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Advisory panel: Pete Rowe (NJSG), Dina Proestou (USDA),
Brent Vadopalas (WASG), Karen Rivara (ECSGA), Joseph
Vinarski (FMF), Wade Carden (NYSDEC)

Research team: Bassem Allam, Emmanuelle Pales Espinosa,
Sarah Farhat, Arnaud Tanguy, Kimberly Reece, Jan
McDowell, Huiping Yang, Leslie Sturmer, Gregg Rivara,
Joshua Reitsma, Michael Deluca and Ximing Guo

Extension team: Antoinette Clemetson, Katherine Bunting-
Howarth, Pete Rowe, Lisa Calvo, Leslie Sturmer, Bruce
Barber, Karen Hudson, Joshua Reitsma

Industry members: Industry partners in each of the 5 states
(private growers, town hatcheries)



The hard clam (northern
quahog), Mercenaria
mercenaria
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Overall objective:

Establish selective breeding programs to
produce better adapted strains to the
various growing landscapes
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Clams are not all equal towards QPX &

Experiment 1 (deployed in NY) Experiment 2 (deployed in MA)
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Clams are not all equal towards QPX

Percent survivorship
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Develop heat-resistant L)
strains for southern growers

- Previous effort:
- Hybridization (with M. campechiensis)
- Evaluation of heat shock protein as biomarker
- Transcriptome analysis for marker identification

FIGURE 1. From left to nght: samples after 8-months of growout of Mercenaria mercenaria

(Mm), hybrid (2 Mm x £ Me), hybrid (S Me x £ Mm), and M. campechienis (Mc).




Our approach: Use of genetic features \@mé

associated with resistance to improve breeding

Single nucleotide polymorphism (SNP)
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Specific objectives of this &
NOAA collaborative

o Sequence, assemble and annotate the hard clam
genome and develop a cost-effective genotyping
platform (SNP array) for M. mercenaria

o Use this tool to enable genome-assisted
selection for QPX resistance and heat tolerance

o Build a regional hard clam breeding program
linking scientists, extension and the industry



Research planning Advisory Extension Direct industry

Research
and coordination Panel

Team input Team

¢l

Identification and

refinement of QPX disease resistance
research priorities

Heat tolerance
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Chromosome-level assembly
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Broad diversity of complement 1q proteins
(over 400 c1g domain-containing genes)
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Phylogenetic relationships of bivalves Gypsy
retrotransposons
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Genome paper recently submitted

BMC Genomics

Comparative analysis of the Mercenaria mercenaria genome provides insights into the
diversity of transposable elements and immune molecules in bivalve mollusks
-Manuscript Draft--

Manuscript Mumber: GHES-D-21-00500

Sarah Farhat®, Eric Bonnivard®, Emmanuelle Pales Espinosa®, Arnaud Tanguy®, Isabelle

Boutet®, Nadége Guiglielnonic, Jean-Francois Flot“® and Bassem Allam*”
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sampling

Genome re-sequencing

96 individual libraries
8 populations, 12 ind./pop.

Middle Bay, ME

Harbor Cove, MA
FMF, NY (aq)
Raritan Bay, NY

Mobjack Bay, VA

Bogue Sound, NC

Cedar Key, FL (aq)

M. campechiensis

7 Pooled libraries
29-50 ind./pool

ME

MA
FMF, NY (aq)
RB, NY

VA

NC/SC

FL
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Genome re-sequencing: workflow

96 individual libraries 7 Pooled libraries
8 populations, 12 ind./pop. 29-50 ind./pool

~5,300 Gbase \ / ~1,000 Gbase
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Remain to be done ?*
o Select most informative SNP to use on the SNP
Array

o Train the SNP array using clams with various levels

of QPX and heat resistance (training populations =
2 x 1,000 clams)

o Select and Genotype the breeding populations
(2 x 300 clams)



Contents lists available at ScienceDirect
[} GENOMICS

2020 Genomics: 112(6): 4887-4896

journal homepage: www. alsevier. com/locata/ygeno -~

Identification of variants associated with hard clam, Mercenaria mercenaria, M
resistance to Quahog Parasite Unknown disease =

Sarah Farhat', Arnaud Tanguy’, Emmanuelle Pales Espinosa®, Ximing Guo®, Isabelle Boutet”,
Roxanna Smolowitz", Diane Murphy", Gregg J. Rivara', Bassem Allam™

A set of VIP SNPs .."'6 -
have been generated  Tme 8
using independent

tools (RADSeq) o

DISTANCE



Thank you for your attention!

Extension activities are next

M2 Ly

MARINE ANIMAL DISEASE LABORATORY

Bassem Allam HardClamHub.org
Bassem.Allam@stonybrook.edu hardclamhub@gmail.com



Developing a famework to tra% ha
selective breeding researeh to |n us ;

SEA GRANT HARD CLAM SELEC wa BREEDlNG HUB

Sea Grant 2019 Aquaculture Collaborative Program (Hubs) Virtual Symposium
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Sea Grant Hard Clam Selective Breeding
Collaborative

This collaborative functions as a partnership involving Sea Grant College Programs: New York Sea
Grant, New Jersey Sea Grant, Woods Hole Sea Grant, Virginia Sea Grant, and Florida Sea Grant, Stony
Brook University’s Marine Animal Disease Laboratory and other research institutions, Cooperative
Extension, not-for-profits, an advisory panel, and private sector.

\\\ Stony Brook University
School of Marine and
Atmospheric Sciences
td ulall MZ=E,

UNE ANIMAL DISEASE

RUTGERS [ RUTGERS UF'IFAS

New Jersey Agricultural
THE STATE UNIVERSITY

[:\(OLHMLH Station OF NEW JERSEY
MOLLUSCAN

SHELLFISH

: : RN V' | WILLIAM 2= \ Aquaculture &
Cornell Cooperative Extension & MARY Rastorstion

Suffolk Coun | Laborato
L VIRGINIA INSTITUTE OF MARINE SCIENCE R

Station Biologique — '
defescot GULF SHELLFISH INSTITUTE




Hub Collaborators

Sea Grant Team

Dr. Rebecca Shuford
NY Sea Grant

Antoinette Clemetson
NY Sea Grant

Dr. Katherine Bunting-
Howarth
NY Sea Grant

Dr. Peter Rowe
NJ Sea Grant Consortium

Lisa Calvo
NJ Sea Grant Consortium

Leslie Sturmer
FL Sea Grant

Joshua Reitsma

Woods Hole Sea Grant and
Cape Cod Cooperative
Extension

Paul Focazio
NY Sea Grant (Comm Unit)

Christopher Gonzales
NY Sea Grant (Comm Unit)

Research Team

Dr. Bassem Allam
SBU Marine Animal Disease
Laboratory

Dr. Emmanuelle Pales Espinosa
SBU Marine Animal Disease
Laboratory

Gregg Rivara
CCE of Suffolk County

Dr. Ximing Guo
Haskin Shellfish Research
Laboratory

Lisa Calvo, NJ Sea Grant
Consortium

Michael Deluca, Rutgers
University NJ Aquaculture
Innovation Center

Dr. Kimberly Reece
Virginia Institute of Marine
Science

Jan McDowell

Virginia Institute of Marine
Science

Karen Hudson

VIMS Marine Science Advisory
Program

Leslie Sturmer

FL Sea Grant

Dr. Huiping Yang
University of Florida

Advisory Panel

Dr. Peter Rowe, Chair
NJ Sea Grant Consortium

Dr. Rebecca Shuford
NY Sea Grant

Wade Carden
NYS Department of
Environmental Conservation

Dr. Dina Proestou
USDA Agriculture Research
Service

Dr. Brent Vadopalas
WA Sea Grant

Joseph Vinarski
Frank M Flowers & Sons Inc.

Karen Rivara, President ECSA
Aeros Cultured Oyster Company

Industry Partners
NY: Frank M. Flowers & Sons
Inc.

NJ: Parsons Mariculture

VA: Cherrystone Aqua Farm

MA: Aquaculture Research
Corporation (ARC)

East Coast Shellfish Association

Affiliates

Dr. Bruce Barber
Gulf Shellfish Institute
(Florida)

Dr. Arnaud Tanguy
Station Biologique de
Roscoff

(France)




PROJECT GOAL

SELECTIVE BREEDING
PROGRAM

D

RESEARCH _ MAINTAIN BROODSTOCK ‘APPLY RESEARCH

LINEAGE

Strains resistant to
stressors

Research hatchery network Mechanism to transfer strains to industry



SELECTIVE BREEDING PROGRAM FRAMEWORK
aka “Process”

Advisory Panel

Transformation of
the hard clam
industry

Environmental
Stressors
(heat/QPX)

Monitor/report
impacts in PIER
(State SGE)

Markers to identify
clams possessing

traits (strains) Resilient seed

distribution/
Maintain broodstocks/node ~ Commercial hatchery

i.e. research hatchery
(NY/NJ/FL)

SGE/CCE field
validation



* Research
O Dr. Bassem Allam’s Update

* Advisory Panel Meeting
v" Winter 2020, Fall 2021

* Project Team Workshop

(annual)
v" Winter 2020, Spring 2021

O Plan of Work

v' What is the Hub?

O How will industry access
this program?

O Measure success/Impacts
& Accomplishments

O Industry Needs Assessment
Survey

> ldentify specific tasks extension an




What is the Hub: public interface

www.HardClamHub.org Email: HardClamHub@gmail.com

o
:E, Sea Cant Hard Clam Selective Hreedng Collsbontive

Sea Grant Hard Clam Selective
Breeding Collaborative

A 3 yr project under 2019's National Sea Grant Advanced Aquaculture
Collaborative Programs in support of 10 yr NOAA SG Aquaculture

SUF!IFAS RUTGERS

UNIVERSITY of FLORIDA New Jersey Agricultural

llllllllllllllllll

coman cooparsiveexenin WMWY | 1110 728

Suffolk County VIRGINIA INSTITUTE OF MARINE SCIENCE § "(

Experiment Station

Suoon &olognquc
@ de Roscoff GULF SHELLFISH INSTITUTE



What are challenges to establish this hard clam selective
breeding program

EDUCATE

“In order to eleva
trust, and develog

TRUST

industry, the Hub
plan to engage th

”

PLAN

st educate, build
o stakeholders in

the breeding program

Adoption of selectively bred
Industry is unaware of the hard clams

clam breeding hub

How will industry access
breeding program

Will growers be open to these
selectively bred clams
Stakeholders don't understand

why use selective breeding Development of broodstock and

Growers reluctance to share transfer seeds locally

broodstock lines

Reluctance arising from GMO
confusion

Wh
IEIAIEL How/who will maintain

broodstock lineage after project
How to present project diverse

expertise, stakeholder, and
research objectives

Technology seems
unapproachable (to
nontechnicians)

Growers may prefer using local
broodstock

What if these strains don’t
perform as well as expected

Will broodstock and/or
progenies require special
handling




How wil
this effo

we know

TS

successful?

Defining Impacts

&

Accomplishments

TIMEFRAME METRIC

Broodstock strains

IMMEDIATE/SHORT ’

* Tools created
TERM O Genome
(3-year project

O SNP chip
. . O GENL1 lineage
implementation
P ) * Research Hatchery Plans

e Website

Research Hatchery network
(maintaining broodstock
lineage)

MEDIUM TERM

(5 years post-project
after broodstock
technology is transferred
to industry)

Transform hard clam
industry

LONG TERM

(Several years after
project maturation with
economic return and
market changes)

INDICATOR

Research hatcheries maintaining lineage

Clams expressing traits (THTI=T and S
stressor success)
Robust SNP Array
Improved survivorship
Industry buy-in/support for the
program
Industry sharing animals for
genotyping
Publications
Lineage available for evaluation in
field (via sentinel farms)
0 Performance of strains against
other stocks used by industry
Hard Clam Hub viewed as trusted,
credible source for science-based
information to advance industry
O  Build capacity to provide
timely response to new
challenges
O  # stakeholders accessing
breeding program
Adoption of strains by 30% of industry
O  # commercial hatcheries
distributing seeds
O  #seeds produced
O  Percent (or #) growers using
progenies
Reduction in loss from disease/heat
improves production

Increase in production and sales by
growers (30%?)

