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Environmental Challenges
* Warmer temperatures
* More acidic oceans
* Lower oxygen levels
* Invasive Species

* Drought & Competition for
water

* Sea level rise
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All while reliance on aquaculture protein
production increases

THE STATE OF WORLD FISHERIES AND AGUACULTURE 2018

FIGURE 1
WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION

MILLION TONNES

1850 1955 1960 1565 1970 1975 1980 1985 1590 1955 000 005 00

\? Food and Agriculture
Q@ Organization of the W (e producion 1B Ao

U nlted Natl ons HOTE: Excludes aguatic mammals, crocodiles, alligators and caimans, seoweeds and other aquatic plonts



State of world aquaculture

Aquaculture continues to be the fastest growing animal food-
producing sector

* Global aquaculture production ~110M tonnes (2016)
« USD $243 Billon

* 9.5kg per capita consumption of aquaculture products

 Set to overtake capture fisheries for food fish
* Currently provides 46.8% of food fish (25.7% increase from 2000)
* The United States produced $1.5 billion worth of aquaculture

seafood in 2016. The top U.S. marine aquaculture species were

oysters (5192 million), clams ($138 million), and Atlantic salmon
(568 million)

Food and Agriculture
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National Oceanic and Atmospheric Administration



State of US
aquaculture

2016 Aquaculture Production Highlights

Marine & Freshwater
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* Alaska and Hawaii are included in the Pacific region for aquaculture production




Challenges (& Opportunities) facing Aquaculture

FIGURE 1

WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION

e About half of the
seafood imports come
from aquaculture

e Aquaculture is the
fastest growing sector
in global food
production, predicted
to increase by 33%

T over the next decade.
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NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aguatic plants

* We are intensifying existing aquaculture to meet increased
demand, in a time when environmental conditions are also
changing

* Potential for stress & disease increases with intensification and
warming
The State of the World Fisheries & Aquaculture - FAO 2018
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Managing Stress in Sustainable Aquaculture
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iy PonpI0|dy in white sturgeon
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* Produced for caviar and meet in California

* Industry developed through collaboration with
Emeritus Prof. Serge Dorshov at UC Davis

* White sturgeon are 8N (8 copies of their
genome)

e Can undergo spontaneous autopolyploidy
* 8N = 12N
* 12N fish are fertile
* Can produce 10N offspring
* Preliminary evidence that 12N sturgeon have a
female biased sex ratio & produce larger eggs
* potential benefit to caviar industry
* Triploid salmonids perform poorly in sub-
optimal conditions

* Is lower stress tolerance a cost of polyploidy in &
sturgeon?




= Physiological performance of
' sturgeon of different ploidies

* White sturgeon are able to acclimate to 4°C increases
in temperature

* Ploidy does not impact the capacity to respond to an
acute (low water) or chronic (warm temperature)
stress

* Ploidy may affect the metabolic capacity to acclimate
to warming in 10N stugeon
» Suggests lower aerobic capacity in 10N sturgeon

* Does this result in lower energy available for growth and
egg production?

* Implications for both aguaculture and stocking programs



Stress tolerance of shellfish to
future ocean conditions

Documented losses in oysters, mussels & scallops on Pacific coast of North America

* 80% reduction in oyster seed output between 2005-2009

Lead to collaborations between universities & industry to uncover causes of declines

TABLE 1. US West Coast shellfish production estimates for 2009 (the most recent data available) compiled by the Pacific Coast Shellfish Growers
Association (PCSGA). Shellfish sales are divided by species and by state, and when avalilable, total sales are shown both by live welght and economic value.

Oysters Clams Mussels Geoduck All Shellfish Total
Current* Current® Current* Current* | Larvae and Seed Current
Pounds 61,000,000 9,520,000 2,750,000 1,650,000 74,920,000
Washington
Sales $57.750,000 $19,550,000 $3,162,500 $20,100,00 $7,000,000 $107,562,500
Pounds 9,270,995 741,463 315,000 10,327,458
California
Sales $12,361,326 $8320,000 $945,000 $2,300,000 $16,436,326
Pounds 2,379,988 2,379,988
Cregon
Sales $2,253,135 $750,000 $3,003,135
Pounds 206,709 7,839 1,988 216,536
Alaska
Sales $441781 $24,841 $6,610 $126,000 $599,232

