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Introduction

* Will present information about Seriola
aquaculture in the U.S.

* |Information gained through:

- Work on various Seriola-related projects at NOAA
Fisheries, Southwest Fisheries Science Center

- Seriola Workshop: 2016, 2018, 2020
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Consumption of Seriola in the United States

Sushi/sashimi/nigiri

Seriola (Hamachi) is served in most, if not all,
sushi restaurants.

e Some sushi restaurants will also
serve Hamachi collars.

Thousands of sushi restaurants in U.S.A.
(almost 300 in Los Angeles alone);
market size of $20 billion USD in 2020.

In all 50 states, but unequally distributed
(most along western and eastern coasts).
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Consumption of Seriola in the United States

Ceviche Poke
(Hawaii, West and East Coast, gaining in popularity across u.S.)

Tacos Grilled/seared fillets
(In some seafood restaurants)
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Appeal of Seriola aquaculture in U.S.

* Higher-end product for domestic markets

e Fast-growing species with proven success in culture methods |

* Three native species throughout the southern coastal U.S.

Seriola dorsalis (California);
Seriola rivoliana (Hawaii, Gulf of Mexico, Atlantic Coast);
Seriola dumerili (Gulf of Mexico, Atlantic Coast).
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Commercial, pilot, and potential Seriola Operations in U.S.
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BlueOcean
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Puerto Rico
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Ocean-based Seriola aquaculture in U.S.A.

Blue Ocean Mariculture (Kona, Hawaii): Seriola rivoliana

* Only company commercially producing Seriola in U.S.

* Producing ‘Hawaiian kanpachi’

e Scaling up from ~800 metric tons to ~2400 metric tons

Photo from Blue (ESSERMariculture.

Photo from Blue Ocean Mariculture
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Ocean-based Seriola aquaculture in U.S.A.

Pacific Ocean Aquafarms (Southern California): S. dorsalis

* |n process of obtaining permits

e Aiming to scale up from 1,000 mt to 5,000 mt (may

include other finfish).
 Collaboration between Hubbs-SeaWorld Research Institute
and Pacificé (investment company).
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Ocean-based Seriola aquaculture in U.S.A.

Manna Fish Farms (Gulf of Mexico - Florida): S. rivoliana
* |n process of obtaining permits

* May initially focus on other species, but S. rivoliana
expected to be included on permit.

e 120 acre site, scaling up from 2 to 18 submersible cages.

Ocean Era (Gulf of Mexico - Florida): S. rivoliana

 Experimental Velella projects

* Unclear as to how these projects will progress.

Photo from Ocean Era
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RAS-based Seriola aquaculture in U.S.A.

King Fish Maine (Maine): S. lalandi

* |n process of obtaining permits; permitting close
to allowing construction of RAS site.

* |tis believed that they will use Kingfish Zeeland S.
lalandi broodstock for this production facility.

* Gradually scaling up to 6,000-8,000 mt of production.

Nordic Aquafarms (Maine & Northern California): Seriola(?) | ==
* Two large RAS sites in the process of permitting.

* Although Seriola was considered, they are currently
only working to obtain permits for salmonid species.

Photo from Kingfish Zeeland
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Challenges to Seriola aquaculture in U.S.A.

Primary challenges for U.S. producers

* Production issues and costs

e Consumer market

* Permitting and site selection
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Challenges of Seriola aquaculture in U.S.A.

Production issues and costs:

e Disease management — skin fluke (Neobenedenia
girellae), Cryptocaryon, Epithellocystis

* Improved/faster growth, particularly under less ideal
water temperatures in ocean pens.

* Feed cost reduction (e.g., improved FCR, or alternative
feeds that are less expensive and more sustainable).

e Technology associated issues (e.g., accommodating
oxygen demands, feeding and grading system
improvements). .
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A000
W Penaeus vannamei

® Penaeus monodon

Challenges of Seriola aquaculture in U.S.A.
e Global Shrimp
E 2500 ;
. . Shrimp —average  § w0 :
Production issues and costs: genetic gain of 8.7% &
e Interest in using selective breeding per generation . TN ”
(improve disease resistance, growth, (Gjedrem & Rye 2016) !nlmmmmm Fi131il

‘soy tolerance’, etc.)

2,000,000
Atlantic Salmon — oo Global Salmon
113% increased e
growth rate over sooco B pambwed

W Chinoak salmaon

wild population (5 o
Disﬁﬂ 1955 1060 1985 1970 1975 1880 1985 1000 199"_:' 20'00 :200-53010

generations; 20
E—

yearS) Source. FAO FishStat .
(Gjedrem 2016) ™ Global Seriola

100k
Photo from Ocean Era, LLC. - Soy diet feed results: larger k __."||||| “ ||| ||
kampachi (right) on a soy based diet, the smaller kampachi 1950 160 190 1980 %0 2000 2000
(left) on a commercial control diet. Figure from Neil Sims’ 2020 Seriola Workshop Presentation
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Challenges of Seriola aquaculture in U.S.A.

