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Abstract: With a focus on seafood industries, this study provides a framework for economic con-
tribution assessments, outlines Virginia’s seafood supply chain components, and evaluates the
direct, indirect, and induced economic impacts of Virginia’s seafood industry in 2019. Utilizing
an analysis-by-parts method in IMPLAN, primary expenditure data from watermen, aquaculture
farmers, processors, and distributors were collected through surveys. The efficacy of obtaining
primary data through stakeholder surveys heavily relies on the investigator’s interpersonal skills to
establish trust and elucidate the study’s benefits, particularly its potential to inform policy decisions.
In 2019, the Virginia seafood industry’s estimated total economic contributions amounted to USD
1.1 billion, supporting 7187 individuals. This impact encompasses 6050 direct jobs, 523 indirect jobs,
and 614 induced jobs, primarily benefiting watermen and coastal communities. Furthermore, the
industry’s influence extends beyond its immediate economic sphere, supporting diverse sectors such
as polystyrene foam manufacturing, boat building, sporting and athletic goods, and commercial and
industrial machinery. Wages and salaries disbursed throughout the seafood supply chain ripple to
Virginia’s economy, benefiting nondepository credit intermediation, owner-occupied dwellings, and
real estate sectors. Future research focusing on seafood sales in restaurants and retail outlets will
complete the understanding of the seafood industry’s broader economic impact on the state.

Keywords: seafood industry; commercial fisheries; aquaculture; input–output model; economic
contribution; Virginia; supply chain

Key Contribution: This research paper guides good practices in using secondary data to characterize
seafood supply chains and obtaining primary data to estimate the economic contributions of seafood
industries. The framework used can generate comparable results in future studies. The estimates
generated in this study can guide policy decisions and offer insights into the number of jobs supported,
taxes paid, and total economic output, including value-added and labor income. Additionally, the
study explores direct, indirect, and induced contributions to supporting industries that interact with
seafood producers, processors, and distributors.

1. Introduction

Virginia is currently the fourth-largest seafood producer in the United States [1].
In 2019, Virginia ranked as the largest producer of hard clams nationwide and oysters
along the U.S. Atlantic Coast [2]. Home to the largest estuary in the United States, the
Chesapeake Bay has significant value to Virginia for its ecological, social, historical, cultural,
and economic importance. Since the early 1600s, indigenous Powhatan tribes engaged in
fishing activities and introduced Chesapeake Bay oysters to English settlers and colonists.
As demand for oysters and other Bay products grew, the seafood industry began to organize,
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necessitating boats to collect them from bars farther out in the rivers and the Bay [3]. The
seafood industry offers many employment opportunities, with over 70 job titles attributed
to the sector. Research and development investments in fisheries and aquaculture sectors
enhance and diversify job opportunities for various supporting sectors of the Virginia
seafood supply chain beyond Virginia [4].

Virginia’s seafood industry comprises multiple supply chain levels, from producers
and processors to wholesalers, distributors, retailers, and consumers. A recent compre-
hensive description of Virginia’s seafood supply chain was produced from information
scattered across federal and state agencies that issue permits, monitor catches and produc-
tion, enforce food safety and sanitary standards, and regulate activities [5]. Each level of
the seafood supply chain performs a distinct function, resulting in different labor, sales, and
expenditure patterns. Many businesses engage in commercial activities with each other
and rely on additional goods and services provided by other entities within Virginia for
their continued success.

Understanding the dynamics of the seafood industry requires a thorough compre-
hension of economic complexities involving the application of various impact analysis
methods. Due to the accessibility of datasets and the availability of modeling software, a
common approach for economic impact analysis is the input–output analysis for sector-
specific insights [6,7]. Some alternative approaches to economic impact analysis include
computable general equilibrium (CGE) modeling for a broader view of inter-industry
dynamics [8] and econometric modeling for statistical economic relationship estimation [9].
Previous studies have reported the economic impact of sectors of the seafood industry for
Washington, Oregon, California [10], Arkansas [11], Massachusetts [12], Maine [13,14], and
North Carolina [15], and the economic contributions for Florida [16], Arkansas, Alabama,
Mississippi [7], and western states [17]. Conceptually, economic impact and economic
contribution analyses differ. Economic impact analysis measures the effects of a business
creation or expansion event that changes output. On the other hand, economic contribution
analysis is an extraction method that measures how an existing industry’s output affects
other sectors in a selected region [18].

Estimates of the economic contributions of Virginia’s commercial seafood and recre-
ational fishing industries were previously estimated in 2005 [19]. Every year, the National
Oceanic and Atmospheric Administration (NOAA) provides national and state-specific
estimates of fisheries’ economic contributions [20,21]. However, economic studies often rely
on secondary data or theoretical models due to practical challenges in collecting primary
data for economic modeling. The difficulty of balancing rigor, resources, and relevance,
coupled with the high cost and time-consuming processes, has caused a decline in primary
data-based studies across various economic research fields [22]. Despite the complexity of
obtaining primary data, which involves engaging stakeholders and conducting surveys of
business entities, the effort yields valuable insights into economic contribution analysis [23].
The economic contributions of the Virginia seafood industry were estimated for 2019 [5],
providing a foundational understanding for the present study. Building upon those re-
sults, this manuscript aims to describe and discuss a methodological framework to assess
seafood supply chains and estimate economic contributions in terms of output, jobs, labor
income, and tax revenue. This framework also identifies the interconnection between vari-
ous components of each economic sector and their contributions to the Commonwealth’s
overall economy.

2. Materials and Methods

Performing economic contributions analysis with primary data requires careful proce-
dures for data gathering from different sources, assessment of firm-level expenditure data,
and the design and implementation of surveys to fill data gaps. These procedures can be
accomplished with the following steps.
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2.1. Identification of Required Data and Gaps

State agencies overseeing seafood and business activities keep records of the number
of commercial licenses and permits held within the state. In Virginia, we obtained data from
state agencies to validate the participation of businesses across various tiers of the seafood
supply chain. This involved gathering information on the count of aquaculture farms,
fishing licenses, distributors, processors, and other relevant entities. Furthermore, we
requested detailed data on 2019 harvest landings. All the literature review and secondary
data obtained from multiple sources were used to characterize the Virginia seafood supply
chain and to produce a supply chain map [5,24,25]. In some cases, secondary data were only
available through a formal request and were not publicly accessible online. Additionally,
our efforts included identifying any data gaps that are essential for performing an economic
contribution analysis of the Virginia seafood industry.

