Chasing the moving target of sustainability:
understanding tradeoffs between fisheries and conservation
goals in a changing ocean
Jameal Samhouri, Briana Abrahms,
Blake Feist, Mary Fisher, Karin
Forney, Elliott Hazen, Dan Lawson,
Owen Liu, Jessica Redfern, Lauren
Saez, Sam Woodman

We are drowning in information, while
starving for wisdom.
- E. O. Wilson

Integrated Ecosystem Assessment: a framework for organizing science in
order to inform decisions in marine management

Levin et al. 2009, PLoS Biology
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Ocean Acidification Case Study: Dungeness Crab

What is Ocean Acidification?
Today, rampant burning of fossil
fuels, including coal, oil, and
natural gas, is releasing too much
carbon dioxide into the atmosphere.
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How will Ocean Acidification
Affect Dungeness Crab?
Dungeness crab are an abundant and
valuable species throughout national
marine sanctuaries along the West
Coast of the United States. NOAA
research shows that crabs in their early
larval stages are vulnerable to low pH
seawater.

Life Cycle of the Dungeness Crab
Molting from one stage to the next and carrying fertilized eggs require a lot
of energy, as does dealing with stress from global ocean change.
Most
vulnerable
stages

Annually, about 25% of humancaused carbon dioxide emissions is
absorbed by the ocean, making the
ocean’s chemistry more acidic.

NOAA Research Shows Crabs are Vulnerable
In lab studies, exposure to lower pH seawater decreases Dungeness crab
larval development rates and survival. It also impacts the prey species—such
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ocean’s chemistry more acidic.

NOAA Research Shows Crabs are Vulnerable
In lab studies, exposure to lower pH seawater decreases Dungeness crab
larval development rates and survival. It also impacts the prey species—such
as bivalves—which they depend
on. Complex modeling projects
a 41% decline in Dungeness
crab biomass and 30% loss in
economic revenue in the next 50
years due to ocean acidfication.
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This decrease in ocean pH over
time is called ocean acidification
and it makes it harder for
calcifying animals like Dungeness
crab to thrive.
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Whales more common on Dungeness crab fishing
grounds during 2014-18 than before or after
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Tradeoff analysis to identify approaches for reducing risk to
whales with least cost to the CA Dungeness crab fishery

1.
2.
3.
4.

Delayed openings
Early closures
Spring gear reductions
Spring depth restrictions

Whale Risk Reduction

What
might
have
been?

Management outcomes
Optimal management outcomes

Efficiency
frontier

Crab Fishery Revenue

1. Expected risk reductions greatest and more
variable in 2014-18
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2. Spring gear and depth restrictions
remarkably effective
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3. Statewide management actions reduce risk more
than those affecting central California only
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• Costs greatest and most
variable in 2014-18
• Gear and depth restrictions
less costly
• Statewide management
actions cost the fishery
more than those affecting
central California only
Annually, about 25% of humancaused carbon dioxide emissions is
absorbed by the ocean, making the
ocean’s chemistry more acidic.
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In lab studies, exposure to lower pH seawater decreases Dungeness crab
larval development rates and survival. It also impacts the prey species—such
as bivalves—which they depend
on. Complex modeling projects
a 41% decline in Dungeness
crab biomass and 30% loss in
economic revenue in the next 50
years due to ocean acidfication.
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on. Complex modeling projects
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Take-homes
• Management strategies have different
benefits to whales and costs to the
fishery under alt. ocean conditions
• Depth and gear restrictions in spring
alone provide substantial risk
reduction at lower cost

Future work
• Hindsight is 20/20 à forecasting tools
• Consider add’l complexities: fleet
heterogeneity, HABs, reactive measures
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