Consumer market:

 Most Seriola products end up in higher-end seafood or sushi
restaurants -> Targets a relatively small number of consumers.

 To support increasing Seriola culture, market (consumer)
familiarity needs to improve (in terms of eating and cooking

Seriola).
 There is also limited traction for selling Seriola fillets
in retail (grocery stores).
e Partly due to lack of market familiarity

e Partly due to a need for consistent supply to retail chains;
this is a conundrum where retail outlets need a consistent
supply to be willing to sell Seriola, but producers need a
consistent sale outlet to be willing to produce more. -- . OC; Era'
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Challenges of Seriola aquaculture in U.S.A.

—

Council on Environmental Quality

° ° National Environmental Palicy Act
Permitting: —

onal e and 2 L Federal
o H as b een an Nationa Dceagéc rri::. : Atmospheric Review _ . .
e L.S. Fish and Wildlife Service
° . . + Natianal :.IE;;:&% s:t 3?::{5;:: % Aquatic Animal Drug Approval Partnership
' n Cr e d I b I y te d I O u S ¥ Magnuson-Stevens Fisheries Conservation and g .
Management Act NEPA U.S. Department of Agriculture
a n d CO m I i Cate d » Marine Mammal Protection Act P _)l Caonditions « Animal and Plant Health Inspection Service
p ¥ Marine Mammal Authorization Program rocess »* Animal Health Protaction Act
» Endangered Species Act £ | * Animal Welfare Act
p rocess. * National Ocean Service — - — > U.5. National Aquatic Animal Health Plan
¥ Coastal Zone Management Act Conditioned Permits: ¥ Virus-Serum-Toxin Act
» Commercial Aquaculture Health Pragram

* Section 10 Permit e
° D i asram Of Wh 0O us. AI'I“I"IY COFPS of Engineers * NPDES Permit ¥ National Veterinary Accreditation Program
g Section 10 Rivers and Harbors Act »  Aids to Navigation » Food and Safaty Inspection Service
. . . ¥ Hazard Analysis and Critical Contral Point
an d Wh atis Environmental Protection Agency
Clean Water Act

Plan

i 1 Food and Drug Administration
involved in T ot ) . rug Ad
ot I..Ial'd ¥ Minor Use and Minar Species Act
—_ and Operations ¥ Investigational New Animal Drug Guidance
p ermittin g an i p ¥ Animal Drug Availability Act
. California Coastal Commission ¥ Federal Food, Drug, and Cosmetic Act
reg u I atl ] g Offs h ore Consistancy with the Coastal Act Review L State ¥ Animal Medical Drug Use Clarification Act
| Review
i California Department of Fish and Wildlife - ; World Organization for Animal Health

a q u a C u It u re In ﬁmm Ragistration Existing Regulations i Aguatic Animal Health Standards Commission

California. Figure from Don Kent (Hubbs-SeaWorld Research Institute/Pacific Ocean Aquafarms)

< Includes federal and state agencies for permitting and regulations.
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Challenges of Seriola aquaculture in U.S.A.

z @ ellsworthamerican.com/maine-news/waterfront/kingfish-maines-first-permit-application-accepted/

* Permitting is most HOME  NEWS +  SPORTS +  LIFESTYLE +  WEATHER  OPINION  OBITUARIES +
complicated for offshore still need other "
operations, but still permits BEFORE

. they can receive
challenging for RAS farms. another permit.

(& & salmonbusiness.com/nordic-aquafarms-state-permits-approved/
Erik Heim. PHOTO Stian Olsen

] , _ |Sequential Kingfish Maine’s first permit application accepted
Nordic Aquafarms’ state permits |portions of s, 5 e i copD=e

approved permitting

Kingfish Maine wan iJd a $110 million recirculating aquaculture facility o on Chandler Bay. KINGFISH
CO.PHOTO