Increase in survivorship and/or growth
rates

Increase in # growers/farms to reverse
plateau experienced in in NE




Anticipated Accomplishments & Impacts

SHORT

* Research tools created
v" Genome (pub)
v" SNP array chip
O GEN1 lineage
O Broodstock strains
* Mechanism to transfer research
to industry (how will industry
access breeding program)
O Research hatchery plans
e Build industry trust (start)

3 years

MEDIUM LONG
* Research hatchery network * Hard clam industry is transformed
O Maintain broodstock lineage O Reduction in mortality attributed
O Transfer research (strains) to to disease and heat
industry » Measurable increase in
* Sentinel farm plots survivorship and/or growth
O Field monitoring to assess rates
strain performance against O Increase in # farms using these
other stocks used by industry strains
* Capability to provide » Positive change on plateau
timely response to address new observed in NE hard clam
challenges production
* Build industry trust (ongoing) » Economic return and market
changes

5 years >5 years/decade



PURPOSE

Obtain industry buy-in for
breeding program
Define traits producers hope
to select
Stakeholder engagement,
ensure products meet
industry needs
What will industry gain from
this effort
Identify outreach and
communications needs
Prioritize desirable traits in
clams to advance industry
Clarify structure of
breeding operations

SCOPE

QUESTIONS

Commercial and municipal ldentify most important
growers traits to target for breeding
State resource managers How would you support this
Hatcheries, wholesalers, breeding program
consumers, researchers. Managers: What's the
Growers greatest challenge facing
Breeders (if any) the industry and how are
Seed suppliers your trying to solve it
Researchers: What are
research needs and tools in
5-10 year timeframe
Consumers: Will you
purchase these products,
why/why not

TIMING

After results are available to
report (~ 3 years)
Latter half of project
implementation; need to
continue post-project
Now/ASAP
Late fall when hatchery
operations slow down

GSS, state agencies
NJ Aquaculture agencies
NJ Shellfish Growers
Association
East Coast Shellfish Growers
Association
MA Aquaculture Association
Cedar Key Aquaculture
Association
LI Oyster Growers Association
LI shellfish managers groups
(town municipalities)
Survey grower organizations
and not individual growers



Next Steps

Field Validation (SGE/County); Fall ‘22

Hatchery Plan Development; Sum 22 *

» Webinar series; leverage collaborator =
expertise (Winter 2021)

» State SGE/research hatchery managers
draft plan acknowledging

v' Autonomy/institutional policy

v’ Capability/capacity (commercial
hatchery/growers)

v Temporal constraints
v Handling/biosecurity

O Industry Needs Assessment Fall ’22 (tentative
» Commercial hatchery/breeders

v’ Perspectives/input research
hatchery plans

v" Future research needs/stressors

Photo Credit: Leslie Sturmer, FLSG
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Thanks to NOAA National Sea Grant for
funding this project, and our collaborators,
industry, Sea Grant/County extension
colleagues, researchers, not-for-profit
organizations, and managers.




Join at slido.com
#905542

(D Start presenting to display the joining instructions on this slide.



How has this presentation helped to improve your understanding
about the Hard Clam Selective Breeding Collaborative?

(D Start presenting to display the poll results on this slide.



Suggest barriers, challenges, or concerns that could prevent the
industry from accessing the selective breeding program.

(D Start presenting to display the poll results on this slide.



How can the Hard Clam Selective Breeding Collaborative address
these issues that you identified, previously?

(D Start presenting to display the poll results on this slide.



What measures, actions, or policies could be considered to
support the Hard Clam Selective Breeding Collaborative after
conclusion of this award ?

(D Start presenting to display the poll results on this slide.



https://app.sli.do/event/gd4vqga3ai



Atlantic and Gulf Shellfish Seed
Biosecurity Collaborative-NJSG

P. Rowe, R. Carnegie, B. Walton, D. Bushek



Atlantic and Gulf Shellfish Seed Biosecurity
Collaborative

Peter Rowe (NJSG), David Bushek, Lisa Calvo & Lucas Marxen (Rutgers), Ryan Carnegie & Karen Hudson
(VIMS), Robert Rheault (ECSGA), Lori Gustafson (USDA APHIS)
Wiliam Walton (Auburn /VIMS), Leslie Sturmer (UF-IFAS), Jerome La Peyre (LSU), Jennifer Pollack (TAMU-CC)

3 Sl‘imﬁl’nt Advanced Aquaculture Collaborative Program
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Motivation: A problem long recognized

Inefficiencies and ineffectiveness
of regional shellfish health
management have been known

for decades
Eastern United Stales o
Interstate Shellfish ““Batch certifications”
e problematic as a foundation for
Charleston, 5.0, = Felruary 21-X2, 007

management

Rapid growth of shellfish
aquaculture has made this an
acute concern for industry, and
e created acute biosecurity
e S S B AR implications and risks

AL Doy sl Nane el Resssgyr ¢ 580 e d oo (amag
0 bl b v W i, o s = YWD HEM S | i

Eadens-d By ols warbishep sFanirisg o smunlces
e 1B Ak res @ Coddery Bapary = 50 B b Tie'his
b, . Eoraasew = Al Segars v Jack A0 W

2002 workshop prompted by emergence of

QPX as a major concern at the time



Problems with status quo

Growth outpacing biosecurity policy
development

" Irrelevant regulatory system: pathogens
don’t recognize jurisdictional boundaries

Piecemeal surveillance of disease risk
* [ndependent, limited in scope

=  Not coordinated or accessible

Direct Costs

= Batch certifications can be cost prohibitive,
and overwhelm agencies and laboratories

= Zero tolerance policies unnecessarily limit
commerce, restoration and enhancement

Indirect Costs

"  Processing time limits timely responses to
opportunities when little or no risk exists

= Seed grows rapidly while awaiting results




Path Forward

Enhance industry and resource sustainability
» Develop more effective health management

> lower costs (time and money)

» improve biosecurity

Promote an increased focus on surveillance
of wild populations and farms

» better understanding of pathogen distributions

» improve alertness to emerging threats

Streamline management and incentivize use
of the most biosecure products from/for
hatchery, nursery, farm and restoration

» increased but less obstructive engagement of producers
with shellfish health managers

» creates a deeper, more systematic and sustained
perspective on shellfish health in culture facilities

Expand program regionally




Project journey began with a VIMS symposium

Seed funds brought together: Eastern United States
= Industry stakeholders it el
y Seed Transporl Workshop
= Pathologists Charbeion, .- Rrnary FLTE, 10
= Stateregulators
» Federal agencies (NOAA, USDA APHIS)

Goal: Revitalize 2002 effort stimulated by QPX

Needs identified:

O minimum acceptable certification standards

O recommendations for clear and effective science-based
regulatory strategies

O tools (e.g., database) and implementation framework

Pirrad 1 vk s b by o S maan e




a &aﬁém East Coast Molluscan Health Workshop: Portland, ME, January 2015

Outcome: Four committees, three major grants

Shellfish Health Advisory Committee (voluntary)

" 13 members representing industry, regulation, extension, academia

= Provide support for decision making of seed transfers

Molluscan Pathology Working Group (voluntary)

= Standardization of diagnostics

= Information-sharing, annual updates on changes in status and trends

Hatchery Certification Working Group

= NOAA SG Aquaculture Impediments Grant: “Establishing Shellfish Hatchery
Biosecurity Certification Standards to Facilitate Interstate Transport of
Shellfish Seed”

Database/Zoning Working Group

= NOAA SK Aquaculture Project: “Assembling the Best Available Science to
Inform Interstate Transport of Shellfish Seed”

Gulf Regional Expansion

= NOAA Advanced Aquaculture Collaboratives: “Atlantic and Gulf Shellfish
Seed Biosecurity Collaborative”



Shellfish Health Advisory Committee

Debbie Bouchard

Dave Bushek
Ryan Carnegie
Tal Ben-Horin
Lisa Calvo
Karen Hudson
Bob Rheault
Mike Congrove
Julie Davis
Carolina Borque
Marcy Nelson
Rebecca Thur
Lori Gustafson

University Maine

Rutgers University

Virginia Institute Marine Science
North Carolina State

Rutgers University

Virginia Institute Marine Science

East Coast Shellfish Growers

Oyster Seed Holdings

Lady’s Island Oysters

Louisiana Department Fish and Wildlife
Maine Department Marine Resources
MD Department Natural Resources
USDA APHIS VS

ME
NJ
VA
NC
NJ
VA
RI
VA
SC
LA
ME
MD
Federal

Pathology
Pathology
Pathology
Extension
Extension
Extension
Industry
Industry
Industry
Regulatory
Regulatory
Regulatory
Regulatory



NOAA SG Aquaculture Impediments Grant

Establishing Shellfish Hatchery Biosecurity Certification Standards to
Facilitate Interstate Transport of Shellfish Seed

Goal

Establish a regional seed
biosecurity certification ﬁ
protocol for hatchery products

(e.g., gametes, larvae, early set) % ﬁ’ag
fowu s

Status - complete

Crgatgd BMP gUld.e, REGIONAL SHELLFISH SEED
application, and audit process BIOSECURITY PROGRAM (RSSBP)-
HATCHERY COMPLIANCE

four hatcheries - all passed and et i et withInor it s

0 trevrfrrr of bveder sheilfizh
used compliance documents

this past season

Contacting hatcheries to
participate this winter




NOAA SK Project

Assembling the Best Available Science to Inform Interstate Transport
of Shellfish Seed

Goal

Develop an online portal for
molluscan shellfish health

O document known pathogen
distributions

U illustrate risk to inform shellfish
seed importations

Status - ongoing

The parpoee o M sppiic slion bodl o'l prowade nbormadasn on e e tnboiaen and sbundance of afeiBinh fulhcgem song e ond Coan? ol Te Ueded

Portal Created With tOOIS Shate i @ e thal ko ind prmmess Seeniee FROaTing T rukoy o spvegsing or geacerhating casese from shelfoh paneiees
developed to compare source and
destination pathogen profiles to
assist risk assessment 1 Conpam pathogm occumenors between e beations

& Lt ol piheagen sl in & parSa A ot Fesusgh hire

The inlerscine Mipser allcomn vewer o
. . 1 Laie shalfah Ratdsane
Data InPUt OngOlng 4 Endmene safhogen range Subifadors

Site to go publicin January 0 TO THE APPLICATION



=1 ShE'!HI g I"'I .i:'lF] F:1 Shapdifoiky Divassa aovd Dasgr Map

0 Abain

& Crentisys

@ Hatcbvistogd

B Shalllah Classificar

T Filtars

Fibtwsr Dy

Species:

Mo Speces Selected
Disaasas:

550

Highlights: Oranga [k

Yollow Souare-Cross:
Dhigaraca D\padic

Provafance Greseor Th

Drata Date Range:
& L Spving
.I..l:! Faill

Al Spring Data
Al Fall Daca

[ Legend

Database showing sample locations, hatcheries, SSO distribution

Side panel allows user to select what they want to see.
User can zoom in and get summary data in various formats.



Regional Shellfish Seed Biosecurity Program RSSBP

Re-Branding the Program

Regional Shellfish Seed
Biosecurity Program (RSSBP)

Logo created for identity
Easily recognized

Conveys security

Implies shellfish Regional Shellfish Seed Biosecurity Program (RSSBP)

G re e n ln d UStry i collaboration of Industry, Scienists, Requlators and
Extension = using the best avadable scoencs o manimize
fisks astocaabed with inlersiate sead transhers of bivalve

Blue economy shelfish



NOAA Advanced Aquaculture Collaborative Programs:

Atlantic and Gulf Shellfish Seed Biosecurity Collaborative

Goal

Expand Shellfish Seed Biosecurity
Initiative to Gulf States

Objectives

Collaboratively assess
performance to date and
applicability to the Gulf.

Expand database into Gulf.

Establish surveillance program.

Develop a future funding model.

