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Executive Summary

Seafood is a dietary staple in Hawai‘i, where there is a comparatively high demand for
fresh local seafood (Loke et al., 2012a). Despite deeply rooted cultural traditions
surrounding fishing and raising seafood, an estimated 45-63% of commercial seafood
consumed in the islands today is imported (Costa-Pierce, 1987; Kawaharada, 2006;
Loke et al., 2012b; Loke and Leung, 2013; Teneva et al., 2018). Supporting the local
aquaculture industry can enhance local food security, reduce reliance on wild stocks,
and support sustainability goals.

Due to Hawai‘i’'s geographical isolation, large and small aquaculture producers alike
face supply chain challenges that limit their ability to substantially contribute to the local
seafood supply. This report examines the Hawai‘i commercial aquaculture supply chain
and provides recommendations for strengthening it. Research methods include
stakeholder interviews, commercial producer and buyer surveys, and research from
secondary sources. This report complements two companion reports: Hawai'i
Aquaculture Market Analysis and Loko I'a for Agroecosystem Resilience.

Findings indicate that the greatest obstacles are concentrated at the early stages of the
supply chain, and producers’ perceived challenges decrease towards the latter stages.
Inputs, especially feed, energy, and labor costs, are highly cited as the main barriers to
achieving profits and economies of scale. Complex regulatory and permitting
requirements further complicate efforts for start-ups and expanding companies. The
absence of commercial hatcheries means that producers must be vertically integrated,
limiting their productive capacity. Similarly, a lack of technical expertise and disease
diagnostic capacity leaves businesses vulnerable to losses. Small and medium-sized
producers have limited access to capital and support, making it difficult to scale their
operations and invest in food-safety-compliant processing facilities necessary for
reaching larger markets.

Despite these supply chain barriers, the Hawai‘i aquaculture industry is gaining traction.
Innovations in multi-trophic aquaculture, loko i‘a restoration, alternative feed sources,
and offshore mariculture signal an industry poised to thrive. Coordinated efforts among
government, industry, and the education sector are necessary to mitigate supply chain
barriers. Increasing the capacity and support will position aquaculture producers of all
sizes to thrive economically and significantly contribute to Hawai‘i’s food security and
supply chain resilience in a sustainable and culturally relevant way.
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Introduction

Hawai'‘i is deeply connected to seafood as a cultural, economic, and dietary staple. Data
since the 1970s has shown that the demand for seafood is higher in the islands than in
the United States Continent (Loke et al., 2012a). In 2022, the U.S. average annual
seafood consumption was 19.7 pounds per person, as compared to Hawai‘i‘'s most
recent estimate of 37 pounds per person (Loke et al., 2012; National Fisheries Institute,
2024; Teneva et al., 2018)."

Historically, Hawai‘i’'s seafood resources were abundant and sustainably managed with
practices such as loko i‘a (traditional Native Hawaiian fishponds) and related kapu
systems (i.e., regulated fishing) (Costa-Pierce, 1987; Kawaharada, 2006). Colonization,
growing populations, climate change, and unsustainable fishing practices (among
others) have considerably reduced Hawai‘i’'s aquatic food resources (Costa-Pierce,
1987). The results of a 2017 landmark study suggest that overfishing, a proxy of human
population density, is causing a decline in the total biomass of Hawai‘i’'s nearshore food
fish species, especially around the most populated islands of O‘ahu and Maui (Big
Island Now, 2017; Friedlander et al., 2017).

While estimates show that 88.4% of all food consumed in Hawai‘i is imported, 45-63%
of commercial seafood consumed in the islands today comes from external sources
(Costa-Pierce, 1987; Kawaharada, 2006; Loke et al., 2012b; Loke et al., 2013; Loke &
Leung, 2013; Teneva et al., 2018). This difference is partly due to island residents'
inherent demand for fresh, local seafood. With such high demand and limited wild fish
stocks, Hawai‘i farm-raised seafood could help to fulfill this preference while preserving
ocean fisheries for future generations.

Globally, the consumption of aquatic animal foods is increasing at a rate significantly
higher than the population growth, signifying increasing demand (Food and Agriculture
Organization of the United Nations [FAO], 2024). From 2000 to 2022, worldwide
aquaculture production more than doubled from 43.4 million metric tons to 94.4 million
tons of live weight equivalent. In 2022, for the first time, aquaculture production
surpassed capture fisheries, accounting for 51% of global production and 57% of fish
production for human consumption, indicating its vital role in food sustainability and
global food security (FAO, 2024).

The Blue Foods movement aims to put aquatic foods on the agenda to achieve more
nutritional, equitable, and sustainable food systems (Crona et al., 2023). Overall, blue

! Hawai'i per capita consumption number includes both commercial catch and recreational/subsistence,
where the U.S. number excludes recreational catch.
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foods are found to cause less environmental distress than land-based animal production
(Tigchelaar et al., 2022). For example, one study found that beef production is
responsible for more than eight times the amount of greenhouse gas emissions
(measured in carbon dioxide equivalents) as the equivalent amount of farmed fish
protein produced (5.98 kg carbon dioxide/100 grams protein for farmed fish vs. beef at
49.89 kg carbon dioxide/100 grams protein) (Poore & Nemecek, 2018).

Still, the worldwide rise in commercial seafood farming has been plagued by
environmental issues. For example, a reliance on wild-capture fisheries for aquaculture
feed formulation (Diana, 2009; Naylor, 2009), habitat destruction, and concerns over the
escape of cultured species (Diana, 2009). Building Blue Food Futures for People and
the Planet (2021), a report of the Blue Food Assessment, urges changes to the
aquaculture industry that will reduce carbon footprints within existing systems and
create a shift to support smaller producers. It stresses the need to wisely choose low-
impact species and reduce reliance on unsustainable feed sources. Or, better yet,
creating extensive or unfed systems that can improve the environment while creating
negligible carbon emissions (Building Blue Food Futures, 2021). In Hawai'‘i, loko i‘a are
an example of such a system.

Seven Asian countries lead the world in aquaculture production, while the United States
ranked 18th as of 2022. This leads to the importation of 70-85% of the seafood
consumed in the United States, more than 50% of which is farmed (National Oceanic
and Atmospheric Administration [NOAA], 2022). Hawai‘i can help address this national
aquaculture production gap. The Hawaiian Islands are rich in natural resources and
rooted in aquaculture traditions. They are also a mixing pot of knowledge, culture, and
innovation. Thus, Hawai'i is well situated to be a case study of a successful, sustainable
seafood industry.

However, the Hawai‘i aquaculture industry has experienced tenuous growth with total
sales hovering between $66-$78 million from 2014-2020 (United States Department of
Agriculture [USDA] - National Agricultural Statistics Service [NASS], 2022; USDA-
NASS, 2025). While the industry experienced its most valuable year ever in 2021 at
$79.6m, sales were down to $68.4m the following year, and $52.9m by 2024 (USDA-
NASS, 2025). By comparison, the most valuable aquaculture-producing states of
Mississippi and Washington State each topped $276.9m in sales in 2023 (USDA-NASS,
2024).

In 2024, just over half of Hawai'i’s total aquaculture sales (52%) were from shellfish, 6%
from ornamentals, and 42% from “other” aquaculture, including finfish and algae. In
prior years, algae data were disaggregated and reflected a high percentage of total
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aquaculture sales, such as 2021, where algae accounted for 46% of sales (USDA-
NASS, 2022; USDA-NASS, 2025). This algae revenue is mainly from health supplement
producer Cyanotech, the supplements of which are available ubiquitously nationwide
(Cyanotech, 2023; Nutrex Hawai‘i, n.d.).

Since 2005, the number of freshwater farms has remained stable. For saltwater
production, the number of acres farmed has been increasing while the number of
saltwater farm operations is decreasing (USDA-NASS, 2013c; USDA-NASS, 2023a).

Ili'Elon one extreme, several small businesses produce a minor percentage o
seafood destined for local consumption. Conversely, a handful of large

of sales, indicating industry consolidation

businesses represent the majorit
(Hatch Innovation Services, 2024b). Table 1 below tracks both the number of farms and
acreage from 2005 to 2023.

Table 1: Hawai‘i freshwater and saltwater farms and acres

Census year | Freshwater farms | Freshwater acres | Saltwater farms Saltwater acres
2023 33 181 18 553
2018 32 221 23 573
2013 32 128 16 751
2005 33 75 30 254

Source: Authors using data from the Census of Aquaculture (U.S. Department of Agriculture (USDA)
National Agricultural Statistic Service (NASS), 2013c; USDA-NASS, 2023a)

Despite the diversity in business size, all producers in Hawai‘i experience well-known
challenges stemming from their geographic isolation and associated high costs (e.g.,
shipping, living expenses, and labor). This translates to a myriad of regulatory hurdles,
economic barriers, and supply chain gaps that hold back industry growth. This report
aims to support such growth through the identification of the primary barriers to the
industry and providing recommendations for the most impactful levers for systemic

change.
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Project Background

Arizona State University (ASU) is a global university with campuses and students
worldwide. ASU has been actively working in the Hawaiian Islands since 2014 to
establish collaborative and creative partnerships with those who share our institutional
commitment to environmental and cultural sustainability. In 2018, the Swette Center for
Sustainable Food Systems was established under the direction of Dr. Kathleen
Merrigan; the Center began actively working in Hawai‘i in 2019.

Hawai‘i-based Swette Center researchers initially connected with local partners
Kua‘aina Ulu ‘Auamo (KUA) and Hawai‘i Sea Grant in 2021 to identify needed areas of
support in Hawai‘i aquaculture. This project was born out of these conversations, as
well as needs identified by KUA in their 2020 Loko I'a Needs Assessment (Hui Malama
Loko I‘a, 2020).

The following three objectives were identified:

Objective One - Market Research: Evaluate consumer perceptions and preferences for
farm-raised local fish, including gray sea chub, mullet, milkfish, Hawaiian flagtail, Pacific
threadfin, tilapia, and seaweed, to grow the market potential for these species.

Objective Two - Supply Chain Research: Determine supply-chain needs of Hawai‘i's
aquaculture producers for meeting market demand, including employing strategies such
as producer associations, financing, technical assistance, and marketing and food
safety standards, including Food Safety Modernization Act (FSMA) compliance.

Objective Three - Sharing Results: Elevate aquaculture systems as viable food
production methods through disseminating findings widely, including with key
aquaculture-producing groups, and presenting the results of the study publicly.

This report is focused on Objective Two, examining the supply chain needs for Hawai‘i’'s
aquaculture industries. Through examination and analysis of the challenges and gaps
across the supply chain, priorities can be identified, and efforts can be best directed
toward long-term improvement and resilience. This report aims to contribute to the
growing body of knowledge around Hawai‘i aquaculture systems to best support the
industry towards enhanced local food security. This report is one of three final reports
for the project Enhancing Hawai'‘i’s Food Security through Aquaculture.
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Methodology

Research Goals

This report's main objective is to determine the supply chain needs of Hawai‘i’s
aquaculture producers to meet market demand. Based on primary and secondary data,
each segment of the supply chain is explored, and recommendations for strengthening
the sector are provided.

Aquaculture Alliance Outreach Partners

An Aquaculture Alliance Outreach Partner board was recruited and included
aquaculture experts from the community, industry, and education sectors. The board
met monthly with team members and provided input, guidance, and support in data
collection, analysis, and dissemination. Outreach partners received a $1,000 stipend for
their efforts, except for one who offered to volunteer their time. The research team
thanks these members for their guidance and support during this project and ongoing
work in Hawai‘i food systems. See Table 2 below for details on alliance members.

Table 2: Aquaculture Alliance board members

Name Organization

Brenda Lima Hui Malama Loko I‘a Coordinator, Kua‘aina Ulu ‘Auamo (KUA)
Bradley “Kai” Fox Aquaculture Extension Specialist, Hawai‘i Sea Grant

Cherie Kauahi Aquaculture Extension Specialist, Hawai‘i Grant

Adhann lwashita Research Specialist, Pacific Resources for Education and Learning
Alexia Akbay Founder and CEO, Symbrosia

Data Collection

The study was reviewed by the Arizona State University (ASU) Institutional Review
Board (IRB) and was deemed exempt on 5/3/2023. The IRB number for this project is
STUDY00017870, Enhancing Hawai‘i's Food Security Through Aquaculture.

Interviews, surveys, and desk research were utilized. Data from interviews and surveys
was collected between January 2023 and May 2024. The research collection methods
are summarized in Table 3 and are detailed in Appendix A, including participant
demographics, survey instruments, and information on analysis.
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Table 3: Research methods and objectives
Research method Description Objectives

Census data, peer-reviewed
journal articles, technical reports,
organization websites, etc.
One-hour semi-structured
interview with commercial
producers, fishpond caretakers,
commercial buyers, and
aquaculture leaders / experts.
Thematic analysis was
conducted using an iterative
process and qualitative coding
software.

Online survey including
Commercial producer survey | questions about production and Determine supply chain challenges
(n=9) perceptions of supply chain and opportunities to address them

segments

Survey completed by restaurant
managers, grocery store / fish
Commercial buyer survey market managers, and

(n=21) wholesale companies. Questions
included multiple choice, Likert-
scale, and open-ended formats

Literature review and desk
research

Provide context for current industry
challenges and opportunities

Industry interviews:
aquaculture producers,
fishpond caretakers,
commercial buyers, other
stakeholders and experts
(n=21)

Identify supply chain gaps,
opportunities, and challenges

Identify purchasing patterns,
seafood perceptions and preferred
attributes

A total of 17 commercial aquaculture producers were included in this study via interview
and/or survey. The researchers contacted 18 producers to request an interview directly,
aiming to include operations that vary by scope and species. 11 producers (61% of
those contacted) ultimately participated in an interview. The survey participants were
recruited by contacting and directly inviting all known aquaculture operations with an
online presence in the state to participate. Additionally, the survey was distributed
through the email networks of both the Hawai‘i Aquaculture Collaborative and the
Hawai‘i Aquaculture and Aquaponics Association.

The 2023 Census of Aquaculture included 51 aquaculture farms in Hawai'i, including
both saltwater (33) and freshwater (18) producers (USDA-NASS, 2023a). Therefore, our
study sample includes an estimated 33% of producers. Participants were primarily
freshwater producers, at 11 respondents, and 7 marine. Some participants indicated
that they utilized both marine and freshwater or brackish environments; therefore, the
total exceeds 17. A variety of species are represented in this sample, with the largest
share of respondents producing tilapia. See Table 4 below.

See Table 18 in Appendix A for a complete list of interviewees, including 11 producers,
4 commercial buyers, 4 leaders/experts, and 2 fishpond practitioners.
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Table 4: Participant aquaculture producer demographics, n = 17

Water type # |lIsland # | Species produced #
Freshwater 11 | O'ahu 7 | Tilapia 7
Marine 7 Hawai'i | 6 | Food shrimp 3
Brackish 2 Kaua'i 2 | Seaweed 3
Maui 1 | Molluscs 2

Moloka'i | 1 | SPF broodstock shrimp | 2

Chinese catfish 1

Kanpachi 1

Nenue 1

Swai 1

Trout 1

Unlisted 1

Analytical Framework

) @
RS

¥ ENABLING ENVIRONMENT & SUPPORTING FUNCTIONS ==

Figure 1: Aquaculture supply chain segments used for analysis (source: authors)

The following analysis is synthesized through the lens of a vertical seafood value chain,
where at each step, there is an added level of value. Based on previous aquaculture
supply chain work (Schrobback et al., 2021), the supply chain was segmented into the
following: inputs, production, processing, wholesale, retail, and demand. The “enabling
environment and supporting functions” were also included and analyzed. This refers to
the rules and regulations, policy, environmental restrictions, and other variables that
affect the ability of producers to operate. It also includes supporting functions such as
infrastructure, other value-chain actors, input providers, and the availability of technical
assistance and market information.

The authors acknowledge that there is overlap among certain supply chain segments
and the enabling environment, especially among issues surrounding regulations,
permitting, and policy. Hawai‘i regulations, which vary for on-land freshwater producers
vs. offshore producers, have been characterized as “one of the most exhaustive
regulatory frameworks in the world” (Hatch Innovation Services, 2024b, p. 49). Primary
data from stakeholder interviews revealed how permitting and regulatory requirements
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have affected operations. Therefore, throughout this report, the permitting and
regulatory issues relevant to each segment of the supply chain are discussed in detail in
their respective sections.

Figure 2 outlines the primary regulations and permits that producers may need to
adhere to depending on the specific operation. This list excludes food safety
regulations, which are treated separately and are analyzed in a dedicated section of this
report.

Federal Environmental Impact Statement
U.S. Department of the Army permit
Section 106 Review: National Historic Preservation Act

State Environmental Impact Statement

Conservation District Use Application: Use of State Marine Waters
Historic Properties and Sites Review

Burial Sites Review

National Pollutant Discharge Elimination System (NPDES) Permit
Zone of Mixing Approval

Water Quality Certification

Federal Consistency Review: Coastal Zone Management Program

Underground Injection Control
Well Construction and Pump Installation Permits
Water Use Permit

County Environmental Impact Statement

Special Management Area Use Permit: Coastal Zone Management Program
Shoreline Setback Variance: Coastal Zone Management Program

Grading, Grubbing, and Stockpiling Permits

Building Permit

Figure 2: Federal, state, and county regulations impacting
Hawai‘i aquaculture producers (source: authors, utilizing data
from Aquaculture Planning & Advocacy LLC., 2011)
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Findings & Analysis

Using the analytic framework described, the following analysis presents findings from
interviews and surveys, supported by additional policy and industry research. First, an
overview of supply chain segment challenges is presented, followed by an in-depth
analysis of the major supply chain segments. The demand and consumption segments
of the supply chain are primarily covered in the market research companion report,
Hawai'i Aquaculture Market Analysis (Wyman & Crowe, 2026 — in press). Results of this
analysis highlight the major supply chain challenges and lend evidence to action-
oriented recommendations found at the conclusion of this report.

Overview of Perceived Supply Chain Challenges

Commercial producer interview participants (n = 11) were asked to rate the significance
of challenges for the supply chain segments listed above on a scale from 1 being
insignificant and 10 being most significant. Figure 3 shows the average ratings from
participants. On average, challenge significance ratings are greatest at the beginning of
the supply chain (inputs: M = 9) and decrease toward the end (demand/consumption: M
= 4.09), suggesting that inputs are the most significant challenge for Hawai‘i aquaculture
producers. § ifi , the cost of inputs, including energy, wages, and feed, was
cited as a major barrier for producers.

Supply Chain Segment Challenge Ratings
Producer Interviewees (n = 11)

-
o

9.00

Mean significance rating
O 2N W A O N ® O

Inputs Production Processing Wholesale Retalil Demand

1 = insignficant challenge 10 = most significant challenge

Figure 3: Mean supply chain segment challenge ratings from producer
interviews
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Accessing suitable land was also a notable barrier. Processing was rated as the second
most challenging segment in the supply chain, at M = 6.73. This result may reflect the
small scale of producers, who must reach a higher production volume to justify
investment in dedicated processing infrastructure, as well as challenges involved with
regulatory compliance and the cost and technical aspects of processing various
seafoods. Retail ratings (M = 5.82) are slightly higher than wholesale (M = 4.60). This
reflects the fact that for those producers who are producing adequate volume, there is
demand in the wholesale market. See Appendix A for the detailed interview
methodology.

The aquaculture producer survey included a list of 30 possible supply chain challenges
and asked participants to rate them on a Likert scale from 1 (not a challenge at all) to 5
(extreme challenge). Table 5 displays average ratings broken down into red (high-rated
challenges), yellow (medium-rated challenges), and green (low-rated challenges). See
Appendix A for an overview of survey methodology and participant demographics and
Appendix B for the survey instrument.



Page |11

Table 5: Aquaculture producer survey (n = 9), mean supply chain challenge ratings

e
w Lack of skilled labor 4.13
Cost of energy 4.00
Cost of labor 3.89

Emf:’l%i"ﬁ”%,%z'%“m Access to financing 3.86

Cost of feed 3.78

A sleroRTe Obtaining permit(s) 3.22
Energy infrastructure 3.00
Cultivation of feed 2.88

Growing cultivated species to marketable size 2.78

Availability of feed 2.78
Availability of energy 278
Access to land 2.75
m Sourcing seedstock (fingerlings, spat, etc.) 2.67
Lack of needed processing infrastructure 2.67

Broodstock conditioning & spawning 2.67
Meeting production levels to service a wholesale market 2.56
R Lack of access to technical assistance 2.50
e 244

Juvenile cultivation 2.44
Sourcing broodstock 2.33
Lack of adequate cold chain for distribution 2.33

Effluent management 2.33

Animal health and disease management 2.33

Access to freshwater 2.33
Lack of a wholesale market demand 2.22

SRR Cost of technical assistance 2.13
Lack of relationships with retailers 2.1

Lack of a retail market demand 2.11
Access to seawater 1.88

Lack of other distribution infrastructure 1.57
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As seen in Table 5, the highest-rated challenges were nearly all input-related,
specifically the cost and/or availability of labor, feed, and energy. Access to financing
was also a significant supply chain roadblock. As for the medium-rated challenges,
inputs still dominated the higher end of these challenges. This included accessing
seedstock and broodstock conditioning and spawning, pointing towards the need for
increased R&D and hatchery efforts. Obtaining permits was at the top of the medium-
rated challenges, an often-cited challenge in interviews. About half of the lower-rated
challenges were connected to market demand. When asked to elaborate on these

challenges through open-ended questions, [JElaile]X=Ta &RV Te 1§ ToTo] {-To B g T-4 [-XT-T1T ) o

of enhanced infrastructure, increased technical assistance, and governmental

regulations that promote the industry's expansion and durability.

Overall, these survey challenge ratings align with interviewees’ ratings, indicating that
most supply chain issues appear early in the supply chain. To alleviate pressures on
producers, lowering barriers related to accessing and affording inputs may be more
pressing than retail and wholesale challenges.

“In somewhere like Hawai‘i, where logistics are very difficult and expensive when
we're talking about importing or exporting- the end market for your product, but
also where your inputs are coming from, are critical considerations- for the
profitability, for the sustainability. And when you think about supply chain
resilience, can you absorb shocks due to climate disruptions, weather
disruptions, due to geopolitical disruptions?”

— Conservation professional, personal communication, October 2023

As a remote archipelago with limited resources, the most challenging input issues for
Hawai‘i's aquaculture producers relate to cost and availability. As Table 5 previously
showed, the
just ahead of labor (M = 3.89) and feed costs (M = 3.78).JAXe[e[ITesEINIaE o] gl ERifeln]
interviews are explored below.
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INPUTS Land Access

Land-based freshwater producers face high barriers to accessing lands on which to
operate. In an interview with John Dobovan, founder of rainbow trout and watercress
aquaponics start-up Kulahaven Farms (since re-named Maui Trout Company), he spoke
of the unavailability of suitable and affordable lands on which to establish an
aquaponics business. After earning a degree from the University of Hawai‘i (UH) Maui
College in aquaponics and having successfully built a test production system, he spent
six months searching for an appropriate site. Eventually, he found a private landowner
willing to lease to him, however, the two-acre property was not ideal, and grading the
land added additional thousands of dollars in start-up costs (J. Dobovan, personal
communication, November 7, 2023). Such unforeseen expenses involved with locating
and preparing a suitable site could be cost prohibitive for many would-be fish farmers.

Hawai‘i Fish Company, the oldest continuously operating tilapia farm in the islands, has
been running on a 30-day revocable permit since locating to its current site in 1992 (R.
Weidenbach, personal communication, June 16, 2023). Because they have been
unable to secure assurance that they may continue operating long-term on this state-
owned land, the company has been ineligible for a multiplicity of funding opportunities,
including business loans or disaster assistance, and they have had a number of national
and international opportunities that they have had to pass up. Additionally, they have
never been able to connect to utilities; instead, they have always had to rely on off-grid
technology. In 2022, the responsibility of this state land was moved from the
Department of Land and Natural Resources (DLNR) to the Hawai‘i Department of
Agriculture (HDOA). As of June of 2023, the company was approved for a long-term
lease from the Hawai‘i Board of Agriculture, though at the time of writing, such a lease
had yet to materialize. Without such assured access to lands on which to operate,
industry growth is stalled. As one producer put it, “This is certainly not a way to build an
industry. | think that has been why NELHA [Natural Energy Laboratory of Hawai'i
Authority] has been so successful, or companies that have had the means to buy fee-
simple land. It's very difficult to be a tenant farmer in Hawai‘i” (Aquaculture producer,
personal communication, June 2023).
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Figure 4: Hawai‘i Fish Company’s North Shore Tilapia
(source: Hawai‘i Fish Company, n.d.)

This lack of assurance that Hawai‘i Fish Company may continue to operate on their
lands uninterrupted has also stifled innovation at the company. With an interest in
expanding into saltwater aquaculture via a saltwater well, they could diversify their
production. However, without a long-term lease, obtaining a permit for such activities
remains out of reach.