By StephenR t
News by editorial staff - 20 November 2020 (r‘athe r th an R e
JONESPORT — The Dutch company that wants to build a huge land-based aquaculture facility on the shore
But USD 400 million project still needs federal permits and to resolve intertidal dispute. concurre nt) ’ of Chandler Bay has moved one step closer to achieving its goal.
4 _ " makes process
Ina i riletase’ land'bisei S:lmon f_atrmer Nord'CA:_u‘:c;rmi “;”tefsthat a:;hor't'es e p Submission of the submerged lands lease application is just the first step in a long process the company
e B D e |Onge I faces before it can receive the necessary Maine Pollutant Discharge Elimination System (MPDES) permit
from the Maine Department of Environmental Protection.
) X The MPDES permit process reviews the company’s plans for eliminating pollutants such as liquid and solid
18 months to recelve state pe rm ItS, but fish waste and unconsumed feed from the water the facility would discharge into Chandler Bay.
sti ” need fed era I perm itS, an d n eed to In addition to the submerged lands lease, Kingfish also will need several other permits including a Site
. Location and Development Act (SLOTA) permit and a Natural Resources Protection Act (NRPA) permit
resolve legal case against them. before it can receive the MPDES permit.
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Challenges of Seriola aquaculture in U.S.A.

Site selection/spatial planning: this process finds farmable sites, and all
permitting is tied to the location. Farm parameters

Legend I-.
- ¢
(s Preferred Ports |

Federal / State VWaters Boundary

D Maximiim Distance from Porl
& Anneles

Acceptable Depth (30-150m)

* Also a complicated process; depends
on planned region for the operation.

* Asan example —spatial planning
process from Don Kent for the Pacific SR M,
Ocean Aquafarms site in S. California. O N S e

e Start with basic farm parameters:
preferred ports, max distance from
port, physical characteristics (depth,

........

Scale: 1:1,500,000 Map Intended for planning purpeses anly NOS National Genters for Goastal Ocean Science
d f d I o 25 20 Kllomneters Mot intendad for navigalional purposes Coastal Aguaculture Siting and Sustainability
ts, et tat Lo e i
C u r re n S’ e C ' ) ’ a n e e ra /S a e o 25 50nm gelz'.:e Ij_ay"erl:r\\;;n:zEsﬂ_ D‘eNLom. GEBCO, NOAA NGDC, and cther contributors
. | | | L | A | | | Seuwres Esrl, GEBGO, NOAA, National Geographis, DaLonme. HERE, Jeonames.org, and othar
water boundaries. (Figure courtesy of Don Kent, HSWRI/POA)
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Challenges of Seriola aquaculture in U.S.A.

Site selection/spatial planning:

 Then layer on user and natural resource conflicts (e.g., vessel traffic,
military, commercial and recreational fishing, protected habitats).

Deep sea corals and
Navigation: AIS Vessel Count Military hard bottom

120°0'0"W 119°40'0"'W  119°15'0"V 111 W 1 118°50"W 117°45'0'W  117°20'0"W 117°0'0"W
.....................................

o ot e .' Military
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Unexploded Ordnance (FUDS)
| | 77771 Danger Zones & Restr. Areas

=== Naval Operating Area

7771 RMPAC QZR 18 2

I camp Pendiston AVTA
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@  Proforred Perts

Faderal / Stato Waters Boundary

[ Maxiwam Distarca fom Ponts
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- — Faderal | State Waters Boundary
\A ‘ Acceplable Depth (30-150 m) Imperial Beach Minefield D Maximum Distance from Poris
AIS Vessel Traffic Suitability Less Impact to Navy Mission -
I o004t || 7777 ssTc Boat Lanes I_] Accepiable Depth (30-130 m)

. - ARPA Corals and Hardbotiom Suitability

o| | 2777 2 nm ARPA Safety Zone [
057-087 1 ANTA I
- - 0.88-077 ANTA Buffer
[ | San Pedra Channel OA

I ore- 100

32°30'0°N  32°50'0°M 33C100'N 33°30'0°N  33°B00'N 34°5'0°N 34°20'0°M
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Point Mugu Sea Range

W) e

Scale: 1:1,500,000 Map intended for planning purposes any NOS National Centers for Coastal Ocean Science

Scale: 1:1,500,000 g BUrDeSe: NOS National Centers for Coastal Ocean Science . = - .
mlrémﬁnﬂ.m&mmm, by Coastal Aquaculture Siting and Sustainability Scale: 1:1,500,000 1M Itended for plERAING PUOSES oy NOS National Centers far Coasltal Ocean Science ° 2 40 Kilomwiers Mot intandled for navigational puipeses Coastal Aquaculture Siting and Sustainability
[ 20 40 Kiometers . Mt interndad for na al, 3 Coastal Aquaculture Siting and Sustainability Mag Cocrainute Syatem: NAD 1083
Wn Consiimen Sysiac NAD YO0 0 25 50 nm sl s dlasnd Aag Prosection. UTM Zerw 11N
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(Figures courtesy of Don Kent, HSWRI/POA)
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Challenges of Seriola aquaculture in U.S.A.