Pounds

72,857,692

$72,806,242

*All pounds converted to live weight/in the shell

10,269,302
$20,404.841

3,066,988
$4.114.110

1,650,000
$20,100,000

Barton et al 2015 - Oceanography

87,843,982
$117,425,193




Shoaling of corrosive waters affecting
shellfish production
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Ocean Acidification:
The “Other” CO, Problem is intensifying the issue
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The ocean is a sink for atmospheric CO,

Pre-Industrial [CO,] = 280 ppm Atmospheric Present
[CO,] = 403 ppm Co,

CO,+H,0=>HCO, +H’

—

H'+C0,* =>HCO,"

CaCo, => Ca**+ CO,*

CaCO;, saturation state (Q2)




Impacts of corrosive water on Pacific oyster

production
Whiskey Creek Hatchery, WA
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* Larvae took longer to reach a particular size (A)

* Larval production decreased (B)
Barton et al. 2012 Limnol Oceanogr. Barton et al 2015 - Oceanography



Impacts to Shellfish

Impacts of Ocean Acidification on

California Living Marine Resources
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Impacts to Commercial Shellfish Production

Impacts of Ocean Acidification on

California Living Marine Resources
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Shoaling of corrosive waters will
continue to be a factor for o

shellfish production

130°W 125°W
(Gruber et al. 2012)
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Developing Resilience to Ocean Acidification
in California Shellfish Aquaculture
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Research lead by Dan Swezey, Tessa Hill, Brian Gaylord & Eric Sanford



Adaptation: Monitoring
at Industry Facilities

* “Burke-o-lator” developed by
Burke Hales, Oregon State
University

* Monitors ocean seawater
chemistry in real time

* Used to determine when to pull
water into facilities
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Modified from Feely et al. 2016

Photo\Credit: Ukiah Times



Adaptation: Research
into Local Mitigation

* Seagrass restoration and
propagation to reduce fluxes
in seawater chemistry

Tessa Hill, UC Davis Bodega Marine Lab
Terry Sawyer, Hog Island Oyster Co.
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Red Abalone Aquaculture at Risk

Daniel Swezey, Cultured Abalone & UC Davis
Bodega Marine Lab
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Adaptation: Assessing Mitigation Options at Key
Abalone Life Cycle Phases
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Strain differences in stress
Increased metabolic rate response
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Fig. 4 Standard metabolic rate of wild and selectively bred
adults of the Sydney rock oyster, Saccostrea glomerata, exposed
to ambient (380 patm) and elevated (856 patm) Pcop for
5 weeks; 24 °C; salinity 34.6; n = 3; bars = SEM.

Parker et al. (2011) GCB



Sustainable Aquaculture: Why we should not
forget to look out to sea

10-12% of the world’s population depends on fisheries and
aquaculture for their livelihoods

19.3M people engaged in aquaculture in 2016

Regional breakdown of employment in the sector

Asi
US imports ~80% of 82’;
its seafood (~50% 9
rOTRECY lture) Measured at the national level,
. O Africa 35 countries produced more farmed
the Caribbean 10% than wild-caught fish in 2014
4%

Food and Agriculture
ﬁ Organization of the Just 2% of people are employed in fisheries in other parts of the world
United Nations

State of the World Fisheries and Aquaculture 2014



New Opportunities and Synergisms through Collaborations
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Sustainable Aquaculture: Building Capacity

at UC Davis

UC Davis Hiring Investment Program (HIP)
Coastal and Marine Sciences Institute

Sustainable Marine Resources Imtijatme—’('SMRl)

Future of Food from the Sea s =
w

As part of the multi-unit SMRI to promote global leadership in sustamablfma&mef les and aquaculture,
UC Davis will be hiring five positions to advance an integrated program-of reseagch, ed%ghon and Outyeach

in multiple disciplines. = ’,; -

Graduate Group in Marine
Sciences




Collaborators
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Joel Van Eenennaam (UCD)

Fred Conte (UCD)

Molly Webb (Bozeman Fish Tech. Ctr)
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Nate Jensen (KTOI)
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Graduate Students
Michaiah Leal
Aviva Fiske

Mandy Frazier
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