A key factor when it comes to land access pertains to the ability of the farmer to live on-
site. For freshwater systems dependent on consistent power availability to keep pumps
and oxygenators operating continuously, power outages can kill off animals within
minutes if operators are unable to quickly restore power. Without living on-site, farmers
may not be able to respond fast enough to critical power outages.

With the highest average costs per kilowatt hour for power in the United States (U.S.
Energy Information Administration, n.d.) and limited availability depending on location,
Hawai‘i aquaculture producers face barriers in accessing and affording power. Overall,
results show that energy is a moderate to major challenge, with cost being the highest
perceived issue, followed by energy infrastructure and availability. See Figure 5.
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Energy Challenge Ratings
(n=9)

4.00

2.78

Mean challenge rating

Cost Infrastructure Availability

1 = not a challenge at all, 2 = slight challenge, 3 = moderate
challenge, 4 = major challenge, 5 = extreme challenge

Figure 5: Hawai‘i aquaculture producers challenge ratings of
energy-related supply chain inputs

Without consistent power, including backup power sources, operations face the threat of
losing their crops if aerators are down for even short periods of time. Kaua‘i Sea Farm,
a 100% off-grid operation, relies on solar energy to power its clam hatchery (D.
Anderson, personal communication, October 31, 2023). Such reliance on solar power
could lead to unrecoverable losses if the operation were to lose power, even briefly.
Multiple power outages at Kulahaven Farms led to huge losses in August 2022. The
operation lost all its fish, from juveniles to mature adults ready for harvest. Standby
generators are available that activate automatically when the main power supply fails.
However, for producers who lack this technology, reliance on backup power sources is
also only useful if producers are on site and able to respond immediately to get them
started in time. With such high electricity costs, already slim profit margins were
stretched even thinner for the small start-up operation (J. Dobovan, personal
communication, November 7, 2023).

Cost-saving opportunities exist for those producers who participate in cooperative
energy arrangements. Kaua'i Shrimp/Kona Bay Shrimp? operates on hydropower
through a local agricultural cooperative, bringing their bill to a quarter of the cost of what
it would be otherwise. However, interviewee Grant Kunishima still emphasizes the need
for three different power options to ensure a backup in case any one option fails (G.
Kunishima, personal communication, April 3, 2024).

2 At the time of the interview Kaua‘i Shrimp (which sells shrimp for retail) and Kona Bay Shrimp (which
produces SPF broodstock for global distribution) were both owned and operated by Hendrix Genetics and
Sunrise Capital LLC. In 2024/2025 Kaua‘i Shrimp was aquired by O‘ahu-based Aloun Farms and Kona
Bay Shrimp remains under control by Hendrix Genetics/Sunrise Capital (Agribusiness Development
Corporation, 2024; Kona Bay Shrimp, 2026).
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Figure 6: Kaua'i Island Utility Cooperaive’ Waiahi Hydpower Plants
(source: Wailua-Kapa‘a Neighborhood Association, 2019)

Maximizing the energy efficiency of operations is also paramount to shrinking energy
needs for producers. For example, for those producers who engage in any form of
processing that may require refrigeration, the efficiency of cold storage is also of
importance.

Labor & Workforce Development

Accessing skilled, reliable, and long-term labor pools is a primary challenge hindering
the growth of Hawai‘i’s aquaculture industry. The cost of providing a livable wage in a
place where the cost of living exceeds that of any other U.S. state makes small-scale
producers struggle to attract and afford workers (Missouri Economic Research and
Information Center, n.d.).

While some producers are backed by investors, allowing them to overcome some of
these challenges, others must harness creative routes to bring employees into their
operations and pay competitive wages. Even when companies can afford to pay above-
average wages, the availability of qualified and dedicated workers remains a constant
barrier.
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Some companies have seen their operations grow quickly and, therefore, have had to
fill many positions in a short time frame. For example, Blue Ocean Mariculture had 32
employees as of July 2020. By
August of 2023, the company had
more than doubled in workers to
72 employees. Overall, they have
found a readily available pipeline
of workers for their hatchery
operations, with colleges and
academic institutions having
produced an abundance of
graduates versed in recirculating
aquaculture systems and other
enclosed aquaculture, including
structured hatchery systems and
operations. However, where they
have struggled to find a readily
available pool of skilled workers
has primarily been for the more
specialized positions such as
divers and fish processing (R.
Jones, personal communication,
August 1, 2023).

Figure 7: Blue Ocean Mariculture’s Kona
Kanpachi reared in open ocean submersible net
pens (source: Blue Ocean Mariculture, n.d.-b)

Symbrosia, producer of an algae cattle feed supplement, has had similar rapid growth,
growing from 8 to 25 employees in a period of 12 months (A. Akbay, personal
communication, October 5, 2023). NELHA Deputy Director Laurence Sombardier
expressed that this was a general theme among aquaculture park tenants, as they
sometimes expand rapidly, needing many available workers at one time, and they find
that a well-trained and large workforce pool simply is not available (L. Sombardier,
personal communication, July 13, 2023).

Some producers utilize volunteer workers to make ends meet. A popular example is
work traders or “WWOOFers” hosted under the online platform of World-Wide
Opportunities on Organic Farms. Without this “free” labor source, small-scale
producers, absent large investments, may not be able to get off the ground. Moloka‘i
Sea Farms operates with a skeleton crew of five workers, two of whom are volunteer
workers. Owner and operator Steven Chaikin cited that a lack of available workers is
one of the factors holding the company back from growth and increased production (S.
Chaikin, personal communication, June 13, 2023). Similarly, Kulahaven Farms operated
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primarily with volunteer workers to conduct the time-consuming processing protocols for
their aquaponic-grown watercress product (J. Dobovan, personal communication,
November 7, 2023).

Producers have also been able to bring in talent to fill needed positions from both the
continental United States and abroad. Though this may help to solve labor needs in the
short term, those workers without roots in the islands often leave after a few years,
impacting operational consistency. Barriers to granting visas for international candidates
have been one of the main issues standing in the way of bringing in qualified candidates
from around the world (R. Jones, personal communication, August 1, 2023).

Similarly, other producers have taken advantage of temporary worker programs to bring
in skilled foreign workers, including Kaua‘i Shrimp, which utilized the TN Visa (Trade
NAFTA [North American Free Trade Agreement]) to bring in a Canadian employee in
recent years (G. Kunishima, personal communication, April 3, 2023). This program
allows employers to sponsor professional Canadian or Mexican nationals for positions
within the United States for a period of three years at a time, with the option to extend
(U.S. Citizenship and Immigration Services, n.d.). This visa is limited to a specific list of
professional occupations outlined in the original NAFTA agreement, requiring a
bachelor’s degree or similar professional licensure. The occupational list, however, does
include several professions related to the rearing of aquatic animals and/or operating a
farm business, from scientific technician, agriculturist, animal scientist, and zoologist to
accountant and management consultant (Tievsky Immigration Law, n.d.). However, this
may limit the usefulness of such a visa to fulfilling requirements for upper management
positions rather than day-to-day operators. Additionally, the program is ultimately
temporary, and workers may choose to return to their home countries when the initial
three-year term is completed.

In 2023, Blue Ocean Mariculture offered workers a minimum of $22 per hour, well
above Hawai'‘i's minimum wage of $14/hour. Due to the high cost of living along the
Kohala and Kona coasts of Hawai‘i Island, where the company operates, they are
exploring offering accommodation to workers as an additional incentive (R. Jones,
personal communication, August 1, 2023).

Some operations have addressed affording labor via grant funding. At Nomilu Fishpond,
they have managed to secure grant funding for their one full-time employee position
entirely through NOAA research grants (D. Anderson, personal communication, October
31, 2023). Such research grants may help to afford workers in the short term, but
relying on grants to pay for labor long-term is difficult, as many grants do not cover the
cost of staffing.
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Producers also regularly leverage internships
as a route to accessing labor. More
collaboration between certificate or degree
programs and industry could help to increase
intern availability while supporting the
development of a future workforce.
Ultimately, by increasing the efficiency of
production, including through the adoption of
more automated systems and machinery,
labor costs can also be reduced. However,
businesses must produce at scale to justify
investment in such equipment.

Beyond the labor needed for production,
finding labor for equipment and facilities
repair was also cited as a challenge (G.
Kunishima, personal communication, April 3,
2023; S. Yoshida, personal communication,

| 78 | August 31, 2023).
Figure 8: Employee at Nomilu
fishpond handles juvenile clams (photo

credit: Carly Wyman) needed training track for maintenance

A function of the distance from
major industrial hubs, accessing the needed parts for equipment repair can also be
difficult, with producers sometimes having to wait weeks for needed parts to arrive (S.
Yoshida, personal communication, August 31, 2023).

Education & Training

There is a recognition of the need to cultivate interest in aquaculture in students as
young as elementary and middle school. Part of the need for such primary school-level
education stems from the fact that aquaculture jobs are often dirty and manually
intensive (B. Fox, personal communication, August 3, 2023). By introducing young
students to such concepts, future graduates are more likely to consider careers in
aquaculture. Cultivating a love for such work from an early age is a necessary
component of ensuring a passionate future workforce.
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Figure 9: Marine Science Learning Center at Wai‘anae High
School, O‘ahu (source: Marine Science Learning Center, 2016)

The Marine Science Learning Center at Wai‘anae High School offers a two-year
program for high school students to earn credit while fulfilling their mission to “empower
and strengthen the Wai‘anae community by providing students with hands-on
experiences in managing aquaculture systems” (WHS Marine Science Learning Center,
n.d.). The program has been in operation since its founding in 1991 (Hiraishi, 2024). If
replicable, such high school programming could play a significant role in ensuring a
future pipeline of aquaculture-ready workers.

There is now a two-year certificate in limu (macroalgae/seaweed) cultivation being
offered through Palamanui and Windward Community Colleges on O‘ahu (University of
Hawai‘i News, 2024). Similar certificate programs for finfish production would be
welcomed by aquaculture companies seeking more workers for positions that may not
necessarily require a full four-year degree (L. Sombardier, personal communication,
July 13, 2023). See Table 6 for additional examples of aquaculture education in the
islands.

The UH Sea Grant research and extension program has been operating a
demonstration project in collaboration with the Pacific American Foundation, which
stewards Waikalua fishpond in Kane‘ohe, O‘ahu. They are currently working on growing
limu, bivalves, and finfish in integrated multi-trophic on-land aquaculture tank systems
utilizing seawater pumped from the fishpond (Voice of the Sea, 2024). Through
partnering with this non-profit organization, aquaculture extension agent Bradley “Kai”
Fox is helping to develop the aquaculture-related workforce of the organization to be
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able to eventually hand off the operations to them. Such innovative public-nonprofit
partnerships could be developed further to support the continued growth of an
aquaculture workforce. There is already one loko i‘a interested in replicating this
system, and they hope to gather more interest (B. Fox, personal communication, August

3, 2023).

Expanding and replicating these types of educational programs is necessary to build a
skilled and passionate aquaculture workforce. By fostering early interest and providing
accessible training pathways, Hawai‘i can prepare for industry expansion.

Table 6: Additional aquaculture education examples in Hawai‘i*

Program name/Institution ‘ Focus ‘ Age
Curricula
Jefferson Elementary School | Aquaponics Elementary (Fox, 2024)

Hawai‘i Pacific University
(HPU), Oceanic Institute

Marine biology, marine science,
oceanography

Bachelors and masters’
degrees (Hawai‘i Pacific
University, n.d.-b)

University of Hawai‘i (UH)
Hilo

B.S. in Agriculture, Aquaculture
Specialty - freshwater, restorative,
and seawater aquaculture

Undergraduate (University of
Hawai‘i Hilo, 2025)

Field trips

Lanikai Farms

Basics of fish farming for sustainable
agriculture

Grades K-12 (Lanikai Farms,
n.d.)

Waiahole Nursery (Kane‘ohe,
O‘ahu)

Jr. aquaponic gardener: lettuce and
aquaculture

All ages, toddlers through
seniors (P. Dukes, personal
communication, December 12,
2024)

Kualoa Ranch

Customizable education for loko i‘a
restoration

4th grade + (Kualoa Ranch,
n.d.-b)

Distance learning

Kumuola - Marine Science
Education Center

Educational video series on
Waiahole and Kapalaho loko i‘a

Grades 1-3 (Kumuola, n.d.)

Paepae o He'eia (He'eia
Fishpond) O‘ahu

Educational field trips, fishpond
tours, service-learning project

All ages (Paepae o He'eia, n.d.)

Center for Tropical &
Subtropical Aquaculture
(CTSA), UH Manoa

Free online curriculum (A.Q.U.A. -
Quest to Understand Aquaculture)

All grade levels (Brooks, n.d.)

*This list is non-exhaustive
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INPUTS Feed

Feed costs, which globally account for 40-75% of aquaculture production costs, have
been hitting record highs since the COVID-19 pandemic (Ansari et al., 2021). Climate
change events have contributed to volatile land-based crop production levels, which
have a significant impact on feed, as much of it is now largely composed of land-based
proteins and fats (Ansari et al., 2021; D. Klinger, personal communication, October 31,
2023). In addition to high feed costs, Hawai‘i producers face additional challenges due
to a lack of availability.

Feed Challenge Ratings

(n=9)
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1 = not a challenge at all, 2 = slight challenge, 3 = moderate
challenge, 4 = major challenge, 5 = extreme challenge

Figure 10: Commercial aquaculture producers’ mean ratings of feed-
related supply chain challenges

Aquaculture producers surveyed are primarily concerned about the hig

(see Figure 10). Producers are impacted differently by supply chain
inconsistencies and variations in feed availability. While feed cultivation poses some
challenges, resolving the issues of cost and supply chain dependability is essential to
enhancing overall sustainability and profitability.

When Waimanalo Feed Supply was out of the finfish feed one producer regularly
ordered, he had to pivot and order it from a U.S. continent-based company. To make
this economical, the company brought in large quantities and stored it, tacking on
additional costs for shipping and cold storage to preserve this perishable product (J.
Dobovan, personal communication, November 7, 2023).

therefore, is needed to support the scaling of small growers wishing

through the purchase of bulk feed orders.
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On the one hand, small growers need to lower feed costs to grow their operations,
including through bulk purchasing of inputs where possible. On the other hand, they are
not able to afford to buy in bulk and store feed unless they have access to cold storage
or are utilizing feed at a fast enough rate that cold storage isn’t necessary. This is one
area, therefore, where cooperation among growers could support industry growth,
specifically through bulk ordering. This also points to a need for increased availability of
grants and loans for those who need financial support to help them scale. There is
some level of this type of cooperation happening organically on Hawai‘i Island among
larger businesses. For instance, Kohala Mountain Fish, Blue Ocean Mariculture, and
Ocean Era have collaborated to bring in feed containers in the past (B. Fox, personal
communication, August 3, 2023).

Large growers, however, are not immune
to a lack of available feed supply. Kaua‘i
Shrimp/Kona Bay Shrimp is the largest
producer of SPF shrimp globally and
utilizes around 40,000 pounds weekly in
shrimp feed (G. Kunishima, personal
communication, April 3, 2023). This
amounts to a full 40-foot shipping
container per week. Yet, the company has
no written contract with feed suppliers,
leaving them vulnerable to supply
shortages. In one instance, a feed supplier
i 7" stopped producing shrimp feed, so the

|\ L , =0 Kaua'‘i-based producer had to pivot to find

‘ %" I another U.S. continent-based supplier on

Figure 11: Kupu Place, an urban short notice since the company had only
iﬂuippoggz j‘:\rm n HpnolzLJ(I)lJz((Jsource: one week’s supply on hand (G. Kunishima,

P quaponics, ) personal communication, April 3, 2024).
Additionally, around 1/3 of their cost for feed is for shipping alone (G. Kunishima,

personal communication, April 3, 2023). [\EHRUEEEI IRIET E eJolg ezl o] Welo X CH
adopting best management practices to increase the feed conversion ratio would

only be one piece of the puzzle in managing feed costs.

One aquaponic microgreen producer has managed to dial in their feed to increase their
efficiency so well that the cost is no longer an issue for the company. Currently, co-
owner and operator Anthony Mau of Kupu Place Aquaponics does not need to feed his
tilapia daily, having precisely calculated the feed needs for their small system (A. Mau,
personal communication, November 21, 2023). This efficiency, however, took time,
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research, and development to establish- time that many small-scale producers may not
have to reach profitability.

As the industry scales, these findings indicate a clear need for a cheaper local feed
option. There are several initiatives in the islands for developing such an option. The
Animal Nutrition Lab at UH College of Tropical Agriculture and Human Resources
(CTAHR) is exploring novel feed ingredients and additives for cost-effective and
sustainable healthy fish production (Animal Nutrition Lab, n.d.). In July 2024, the UH
Center for Tropical and Subtropical Aquaculture (CTSA), CTAHR, and Hawai‘i Sea
Grant held a series of feasibility workshops on producing feeds locally and creating local
commercial feed mills. One takeaway from these workshops is that there are inherent
challenges in supporting a diverse commercial aquaculture industry. For example, every
species requires different feed formulas, and considerations around floating or sinking,
pelleted or flake, and size need to be factored in. Additionally, the cost of operating a
feed mill can be high due to electricity prices, interisland shipping rates, and the overall
costs of doing business in Hawai‘i (Nakamoto et al. 2024).

Hatch Innovation Services (2024) reported that “low volumes and high-cost ingredients
currently do not justify a local aquafeed mill” (Hatch Innovation Services, 2024b, p. 42).
IRl (sEMthe Hawai‘i aquaculture industry would need to increase

Despite this concern,
having locally available feed would help lift financial and availability obstacles for
producers, increasing their production and profits.

In the aforementioned feed mill feasibility workshop, Anthony Ostrowski, Ph.D., and
Industry Advisory Council Member of CTSA, reflected on the challenges and
opportunities for local feed production moving forward.

It's sort of the chicken and the egg concept...we can't grow the industry
without the mill, but we can’t have a mill without the growth of the industry,
so we need to try to help to grow the industry a little bit, show that we can
do it, show that the feeds are acceptable, little by little. (Nakamoto et al.,
2024, 1:54)

Research, experimentation, and development now could lead to an economically
sustainable aquafeed mill in the future.

With automated and precision feeding technologies, feed utilization can be maximized,
waste can be reduced, and labor costs can be cut. While automated feeding systems
have been utilized for decades, the technology is improving. The addition of sensors
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and underwater cameras, combined with artificial intelligence (which analyzes the data
and makes conclusions and recommendations), allows producers to minimize
overfeeding and maximize growth efficiency (Tina et al., 2025).
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Figure 12: Automated acoustic feeding system (source: AQ1 Systems, n.d.)

Kona Bay Shrimp/Kaua'‘i Shrimp has made use of an automated feeding system in
recent years (G. Kunishima, personal communication, April 3, 2024). This new system,
imported from India, utilizes acoustic auto-feeding by listening to the shrimp feed and
stopping the release of feed when the animals have had their fill.

Since the installation of this new system, the company has reduced the feed conversion
ratio and eliminated the use of excess nutrients in their ponds, which ultimately has
reduced ammonia levels and improved water quality, in addition to saving on costs.
Though such a system has provided a multiplicity of benefits, the adoption of this new
technology has not been without its challenges. Once the equipment was received, it
took two years to get it fully up and running. Training employees, coordinating training
across time zones from Hawai'‘i to India, as well as accounting for cultural and linguistic
differences, made this a difficult feat. Part of the effort to do so involved bringing in
international experts from India and Ecuador to assist in the process (G. Kunishima,
personal communication, April 3, 2024).

Such automated systems offer enormous benefits in terms of efficiency and cost-
cutting. However, the upfront costs and logistical barriers associated with getting such a
system properly up and running are out of reach for many of Hawai‘i’'s smaller
aquaculture producers.
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The restoration of loko i‘a and the development of other innovative growing systems will
be key to reducing reliance on imported feed. One benefit of loko i‘a-based production,
a form of extensive multi-trophic aquaculture, is that the need to introduce feed to the
system may be bypassed. Nomilu fishpond currently does not add feed to its pond to
cultivate hard shell clams (Mercenaria-mercenaria), as the natural environment is
already heavily laden with nutrients. The bivalve filter feeders not only grow utilizing the
existing nutrients but also clean and improve the overall health of the pond ecosystem
by doing so (D. Anderson, personal
communication, October 31, 2023).
Introducing feed into an already
nutrient-overloaded pond does not fit
with the ethos of the operation and is
not in the plans for the near future.
However, to be able to harvest a
bivalve crop to help sustain operations : = e
while cleaning the pond of excess =
nutrients is an example of the
ecosystem services that operating
fishponds can provide, while

producing protein for local Figure 13: Clam production at Nomilu
consumption. Fishpond (photo credit: Carly Wyman)

Aquaculture R&D company Ocean Era has been developing techniques for
commercially rearing native nenue (sea chub, encompassing various Kyphosus
species), including experimenting with various feed types. Initially, the company
experimented with the high-protein and high-fat kanpachi (Seriola rivolian) feed utilized
by NELHA HOST (Hawai‘i Ocean Science and Technology) Park neighbor Blue Ocean
Mariculture. However, they have found that the nenue has thrived on less expensive
tilapia feed, which contains primarily land-based ingredients. Although the native fish
consumes limu primarily in the wild, their tank-grown fish have not grown quickly on an
algae-only diet, rendering such a diet currently unsuitable for commercial production.
However, CEO Neil Sims sees an opportunity for multi-trophic production of nenue with
limu to take advantage of both the climate benefits and potential carbon credits of
growing limu and the production of nenue in a managed pond environment (N. Sims,
personal communication, August 30, 2023). Such a system would tie together solutions
for eliminating feed costs, capitalizing on climate benefits, and protein production of a
well-loved local species.
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Figure 14: Stages of juvenile production in aquaculture (source:
authors)

A reliable seedstock and broodstock supply is essential for a successful aquaculture
industry. To date, nearly all Hawai‘i aqua farms are vertically integrated, conducting
activities from seed cultivation through processing, marketing, and distribution. This is
due to the small scale of the industry as a whole; specialization has not yet occurred.
Smaller businesses are not yet able to source reliable commercial juvenile seed stock,

which would reduce the time and resources it takes to raise their product to reach
market size.

To determine the level of perceived challenges around broodstock and seedstock,
producer survey participants were asked to rate how challenging the following topics are
to their current operation: sourcing seedstock, broodstock, conditioning and spawning
broodstock, and cultivating juveniles; see Figure 15 for results.
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Broodstock and Seedstock Challenge Ratings
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Figure 15: Commercial aquaculture producers’ mean ratings of broodstock
and seedstock supply chain challenges

This indicates that producers face slight to moderate challenges in all of the above-
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of affordable seedstock and broodstock.

There are very few locally based options for purchasing seedstock and fry. For
those unable or not at a scale at which it makes sense to operate their own
hatcheries, producers must mainly rely on imported seed. Interview findings
described below point to permitting and cost as the primary barriers to importing
broodstock and seedstock.

Seedstock Import Regulations

“Although permits are not required for our farm, we understand that permits are
often delayed and limit the ability to bring in genetic stock and/or produce on
grow-out farms where the seed is coming from elsewhere.
Interisland should have way less restrictions for some of the species that are
cultivated on all islands already.”

— Aquaculture producer survey participant, January 3, 2024
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The HDOA Plant Industry Division’s Plant Quarantine Branch (PQB) regulates the
importation of plants and animals into the islands (Plant Industry Division, n.d.-a). It is
important to note that additional import permits may be required by the U.S. Fish and
Wildlife Service if stock is imported from outside of the United States (U.S. Fish &
Wildlife Service, 2012). All plants and animals require inspection upon arrival. For non-
domestic animals, the PQB has three types of import lists:

1. Restricted - require a permit for both importation and possession, are monitored
closely, and movement within the state is only by permit.
e List A - Animals for research and display
e List B - Animals for private and commercial use
2. Conditionally approved - organisms that present the lowest risk in the event of
escape or unauthorized release into the environment. These species may or may
not be monitored after arrival.
3. Prohibited - not allowed for importation into the state.

Both animals on the conditionally approved list and the restricted lists require a Permit
to Import Restricted Commaodities (Plant Industry Division, n.d.-b). As for importing
seaweed into the islands for propagation, interested parties must consult the List of
Restricted Microorganisms Part B. If the algae species is on this list, a permit is
required, including a grow-site inspection to verify compliance with permit conditions. If
the species is not on the list (non-restricted), the PQB may issue a letter of authorization
upon receiving the import application (PQB Microorganism Specialist, personal
communication, January 2025).

For those businesses that wish to ship aquatic animals interisland, animals must be
inspected at the PQB on the departing island. Permits are issued depending on which
list the species is on (restricted, conditionally approved, prohibited), meaning certain
species are not allowed to travel interisland. If the animals pass inspection, they will be
issued an interisland permit. Checking with the individual airlines or shipping companies
about their restrictions will be necessary to ensure that they are able to safely transport
the animals in question as well. Interisland shipment of seaweed for propagation
requires a similar process, including application for a permit and undergoing inspection
(PQB inspector, personal communication, January 2025).
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Figure 16: Big Island Abalone farm, Kailua-Kona (source: Big Island Abalone, n.d.)

