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Terrie Klinger is Professor of Marine and Environmental Affairs at the University of Washington and
serves as Co-Director of the Washington Ocean Acidification Center. Her research focuses on nearshore
ecology, the impacts of climate and environmental change on marine ecosystem function, and the
development of management strategies to address the challenges of ocean change. She obtained a Ph.D.
from the Scripps Institution of Oceanography at UC San Diego after earning a Master’s degree in Botany
from the University of British Columbia and a Bachelor’s degree in Biclogy from UC Berkeley.

RyanKelly (147>« Z1)—)

73 2 b R OMEERREA IR ORI, FEORKIT, N— RIaREET—
S IPEUOIERICL DTN S DT DHAIZE TR, FHl RS LUV
CCPRIGE & ik S BRI A BTN, BIIE S Y ) 2, BESEE, Mk
HURE, WPERETELIC S ZRRICHEE. 1) 74 Vo7 KFOAT 2P o)V AR
TR RO T 2GS, a0 7 ICF TR - il - B30
L T ARIEE LI, ) 7 4 VDT KEN—7 L—Re k0 st 2 s,

LR

Associate Professor, University of Washington, School of Marine & Environmental Affairs.

(Research Interests)) My interests range from hard scientific data and policymakers’ use of those data.
My research joins genetic and ecological research with real-world implementation in law and policy,
particularly with respect to environmental monitoring, resource management, endangered species, and
ocean acidification. (Research Experience)) March 2013 - Present: Principal Investigator, University of
Washington. Research on environmental DNA, ocean acidification, environmental policy, and related
topics. August 2008 - March 2013: Independent and collaborative work at Stanford University and U.C.
Berkeley on ocean policy, marine genetics, and the intersection of scientific data and law. September 2006
- August 2008: Postdoctoral work, Stanford University’s Hopkins Marine Station in the laboratory of
Stephen R. Palumbi. This work compared the genetic and ecological patterns of Pacific nearshore
invertebrates. August 2002 - May 2006: Doctoral research, Columbia University & American Museum of
Natural History, New York.
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Recent advances in ocean acidification science and policy
in Washington state and along the US West Coast

Terrie Klinger (University of Washington)
Ryan Kelly (University of Washington)
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Over the past 15 years, ocean acidification (OA) has evolved from a scientific question — is it
happening, at what rate, and where? — into a scientific consensus sufficient to support a policy response
in the United States and elsewhere. Here, we provide a survey of OA-related scientific advances from the
past several years, focusing on the experience of the US west coast, and Washington state in particular. We
then move into the key policy questions facing coastal jurisdictions worldwide: given the information in
hand, what can we do about it, and how might such an effort work? We review the relevant policy processes
and responses in Washington and elsewhere along the west coast, with the goal of providing a useful set of
experiences likely to be relevant to Japan.

In 2008, oceanographers described the occurrence of corrosive or acidified waters along the U.S.
West Coast associated with seasonal upwelling". In 2009, oyster growers reported high rates of mortality
among larval oysters in a hatchery in Oregon associated with low pH waters®. These findings spurred action
in Washington state and along the west coast to better understand the threats posed by OA. Research
concerning oceanographic conditions and biological responses to OA were prioritized.

To determine how our understanding of the problem has advanced, and what gaps in our
understanding remain, we surveyed the state of knowledge that existed in Washington in 2012 and in 2021.
In 2012, environmental monitoring programs had been established, biological responses had been described
for a limited number of species tested in laboratory settings, and oyster aquaculture practices had been
modified to reduce larval mortalities associated with OA. Other aspects, for example forecast modeling of
OA., ecological consequences of OA, and human adaptation to OA through activities such as restoration
were relatively unstudied. By 2021, environmental monitoring had been expanded, forecast modeling of
OA had been developed, and the study of biological and ecological responses had grown. Advances in
adaptation through restoration practices and mitigation of OA through carbon and nutrient pollution
management were moderate in Washington state in 2021,

Here we offer several representative examples of recent research with respect to monitoring,
modeling, and biological response. For instance, new work by the Washington State Department of Ecology
shows that aragonite saturation state (omega) and pCOz in Puget Sound vary by season and location, with
critically low values of omega occurring throughout Puget Sound in November, when pCO; values are
highest *. Forecast models for Puget Sound and Washington’s outer coast now can show daily 3-day
forecasts of Pacific Northwest and Puget Sound circulation and water properties, including OA conditions.
These forecasts are freely available online ¥ and are used by shellfish growers and others to warn of
corrosive conditions.

A suite of new studies has elucidated biological response among species that were formerly
unstudied or understudied. Among phytoplankton, new work using environmental DNA (eDNA) suggests
that over time, OA conditions could increase diversity among dinoflagellates and reduce diversity among
diatoms, with consequences for food webs and the incidence of harmful algal blooms ¥. Recent
observations of pteropods—calcified zooplankton—from Puget Sound clearly show that current-day OA
conditions can cause severe dissolution of their shells ®. Interestingly, other zooplankton species, especially
copepods, have been found to persist in abundance in waters of low pH in Puget Sound 7, suggesting a
degree of tolerance to OA conditions. New laboratory studies reveal that embryos of Pacific herring—an
important forage- fish species in Puget Sound—possess sufficient physiological plasticity to tolerate OA
conditions even when exposed to heatwave conditions ¥. Coho salmon, however, have been shown to suffer
behavioral impairment under OA conditions that reduce their ability to detect predators .



Overall, the accumulated scientific evidence suggests that high levels of variability in biological
response to OA conditions exist across species, life stages, and habitats. This variability creates uncertainty
with respect to effects on ecological communities and the ecosystem services they provide.

As the science of OA and its effects on marine species has become clearer, the policy response has
been more equivocal. In broad terms, the years 2009-2016 saw OA-focused policy measures arise in various
jurisdictions in the United States, particularly in the states along the west coast — California, Oregon, and
Washington. Highlights included federal legislation for OA research and monitoring (2009)'%,
Washington's Blue Ribbon Panel on Ocean Acidification (2012)'"Y, and the West-Coast Ocean
Acidification / Hypoxia Panel (2013-2016)'?. The net result of these efforts was a substantial degree of
scientific consensus on key OA issues, with actual political responses mainly being money in support of
research and monitoring'.

Here, we evaluate policy avenues available for jurisdictions to reduce CO» and other inputs into the
coastal oceans. This analysis centers on states within the United States, but applies generally to Japan and
elsewhere: where there is sufficient information for governments to act on OA, policy solutions are likely
to be a mix of short- and long-term actions using a variety of sources of legal authority.
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