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Decreasing ocean pH due to ocean
absorption of excess carbon dioxide,
("ocean acidification"), threatens
shell-forming species by hindering
shell development, growth, and
survival. In California, ocean
acidification threatens coastal
economies and livelihoods that
depend upon these species, such as
the state’s aquaculture industry. Given
expected changes in ocean
chemistry, there is an urgent need to
understand the vulnerability of
California’s sustainable shellfish
aquaculture industry and facilitate its
adaptation in the face of climate
change.
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Highlights

The Need to Adapt

Our Approach

California shellfish growers
expressed concern for ocean
acidification, yet were often
unable to detect if or how it
impacts their operations,
making them vulnerable.

Shellfish growers identified
adaptive strategies to respond
to ocean acidification and
environmental change,
categorized broadly as: (1)
policy, regulations, & network
development, (2) farm
management practices, and
(3) scientific needs &
knowledge gaps.

These strategies highlight the
need to bring scientists,
decision-makers, and growers
together to discuss
socioeconomic, political, and
scientific avenues to facilitate
the aquaculture industry’s
adaptation to ocean
acidification and other
environmental stressors.

We interviewed shellfish growers
from over half of California’s
farms from the Humboldt Bay,
Point Reyes, and Central Coast
regions, which included in-bay
and land-based culture of
primarily oysters, mussels, clams,
and abalone. These interviews
aimed to understand (1)
environmental changes or
impacts growers were
experiencing or aware of, and (2)
adaptive strategies growers were
using (or wanting to use) to
respond to environmental
change, including ocean
acidification.

Research Team: Dr. Melissa Ward (SDSU), Dr. Ana Spalding (OSU), Dr. Arielle Levine (SDSU), Dr. Erika Wolters (OSU)

"We are not currently using
any kid of instrument or
observations to look for
acidification because
number one, we don't
know how to do that."  

- Quote from grower 



"The regulations have gotten
tighter", "It takes so long, it's so
expensive, and it's such a black
box. There's no programmatic
approach to projects."

- Quote from grower

"We just had a big die off...where
we lost about half of our year-old
oysters, and I have no idea what
caused it or why."

- Quote from grower
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Future Work

No single adaptive strategy will
address all the challenges California's
aquaculture industry faces; this will
likely require a multidisciplinary, and
multi-institutional approach.
Developing and leveraging networks
with growers, decision-makers, and
scientists, can facilitate
implementation of this portfolio of
strategies. Scientists can address key
knowledge gaps identified by growers,
such as developing genetically-
resistant broodstock. Many of the
strategies proposed by growers
suggest value in input from scientists
and decision-makers on the 
 resources, data, and tools to support
growers in detecting and responding
to ocean acidification and
environmental change, and thereby
reducing their vulnerability.

Collaborations between growers,
scientists, and decision-makers will
help identify solutions that facilitate
adaptation of California’s
aquaculture industry. Our ongoing
research will expand analyses to all
California and Oregon growers,
paired with an analysis of policies
that may support adaptation to
ocean acidification. Please see:
https://www.oceansciencetrust.org/
projects/oavulnerability/ 

Shellfish growers identified 17
environmental factors and 18
adaptive strategies (categorized in
Fig. 1; Appendix A). Growers were
concerned about ocean acidification
(i.e., carbonate chemistry), and noted
many other environmental factors (in
particular, marine pathogens, rainfall,
and species populations), but were
typically unable to detect if ocean
acidification was impacting their in-
bay operations. Permitting and
regulatory changes were the most
cited adaptive strategy. 

Growers noted proposed changes
could simplify or clarify permitting
requirements, as well as reduce
regulatory burdens and increase
flexibility to implement other
strategies. Other common strategies
included developing and leveraging
networks to share best practices,
communicate needs, and advancing
scientific knowledge (Fig. 1).
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Other strategies (e.g., ‘Farm
Management’), may require policy
changes. Decision-makers can aid in
aligning expectations around potential
changes, and clarifying and
communicating permitting and
regulatory requirements to reduce
growers' time and costs in navigating
these processes. Decision-makers
can also advise on the social,
economic, and political feasibility of
implementing other strategies (e.g.,
identifying funding opportunities).

Figure 1. Total number of aquaculture operators who mentioned each identified adaptive
strategy. Descriptions of each strategy are detailed in Appendix 1.
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APPENDIX 1. Adaptive capacity strategies identified by California shellfish growers.
Strategies (left-hand column) correspond to strategies labeled on the X-axis in Figure 1.