The approval of an import permit (and the time it takes) is paramount to the ability to
stay in business. If the species has been previously approved, the permitting process is
straightforward. For example, it is anecdotally relatively easy to obtain permits for most
tilapia species; however, those producers trying to import new genetics are likely to run
into permit walls (B. Fox, personal communication, August 3, 2023).

To start the process of obtaining a permit to import genetics that are new to Hawai'‘i, an
application and species profile are submitted to the PQB. The submission goes through
a multi-tiered review process by two advisory committees, a decision by the Board of
Agriculture, and public hearings. Finally, the species will be placed on one of the 3 PQB
lists (restricted, conditionally approved, or prohibited) (Aquaculture Planning &
Advocacy LLC, 2011). The lengthy process, which can take up to a year in some cases
or ultimately be denied (L. Sombardier, personal communication, July 13, 2023), may
deter innovation and growth in the industry. In one example, Kulahaven Farms paved
the way for importing trout eggs into the islands as the first producer to request a permit
to do so. For this producer, the approval process to bring eggs in from a Washington
state-based hatchery took around five months (J. Dobovan, personal communication,
November 7, 2023).

Another challenge relates to keeping seedstock viable during transport. For Kulahaven
Farms, the eggs were first sent to O‘ahu for inspection before being shipped to their
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farm on Maui. Because trout eggs must be kept below 55 degrees Fahrenheit, careful
packaging and transport practices are necessary, and losses are common (J. Dobovan,
personal communication, November 7, 2023). However, with the local industry not yet at
a scale to be able to support local trout hatcheries, this remains the only option for trout
seedstock currently.

Increasing seedstock costs can also hinder a business’s growth. Big Island Abalone
sources its seedstock from Japan and Korea. While the company has seen the seed
cost increase, the market price for its final product has remained the same at times due
to global market conditions, reducing overall profit margins (S. Yoshida, personal
communication, August 31, 2023).

Figure 17: Clarius fuscus or "Hong Kong" catfish (source: Nico, 2025)

Catfish in Hawai'‘i is another example of restrictive import laws that hinder genetic
improvement. “Chinese” or “Hong Kong” Catfish (Clarius fuscus) have been present in
the islands for at least a century, likely initially brought by Chinese immigrants (Nico,
2025; U.S. Fish & Wildlife Service, 2017). The U.S. Fish and Wildlife Service considers
Clarius fuscus and all walking catfish (118 species in the family Clariidae), as well as
Wels Catfish (Silurus glanis), as injurious species, and therefore importation into the
country or between states is prohibited at the federal level (U.S. Fish & Wildlife Service,
n.d.; U.S. Fish & Wildlife Service, 2017).

While the global industry standard for catfish production is to grow a hybrid species
cross between an Asian (“Chinese”) catfish (which has a preferred taste) and an African
species catfish (which is larger in size at maturity) (Peteri et al., 1992), Hawai'‘i lags
behind as the African or hybrid species are not allowed to be brought in due to these
federal level prohibitions. This ultimately limits the competitiveness of the industry (B.
Fox, personal communication, August 3, 2023). What this means for Hawai‘i’'s catfish
growers, mostly located on O‘ahu, is that the genetics currently available within the
islands are the only kind that will ever be available to local growers. The productivity of
growers on other Hawaiian Islands is also inhibited as they have inferior genetics to
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O‘ahu producers. If O‘ahu-based growers were allowed to ship fingerlings interisland,
this would greatly expand the profitability for outer island growers (B. Fox, personal
communication, August 3, 2023).

Native Seedstock & Genetic Improvement

For those producers wishing to cultivate native species, an import permit is bypassed,
but the DLNR Department of Aquatic Resources (DAR) must grant a Special Activity
Permit. This can also take time; Kaua‘i Sea Farm waited three years for permission to
cultivate native sea cucumber at their fishpond (D. Anderson, personal communication,
October 31, 2023). Streamlining this process could help spur innovation in the
development of native species production.

Additionally, an Aquaculture Facility License from the DLNR DAR is required in order
“to take regulated marine life, including young mullet, from the ocean, or to acquire
regulated marine life from non-ocean sources to stock their pond or facility with the
intention of raising the marine life for commercial purposes.” License holders must
follow record-keeping and reporting standards and allow authorized authorities to
conduct inspections (Department of Land and Natural Resources, n.d.).

Besides obtaining proper permissions, an important consideration around the
production of native species is their general slow maturation. Fisheries biologist Ron
Weidenbach expressed that the nature of Hawai‘i’s native near-shore finfish is that they
tend to grow more slowly than their genetically identical counterparts in other parts of
the world (R. Weidenbach, personal communication, June 16, 2023). This is a function
of how such species originally arrived in the Hawaiian Islands as eggs floating across
vast distances of ocean - those eggs that made it all the way to the Hawaiian
archipelago were those that took longer to hatch (R. Weidenbach, personal
communication, June 16, 2023). As an example, Weidenbach expressed that when he
has grown native mullet, it took three years for the fish to reach 2 pound in weight, as
opposed to the same species in Taiwan, which typically takes one year to reach two
pounds. This indicates a major difference in inputs necessary, impacting marketplace
competitiveness (R. Weidenbach, personal communication, June 16, 2023)

There is a question of whether genetic improvement of existing native fish stocks

should be prioritized for faster growth and production potential, one that perhaps

does not have an easy answer.
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Hatchery Development

For those operations that are vertically integrated, managing a hatchery on top of a
grow-out operation is a challenge that requires varying skill sets, space, and power
requirements. As mentioned previously, Kaua‘i Sea Farm manages its off-grid hatchery
run on 100% renewable energy, leaving its operation vulnerable to outages, including
weather events. As the industry grows, the development of local hatcheries for various
species will be a necessary component of that growth (J. Corbin, personal
communication, October 18, 2023).

For example, in the case of tilapia, due to faster growth rates than females, the industry
standard is to grow out only males (Chapman, 2000). A tilapia hatchery would handle
sexing the fish and offer only males, allowing for more consistency in growth rates in the
market overall and lessening the burden on producers. A source of affordable, reliable
seed is sorely needed to expand production levels.

Cooperation among small-scale growers could support scaling the industry. For
example, trailblazing trout grower John Dobovan is interested in starting partner farms
that want to produce trout and train them in his modular system. While it takes one year
for him to grow his Washington state-imported trout eggs to a one-pound fish ready for
market, were he able to provide fingerlings to partner trout farmers, they would have a
market-ready crop of fish in around four months instead, lowering the overall costs of
production for producers and speeding up the timeline to having a market-ready crop (J.
Dobovan, personal communication, November 7, 2023).

Conversations around a mullet hatchery have been in development for years. However,
because the industry is still nascent, stakeholders recognize that a for-profit mullet
hatchery venture is not yet likely to be economically viable as an independent venture.
A cooperative or non-profit model, or potentially a government-supported model, may
be more appropriate to head up the development of such an operation (J. Corbin,
personal communication, October 18, 2023).

Non-profit organization KUA has been working to bring together stakeholders and track
developments and unanswered questions in regard to developing a mullet (‘ama‘ama)
hatchery in the islands. Included in this work is tracking a longer-term vision of
supporting the restoration of native wild mullet fish stocks in a reciprocal relationship
with loko i‘a, addressing the root cause of native fish declines as well, rather than
focusing on hatcheries alone (B. Lima, personal communication, August 9, 2023).

Hawai‘i state agencies and educational institutions are active in aquaculture hatchery
R&D with the goal of supporting local ecosystems and, eventually, the aquaculture
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industry. In 2024 to early 2025, UH Hilo Pacific Aquaculture & Coastal Resource Center
(PACRC), Oceanic Institute, the Anuenue Research Center, Tuahine Aquaculture
Research and Education Center (TAREC), and Hawai‘i Sea Grant shared their current
work on edible species with our research team; see Table 7.

Table 7: Juvenile production of aquatic organisms (education and research institutions)
Species | Use

Waikalua Loko i‘a - University of Hawai'i (UH) Sea Grant & Pacific American Foundation
(Source: Pacific American Foundation, n.d.; Voice of the Sea, 2024)

Mullet fingerlings (pua ‘ama) R&D, release into fishponds
Nenue (sea chub) R&D, release into fishponds
Oysters R&D
Sea cucumbers R&D

Tuahine Aquaculture Research and Education Center (TAREC) - UH CTAHR and UH Sea Grant
(Source: A. Seale, personal communication, January 28, 2025)
Sea cucumbers R&D
Tilapia broodstock R&D

UH Hilo Pacific Aquaculture & Coastal Resource Center (PACRC)
(Source: M. Haws, personal communication, July 30, 2024)

Pacific threadfin (moi) broodstock & fingerlings Community

Hawaiian flagtail (&holehole) broodstock &

fingerlings Community

Native bivalves Community

Sea cucumbers Community

Mullet broodstock Hatchery development

Oceanic Institute of Hawai'‘i Pacific University (HPU)
(Source: S. Moss, personal communication, August 15, 2024)
Pacific White Shrimp post larvae, approx.
2,000,000/year R&D, supply local farms
Release into fishponds, possible stock
Mullet juveniles (pua ‘ama), approx. 20,000/year enhancement

Hawaiian flagtail (aholehole) juveniles, approx. Public/private aquaria & possible stock
500/year enhancement

Giant trevally juveniles (ulua) - approx. 1,000/

year Stock enhancement

Anuenue Research Center - Hawai‘i Department of Land and Natural Resources (DLNR)
(Source: K. Fuller, personal communication, August 29, 2024)

Trout juveniles, approx. 25,700 in 2024 | Stock Koke‘e State Park for recreational fishing

Sometimes, however, education and research hatchery efforts are at the mercy of
grants and state or federal funding. For example, Wai‘anae High School’'s Marine
Science Learning Center has been raising mullet and shrimp for over 30 years for grow-
out (Hiraishi, 2024). In 2023, they partnered with Oceanic Institute and received
$300,000 in state funding to spawn mullet and create a hatchery at the high school with
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the purpose of releasing them into loko i‘a. This spurred the introduction of Senate Bill
(SB) 2329 in the 2024 Hawai'i legislative session to support the continuation of this
project and other similar efforts. SB2329 would have provided funding for mullet
production for release in fishponds and stock enhancement. It also delineated funding
for new positions, equipment, maintenance, and operating costs. The original bill
specifically recognized the Anuenue Research Center in Honolulu and the Wailoa
Fisheries Research Station in Hilo as spaces for the mullet to grow before their release
(Relating to Aquaculture, S.B. 2329, 2024). While this bill passed in both the Senate
and the House (with amendments), it ultimately was never signed into law (Hawai‘i
State Legislature, 2024b) nor reintroduced in 2025 (Hawai‘i Food+ Policy, 2025).

In 2023, Oceanic Institute was the only provider of mullet fingerlings (B. Fox, personal
communication, August 3, 2023). However, in 2024, Dr. Chad Callan (a mullet expert)
moved from Oceanic Institute to UH PACRC, where they planned to also hatch mullet
(M. Haws, personal communication, July 30, 2024). Still, as of Winter 2024, none could
provide a consistent commercial supply of pua ‘ama (juvenile mullet) for producers.

As evidenced above, the viability of Hawai‘i’'s aquaculture industry depends on the
availability of strong genetics and affordable seedstock. While some vertically integrated
producers can manage their own hatcheries, others must rely on imported seedstock.
These businesses often encounter regulatory and logistical obstacles that restrict their
growth. To support the industry, local hatcheries and effective permitting processes are
needed. Collaborative arrangements between producers of the same species may also
provide a practical way to bridge this gap.

@ Regulations & Permitting:
Siting, Water Sourcing, & Effluent Discharge

Access to appropriate and affordable water resources is integral to the operation of any
aquaculture operation. Consequently, the major permitting challenges for producers
involve siting, sourcing water, and effluent discharge. The types of permits required
when siting an aquaculture facility depend on its location, with the most critical
component being its proximity to the ocean, see Figure 18 (Aquaculture Planning &
Advocacy LLC, 2011). Aquaculture producers are strongly cautioned to call the
respective agencies for guidance on their specific permit requirements.
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SEAWARD OF SHORELINE COASTAL AREA INLAND
LIKELIY REQUIREMENTS: LIKELY REQUIREMENTS: LIKELY REQUIREMENTS:
Environmental Assessment/Environmental EAJEIS EA/EIS
Impact Statement (EA/EIS) coup NPDES/ZOM Permit
Department of the Army (DA) Permit Spedial Management Area Permit UIC Permit
Conservation District Use Permit (COUP) Shoreline Setback Variance Well Permit
Coastal Zone Management (CZM) Consistency NPDES/ZOM Permit Grading, Grubbing, Stockpiling Permits
Review Underground Injection Control {UIC) Permit Building Permit
National Pollutant Discharge Elimination Well Permit
System/Zone of Mixing (NPDES/ZOM Grading, Grubbing, Stockpiling Permits
Permit) Building Permit
POSSIBLE REQUIREMENTS: POSSIBLE REQUIREMENTS: POSSIBLE REQUIREMENTS:
DA Permit Historic/ Cultural Review
CZM Consistency Review CcoupP
Water Quality Certification Permit CZM Consistency Review
Historic/Cuitural Review DA Permit (Wetlands)
Water Use Permit (Water Management Area)  Water Use Permit (Water Management Area)
SHOREUNE SETBACK SPECIAL MANAGEMENT AREA
(2040 FT.) (minimum 300 ft. from shoreline)
o,
S
s
s
e
INLAND MOUNTAIN

Figure 18: Initial determination of the regulatory requirements for aquaculture
project siting in Hawai'‘i by location (source: Aquaculture Planning and Advocacy
LLC, 2011, p.18)

Generally, on-land producers may source treated potable water from a public entity,
wells, or surface water diversion. If producers would like to site and build a well, a Well
Construction and Pump Installation Permit is needed from the Commission on Water
Resources Management at the DLNR (Aquaculture Planning & Advocacy LLC, 2011).
One producer spoke about how their lack of a long-term lease has prevented them from
obtaining a well construction and pump installation permit, stifling the growth and
innovation of the company into the production of more diverse species (R. Weidenbach,
personal communication, June 16, 2023).

Depending on the amount of wastewater produced in the operation, additional permits
(and their associated costs) may be required. For example, a National Pollutant
Discharge Elimination System (NPDES) permit from the Environmental Protection
Agency (EPA) may be required for the discharge of aquaculture wastewater into waters
that are subject to federal jurisdiction under the Clean Water Act. Kona Bay Shrimp has
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an NPDES permit, which includes the requirement to test the water quality monthly. The
company also has a Zone of Mixing (ZOM) permit, which requires contracting out a third
party to monitor the effluent quarterly. The cost of these inspections adds up, even for
large businesses. Grant Kunishima, previously the general manager of Kona Bay
Shrimp, described how, though their system works for meeting these requirements, it’s
very costly (G. Kunishima, personal communication, April 3, 2023).

There are a few workarounds depending on a farm’s location. For example, certain
inland operations may be able to bypass a discharge permit by irrigating crops with
effluent (B. Fox, personal communication, August 3, 2023). Additionally, businesses
may be exempt from an NPDES permit if they harvest “less than 100,000 pounds/year
of warm water animals or 20,000 pounds/year of cold-water animals, or an aquatic plant
production operation” (U.S. Environmental Protection Agency, 2025).

Companies operating at NELHA’s HOST Park have the advantage of having cold, deep
seawater on tap. Such on-demand infrastructure allows producers to focus on
production rather than securing necessary inputs, such as seawater. LLj=KeC\=1{e] I CIal

of more aquaculture parks, like that hosted at NELHA, could support the growth
of the industry.

There is currently no streamlined federal permitting process for open ocean mariculture
sites, however, efforts are underway to coordinate across federal agencies towards this
end (T. Spence, personal communication, June 11, 2024). Blue Ocean Mariculture,
which has been operating in Kona since 2009, is the first of its kind in the United States
(Blue Ocean Mariculture, n.d.-b). The company operates in state waters, as they are
within three miles of the coastline (T. Spence, personal communication, June 11, 2024).
Because the Kohala Coast is characterized by a steep drop-off into deep ocean water,
this allows the company to operate under conditions that do not cause significant harm
to the benthic environment, while remaining in state waters.

Blue Ocean Mariculture and Ocean Era are currently in the process of creating an
integrated multi-trophic aquaculture (IMTA) project roughly two miles offshore of Ewa
Beach on O‘ahu, the site of a previous moi (Pacific threadfin/Polydactylus sexfilis) farm
(N. Sims, personal communication, August 30, 2023). The project aims to produce
nenue, moi, and a variety of limu species to supplement and reduce imported fish feeds.
The offshore fish pens and limu arrays would swivel with the current, allowing the limu
to feed off the effluent from the farmed fish (McDaniel, n.d.). As of 2023, they were six
years into the permitting process and conversations with Ewa Beach stakeholders.
Endurance and commitment are clearly necessary for undergoing such a lengthy
permitting process.
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In one interview with an aquaculture leader, they reflected on the challenge of permitting
for offshore aquaculture:

| would love to see the permitting more adaptable to what is the long-term
goal here...l don't want to see it streamlined to the point where you get a

free-for-all offshore because | think | do want to see a continued rigorous

oversight from federal and state agencies on whatever happens out in

offshore aquaculture. \CH[T-Ye R {ol o T-Y-1e] (-3 (o) o T- X1 [-Yod \V1- W o JVL 4 T ()

needs to be a more clearly blazed trail for obtaining the permits fo

| think Hawai'
has the opportunity to really be to be a global leader...I would like to see
policy recognition of the importance of aquaculture generally, land-based,
loko i‘a, and offshore, and some support for that. (Aquaculture producer,
personal communication, August 2023)

Despite the drawn-out permitting process, there is an opportunity for growing offshore
mariculture to improve the local seafood supply and Hawai‘i's food sovereignty and
security. However, concerns about the effects of mariculture on the environment will
continue to make it controversial among stakeholders and residents. Through a
combination of rigorous environmental regulation and streamlined permitting, Hawai'i
may be able to be a gold standard in sustainable offshore aquaculture.

Production

“There are challenges certainly...once you get [the system] working,
it works really well...I'd say the production is the least of it.
The actual farming is the easiest part of farming.”
— Aquaculture producer, personal communication, November 2023

Hawai‘i's aquaculturists are innovative. They are well-versed in solving problems and
perfecting production through research and development, with little outside technical
assistance. The producers we spoke with are, for the most part, confident in solving
issues that come up in their production. As issues arise, producers are used to
overcoming shortcomings.
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Growers are developing new techniques and systems for aquaculture production, from
clams grown in a loko i‘a, commercial production of limu kohu (Asparagopsis
taxiformis), cold-water trout, to open-ocean kanpachi mariculture. Through focused
research and development, they are finding ways to grow, largely without much outside
technical assistance.

Accessing funding to help move operations through R&D, as well as managing the ever-
growing costs of inputs, are ongoing challenges. Those companies that have seen the
most economic success have depended on reliable investment to do so. Other
challenges include a lack of adequate staffing and regulatory burdens.

Stakeholders recognize the strength of having diverse production systems in the
islands, from loko i‘a, inland freshwater farms, to open-ocean mariculture. All of these
systems will play a role in feeding Hawai‘i and scaling the industry. Challenges in
production vary across these different production systems. Below, we outline some of
the difficulties that commercial producers face. Loko i‘a challenges are explored in the
companion report, entitled Loko I‘a for Agroecosystem Resilience (Wyman & Crowe,
2025).

Animal Health

Infrastructure for managing aquatic animal diseases is under-supported, especially for
water testing and veterinary care. The HDOA Veterinary Lab’s Aquatic Section provides
disease surveillance, diagnostics, and prevention support services. The lab is a
collaboration between HDOA and CTAHR at UH Manoa. Their activities range from
disease investigation to diagnostic services and include necropsy, histopathology,
microbiology, water quality testing, and more. If the lab does not have the needed tests
available, they provide guidance on sample collection, handling, and submission to a
separate lab (M. Brodsky, personal communication, June 6, 2024). These services are
primarily provided as fee-for-service, though they may be provided freely to producers in
some instances (M. Brodsky, personal communication, June 6, 2024). The cost for
these services is outlined in Hawai‘i Administrative Rules (HAR) Title 4, Subchapter 9,
§4-170-3 (Aquaculture Development Special Fund, 2006).

In 2023, HB 694 was introduced to support and fund the continuation of the Aquaculture
Disease Diagnostic Laboratory and provide necessary staff, equipment, and supplies to
expand the capacity of the lab (Hawai‘i Food+ Policy, 2023). The bill was also reported
to involve plans to move the aquatic disease facility from UH Manoa to Halawa at the
HDOA Veterinary Laboratory Services Branch Facility, where presumably there would
be more staff and infrastructure (R. Weidenbach, personal communication, June 16,
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2023; Relating to the University of Hawai‘i, H.B. 694). If passed, it would “support the
marine shrimp broodstock, koi, and oyster export efforts and the day-to-day support for
the larger aquaculture production industry” (Relating to the University of Hawai'‘i, H.B.
694). Although it was unanimously supported through the legislative session, it was
never introduced for final signature and ultimately never became law (LegiScan, n.d.).
Reasons for this can only be assumed; however, they may relate to budget limitations,
legislators’ lack of interest or education around aquaculture and aquatic food
production, or an overall lack of publicity on these issues.

Because of this lack of available personnel and infrastructure in local institutions,
producers must send water and disease samples to the University of Arizona for testing,
delaying response time to issues. Ron Weidenbach, president of Hawai‘i Aquaculture

and Aquaponics Association (HAAA), emphasized that Sig=1ale [ Cl Tl R X [EEERE
diagnostic lab is critical, especially in that it affects all producers, including

R
Weidenbach, personal communication, June 16, 2023). Another large aquaculture
producer corroborated this issue, relaying that if they were to have a disease outbreak
in their facility, they would have to send all of their samples to U.S. continent-based labs
for testing, greatly reducing their ability to quickly respond to a potential situation
(Aquaculture producer, personal communication, August 2023).

When researchers contacted the Hawai‘i Department of Health (DOH) and HDOA
inquiring about available laboratory diagnostic services for aquatic animals, it took 10
weeks for a clear response via email describing available services, including costs. This
information was not available online on any easily found public website. This speaks to
a lack of capacity on the part of the diagnostic laboratory and may act as a significant
barrier to aquaculture producers knowing of the existence of such services and being
able to access them.

Increasing Production

“In general, looking at global aquaculture, which is mostly by the numbers
freshwater finfish - the biggest challenge is the lack of expertise and financing to
adopt best management practices. We could produce a lot more seafood with
lower resource use and lower environmental impacts if we adopted established
best management practices. But the resources and the technical expertise, and
the incentives often just are not there.”

— Conservation professional, personal communication, October 2023
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Globally, there is increasing intensification in aquaculture production as more is being
produced with increasingly smaller footprints (FAO, 2022; D. Klinger, personal
communication, October 31, 2023). This is a function of the adoption of best
management practices coupled with research and development, and innovation in the
sector as a whole. According to available U.S. Census of Aquaculture and FAO data,
intensification in aquaculture farming appears to be occurring in the United States as
ipled from 175.55 Ibs. in 2005

L EYZET RS ORArE (FAO, 2025; USDA-NASS, 2019; USDA-NASS, 2023a).

Table 8: U.S. aquaculture production and intensification over time

Year | Tonnes live weight Freshwater + saltwater acres in Tonnes/acre | Lbs./acre
production
2023 128,762 541,161 2379 524.56
2018 127,503 484,000 .2634 580.78
2013 104,000 462,729 2247 495.50
2005 55,188 693,053 .0796 175.55
Sources: Authors using data from FAO, 2025; USDA-NASS 2019; USDA-NASS, 2023a
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Figure 19: U.S. Aquaculture production intensification
over time (source: authors utilizing data from FAO, 2025)

Data was not available for Hawai‘i aquaculture production by liveweight. However, in
terms of food fish farms (those bound for human consumption), Table 9 shows a small
reduction in the number of farms, with a subsequent tripling in sales value over the
same 18-year period. This may indicate a level of increased intensification and
efficiency over time. Yet, with only 25 reporting active food fish farms in the islands,
there remains room for growth.
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Table 9: Food fish aquaculture in Hawai'‘i

Census year Farms Sales
2023 25 $9,207,000
2005 31 $3,212,000

Source: authors using data from the Census of
Aquaculture — USDA-NASS, 2013b & USDA-NASS,
2023b

As Hawai'‘i’'s producers have learned and implemented best practices for their
operations, some have developed modular systems that allow them to expand as they
IR CERVA R =ICMOften, what stands in the way of taking that next step
Symbrosia developed a modular system to incrementally scale
production on their Kona-based seaweed farm. In 2023, they applied for USDA funding
(A. Akbay, personal communication, October 5, 2023), and in early 2024, they were
awarded $1 million through the National Science Foundation’s (NSF) Small Business
Innovation Research (SBIR) grant program to develop and implement novel automation
tools to scale production (EIN Presswire, 2024). Symbrosia is also involved in the NSF
Pathways to Enable Open-Source Ecosystems program to create automation
accessibility and education for small to medium-sized farming operations (Akbay, 2024).
Such funding is essential to supporting the small company’s growth and scalability.