2.2. Data for Direct Effects

The direct economic effects primarily encompass the overall economic output derived
from key industries being investigated. Within the Virginia seafood industry context, these
direct effects encompass the aggregate sales figures from watermen, aquaculture farms,
seafood processors, and distributors. To address watermen’s output in 2019, we utilized
the NOAA-published value of USD 184 million [20] as landings reporting is enforced
through reporting programs. Outputs were estimated based on survey responses for the
remaining categories within our study. Data for direct effects on labor income include
covering income for both proprietors and employees. Our survey specifically inquired
about the total payroll cost, encompassing income for both proprietors and employees.
To account for economic leakages and focus solely on the economic contributions to the
state of Virginia, we requested information on the percentage of sales and employment
within the state, excluding any out-of-state transactions. Economic leakages, in this context,
refer to imported products (from abroad or out-of-state) purchased by the Virginia seafood
businesses as they do not contribute to additional direct effects in Virginia production and
are treated as economic spillover [18].

2.3. Expenditure Data

All four levels within the Virginia seafood supply chain considered in this study
required various levels of spending information. Specifically, capital investment expendi-
ture data encompassed details on equipment types, sizes, and the total initial purchase of
equipment, along with infrastructure construction, pertinent to each level of the seafood
supply chain. For each item, we requested information on the initial purchase price and
years of useful life, enabling the calculation of annual depreciation values, which were
subsequently incorporated into the spending patterns for the year 2019. Moreover, annual
operating cost expenditures involved a comprehensive range, covering operating supplies,
fishing gear, nets, bait, seed or larvae, fuel, packaging, labels, electricity, and all other
associated costs inherent to the operation of each business at each of the supply chain
levels studied. To address the impact of economic leakages stemming from imports, each
of these costs was attributed to the corresponding percentage of inputs purchased both
in-state and out-of-state. We employed an online survey and scheduled interviews to
obtain expenditure data for standard seafood business equipment at each supply chain
level. Specifically, expenditure patterns were derived from existing enterprise budgets for
species raised in the Recirculating Aquaculture System (RAS), such as tilapia and trout, as
well as in raceways (trout) [26]. These budgets were subsequently adjusted to align with
the spending pattern model designed for aquaculture businesses.

2.4. Survey Design and Data Collection

To establish comprehensive estimates regarding the economic contributions of the Vir-
ginia seafood industry, it was imperative to compile data from each tier of the supply chain.
Consequently, a Qualtrics online survey was deployed to solicit economic information
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from watermen, aquaculture farms, processors, and distributors, adhering to the guide-
lines stipulated by the Virginia Tech Institutional Review Board (IRB #21-433). The survey
instrument underwent pretesting and review, with participation from at least one industry
representative at each level of the seafood supply chain. Following their insightful feedback,
the survey was adjusted to incorporate any missing equipment and infrastructure neces-
sary to accurately represent the data required for developing the economic contribution
model. The model for expenditure patterns was constructed based on intermediate inputs,
employee compensation, and total output, incorporating the respective local purchase
percentages (LPP). This approach ensured a comprehensive and accurate representation of
the economic dynamics within the Virginia seafood industry.

2.5. Scope of Data Collection

The survey design aimed to achieve primary data collection for an appropriate state-
wide representation of the business entities. This approach ensures that the estimated
economic contributions would be both comprehensive and accurate. The design aimed to
secure enough observations for each level of the seafood supply chain within the overall
dataset, acknowledging the variations in expenditure and revenue patterns across these
levels. To facilitate the construction of economic impact models in IMPLAN, each item
gleaned from the survey responses underwent summation across individual businesses.
The aggregated values were then converted into coefficients, forming the foundation for
the subsequent development of the economic impact models.

2.6. Recruitment of Participants and Survey Activities

Contact lists were obtained from the Virginia Marine Resource Commission (VMRC),
the Virginia Marine Product Board (VMPB), and the Virginia Department of Agriculture
and Consumer Services (VDACS), complemented by additional information from online
searches. Our recruitment strategy encompassed email communications, physical mail
postage with accompanying flyers, and telephone contact with every eligible entity enlisted
on the contact lists. These communications aimed to explain the study, emphasize their
voluntary participation and data confidentiality and solicit their involvement. Additionally,
in-person meetings were conducted by appointment with individuals, associations, and
businesses as part of the recruitment efforts. Every survey response was recorded and
coded to safeguard respondent identities and uphold confidentiality. The survey activities
and data collection lasted a period of 205 days, from September 2021 to April 2022. Repeated
attempts were made to establish contact with members of the target populations throughout
this duration. Following the conclusion of survey activities, the collected data were entered
into Microsoft Excel templates, for data cleaning and subsequent analysis.

2.7. List Frame and Response Rates

Table 1 provides an overview of the survey list frame development process. Initial
contact lists for watermen and aquaculture farms were obtained from the VMRC, utilizing
the number of licenses issued in Virginia. To streamline these lists, we specifically targeted
active license holders by implementing criteria that identified commercial operations with
annual sales equal to or exceeding USD 1000 [27,28]. This ensured a focused contact list
for commercially active watermen. In 2019, Virginia had 521 issued individual licenses
for aquaculture [29] and 191 active aquaculture farms [28]. Classifying businesses as
processors or distributors posed challenges due to considerable vertical integration. In
2019, Virginia reported a total of 112 seafood operations, comprising 34 processors and
78 distributors [20]. To address potential nonresponses, our list frame considered the
combined total of 112 operations [20]. However, our study identified 76 processors and
36 distributors, which were determined by estimating the percentage of expenditures
dedicated to processing and distribution derived from survey responses and applying it to
the vertically integrated entities.



Fishes 2024, 9, 200 5 of 20

Table 1. List frame development, Virginia economic contribution survey for 2019.

Supply Chain Level Initial Contact
List (no.)

Sources for
Initial List

List Frame
(no.)

Sources for
List Frame

Watermen 11,638 VMRC [29] 1528 * VMRC [29]
Aquaculture farms 521 ** VMRC [29] 191 USDA [28]

Processors 34 NOAA [20] 76 Survey ***
Distributors 78 NOAA [20] 36 Survey ***

* Number of active watermen that reported production over USD 1000 in 2019. ** Number of licenses issued in
comparison to the number of farms. *** Estimated based on the % of expenditures in each level when vertically
integrated, considering 112 processors and distributors combined [20].

2.8. Accounting for Nonresponses

Values for nonrespondents were estimated by adjusting for the total number of op-
erations identified in each category from the list frame (see Table 2). Estimations for the
expenses of seafood businesses that did not participate were based on the cost structure
typical of an average business size. We classified businesses as small, medium, or large, us-
ing revenue thresholds of up to USD 1 million, between USD 1 million and USD 9.9 million,
and over USD 10 million, respectively.

Table 2. Coverage and response rates, Virginia economic contribution survey for 2019.

Supply Chain Level List Frame
(no.)

Completed
(no.)