Progress

Rebranded the program and combined
efforts into a single web portal

Expanding database into gulf via
existing data, collating data on cultured
shellfish, and collecting new
surveillance data

NOAA SG Special Projects Grant:
Extension to Extension: Supporting the
Rollout of a Regional Shellfish Health
Initiative. Pls Hudson and Calvo

Initiating Gulf regulatory contacts

Continuing all efforts to obtain
surveillance data, certify hatchery
compliance, and solicit regulatory
input and participation



ulf Hatcheries and Nurseries

Pxtension

sShellfish Seed Suppliers
for Gulf of Mexico 2021
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What do we know about shellfish disease
in the Gulf of Mexico?

i

- https://products.coastalscience.noaa.gov/collect

ions/ltmonitoring/nsandt/data2.aspx

-I"I P
& i \
\ .- |
| . | https://data.oystersentinel.cs.uno.edu/dermo
oY NOAA MusselWatch . .
N o 1986 — 2010, annual . |
‘F L - AR AN M A SR
P ; : :
¥ = o
i
Surveillance strategy:
1. Summarize existing data i
2. Conduct targeted sampling b '

GoM Oyster Sentinel

a. Regional differences . :
o Dermo only, discontinuous

b. Areas of likely transfer



https://data.oystersentinel.cs.uno.edu/dermo
https://data.oystersentinel.cs.uno.edu/dermo

What do we actually know about disease levels in

hatcheries?
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VIMS Samples, 2017-2019

235 total “business as usual” submissions
= 177 from Atlantic Coast

" 146 oysters (Crassostrea virginica)

RFTM analyses
for dermo in
oysters




Perspective on Larvae

J 19 Gulf and Atlantic larval samples evaluated from 2017-2019

= all negative by PCR

Oyster larvae enrobed
in agar for histology




Small Seed, to 3.5 mm

41 samples
= no detection of dermo or MSX

Histology of
oyster seed




Nursery Seed, ~4-20 mm

56 samples, 22 positive for dermo

Max prevalence: 13.3%

No infection reached moderate intensity (1 light-moderate)
Most intensities rare

No MSX




Large Seed and Submarkets, (to ~60 mm)

14 samples
Maximum dermo prevalence 3.6%

Only rare infections

Even near-market-sized cultured oysters can have surprisingly low levels
of infection

Fublished Drdtembaea 11

et @9

Intensive oyster agquaculture can reduce disease
impacts on sympatric wild oysters

Yol Nk 537 -36T, 2018 SUOLACLLIUVEE ENMYIRODSAEST PNTEEACTHINS
Bl Vel oeg 10 1580 disiiisn At Envines Imiegact

Tal l]q*n-IInrin"}". Colleen A B:Lr“r". David Hll:!lihl.'ll.l. Mava L. l:in:lnl:r":""r
Dina A. P‘r4:|1=.~:llul". Lauren L. "1.“"",.". Gorka Eillrguln". Rvan B. Edtl‘ll'ﬂii"



Independent data sets demonstrate

pathogen absence in larvae and small seed

Seed Certification History
Haskin Shellfish Research Laboratory

Size range of

Period of record 2004-2019 detection
C. virginica 82
Positive for MSX 3} > 5 mm
Positive for Dermo 7 >10 mm
M. mercenaria 108
Positive for Dermo 4 > 2mm
Positive for QPX 1 >17 mm

Positive for neoplasia 1 >17 mm



What do we actually know?

Wild Ba

Youngest stages
most biosecure

Infection Level /| Disease Transmission Risk

Field Hatchery Nursery Field/Growout



L Collective results provide empirical support
for the presumed high biosecurity of larvae
and small (<4 mm) seed from hatcheries

O Low infection of smaller nursery seed
suggests that the Hatchery Certification
paradigm could justifiably be extended, as
a next step, to nurseries

0 Efforts could be better focused on
environmental surveillance to assess risk
and changes in pathogen distributions




The RSSBP is a voluntary program collaboratively n
developed by shellfish growers, scientists, extension i
specialists and State resource managers to foster a

common goal of minimizing risks associated with interstate RSSBP

Regional Shellfish Seed

transfers of bivalve shellfish. Biosecurity Program

Summary ﬁ
A

Core Elements
* Regional Shellfish Health Advisory Council
* Regional network of shellfish pathologists
* Interactive Shellfish Disease Database Mapping Tool
« Best Management Practices for minimizing shellfish disease risks
* Hatchery Certification Program

7%  USD
viMS i Ty USDA
AT oFMuNESaENCE  SHELLFISH GROWERS ﬂ

UFIFAS I {nante & Sl

LMIVERSITY of FLCEHILMS




Next Steps — Questions — Discussion




Nurturing the Successful Growth and
Maturation of a Domestic Seaweed
Aquaculture Industry:
ldentifying and Removing Barriers and
Promoting Opportunities-CTSG

A. Concepcion, J. Robidoux, M. Good, S. Otts,
S. De Guise



Anoushka Concepcion
Connecticut Sea Grant
University of Connecticut
anoushka.concepcion@uconn.edu
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MY v/

Driver:

Need for a collective generation and sharing of
science-based information:

National Seaweed Hub

www.SeaweedHub.or

Seaﬁﬁfm



Background

*12+ Sea Grant states
* Actively cultivating or investigating
cultivation

~ 2018 “State of the States of

Seaweed”
* Similar challenges

e Common goals




84 | A
| Opportunity

e s . |
* NOAA collaborative grant =~ .,
opportunity | |

e Establish a National | sl
Seaweed Hub '

* Better understanding

e Current status of the
seaweed industry

* Needs identified by various
sectors

* Active participation
e Collaborate

» Strategize
e Path forward

Sea bR



. Steering Committee

2 —
eGuidance

| *lMeet goals/objectives
of the project

e Caird Rexroad, USDA

e LaDon Swann, MS-AL Sea Grant and Sea
Grant Aquaculture Liaison

» ° Steven Bloodgood, FDA

2 « Kevin Madley, NOAA NMFS

e David Hansen, OR Sea Grant

* Michael O’Neil, UConn Extension

A » e Katherine Bunting-Howarth, NY Sea
Grant

* Quentin Fong, AK Sea Grant

COLEGE OF AGRICULTURE,
HEALTH AND NATURAL RESOURCE

&) NOAAFISHERIES

*

UNN|

-

, * David Hansen, OR Sea Grant

Sea bR

b



_Hub Objectives
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STRATEGY
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NEEDS ASSESSMENT

SEAWEED SYMPOSIUM

OUTCOME

O
O
O

STAKEHOLDER WORK PRODUCTS
GROUPS




Needs Assessment

*259 responses, 14+ states
*Stakeholder groups

* Permitted/prospective farmers, regulators, culinary, nursery operators,
processors, researchers, other (i.e. extension, non-profits)

s *Challenges identified — established Work Groups
* Market Opportunities
* Post-harvest and Processing Infrastructure

* Regulations
* Production Systems

e Dawn Kotowicz (RISG)




|

MU R |
Seaweed Symposium

e Day 1: Introductory presentations and break-out discussions

e Global overview
e State of the States
* Needs Assessment

*Day 2: Break-out discussions, Farmers’ Forum, Seaweed
- Showcase

°Day 3: Wrap-up



LA AISTACIEN  YYVVY~ ¢y~ [ 2]
ces Yo
*Participants pre- a55|gned >uun3

(nhedv€&ion < & L;-Umpt‘h{j’ W/ Thesc wh ‘

A Day 1 \\ Day2 . Day3
¢ * Bigideas ) * Refine by achievable [ * Present Work Group
e« Identify pressing / goals or objectives “ Strategies

e 9
/" needs, challenges,  {* « Identify outcomes or

. DL e i _f ’1'( (gﬁ‘( 7 o ———
~ 2 opportunities /o products for Work - <F @9 /1;‘;. j’)u?’tu: fe
me Group oS ] g J

"\ DIZ?QY“Z.
l‘Ck oym?%r thlxé( et ST T, ( ’) “QLK O* l“-ﬁ . U}] e )I 6"1 V,‘%uw(’s

\

L L
A N N o /
\\“}v\\ \//\ @ \/
LS

NN -{’;""( N7 ) @ @
Seaai{nl A 5?’-‘:7-,: ATRIRIK XX ?’/(;} @ "‘5(\\%’&{’}\\

/\
WA

~
>":<:S’f( ,
{I

\/\ VRS



Evaluation

*33% responded

*91% strongly agreed/agreed — good use of my time
* 0% disagreed
*71% - increased knowledge of seaweed industry (a great

deal/a lot)
*85% - can apply knowledge to their work (a great deal/a
lot)

*97% - want a follow-up meeting
* Willing to pay a nominal registration fee
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Virtual Work Groups

*Diverse, meet regularly
* Rules of Engagement

*Strategy or work plan
*Polling, MIRO

*Applied project funds

Summaries and products
available on web
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4-.#‘ Refining Work Group Recommendations
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'  ;" % -Production Systems

-
=4

b A * 30+ challenges/opportunities
! *Regulations
* 60+ challenges/opportunities

{ *Post-harvest and Processing Infrastructure
Jiin * 30+ challenges/opportunities
2 W +Market Opportunities

* 60+ challenges/opportunities
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Image: JP Vellotti, East Coast Kelp Farms
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Production Systems Work Group

' 'eg Chadey* (WASG) andJoshua Reitsma (WHOI SG)
Focus: Improve seed-stock supply
B . Obj 1: Develop a national nursery list

-

£
s
7 5
y /
»

- Resource for growers (also regulators, end-users, etc)
- Refining nursery survey questions

- Use applied project funds to hire UConn students

- Plan for long-term maintenance

. Obj 2: Increase nursery capacity
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Regulatlons Work Group

°Stephan|e Otts and Catherme Janasie™
(NSGLC)

*Develop resources providing an
overview of:

*Food safety of seaweed-related food and
food products (i.e. Preventive Controls)

*Permitting concerns of seaweed farms

St
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Post-harvest and Processing Work
— Groug
AntgihcttOP el (NYSG) and Melissa Good* e |
(AKSG) %,
*Feasibility study for a model regional
processing facility Y

eldentify and assess processing technologyto £
assist with product innovation

- A
§
- |

Sea Grant
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—— Market Opportunities Work Group

4 - T B T

*Gabriela Bradt* (NHSG) and Jaclyn Robldoux (MESG)
* 3 subgroups formed to address work group priorities:

* Consumer education and outreach opportunities to
build markets, which can be accomplished relatively
short-term

* Product development needs, including standards and ,/'
Frgdlmg, scale and supply, nutritional profiles and -
eling

! * Industry representation to tap into long-term
= marketing efforts, including pros/cons of industry
= associations, science-industry institutes, etc.




Outcomes

TR 1 |
*Compilation of practical resources

*Transparent, accessible information
*Fostering long-term relationships

*Path forward for commercial seaweed
aquaculture

*More informed audiences

MYAS W RS




Commerdially Cultivated Domestic Seaweed 101: A guide fo mheve & is grown and current mark et outiets
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Next Steg
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< . *Seaweed Symposium 2.0 or biennial
-~ seaweed meeting

*Continuation of work group discussions

| *More ways for specific stakeholder groups |
to connect (i.e. farmers with farmers,
regulators with regulators)
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Thank you!

Anoushka Concepcion
Gabriela Bradt

Meg Chadsey
Antoinette Clemetson
Melissa Good

David Hansen

Dawn Kotowicz
Stephanie Otts
Joshua Reitsma
Jaclyn Robidoux




Advancing Southern New England
Shellfish Aquaculture Through an
Engaged Public and Next
Generation Decision Support
Tools-CTSG

T. Getchis, A. Cygler, A. Franklin Archer, R. Porter,
S. De Guise



Advancing Southern New England Shellfish Aquaculture
Through an Engaged Public and Next Generation Support Tools

Abigail Archer™, Judy Benson?, Azure Cygler®*, Dana Bauer®, Catherine Dwyer3, Giulio
Farolfi®, Tessa L. Getchis?**, Brooke Hodge®*, Robert J. Johnston®*, Kristen Jabanoski’*, Sue
Kennedy?3, Stephanie Murphy', Tom Ndebele®, Diana Payne?, Read Porter®, Catherine
Schulter®*, Grace Simpkins', Julia Wyman® (*denotes speaker)

'"Woods Hole Oceanographic Institution Sea Grant, 2 Connecticut Sea Grant, 3Rhode Island Sea
Grant, * UConn Extension, ®> New England Aquarium, ® Clark University, ” NOAA NEFSC Milford
Laboratory, 8 Rhode Island Sea Grant Legal Program

National Sea Grant Aquaculture Symposium, Nov 2, 2021



Project Overview

1. Shellfish aquaculture landscape in southern New England

1.1.

What brings us together?

2. Research to inform extension programming

21.
2.2.

Public concerns and tradeoffs for coastal aquaculture
Role the media plays in aquaculture messaging

3. Engaging stakeholders with essential information and tools

3.1
3.2.
3.3.
3.4.