Site selection/spatial planning:  Final Suitability Results for Pacific Ocean Aquafarms

Pacific Ocean AquaFarm
Final Suitability Results

* Insome circumstances, end up
with few options for farm
placement.

®  Preferred Ports

Federal / State Waters Boundary
I:] Maximum Distance from Ports

] Acceptabie Deptn (30-150 m)
Final Suitability Grid

. o
B o01-060

0.61-0.70

* Every region will have different
considerations, and availability of
suitable farm sites will vary
accordingly.

Scale: 1:1,500,000 Hap intended for planning pUrPoses only NOS National C s for f‘ tal Ocean Scie "

0 20 40 Kilomet for Coastal Aquaculture Siting and Sustainability
L Map Coordinate System: NAD 1983 ERY(E

Lissdaal Map Projection: UTM Zone 11N g

0 20 40 nm Senvice Layer Credts: Esi. DeLorme, GEBCO, NOAA NGDC, and other contibutors

Sources: Esrl, CEBCO, NOAA, National Geographic, Delenne, HERE, Ceonames org, and other
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(Figure courtesy of Don Kent, HSWRI/POA)
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Executive Order on Promoting American Seafood
Competitiveness and Economic Growth — May 2020 &

Executive Order focuses on:
- Regulatory reform to maximize commercial fishing

. Seafood Trade

- The expansion of sustainable U.S. seafood
production through more efficient and
transparent aquaculture permitting

v

Primary benefit is the development of
Aquaculture Opportunity Areas (AOAs)

~Photo from Blue Ocean Mancuﬁure =
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Aquaculture Opportunity Areas (AOAs)

* Uses best available science to find
appropriate spaces for offshore aquaculture
while minimizing interactions with other
users (e.g., shipping, military, fishing).

* Individual farms will still need to acquire all
permits to operate.

BUT the background siting and
environmental analysis will already be done
within the aquaculture opportunity areas.

¥

Helps to expedite the permitting
process to some extent.

)
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AOAs will expand economic
opportunities in coastal and
rural areas, and increase our
nation’s seafood security. aquaculture.

e,
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What is an Aquaculture Opportunity Area?

Aquaculture Opportunity Areas show high potential for commercial aquaculture. A science
and community-based approach to identifying these areas helps minimize interference with
other enterprises, account for current fishing patterns, and protect the ecosystem.

AOAs minimize interactions with
other users, such as shipping,
fishing, and the military.

AOAs use the best available
science to find appropriate
spaces for sustainable

ENEEEE SEEE
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Assessment and Use of AOAs

Stakeholder input is essential in the design and location of AOAs
and NOAA expects these areas will be shaped through a public
process that allows constituents to share their community and
stewardship goals, as well as critical insights.

AOA size, exact location, and farm types will be determined through spatial analysis and public
input to expand sustainable domestic seafood production while minimizing potential user
conflicts. Farms will still need to go through the permitting process and environmental reviews.

Learn more: fisheries.noaa.gov/landingpage
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Aquaculture Opportunity Areas (AOAs)

* A total of 10 AOAs will be identified (1.D.) over 5 years (2 per year)

* Will have an additional 2 Year1  Yr2 Yr3 Yr4 Yrs Yre Yr7
years to complete the D. Complete PEIS*
‘p ti for each AOA
rogrammatic Complete PEIS
Environmental Impact for each AOA
Statements’ (PEIS) for Cfomple:le:gf
or eac
each set of AOAs S
for each AOA
e Southern California I.D.2 Complete PEIS
and Gulf of Mexico AOAs for each AOA
have been selected *AOAs = Aquaculture Opportunity Areas
he fi AOA PEIS = Programmatic Environmental Impact Statements NOAA
as t e IrSt S- U.5. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service FISHER'ES

 Based on already available spatial analysis data and current industry interest.
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Efforts at the NOAA Fisheries, Southwest Fisheries Science

Center (SWFSC; La Jolla, CA) to advance Seriola aquaculture

Modeling the fitness impact of escapes from aquaculture:

* Offshore Mariculture Escapes Genetics Assessment (OMEGA) Model — Excel-based program
to simulate the fitness impact of escapes from marine aquaculture programs

* NOAA Fisheries is exploring using this tool in
the offshore aquaculture permitting and
. Biology of the Aquaculture Facilities & Biology of the
regulatlon processes Cultured Population  Operations Natural Population

Wild Brood Source

—_— Number of fish, Number, age, Abundance,

‘brood source, rate of escape, productivity,

Domestication > ety
Qmestication Nat“"“-' ‘maturation, survival in the wild distribution,

Gene flow
(escapes) Potential Impacts from Escapees:

= Reduced wild fitness

= Competition
= Predation on native stocks

Figures courtesy of Greg Blair and Jason Volk, ICF

oo,
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Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture

Modeling the fitness impact of
escapes from aquaculture:

 Use OMEGA to conduct risk
assessment modeling specific to a
farm operation and for a particular
species.