Response Rate
(%)

Coverage
Rate (%) *

Watermen 1528 78 5.10% 8.72%
Aquaculture farms 191 54 28.27% 81.65%

Processors 76 12 15.79% 16.07%
Distributors 36 6 16.67% 16.07%

* Coverage rate based on total estimated output surveyed, except for watermen’s output, which used NOAA
data [20].

For vertically integrated seafood businesses, particularly processors and distributors,
an additional analysis of their cost structures was conducted. This involved determining
the proportional distribution of revenue, employment, and employee compensation. We
examined the percentage of expenditures attributed to processing or distribution activities
and estimated the number of processors and distributors. The direct effects of these activi-
ties were adjusted based on the percentage of sales that remained in Virginia, as reported
by survey respondents. Although results from these three activities are encompassed in the
overall estimate of the economic contributions of the Virginia seafood industry, they will
not be individually presented or discussed to preserve the confidentiality of respondents.

2.9. Economic Contributions Assessment—Theory of Input–output Modeling

An economy can be categorized into basic and nonbasic (service sector) activities [11].
The basic sector contributes to the inflow of money through trade, while nonbasic activities
thrive within the economy as income generated in the basic sector is spent on local goods
and services [11]. In Virginia, the seafood industry operates as a basic sector, produc-
ing goods consumed both locally and exported to other areas, generating income and
supporting economic activities within the region.

This study used an input–output (IO) approach based on the IMPLAN framework,
employing the 2019 IMPLAN database. This database comprises matrices of technical coef-
ficients, accounting for both backward and forward linkages associated with all economic
activities in Virginia. IMPLAN models generate linear production functions that establish
connections between the outputs of a specific industry and the inputs required for that level
of output. The model assumes a linear relationship between the total output q from sector
i, expressed within a generalized IO model framework as the sum of goods and services
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sold to other sectors zij and to the final demand sector fi. This function can be expressed
as follows:

qi =
N

∑
1

(
zij + fi

)
(1)

The variable zij, representing intermediate sales to all sectors j, is a distinctive linear
function derived from the output of qj, which pertains to the output of intermediate
industries. When this function is divided by qj, it yields a matrix containing the technical
coefficients of the input–output model. Both i and j can assume values ranging from 1 to N.
The inversion of this matrix facilitates the representation of the input–output model:

q = [I − A]−1 ∗ F =

mij . . . mij
...

. . .
...

mij . . . mij

 ∗ F = M ∗ F (2)

In Equation (2), I represents an identity matrix, A stands for a technical coefficient
matrix typically derived by dividing zij by qj, and mij represents the supply chain interaction
coefficients in the multiplier matrix M. However, in this study, we obtained A by dividing
zij by zj because detailed information was available only for commodity purchases, distinct
from labor costs and taxes [18]. F denotes the final demand matrix for all sectors in
the given economy. Therefore, the output multiplier for each sector j can be derived by
dividing M by I. These multipliers encapsulate the economic effects, specifically the rates
of change, stemming from the fundamental production level. They enable the estimation of
direct, indirect, and induced effects resulting from spending activities within the Virginia
seafood industry at each level of the supply chain. Similarly, analogous to the output
multiplier, multipliers for employment, labor income, and value addition signify the rates
of change in these variables within the economy due to their economic impact on basic-level
production [7]. These multipliers offer an understanding of the ripple effects associated with
economic activities in the Virginia seafood industry across different economic indicators.

The input–output model gains further depth with the integration of a social accounting
matrix (SAM), providing a more comprehensive depiction of economic activities within the
specified study area [11]. The SAM incorporates transactions among various participants
in the economy, offering a better understanding of the mechanisms driving household
income generation [11]. The IMPLAN online system facilitates the seamless combination
of the input–output model and social accounting matrix, creating a user-friendly and
highly adaptable approach to estimating the Virginia seafood industry’s direct, indirect,
and induced economic impacts.

Based on the definitions proposed by Kaliba and Engle [11], the direct effects are
those accumulated within the industry under investigation, such as direct employment or
sales by seafood firms. Indirect effects manifest in related industries through interlinked
sectors; for instance, fuel purchases by watermen influence the broader petroleum refining
and production industry. Induced effects encapsulate changes in household expenditures
resulting from income changes in related sectors. Examples include salaries paid that lead
to additional economic activity through the purchase of homes, utilities, groceries, and
other goods and services.

2.10. Analysis-by-Parts

County-level IMPLAN datasets specific to Virginia for the year 2019 were acquired
through a 1-year access subscription from The IMPLAN Group’s cloud-based system [18].
These datasets cover various industries, including commercial fishing (industry 17), seafood
product preparation and packaging (industry 92), and truck transportation (industry
417) [18]. Aquaculture is not allocated to a dedicated sector; instead, it is grouped under
animal production (industry 14), excluding cattle, poultry, and eggs. Furthermore, industry
417 (truck transportation) is not exclusively associated with seafood distribution. While it
is feasible to assign watermen, processors, and distributors to industries 17, 92, and 417 and
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attribute aquaculture to industry 14 to enhance the accuracy of estimating the impacts of
the Virginia seafood industry, we adopted an analysis-by-parts (ABP) approach. The ABP
approach allows for separating the effects of an industry into its components, including
budget expenditures and income. This affords greater flexibility and customization of the
model by enabling the specification of commodity inputs, defining a proportion of local
labor income, determining local purchases, and utilizing IMPLAN’s spending patterns [7].
To effectively employ this model, it was necessary to first define the direct effects of the
Virginia seafood industry. As detailed earlier, these direct effects were derived from re-
spondent data and adjusted for nonresponse. Labor income per worker information from
the survey and IMPLAN’s industry averages data for taxes on production and imports
(TOPI) and other property income (OPI) were employed to calculate the direct effects of
the value added.

An industry spending pattern was developed to calculate the indirect effects reflecting
expenditures within the seafood business at each level (watermen, aquaculture farmers,
processors, and distributors). Coefficients for these patterns were determined by dividing
the cost of a specific input by the total costs of all intermediate inputs for each level. These
coefficients were then assigned to the corresponding NAICS (North American Industry
Classification System) sector codes and their respective IMPLAN commodity codes. A
unique spending pattern was created for each activity: watermen, aquaculture farmers,
processors, and distributors. The expenses related to seafood purchases from processors
and distributors were excluded from the spending patterns. Since the seafood produced
by watermen and aquaculture farmers constitutes their revenue, attributing these values
as expenses for processors and distributors causes double counting of the dollars in the
estimates. The analysis-by-parts (ABP) approach was instrumental in delineating the
economic contribution of all levels of the seafood supply chain. This approach captures
the complete revenue generation at each supply chain level without double-counting the
sales, recognizing it only once as ex-gate revenue and not as an expense in the respective
forward linkages [7]. To estimate the induced effect of the seafood industry in Virginia, a
labor income value was incorporated into the model to account for employee compensation.
Once developed, the economic impact model scenarios were executed without any scale
modification. The IMPLAN online system provides a user-friendly and highly adaptable
means of integrating the input–output model and social accounting matrix [7,11]. This
integration allows for the generation of estimates encompassing the Virginia seafood
industry’s direct, indirect, and induced economic contributions.