Public & media fact sheets, displays & interpretative signage
Private sector training

Law, policy & permitting initiatives

Map & data viewers



Southern New England’s shellfish aquaculture Iandscape

Focus is bivalve shellfish aquaculture
Hundreds of small businesses

Farms located in near shore coastal areas
Shellfish initiatives established to grow industry
Expansion of submerged and floating gear
Aquaculture has become increasingly visible
Increased public attention, concern, scrutiny

Viassachusetts Shellfish Initiative
20212008 STRATEGIC PLAN



Southern New England’s shellfish aquaculture landscape

e Previous efforts focused mainly on producing
information and tools for prospective farmers
e Now engaging public to increase knowledge
of shellfish aquaculture and shared role of
siting farms in coastal waters
e Opportunity to work together regionally to:
o Listen to public & media perspectives
o Develop targeted information and tools
o Engage audiences across the region




Project Overview

1. Shellfish aquaculture landscape in southern New England
11.  What brings us together?

2. Research to inform extension programming
2.]. Public concerns and tradeoffs for coastal aquaculture



Tradeoffs in Shellfish Aquaculture

e All shellfish aquaculture involves tradeoffs, e.g., economics, aesthetics, use of
water resources, environmental impacts, etc.

e The public’s initial impressions of shellfish aquaculture sometimes depend on
misperceptions or lack of information.

e Existing research provides minimal information on what type of shellfish
aquaculture development would maximize support.

e How does this support depend on the information provided on aquaculture
characteristics and impacts?

e How and why does it differ across different population groups, areas of New
England, etc?
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Discrete Choice Experiment to Quantify Preferences

e Develop and implement a stated preference discrete choice experiment (DCE)
to quantify public preferences for different types of shellfish aquaculture

e Compare results across three New England states

e DCEs estimate preferences based on how different individuals would ‘vote’ for
or against different types of hypothetical but realistic future scenarios.

e Statistical results demonstrate the public’s value and preferences for different
types of shellfish aquaculture in different areas.

e Can predict public voting support for different types of future development
scenarios.



DCE Survey Design and Analysis

Survey was designed over a two-year process with input from the literature,
aquaculture experts and 6 focus groups with members of the public.

Key attributes for scenario design include changes in (1) floating gear, (2) bottom
gear, (3) jobs and income, (4) localized water clarity, (5) region where new
aquaculture occurs, and (6) household taxes / fees.

Scenarios grounded in actual (current) conditions in each state.

Additional questions will allow preferences and values to be modeled as a
function of household attributes, coastal recreation activities, experience with
aquaculture, etc.

Statistical analysis will enable public support to be predicted across sampled
states, for different types of potential future aquaculture development strategies.
What types of characteristics and impacts are most important to public support
and why?



Next Steps

e Survey design is complete and coded on Qualtrics platform.

e Will be implemented via random internet panel in target states (CT, MA, RI),
with sample quotas to match Census population.

e Anticipate N="1250 per state (3,750 total), conditional on quotes from survey
implementation firms (e.g., Dynata).

e Expectimplementation during fall 2021; initial results by early 2022.



Project Overview

1. Shellfish aquaculture landscape in southern New England
11.  What brings us together?
2. Research to inform extension programming
2.1. Public concerns and tradeoffs for coastal aquaculture
2.2. Role the media plays in aquaculture messaging



Public perception challenges

e Between 70 and 85% of the seafood Americans consume is imported
o 50% of those products (finfish, shellfish, seaweed) are farmed

e Few Americans have firsthand experience with aquaculture

e Low awareness of benefits, risks, effects and practices associated with
aquaculture industry (Murray et al. 2017)

e 47% of Americans have a negative view of farm raised seafood due to
concerns for product quality, food safety and the environment (Bacher 2015)

e 1in 4 respondents were aware of positive environmental contributions of
shellfish aquaculture operations in a recent survey (Atlantic Corporation 2019)

e More general reporters covering science and the environment



Importance of understanding public discourse and
perceptions

Understanding how to educate and inform the public
Foster support for public policy

Design strategic risk communication

Market local aquaculture products



Rickard & Feldpausch-Parker 2016 - “0f Sea Lice and
Superfood”

Content analysis study compared aquaculture coverage in 4 regional & 4
national newspapers

Overall media coverage of aquaculture increased during study period,
especially discussion of benefits and sustainability

Most prevalent themes: economics and risk

Finfish aquaculture discussed in 62.3% of articles, shellfish 51.5% & seaweed
5.3%

More national coverage of risks, benefits and sustainability compared to
regional

39% of Boston Globe articles mentioned benefits of aquaculture, V5 discussed
sustainability



Objectives of Southern New England Content Analysis Study

e Analyze temporal and geographic trends and dominant themes in media
coverage of shellfish aquaculture in southern New England,

e Determine whether and to what extent state shellfish initiative outreach efforts
are informing or impacting media dialogue, and

e Explore which outreach activities (if any) are having a measurable effect on
how aquaculture is covered by the media.



Project Overview

1. Shellfish aquaculture landscape in southern New England
11.  What brings us together?
2. Research to inform extension programming
2.1. Public concerns and tradeoffs for coastal aquaculture
2.2. Role the media plays in aquaculture messaging
3. Engaging stakeholders with essential information and tools
3.1. Public & media fact sheets, displays & interpretative signage



Public/Media Outreach Information

Aquaculture Interpretive Signage

e Pivot due to COVID

e 2 signs using community model
Media education

e Media forum

e Adopted/shared common

language on events like HABs

Public Education

e Fact Sheets




Project Overview

1. Shellfish aquaculture landscape in southern New England
11.  What brings us together?
2. Research to inform extension programming
2.1. Public concerns and tradeoffs for coastal aquaculture
2.2. Role the media plays in aquaculture messaging
3. Engaging stakeholders with essential information and tools
3.1. Public & media fact sheets, displays & interpretative signage
3.2. Private sector training



Training

e C(lass has been taught
in person for 30+ years
(MA)

e Updated/adapted
curriculum to 10-wk
class via Zoom

e 50+ students (2021)
Weekly Interactive
assessments &
discussion time

e Presentations from
farmers, town
managers & regulators

"l-‘imd?ﬁuls of Shellfish Farming




Evaluation Survey Feedback
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Counting Seed

Successful Components of Class

Weekly homework via Padlet
Zoom class time of 75 minutes
“Face-time” with regulators
Level of technical content

Things to work on in 2022

If covid-safe to do so - hybrid approach
Change format of weekly discussion groups
Limit class size to allow time for more
interaction



ShellfishRI «

Farm Worker Training Program

Aquaculture Jobs

o\l Training Program
Building Skills for Entry-Level Workers

Launch in December 2021

Hosted through Teachables.com - FREE
Modules will include emphasis on safety on the farm & skills to work with
newer growing techniques & products such as kelp

Will advertise through paid ads across the region

Collaboration with Education Exchange, East Coast Shellfish Growers
Association, Shedlight Productions



Project Overview

1. Shellfish aquaculture landscape in southern New England
11.  What brings us together?
2. Research to inform extension programming
2.1. Public concerns and tradeoffs for coastal aquaculture
2.2. Role the media plays in aquaculture messaging
3. Engaging stakeholders with essential information and tools
3.1. Public & media fact sheets, displays & interpretative signage
3.2. Private sector training
3.3. Law, policy & permitting initiatives



Assessment of Gonnecticut Aquaculture Laws

e 2 major parts divided into 11 questions
o Comparing Connecticut aquaculture laws to
other eastern states (MA, RI, ME, NJ, VA, MD)
o Reviewing Connecticut laws for
inconsistencies or outdated sections



Examples of Questions

e What mechanisms do states use to allocate shellfishing grounds
for aquaculture?

e How do Connecticut’s regulations governing the minimum
commercial size of wild-harvested shellfish and
aquaculture-reared shellfish compare to competitor states?



Fact Sheet

“The Relationship Between Aquaculture and
the Public Trust in Connecticut, Massachusetts,
and Rhode Island” - written by Andrew
Spaulding, Law Fellow

To improve the public’s understanding of the
public trust doctrine and the use of public
waters for shellfish aquaculture in Connecticut,
Massachusetts, and Rhode Island
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Permitting Portals

RHODE ISLAND
AQUACULTURE PERMITTING




Project Overview

1. Shellfish aquaculture landscape in southern New England
11.  What brings us together?
2. Research to inform extension programming
2.1. Public concerns and tradeoffs for coastal aquaculture
2.2. Role the media plays in aquaculture messaging
3. Engaging stakeholders with essential information and tools
3.1. Public & media fact sheets, displays & interpretative signage
3.2. Private sector training
3.3. Law, policy & permitting initiatives
3.4. Map & data viewers



Rhode Island Shellfish Aquaculture Siting Tool (ShellfAST-RI)

e Beta version built and
sent out for review by
advisory board

® Inthe process of
collecting feedback

e Plan to launch publicly
in early 2022

> B




Massachusetts Shellfish Aquaculture Siting Tool (ShellfAST-MA)

e Launchedin 2018
e Update slated for late
2021/early 2022

> B




Connecticut Aquaculture Mapping Atlas

. . .Jm Aquaculture Mapping Atlas Q
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e Update slated for 2022 o o o
e Will expand upon number

of datasets, tools and

query options e

Du—w

S v ! — (DA VECT | Dataner somd et srm! “ww Cumvacheit Cupat .

Scam 1 TiaM LI AnATmowre  Que oy o eer ey



Summary

e Expansion of shellfish aquaculture in Southern New England faces
common challenges
e Developing targeted outreach information and tools that are informed
by social science research
e Sea Grant Aquaculture Collaborative has allowed us to:
o Better understand public and private sector concerns
o Improve upon and develop new shared information and tools
o Expand our reach beyond traditional audiences
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Establishing a Hawal'i-Pacific
Aquaculture Consortium: A Revitalization
and Expansion of the
Aquaculture Development
Program-HISG

D. Lerner, M. Haws, D. Okimoto, A. Seale, S. Ellis,
K. Anderson Tagarino, M. Sudnovsky



ESTABLISHING A HAWAI‘I-PACIFIC
AQUACULTURE CONSORTIUM:
A REVITALIZATION AND EXPANSION OF AN
AQUACULTURE DEVELOPMENT PROGRAM

Darren T. Lerner, Darren K. Okimoto, Kelly Anderson Tagarino, Max
Sudnovsky, Andre P. Seale, Maria Haws, and Simon Ellis
w/Bradley “Kai” Fox, Cherie Kauahi, Katy Hintzen, and David Crisostomo

NOAA, Sea Grant Advanced Aquaculture Opportunities (Hubs) Symposium
November 1, 2021 (Virtual)




* Founded in 1968 at UH
Manoa and designhated
a Sea Grant College
Program in 1972

* Organized research
unit in the School of
Ocean and Earth
Sciences and
Technology

e State-wide and Pacific

University of Hawai‘i By
Sea Grant College Program




Mission

To provide integrated research,
extension and education activities
that promote sustainable coastal
and marine resources and
resilient communities across
Hawai‘i and the Pacific region.
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Focus areas



Seaweed Farming Prawn Program Cold Deep Ocean

1968-1986 1973-1987 Water Aquaculture

1982-1983
Aquaculture Research




Marine Shrimp Program Shrimp Virus Research Feeds Technology

1985-1990 1984-2000 Research
1985-2001

Aquaculture Research




Open Ocean Aquaculture Hawaiian Fishpond Research
1995-2002 2007-present

Aquaculture Research




Aquaculture Research

* 95 newsletters
* Over 100 peer-reviewed publications

e 34 conference, symposium, or workshop
papers

e 20 brochures
* 14 books authored/edited
e 12 book chapters authored

* 10 technical reports
e 19 dissertations/theses

Aquaculture

Effect of 17a-methyltestosterone on the
growth of the euryhaline tilapia,
Oreochromis mossambicus, in fresh water and

In sea water

S A | o 0l wm——— Y
| Maturation, Hatchery, and Nursery Techniques for
Chinese Catfizh, Clarias fiescus, in Hawall

- — e




Past extension faculty for Hawai‘i

Mary Brooks Bob Howerton  Clyde Tamaru Jim Szyper Kathleen Maria Haws
1982-1986 1994-2015 1995-2009 1999-2009 McGovern-Hopkins  1999-2008
O‘ahu W ETT O‘ahu Hawai‘i Island 2000-2009 Hawai‘i Island

O‘ahu




Photo by M. Haws

Freshwater & marine Commercialization of Industry
ornamentals Hawai‘i bivalve industry diversification

Aquaculture Extension
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Open ocean Hawaiian Aquaculture
cage culture fishponds as education

Aquaculture Extension




Pacific Regional Aquaculture
Extension Service

* Est 1987

* Support aquaculture development
in the US-affiliated Pacific Islands
and US territories

* Partners: UH, US Dept. of Interior,
CTSA, Land Grant Programs in
Palau, RMI, American Samoa,
CNMI, FSM, and Guam.