Insurance Safety Nets & Risk Management for Producers

Traditional crop insurance does not currently exist from the USDA Risk Management
Agency (RMA) for Hawai‘i aquaculture producers. RMA does provide coverage options
for containerized oyster crop losses in the Northeastern United States (RMA, n.d.). In
the summer of 2024, USDA announced RMA’s expansion in crop insurance coverage
for shellfish producers via a news release (RMA, 2024). However, the program is only
being piloted in 55 counties (across primarily East Coast states) and is not currently
available to Hawai‘i’'s growers (RMA, n.d.).

The Noninsured Crop Disaster Assistance Program (NAP) from the Farm Service
Agency (FSA) may be available to Hawai‘i aquaculture producers as an alternative to
traditional crop insurance (Farm Service Agency [FSA], 2023). Yet, no aquaculture
crops are listed for Hawai‘i on the 2024 National Crop Table utilized for this program.
However, there are several species of finfish and mollusks listed for other states and
U.S. territories (FSA, 2024). When contacted, local FSA officials explained that if there
was interest, they could add various aquaculture species as an option in Hawai'‘i, but the
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process could take 6-8 months (Hawai‘i FSA official, personal communication, February
2025).

For an insurance claim to be eligible, weather or adverse natural occurrence must
“directly cause, accelerate, or exacerbate destruction or deterioration of the eligible crop
as determined by the county committee” (Commaodity Credit Corporation — USDA, 2024,
p. 770). Because aquaculture tends to be in a controlled environment, it is less likely
that something like wind or fire will immediately cause production loss (Hawai‘i FSA
official, personal communication, February 2025). If, however, a claim is approved,
those losses exceeding 50% of expected production are reimbursed at 55% of the
average market price (NAP, 2024). As of February 2025, the cost to apply for basic
catastrophic coverage was $325 with no annual fee, and extended coverage options
were available at an annual premium (Hawai‘i FSA official, personal communication,
February 2025).

The FSA Emergency Assistance for Livestock, Honeybees, and Farm-Raised Fish
(ELAP) program offers financial aid for those producers who “suffer losses due to
disease, certain adverse weather events or loss conditions including blizzards and
wildfires” and do not qualify under any other USDA disaster program (FSA, 2025, p. 1).
In 2021, eligibility was expanded from farm-raised fish to “any species of aquatic
organisms grown as food for human consumption and reared in a controlled
environment” (FSA, 2021b). There is also assistance for fish feed loss due to natural
disasters (FSA, 2025).

In ELAP, a controlled environment is precisely defined, which may make it difficult for
extensive and restorative systems like loko i‘a to qualify. For example, ELAP eligibility
requires that producers a) purchase or produce feed, b) control water quality, including
the chemical balance and oxygenation, c) control predators, and d) harvest species that
are placed in the facility (i.e., not growing naturally). If determined eligible, the ELAP
program compensates for aquatic death losses greater than normal mortality rates and
is based on the state’s average market value per fish species (FSA, 2021a).

An O‘ahu County FSA employee recalled that in the past 30 years, there were only two
claims awarded for aquaculture, and they were very difficult to approve. This is mainly
because to apply for ELAP or NAP, producers need to provide very specific
documentation on their operation, including but not limited to the surface acres of water,
death losses, and inventory at the beginning and ending date of a loss event (Honolulu
County FSA official, personal communication, February 2025; FSA, 2021a). This level
of documentation can be very laborious for the small to medium farmer.
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ge of these programs, it is extremely advisable to keep detailed records

and meet with the FSA in advance so they are familiar with the operation.

In short, USDA crop insurance, ELAP, and NAP are not tailored to support the small to
medium Hawai‘i aquaculture businesses, especially fishponds, and may be out of reach
for all but a few producers with well-documented, controlled operations.
the expansion of crop insurance tailored to Hawai‘i shellfish and other aquatic

growers would help provide a safety net, bolstering the local indust

Processing & Packing

“When you're not subsidized, and you aren't at scale...infrastructure
challenges are exponentially grown and become barriers. You know,
simply like having enough packaging to be able to ship your product in a
way that maintains quality and cold chain... | mean, it's really hard. And |
think we could do a lot more in the state of Hawai‘i to build infrastructure to
be able to move food in a way that is food safe...where you have food hubs
that can spoke out to the areas that need it and provide the necessary tools
to the people that are growing, harvesting, and producing our food.”

— Aquaculture producer, personal communication, August 2023

While some aquaculture farmers process their products only minimally, others hope to
prolong the shelf life of their harvests, opening up wider export opportunities. Although
fresh seafood usually has a higher market value than processed forms such as canned
(Love et al., 2022), diversifying seafood product offerings can also contribute to import
substitution, bolstering food security and self-sufficiency.

Food safety regulations surrounding processing vary for molluscan shellfish,
crustaceans, finfish, and seaweeds, adding complexity to various producers’ processing
needs. Federal and state food safety regulations are summarized below. We strongly
recommend that businesses consult with the indicated agencies to understand which
laws apply to their specific scope of operations.
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Food Safety Regulations

Food safety compliance is an essential component of seafood processing and
production. It significantly impacts public health, product quality, and profits.
Transparent adherence to regulations enhances a product’s appeal, as expressed by
the four commercial seafood purchasers interviewed. For example, Dean Matsushita of
Flik Independent Dining is the Executive Chef of Kamehameha School's Kapalama
campus. In his interview, he emphasized that ensuring the safety of his high-risk
population (school children) depends on his understanding and familiarity with the food
safety practices of suppliers and producers (D. Matsushita, personal communication,
September 6, 2023). Catering Chef Kealoha Domingo reinforced this sentiment,
explaining that he values the assurance that distributors can provide, knowing that they
have reputable food safety practices (K. Domingo, personal communication, August 22,
2023).

However, complex food safety laws can cause confusion or low compliance among
producers. Seafood (including fish, seaweed, and shellfish) is governed by overlapping
regulatory frameworks. Aquaculture operations vary widely in design, activity, and
location and, therefore, have a unique set of requirements and exemptions to be
eIl [CT-TeMINnterviews with producers revealed that misconceptions about food

safety laws impact profits.

Aquaponic and multi-trophic aquaculture producers often traverse a compounded
landscape of overlapping laws and regulatory agencies. Raising multiple species in the
same environment can add to the regulatory burden of obtaining permits. Similarly,
Native Hawaiian fishponds are unique, and production may not follow typical land-based
or open-ocean aquaculture models. Moreover, seaweed producers acclimate to
regulations with little guidance because it is neither considered a fishery product nor a
traditional farm crop.

Federal Oversight

The FDA sets food safety standards for seafood products, inspects processing facilities,
and establishes guidelines for safely handling and processing aquacultured and wild-
caught seafood. Other agencies involved in food safety include the EPA, USDA,
Centers for Disease Control and Prevention, NOAA, and the Army Corps of Engineers.
See Figure 20 for an overview of primary federal seafood regulations and the agencies
that oversee them.
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FEDERAL FOOD SAFETY
REGULATIONS FOR SEAFOOD
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Figure 20: Federal seafood safety agencies and regulations (source: authors)

The FDA'’s Food, Drug, and Cosmetic Act (FD&C Act) details limits on contaminants,
proper labeling, and safe handling practices. Seafood regulations are detailed in 21
CFR §123 (Fish and Fishery Products), also known as the Seafood HACCP (Hazard
Analysis Critical Control Point) Regulation (Fish and Fishery Products, 1995). A HACCP
plan aims to prevent hazards; seafood processors identify possible risks and put
controls in place at particular stages of their production. The seafood that falls primarily
under this regulation includes finfish, crustaceans, and molluscan shellfish.

The Food Safety Modernization Act (FSMA), created in 2011, is an amendment to the
FD&C Act. It expands the FDA'’s jurisdiction to oversee food safety, particularly for
imported foods, and stresses coordination with other agencies and entities to improve
overall food safety. The Current Good Manufacturing Practice (CGMP/GMP), Hazard
Analysis and Risk-Based Preventive Controls for Human Food (PCHF/PC)
regulation are cornerstones of FSMA, as it requires food facilities to develop and
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implement food safety plans. The importance of being FSMA compliant to reach wider
markets cannot be overstated. As one commercial buyer interviewee mentioned:

“If you are not FSMA compliant, you are not going to go where
the majority of people buy their food in Hawai‘i.”

— Food distribution company CEO, July 2023

The key distinction with FSMA is between farm and facility. Farms that do no

Yet, facilities
must register with the FDA and comply with FSMA regulations. Very small businesses,
small farm mixed-type facilities, and qualified facilities may be exempt from FSMA or
have modified requirements. It is important that producers and processors do their due
diligence in understanding whether they are exempt and to what extent. The FDA
recently expanded the definition of retail food establishments that are not required to
register as a food facility to include direct-to-consumer platforms. For example, farmers’
markets, roadside stands, etc. (FDA, 2018).

Exemptions differ based on each operation’s unique activities. A few straightforward
flow charts were developed to clarify exemptions for produce (FDA, 2015a) and
seaweed (Ciaramella et al., 2023). Still, no identified flow chart depicting aquaculture

seafood exemptions from HACCP and FSMA exists. LWL PEMVLTCR T [V g Al

Hawai‘i would benefit from an exemption guide specific to the various production

types on the Hawaiian Islands.

Hawai‘i Regulations

Seafood safety regulations are found in Hawai‘i Revised Statutes (HRS) §328 Hawai‘i
Food, Drug, and Cosmetic Act, which outlines general principles for food, including
seafood (Hawai‘i Food, Drug, and Cosmetic Act, n.d.). The Hawai‘i DOH is the primary
agency that regulates food safety. Detailed laws are addressed in HAR §11-50 Food
Safety Codes (Food Safety Code, 2017), HAR §11-29 Food and Food Products, and
§11-29-4 Aquatic Foods (Food and Food Products, 1981).

Molluscan Shellfish Regulations

Molluscan shellfish (oysters, clams, mussels, and scallops) have specific disease and
habitat-related food safety issues. In addition to HACCP regulations, bivalve shellfish
production is regulated under the National Shellfish Sanitation Program (NSSP)
through the Interstate Shellfish Sanitation Conference (ISSC). The NSSP requires
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precise harvesting, processing, and distribution regulations and covers water quality
monitoring and area classification enforced by individual states (FDA, 2019). The
Hawai‘i DOH oversees NSSP guidelines for shellfish as described in HAR §11-35
Shellfish Sanitation (Shellfish Sanitation, 1981).

The Hawai‘i DOH inspects water quality, salinity, and coliform counts (Shellfish
Sanitation, 1981) up to six times a year to certify production. A HACCP plan and a
certified HACCP officer are required to process the shellfish in a certified kitchen. If the
commercial kitchen is holding and handling live shellfish in tanks for processing, specific
shellfish inspections are necessary (DOH Food Safety Branch employee, personal
communication, February 2025). Shellfish producers are exempt from HACCP for
essential harvesting activities. For example, shell stock can be temporarily stored by
placing it in containers, labeling, sorting, and washing it in the harvest area, and
transporting it via boat to a processing facility (FDA, 1999).

These extra layers of guidelines create multiple barriers for shellfish producers,
including time and money. As one small-scale producer mentioned, “the DOH
regulations make it really, really hard to be a small-scale producer and make any money
whatsoever on your products; that gets even harder if you are talking about shellfish”
(Aquaculture producer, personal communication, October 2023). If companies want to
bag their shellfish for sale, another degree of certification is needed for the processing
location.

One producer confirmed this financial challenge. When working on an oyster production
project, they shared that the DOH helped to bypass a HACCP plan with tissue and
water sampling. Yet, it was very time-consuming, and they noted it could take up to 1-3
years to get food safety certified.

That's a big pain for an operator to have to do all that testing because
that’s all cost...that operation lost money because of things like that. So it
was a really expensive thing to do, to just be in a good food safety
standing. (Aquaculture producer, personal communication, November
2023)

Keawanui fishpond on Moloka‘i has faced similar food safety barriers to producing
oysters commercially in the past. Ultimately, the pond had to abandon the years-long
process to pursue commercial oyster production due to the bacteria levels present in
the water. In the absence of access to depuration tanks (which allow for the purging of
potentially harmful bacteria and viruses present in harvested bivalve crops), the pond
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was left without options for pursuing production (G. Na‘ehu, personal communication,
June 13, 2023).

Seaweed

Historically, seaweed has not fit neatly into the food safety landscape due to variations
in how different governmental bodies define it. In 2021, the FDA classified seaweed as
a raw agricultural commodity (RAC), covered under FSMA’s PCHF rule and not the
seafood HACCP regulation (Sea Grant Law Center, 2023). However, individual states
may choose to consider seaweed a fishery product and require a HACCP plan. In
Hawai‘i, seaweed is regulated as a RAC under FSMA, not HACCP. Thus, seaweed
FSMA exemptions differ from shellfish and finfish producers. Essentially, exempt farms
may grow, harvest, dry, pack, label, and sell seaweed in its natural state. No other
manufacturing or processing activities are allowed, such as slicing (Ciaramella et al.,
2023).

Catfish

As an exception to seafood regulated by the FDA, Siluriformes (catfish) are regulated by
the USDA Food Safety and Inspection Service through the Federal Meat Inspection
Act under the 2014 Farm Bill. Reasons for this may include specific public health
concerns over imported catfish, economic and trade considerations for domestic catfish
producers, and complexities in regulatory frameworks (Flynn, 2021). The USDA
requires frequent inspections of catfish facilities, and processors must adhere to a
HACCP plan and a required written sanitation statement (NC State Extension, 2018).

Seafood Safety Challenges & Opportunities

Commercial buyer interview data revealed two patterns of purchasing based on food
safety. Some commercial buyers purchase unprocessed seafood directly from
fishermen or producers to avoid food safety and sanitation issues. For example, Ashley
Watts of Local I‘a only buys whole fish to mitigate sanitation and safe food handling (A.
Watts, personal communication, July 14, 2023). This allows her to purchase from
commercial fishermen who she knows have safe practices but who aren't at scale to
process their catch. Yet others, like Dean Matsushita, Executive Chef at Kamehameha
Schools Kapalama campus, who purchases in large quantities, prefer distributors to
ensure food safety and generally good practices (D. Matsushita, personal
communication, September 9, 2023).

Due to scale and cost, small and medium-sized producers are often left with the choice
of selling their seafood whole and directly after harvest or paying for processing to make
it more appealing to end consumers. Some producers may rely on sharing profits with
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commercial kitchens that can carry the financial burden of food safety certification. For

example, Suisan, a seafood distribution and processing facility, has a DOH permit and

can charge producers by weight to process their fish (Hawai‘i DOH employee, personal
communication, April 2024).

Interview data confirmed that food safety requirements can be very confusing and
burdensome for producers. This may be in part because several Hawai'‘i state agencies
educate about or enforce seafood safety laws. The researchers found

improved communication and cross-agency collaboration between the DOH,

HDOA, DLNR, UH extension agents, and producers on seafood safety laws and
(Hawai'i HDOA
employee, personal communication, April 2024; Hawai‘i DOH employee, personal
communication, April 2024; UH Hilo employee, personal communication, April 2024, UH
Manoa employee, personal communication, April 2024). These agencies should strive
to build a stronger collective understanding of the regulations and their responsibilities
in order to best serve producers and the industry as a whole.

An upcoming challenge and potential opportunity for the aquaculture industry is
compliance with the FDA’s Food Traceability Final Rule set to take effect in mid-

2028. This requires additional coordination across the supply chain to maintain more
detailed traceability records for specific foods, including seafood (FDA, 2025).
Aquaculture farms may need to create traceability plans and supply the purchaser or
processor with Key Data Elements (KDEs) about the harvest. Processors/packers need
to maintain KDEs on cooling, initial packing, shipping, and receiving, which will follow
the product along the supply chain (FDA, 2025). Though this may initially strain limited
resources, improved traceability could improve market access and consumer loyalty for
local producers (Moore, 2024).

Hawai‘i aquaculture producers have no central resource for food safety guidance. O‘ahu
Resource Conservation and Development Council and CTAHR created A Food Safety
and Conservation Co-Management Guide for Hawai‘i Growers (2021). Yet this guide
does not mention farmed seafood products, fish, seaweed, shellfish, or information
specific to Native Hawaiian fishponds (Hubanks et al., 2021). The document Permits
and Regulatory Requirements for Aquaculture in Hawai‘i has only five pages relevant to
food safety and no mention of seaweed (Aquaculture Planning & Advocacy, LLC, 2011).
Additionally, since the 2011 publication of that guide, the FDA has updated its guidance
multiple times.

Local producers need an up-to-date resource book detailing food safety laws and
regulations for aquacultured seafood, including the unique requirements that seaweed
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and fishponds may have. This would require that related agencies collaborate to ensure
accurate and precise information. Collaboration between government, academic
institutions, and business stakeholders can help clarify or change the regulatory
framework to be more effective and coherent. These improvements and their
dissemination will make it easier to comply with regulations, improve food safety
standards, and stimulate the expansion of Hawai‘i's aquaculture industry, aligning it with
local cultural and economic goals and national food safety norms.

Table 10: Federal and state regulations governing seafood safety

Regulation

‘ Implication

Federal

Food, Drug, and Cosmetic Act (FD&C Act)

Details limits on contaminants, proper labeling, and
safe handling practices regulated by the Food and
Drug Administration.

21 CFR §123 (Fish and Fishery
Products), aka Seafood HACCP (Hazard
Analysis Critical Control Point)
Regulation

Seafood regulations which require a HACCP Plan to
prevent hazards for seafood processers. Primarily
applies to finfish, crustaceans, and molluscan
shellfish

Food Safety Modernization Act (FSMA)
including Current Good Manufacturing
Practice (CGMP/GMP), Hazard Analysis
and Risk-Based Preventative Controls for
Human Food (PCHF/PC)

Expands the Food & Drug Administration food
safety jurisdiction, especially imports and increased
coordination across agencies; Requires food
facilities to develop and implement food safety
plans; Primary regulation for seaweed as a raw
agricultural commodity (RAC)

National Shellfish Sanitation Program (NSSP)

Additional regulation for bivalve shellfish (oysters,
clams, mussels, and scallops) due to specific
disease and habitat-related food safety issues.
Requires precise harvesting, processing, and
distribution regulations including water quality
monitoring and area classification. Enforced by
individual states (Hawai‘i DOH)

Federal Meat Inspection Act under the 2014
Farm Bill

Specific to catfish only and regulated by the United
States Department of Aquaculture which inspects
facilities and adherence to a HACCP plant.

State

Hawai'i Revised Statutes (HRS) §328 Hawai'i
Food, Drug, and Cosmetic Act

Outlines general principles for food safety, including
seafood

HAR §11-50 Food Safety Codes, HAR § 11-29
Food and Food Products

Specific guidance on food safety requirements

HAR §11-29-4 Aquatic Foods

Specific guidance on food safety requirements for
aquatic foods

HAR §11-35 Shellfish Sanitation

Specific requirements for molluscan shellfish
(oysters, clams, mussels, & scallops). Requires
precise harvesting, processing, & distribution
regulations including water quality monitoring & area
classification; Enforced by Hawai‘i DOH
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Processing & Packing Infrastructure

Hawai‘i’'s aquatic producers’ processing needs vary greatly depending on the crop,
scale of production, and market outlets. Below, we present insights gleaned from
producer interviews and surveys.

In order to justify investment in dedicated processing equipment and infrastructure,
producers must first reach an adequate scale. For example, Kaua‘i Sea Farm sells
about 30 pounds of clams per week to Roy Yamaguchi’'s Kaua‘i restaurant, conducting
minimal processing by bagging their clams in the restaurant’s certified kitchen before
selling them to the restaurant (D. Anderson, personal communication, October 31,
2023). Production Manager Dave Anderson explained that weekly production would
need to be increased 30-fold to 700-1,000 pounds to justify the cost of renting a
commercial kitchen space. However, that scale of production would also entail a
tradeoff as they would need to utilize a distributor to move their product, ultimately
lowering the price received by around 25% (D. Anderson, personal communication,
October 31, 2023).

While individual family farms may not be able to justify either renting or building out their
own processing facilities, shared facilities may prove a worthwhile endeavor. Some
processing for larger saltwater fish is available on O‘ahu; however, growers of smaller
species currently have no processing service to turn to.

That's why O‘ahu-based aquaponic lettuce and tilapia grower Kunia Country Farms is
currently working towards building an automated processing facility to accommodate
their growing tilapia production levels. The facility will be able to produce filets and
eventually build the capacity to produce fish cakes and fish sticks. Owner Jason Brand
explained that with such a facility, they could accommodate other small saltwater and
freshwater fish species as well. Because the costs of operating such a facility are high,
the company plans to run it at full capacity, anywhere from an 8-hour workday up to 24
hours a day if there is adequate demand for their own and other producers’ needs (J.
Brand, personal communication, September 9, 2023).

Similarly, on Hawai'‘i Island, Blue Ocean Mariculture is installing a ten-million-dollar
processing facility for their Hawaiian Kanpachi facility at NELHA. This will allow the
company to produce filets and more. Dick Jones explained that with additional
investment, the company could provide services to other producers, such as
commercial ice production, a sorely needed service on the island. The company would
also be willing to support other smaller-scale producers through their facilities, including
commercial fishermen who could benefit from processing facilities on Hawai'‘i Island (R.
Jones, personal communication, August 1, 2023).
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There is also potential for sharing processing and storage facilities across industries,
including at NELHA’s HOST Park in Kona. Cyanotech, a producer of microalgae
nutraceuticals, currently has the processing capacity for on-site supercritical CO2
extraction. However, they do not yet have the ability to form and bottle the capsules for
their end product on-site (L. Sombardier, personal communication, July 13, 2023).

AL A

Figure 21: NELHA HOST Ocean Park on the Kona Coast of
Hawai'i Island (source: HOST, n.d.-a)

However, were the company to invest in such a plant, producers of other nutraceuticals
could share the equipment to develop local industries for other potential nutraceuticals
including turmeric, noni, or others. With shared cold storage, cattle producers could
benefit as well. Local beef processors have reached out to NELHA in the past to explore
cold storage for aging beef. The near-freezing deep-sea water on tap at NELHA at 4-5
degrees Celsius could be harnessed for cold storage, reducing costs to around 10x less
than conventional HVAC (L. Sombardier, personal communication, July 13, 2023).

NELHA Deputy Director Laurence Sombardier expressed that NELHA could entertain
the idea of supporting the development of shared processing infrastructure, as this
could fall within their mission. In the past, NELHA has submitted for Capital
Improvement Project funding, including converting one of the buildings at the site to a
processing facility for both agriculture and aquaculture products (L. Sombardier,
personal communication, July 13, 2023).

Despite interest, there are inherent challenges with shared processing facilities. There is
the added cost and burden of transporting fish from the farm to another site, and not all
producers would have adequate equipment, time, or transportation in order to do so.
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There are also biosecurity and food safety hazards posed by bringing live organisms in
from outside a facility (J. Brand, personal communication, September 9, 2023). In
addition, with differing needs regarding processing, many companies must build to suit
their own unique operations and products.

Figure 22: Wahiawa Value-Added Product Development Center (source: Leeward
Community College, n.d.)

For smaller-scale producers, shared commercial kitchen spaces would go a long

perations.
One small producer commented that he cannot get a fair price when his products go
through multiple middlemen. Yet, they also cannot afford to rent and staff a processing
facility, especially considering that many businesses may only need it for a few hours
per week (D. Anderson, personal communication, October 31, 2023).

Though value-added processing would extend the shelf life and market potential of
locally-grown aquaculture products, it is difficult to compete with the price of imported
value-added seafood without efficient labor and machinery.

[The cost of] labor - the only way to solve it is, again, being efficient with
labor and then further automation. The simple way for me to process fish
is to create a cold room where people are sitting in there slicing fish. But
there’s no way | can compete economically if that's my model. So, you
have to employ machinery, and that requires scale. (J. Brand, personal
communication, September 9, 2023)

The waste generated from fish processing, including innards, heads, and fins, presents
an opportunity for reclamation and utilization. As Blue Ocean Mariculture and Kunia
Country Farms scale up for increased production and processing, so too are they
seeking routes through which to recycle fish waste. Both companies are currently giving
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away their compost to the local community. However, both recognize the need to
harness these valuable nutrients, either as agricultural fertilizer or in aquaculture or
other animal feeds (J. Brand, personal communication, September 9, 2023; R. Jones,
personal communication, August 1, 2023).

As with other links in the supply chain, as producers adopt more sophisticated and/or
automated processing equipment, so too will their need for skilled equipment repair and
maintenance grow. With a lack of local knowledge along those lines, processors often
must pay for the cost of bringing in technicians from outside of Hawai‘i. As the industry
scales, the built-in costs of processing equipment repair should be accounted for. In
addition, to support the development of small-scale, diverse producers, more widely
available and affordable commercial kitchen spaces are recommended.