2.11. Study Area Characteristics

As a “Mid-Atlantic” state, Virginia shares borders with Maryland, the District of
Columbia, North Carolina, Tennessee, Kentucky, West Virginia, and the Atlantic Ocean.
With a population exceeding eight million residents, Virginia boasted a gross domestic
product of USD 561 billion in 2019, generated by 508 diverse industries that collectively
sustain over 5.3 million jobs, USD 504.4 billion in personal income, and a total output of
USD 929 billion [18,30]. The majority of seafood production occurs in Eastern Virginia,
which encompasses five distinctive regions: the Northern Neck, the Middle Peninsula,
the Virginia Peninsula, Southern Virginia, and the Eastern Shore (Figure 1). These regions
are demarcated by the rivers Potomac, Rappahannock, York, and James, all of which
interconnect with the Chesapeake Bay and the Atlantic Ocean.
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3. Results
3.1. Response and Coverage Rates

Table 2 outlines survey response rates and coverage. We obtained 150 usable responses
from 167 surveys submitted online or in person. Seventeen responses were excluded due to
being blank or lacking relevant information for this study. The response rate was calculated
by dividing the number of respondents by the total entities in the list frame. The coverage
rate, derived from aggregating total sales by survey respondents and dividing it by the
total sales at each level of the supply chain, aligns with the sources outlined in Table 1 for
the list frame.

Participants in the survey were dispersed throughout these areas, with 22% situated
in the Northern Neck, 18% originating from the Middle Peninsula, 17% hailing from the
Virginia Peninsula, 13% representing Southern Virginia, and 29% residing on the Eastern
Shore. The Eastern Shore registered the highest rate of participation, largely attributed to
the prevalence of aquaculture farms, as reported in Table 3.

Table 3. Percentage of respondents of each region.

Supply Chain Level Northern Neck Middle Peninsula Virginia Peninsula Southern Virginia Eastern Shore

Watermen 25% 25% 17% 12% 21%
Aquaculture farms 21% 13% 13% 10% 44%

Processors and distributors 20% 13% 27% 23% 17%

3.2. Characterization of the Virginia Seafood Supply Chain

The complexities of the Virginia seafood industry are influenced by various agencies
tasked with serving and regulating seafood enterprises at every stage of the supply chain.
These encompass several public entities, such as the Virginia Marine Products Board
(VMPB), the Virginia Department of Agriculture and Consumer Services (VDACS), the
Virginia Marine Resources Commission (VMRC), the National Oceanic and Atmospheric
Administration (NOAA), and the United States Department of Agriculture (USDA). Each of
these agencies maintains valuable data essential for understanding and characterizing the
Virginia seafood supply chain, spanning from seafood producers (including commercial
fisheries and aquaculture operations) to processors and distributors.

3.2.1. Production

At the production level of the seafood supply chain, entities engage in harvesting fish
and shellfish from their natural environments or employ controlled aquaculture techniques
in tanks, ponds, rivers, lakes, the Chesapeake Bay, and the ocean. This includes watermen
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and aquaculture farmers who play integral roles in the Virginia seafood supply chain’s
production segment. Oversight of the seafood production sector primarily falls under
the purview of NOAA, VMRC, and USDA. Data collection from various sources involves
diverse methods, including surveying primary data, participation in production reporting
programs, or utilizing multipliers on existing datasets.

Watermen

The term “watermen” encompasses both men and women who engage in regular
commercial wild harvesting and fishing activities, relying on natural fisheries stocks found
in the waters of the Chesapeake Bay and the ocean [31]. VMRC is tasked with issuing
commercial fishing licenses in Virginia and receiving production reports from watermen.
In Virginia, over 11,000 commercial fishing licenses have been issued; however, only
1528 watermen reported production exceeding USD 1000 in 2019 [29]. The criterion of USD
1000 in reported landings annually serves as the threshold for determining the active status
of a commercial waterman [27,28]. NOAA Fisheries, a federal agency, oversees fishing
activities and issues permits. In 2019, Virginia recorded 221 fishing vessel permits, 278 vessel
operators, and 68 tuna permits [20]. Virginia’s total seafood landings for the year reached
393,065,090 pounds, ranking third in the nation behind Alaska and Louisiana. The dockside
value of watermen’s production amounted to USD 184,270,303 [1]. Additionally, Virginia is
the largest seafood-producing state on the East Coast. In 1990, the state achieved its highest
historical volume of seafood landings, surpassing 786,794,000 pounds [20]. Virginia’s
watermen harvest 50 commercially valuable species from 620,000 acres of water. In order
of economic value per pound, these species are sea scallops, oysters, blue crabs, menhaden,
clams, flounder, striped bass, croaker, and spot. Watermen also gather nontraditional
products for the international market, including eel, monkfish, and illex squid [2].

Aquaculture

Aquaculture enhances Virginia’s seafood marketplace, positioning the state as the
fourth-largest aquaculture producer in the United States. Between 2013 and 2018, there
was a notable increase of 44% in mollusk production and 35% in food fish production [28].
According to the 2018 Census of Aquaculture, Virginia boasted a total of 191 aquacul-
ture farms, collectively generating USD 112.6 million in sales. These farms encompass
152 dedicated to mollusks, 25 to food fish, 6 to ornamental fish, 8 to crustaceans, and 2
to sport fish [28]. Shellfish aquaculture serves as the primary driver of Virginia’s aqua-
culture production, contributing significantly to the growing supply of hard clams and
oysters, which accounted for USD 94.3 million in sales in 2018 [26]. Virginia maintains its
position as a national leader in hard clam aquaculture and stands out on the East Coast
for Eastern oyster production. A noteworthy 70% of aquaculture operations in the state
focus on oyster cultivation, representing 55% of the total sales value [28]. Oyster growers
are strategically distributed across eight distinct regions in eastern Virginia, chosen based
on salinity conditions to provide consumers with a diverse tasting experience, varying in
saltiness, sweetness, and buttery/creaminess [2].

Various aquaculture production systems and methods are observed throughout Vir-
ginia, including mollusks on-bottom, mollusks off-bottom, racks and bags, long lines,
floating trays, cages or pens, ponds, raceway tanks, recirculating aquaculture systems
(RAS), and aquaponics. Additionally, 25 food fish farms, primarily cultivating trout and
tilapia, contributed USD 15.4 million to sales in 2018 [28].