Marine
ornamentals

Black Pearl
culture
Aquaculture Extension
US Pacific
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Economic

Recession In
2008




Sea Grant Aquaculture NSI

National Sea Grant Initiatives
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Post economic recession
extension capacity







Sea Grant Aquaculture NSI
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INTEGRATING LAND AND SEA GRANT AQUACULTURE
RESEARCH, EXTENSION AND EDUCATION AT THE

UNIVERSITY OF HAWAI‘I.

Pl: Andre P. Seale, UHM, CTAHR
Co-Pl: Darren Lerner and Darren Okimoto, Hawai‘i Sea Grant; and Rajesh Jha, UHM,

Establish an aquaculture program at UHM that leverages and
Integrates Land Grant and Sea Grant research, extension
and education resources, including a state-of-the-art
recirculating aquaculture demonstration center called the
Tuahine Aguaculture Research and Education Center
WAR=®




ESTABLISHING A HAWAI‘I-PACIFIC AQUACULTURE

CONSORTIUM::
A REVITALIZATION AND EXPANSION OF AN AQUACULTURE

DEVELOPMENT PROGRAM

PI: Darren T. Lerner, Hawai‘i Sea Grant
Co-PlIs: Darren K. Okimoto, Kelly Anderson-Tagarino, and Max Sudnovsky, Hawai‘i Sea
Grant; Maria Haws, UH Hilo PACRC; Andre P. Seale, UH Manoa CTAHR; and Simon Ellis,

Revitalize, solidify, and expand an aguaculture development
program through the establishment of an aquaculture-focused,
collaborative hub which fully integrates research, extension, and
education services directed towards supporting the continued
development and enhancement of indigenous practices and the
aquaculture industry in Hawali i and the Pacific.




Objective 1. Formalize current and new collaborative alliances to
create integrated and synergistic research, education, and outreach
efforts that foster the development, expansion, and promotion of
local, regional, and indigenous sustainable aguaculture.

Objective 2. Support and conduct collaborative, applied
research that addresses production barriers and
bottlenecks related to feed availability, hatchery seed stock,
production, disease, engineering limitations, and/or
traditional practices.

Objective 3. Support critical extension/technology
transfer capacity in Hawai‘i and the Pacific region in
support of past research and the development of next
generation efforts.




Objective 4. Explore the development of a regional aguaculture
education program that leverages curricula, training courses, and
extension materials for aquaculture audiences and work towards
Improved delivery of instruction.

Objective 5. Develop adaptation strategies and practices
that enhances the resilience of traditional aguaculture
practices and the aquaculture industry to climate change.




Co-Investigators and Current Extension, Specialist, and Research Faculty

Cherie Kauahi
Aquaculture

. Extension Specialist
Dr. Bradley “Kai” Fox

Aquaculture
Extension Specialist

Simon Ellis
Pohnpei Aquaculture and
Marine Resource
Management Specialist

David Crisostomo
Guam Aquaculture
Extension Specialist

Kelley Anderson Tagarino
American Samoa
Extension Specialist

Dr. Maria Haws
Professor of Aquaculture

1
xL A -~ VIV
\r, Dr. Beth Lenz
) Asst. Director for Diversity &

Max Sudnovsky ==
Republic of Marshall
Islands Extension
Specialist

Community Engagement

Dr. Kanesa Seraphin
Prof & Asst. Director of
Education

Dr. Rosie Alegado
Assoc. Prof of
Oceanography, Director,
Center for Integrated
Knowledge Systems

Seaﬁi"d’nt

University of Hawai'i

Dr. Andre Seale
Assoc Professor of

i i Katy Hintzen
Animal Sciences

Coastal Resilience
Specialist




Seaﬁ'a,nt

Cherie Kauahi University of Hawai‘i
Aquaculture Extension Specialist







Seaﬁ'a,nt

University of Hawai‘i

Dr. Bradley “Kai” Fox
Aquaculture Extension
Specialist







HAWAI'I

UNIVERSITY OF HAWAI'I

Seaﬁ'n/nt

University of Hawai‘i
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Katy Hintzen Seﬂﬁlﬂlllt

University of Hawai‘i

Coastal Resilience Specialist




Future &
History
of Loko |¢a
Adaptation



Holistic approach that includes needs directly related to
climate adaptation and the systemic social, political, and
economic conditions that facilitate or hinder the
perpetuation of loko i‘a

Photo Credits: Kanda



Na ‘Ono o ka ‘Aina
Strengthening Indigenous Food Systems and Supporting Restaurant
Workers During COVID-19




Gorilla Ogo Salad by Alicia Nunez Barracuda McNuggets by Alicia

Gorilla Ogo Sourdough Crackers by Roxanne
Begin










Seaﬁnt

University of Hawai‘i

Dr. Andre Seale
Assoc Professor of
Animal Sciences




Tuahine Aquaculture Research
& Education Center

TAREC




Research

An adaptable fish model that allows for interdisciplinarity:
from aquaculture to biomedical research

Integrating Osmosensitivity . "
and Autocrine Signaling in a Identlfylng. osmos§n3|t|ve molecular
Model for Osmoregulation targets using a unique vertebrate

The development of acclimation
salinity-based rearing strategies to
maximize growth in Mozambique
tilapia, Oreochromis mossambicus

The use of a euryhaline tilapia to assess the
endocrine disrupting effects of anthropogenic
chemicals on growth and osmoregulation

Establishing an aquaculture program at the USDA Physiological effects of
University of Hawai'i that leverages and environmental stressors in a

integrates Land Grant and Sea Grant — key finfish for aquaculture
research, extension and education resources




@ o tiawal Pacific Aquaculture &

HILO Coastal Resource Center

Seaﬁ'a,nt

University of Hawai‘i

Dr. Maria Haws
Professor of Aquaculture




Academic Contributions

+ Aquaculture specialization part
of Bachelor’ degree in
agriculture

% This is the only 4-year degree
program in aquaculture in
Hawai'i

% TCBES Masters degree students
may choose aquaculture
research topics

¢ Pursuing partnerships with
community colleges

 Wildlife/Fisheries/Aquaculture
degree program in planning
stages



Aqguaculture Student Workforce Training Program




PACRC's Fish Research, Development, and Extension Program

<+ Two fish hatcheries at PACRC
< Marine food fish
< Marine ornamental fish

< Also supported by NSGO and
NOAA SK grants




Nabeta (Pavo iniistus)

Moi (Polydactyus sexifilis) Aholehole (Kuhlia sandvicensis) Achilles Tang (Ancanthuras achilles)



Ornamental fish research program

Developing captive breeding
methods for coral reef fish is
an opportunity to elucidate
life history traitsto aid in
fisheries management and
conservation.

Hawaiian Flame Wr asse
(Cirrhilabrusjordani), one of 10
ornamental speciesused for R& D
at the PACRC

Just hatched (O dph)
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Shellfish research, training, and extension program

% Seed and technical
training for fishponds and
other producers

+ Hawali'i’s hatcheries
supply 50-80% of NW
seed

 Polyploid oyster research

% Climate adapted
polyploids
(w/molluscan
Broodstock Program,
OSU)




Development of native bivalve species for
production and restorative aquaculture

Hawaiiah oyster




Simon Ellis
Pohnpei Aquaculture and Marine
Resource Management Specialist

Seaﬁ%/nt

University of Hawai‘i




Marine and Environmental Research Institute
of Pohnpei, Micronesia (MERIP)




o sustainable

itegrated development approach t S

developmént:

— Product development i

— Community technology transfer/training

- lvi;rketing and market development
\ N k X \» 5y L, /
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Products and Activities

Farmed corals and giant clams for the marine
ornamental trade

Natural Sponges
Capture-based farming of Rabbitifishes
Giant clam Hippopus for food security

Partnering with more than 60 farmers across
Pohnpei and Kosrae

'
M



Aqua-Farming

* Simple Design
* Lagoon & Community-based

* Easy to establish & run




Kelley Anderson-Tagarino Seaﬁ'a,nt

University of Hawai‘i

American Samoa Extension Specialist
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American Samoa’s only CENTER FOR SUSTAINABLE

kil T INTEGRATED AGRICULTURE
aquaculture program i AND

A Sea Grant — Land Grant
partnership based at the

American Samoa
Community College
providing extension
services and aquaculture
education for the Territory.




Enhancing resilience




David Crisostomo
Guam Aquaculture Extension Specialist




Building a Better

Industry

Major Focus Areas

* Pu
* Pu

0
0

0

IC awareness
ic/private partnerships
ied research

* Community Training




PUBLIC AWARENESS

K373 FRIDAY AT 4 PM
SOCIAL MEDIA :

W/ AUSACULTURE SPECIALIST DAVID CRISOSTOMD

- VIRTUAL “TALK AND TOUR” OF AQUACULTURE ACTIVITIES f " o
- *HAWAII AQUAPONI

- PAYLESS MARKET LOCAL FOOD PROGRAMMING “CHAGI”

- CONFERENCE ON ISLAND SUSTAINABILITY

- -TILAPIA TASTING EVENT

ISLANDS ARE RISING
Conference Opening Plenary
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Public/Private Partnership

Community Level
Backyard Recirculating Aquaculture Systems

® 3 |ocal non-profits organizations

® GUAHAN SUSTAINABLE CULTURE
® |SLAND GIRL POWER
® HARVEST OF GRACE INTERNATIONAL, INC

® 2 Mayor’s Offices

® P|TI MAYOR
® SINAJANA MAYOR

Stakeholder Group (advisory)

Guam Aquaculture Stakeholder Group
* New group working to register as non-
profit.




APPLIED RESEARCH

Production and Economic
Analysis of Commercial scale
aguaponic system in Guam

® Construct small commercial scale
aguaponics system

® Compare production and economics
between “coupled” and “de-coupled”
aguaponics system.




_ommunity Training
* G3 Conservation Corp.
* Guahan Sustainable Culture
* Island Girl Power
* Harvest of Grace International, Inc
* Piti Mayors Office
* Sinajana Mayors Office
* GSC-Americorps
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* Agriculture, Community, and Natural Resources Division, American Samoa
CO re Community College

e Aquaculture and Livestock Support Services, Hawai‘i Dept of Agriculture
Pa rtn e rS * College of the Marshall Islands-Cooperative Research and Extension
* College of Tropical Agriculture and Human Resources, UH Manoa
* Guam Sea Grant
* HATCH Accelerator
* Hawai‘i Aquaculture and Aquaponics Association
* Hawai‘i Strategic Development Corporation
e Kua‘aina Ulu ‘Auamo
* Natural Energy Laboratory of Hawai‘i Authority
* QOceanic Scientific, LLC
* Pacific Aquaculture and Coastal Resources Center, UHH

 Pacific Islands Regional Office, National Oceanic and Atmospheric
Administration

* The Marine and Environmental Research Institute of Pohnpei
* University of Hawai’‘i System

* Waterkeepers Hawaiian Islands

* Washington Sea Grant

* Windward Community College, University of Hawai‘i



EDA Good Jobs Challenge NOFO




MIT SEA GRANT
COLLEGE PROGRAM

NSF Engineering Research Centers
Opportunity (TBA) _ THE UNIVERSITY OF

.+ MAINE

Establish an Engineering Research
Center on Sustainable Offshore
Integrated Multi-tropic Aquaculture

S50 Million over 10 years
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West Coast Aquaculture
Collaborative-WASG

N. Naar, R. Callender, D. Hansen, T. Talley



Seabrt. Sea i
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West Coast Region

« Similar habitats and species

« Existing market connectivity

» Qverlapping social license concerns

ALASKA

== * Political and institutional diversity
;l I\ Sea bR

Slide 2 Washington



Sustainable Aquaculture



Ecosystem-based Management

Landscape-scale
Collaborative
Interdisciplinary

Adaptive management



Hub Objectives

1. Establish a collaborative structure
2. Test the approach through a pilot study

3. Report outcomes and identify future
opportunities



Hub Participants & Structure

Theresa Talley Amy Ehrhart ~ Angee Doerr Nicole Naar
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Joe Tyburczy  Gina Contolini Dave Hansen Sean Macduff Melissa Good



