendation 5.1 Develop State policy and maintain policy expertise for addressing OAH science, adaptation, 
and mitigation priorities at the highest levels.

Recommendation 5.2 Develop and diversify the portfolio of funding sources for implementing Oregon’s OAH science, 
adaptation, and mitigation priorities. 

Recommendation 5.3 Strengthen Oregon’s OAH intellectual capacity and support the integration of OAH research 
priorities into academic planning. 



Short List:
Report p. 25 

Actions Recommended for Immediate Attention



Oregon Department of Fish and Wildlife 

Caren Braby, Co-Chair
Charlotte Regula-Whitefield, Council Staff

www.OregonOcean.info/index.php/ocean-acidification

Oregon State University

Jack Barth, Co-Chair

Presenter
Presentation Notes
NEEDS OSU LOGO, Charlotte email



OAH Council Process

Process: 
Report p. 21 



1. Science: 
Measure & document trends, populations
Make data accessible 

West Coast OAH Monitoring Inventory

Intertidal Surveys

Clamming & Crabbing Maps

Presenter
Presentation Notes
Oregon OAH Council focused on strengthening our monitoring network - biological-oceanographic COUPLED sites, relative to our WC Monitoring Inventory



2.  Reduce causes: 
Carbon dioxide emissions
Water quality & quantity

Presenter
Presentation Notes
OAH Council developed action recommendations on reducing causes of OAH, including carbon reduction (the primary focus of Oregon’s cap and invest policy dialog and other groups advisory to the state) AND water pollutants that exacerbate OAH and water quality.



3.  Resilience: 
Ecosystem and Economics
Submerged vegetation

Presenter
Presentation Notes
OAH Council action recommendations on resilience focused on native ecosystem restoration and submerged aquatic vegetation, for its potential in buffering acidity as well as potential for sequestering carbon.



4.  Communication, Awareness: 
Science, impacts, solutions

Presenter
Presentation Notes
OAH Council action recommendations on communication strategies and raising awareness, with a priority on serving the information needs of our policy-makers (legislators, Governor) in the state.



• Policy 
• Funding 
• Academic excellence

For more information on Council:
https://www.oregonocean.info/index.php/ocean-acidification

5. Sustained approach: 
Invest in Oregon’s planning and expertise

Presenter
Presentation Notes
OAH action recommendation on investing in a sustained approach for Oregon.  Includes the Council, but also scientific expertise at universities, funding to increase capacity…



State-Province-Federal 
OAH Monitoring Inventory
(2016-2018; soon to be released)

Presenter
Presentation Notes
Slide three. inventory. Another case of a successful bottom up approach has been the development of the WC monitoring inventory. Starting with the west coast ocean acidification and hypoxia science panel (scientists and managers) and their final Recs in 2016, the monitoring inventory has been a groundbreaking effort among five jurisdictions and the US federal researchers to collaborate. The map shows small and large monitoring projects, investments and vulnerabilities, with information collected and presented in an “apples-to-apples”, consistent manner. This is a regional depiction of how we are measuring trends in ocean acidification, hypoxia, And the biological response to these stressors. Includes climate-grade AND less rigorous instruments, that are candidates for upgrade, and for complementing climate-grade work. With the observations of our monitoring network in place, we now are having a pile policy dialogue about how to make this network more rigorous and informative to management needs. The clarity that the inventory provides on our information needs has already lead to the establishment of successful projects to fill gaps in our monitoring on the West Coast, in collaboration with federal partners, state partners, international partners and stakeholders such as the seafood industry. 



Regional OAH Monitoring Inventory
PCC-Interagency Working Group on OA 
(2016-present)

JOINT 
Task Force

Regional alignment on status of knowledge and 
needs for OAH research and monitoring 
Roadmap for action 
Dialog between scientists and management 
(2013-2016)

Policy framework for generating actions locally and globally
Members build OAH Action Plans (2016-present)

Presenter
Presentation Notes
Before going into “What to do with inventory”Highlight the policy advances for the West Coast and International.



Climate Change Solutions

SCIENCE
MONITORING

REDUCE
CAUSES RESILIENCE COMMUNICATION SUSTAINED 

APPROACH
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