3.2.2. Processors and Distributors

Vertical integration emerges as a strategic approach wherein a company assumes
ownership or control over its suppliers, distributors, or retail outlets, thereby overseeing
its value or supply chain. This tactic enables companies to manage processes, curtail
expenses, and enhance operational efficiencies. Numerous seafood enterprises in Virginia
exhibit some degree of vertical integration, particularly among processors and distributors.
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While all these companies employ motorized vehicles for seafood distribution, 30.3%
utilize air freight, 13.1% employ marine cargo, and 9.1% export seafood in various market
forms [2]. The Virginia Department of Health has certified 216 interstate shellfish shippers
within the state. According to statistics from the Virginia Department of Agriculture and
Consumer Services, Virginia exported seafood worth USD 47.3 million to 20 countries in
2017. These countries include France, Canada, Hong Kong, China, Japan, the Netherlands,
the United Kingdom, India, Bangladesh, and Lithuania. Ninety percent of Virginia seafood
is harvested, processed, and shipped within 24 h to both domestic and international
markets [2]. Among the distributors identified, 82.8% transport fresh seafood, 64.6% handle
live seafood, and 55.6% deal with frozen products. Additionally, 27.3% distribute non-
Virginian species, while the same percentage delivers seafood in trays or vacuum packs.
Processed seafood is also prevalent, with 23.2% of entities distributing prepared or partially
prepared products with value-added features, 21.2% offering canned products, 12.1%
supplying pasteurized items, 10.1% distributing breaded or portioned products, and 7.1%
providing individually quick rozen (IQF) seafood. Moreover, Virginia stands out as one of
the largest U.S. suppliers of fish oil and protein products derived from menhaden (Brevoortia
tyrannus), utilized as nutritional supplements rich in long-chain Omega-3 essential fatty
acids [2].

Figure 2 summarizes the Virginia seafood supply chain based on various information
sources. The commercialization aspect of the supply chain, encompassing retail stores,
restaurant services, and imports, was excluded from the economic contributions analysis for
this study and is delineated in a distinct color in Figure 2. The demand for seafood products
within Virginia accounts for 41.6% of the total landings. This estimation was derived by
multiplying the state’s population of 8,535,519 by the national average consumption per
capita of 19.2 pounds of edible fish and shellfish meat [32].
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3.3. Economic Contributions of the Virginia Seafood Industry, 2019

The economic impact model has projected a total output effect of USD 1.1 billion for the
Virginia seafood industry in 2019. This comprises a direct effect amounting to USD 887.7 mil-
lion, an indirect effect of USD 117.6 million, and an induced effect of USD 99.5 million. In
terms of employment, the industry was estimated to support a total of 7187 jobs, with
6050 positions directly attributed to seafood activities, 523 jobs indirectly created, and
614 jobs induced by industry spending. The total labor income associated with the Vir-
ginia seafood sector was estimated at USD 168.1 million, with a total value added of
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USD 545 million. Additionally, the economic model identified USD 58,650,354 in direct
leakages linked to imports. This indicates that imported products purchased by the Virginia
seafood industry do not generate additional direct effects on Virginia production and are
considered economic spillovers.

Table 4 provides a summary of the direct, indirect, and induced effects of the economic
contributions stemming from Virginia’s seafood industry activities in 2019. All monetary
values in the following tables have been adjusted for inflation to reflect 2019-dollar values
and rounded to the nearest whole number.

Table 4. Economic contributions of the Virginia seafood industry activities in 2019.

Effect Type Employment Labor Income Value-Added Output

Direct Effect 6050 USD 99,711,370 USD 309,253,612 USD 887,750,706
Indirect Effect 523 USD 38,117,158 USD 59,664,979 USD 117,639,920
Induced Effect 614 USD 30,291,601 USD 59,086,591 USD 99,477,444

Total Effect 7187 USD 168,120,129 USD 428,005,182 USD 1,104,868,070

The economic analysis highlights that seafood processors exert the most significant
impact on employment, labor income, and output within the Virginia seafood industry,
followed by watermen, aquaculture, and seafood distributors. It is important to note that
this analysis concentrated on the Virginia seafood industry as a whole, with the costs of
seafood purchases from processors and distributors excluded from the model to prevent
double-counting from the production side. The economic multiplier effect of the Virginia
seafood industry stood at 1.24 in 2019, indicating that every USD 1.00 spent in the industry
generated an additional USD 0.24 of output in the Virginia economy. The employment
multiplier and labor income multipliers were calculated at 1.19 and 1.69, respectively. These
figures suggest that for every five direct jobs created in the Virginia seafood industry, one
additional job is generated in the state’s economy, and for every dollar spent on labor wages
in the industry, an additional USD0.69 is generated. Similarly, the value-added multiplier
of 1.38 indicates that every dollar generated from the Virginia seafood industry reflects
USD 0.38 in labor income, other proprietary incomes, taxes on production, and imports in
the state’s economy. Table 5 provides details of the economic contributions of the Virginia
seafood industry at each level of the supply chain.

Full-time positions constituted 62% of employment within the Virginia seafood indus-
try, while part-time employment accounted for 32%. Non-Virginia residents accounted for
1% of employees, which is categorized as an economic spillover in this model. Moreover,
unpaid labor, typically provided by family members, contributed 4% to the overall labor
force in Virginia seafood businesses. International workers holding H2B visas comprised
5% of the industry’s workforce. Although this employment category was observed in a
small number of businesses, it represented a significant resource for those with access
to these workers, ranging from 25% to 55% of individual businesses’ labor force. The
majority of respondents (58%) operated as sole proprietors of their businesses, with 30%
representing corporations (C-Corp, S-Corp, LLC). The most common target species groups
commercialized by respondents included oysters (66%), crabs (42%), marine fin fish (44%),
clams (23%), scallops and shrimp (11% each), freshwater fish (7%), and eels (2%) (Figure 3).
In terms of immediate sales of seafood production, the most frequent recipients were
consumers (24%), processors (19%), and dealers (18%) within Virginia.

Among entities selling production directly to consumers, the most popular sales
channels, as depicted in Figure 4, include curbside pickup (55%), delivery services (42%),
farmers markets (12%), and online sales platforms (9%). For out-of-state seafood sales, re-
spondents reported directing their products primarily to processors (9%), dealers (6%), and
direct consumers (5%). Additionally, air freight and marine cargo emerged as distribution
channels for 4% and 3% of respondents, respectively.
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Table 5. Economic contributions of the Virginia seafood industry activities for each level of the supply
chain in 2019.