Pilot Study: WCSAS

« WA Coast Shellfish
Aquaculture Study

1. EBM approach for
stakeholder engagement

2. Field protocols for
assessing aquaculture

WCSAS

West Coast AQ Hub

https://bit.ly/wsg-wcsas



https://bit.ly/wsg-wcsas

WCSAS Overview

» 3-year state-funded
project

e Goals:

» Sustain shellfish farming

» Ecosystem-based
management



WCSAS Overview

» 2 key challenges:

 Shellfish farming and
eelgrass interactions

* Burrowing shrimp

management



WCSAS Approach

Science Tribal

advisors partners f

Shellfish Resource
growers managers

EBM Collaborative



WCSAS Field Research

» Comparing habitat
conditions

* Monitoring and
assessment tools

 BMPs



(Revised) Working Group Process

REMOTE
October 18-19

State of the Outside Perspectives System-wide
Science & System & Local Challenges Understandings

Sea Gt

Washington

Recommendations



2 days, In-person
« State-of-the-science

* Priority information needs



Workshops 2 & 3

 EBM case studies
» Science/management

* Farming methods
* |IPM



2 days, hybrid

Science synthesis

Shrimp impacts

Social-ecological system




Defining Net Realizable
Targets Value

* Remote sessions (e e

Types and Scales

Ecosystem
of Net Realizable
Value Components
Ecosystem
 Draft charter for EBM
- . Management
( N Operational
" Decision Making W et A 3 Tools
collaborative s
Role of Regulators ! Monitoring
Knowledge
Neighbours Acquisition

¢« Recommendations



WCSAS Products —

E ' Benefits of
cosystems ecosystem
structure services
1. Science synthesis report
Social
cological rocesses }
processes

Ecosystem
functions Human Drivers
of ecosystems’

change



WCSAS Products

1. Science synthesis report

2. Online outreach materials

* Aquaculture timeline
https://bit.ly/AQtimeline

* Prioritized information needs
https://bit.ly/wcsas-pin



https://bit.ly/2O2bZzY
https://bit.ly/3uwJPhj

WCSAS Products

1. Science synthesis report

2. Online outreach materials

« Aquaculture timeline
* Prioritized information needs

3. Recommendations

 Draft EBM collaborative charter




Assessing Opportunities

Current Grower Species

Oregon Aquaculture Needs Assessment Pacific Oysters 58%

Kumamoto oysters 17%

B Aquaculture Operation

Owner/Grower
® Prospective Grower

/ OIympla oysters
Shrlmp 8%
Dulse seaweed 8%

Prospective Grower Species of Interest

® Researcher , \ Pacific oysters
_ |
®m Other —

Dulse seaweed
Mussels

M Agency Personnel

https://bit.ly/orsg-agneeds  Seaurchins



https://bit.ly/orsg-aqneeds

Ongoing & Future Collaborations

IFAS (Fisheries, Aquaculture,
Seafood)

Special Project I:
COVID Impacts

Special Project J:
Young Fisherman Development Act

Regional Seaweed Symposium




nanaar@uw.edu


mailto:nanaar@uw.edu

Catalyzing a Cross-Pacific Regional
Collaborative Hub to Advance
Indigenous Aquaculture Practices and
Enhance Marine Food Production for
Cultural-Ecological Benefits-WWASG

M. Poe, R. Alegado, J. Barber, C. Greiner , K. Hintzen,
R. Callender, D. Lerner, G. Eckert



to Advance Indigenous Aquaculture Practices and
Enhance Marine Food Production for

£

))0) Cultural-Ecological Benefits
&&bﬁ
_ g November 2, 2021

’? Sea Grant Aquaculture Research Symposia

Presenters: Melissa Poe, Rosie Alegado, Brenda Asuncion, Lindsey Pierce,
Joe Williams, Courtney Greiner, Jodie Toft, and Ginny Eckert




The Indigenous Aquaculture Collaborative




We think of Indigenous Aquaculture as:

Cultivated biocultural ecosystems based on Indigenous knowledge
and observations of land and water, developed over generations in
reciprocal relationships with places. These cultural-ecosystems
strengthen community access to customary foods and increase
local seafood production.




Intertidal Stone Fish Trap
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Herring spawn on kelp pofl ' ' Credit: Juneau Empirg Intertidal'management features in a Heiltsuk location, Mathews & Turner 20%7




Ka mo‘olelo o Leho‘ula: the 1st fishpond

e Kii‘ula: “supernatural” understanding of
fish

- Head fisherman during a time of famine

- Built the 1st fishpond at the confluence of
the stream and ocean

- Enabled cultivation of fish all year round

- Fishponds: an innovation of necessity






Capstones of the ahupua‘a: Lo‘i kalo
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Capstones of the ahupua‘a: Loko i‘a

Sluice Gate

LOKO WAI

Shluice Gate
7 Loko b2 Shcltrx
~{ PU'UONE [} LOKO Ditch
) .f 7 3 KUAPA SEA
P -
Sluice Gate
Sheler
2~ Ditch
Shice Gate
(c) (d)

Costa-Price. Ecological Aquaculture: Evolution of the Blue Revolution (1987)



BIOCULTURAL RESTORATION

“The science™ and practice of restoring not only
ecosystems, but human and cultural relationships to place,
so that cultures are strengthened and revitalized along

with the lands to which they are inextricably linked.”

~ Center for Native Peoples and the Environment

(*from plural knowledge systems)
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Key Features

e Revitalization and restoration of ancestral mariculture and coastal

stewardship
e Food systems and food sovereignty
e Cultural and spiritual connections to the land and ocean
e Intergenerational knowledge and ethics
e Self-determination in resource management
e Just pathways for climate adaptation
o Rooted in Indlgenous knowledge values, and practlces







“-‘ made up of about 75 members (elders, knowledge holders,
restoration practitioners, researchers, students, and
! outreach and communications folks)

Representatives from WA, BC, AK, Hawaii elsewhere in the
Pacific basin

We are active in:
e sharing experiences
learning from one another

supporting community efforts

: S engaging students

Seemb participating in hands-on restoration
S = e S — —
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KUA’AINA ULU ‘AUAMO

http://kuahawaii.org/
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Central Council of the Tlingit and Haida Indian Tribes of
Alaska, and the Alaska Delegation




Types of clams that SE AK tribes send into SEATOR







@m:::: Swinomish Clam Garden Project

density
biomass
growth rates
biodiversity




(&=i= Swinomish Clam Garden Project

Socio-ecological site selection process:
e Technical Advisory Board e Community intercept surveys
e Spatial exclusion map e Fish Commission and Tribal Senate
e Intertidal surveys approval




(&sis  Swinomish Clam Garden Project

Addresses socio-cultural
and ecological concerns

Ancient technology
resilient to environmental
change

Monitoring response to
climate change impacts

Knowledge transferable
to other communities




JODIE TOFT




We design, test and spearhead in-water actions to restore Puget Sound’s
marine habitats, species, and waters — for people and place.

TRIBAL COMMUNITY
THE SUQUAMESH IK””N”‘\“‘.“ SKQKOMISH
! SAMISH INDIAN NATION

2w

$tate of Wanhingioe

NISQUALLY INDIAN TRIBE

(oD ATMOSEy,

N h

a -,t(:-';\t,(:““ W Northwest

- TOMMIERIDN | Q'rnltﬁ
promopleie e SO Wt ca) evergreen

> PACIFIC e osrglon WISHINGTON STAT?
-;"" \~| ”—1 [ rl & ses The Natun Pon em————av G‘ INIVERSITY
/s \ of Seattle’ arsereten s

ﬁ BENJAMIN & MARGARET f‘ -
HALL FOUNDATION _m
ARTIN = TAYLOR

FOUNDATION
N TREER







Developing aquaculture techniques for basket
cockles, Clinocardium nuttallii

THE SUQUAMISH TRIBE

1. Develop capacity within the Chew Center
to accommodate additional production

2. Produce cockle seed for research and
experimental outplants

3. Assess impacts of ocean acidification and
elevated temperature



Developing aquaculture techniques for basket
mie stovamsn tre. - cockles, Clinocardium nuttallii

”~




A new take on restoration aquaculture?
Cockle reconveyance to meet multiple objectives

THE SUQUAMISH TRIM Jamesiven Shlalam Tidw




Next stop, Kelp

Credits: The Seattle Times - Steve Ringman, Emily Engman



For more info, please see https://indigenousaquaculture.org
or email Dr. Melissa Poe mpoe@uw.edu



https://indigenousaquaculture.org

Establishing the Sea Grant Striped Bass
Aquaculture Hub (StriperHub):
Commercialization, Economics, and
Marketing-NCSG

B. Reading, R. Borski, D. Berlinsky, M. Ciaramella,
M. Parker, F. Lopez, B. Nash, D. Cerino, E. Herbst, B. Snyder, S. White
























Vote for the Best Logo

(Circle Choice)
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Weigh Fish












































































Thai Bass Cakes

/mf/@dféws

16 oz. striped bass fillet, bones
& skin removed

1 Thai chili

1 shallot, peeled

4 inch piece of ginger, peeled

2 inch piece of galangal, peeled

5 kaffir lime leaves

2 lemongrass stalks, bottom 4
inches only

1tsp. salt

2 tsp. fish sauce

1/2 cup Chinese long beans,

sliced into paper-thin rounds

Non-stick cooking spray

Drections

1.Combine the chili, shallot, ginger, galangal, lime
leaves, lemongrass, and salt in the bowl of a food
processor. Process to a paste. Remove from bowl
& set aside.

2.Add fish to the food processor bowl and process
to form a coarse paste.

3.Combine the spice paste, fish paste, fish sauce,
and sliced Chinese long beans in a medium bowl.
Stir until well combined, mixture will be slightly
sticky.

4.Shape into 12 round, flat cakes.

5.Refrigerate until ready to cook.

6.Heat a large non-stick pan over medium heat.
Spray with non-stick cooking spray. Sear cakes
until golden brown, turn, and continue cooking

until the internal temperature is 145-150°F.




































8th Annual
NC Catch Summit

Monday, March 2, 2020
Transfer Co. Food Hall - Raleigh, NC

Ben Reading










Maine Aquaculture Hub: Building
capacity for industry-driven innovation,
diversification, and
workforce development-MESG

G. Zydlewski, H. Sadusky, D. Bouchard, S. Belle,
H. Cowperthwaite, C. Davis






AQUACULTURE IN MAINE

Gulf of Maine is highly productive yet quickly
changing

Coastal .devc_elo%ment pressures, climate change,
decline in wild harvests

Aquaculture is a growing industry in the state:
Salmon, oysters, mussels, seaweed, scallops

Supports coastal communities, contributes to
state’s economy, new area for job growth,
maintains workin'g waterfronts, produces
healthy sustainable domestic seafood

\2/8||u8ed at $88.4 million in 2019, $71.75 million in

Economic impact study currently underway




FOUNDING THE HUB

* AQSW training program
* Recipient of two NSI grants

* Awarded 2019-2020 Sea Grant Extension
Assembly Superior Outreach Programming
Award

* Partners convened to identify barriers to the
industry and activities to address them

* Starting point for the proposal for the Maine
Aquaculture Hub




* The Maine Aquaculture Hub is a network for
strengthening aquaculture in Maine, connecting
organizations and individuals across the state.

* It was formed to help the aquaculture industry
in Maine overcome barriers to growth.

AQUACULTURE

* The Maine Aquaculture Hub is supported by six
organizations that make up the Steering
Committee

-
%’Cﬁ:‘ IEX® THE UNIVERSITY OF

Maies Aquucuime m" Seam AquaCUIture ﬁ MAINE

b stions Corier
L e Research Institute




Expand AQuaculture in Shared Waters training program

Responsive call for proposals to fund industry-led projects

Develop |0-year Roadmap for aquaculture in Maine

3 PRIMARY ACTIVITIES
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. *Scarbomugh * Projects funded by the Hub




* Since 2013,Aquaculture in Shared Waters has
provided training, technical support, and networking
opportunities to over 300 individuals.