Distribution & Market Outlets

Supply chain challenges in bringing an end product to market vary based on species,
economies of scale, food safety regulations, and a company’s size and workforce

ezTeElelAData shows that wholesale, restaurants, retail, and direct-to-consume
were the most popular market outlets [SECREICIXE

Market Outlets Used by Aquaculture Producers (n = 9)

Wholesale

Direct to consumer on farm
Restaurant(s)

Retail store(s)

Farmers markets

Hotels and/or resorts

Export to the Continental U.S.
Charitable donations

Government contracts for institutional purchasing
Through CSA (subscription box/bag)
Website

o
-

2 3 4 5
Number of responses per market outlet
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Figure 23: Commercial producer survey responses on market outlets utilized

Of the producers surveyed (n = 9), 89% of their production by weight last year was
bound for local human consumption, therefore contributing to Hawai‘i’s food security.



Page |56

Additionally, commercial producer interview data revealed that the majority sell to
restaurant/food service, followed by retail, and finally wholesale/distribution.

Yet, the choice of market outlets may be driven less by preference and more by
business structure and operational capacity constraints. Producers were also asked to
rate potential market/demand challenges on a scale from 1 (not a challenge at all) to 5
(extreme challenge), see Figure 24. Difficulty in meeting production for wholesale levels
(M = 2.56) was rated the highest, followed by lack of adequate processing, packing, and
transportation (M = 2.44), and lack of a cold chain (M = 2.33).

Wholesale, Retail, and Distribution Mean Challenge Ratings (n=9)

Difficulty in meeting production levels to service a wholesale market | RNNRNRNRENEGEGEGEGEG 2 56

Lack of adequate processing, packaging, or transportation requirements to I 24
service a wholesale market '

Lack of adequate cold chain for distribution | N RNRINNE .33
Lack of a wholesale market demand | RN .22
Lack of a retail market demand [ NNRNRRR 2.11
Lack of relationships with retailers || N RN RN 2.1

1 2 3 4
1 = not a challenge at all, 2 = slight challenge, 3 = moderate challenge, 4 = major challenge, 5 = extreme challenge

Figure 24: Mean ratings from the commercial producer survey on potential
wholesale, retail, and distribution challenges

In a separate survey, researchers asked commercial seafood purchasers what barriers
they experienced when attempting to source Hawai‘i-grown seafood for their businesses
(restaurants, grocery stores, seafood markets). Answers were given on a 5-point Likert
scale where 1 = not a barrier at all, 3 = moderate barrier, and 5 = extreme barrier. Cost
and lack of a consistent supply were rated as moderate barriers to sourcing locally.
Lack of relationships with producers/distributors, lack of customer demand, and lack of
handling infrastructure and logistics were only slight barriers.
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Table 11: Commercial buyer survey (n = 21), perceptions of barriers in sourcing
Hawai‘i-grown seafood

Barrier Mean Median
Cost 2.90 3
Lack of consistent supply at the amounts needed 2.86 3
Lack of infrastructure or logistics systems in place for handling such products 2.30 2
Lack of demand from my customers 1.85 2
Lack of relationships with local seafood producers or distributors 1.81 2
Notes: Likert scale1 (not a barrier at all) - 5 (extreme barrier)

Wholesale & Retail

Selling through distributors and wholesalers often means that producers lose out on 30-
50% of the value of their product. For example, Paepae o He'eia fishpond had been
selling invasive gorilla ogo (a plentiful edible invasive seaweed) to Whole Foods;
however, when the retailer asked them to go through a third-party distributor instead,
the loss in revenue rendered the arrangement no longer economically viable, and sales
ceased (K. Kotubetey, personal communication, October 13, 2023).

Producers may find it challenging to meet the minimum production amounts required for
wholesale, and many of Hawai‘i’'s aquaculture producers are simply not producing at
this scale. Similarly, growing out a consistent product that is available regularly can be
challenging for small and medium-sized producers, limiting their market outlets. In a
survey, commercial buyers were asked what availability requirements they have of
seafood suppliers. See Appendix A for the detailed commercial buyer survey
methodology. The most critical requirement was regular availability (61.9%), followed by
flexible availability as needed (52.4%). Only one participant selected none, and another
provided the open-ended answer: “fresh, high-quality, consistent product at fair prices.”
This data suggests that most commercial buyers in our sample value regular availability,
but many are willing to shop around and purchase from multiple sources as needed.

In addition to availability and minimums, certain wholesalers, distributors, and retailers
may have requirements that are out of reach for small and medium aquaculture
producers. Food safety compliance is often required for a distributor to pick up a product
as well, a threshold that many producers do not yet meet or who may have to build
expensive processing infrastructure (or maintain expensive regular tissue sampling in
the case of molluscan shellfish) in order to meet such compliance.
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Commercial seafood buyer survey data showed that most required a commercial fishing
license (66.7%), followed by 43% requiring a HACCP plan in place, and 33.3% requiring
FSMA compliance. Although less commonly required, some buyers surveyed also seek
GFSI (Global Food Safety Initiative) compliance, third-party audits, or buy through
known fishermen or suppliers (see Figure 25). As explored in the Food Safety
Regulation section above, achieving food safety compliance and certification is a real
challenge for smaller businesses without access to certified kitchen and storage
facilities. This means that many smaller producers are selling their harvest immediately
without storing or processing the catch.

Seafood Purchasing Requirements of
Commercial Buyers (n = 21)

Commercial fishing license
HACCP plan in place
FSMA Compliant

None

Third party audits

GFSl certifications
Known local fisherman or supplier [l

0% 10% 20% 30% 40% 50% 60% 70%
Percentage of responses

HACCP - Hazard Analysis Critical Control Point
FSMA - Food Safety Modernization Act
GFSI — Global Food Safety Initiative

Figure 25: Commercial buyers (n = 21) food safety requirements when
purchasing seafood

Interestingly, four of the commercial seafood buyers surveyed selected no
requirements. This implies that while certifications or licenses are essential to most
survey respondents, a part of the retail/wholesale market may choose to value attributes
other than certifications based on market demand. This also points to the severe
necessity for shared processing and value-added infrastructure for the aquaculture
industry.

While buying seafood whole may be ideal for fish markets, large grocery stores, and
restaurants, other commercial buyers would prefer to move processed and packaged
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seafood. In an interview with a distributor of fresh food, the interviewee explained that
they do not currently distribute seafood, yet would strongly consider it.

If you had cased fish, frozen, ready for market, we would love to bring that
to market and work with anybody that is interested in moving that,
including to the DOE [Department of Education], state hospitals, and so
on, because | think there is a market there. (Commercial buyer, personal
communication, July 2023)

Food safety compliance further limits the ability to retail products. For small and
medium-sized businesses, the NSSP regulations, though crucial for protecting public
health, make it difficult to process and sell shellfish as a retail product. For example,
Kaua'i Sea Farm, despite its interest in doing so, currently does not have a retail
product due to these constraints (D. Anderson, personal communication, October 31,
2023). Furthermore, producers may be unaware of the regulations that are in place to
reach retail outlets. One interviewee explained that they believed they needed to clean
their fish in a commercial kitchen to retail it. Instead, they only sold wholesale to
restaurants, limiting their market reach (Aquaculture producer, personal communication,
November 2023). Thus, creating a clear and comprehensive guide and flowchart of food
safety considerations could expand the reach of aquaculture products within the island
chain.

One producer noted that larger corporate retailers may also require a credit check to
become a supplier through a distributor or to sell directly to the retailer (A. Mau,
personal communication, November 21, 2023). In another case, when a Whole Foods
buyer representative presented to the HAAA, they indicated that producers would need
a million-dollar liability insurance policy in addition to a consistent supply of the product
(J. Corbin, personal communication, October 18, 2023). Such

family-run farms from accessing such market outlets.

For those larger producers exporting their products, maintaining the cold chain and
finding reliable and affordable shipping options are persistent challenges. Shipping via
ocean and air cargo is expensive, and ocean shipping options may be sporadic. One
producer quoted that the cost to ship their frozen product would exceed one dollar per
pound, rendering it an uneconomical option (J. Brand, personal communication,
September 9, 2023). Export-oriented NELHA HOST park companies face additional
challenges as Hawai'‘i Island offers no wide-body aircraft service (and LD3 or lower deck
3 packing options), severely limiting the overall efficiency and affordability as shipping is
limited to loose, palletized freight (D. Jones, personal communication, date). Given

lock out start-ups and
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these challenges around shipping, keeping products local tends to make more sense for
lower-volume producers.

For those producers unable to access wholesale or distribution, they often handle their
own delivery, with one producer spending up to three days a week delivering his
products (J. Dobovan, personal communication, November 7, 2023). Although growers
ultimately receive less per pound when selling through distributors, achieving a larger
scale of production can still be more cost-effective. This approach lowers self-
distribution costs, including expenses for labor and vehicle maintenance.

Restaurants & Food Service

The primary market outlet cited by producers was local restaurants/food service. Chefs
play a key role in supporting aquaculture in the islands, with many producer
interviewees selling directly to restaurants. For example, Chef Kealoha Domingo of Nui
Kealoha catering features menus that uplift traditional culture and Indigenous cuisine.
His cooking highlights local seafood, including aquaculture varieties like Hawaiian
Kanpachi and abalone (K. Domingo, personal communication, August 22, 2023). Dean
Matsushita, Executive Chef of Kamehameha School's Kapalama campus, prioritizes
buying as much local protein and produce as possible (D. Matsushita, personal
communication, September 6, 2023). Similarly, Chef Perry at Mama’s Fish House on
Maui has been a major supporter of local aquaculture trout production (J. Dobovan,
personal communication, November 7, 2023).

Working with chefs can also be a key marketing strategy for uplifting local food crops.
For example, the ‘Ulu Cooperative recruited ‘Ulu Ambassadors to raise the visibility of
this tropical staple food crop. By highlighting chefs, educators, and other breadfruit
enthusiasts, as well as their ‘ulu, the cooperative is able to grow visibility and demand
(Hawai‘i ‘Ulu Cooperative, n.d.). Hawai‘i Fish Company has partnered with local Chef
Alan Wong in the past to help reshape Hawai‘i consumers’ perceptions towards their
farm-raised tilapia to great success (R. Weidenbach, personal communication, June 11,
2024).

However important local restaurants are as buyers and champions of local aquaculture
products, ultimately, many of such outlets may target mostly tourists and higher-income
consumers, contributing only negligibly to average resident food security. As one
interviewee put it, “pushing niche products through high-end restaurants is great, but it's
not going to feed more people” (Commercial buyer, personal communication, July
2023). Therefore, while reaching high-end markets is one piece of the puzzle in
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establishing profitable aquaculture ventures and scaling the industry, keeping an eye
towards affordable and available seafood products for the average consumer should
remain a goal.

a

o ﬁE‘J) Alternative Seafood Networks

Alternative seafood networks are
direct-to-consumer platforms that
are values-based and prioritize
sustainable practices, fair pricing,
and direct consumer relationships
(Stoll et al., 2021). Local I'ais an
example of an alternative seafood
network with lower barriers for
small-scale seafood producers. As
described earlier, they purchase
fish whole, fresh off the boat, from
known and trusted fishermen with
sustainable practices that bring
consistent quality fish (A. Watts, ‘
personal communication, July 14, \d I
2023). Local I‘a also sources
select local aquaculture products.
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Figure 26: Local I‘a booth at a farmers’
market on O‘ahu (source: Local I'a, n.d.)

They regularly attend several farmers’ markets, conduct online sales, sell to restaurants,
and cater. However, their flagship program is operating a community-supported fishery
(CSF) through which they provide a weekly fish subscription to their members.
Customers pay in advance for a tiered fish share and pick up at one of eight locations
around the island of O‘ahu and at the on-site Local I‘a kitchen (Local I‘a, n.d.). CSFs
have been shown to increase profits for producers, incentivize quality and sustainability
over quantity, and build community and consumer awareness (Josse & Brent, 2021).
While CSFs are most often associated with smaller and wild-caught fisheries, the
concept of alternative seafood networks can also be applied to aquaculture operations.

Many companies engage in farmgate sales directly to the consumer on-site, as
evidenced in the commercial producer survey data, where five of the nine respondents
utilized this method. Big Island Abalone offers direct-to-consumer products at their on-
site office and souvenir shop. They additionally have a food truck with picnic table areas
where they feature their abalone along with Hawaiian Kanpachi from NELHA HOST
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Park neighbor, Blue Ocean Mariculture (Big Island Abalone, n.d.). They also sell fresh
and value-added products via their own online shop. Similarly, Blue Ocean Mariculture
has a “walk-up retail facility” where customers can purchase fresh, live seafood stored
in seawater tanks (Blue Ocean Mariculture, n.d.). Kualoa Ranch has a restaurant and
retail shop on-site to market their fishpond-raised shrimp, and they offer catering
services as well (Kualoa Ranch, n.d.-a).

While on-site sales may be feasible only for larger producers with food safety-compliant
facilities for holding and processing their harvests, other options exist for smaller
producers. For example, one tilapia producer on Hawai‘i Island sells their farm-raised
fish whole at the nearby farmers’ market (personal observation, May 2024). Food hubs
may also be an economically viable compromise between direct sales and traditional
wholesaling as they often prioritize fair and stable prices for local farmers (Matson et al.,
2013). Through innovative market practices, producers can reduce reliance on markets
with high barriers to entry and support more resilient local food systems.

Opportunities for Diversified Income

While large businesses and farms may benefit from focusing on one product, small and
medium-sized farms often sustain themselves through diversified income streams. One
advantage that aquaponic growers have is the ability to sell a retail product (e.g.,
lettuce) while their fish grow to maturity, providing positive cash flow at earlier stages of
a business. In another example, agritourism could produce positive cash flow for
smaller producers, particularly while getting established. Big Island Abalone hosts tours
open to the public at their NELHA site. Though a small proportion of their overall
revenue, the tours serve as an important strategy for marketing, including educating the
public on abalone, as well as other native species, including ‘opihi (limpet) (S. Yoshida,
personal communication, August 31, 2023).

As detailed in Table 5 in the Education & Training section, several other aquaculture
operations offer tours and educational field trips. Ali‘i Agricultural Farms/Fishing Farms
Hawai'‘i offers recreational fishing in their stocked aquaculture ponds on O‘ahu (Fishing
Farms Hawai'i, n.d.). It is worth noting that adhering to county and state-level policies
around agritourism and education may inhibit this possibility for some producers.

The waste generated from fish processing, including innards, heads, and fins, presents
an opportunity for reclamation, utilization, and even profit. For example, Ashley Watts of
Local I'a created a value-added line of pet treats and uses fish parts to create soup
stocks. She also distributes the parts to local farmers as compost (A. Watts, personal
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communication, July 14, 2023). Similarly, as Blue Ocean Mariculture and Kunia Country
Farms scale up for increased production and processing, so too are they seeking routes
through which to recycle fish waste. Both companies are currently giving away their
compost to the local community. However, both recognize the need to harness these
valuable nutrients, either as agricultural fertilizer or in aquaculture or other animal feeds
(J. Brand, personal communication, September 9, 2023; R. Jones, personal
communication, August 1, 2023).

Another opportunity lies in the production/sale of broodstock or fingerlings. Hawai'i is
home to one of the largest SPF shrimp broodstock producers in the world. For Kona
Bay Shrimp, SPF exports are a primary income source, and shrimp for human
consumption under the Kaua‘i Shrimp trademark is secondary (G Kunishima, personal
communication, April 3, 2024). However, for smaller companies, selling broodstock or
fingerlings may help augment their income. For example, on Hawai‘i Island, both Puna
Aquafarms and Island Aquaponics & Tilapia Hatchery sell fry and/or fingerlings
(personal observation, May 2024; Barnes, 2022). Agritourism, creating value-added
products, and selling seedstock are just a few examples of how aquafarms can increase
their economic viability by finding sustainable ways to use their resources.

ENABLING ENVIRONMENT

& UNCTIONS Enabling Environment & Supporting Functions

“The state needs to put funding towards positions that bolster the
technical and financial support of aqua farms. There needs to be university
representation as well as a more cohesive industry-level participation in
identifying what producers are out there and how to even support them.
We are all producing with blinders on.”

— Aquaculture producer survey participant, January 3, 2024

Examining the enabling environment and supporting functions of a value chain is widely
acknowledged as an important part of a holistic approach to food systems research
(FAO, 2014). The Hamakua Institute has conducted in-depth value chain analysis for
the island’s agricultural industries. As their 2021 Hawai'i Island Agriculture and Food
System Study report elucidated:

Agricultural value chains do not function in isolation of the wider eco-
system of information, infrastructure, policies, laws, and norms that exist
on-island. The island’s agricultural market system cannot be understood
without the supporting functions, rules, and stakeholder connections that
underpin strong system performance. (Hamakua Institute, 2021, p. 23)
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Therefore, research findings on enabling functions, including organization, advocacy
and legislation, technical assistance, producer collaboration, funding and financing,
R&D, and infrastructure challenges and opportunities are explored below.

» Organization, Advocacy & Legislation

Advocacy and industry organization lie at the core of creating a positive enabling
environment for successful aquaculture businesses that can significantly enhance
Hawai‘i’s food security. The ADP was established in 1978 to implement the nation’s first
state-level aquaculture development plan. According to John Corbin, previous ADP
manager, from 1978 to 1994, the program consisted of ten employees and a million-
dollar budget (J. Corbin, personal communication, October 18, 2023). The ADP acted
as a full-service stop for industry support services such as planning, permitting
assistance, technical services, disease management, marketing, and a small research
budget to match an annual UH Sea Grant program (Hawai‘i Aquaculture and
Aquaponics Association [HAAA], 2019). Another important function of the ADP was
legislative and policy support. Previously, Hawai‘i State statute established an
Aquaculture Advisory Council, which included representatives from the private sector,
government, and education. This level of advocacy allowed the ADP to keep
aquaculture as a state priority for many years (J. Corbin, personal communication,
October 18, 2023).

y:

the Capitol: Waiahole Nursery explaining the
aquaponic display to visitors (source: HAAA, 2021)
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Starting in the late 1990s, the ADP began to be downsized (HAAA, 2019), and in 2000,
the Aquaculture Advisory Council statute, HRS Title 11, Chapter 148D, was repealed
(Hawai‘i State Legislature, 2024a). Their advisory council roles were transferred to the
HAAA, where they currently reside (J. Corbin, personal communication, October 18,
2023). As state budgets tightened, administrative attention shifted, and the ADP
underwent significant changes. In 2000, the ADP had seven staff members. By 2018, it
was further downsized to two staff and demoted from the division level to a section
(Aquaculture and Livestock Support Services Branch) under the HDOA'’s Animal
Industry Division (Animal Industry Division, n.d.; HAAA, 2019).
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Figure 28: 2023 Agriculture Awareness Day at the Capitol
attended by HAAA & Center for Tropical and Subtropical
Aquaculture (CTSA) (source: CTSA, 2023)

After two decades of decreasing government support, industry stakeholders are fighting
for a renewed focus on state aquaculture. The HAAA has been advocating to re-
establish aquaculture as a state priority and involve the industry in all economic
development strategies, policies, and plans. Additionally, they are asking to rebuild the
ADP, restore it to the division level within the Department of Agriculture, and give it an
adequate budget to grow new aquaculture businesses (HAAA, 2019). While progress
has been slow, there have been a few positive changes. Four more ADP positions were
funded in 2022; as of 2024, six staff members were dedicated to aquaculture out of the
department's 320 positions (Heaton, 2019). Additionally, the present ADP charted a
strategic plan for 2023-2033 that delineates key priorities (commercial activity,
environmental restoration, support equipment & services) and strategies (HDOA, 2022).

As previously mentioned above, the ADP also received recommendations from Hatch
Innovation Services to improve the strategic plan. The extensive recommendations
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span the broad categories of regulatory development and efficiency, applied research
and entrepreneurship, workforce development, and economic viability and growth
(Hatch Innovation Services, 2024b). However, the question remains whether there will
be sufficient resources to fully implement the recommended tactical steps outlined in
these plans. Thus, legislative advocacy is essential to implementing change and
appropriating funds to meet these priorities.

In 2022-2023, HAAA and the Hawai‘i Aquaculture Collaborative initiated several
conversations with legislators and received guidance on collaborating to advance
aquaculture policy. In 2023, they jointly issued a legislative policy document describing
industry leaders' priorities for the 2023 session and beyond (HAAA & Hawai'i
Aquaculture Collaborative, 2023). See Figure 29 for a list of 2023 stakeholder
aquaculture policy priorities described in the document.

Despite these efforts, in Policies and Long Term Support Needed for
2023, there were 15 unique  the Hawai'i Aquaculture Industry - 2023 and Beyond
legislative proposals

supporting aquaculture that L

i i « Support and fund the continuation of the UH CTAHR Aquaculture
passed introduction but 1 Disease Diagnostic Lab as a partnership between CTAHR and
ultimately died during the HDOA and provide necessary staff, equipment, and supplies
IegISIatlve SeSSIOn'_ In 2.024’ 2 » Designate an estimated $75K in funding to develop a statewide
11 aquaculture legislative strategic 5-year plan foraquaculture, aligned with agriculture
proposals were introduced. . Support and fund a feasibility study to determine the best site for an
HB2626 was the onIy bill 3 aquaculture park on O‘ahu to promote commercial aquaculture

expansion

that passed, appropriating . ,
. 4 « Support and fund a programmatlc environmental impact statement
funding for the Board of for leasing state- owned fishponds

Land and Natural

5 « Designate an estimated $75K per year to establish and maintain an
Resources as lessor for industry-led Aquaculture Advisory Council within the administration
state-owned fishponds and 6 » Expand annual support and funding for the Hawai'i Small Business
appropriating funding for Innovation Research (SBIR) program
related environmental _ _
. t stat ts. Thi 7 . ISu%port collaboration between HDOA and aquaculture industry
Impact statements. IS eaders
measure was fourth on the
HAAA and Hawai'i 8 « Long term annual support and funding for NELHA

Aquaculture Collaborative’s
. . . HDOA -Hawai'i Department of Agriculture

po“Cy prIOI’ItIeS In 2023’ as NELHA - Natural Energy Laboratory of Hawai‘i Authority

shown in Figure 29 (HAAA UH CTAHR - University of Hawai'i College of Tropical Agriculture & Human Resources

& Hawai‘i Aquaculture Figure 29: 2023 Hawai‘i aquaculture industry policy

Collaborative, 2023). priorities (source: authors using information from HAAA &

Hawai‘i Aquaculture Collaborative, 2023)
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Among the measures that rolled over from 2023 into 2024 and died again were SB2410
(conduct a feasibility study for aquaculture park sites) and SB2412 (establish a new
Aquaculture Advisory Committee within the HDOA) (Hawai‘i Food+ Policy, 2024;
Hawai‘i Food+ Policy, 2023). In the 2025 legislative sessions, neither of these themes
was reintroduced.

At the time of writing, the 2025 legislative session is underway, and there are six unique
legislative proposals related to aquaculture and fishponds. Of these six, two bills rolled
over from 2024. SB13 would provide an aquaculture investment tax credit for
investments into a qualified aquaculture business, and SB584 clarifies that NELHA's
duties include supporting aquaculture (Hawai‘i Food+ Policy, 2024; Hawai‘i Food+
Policy, 2025). Given the bill passage and rollover rate, industry advocates like the
HAAA and the ADP are extremely valuable for necessary policy change, as these
organizations help amplify the voices of producers collectively.

Increased industry involvement in the legislative process is necessary for passing
supportive legislation. However, interview data suggest that some producers have little
faith in legislative support. As one interviewee described, “We have the talent, the
climate, the support of the local community; it’s just legislative, administrative will, or
lack of” (Aquaculture producer, personal communication, June 2023).

Another producer described feeling hopeful after heartfelt conversations with legislators
but found that the results consistently resulted in the wrong direction (Aquaculture
producer, personal communication, October 2023). A well-organized and well-supported
team of industry stakeholders can bridge the gap between producers and legislators,
nurturing collaboration. Strengthening organizations like the ADP, the HAAA, and the
Hawai‘i Aquaculture Collaborative will be pivotal in ensuring the aquaculture sector has
the advocacy, resources, and legislative support needed to advance industry priorities.

ssmomie ) Technical Assistance

“We need an extension agent in aquaculture.
We need experts on the ground that are able to troubleshoot with farmers.”
— Aquaculture producer survey participant, January 3, 2023

As described in the previous section, the ADP previously served the industry with some
aspects of technical support (e.g., permitting and disease management) but has lost the
capacity to do so over time. Currently, the UH Sea Grant program provides technical
assistance to producers via its Pacific Region Aquaculture and Coastal Resource Hub.
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As of January 2025, there were six employees, three of whom are aquaculture
extension specialists. One staff person is currently focused on Guam, another works
primarily in loko i‘a and education, and another focuses on extension, research, and
education in the field with commercial producers. These positions cover Hawai‘i and the
U.S.-affiliated Pacific Island region, stretching the capacity of available service providers
(Hawai‘i Sea Grant, n.d.-a). For example, one extension specialist interviewed detailed
their reach as working with people from around the world as well as Hawai'i
undergraduates and graduates, producers, and community organizations. His technical
assistance focuses on aquaculture activities for food security that solve producers’
problems, including pest control, animal health, water quality, food safety, and more. All
of these services are offered free of charge to producers (B. Fox, personal
communication, August 3, 2023).