* E.g., arisk assessment conducted
on S. rivoliana in the Gulf of Mexico
for a possible farm site.

Key to Impact Conclusions

Severe, relative fitness < 0.80

Moderate, relative fitness >0.80 & < 0.98

No impact or minor, relative fitness >0.98

Not modeled

Risk assessment examples: GoM

F1 (Wild broodstock)

Pilot production scenario

(5,000 mt per year)

Build-out production
scenario (20,000 mt per

year)

Contributio

Multiple farms production
scenario (80,000 mt per

year)

Contributiog

Seriola rivoliana

N ot production'scena

e (5§00 mt per year)
Low [ L

sfenario (20,000 mt per
ear)

|||||

Contributio;
-~

Multiple farms production
scenario (80,000 mt per

— year)

»
Probability

>
Protakility

Figures courtesy of Greg Blair and Jason Volk, ICF
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Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture

Genetic/genomic resource development:

 Critical to breeding/culture
Improvements.

Technologically difficult and
expensive to develop.

4

NOAA Fisheries/Office of
Aquaculture investment helps

the developing industry get over
that hurdle

)
M; NOAA FISHERIES

Genetic parentage analyses to investigate

Hatchout& | ... = ¢
sampleyolk-| = .o

sac larvae

spawning dyna

N

I T

o130 20140324

mics

8| Broodstock
X Fish ID\ N

20140308
20140314
20140317
20140319

20140322

- Spawning
_event ID
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Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture

Building genomic resources:

S. dorsalis genome assembly
e 180x coverage of 685 Mb genome

e ~93% of genome covered

Common Genome Number of N50 scaffold Longest Percent BUSCO groups

Species Name size scaffolds length scaffold captured

S. dorsalis 685 Mb 4,439 1,492,000 8,096,577
Yellowtail

S.rivoliana | Almaco Jack [V 1,485 9,509,606 25,273,714

>

BlueOcean

uuuuuuuuuuu

S. rivoliana genome assembly
e 296x coverage of 620 Mb genome

e ~96.5% of genome covered

=y

{VJ; NOAA FlSHERIES U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 26
——



Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture

Identify trait-associated markers:
ID genomic regions associated with better growth in cold water temperatures:

* |n collaboration with: HSWRI and ISU

Weights of juvenile yellowtail during the cold-trial

350
300
= 250 145 dph at
::: 200 the end of
@ 150 '
.%_J o0 ~50dph at the trial
5o  trial start N — 290

Date of batch weighing
—-22C ——=15C
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Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture

Identify trait-associated markers:

 GWAS analyses identified regions significantly associated with growth:

5_

p <1x1073s
4 et
2 -
1 . 'q. o a®
m&f.p ..-q-ﬁ.-p .l-;;g h-:w:;
O—‘ 'i'-“- . ..:‘l"l:..:
0 500000 1000000 1500000
Scaffold 83 position
Fish from 15 °C trial
,f”“"“"\
{ 2 ! NOAA FISHERIES

8 —

p < 1x107

6 —

p <1x105

—logo(p)
IS
1

.
‘
o .

'&‘
uh@-u*b&nj-dnh.ﬁhauqk s el
0 - r‘n_-_-_fnj_‘.ﬁ‘_n._A_A_-_r_.—._L.h'_“ﬁ- i -

0 500000 1000000 1500000

Scaffold 83 position
Fish from both temperatures
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Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture

Use physiological tools to assess and optimize
S. dorsalis aquaculture:

1. Fitness
comparison between
aquaculture-reared
and wild-caught
yellowtail

Endurance testing using a treadmill

Used to determine

fithess metrics

e Critical swimming
speeds

2. Using fitness metrics to examine ™
aquaculture-reared yellowtail
lacking a properly developed gas
bladder (a common hatchery
abnormality)

4
_.J/
e

. = .
Figures and photos courtesy of Nick Wegner, NOAA
g
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Efforts at the NOAA Fisheries, SWFSC to advance Seriola aquaculture
Use physiological tools to assess and optimize
S. dorsalis aquaculture:

3. Enhancing fish fitness and growth
through exercise

40.0

35.0 °

30.0 S. dorsalis (current study — 4 weeks)
S. dorsalis (current study — 3 weeks)
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Figures and photos courtesy of Nick Wegner, NOAA
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