Effect Type Employment Labor Income Value-Added Output

Watermen 1969 USD 34,313,744 USD 113,682,986 USD 226,282,561

Direct 1743 USD 21,010,110 USD 90,508,386 USD 184,268,786
Indirect 101 USD 7,124,609 USD 11,120,857 USD 21,720,513
Induced 125 USD 6,179,025 USD 12,053,743 USD 20,293,262

Aquaculture 1367 USD 36,441,948 USD 94,084,161 USD 177,200,126

Direct 1073 USD 17,836,629 USD 61,516,724 USD 119,657,312
Indirect 161 USD 12,029,561 USD 19,743,479 USD 35,951,827
Induced 133 USD 6,575,758 USD 12,823,958 USD 21,590,987

Processors 2570 USD 74,174,637 USD 177,904,164 USD 592,764,852

Direct 2089 USD 45,349,506 USD 127,758,567 USD 497,769,653
Indirect 210 USD 15,466,851 USD 24,087,262 USD 51,124,196
Induced 271 USD 13,358,280 USD 26,058,335 USD 43,871,003

Distributors 1281 USD 23,189,800 USD 42,333,871 USD 108,620,531

Direct 1145 USD 15,515,125 USD 29,469,935 USD 86,054,955
Indirect 51 USD 3,496,137 USD 4,713,381 USD 8,843,384
Induced 85 USD 4,178,538 USD 8,150,555 USD 13,722,192

Total Effect 7187 USD 168,120,129 USD 428,005,182 USD 1,104,868,070
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Figure 3. Commercialized species groups reported in the survey.

According to the survey responses, the primary costs for watermen businesses were
as follows: fuel (29%), depreciation of boat, motor, vehicle, warehouse/office, and refrig-
erated truck (18%), long-term loans (13%), motor repairs and maintenance (6%), traps
(4%), insurance (3%), and dock fees (3%). For aquaculture farms, the predominant costs
included electricity (19%), loans and interest on invested capital (17%), feed (16%), repairs
and maintenance (14%), and fuel (9%). Processors’ costs were largely concentrated in
packaging supplies (30%), leases and loans (12%), fuel (11%), insurance (8%), freezers and
cold storage (7%), advertising and marketing (5%), and repairs and maintenance (4%).
Similarly, distributors’ costs were focused on land freight (27%), trucks (23%), repairs and
maintenance (15%), and leases and loans (13%). Figure 5 summarizes the primary costs for
watermen, aquaculture farms, processors, and distributors.
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ginia, 2019.

Through economic linkages, the Virginia seafood industry affects 90% of the state’s
546 existing industries. Table 6 shows the direct, indirect, and induced effects on the top
15 industries affected by Virginia’s seafood industry activities.

The polystyrene foam product manufacturing and boat building sectors experienced
the highest percentage of growth from the output impact of the seafood industry activ-
ities, accounting for 7% and 5% of the total output of each of those industries in 2019,
respectively. The sporting and athletic goods manufacturing industry encompasses fishing
gear and aquaculture cages. Table 7 provides a summary of the top 15 economic sectors



Fishes 2024, 9, 200 14 of 20

with the highest percentage of the total industry output affected by Virginia’s seafood
industry activities.

Table 6. Direct, indirect, and induced effects on the top 15 industries affected by the Virginia seafood
industry activities, 2019.

Economic Sectors Direct Indirect Induced Total

Nondepository credit intermediation and related activities USD 20,203,290 USD 18,750,019 USD 1,646,573 USD 20,396,593
Owner-occupied dwellings USD 0 USD 0 USD 13,794,799 USD 13,794,799

Other real estate USD 4,016,698 USD 6,646,758 USD 4,272,132 USD 10,918,890
Insurance carriers, except direct life USD 6,359,310 USD 5,354,854 USD 3,221,071 USD 8,575,925

Commercial and industrial machinery and equipment
repair and maintenance USD 10,810,924 USD 7,882,297 USD 120,563 USD 8,002,860

Truck transportation USD 5,593,863 USD 5,265,015 USD 739,563 USD 6,004,577
Polystyrene foam product manufacturing USD 6,418,225 USD 5,026,733 USD 1223 USD 5,027,957

Hospitals USD 0 USD 0 USD 4,830,093 USD 4,830,093
Electric power generation—Nuclear USD 0 USD 4,311,634 USD 249,876 USD 4,561,510

Insurance agencies, brokerages, and related activities USD 0 USD 2,801,515 USD 1,564,579 USD 4,366,095
Monetary authorities and depository credit intermediation USD 0 USD 1,648,789 USD 2,597,732 USD 4,246,522

Electric power generation—Fossil fuel USD 0 USD 3,678,202 USD 213,166 USD 3,891,368
Air conditioning, refrigeration, and warm air heating

equipment manufacturing USD 6,109,828 USD 3,721,998 USD 2797 USD 3,724,795

Tenant-occupied housing USD 0 USD 0 USD 3,449,624 USD 3,449,624
Electric power transmission and distribution USD 0 USD 2,028,232 USD 1,357,227 USD 3,385,459

All other industries (475) USD 828,238,568 USD 50,523,873 USD 61,416,425 USD 940,178,866
Total economic impact (546) USD 887,750,706 USD 117,639,920 USD 99,477,444 USD 1,104,868,071

Table 7. Estimated growth of the top 15 industries affected by the economic contributions of the
Virginia seafood industry activities, 2019.

Economic Sectors Industry Total Output Impact Output Estimated Growth

Polystyrene foam product manufacturing USD 73,486,372 USD 5,027,957 6.84%
Boat building USD 17,468,894 USD 849,993 4.87%

Sporting and athletic goods manufacturing USD 196,223,690 USD 1,526,460 0.78%
Commercial and industrial machinery and equipment repair

and maintenance USD 1,043,937,307 USD 8,002,860 0.77%

Other engine equipment manufacturing USD 88,338,541 USD 464,755 0.53%
Air conditioning, refrigeration, and warm air heating

equipment manufacturing USD 783,347,495 USD 3,724,795 0.48%

Food product machinery manufacturing USD 113,804,051 USD 515,841 0.45%
Animal production, except cattle and poultry, and eggs USD 218,034,488 USD 969,225 0.44%

Other animal food manufacturing USD 516,195,983 USD 2,135,286 0.41%
Seafood product preparation and packaging USD 558,568,034 USD 1,855,432 0.33%

Personal and household goods repair and maintenance USD 791,353,949 USD 2,068,353 0.26%
Industrial gas manufacturing USD 59,828,848 USD 138,352 0.23%

Electric power generation—All other USD 3,519,375 USD 7862 0.22%
Electric power generation—Wind USD 27,235,085 USD 60,840 0.22%