Furthermore, Hawai‘i Sea Grant Aquaculture Extension Specialist positions are self-
funded, with duties including the need to continuously seek grants to fund their positions
(B. Fox, personal communication, August 3, 2023). Similarly, in states like New York,
aquaculture extension agents must secure their own funding through grants, primarily
from NOAA. These grants are often supplemented by funding from other state Sea
Grant programs and agencies, such as the USDA, requiring agents to continuously
apply for and manage multiple funding sources to sustain their positions (New York Sea
Grant employee, personal communication, February 2025). Although NOAA grants
usually require a 50% match from the state, these funds are often utilized to secure the
salaries of higher management rather than directly supporting extension specialists. As
a result, extension specialists must dedicate significant effort to securing their own
funding, reducing the time available to address industry needs (New York Sea Grant
employee, personal communication, February 2025).

Yet, there are other funding structures for state and Sea Grant extension specialists.
For example, Cape Cod’s Woods Hole Oceanographic Institution operates its extension
program through a memorandum of understanding with the Cape Cod Cooperative
Extension’s Marine Program, which receives funding through the county from the
Massachusetts Department of Agriculture. Their shared extension specialist positions
are thus funded through Sea Grant and the state, eliminating the need for them to seek
external funding (Barnstable County Cape Cod Regional Government, n.d.). This may
be due to a long history of state support and a consolidated organizational structure,
which reduces administrative overhead and allows more funds to be allocated directly to
extension services (Massachusetts Sea Grant staff, personal communication, February
2025). Hawai'i could consider reorganizing the staffing and funding structure of
extension specialists to guarantee their positions, allowing them to focus on industry
involvement.
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Figure 30: UH aquaculture specialty students, the future generation of
technical specialists, learn how to measure dissolved oxygen (source:
UH Hilo, 2025)

In addition to UH Sea Grant’s extension services, UH Manoa’s Center for Tropical and
Subtropical Aquaculture (CTSA) also houses one assistant aquaculture extension
agent. This agent supports the industry via workshops and educational outreach

(Center for Tropical and Subtropical Aquaculture, n.d.). UH Hilo PACRC, in addition to
undergraduate-level aquaculture education, engages in research and extension,
including providing fingerlings to aquaculture producers and fishponds to complete trials
for the production of various species (M. Haws, personal communication, July 30,
2024).

Interview data imply that, overall, there is insufficient technical assistance available.
When asked about what technical assistance they had received from UH, one producer
shared:

There isn’t a lot that they do for us. And not because we don’t want them to — but
a lot of our issues are time-sensitive, and it's hard to make things happen in real-
time...so let’s just say...if there was a disease outbreak in our hatchery, our
necropsies, and our water quality testing are all done on the mainland, they’re
not done by anyone in Hawai‘i, because they don’t have the tools, they don’t
have the personnel and they can’t do things fast enough. So that is a challenge.
(Aquaculture producer, personal communication, August 2023)
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One potential solution is that aquaculture parks could offer affordable and efficient
technical support. Since its inception in 1974, NELHA’s HOST Park has gone from
acting primarily in the role of landlord and utility to being a liaison to help create a
pipeline of aquaculture businesses. With the help of Hatch Blue, which recently ceased
operations at NELHA, and Hawai‘i Small Business Development Center, one goal of the
agency is that HOST Park aquaculture tenants are ushered from the R&D stage and
into commercial production. Still, technical assistance is limited at the park. In a 2023
interview, Deputy Director of NELHA, Laurence Sombardier described that the agency
only had a handful of available staff with expertise that could help with technical
assistance such as labs, electrical, mechanical, and engineering but that the team
lacked specialists in biology, environmental science, and other topics producers might
seek support in (L. Sombardier, personal communication, July 13, 2023; HOST, n.d.-b).

Despite limited outside technical assistance, most producers interviewed are used to
doing their own technical research and innovation in-house. With unique, specialized
operations, they are adept at hiring a workforce that can experiment and adapt based
on changing needs, with some exceptions for bringing in outside help for working on
specialized equipment. To scale an industry, however, adequate technical assistance
will be needed across various aquaculture species and production systems. One
interviewee noted a need for farms to be able to hire consultants to support the adoption
of best management practices and improved production technologies, supporting a
more productive industry (B. Fox, personal communication, August 3, 2023). Therefore,
funding pools to support farmers hiring consultants would be a useful step toward
adopting best practices.

sz Producer Collaboration & Cooperation

To grow the industry, collaboration and cooperation among Hawai‘i aquaculture
producers are pivotal. While it is clear that teamwork has happened organically among
producers throughout time, strengthening and expanding opportunities for collaboration
can help address shared challenges, optimize resources, and enhance the industry’s
growth and sustainability.

Industry-level participation commonly involves local, national, or global producer
associations, cooperatives, or other organizations collaborating on shared goals. HAAA
was established in 1975 to provide industry advocacy and support (HAAA, n.d.). At its
peak, the association had about 100 members, though by late 2023, it had shrunk to
around 43 members. The organization is volunteer-run, which greatly limits the capacity
of the association to provide services and advocate for the industry (J. Corbin, personal
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organization, and advocacy to Hawai‘i’s aquaculture producers.

The Hawai‘i Sea Grant Aquaculture Collaborative also provides valuable support and
resources that have positively impacted the industry in Hawai‘i. For example, in 2024,
they led six virtual Tech and Brown Bag presentations. Their website features
aquaculture news, job listings, reports, and more (Hawai‘i Sea Grant, n.d.-c). The
initiative is grant-funded, with past support from NOAA through the project Utilizing an
Aquaculture Industry Collaborative to Increase Hawai'i's Economic Resilience and Food
Security and ongoing funding until 8/31/25 from Enhancing and Promoting Aquaculture
Workforce Development in Hawai'i and the Pacific. Hawai‘i Sea Grant has also
submitted a proposal for additional NOAA funding to continue workforce development
efforts beyond 2025 (J. Schneider, personal communication, January 29, 2025).
Maintaining this funding for the Aquaculture Collaborative is important for supporting
local aquaculture businesses in Hawai'i.

"If you are not a part of any producer association, cooperative or
other organization, why not?" (n=9)

| wasn't aware of opportunities to join such organizations T S —
| don't see a value in joining such an organization T
Other (please write in el 0vy):  |1————————————————
| don't have time to commit to such organizations T

0 1 2 3 4
Number of responses

“Other” open-ended responses: They don’t represent members’ needs, | am involved in the organizations listed above, our production was
never large enough to do so, N/A

Figure 31: Commercial producer survey, reason not involved in aquaculture-related
industry organizations (n = 9)

Both the producer interviews and survey results revealed that there are mixed feelings
about collaboration. In the commercial producer survey, participants (n = 9) were asked
which organizations they belonged to, and results found that five participated in the
Hawai‘i Aquaculture Collaborative and four in the HAAA. Four respondents didn't belong
to any industry organization. See Figure 31 for the reasons cited for non-participation.

For producers who have time constraints preventing participation, brief and focused
virtual events, or on-demand presentations, such as Hawai‘i Aquaculture Collaborative
Tech and Brown Bag series, may be ideal. For those who believe these types of
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organizations do not offer enough value, tailoring benefits to better meet specific
operational needs could increase engagement. For example, providing technical
support and marketing assistance, offering low-cost equipment rentals, platforms for
splitting bulk orders, and industry discounts.

Data from the producer interviews suggests that some organizations may not have
enough capacity to offer sufficient benefits for membership. Associations could increase
their ability to aid producers and the industry by teaming up with national organizations
or otherwise applying for federal funding. For example, producer networks and
associations are eligible to apply for funding through the USDA’s Agricultural Marketing
Service. Their Local Food Promotion Program offers planning, implementation, turnkey
marketing and promotion, and 24-month turnkey recruitment and training grants; the
grant requires 25% matching funds (Agricultural Marketing Service, 2024).

Interview data also revealed examples of larger aquaculture companies creating their
own collaborative opportunities. For example, Blue Ocean Mariculture has been
providing access to local restaurants and continent-based markets for NELHA HOST
park neighbor Ocean Era’s seaweed. These companies have also collaborated on
ordering packaging materials, accessing distributors, and sharing air freight rates ( N.
Sims, personal communication, August 30, 2023).

We explored collaborative opportunities in the commercial producer survey, where
participants were asked to rate their interest in nine theoretical areas (see Figure 32).
Producers were most interested in sourcing feed, at 78% of respondents (seven out of
nine). Approximately 67% showed interest in collaboration on education and knowledge
sharing, legislative advocacy, and marketing. Respondents were evenly split as to being
either not interested at all or very interested in shared distribution infrastructure and/or
networks. It may be useful to investigate the potential benefits and drawbacks of shared
distribution and the hesitations that may arise. The industry would benefit from pursuing
these opportunities and recruiting businesses willing to collaborate.
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Producer Interest in Collaboration (n =9)

Sourcing feed 22.20% [T 44 A% T 33.3%
Education & knowledge sharing among producers 3330% 1A% 55.6%
Legislative advocacy 33.30% 1333% 33.3%
Marketing 33.30% ©333% 33.3%
Shared labor 44.40% [7838% N 22.2%
Shared distribution infrastructure and / or networks 55.60% 0.0% 44.4%
Shared cold storage facilities 55.60% 1833% 11.1%
Shared processing facilities 55.60% 1222% 22.2%
Sourcing packaging 55.60% T333% 11.1%

Percentage of producers
Not interested m Somewhat interested = Very interested

Figure 32: Commercial aquaculture producers’ interest in theoretical collaboration
opportunities (n = 9)

Cooperative business models in Hawai‘i agriculture are commonly suggested for
agriculture industry growth. Researchers explored the potential for cooperative
formation with stakeholder interviewees. Below is a summary of the services and
benefits producers expressed that would be valuable for an aquaculture cooperative to
provide:

Research and development

Assistance in the establishment of new operations

Providing fingerlings/seedstock

Shared power generation via an energy co-op

Shared equipment for water quality testing, including providing training to
members and community groups (such as loko i‘a) in equipment use
Shared use with wild catch fisheries

Product aggregation to help achieve scale to reach larger markets otherwise
unachievable by individual producers

Shared processing and storage through a coop that is FSMA or HACCP-
compliant

Cold chain, packing, and distribution

Purchase and acquisition of packing materials in bulk

Shared marketing and branding

Carbon accounting for seaweed producers
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Cooperatives may also offer other benefits, such as stable prices, guaranteeing a
market, technical assistance and education, taxation benefits, and profit sharing.

Possible complications of an aquaculture cooperative are the extreme diversity of
species that have specific feed, harvest, and processing needs. Another complication is
the logistics of organizing an industry of innovative, smart, competitive aqua farmers
who may view the formalized nature of cooperative formation and membership as
unnecessarily burdensome. For example, Ashley Watts of Local I'a fish market tried to
implement a co-op model with wild-catch fishermen but ran into barriers as soon as it
came down to paperwork to make such a cooperative official (A. Watts, personal
communication, July 14, 2023).

Stakeholders also noted that, in practice, shared facilities are difficult to realize due to
biosecurity reasons. While the animals are still alive, shared facilities present a real
opportunity for disease spread. Additionally, for users of such cooperative facilities,
transportation also becomes an issue, as they must bring their product to another site.
However, were such a facility to be located at NELHA HOST park, for example, the
existing proximity of companies and infrastructure could be capitalized upon.

Collaboration among Hawai‘i’'s aquaculture producers is essential to overcoming the
unique challenges of operating in such a remote location. Producers can share
resources and knowledge and encourage improvements across the industry by
strengthening industry associations and providing platforms for collaboration. Exploring
cooperatives and other models may be a means to enhance collaboration.

e Funding & Financing

“We have been out of business for over a year and unable to find [the] capital
needed to restart operations. We have all of our equipment, a dedicated core
team, proven technology, [a] large customer base, and a strong determination to
continue, but there does not appear to be much capital available for our needs.
This needs to change if we are to meet the food needs of the future.”

— Aquaculture producer survey participant, January 23, 2024

The start-up costs for new aquaculture ventures are high, and finding funding to get new
operations off the ground is difficult. Some companies have grown with private
investment. Since Christy Walton took over primary ownership of Blue Ocean
Mariculture, the company has been able to significantly grow (Growjo, n.d.). However,
substantial private investments are the exception for the Hawai‘i aquafarmer. A lack of
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financing can also inhibit innovation. For example, it may be particularly tough to find
funding to support the production of novel species from inception until a profitable scale
is reached. Staying afloat requires creativity, good credit, time, and patience with
paperwork. One producer we spoke with started his initial test system by utilizing
student loans (Aquaculture producer, personal communication, November 2023).

Some producers take advantage of USDA programs, while others are less familiar with
the diverse funding streams available through the agency. Symbrosia applied for the
USDA Rural Development Biorefinery, Renewable Chemical, and Biobased
Product Manufacturing Assistance Program specifically for the production of new
bio-products. Through this program, USDA Rural Development guarantees 80% of the
applicant’s loan (A. Akbay, personal communication, October 5, 2023; Rural
Development, n.d.).

One producer we spoke with has taken advantage of Small Business Innovation
Research (SBIR)/Small Business Technology Transfer (STTR) grants, which fund a
variety of research programs across various disciplines to support small businesses in
innovating their companies, including in the areas of agriculture and aquaculture.
Various federal agencies are responsible for administering these funds, but in the realm
of agriculture, the USDA National Institute of Food and Agriculture (NIFA) administers
all SBIR/STTR grants, including the aquaculture topic area. The SBIR program, first
created in 1982, has been extended many times and was funded through September
2025 (National Institute of Food and Agriculture [NIFA], 2025). It has since expired, to
the dismay of the small business and innovation community (Collard, 2026). However, if
these funds should be re-authorized by Congress in the near future, increased
availability of such funds would be a beneficial support for Hawai‘i's small-scale
aquaculture producers. Some producers also take advantage of NOAA grants. For
instance, Kaua'i Sea Farm largely funds its one full-time position through NOAA
research grants (D. Anderson, personal communication, October 31, 2023).

Ocean Era, an aquaculture research and development company, has taken advantage
of U.S. Department of Energy funding for the production of macroalgae (Caulerpa
lentillifera or sea grapes), Halymenia hawaiiana (red ocean kale) and Gracilaria
parvispora (0ogo) for biofuel as well as other interim markets on the way to biofuel
production (N. Sims, personal communication, August 30, 2023). Next, the company is
hoping to do a demonstration project offshore with limu production with the support of
the U.S. Department of Energy funds (N. Sims, personal communication, August 30,
PIlyX)BWith a recent announcement from the Department of Energy that they will

be offering close to $20 million in funding for advancing macroal
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for biofuels, opportunities for funding in this arena appear to be expanding for|
Hawai‘i’s seaweed producers (U.S. Department of Energy, 2024)}

The Hawai‘i Sea Grant Aquaculture Collaborative website lists several applicable
aquaculture grants and loans (Hawai‘i Sea Grant, n.d.-c), but this list is not exhaustive
as several federal and state grant programs may not specifically target aquaculture but
may consider businesses in this industry as eligible. For instance, one producer we
interviewed described having the opportunity to attend a USDA meeting where various
funding programs were presented on, for example, hazard insurance and electric
efficiency programs, that he was previously unaware of (G. Kunishima, personal
communication, April 3, 2024).

In another example, two possible grant programs may be available for aquaculture
businesses to achieve food safety training and certification. The Local Food
Promotion Program of the USDA Agricultural Marketing Service provides funding to
small and medium-sized agriculture operations to cover “expenses related to costs
incurred in obtaining food safety certification and improvements to food safety practices
and equipment” (Agricultural Marketing Service, 2024). The USDA-NIFA Food Safety
Outreach Competitive Grant Program provides funding for organizations to develop
customized food safety training for target populations (NIFA, 2024). Additionally, there
are several research grant opportunities available, some of which are described in the
following section on R&D and detailed in Table 12.
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Table 12: Examples of grant funding options for aquaculture producers and

stakeholders

Agency Program Description
Small Business Technology For small businesses to support agriculture
USDA - NIFA Transfer grants/Small Business | research on problems or opportunities that can
Innovation Research benefit public health (NIFA, 2025).
For organizations to develop customized food
USDA - NIFA Food Se_\f_ety Outreach safety training for target populations (NIFA,
Competitive Grant Program
2024)
For small and medium-sized agriculture
USDA Agricultural operations to cover costs for food safety

Marketing Service

Local Food Promotion Program

certification and improvements (Agricultural
Marketing Service, 2024)

National Aquaculture Initiative:
Strengthening U.S. Coastal,

For individual, businesses, or entities to
address topics related the support of new and

NOAA Marine, and Great Lakes existing aquaculture businesses (Grants.gov
Aquaculture Through Business 9aq -gov;
2024)
Support
For a variety of applicants that show direct
benefits to U.S. fisheries and meaningful
NOAA Saltonstall-Kennedy Grant participation of fishing communities (NOAA,
2024)
NOAA Commission; Pacific Marine y 4 9

Pilot Projects

techniques and business practices (Pacific
States Marine Fisheries Commission, n.d.)

Hawai‘i Sea Grant

Biennial Research Competition

Applied research, outreach, and education
addressing marine and coastal issues of public
concerns (Hawai'‘i Sea Grant, n.d.-c)

MACRO - Mixed Algae
Conversion Research

For conversion of seaweeds to low carbon
fuels and bioproducts and the conversion of

DOE Opportunity to Advance algal biomass for low carbon agricultural
Development of Mixed Algae bicg) roducts (DOE, n.d.) 9
for Biofuels and Bioproducts P T
. . R&D of unproven, leading-edge, technology
NSF Small Business Innovation innovations that address societal challenges
Research
(NSF, n.d.)
For industry for the creation and growth of
NSF Pathways to Enable Open- open-source ecosystems for the creation of

Source Ecosystems

new technology solutions (NSF, n.d.)

DOE - U.S. Department of Energy; NIFA - National Institute of Food and Agriculture; NOAA - National
Oceanic and Atmospheric Administration; NSF - National Science Foundation; USDA - U.S.
Department of Agriculture
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Loans can also aid aquaculture producers via low fixed interest rates. While
conventional bank lenders tend to shy away from lending to aquaculture, venture capital
and “blended capital” tend to be the primary investors (J. Corbin, personal
communication, October 18, 2023). However, the HDOA does offer loans to
aquaculturists as a lender of last resort, meaning applicants must first be denied by
conventional lenders in order to become eligible. The HDOA aquaculture loans are set
at a fixed 5% interest rate annually (Agricultural Loan Division, n.d.). One role of a
reinvigorated ADP could be to connect start-ups with financing.

Table 13: Examples of financing options for Hawai‘i aquaculture producers

Entity Description Details
HDOA Loans to aquaculturists as a Fixed 5% annual interest rate (Agricultural Loan
lender of last resort Division, n.d.)
Community Based Economic
Development Program, Loans of $50,000 — $125,000 at 3% — 6% annual
DBEDT Agricultural and Food interest rate (Business Development and Support
Production & Manufacturing Division, n.d.)
and Wholesaling
Feed The Community Development Access to capital, technical assistance and networks
Hunger Fund | Financial Institution (non-profit) | (Feed the Hunger Fund, n.d.)
DBEDT - Hawai‘i Department of Business, Economic Development & Tourism; HDOA - Hawai'i
Department of Agriculture

In summary, producers find it challenging to access funding sources for aquaculture in
Hawai‘i due to high start-up costs, demanding application processes, and a lack of
awareness about current programs. The researchers identified several funding and
financing opportunities discussed in this section and the section on R&D below;
however, this list is non-exhaustive. (1 \ARiTT1Te [[sTe KeJ o e Xe] g {01311 {{-Y=D(F Ml o 1V1 § (o)
reach small and medium-sized aquafarm businesses, a comprehensive listing

grant and loan opportunities and direct assistance with applications is needed.

With a more organized, accessible, and supportive financing environment, producers
may be able to grow and contribute significantly to Hawai‘i's seafood security.

sespssmse=® |Infrastructure

Supporting the growth and success of Hawai‘i’'s aquaculture businesses requires
improving available infrastructure. NELHA HOST Park could serve as a model for
providing infrastructure for the commercial aquaculture industry. Providing partially
permitted production spaces and deep-sea water on tap, aquaculture producers at
NELHA can get to work quickly. The addition of more aquaculture parks in the islands
will initially take time and investment, but will serve as a catalyst for the production of
aquatic foods for decades to come.
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Previously, the ADP, under John Corbin's direction, mapped the entire state into primary
and secondary aquaculture sites and incorporated them into the state GIS system. At
this time, additional aquaculture park sites were considered, including one on Kaua‘i
with shoreline deepwater and two on O‘ahu in Kahuku. However, challenges in the
environmental assessments, budgets, and water availability eventually stalled the
efforts (J. Corbin, personal communication, October 18, 2023).

As an alternative to building oceanfront aquaculture parks, those with brackish water or
freshwater would also support the industry. The HDOA currently manages parks of
leased farmland under the state’s Agriculture Park Program, including four on O‘ahu,
four on Hawai'i Island, and one on Moloka‘i for a total of 3,123 leased acres under 227
lots. State lessees are required to be engaged in diversified agriculture or aquaculture
on 20 acres or less. As of January 2025, the HDOA website showed no available lots
for lease (Agricultural Resource Management Division, n.d.), and only five lessees were
engaged in aquaculture (HDOA employee, personal communication, January 2025). It
would greatly aid the industry if land-based aquaculture parks were developed based on
aquatic food producers’ infrastructure needs. Altering current statutes for agriculture
parks to be more amenable to aquaculture could help to recruit more aquaculture
businesses on state-leased land.

Fostering an enabling environment that benefits Hawai‘i’s aquaculture industry requires
a comprehensive strategy that includes funding, infrastructure, technical assistance,
collaboration, and effective legislative advocacy.

e Research & Development
“I've seen us reduce costs dramatically in so many different areas that I'm just
excited about continuing to reduce costs through innovation.
But you do have to have the foresight to invest in R&D,
knowing that that's going to be a reality, especially if you have new products or
if you think your product is already going to be really expensive to produce.”
— Aquaculture producer, personal communication, October 2023

The 2017 Global Innovation Index report describes that the lag between successful
R&D in agriculture and the widespread adoption of innovations is at least 15-25 years
(Jaruzelski et al., 2017). In contrast, private R&D in the aquaculture industry is driven by
a need for innovation to have a competitive advantage and is often governed by time
and monetary resources. The report also highlights that

I CERT e Bl gL M 0\Y18Y, Which is key for sustainably meeting worldwide demand for
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food (Jaruzelski et al., 2017). Private R&D is especially important for those wishing to
grow a species in a novel environment.

For example, as described previously, Ocean Era, a privately-owned company, has
been conducting research into the production of nenue. As consumers of primarily algae
in the wild, there is a real opportunity to develop nenue as an environmentally-friendly
commercial warm-water aquaculture fish (N. Sims, personal communication, August 30,
2023).

While private R&D plays a significant role in innovation, the aquaculture industry would
also benefit from increased public-private partnerships (PPPs) to achieve research
goals. The U.S. National Strategic Plan for Aquaculture Research “urges more public-
private-non-governmental organization sector collaborations and cooperation
throughout the supply chain, from aquaculture service industries to farms to markets
that stimulate innovation and entrepreneurism” (National Science and Technology
Council, 2022, p.4). Literature on aquaculture PPPs shows several success stories
across the globe but also acknowledges their challenges (Kaminski et al., 2020).
Misaligned PPPs may have issues with agreeing on desired outcomes, frequent and
open communication, delineation of responsibilities, metrics, and reporting, to name a
few (Hoye et al., 2010). Therefore, it is critical that R&D goals, methodology, and
division of labor are clearly established from the beginning in such partnerships.