* >30 new aquaculture businesses established

AQUACULTURE IN * >]00 jobs established, expanded, or retained as program

SHARED WATERS participants began working in the aquaculture field,
added new species to their existing businesses, or

expanded their harvest seasons (not including newest
class)

e 2020 students: 33 Brunswick, 19 Belfast
e 2021 students (so far): 36 (virtual)




AQSW 2.0

S AIRRARY. MRUNENIES

WORKSHORP 1;

The Business of
Aquaculture
2021 PilOt NIGHT 1

» Business planning, todls to manage

* Followed format of original course SRR AR EOMPCR gt
NIGHT 2
29 students; held virtually March-May Pnenck & Lndno-Diwlo v A

o Investons, Venture Capial opnions

* 2021-22 Winter Workshop offering i

s CLHMate LToracy: DOW 10 500k about

your 1Rrm, aquaculture's role
* How to participate in reseotch

* Four workshops in total

* Niw technologies, innavatson

3-night series taking place during one week incubator spaces

* Targets existing sea farmers

For umtors Somact
BOOF N SO By DNane 80y

* Features numerous guest speakers

In person! With remote option
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* Goal: develop a shared vision for the future of aquaculture
in the state; plan for the next 10 years; building off of 2010
Aquaculture Economic Development Plan

* Approach:
* 10 Focus Group meetings with variety of stakeholders

* Which goals from 2010 plan still relevant? New goals?

* Specific action items needed to achieve goals, and identification
of organizations that could work toward these

* l-on-I calls to those who could not attend focus group

* In total, 140 individuals and 92 organizations provided
input to the Roadmap

* Coming end of 2021!
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. *Scarbomugh * Projects funded by the Hub




¢ 2020: Building capacity for industry-driven innovation,
diversification, and workforce development

* 5 projects awarded funds, from Saco to Eastport

MAINE + 2021: Strengthening the sector through research,
AQUACULTURE community engagement, and addressing farm challenges

HUB RFP * Areas of Focus developed from needs/action items identified
in the Roadmap

* Steering Committee making recommendations to NSGO

* Possible third call for proposals







“Testing the efficiency of a net
washing machine for intermediate
culture of the Atlantic sea scallop”







“Reducing the Cost of Biotoxin
Testing in Scallop Aquaculture”

20

-
:
3

Credit: Tom Kiffney



“Atlantic Sea Farms: Kelp Blancher” — retrofitting a vegetable blancher for seaweed




WHAT'S NEXT?

Landscape of Aquaculture organizations
(draft for discussion)

Social scientists at UMaine have been evaluating the
Maine Aquaculture Hub throughout its life

Now working to identify strategy, future directions
* What is the Hub’s competitive advantage, its mission, its

Wm Focus on convening a network of actors lII : Strengths;

* Where to best operate in the aquaculture landscape
moving forward?

* What is the funding mechanism?




Potential Strategies

“Aquaculture Academy Collective”

Building on the longstanding AQSWV program, this model
builds content, courses, coaching, and standards as
needed to strengthen the aquaculture sector across the

state.

“Aquaculture Market & Brand Maker”

Brings together producers, tourism and hospitality
sector, the greater food system and seafood industry to
build a community that includes aquaculture and tells its
story.

Decision-making criteria (illustrative)

Start
Removes
overtaps
Stop with X, Y,

- y
e "
s
s
Mas

agreed What
upon gl »

n0-go elsa

critera



Questions!?

heather.sadusky@maine.edu



Great Lakes Sea Grant Aquaculture
Collaborative-MNSG

A. Schrank, L. Jescovitch, E. Nelson, A. Shambach, Nicole
Wright, M. Ciaramella, D. Schneider, K. Quagrainie,
E. Wiermaa, T. Seilheimer, S. Moen, E. Forbes, T. Malone,
R. “Max” Melstrom, S. Carlton, J. Downing



| Great Lakes Aquaculture Collaborative (GLAC) | 2019-2022
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Presenter
Presentation Notes
Don

This is a presentation for advisory group members about the Great Lakes Aquaculture Collaborative.
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Aguaculture systems in the Midwest region

39% 4%

ponds

13% 0 flow through

irculating
RA (recircu
5 aquaculture systems)

10%

529% non-RAS
Bl aquaponics

cage

*Data from the 2018 Aquaculture census



catfish, sunfish,
bass, walleye,
shrimp, misc.

trout 26%

Species raised in the
Midwest region (308
farms)

salmon 5%/'

yellow perch
89% bass 13%

*Data from the 2018 Aquaculture Census



Aquaculture vs Recreational Fishery Value

State |Total Aquaculture * |Food-fish Recreational
bait, stocking, food | Aquaculture * | Fishery **

MI S1.53 Million S1.18 Million  $2.4 Billion

MN  S5.62 Million S1.72 Million  $2.4 Billion
Wi S5.30 Million S2.41 Million  $1.4 Billion

*2012 Aguaculture Census
**2011 National Survey of Fishing, Hunting, and Wildlife related Activities, USFWS

T,

F‘%E—

e ,_f.m y

h

US Dept. of Interior T. Vang — Happy Fish Aquaponics A. Schrank
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Great Lakes
AQUACULTURE

Collaborative

Goal: provide science-based
iInformation and activities that
support an environmentally
responsible, competitive, and
sustainable aquaculture industry
in the Great Lakes region.

UWSP NADF/Narayan Mahon
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Presentation Notes
Don

This is a presentation for advisory group members about the Great Lakes Aquaculture Collaborative.




GLAC phases

Phase 1:
State Sea Grant Program
and Industry Focus

Phase 2:
Research/Academic
~OCUS

Great Lakes
AQUACULTURE
Collaborative
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UWSP NADF/Emma Wiermaa
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GLAC Phase 1 - Sea Grant Program/Industry Focus

1. Establish GLAC within a formal structure

Develop and convene advisory groups
Develop process for annual event and webinar series idea

Develop GLAC website

Host webinar series (2-3 webinars per year) and annual
aquaculture events (1 per year) to share and disseminate

information

i

A

Great Lakes
AQUACULTURE
Collaborative



GLAC Organizational Structure

Regional aquaFuIture State leadership State advisory groups Regional advisory
leadership (AGs) group

Representatives
from each state
advisory group

Minnesota Sea

OH Sea Grant

PA Sea Grant

WI Sea Grant




GLAC website:

https://greatlakesseagrant.com/aquaculture/
GREAT LAKES SEA GRANT NETWORK

PROJECTE REGIOMAL MEETING REGIOHAL UPDATES ARCHIVE

AOUACULTURE
Collabor.

Great Lakes Akfﬁacu’lture Collaborative (GLAC)

iy

HOME
ARQUT UG
COMTACTS
JOIN US

EVENTE

WEBIHARS & PREESENTAT IDHS
Great Lakes
AQUACULTURE
Collaborative

e What is Aquaculture?



Webinars

Taking Seafood Social
Sharing your story &
making connections

through online platforms

Lisa D. Tossey

Assistant Directior for Commaunications and Outreach,
H-ﬂr',.lL!l'u:I Sim Grant

Great Lakes
AQUACULTURE
Collaborative

CHIEH SEA GRAMT AND 5TOME LABORATOHY

Fish to Fork: Cooking
Great Lakes Fish

with Titus Seilheimer (Wisconsin Sea Grant) and
Peter Fritsch (Rushing Waters Fisheries)

4/28/2021

Fish health

on the farm
Sept. 22" 2021
4pm ET/3pm CT

i




b B g AQUACULTURE
DAYS 2021

VIRTUAL FARM TOURS AND INTERVIEWS

AUG 31 - SEPT 2
3PM AND 4PM EDT EACH DAY

CREAT LANES B
APPLY TO BE &

Events: Great Lakes Aquaculture Day 2020 and 2021

Great Lakes
AQUACULTURE
Collaborative



GLAC Research

Great Lakes
AQUACULTURE
Collaborative

1. What are consumers willing to pay for
Great Lakes aquaculture products?

Richard Melstrom (Loyola), Kerri Smetana
(Loyola), Jillian Hyink (Loyola), Eric Abaidoo
(MSU), Trey Malone (MSU)

https://conservationfilmfest.org/what-is-land-based-
fish-farming/

Little to no GL data!
But other studies suggest consumers
1. will pay a premium for locally produced fish
2. are concerned with quality, freshness, food safety,
animal welfare and will pay more for this
3. prefer fresh over frozen




GLAC Research

Great Lakes
AQUACULTURE
Collaborative

1. What are consumers willing to pay for
Great Lakes aquaculture products?

Richard Melstrom (Loyola), Kerri Smetana
(Loyola), Jillian Hyink (Loyola), Eric Abaidoo
(MSU), Trey Malone (MSU)

Qualitative and quantitative meta-analysis
based on lit review of WTP studies:




GLAC Research

Great Lakes
AQUACULTURE
Collaborative

1. What are consumers willing to pay for
Great Lakes aquaculture products?

Richard Melstrom (Loyola), Kerri Smetana
(Loyola), Jillian Hyink (Loyola), Eric Abaidoo
(MSU), Trey Malone (MSU)

Conduct discrete choice experiment
measuring WTP for several product types:

Whitefish vs trout vs salmon
Fresh vs Frozen
Farmed in state vs U.S. vs import



GLAC Research e

Collaborative

2. What policy challenges and opportunities exist?

Trey Malone (MSU), Aaron Staples (MSU), Richard
Melstrom (Loyola), Stuart Carlton (Purdue)

70%
60%
50%
40%
30%
20%

10% —=——Smee S ——

Regulations at top
of self-reported
challenges

Content analysis of
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GLAC Research ﬁ(‘
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2. What policy challenges and opportunities exist?

Richard Melstrom (Loyola), Stuart Carlton (Purdue),
Trey Malone (MSU)

Pricing is challenging

Producers generally sell on
farm and in restaurants




GLAC Research ﬁ‘

AQUACULTURE
Collaborative

3. What are farmer attitudes
towards business expansion?

Stuart Carlton, Haley Hartenstine (Purdue)



GLAC Research ﬁ‘

AQUACULTURE
Collaborative

3. What are farmer attitudes
towards business expansion?

Out of 30 interviews, 23 farmers were
trying to expand production

Producers are generally optimistic
about business expansion



GLAC Research ﬁ‘

AQUACULTURE
Aaron J. Staples, Dustin Chambers, Richard T. Melstrom, and Trey Malone. Colaborative
Regulatory Restrictions Across U.S. Protein Supply Chains. Journal of Agricultural
and Applied Economics.

* Special issue in Choices:

* Eric Abaidoo, Max Melstrom, and Trey Malone. The Growth of Imports in U.S. Seafood Markets.

e J. Stuart Carlton, Amy Shambach, and Haley A. Hartenstine. Voices from the Industry: Aquaculture
Producers in the Midwestern United States.

e Titus S. Seilheimer, Emma Wiermaa, and Lauren N. Jescovitch. Fisheries, Hatcheries, and Aquaculture—
What’s the Difference?

* Simone Valle de Souza, Kwamena Quagrainie, William Knudson, and April Athnos. Go FISH: U.S.
Seafood Consumers Seek Freshness, Information, Safety, and Health Benefits.

* Kwamena K. Quagrainie and Amy M. Shambach. Aquaculture Markets in the Twenty-First Century.

e Aaron J. Staples, Eric Abaidoo, Lauren N. Jescovitch, Dustin Chambers, Richard T. Melstrom, and Trey
Malone. Regulatory Landscape of the U.S. Aquaculture Supply Chain.

e Kerri Smetana, Richard T. Melstrom and Trey Malone. What Do We Really Know
about Consumer Preferences for Aquaculture Products? AAEA presentation.

* Four graduate researchers (Staples, Smetana, Abaidoo, Hartenstine)

 Three UG researchers (Jillian Hyink, Joanna Szremeta, Jessie Marshall)



freshfishfinder.org

Great Lakes
Other outcomes from GLAC =it

Connect fish producers directly with FISH
consumers FINDER
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Other outcomes from GLAC R

AQUACULTURE
Collaborative

o W3RILD
* GLAD 2020: WAS publication AQUACULTURE

Vol 52 No. 1 March 20217

: INTRODUCING THE GREAT LAKES
N CIVAD A0 PAO RV il 1 (IR VE R IO AQUACULTURE COLLABORATIVE: FOSTERING
AN AQUACULTURE EVENT DURING COVID-19

LAUREN M, |[ESCOVITCH, ELLIOT NELSON, TITUS SEILHEIMER,
Enma WIERMAA AND AMy |. SCHRANK

e Survey advisory groups about
potential regulatory barriers

 Compare USDA census data to
direct producer contact across the
region




Other outcomes from GLAC R

AQUACULTURE
Collaborative

* Hosted an aquaculture symposium
at the Midwest Fish and Wildlife

Conference FISH & WILDLIFE
), CONFERENCE

* Sponsoring a fish health workshop
at the WIAA/MNAA joint
conference

* North Central Regional
Aquaculture Center (NCRAC)
 NOAA/NSG




GLAC2.0 ¥«

AQUACULTURE
Collaborative

Continue to develop from GLAC 1.0:

1. Advisory groups
2. Improve GLAC web presence

3. Maintain/expand GLAC community

of practice [ m
° NCR AC m wgqﬁcﬁltuﬁl}unta;

e AFS Fish Culture section
e Others




GLAC 2.0: new ideas

1. Focus on building networks:
* Support producer focused sessions at
state aquaculture conferences

2. Focus on workforce development
* Potential to create an apprenticeship
program

3. Develop synergy between wild-caught
fisheries and aquaculture

* Processing, distribution, etc.