Electric power generation—Biomass USD 95,369,645 USD 213,046 0.22%

Table 8 offers an overview of the economic contributions of Virginia’s seafood industry
to the top 15 sectors. Across 350 industries, the seafood sector sustains 1137 jobs, constitut-
ing 64% of the total industries in Virginia in 2019. Nondepository credit intermediation and
related activities are the most impacted in terms of employment, supporting an estimated
78 jobs, followed closely by commercial and industrial machinery and equipment repair
and maintenance, which sustains approximately 71 jobs. Other real estate companies also
see a significant contribution, with 53 jobs supported. In terms of labor income effects, the
seafood industry contributes USD 68.4 million across 489 industries, representing 89.6% of
all industries in Virginia in 2019. Nondepository credit intermediation and related activities
emerge as the most impacted sector, with over USD 10.7 million in labor income effects,
followed closely by commercial and industrial machinery and equipment repair and main-
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tenance, with over USD 5.2 million. Furthermore, the seafood industry contributes USD
118.7 million in value-added effects across 490 different industries, representing 89.7% of all
industries in Virginia in 2019. Nondepository credit intermediation and related activities re-
main the most affected sector for the value added, with over USD 10.7 million, followed by
owner-occupied dwellings with USD 10.9 million and commercial and industrial machinery
and equipment repair and maintenance with over USD 5.2 million in value-added effects.
Finally, the seafood industry supports USD 217.1 million in indirect and induced effects in
output across 490 different industries, representing 90% of all industries in Virginia in 2019.
Nondepository credit intermediation, owner-occupied dwellings, and real estate emerge as
the three sectors most impacted by total economic output, each with 8-figure values.

Table 8. Economic contributions of Virginia seafood industry to supporting sectors in 2019.

Industry Description Employment Labor
Income

Value
Added Output

Nondepository credit intermediation and related activities 78 USD 10,751,295 USD 13,753,549 USD 20,396,593
Owner-occupied dwellings 0 USD 0 USD 10,866,700 USD 13,794,799

Other real estate 53 USD 1,263,508 USD 4,648,884 USD 10,918,890
Insurance carriers, except direct life 18 USD 1,373,565 USD 2,994,558 USD 8,575,925

Commercial and industrial machinery and equipment
repair and maintenance 71 USD 5,261,561 USD 5,355,847 USD 8,002,860

Truck transportation 40 USD 2,443,874 USD 2,931,615 USD 6,004,577
Polystyrene foam product manufacturing 13 USD 817,489 USD 1,582,371 USD 5,027,957

Hospitals 27 USD 2,037,042 USD 2,460,829 USD 4,830,093
Electric power generation—Nuclear 4 USD 969,383 USD2,463,403 USD 4,561,510

Insurance agencies, brokerages, and related activities 16 USD 1,339,564 USD 1,731,007 USD 4,366,095
Monetary authorities and depository credit intermediation 10 USD 899,241 USD 2,550,218 USD 4,246,522

Electric power generation—Fossil fuel 2 USD 424,044 USD 1,930,742 USD 3,891,368
Air conditioning, refrigeration, and warm air heating

equipment manufacturing 9 USD 720,852 USD 1,172,955 USD 3,724,795

Tenant-occupied housing 7 USD 167,316 USD 3,116,196 USD 3,449,624
Electric power transmission and distribution 2 USD 428,856 USD 1,758,621 USD 3,385,459

All other industries 787 USD 39,511,169 USD 59,434,075 USD 111,940,298
Indirect and induced impact 1137 USD 68,408,759 USD 118,751,570 USD 217,117,365

3.4. Tax Revenue Generated by the Virginia Seafood Industry in 2019

Table 9 illustrates the tax revenue generated by the Virginia seafood industry in 2019.
The industry contributed a total of USD26.4 million in federal, state, and local taxes. Among
these, local taxes accounted for 24% of the total, amounting to USD 6.3 million. Local taxes
encompass revenue generated in sub-county general, sub-county special districts, and
county levels. The state of Virginia generated 20% of the total tax revenue, totaling USD
5.2 million. Meanwhile, the federal government contributed the largest portion, generating
57% of the total tax revenue, which amounts to USD 14.9 million.

Table 9. Tax revenue generation by the Virginia seafood industry activities in 2019.

Tax Category Watermen Aquaculture Processors Distributors Total

Local tax * USD 1,223,269 USD1,976,523 USD 2,391,161 USD 696,679 USD 6,287,632
State tax USD 1,013,845 USD 1,557,919 USD 2,064,370 USD 579,463 USD 5,215,597

Federal tax USD 2,916,320 USD 4,080,025 USD 6,293,750 USD 1,652,066 USD 14,942,160
Total tax generated USD 5,153,434 USD 7,614,467 USD 10,749,280 USD 2,928,208 USD 26,445,389

* Includes sub-county general, sub-county special districts, and county-level districts.

4. Discussion

Obtaining primary data by surveying industry stakeholders requires a specific set of
interpersonal skills for the investigator. While the choice to employ online surveys offers
advantages such as cost reduction, increased reach, minimized transcription errors, and
streamlined analysis processes, it typically results in a response rate that is, on average, 12%
lower compared with other survey modes [33]. Despite the limitations in response rates
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from online surveys, the industry’s participation and engagement will increase as more
interactions are made and trust is built. Stakeholders will be more likely to share their data
when certain levels of trust, likeability, and the benefits of participating in the study are well
explained and understood. Specific activities that contributed to building trust, likeability,
and understanding of the project’s benefits to the industry include pretesting the survey
questions with selected stakeholders, scheduling personal meetings, attending association
events, and explaining the reasons why stakeholders should share their information in
the survey. In addition, data management and confidentiality protocols need to be clearly
stated, as well as strategies to avoid any exposure of identifiable information, such as details
of contributions from a small area where a company may have dominance. These are helpful
steps in building trust and a good reputation that will be carried on in the industry, as the
investigator will encourage stakeholders to request participation from others.

Even with these steps, along with a strong campaign to recruit participants, participa-
tion was voluntary. Despite repeated efforts to contact entities on the list frame, increasing
participation in the survey activities was very difficult. Some reasons for refusing to par-
ticipate in the study included the survey length, the type of information requested, and
fear of the study results being used to create new regulations. The latter was a common
complaint based on past experiences with research studies that led to stricter regulations on
fishing activities. According to the McLaughlin–Sherouse List [34], the median industries
have 1130 restrictions ranked by the industry regulation index [35]. Fishing is the seventh
most regulated industry in the United States with 13,218 restrictions, outpacing oil and gas
extraction, pharmaceutical and medicine manufacturing, and deep sea, coastal, and Great
Lakes water transportation [34].