One example of aquaculture PPPs in Hawai‘i is the collaboration between Hawai‘i Sea
Grant and local commercial producers, including loko i‘a. The aquaculture extension
specialists work side-by-side with producers and kia‘i loko on subjects such as IMTA
systems, feed, species-specific hatchery and grow-out efforts, and more. In another
example, Hatch Innovation Services recently reported a need for increased
opportunities and availability of research permits for testing and validation of new
species and technology commercialization (Hatch Innovation Services, 2024b). This
would involve a partnership between agencies such as HDOA, DLNR, and private
companies. Such time-limited research would speed innovation and identification of
opportunities. See Table 14 for more examples of private and public aquatic food
research in Hawai'i.
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Figure 33: IMTA collaboration with Hawai‘i Sea Grant and Waikalua
Loko I‘a in Kane‘ohe, O‘ahu (source: Voice of the Sea, 2024)

Though R&D for some small and medium producers may seem economically out of
reach, funding is available. Hawai‘i Sea Grant sponsors a biennial research competition
where recipients can receive up to $100,000 over two years, but must have 50%
matching funds from non-federal sources (Hawai‘i Sea Grant, n.d.-d). Macroalgae
producer Symbrosia is extremely invested in R&D and engages in PPPs as well as its
own private research. For example, Symbrosia received a NOAA Saltonstall-Kennedy
grant (NOAA, 2024) for $500,000 to outplant limu kohu from seeded substrate and is
partnering with Kaua'‘i Sea Farm, Hawai‘i Sea Grant, Malama Maunalua, KUA, Pacific
American Foundation, Windward Community College’s Kia‘i Loko Center for Limu
Research, and Wai‘anae High School (Akbay, 2024). Kaua‘i Sea Farm (Nomilu
fishpond) is also conducting R&D on high-value, low-trophic native species for fishpond
production, sea cucumbers, and native oysters, thanks to a NOAA Saltonstall-Kennedy
grant, a NIFA SBIR grant, and Pacific States Marine Fisheries Commission competitive
award funding (Anderson, 2024). See Table 12 in the Funding & Financing section
above for more information on grants available for aquaculture.
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Table 14: Examples of aquaculture R&D in Hawai'i

Entity ‘ Research examples*

Public
Restorative aquaculture with native food fish, sea cucumbers, native
bivalves (M. Haws, personal communication, July 30, 2024)
Sea cucumbers, rearing, raising and releasing mullet for fishpond
revitalization (Hawai'i Sea Grant, n.d.-b)
UH CTAHR & UH Sea Tilapia, Native Hawaiian sea cucumbers, striped mullet for fishpond
Grant & TAREC stocking (A. Seale, personal communication, January 28, 2025)
Oceanic Institute at HPU Cap.ti.ve regring. of finfish and shrimp, aquatic feeds & nutrition (Hawai'i
Pacific University, n.d.-a)

UH Hilo PACRC

UH Sea Grant

Private
Symbrosia Automation, modular systems, limu kohu outplanting (Akbay, 2024)
Ocean Era Offshore aquaculture innovations, seaweed and fish (McDaniel, n.d.)

Completed commercial R&D test site for the production of rainbow trout
and organically-certified baby watercress (Maui Trout Company, n.d.)
Investigating high value, low trophic native species for fishpond
production, sea cucumbers, native oysters (Anderson, 2024)
*Research described is not exhaustive and focuses on seafood

Acronyms: CTAHR - College of Tropical Agriculture and Human Resources; HPU - Hawai‘i Pacific
University; PACRC - Pacific Aquaculture & Coastal Resource Center; TAREC - Tuahine Aquaculture
Research and Education Center; UH - University of Hawai'i

Maui Trout Farms

Kaua'i Sea Farm

Thus far, this supply chain analysis has brought to light many important R&D gaps that
need to be addressed. An increase in R&D into locally sourced feed ingredients and
sustainable feed additives is necessary, as highlighted by producer concerns over the
high cost of imported feed. Developments in feed efficiency research may also help
producers reduce feed expenses. Additionally, developing and replicating extensive and
unfed aquaculture systems will contribute to sustainability and food security goals.
Another important area of study is genetic improvement since selective breeding
initiatives may improve local species’ growth rates, resilience, and overall production
efficiency.

Research and development are key drivers of sustainability, innovation, and economic
success for the aquaculture industry. The individual businesses and industry
achievements toward a sustainable, secure seafood supply will rely on a balance of
private, public, and collaborative partnerships.

Summary

Hawai‘i’'s aquaculture industry (and food system more generally) faces a suite of
interrelated challenges affecting all stakeholders across the value chain. With high input
costs and regulatory barriers to doing business, would-be farmers may struggle to even
get started. Limited land and skilled labor availability are further challenges. Producers
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often rely on volunteers, interns, and temporary visa programs to fill gaps. Renewable
energy, cooperative purchasing, and automation offer some relief, but remain out of
reach for many small producers.

High feed costs, exacerbated by shipping expenses and supply chain inconsistencies,
are primary challenges. While local feed production may not yet be viable due to low
industry volume and high costs of operation, innovative practices including IMTA and
automated feeding systems, show promise for improving efficiency and reducing
dependency on imported feed in the long term.

As an industry yet to scale, producers often are vertically integrated, from producing
their own seed, all the way through to marketing and distribution. This increases
operational burden and cost. Additionally, importing genetics is time-consuming and
often subject to restrictive permitting. Collaborative hatchery development and
streamlined permitting could help to alleviate some of these burdens.

While still constrained by upstream supply chain challenges, producers generally report
fewer operational barriers during the grow-out phase. When systems are functioning
well, production is relatively stable. However, disease risk, unreliable seedstock, and
input disruptions can jeopardize this stability.

Processing infrastructure is limited and expensive, particularly for small and medium-
scale producers. Regulations related to food safety and compliance can be difficult to
navigate. Without scalable, shared processing options, many producers are unable to
access additional markets. While wholesale and retail distribution channels are more
developed, and producers with adequate volume generally find demand for their
products, many smaller producers cannot reach such volumes due to upstream
constraints. Logistics challenges, especially interisland and cold chain, further limit
access to buyers. Direct-to-consumer and alternative seafood networks provide
promising sales channels, including farmgate and farmers market sales, and
Community Supported Fisheries and food hubs to aggregate smaller harvests. As a
small island community, such networks should play a primary role in building a resilient,
appropriately scaled industry to support food system security, sovereignty, and
resilience.

Collaboration among producers has historically occurred informally but is increasingly
recognized as essential for industry growth. Interest is high in cooperative approaches
for bulk input purchasing, knowledge sharing, legislative advocacy, and marketing.
However, concerns around paperwork, biosecurity, and logistical burdens—particularly
among producers of diverse species—pose real challenges. Still, shared efforts at
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NELHA and partnerships facilitated by organizations like the Hawai‘i Aquaculture
Collaborative demonstrate the potential of structured collaboration.

A decline in institutional support over recent decades has weakened the aquaculture
sector's ability to organize, advocate, and influence policy. The Aquaculture
Development Program (ADP), once a robust state initiative, has seen severe reductions
in staffing and influence over time. Recent legislative sessions have seen many
aquaculture bills introduced, though few have passed. In addition, producers lack
adequate levels of consistent technical support, some of which was once offered by the
ADP.

Such complex dynamics warrant a systemic approach to enhancing the industry.
Towards this end, the following recommendations were developed.



Page |85

Recommendations

“My fear is that what is actually going to happen is pretty much the status quo.
That we will remain dependent on imported seafood. You know, we're buying our
shrimp and our catfish, our tuna from everybody else, we're exporting our
ecological footprint and accepting no responsibility for the food that we eat.
That's my fear. My hope is wildly different. My hope is that there will be more
broader community recognition of the need for aquaculture in its many diverse
forms, be it land-based, loko i‘a, and offshore.”

— Aquaculture R&D professional, personal communication, August 2023

Both public and private efforts should be directed toward advancing aquaculture in
Hawai‘i. Below, systemically impactful solutions are outlined, categorized as
coordination, capacity, and support.

Coordination

An intentional and well-coordinated approach in the aquaculture sector will help Hawai'i
reach food security goals sooner and support long-term sustainability. The research
results consistently show that three key areas would help to leverage coordination:
establishing a central agency, enhancing representation and advocacy, and increasing
collaboration and communication among stakeholders.

Re-Establish a Central Agency

Currently housed within the Animal Industry Division of the HDOA, legislatively restoring
the Aquaculture Development Program to division status within the HDOA or developing
a similar central agency to be the unified “voice of aquaculture” in Hawai‘i would greatly
enhance all aspects of the industry. This may require legislative action, particularly if the
division would exercise independent statutory powers or require state appropriations.
The new ADP would work closely with other agencies such as DLNR, the DOH, and
industry stakeholders to help organize, reduce overlap, fill gaps, and clarify state and
federal regulations for producers. Such an agency could be responsible for the following
functions:
e Act as an advocate and policy support body in partnership with the Hawai'i

Aquaculture Collaborative and HAAA.

Provide technical assistance to new and current producers.

Guide producers on permitting and regulatory compliance in coordination with

DOH and DLNR.
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e Link producers with federal and state funding and financing opportunities
including USDA and NOAA programs.
Serve as a liaison between education and industry.
Assist in infrastructure development, such as improving the disease diagnostic
laboratory, aquaculture parks, processing facilities, and commercial kitchen
spaces (in collaboration with UH, NELHA, and state and county governments).

e Provide industry marketing support in concert with HDOA’s Market Development
Branch.

Increase Representation & Advocacy

Increasing representation will ensure the aquaculture industry has a stronger and more
visible presence in decision-making, advocacy efforts, and public knowledge. Creating
and strengthening initiatives that can amplify the voices of stakeholders will ensure the
industry’s needs and contributions are understood by policymakers and consumers. The
HDOA, HAAA, UH and UH Sea Grant could play a central role in facilitating the
following advocacy needs:
e Strengthen the Hawai‘i Aquaculture and Aquaponics Association (HAAA) with
partnerships and funding.
e Legislatively reinstate the Hawai‘i Aquaculture Advisory Council for legislative
representation and support.
e Continue funding the Hawai‘i Aquaculture Collaborative for industry outreach
(UH).
e Create more policy and advocacy education opportunities (e.g., webinars,
workshops).
e Facilitate press and storytelling around aquaculture in Hawai‘i through news
articles, videos, social media, radio programming, coordinated through Hawai'i
State and University communication outlets.

Expand Collaboration & Communication

Addressing supply chain challenges and gaps through collaboration and communication
can foster partnerships that increase efficiency and reduce producers’ overall costs.
Below are some examples.

Producer-to-producer collaboration
e Share infrastructure (e.g., processing facilities, equipment, cold storage), ideally
with the support of the ADP and local government.
e Ordering in bulk via coordinated efforts with producer associations (e.g., feed,
supplies, packaging).
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e Explore cooperative energy arrangements with neighbors, especially renewable
energy solutions.

Other collaboration/communication opportunities

e Connect producers to existing extension agents and aquaculture research
programs (UH Sea Grant, CTHAR, PACRC, CTSA).

e Collaborate with existing food hubs to enhance distribution networks.

e Update existing state and association websites to disseminate industry
information more effectively (HDOA, DLNR, UH Sea Grant, Aquaculture
Collaborative, HAAA).

e Improve cross-agency communication between the DOH, HDOA, DLNR, and
extension agents about permitting and food safety compliance.

Table 15: Aquaculture supply chain

recommendations to improve coordination

Coordination

Recommendation

Lead Actors

Actions

Re-Establish a
Central Agency

Legislature
Governor
HDOA

Policy advocate

Technical assistance

Permitting assistance

Financing and funding assistance

Education liaison

Infrastructure development

Marketing

Increase

State initiatives

Fund & strengthen industry associations

. Legislature Reinstate the Hawai‘i Aquaculture Advisory Council
Representation - -
HAAA Policy education for stakeholders
& Advocacy
All stakeholders Increase press for Hawai‘i aquaculture
Shared storage and processing infrastructure, bulk orders,
Producers .
energy cooperatives
HI Sea Grant,
Expand PACRC, CTSA Producer collaboration with extension & research efforts
Collaboration & | CTAHR
Communication | Producers Collaboration with food hubs
HI Stalte.& industry Regularly update aquaculture information websites
associations

State agencies

Cross-agency communication about permitting & food safety

ADP — Aquaculture Development Program; CTAHR — College of Tropical Agriculture and Human
Resources CTSA — Center for Tropical and Subtropical Aquaculture; HAAA — Hawai‘i Aquaculture &
Aquaponics Association; HDOA — Hawai‘i Department of Agriculture; HI — Hawai‘i; PACRC — Pacific
Aquaculture & Coastal Resource Center
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Capacity

Building capacity is essential for the sustainable growth and success of Hawai'‘i's
aquaculture industry. By advancing research and development, creating a skilled
workforce, and strengthening infrastructure and technical assistance, the industry can
more effectively address supply chain challenges.

Advance Research & Development

The producer and stakeholder interviews revealed several R&D goals. To advance the
industry in Hawai'‘i, continued research on the following subjects should be prioritized
and supported through public-private partnerships. The UH system (CTAHR, PACRC,
CTSA) and Oceanic Institute in coordination with NOAA and Hawai‘i Sea Grant are well
poised to continue rigorous and timely research. Partnerships with producers, including
fishpond caretakers, would keep the advancements locally relevant. Funding sources
from NOAA and the USDA may help to sustain R&D activities. Examples of evidence-
based priority research topics include:

e Develop local feeds and sustainable feed additives.
Improve the feed conversion ratio (FCR)of locally farmed species.
Advance “unfed” extensive aquaculture systems.
Expand genetic improvement programs (growth rates, disease resistance).
Develop best practices for local commercial hatcheries.

Bolster Workforce Development

Creating and retaining a skilled workforce will enhance Hawai‘i’'s capacity to meet the
demands of the growing aquaculture sector. The following recommendations emerged
from the data:
e Increase incentives by producers for aquaculture laborers beyond competitive
wages such as housing support or academic credits.
e Strengthen the education-to-work pipeline through partnerships with UH, Oceanic
Institute, and HDOE.
e Develop and maintain a centralized repository for aquaculture internships and job
postings, potentially coordinated by HAAA or Hawai‘i Aquaculture Collaborative.
e Expand youth aquaponics and aquaculture programs in schools and community
programs (4-H, afterschool programs, field trips (utilize Wai‘anae High School
Marine Science Learning Center as a model).

Increase Access to Infrastructure & Technical Assistance

Improving technical assistance from the public and private sectors can augment
production and overall business outcomes. Expanding and strengthening infrastructure
is vital for the growth and sustainability of Hawai‘i’'s aquaculture industry.



Recommended actions are:
e Expand aquaculture extension services available through Hawai‘i Sea Grant,
PACRC, and CTSA.
e Disseminate the latest research via websites, workshops, and conferences such
as the Hawai'‘i Agricultural Conference and the Aquaculture Collaborative’s
Brown Bag webinars.
e Increase specialized education on hatcheries, modular and automated systems,
equipment repair, and aquatic veterinary sciences.
Strengthen the HDOA's disease diagnostic laboratory.
Develop new aquaculture parks as well as local commercial hatcheries in
collaboration with HDOA, Agribusiness Development Corporation (ADC), state
and county governments, and private investors.
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Table 16: Aquaculture supply chain recommendations to increase capacity

Capacity

Recommendation

Lead Actors

Actions

Advance
Research &
Development

CTAHR, CTSA, PACRC & Oceanic
Institute; NOAA; HI Sea Grant w/
funding from NOAA, USDA, State
& County government

Production of local feed

Feed efficiency of locally farmed species

Genetic improvement programs

Develop unfed aquaculture systems

Develop local commercial hatcheries

Create more private-public R&D partnerships

Bolster
Workforce
Development

Producers

Increase worker incentives

DOE & Universities

Strengthen education-to-work pipeline

Industry associations

Develop repository of internships

DOE & non-profit

Expand youth education

Increase
Access to
Infrastructure &
Technical
Assistance

CTSA, CTAHR, PACRC, HI Sea
Grant

Expand extension services

HI Aquaculture Collaborative;
Conferences, Universities

Effectively disseminate latest research

Universities Increase aquaculture specialization education
HDOA Strengthen the disease diagnostic laboratory
ADC

State/county government & private
investors

Develop more aquaculture parks

Create local commercial hatcheries

ADC — Agribusiness Development Corporation; CTAHR — College of Tropical Agriculture and Human
Resources CTSA — Center for Tropical and Subtropical Aquaculture; DOE — Department of Education;
HDOA — Hawai‘i Department of Agriculture; HI — Hawai‘i; NOAA — National Oceanic and Atmospheric
Administration; PACRC - Pacific Aquaculture & Coastal Resource Center; USDA — United States
Department of Agriculture
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Support

Targeted support is vital to overcoming the supply chain challenges facing Hawai‘i’s
aquaculture industry. Producers can focus on growth and innovation by addressing
regulatory burdens, improving funding opportunities, and investing in strategic
marketing and public relations.

Reduce Regulatory Burdens

Regulatory burdens present a significant challenge for Hawai‘i aquaculture producers.
Efforts to reduce confusion, time, and money spent on regulatory compliance would
support enhanced production and distribution. Collaboration between government,
academic institutions, and business can help clarify or change the regulatory framework
to be more effective and coherent. The following recommendations stem directly from
our stakeholder interviews and surveys:

e Accelerate permitting by streamlining processes and hiring more DOH, DLNR,
and HDOA staff to assist producers with navigating such complexity.

e Create a permitting liaison position within the ADP to assist producers in
navigating local, state, and federal regulations.

e Modify DLNR restrictions for inter-island transport of species, seedstock, and
broodstock to improve genetic diversity and breeding success.

e Create a straightforward guidebook for Hawai‘i aquaculture food safety
compliance, possibly led by HDOA aquaculture leads.

Expand Funding Opportunities

All businesses need more capital and reductions in cost to achieve financial success
and reach the scale required to impact local food security more meaningfully. Industry
supporters also need more funding to increase their capacity to serve producers.
Addressing funding on multiple fronts will strengthen the resilience of Hawai'i
aquaculture producers. Areas of necessity include:

e Reimburse feed costs, quality testing, food safety, and energy expenses,
supported in part by federal programs and grants as well as state-led initiatives.

e Expand the availability of crop insurance to aquaculture producers in Hawai'i
through modifying USDA programs to include Hawai‘i aquaculture species.
Allocate more resources from the General Fund towards Hawai‘i Sea Grant.
Increase HDOA funding for ADP-related activities and programs.
Appropriate education funds to strengthen aquaculture curricula at the university
and grade-school levels.

e Provide grant application assistance coordinated through HDOA or university
extension services.
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Promote the Industry through Marketing and Public Relations

Due to the challenges producers face along the supply chain, marketing efforts should
be scaled up to attract both seafood producers and consumers. Industry-level marketing
campaigns and public relations outreach would benefit producers across the islands.
Recommended actions include:

e Promote the industry locally and overseas through coordinated campaigns with
HDOA and industry associations to attract aquaculture entrepreneurs to Hawai'i,
including hatcheries, innovative feed producers, etc.

e Educate consumers about the benefits of aquaculture via local marketing
campaigns and events with support from related agriculture and local food
organizations and local news outlets

Table 17: Aquaculture supply chain recommendation to bolster industry support

Support
Recommendation| Lead Actors Examples
Reduce Streamline permitting
regulatory Federal, state & county
burdens agencies
HDOA Create an ADP position for permitting assistance
DLNR Re-examine inter-island transport restrictions
HDOA, DOH & industry Create a food safety compliance guidebook for
associations aquaculture
Expand funding | USDA, State & County Reimbursement programs for input costs
opportunities USDA, Federal legislative Expanded crop insurance & safety nets for
representatives aquaculture
HI State Legislature Fund Hawai‘i Sea Grant from the general fund
HDOA & HI State Increase ADP funding
Legislature
DOE & HI State Legislature | Increase aquaculture education funding
Industry associations Grant application assistance for producers
Hawai'i State Legislature & | Fund aquaculture park development
private investors
Promote the ADP & industry Promote the industry locally and overseas
industry associations
through Industry associations, ADP, | Educate consumers via local marketing campaigns
marketing and individual businesses,
public relations | HDOA
ADP — Aquaculture Development Program; DLNR — (HI) Department of Land and Natural Resources
DOE - Department of Education; HDOA — Hawai‘i Department of Agriculture; HI — Hawai‘i; USDA —
United States Department of Agriculture




Page |92

Conclusion

Aquaculture in Hawai‘i has the potential to substantially contribute to local food security
while sustainably honoring the environment and a strong cultural connection to raising
seafood. Demand for fresh, local seafood is strong, but there are prevalent barriers to
scaling production.

Stakeholder and producer interviews and surveys indicate that the earlier segments of
the supply chain pose the most challenges. Inputs such as the availability and cost of
feed, labor, and energy are problems that need targeted solutions for businesses to
remain viable. Production challenges around the availability of seedstock, technical
assistance, and disease management also require action. The current permitting
climate in Hawai‘i distracts producers from innovation and inhibits their ability to achieve
economies of scale and feed Hawai‘i with a sustainable protein.

Enhancing the coordination of the industry by re-establishing a lead entity, such as the
ADP, would be a great first step in addressing supply chain barriers. This lead voice
would uplift producers, aiding in all realms of financing, advocacy, technical assistance,
permitting, inputs, production, marketing, and more. Increasing the capacity of
producers via supporting R&D, workforce development, and creating infrastructure such
as aquaculture parks will also help to build a strong industry for Hawai‘i’s future.
Reducing regulatory burdens, alleviating financial burdens, and promoting the industry
locally and abroad would attract and retain more producers.

While Hawai'‘i is an ideal case study for enhancing food security through aquaculture,
there remains much work to be done. Recognizing aquaculture as an important player
in the future of our seafood systems is only the first step. Cooperation and collaboration
between stakeholders, agencies, educational institutions, industry leaders, and small
and medium businesses is at the core of the advancement of this sector. Both public
and private action are needed to reduce supply chain burdens and amplify opportunities
for a thriving aquaculture sector with a reduced reliance on imported and local wild
fishery resources.
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Appendices

Appendix A: Detailed Methodology

Literature Review & Desk Research

A literature review was conducted to provide context and detail to this supply chain
analysis. It included peer-reviewed articles, the NASS Census of Aquaculture, and other
secondary sources. Relevant findings supported by the literature review included in this
final report include:
supply chain segmentation,
current understanding of industry opportunities and challenges,
food safety regulations for Hawai‘i aquaculture producers,
aquaculture information relevant to Hawai‘i producers, such as

o technological innovations,

o educational opportunities,

o permitting information,

o funding sources, and more.

Interview Methodology

Participants

Interview participants were recruited individually, and stakeholders from diverse
business models and industry experiences were prioritized. The researchers contacted
18 producers to request an interview directly. 11 producers (61% of those contacted)
ultimately participated in an interview. Participants signed consent forms to participate in
the study and be recorded. Interviewees were compensated with $30 gift cards to
Amazon.com. The approximately one-hour semi-structured interviews took place in
2023-2024 using Zoom (except for two in-person interviews). See Table 18 for a list of
interviewees included in this report.
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Table 18: Supply chain analysis interview participants

Name Company Title
Producers
Alexia Akbay Symbrosia Founder/CEO

Anthony Mau

Kupu Place Aquaponics

Co-owner/General Manager

Dave Anderson

Kaua'i Sea Farm

Production Manager

Richard "Dick" Jones

Blue Ocean Mariculture

CEO

Grant Kunishima

Kaua‘i Shrimp/Kona Bay
Shrimp

General Manager

Jason Brand

Kunia Country Farms

Partner/Director of Educational Outreach

John Dobovan

Maui Trout Company (formerly
Kulahaven Farms)

Founder/CEO

Neil Sims

Ocean Era

Co-founder/CEO

Ron Weidenbach

Hawai‘i Fish Company

Co-owner/Manager

Satoshi Yoshida

Big Island Abalone

Chief Operations Officer

Steven Chaikin

Moloka'‘i Broodstock
Company/Moloka‘i Sea Farms

Owner/Operator

Commercial Buyers

Ashley Watts

Local I'a

Owner/Managing partner

Chad Buck

Hawai‘i Foodservice Alliance

CEO/Owner

Dean Matsushita

Flik Independent School
Dining, Kamehameha Schools

Executive Chef at the Kapalama Campus

Kealoha Domingo

Nui Kealoha

Executive Chef

Industry Experts/Leaders

Bradley "Kai" Fox

University of Hawai‘i Sea
Grant

Aquaculture Extension Specialist

Dane Klinger

Conservation International

Senior Director of Blue Foods

John Corbin

Aquaculture Planning &
Advocacy LLC

President/Owner

Laurence Sombardier

Natural Energy Laboratory of
Hawai'‘i Authority (NELHA)

Deputy Director

Kia‘i Loko I‘a (Fishpond

Caretakers)

Keli‘i Kotubetey

Paepae o He‘eia (He'eia
fishpond)

Founder/Assistant Executive Director

Guy “Hanohano” Na‘ehu

Hui o Kuapa

Kia‘i loko
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Interview Design

The majority of the interview questions were tailored to the individual and aimed to
understand each interviewee’s unique position in the industry. Additional questions were
standardized across participants to address the research questions. See the following
pages for an example of the producer interview template utilized.

Interview Template for Industry Experts and/or Producers

Tell me a bit about yourself (and your company).
How many people does your business employ?
What species do you grow and harvest and at what amounts? (producers only)
Where do you currently sell your products that you grow and harvest? (producers
only)
What, if any, are some of the challenges you faced in getting your operation up
and running? (producers only)
Do you produce any value-added products? (producers only)
What do you envision for a sustainable seafood industry for Hawai‘i and what
steps must be taken to help us get there? (experts only)
What challenges do you / producers face along this supply chain pictured?
What are some of the challenges you / producers have faced in getting your
operation up and running?
What challenges have you / producers faced in increasing production levels?
Are you interested in increasing your production levels? (producers only)
Which areas does your business / do producers have the most challenges in?
o Permitting
Food safety
Finding and keeping reliable labor
Costs of production
Energy
Feed
Other
Marketing products
Technical assistance
Distribution: finding markets for your product and getting your product to
those markets
What role, if any, could collaboration or cooperation among aquaculture
producers play in addressing some of these supply chain challenges?
On a scale of 1-10, 10 being the most significant and 1 being insignificant, how
significant are the challenges in the input side of the supply chain for aquaculture
products?
o in the production side of the supply chain for aquaculture products?