4. Research: Consumer and network focus

Great Lakes

\ AQOUACULTURE
' d Collaborative
- l
. d r" ; "I-.I :



From GLAC advisory group members:

 “love this group!”

e “I truly appreciate the good work Sea Grant is doing! . s
| see it of vital importance.” -

* “I'value what you are doing.”

GLAC events:

 “Thanks so much for bringing this symposium to us,
the industry needs more of these.”

 “This was so incredibly well put together. | learned
so much and | appreciated all the panels.”
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Building capacity of land-based Atlantic
salmon aquaculture in the US-MDSG

Y. Zohar, C. Frederick, J. Stubblefield, S. Knoche, G. Fischer, E.
Wiermaa, A. Place, K. Sowers, K. Saito, T-T. Wong, B. Vinci, C.
Good, W. Hubbard, J.A. Frederick, R. Jagus, C. Hartleb, D.
Bouchard, B. Peterson, C. Bartlett, S. Summerfelt, B Gottsacker, J.
Mitchell, J. Fortier, C. Hlubb, B. Keleher, J. Trushenski, J.
LaChance, K. Ritchie, F. Moser



Recirculating Aquaculture Salmon Network (RAS-N)
Building Capacity of Atlantic Salmon Production in the U.S.

Yonathan Zohar and Catherine Frederick
University of Maryland and
Institute of Marine and Environmental Technology (IMET)
and many others...



Recirculating Aquaculture Salmon Network (RAS-N)
Background

>90% of salmon consumed in the US (~500,000 tons) come from
overseas, at a value of ~$3.2 B (20% of seafood trade deficit)

>$ 3 billion investment in land-based Atlantic salmon production
in the US

Covid accelerated interest in local, safe, land-based production

Maine, Florida, Virginia, Wisconsin, Indiana, Ohio, Texas,
New-York, Washington, California, Maryland, Nevada



Projected Land Based Salmon Production

Global Proposed Volume, MT USA Production Trend, MT
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Overall Goal of RAS-N

» Establish a national, public-private holistic and
collaborative hub of knowledge

> Build capacity for the land-based Atlantic
salmon sector towards successful

» Growth ‘
» Stability : :
** Environmental compatibility

» Economic feasibility
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Recirculating Aquaculture Salmon Network (RAS-N)
Specific Objectives

. Engage stakeholders, solicit input

. Identify gaps and barriers, prioritize R&D and other areas to address them
. Develop a White/Concept Paper

. Economic analysis and feasibility

. Education, Career & Workforce Development (ECWFD)

. Extension and technology transfer

. Demonstrate technology (R&D) and hands-on training projects



Building Capacity of Atlantic Salmon Production in the U.S.:
A national Public-Private-Federal Partnership
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Building Capacity of Atlantic Salmon Production in the U.S.:
A national Public-Private-Federal Partnership
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Building Capacity of Atlantic Salmon Production in the U.S.:
A national Public-Private-Federal Partnership

SKIMET G\l{“\ A
® UMBC “~Seaw | s

~ ) - -
[UNIVERSITY OF V Salm°>:
[EXTENSION \“"" .........

-

<
CONSEQVA.ION Funp L
FRESHWATER INSTITUTE

Wisconsin
[ USD cwtursl | i ety L LK -
Aazsw j {SUPERIOR M et
gf '”M'“th { s:"""'".'r‘:"']




Building Capacity of Atlantic Salmon Production in the U.S.:
A national Public-Private-Federal Partnership
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RAS-N to enable/’spawn’ future projects




Sustainable Aquaculture Systems
Supporting Atlantic Salmon (SAS?)

- 5bs

Sustainable Aquaculture Systems
Supporting Atlantic Salmon

$10M, 5-year funding from USDA/NIFA for national program



RAS-N Mantra: Engage with
Industry Stakeholders

RECIRCULATING AQUACULTURE
SALMON-NETWORK

2019 WORKSHOP

DECEMBER 107 - 11",
WASHBURN, WISCONSIN

DING CAPACITY OF LAND BASED ATLANTIC

Research and Industry Updates
Stakeholder Sessions, Panels and Surveys
Panels on Areas of Priority

Education Needs and Programming

Also: WAS and other meetings



ONSERVATION FUND Off-flavor Research at the Freshwater Institute

» Develop and refine SOPs to optimize depuration

» Two peer-reviewed articles (2020-21) and trade press publications resulted from Sea Grant-funded work

» Freshwater Institute and IMET have also developed research (USDA-NIFA) to help the salmon RAS industry
tackle this important challenge
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John Davidson. CFFI Figure courtesy Davidson et al. (2020). Aquacult. Eng. 90, 102104
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Atlantic Salmon Alternative RAS Feeds

Insect Digestibility:

Protein 89% + 3.84
Lipids 92% + 3.84

FCR<1

Day Day Day Day Day Day Dsy Day Day Day Day Superworms: Zophobas morio

Zero 34 69 101 129 160 188 224 272 308 337

Allen Place, IMET, in collaboration with Skretting



Converting RAS Organic Waste to Fuel Grade Methane (Biogas)

LY

e
Kevin Sowers and Keiko Saito, IMET




Converting RAS Organic Waste to Fuel Grade Methane (Biogas)

Kevin Sowers and Keiko Saito, IMET



Stochastic Economic Simulation Model

Exploring the economics of RAS Atlantic salmon production from egg to market in the U.S.

* Key Model Inputs: Operating and capital costs for hypothetical 5,000MT

facility (based on an industry survey)

* Accounting for Uncertainty: in key production parameters (e.g., feed;

mortality) and market parameters (e.g., head-on gutted price)

e Key Deliverable: Obtain ten-year Net Present Value (NPV) for hypothetical
5,000MT facility

Scott Knoche and Kaitlynn Ritchie, MSU



The University of Wisconsin-Stevens Point Northern Aquaculture Demonstration Facility

Outreach, Education and Workforce Development
Program Includes:

» K-12 education initiatives — incorporate aquaculture into
the classroom

» Virtual tours and presentations showcasing facility,
species, systems, and projects

> Interactive technical or educational demonstration tours
for all audiences

» UWSP Aquaculture Minor and Aquaponics Certificate
Program

» Intensive apprenticeships & internship training
programs with nearly 100% job placement rating into
the industry.

Emma Wiermaa, UW-SP NADF



1. Experiential Courses for All Learners

RAS course Husbandry course

Health course Shellfish course

3. UMaine Aquaculture Micro-Credentials

Prepare Train Apply Earn

2. Industry Partnered Internship Program

Interns work within a wide diversity of aquaculture
organizations learning skills sets desired by the industry

4. 4-H Aquaponics Program

Virtual program that allows youth to design, build and
maintain their own aquaponics system at home

Scarlett Tudor, UMaine



Maryland Sea Grant and University of Maryland Extension
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Aquaculture
In Action

TOOLS FOR TEACHING SCIENCE

» Uses aquaculture to provide K-12
learning opportunities meeting
science education standards

» Student-Driven Science

Adam Frederick, MDSG

Aquaculture in the classroom
(Biology, Chemistry, Physics)

Teacher Professional Development

Workshops

|

~/  IMET

abrant o



RAS-N Extension: Develop a White Paper (now Concept Paper)



Recirculating Aquaculture Salmon Network (RAS-N)
Delivering on objectives- Targeted Working Groups




Recirculating Aquaculture Salmon Network (RAS-N)
Delivering on objectives- Targeted Working Groups

34 Individuals from:
6 Industry Partners
2 USDA Agencies

NOAA
3 Sea Grant Programs
1 non-profit
5 Universities




RAS-N Extension: Develop a White Paper (now Concept Paper)
Involved Work Groups: R&D, ECWFD, Extension, and Economic

Economic

° Microbiomes @Jes Analysis > 28 Contributors

Domestic Salmon
Broodstock Sterility

> 15 Organizations/Companies

Early
Maturation

& Egg Imports — \ - . Optimized > 20 Pages
Engineerin
- +» State of Supply and
Production Practices

RAS-specific
Feeds

. ‘ ** Needs/Barriers
Viomsgement @ v’ Challenges
v" Potential Solutions

Regulation

@ and Policy



RAS-N Extension: Concept Paper Status

In Progress
Summer & Fall

2021 ‘

Spring & Editing and Final
, Summer 2021‘ Round of
Fall & Winter Editing and 2n¢ Sharing w/
2020 A Round of External
Editing and 1% Sharing w/ Sea Advisory Panel
Summer 2020‘ Round of Grant
Compiling Sharing w/ Leadership
Spring 2020 A Concept Paper Chairs of
Generating and Meetings Working Groups
Winter 2019‘ Content for
Form Working Concept Paper

Groups Around
Stakeholder Topics

Workshop to
Outline Topics



RAS-N Extension: Survey of Salmon RAS Priorities

Involved Work Groups: Extension and Research

Preliminary Results of 12
In-Network Respondents

Updated Results
coming soon




RAS-N Extension: Website for Outreach and Information Sharing

Involved Work Groups: Web Development w/ PMT and Communications

John Stubblefield Emma Wiermaa Jennifer Smith Lisa Tossey

Tom Xiong (not pictured)



RAS-N Extension: Website for Outreach and Information Sharing

Website: ras-n.org @»

Recirculating Aquaculture
Salmon Network

Sustainable * Innovative

Averaging 1,500-2,000 views a week

Mission Vision Goals




RAS-N Extension: Communicating Information with Targeted Audiences

Maryland-led Land-based Salmon
Aquaculture Advancement

oty e Uniwersiy of Marylard BUtmorne Coumty M0 . Comaietind st stegst In Creating a4 economic

Building Maryland Capacity
in Land Based Aquaculture
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work Sy ratwork has United States.”

October 8-9, 2020: Second Annual RAS-N Workshop (virtual meeting)

Institute of Marine and Environmental Technology (IMET), Baltimore, Maryland

+ Program and Welcome >
+ Plenary presentations 4
— Off-flavor and Mitigation updates ¥
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RAS-N Extension: Collaboration Efforts for Traditional Extension Products

I

THE UNIVERSITY OF UNIVERSITY OF

Pe MARYLAND
E y MAINE EXTENSION

A

Off-Flavor: Ensuring Product Quality >

Kata Sharrer (not pictured) Laura Rickard Allen Patillo

(including SAS2 efforts)



Recirculating Aquaculture Salmon Network (RAS-N)
A Final Deliverable: Road Map/Strategic Plan

An extensive analysis of the status of the industry, projected
growth, biological and technological gaps, R&D priorities,
mechanisms to promote public-private partnerships.

Help policymakers, federal and state agencies and industry
identify and responsibly allocate resources to promote an
economically feasible and environmentally sustainable land-
based Atlantic salmon industry in the US.



RAS-N Hub Aquaculture Roadmap:

Addressing NSGO, NOAA and U.S. Goals & Policies

NSGO

e Stakeholder partners: academia, industry, government, consumers

e Sea Grant partners (MD, ME, WI)

* Integrate Sea Grant extension, communications and education

networks

NOAA- national marine and economic policy goals
* Increasing sustainable marine aquaculture
 Workforce development
* Increasing diversity in marine science

U.S. federal policy goals:
* Sustainable seafood production
* Reducing pressure on wild fisheries
* Climate change mitigation and adaptation

Congress’s goal: Increase U.S. aquaculture production

Fredrika Moser, MDSG, co-Lead PI



Our Network Welcomes Questions and Insights

Lead PI: Dr. Yonathan Zohar
Institute of Marine and Environmental Technology
zohar@umbc.edu

Extension: Dr. Catherine Frederick (Cat)

University of Maryland Extension and

Institute of Marine and Environmental Technology
cfrederi@umd.edu
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