0O O 0 0O O 0 o0 O ©
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in the processing side of the supply chain for aquaculture products?

in the wholesale side of the supply chain for aquaculture products?

in the retail side of the supply chain for aquaculture products?

in the consumption or demand side of the supply chain for aquaculture
products in Hawai‘i?

o O O O

Interview Template for Commercial Buyers

Can you tell me a little bit about [your organization], your role, and your work?
Where are your business operations?

How long has your business been in operation?

What kinds of seafoods have you bought for your operation in the past 6
months?

From where do you source your seafoods?

What barriers are there (if any) to marketing or serving Hawai‘i-sourced seafood
products?

Do you require those whom you source seafoods from to have any national or
international food safety or other certifications?

Interview Template for Kia‘i Loko

Tell me a bit about yourself and your organization.

What structure is your organization? (for-profit / non-profit / other)

How can livelihoods be supported from loko i‘a?

Are you interested in selling seafood that you grow in your pond in the future?
What alternative organizational structures for collective economic abundance
(such as the cooperative model) could be used to support mahi i‘a (traditional
Hawaiian fish farmers)?

Would you be interested in joining / forming a loko i‘a cooperative?

How can we differentiate loko i‘a - grown products from other aquaculture
products?

What role does policy play in supporting loko i‘a in becoming more productive?
What policies do you wish were in place to support your organization in growing
more food?

What challenges do you face in increasing the production levels in your pond(s)?
What and how much seafood did you harvest from your pond last year?

What did you do with the seafood that you harvested?

What kind of foods did you sell and in what amounts?

Where did you sell these foods last year?

What kind of foods did you give away and in what amounts?

What supports are missing that would support the development of a commercial
product to sell (such as cold storage, certified kitchen, access to financing, etc.)?
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Interview analysis

Researchers both recorded and took detailed notes of the interviews. First, a descriptive
coding process took place in which interview content was coded and ordered by the
supply chain segment to which it referred. Secondly, a thematic analysis was conducted
using an iterative inductive qualitative coding process and MAXQDA software. From
these codes, several overarching themes emerged, shedding light and providing context
on each supply chain segment. Thematic codes identified, along with their number of
occurrences across all interview participants, are listed in order of prevalence in Table
19.

Table 19: Interview thematic codes

Code Occurrences | Code Occurrences
Industry Growth + Scaling 35 Diverse Income Streams 13

Financing 29 Animal Health 12
Legislation + Policy 18 Food Safety 10

Food Security 17 Covid Impacts 7
Government Support 17 Best Practices + Strengths 6

Research + Development + 17 Tilapia 6

Technical Innovation

Global Competition 16 Fish Waste 2

Land Access 16 Negative Environmental Impacts 2

Commercial Producer Survey Methodology

Participants

In 2023-2024, 39 Hawai‘i commercial aquaculture producers were directly invited to
participate via phone calls, emails, social media, and text messages. Additionally,
aquaculture industry contacts were asked to distribute the online survey through their
networks. Businesses were offered a $30 Amazon gift card incentive. Nine businesses
completed the online survey on their personal devices (response rate = 23%).

Survey Design

The data was collected and analyzed using QualtricsXM survey software. The survey
addressed several subjects and included multiple-choice, Likert scale ratings, and open-ended
questions. It was designed to complement the interview data by reaching a wider sample size
than could be reached through one-on-one interviews alone. The original survey can be found in
Appendix B.
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Data Analysis

Descriptive statistics collected included information about the type of aquaculture
systems, amount and type of species grown, as well as market outlets utilized. Supply
chain challenge ratings were given on a words-only Likert scale and were converted to
numbers and used to derive means and median values. Similarly, means and medians
were derived from Likert-scale questions relating to participation in industry
organizations and interest in collaboration. Blank surveys are displayed below.

Commercial Buyer Survey Methodology

Participants

In 2023-2024, the researchers invited 119 businesses throughout the islands to take
part in a commercial seafood buyer survey. This group included fish markets, grocery
stores, distributors, and restaurants known to carry at least one seafood product.
Businesses were offered a $30 Amazon gift card incentive. Of those invited, 21
business representatives completed surveys, resulting in a response rate of 17.6%.
Additional market research conducted for this project can be found in the companion
report Hawai‘i Aquaculture Market Analysis (Wyman & Crowe, 2026 — in press), as well
as Loko I'a for Agroecosystem Resilience (Wyman & Crowe, 2025), which focuses on
the supply chain needs for loko i‘a specifically.

Commercial Seafood Buyer Survey Participants

m Distribution/logistics/
transport/wholesale
» Grocery/retail

u Restaurant

Other

Figure 34: Business types of the commercial
seafood buyers surveyed (n = 21)
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Survey Design & Analysis

The survey was developed and analyzed utilizing QualtricsXM software. Participants
were given a Hawai‘i-based picture and definition for loko i‘a/traditional Native Hawaiian
fishponds, farm-raised seafood, wild-caught seafood, and sustainable seafood
presented in a randomized order. The survey focused on the types of seafood they
source for their business, their desired attributes when buying locally, and their
perceptions of various kinds of seafood. The original survey is included in this appendix
on the following page. Likert-scale ratings were converted from a words-only scale to a
numerical scale used to derive means and median values for barriers to sourcing local
seafood and food safety certifications desired when purchasing. The commercial
seafood buyer survey can be found in Appendix C.



Appendix B. Commercial Producer Blank Survey

Block 4

Name of business / operation (leave blank if you wish for your operation to remain
anonymous)

On which island(s) are your production operations located? Mark all that apply.

O Hawai'i Island
O Kaua'i

O Lana‘i

O Maui

[J Moloka'i

O oahu

Which type of aquaculture system do you utilize at your operation? Mark all that apply.

O Ponds

[ cages

[ Raceway

[ Recirculating System

O Jother:

Which type of water environment do you utilize for production? Mark all that apply.

D Freshwater
O Brackish water
O Marine

Block 5

What species did your company / operation harvest last fiscal year and at what amount:
(Ibs.)? INCLUDE those grown as feed for your primary production species.

Species 1 (Please write
in below):

Species 2 (Please write
in below):

Species 3 (Please write
in below):

Species 4 (Please write
in below):

Species 5 (Please write
in below):

I

Species 6 (Please write
in below):

Species 7 (Please write
in below):

Species 8 (Please write
in below):

l

Species 9 (Please write
in below):

Species 10 (Please write
in below):

Block 6

Live weight harvested
last year (Ibs.)

(Ibs.)

Edible weight
harvested last
year (Ibs.)
(ENTER O IF
NOT FOR
CONSUMPTION)

(Ibs.)
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Type




Page | 127

Not a
. i challenge at Slight Moderate Major Extreme
About what percentage of your production is for human consumption? al challenge challenge challenge challenge
@) 0% Obtaining permit(s)
(please list permits
O 1-10% below): (@) (@) O O O
O 11-20% | |
O 21-30% Cost of feed (@) O (@) O (@)
O 31-40% Availability of feed ® (®) O (@] O
O 41-50% Cultivation of feed (e (0] O (0] O
O 51-60% Cost of energy O (@] O (@] O
O 61-70% Availability of energy O (@) &) (@) O
O 71-80% Energy infrastructure O (@] © O O
O 81-90% Cost of labor O (@) © (@) O
O 91-99% Lack of skilled labor O ® (@] (@] O
O 100% Sourcing broodstock O (9) O (@) O
Broodstock conditioning
& spawning O o ©) o o
Of your production that is for human consumption, what is the destination of that Sourcing seedstock o o o o 0
production? (About how much stays locally in Hawai‘i and how much is exported to either (fingerlings, seed, etc.)
the US Continent or abroad?) Juvenile cultivation O (@) (®) O O
P t Growing cultivated
orceniage species to marketable O (®) (@] O (®)
Hawaii 0 size
US Continent 0 Animal health & disease
: management o o o o O
Foreign export 0 o o 0 o) o 1)
#Conjoint, Total# 0 e uen: RO
ck of needed
processing infrastructure o o o o o
Block 7
Lack of access to
p : > technical assistance (list
How challenging are these topics for your operation currently? area of needed O (@) O (o) (o)
assistance below):
Not a
challenge at Slight Moderate Major Extreme
all challenge challenge challenge challenge Cost of technical
: assistance (list area of
Access to financing O o ©) o o needed assistance (@) (®) (®) O O
Access to land O ) O O B below):
Access to fresh water O O G O @) I |
Access to sea water O O O (@) O Lack of a wholesale o 0 10 1) o)

market demand
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Block 8 [ 1don't see a value in joining such an organization
Through which channels do you currently sell your products? Mark all that apply. my [Pther (pleage writesin below):
D Retail store(s)
[ website Would you be interested in collaborating with other aquaculture producers in any of the
[ Farmers' markets following areas?
D Restawants) Not interested Somewhat interested Very interested
0 Wholesale . Sourcing feed O O (@)
3 Through CSA (sub‘scnptlon b.ox/bag) Sourcing packaging o)
[ Export to the Continental United States Shared labor '®) '®) [®)
[ Direct to consumer on site at farm .
Shared processing o) '®) e}
O Export internationally facilities
[0 Contracted with state or federal government for institutional purchasing Shared cold storage
facilities O @) O
[0 Hotels and/or resorts
: : Shared distribution
OJ Charitable donations infrastructure and / or (@) ) O
O | [Other, please fill in below: networks
Marketing O O O
Legislative advocacy O & O
Block 9 Education & knowledge
sharing among O O O
Do you and / or your business take part in any local, national, or global producer producers
associations, cooperatives, or other aquaculture organizations? Mark all that apply. Other (please write
below): O O O
O None I I
[0 Hawai‘i Aquaculture and Aquaponics Association Other (please write
[0 Hawai‘i Aquaculture Collaborative Ibelow): ] O O O
[ National Aquaculture Association
my R e Anything you'd like to elaborate on regarding the above topics?

O | |Other (please write in below):

If you are not a part of any producer association, cooperative or other organization, why
not?

O | wasn't aware of opportunities to join such organizations
[ 1don't have time to commit to such organizations Block 10



Appendix C. Commercial Buyer Blank Survey

E Komo Mai!

In the first part of this survey, you will be asked about the seafoods you have sourced for
your business / organization in the last 6 months, and what seafoods you would like to
source. Next, you will be asked about your perceptions of different types of seafood as
well as the things that you consider when making seafood sourcing decisions. Finally, you
will be asked some general questions about your business / organization.

Block 2

Did you source seafood for your establishment in the last 6 months?

O Yes

O No
QO Unsure

Which seafoods did you source for your establishment in the last 6 months? Please mark

all that apply.

Let's get started!
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O None. | didn't source any seafood in the last 6 months. [J Mahi Mahi

[ Abalone

[ Agu (Monkfish)

O Ani (Yellowfin or Bigeye Tuna)
I:l Aholehole (Hawaiian Flagtail)
[ Aku (Skipjack Tuna)
[ Akule (Big-eye Scad)
[ Albacore Tuna (Tombo)
[ Anchovies

O ‘Aweoweo

[0 Butterfish (Black Cod)
[ Blue Fish

O Blue Marlin

[ Buri (Yellowtail)

[0 canned Tuna

O cod

O clams

O crab

[ Crawfish

[ cuttlefish

[ Fishcake

[ Fish sticks (breaded)
O Flounder

[0 Haddock

[0 Hake

[0 Halibut

[0 Hamachi (Yellowtail)
[ Herring

[ Imitation Crab (Surimi, Kamaboko)
[0 Kanpachi (Yellowtail)
O Kama

[ Layang Scad

[ Lobster

[ Mackerel (Saba)

O Malaga

[J Maomao

[0 Menpachi

O Marlin

O Milkfish (Awa)

[ Moi (Pacific Threadfin)

O Monchong (Pomfret)

D Monkfish

[ Ma (Bigeye Emperor)

O Mullet (‘Anae, ‘Ama‘ama)

O Mussels

[ Nabeta

[ Nenue (Sea Chub, Rudderfish)
O Nohu

[0 Octopus (Tako)

3 oo

O ‘Omilu (Bluefin Trevally)

[0 Onaga (Long-tail Red Snapper)
[0 Ono (Wahoo)

[0 Opah (Moonfish)

[0 Opakapaka

[ ‘Opelu (Galunggong or Mackerel Scad)
O ‘Opihi (Limpets)

O oysters

[ Palani (Eyestripe Surgeonfish)
O Prawns

O Rockfish

[ Roe

O saithe (Pollock)

[:] Salmon

|:| Sapsap (Slipmouth, Ponyfish)
O sardine

O Scallops

[ seaBass



[ sea Bream

[ Seaweed:
[0 seaweed:
[ Seaweed:
O Seaweed:
[ Seaweed:
O seaweed:
[0 Seaweed:
[0 seaweed:
O Seaweed:
O seaweed:
[ seaweed:

O shrimp
O smeit
[ Snapper
O squid

[0 steelhead

O swai

O swordfish

Limu Ekaha

Limu ‘Ele‘ele

Limu Huluhulu Waena
Limu Kohu

Limu Lepe O Hina
Nori

Ogo

Sea Asparagus

Sea Grapes

Wakame

Other (Please list below)

[ Tako (Octopus)

[ Tilapia
3 Trout

[0 Uhu (Parrotfish)

O

[Other (Please write below)

O

[Other (Please write below)

O

[Other (Please write below)

O

[Other (Please write below)

Block 3

How much of a barrier do the following issues present to your ability to source local

Hawai‘i-grown seafoods?

Cost

Lack of demand from my
customers

Lack of consistent
supply at the amounts
needed

Lack of relationships
with local seafood
producers or distributors

Lack of infrastructure or
logistics systems in
place for handling such
products

Other, please fill in the
box:

Other, please fill in the
box:

Block 4

D None
[ Abalone
[ Agu (Monkfish)

Not a barrier
at all

O
O

[ Ani (Yellowfin or Bigeye Tuna)
[ Aholehole (Hawaiian Flagtail)

[ Aku (Skipjack Tuna)
[ Akule (Big-eye Scad)

O Albacore Tuna (Tombo)

O Anchovies
O ‘Aweoweo

[ Butterfish (Black Cod)

[ Blue Fish
[ Blue Marlin

Slight barrier

O

©)
©)
O

O

Moderate
barrier

O

©)
©)
©)

@)

Major barrier

O
O

O
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Extremely
high barrier

O

©)
©)
©)

©)

Which seafoods would you be interested in sourcing for your establishment that you do
not yet have a supplier for? Mark all that apply.



[ Buri (Yellowtail)

O canned Tuna

3 Cod

O clams

[ crab

[ cCrawfish

[ cuttiefish

[ Fishcake

O Fish sticks (breaded)
[ Flounder

[J Haddock

[ Hake

O Halibut

[ Hamachi (Yellowtail)
[ Herring

O Imitation Crab (Surimi, Kamaboko)

[0 Kanpachi (Yellowtail)
O Kama

O Layang Scad

O Lobster

[ Mackerel (Saba)

[ Mahi Mahi

[ Malaga

[ Maomao

O Menpachi

O Marlin

O Milkfish (Awa)

[ Moi (Pacific Threadfin)
[0 Monchong (Pomfret)
O Monkfish

[ Ma (Bigeye Emperor)
O Mullet (‘Anae, ‘Ama‘ama)
O Mussels

[ Nabeta

[ Nenue (Sea Chub, Rudderfish)

O Nohu

[0 Octopus (Tako)

O oo

O ‘Omilu (Bluefin Trevally)

[ Onaga (Long-tail Red Snapper)
O Ono (Wahoo)

[ Opah (Moonfish)

[0 Opakapaka

[ ‘Opelu (Galunggong or Mackerel Scad)
O ‘Opihi (Limpets)

[ oysters

[0 Palani (Eyestripe Surgeonfish)
O pPrawns

O Rockfish

[ Roe

[ saithe (Pollock)

O salmon

[0 Sapsap (Slipmouth, Ponyfish)
O sardine

O Scallops

[ seaBass

[0 seaBream

[ Seaweed: Limu Ekaha

[ Seaweed: Limu ‘Ele‘ele

O Seaweed: Limu Huluhulu Waena
[ Seaweed: Limu Kohu

[0 seaweed: Limu Lepe O Hina
[ Seaweed: Nori

[0 seaweed: Ogo

[ Seaweed: Sea Asparagus

[0 Seaweed: Sea Grapes

O seaweed: Wakame

[ Seaweed: Other (Please list below)
[ shrimp

O smelt

O snapper

O squid

O steelhead

O swai

[ swordfish

[ Tako (Octopus)
O Tilapia

O Trout

[ Uhu (Parrotfish)

O

[Other (Please write below)

O

[Other (Please write below)

Of

[Other (Please write below)

O

|Other (Please write below)

Block 5
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On the next page, you will be shown a few definitions. Please read these definitions
carefully as these will be important to know for the questions that come next.

Block 6

Loko i‘a / Traditional Native Hawaiian Fishponds: Loko i‘a (pronounced LOH-koh EE-
Ah). These ponds are often built along the coastlines of Hawai'i using rocks in areas
where freshwater from the land mixes with the saltwater of the ocean. Baby wild fish
enter them from the ocean and grow to full size inside of the ponds. Traditionally, these
ponds were a very important part of food production in Hawai'‘i. Today, there are many
native Hawaiian groups working to restore loko i‘a so that they can once again produce
seafood for Hawai'i. An example of a loko i‘a can be seen below, He'eia in Kane‘ohe,



O‘ahu.

Farm-raised: a fish or seaweed grown and cultivated in an ocean, river or pond, or an
enclosed tank under monitored conditions. An example of tank aquaculture can be see
in the photo below, in Kohala, Hawai'i.

Wild-caught: a fish or seaweed taken or caught from its natural habitat in an ocean, riv
or lake. An example of wild-caught fish can be seen in the photo below from the port of
Honolulu.

Sustainable seafood: 1. Wild-caught seafood that has been taken or caught from an
area where the amount of fish is at a healthy level, where it is well-managed to be sure
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that it can be fished long into the future, and in a way that has a minimal impact on other
species in the ecosystem. 2. Farmed seafood that has been grown in a way that
minimizes harmful environmental impacts, assures good and fair working conditions, and
supports livelihoods. There are several certifications that exist for certifying seafood as
being sustainable. Two examples of these certifications are pictured below, MSC and

BAP.
Best
*> Aquaculture
. Practices
Block 7

How do you rate the quality of 'farm-raised' seafood?

Strongly Somewhat Neither agree Somewhat Strongly
disagree disagree nor disagree agree agree
It is healthy to eat. O O O O O
It is sustainable. (@) O (@) O O
It tastes good. O O © O O
There is demand from
my customers for O O O O O

farm-raised seafood.

What words, stories, or other things come to mind when you think about 'farm-raised’
seafood?

Yz
How do you rate the quality of 'wild-caught' seafood?
Strongly Somewhat Neither agree Somewhat Strongly
disagree disagree nor disagree agree agree
It is healthy to eat. O O (@) O O
It is sustainable. (@) (@) @) (@) O
It tastes good. O O O O O




Strongly Somewhat Neither agree Somewhat Strongly
disagree disagree nor disagree agree agree
There is demand from
my customers for wild- O O @) O O

caught seafood.

What words, stories, or other things come to mind when you think about wild-caught'
seafood?
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Strongly Somewhat Neither agree Somewhat Strongly
disagree disagree nor disagree agree agree
There is demand from
my customers for O O O (@) O

tilapia.

What words, stories, or other things come to mind when you think about tilapia?

Vz

How do you rate the quality of seafood raised in a loko i'a (traditional native Hawaiian
fishpond)?

Strongly Somewhat Neither agree Somewhat Strongly
disagree disagree nor disagree agree agree
It is healthy to eat. O O (@) O O
It is sustainable. (®) @) O @) O
It tastes good. O O O O O
There is demand from
my customers for
native Hawaiian O O O O O

fishpond-grown
seafood.

What words, stories, or other things come to mind when you think about seafood raised
in a loko i'a (traditional native Hawaiian fishpond)?

VA

Block 13

How do you rate the quality of tilapia?

Strongly Somewhat Neither agree  Somewhat Strongly
disagree disagree nor disagree agree agree
It is healthy to eat. O O (@) O (@]
It is sustainable. (®) (@] O O O
It tastes good. (®) (@) O O O

Do you currently source tilapia for your operation? Mark all that apply.
D Yes, frozen

O VYes, fresh

O Yes, live

O
O No

|Yes, other:

Why don't you currently source tilapia for your operation? Mark all that apply.

O Lack of demand from my customers for tilapia

[ Lack of adequate relationships with suppliers for tilapia

[ Lack of availability of tilapia in the amounts needed

[ 1t does not suit the current needs of our operation. (Please explain below):

O [

[Other (Please explain below):

Why do you source tilapia for your operation? Mark all that apply.

O There is demand from my customers for tilapia
[ Good relationships with suppliers for tilapia
[ Tilapia is available in the amounts needed

O

[Other, please explain below:

From where do you currently source the tilapia for your operation? Mark all that apply.




O Hawai'i grown or caught
[ Mainland US grown or caught
[ Foreign country grown or caught

Block 8

How important are the below attributes when you and your company make seafood
sourcing decisions?

Not Slightly Moderately Extremely
important important important Important important
Caught or grown
locally (in Hawai'i) O O O O O
Certified sustainable O (@) O O O
Supports native
Hawaiian culture ©) ©) O O o)
Regularly available on
a set schedule ) o O O )
Flexible availability as
Bage o) o) @) o} o)
Its origins are traceable (@) O () O @)
When making seafood sourcing decisions...
Not at all a Slight Strong
consideration consideration A consideration  consideration

We consider whether a

seafood is wild-caught O (@) (@) (@)
or farm-raised

When making seafood sourcing decisions, we value seafoods that are...

Not at all valued  Slightly valued Valued Strongly valued
Wild-caught @) (@) O O
Farm-raised O O O ©
Block 9

What availability requirements do you have of seafood suppliers in order to supply your
establishment? Mark all that apply.
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O Regular availability of supply on set schedule
[ Availability as-needed, flexible

[ None
O [other, please fill in below:
Ol Jother, please fill in below:

Which certifications or standards do you require seafood suppliers to have in order to
supply to your establishment? Mark all that apply.

O Fsma compliant
[ HAACP plan in place
[0 Commercial fishers license

[ None

O Jother, please fill in below:

O Jother, please fill in below:
Block 10

Which category below best describes your business?

O Food distribution / logistics / transport / wholesale
QO Institutional Food Service

QO Grocery / Retail

O Restaurant

O Jother:

Where are your business operations, including the markets that you serve? Mark all that
apply.

O Hawaii 1stand

O o'ahu

O Maui

[ Moloka'i

O Lana‘



O Kaua'i
[0 continental US
[ International

EET |Other:

Which channels do you sell your seafood products through? Mark all that apply.

O Retail store

[ Website

[ Farmers' market(s)

O Restaurant(s)

[0 wholesale

O Through CSA(s) (subscription box/bag)

[0 Export to Continental United States

[ Export Internationally

[ Contracted with state or federal government for institutional purchasing
[0 Hotels and/or resorts

[ Charitable donations

= [Other, please fill in below:

Block 11

Business / Organization. (Mark N/A if you wish for your business to remain anonymous)

I

Block 12

May we contact you if we have follow up questions?
O Yes

O No
O Jother:
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Would you like to receive updates on our seafood market research through our monthly
email newsletter?

O Yes
O No

Email Address. (This will only be used to ensure that there are no duplicate responses to
the survey. We will not contact you beyond this purpose unless you indicated that you are
open to follow up questions).

Powered by Qualtrics
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Appendix D: Regulations & Permitting

Recognizing the complexity, cost, and time associated with complying with federal,
state, and county requirements, Hatch Innovation Services (2024b) recommended that
the state work to “simplify and consolidate regulation and regulatory processes and
pathways for permit applications [and] streamline monitoring services by agencies” (p.
47). Specifically, the report outlines three steps to improve regulatory development and
efficiency:

1. Streamline aquaculture permitting by promoting coordination and harmonization
among regulating agencies.

2. Strengthen data collection and public communication around environmental,
economic, and societal sustainability from aquaculture production.

3. Quantify the social, economic, and environmental benefits as well as ecosystem
services and products from restorative aquaculture.

The 2011 guidance document, Permits and Regulatory Requirements for Aquaculture in
Hawai'i by Aquaculture Planning & Advocacy, details Hawai‘i requirements (Aquaculture
Planning & Advocacy LLC, 2011). This document is still circulated as the most detailed
guidebook available for producers navigating the permitting and regulatory processes
associated with production; however, after 14 years, it is possible that some of the
information is outdated.
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