The response rate for farms in this study is consistent with response rates observed
in other studies focusing on seafood and aquaculture in the United States. For instance, a
study conducted in 2019 to assess the economic impact of the wild-caught fishing industry
in North Carolina obtained a response rate of 22.7% from commercial seafood harvesters
where participants were incentivized with a USD 50 Amazon gift card for each completed
survey [15]. Similarly, a study conducted in 2019 to evaluate the economic benefits of
Maryland shellfish aquaculture reported a response rate of 5% for wholesale/distributors
and 33% for hatcheries and farms [36]. In other regions, the Massachusetts shellfish industry
reported a response rate of 35% [12], while Maine achieved a response rate of 66.4% [13].
Survey fatigue and refusals were inherent challenges that researchers encountered in
every study. Therefore, it is crucial to recognize that this analysis has certain limitations.
The primary limitation lies in the response rate, which may result in underestimated
activity expenditures. Evidence suggesting that the results present conservative estimates
is apparent when comparing values from survey results to IMPLAN industry averages
of income per worker. The IMPLAN database presents higher average income values
per worker for fisheries, seafood processing, and truck transportation, approximately
2, 2.3, and 4.5 times higher, respectively, than the values obtained in the present study
(Table 10). However, it should be noted that since aquaculture is not disaggregated from
IMPLAN industry 14 (animal production, except cattle, poultry, and eggs), the labor income
per worker value attributed to the model from our primary data is 15 times higher than
the IMPLAN model. This emphasizes the importance of customizing expenditures and
adopting an analysis-by-parts approach to better represent the seafood industry.

Table 10. Comparison of labor income per worker between IMPLAN database and survey responses.

Labor Income per Worker Survey IMPLAN

Watermen USD 12,050.62 USD 24,276.18
Aquaculture USD 16,627.31 USD 1105.75
Processors USD 21,708.29 USD 49,460.61

Distributors USD 13,545.93 USD 61,047.35
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The results presented offer a snapshot of the Virginia seafood industry in 2019, just
before the onset of the global COVID-19 pandemic. It is important to note that the pan-
demic significantly affected the seafood industry, as demonstrated by a national COVID-19
impact assessment conducted by VSAREC and Ohio State University [37]. The assessment
revealed that the U.S. mollusk aquaculture sector was particularly hard hit, with 97% of
shellfish respondents reporting negative impacts. The imposition of non-essential business
shutdown mandates resulted in the loss of sales and market opportunities for seafood
producers. These economic repercussions created ripple effects throughout the seafood
supply chain, leading to various secondary effects and impacts on labor, operations, and
future supply [37]. Although COVID-19 was not originally part of this study’s scope,
the results can serve as a valuable benchmark for policymakers and stakeholders aiming
to increase preparedness for crises and enhance the resilience of the seafood industry to
safeguard its essential existence in the face of future challenges.

The economic contributions estimated in this study were confined to activities and
expenditures within Virginia and did not capture expenditures and activities outside the
state. For example, the respective portion of the equipment produced or purchased outside
of Virginia would not have contributed to the economic impact in Virginia. There were
also equipment, employment, and sales records that extended beyond the study area.
These activities have economic impacts outside Virginia and were not accounted for in
the estimate of the economic impact within Virginia. In economic contribution analysis,
this concept is called “leakage”. Leakage of impacts is always present, given that goods
and services are not always fully contained within the relevant study area. Any portion of
goods or services manufactured, purchased, or sold elsewhere contributes to the leakage
of impacts from the study area [7]. The leakages were accounted for in the models by
assigning the values of local purchase percentages (LPP) obtained through the survey to
each event value of the spending patterns in IMPLAN. Editing LPPs indicates the specific
portion of the event value that affects the local region and should be applied to the model
multipliers as leakages do not create any local effect [18]. Therefore, setting appropriate
LPPs increases the accuracy of the economic effect estimates.

The economic contributions of the Virginia seafood industry account for 0.13% of
employment, 0.03% of labor income, 0.08% of the value added (or GDP), and 0.12% of total
output. These contributions may seem small, but they represent a significant source of rev-
enue and jobs for coastal communities. For perspective, the economic impact of agriculture
industries in Virginia in 2021, including segments of aquaculture, accounted for 12% of
the state’s total output, with a multiplier of 1.93 [38]. When comparing the results of this
study with other industries or studies, it is essential to exercise caution due to differences
in methodologies and data management practices. To facilitate accurate comparisons, we
recommend conducting future economic contribution analysis utilizing primary data and
the framework presented by this paper and allowing these results to serve as a benchmark.
Therefore, we strongly advise careful consideration when drawing comparisons across
different years, industries, and methods to ensure accurate and meaningful insights.

It is acknowledged that direct employment in the Virginia seafood industry may be
underestimated in this study. According to VMRC data, there were 11,638 individuals
holding commercial fishing permits and 521 individuals holding aquaculture permits in
2019. Additionally, some oyster farmers mentioned that it is common for homeowners
to obtain licenses and lease aquaculture grounds, leading to aquaculture activities occur-
ring near their waterfront properties. To address this, direct employment was estimated
from survey responses, accounting for nonresponse based on active licenses that reported
production for watermen and using the USDA census of aquaculture to establish the num-
ber of active farms. Based on the data provided by respondents, a direct employment
effect of 6050 employees was estimated. Comparatively, a new study in Maine estimated
an economic contribution of USD 3.2B supporting 33,300 jobs using available secondary
data [14]. While there is a growing trend in using secondary data in economic studies,
it presents limitations compared with primary data [22]. The challenges of conducting
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economic contribution studies through primary data collection are not limited to time
constraints and financial resources. All the steps taken in this present study aimed to
ensure data quality and accuracy in the survey design, with a focus on mitigating biases
and errors. It is crucial to verify the status of active or inactive producers before estimating
the economic contribution of an industry. In some cases, available secondary data may not
accurately represent the current state of an industry and may result in misestimating its
impacts. Therefore, gathering primary data from as many active participants as possible
ensures accurate economic contribution estimations. The present study verified that 13% of
the fishing license holders were active, reporting production of at least USD 1000 in 2019.
Without verifying the status of license holders, the analysis based on the total number of
fishing licenses would be misrepresented.

Furthermore, it is important to note that this study did not aim to capture the impacts
of seafood retail or restaurant sales in Virginia. As the economic effects of seafood retail
and restaurants remain unknown in Virginia, studying these important sectors would
provide a complete and comprehensive estimate of the economic contributions of the
seafood industry to the state’s economy. NOAA estimated that the economic impact for
the Virginia commercial fishing industry, including wild harvesting, processing, retail,
wholesale, and imports, accounted for 23,523 jobs, USD 3.2 billion in sales, USD 803 million
in income, and USD 1.2 billion in value-added effects [20]. However, aquaculture was not
included in the data, and the estimation of imports was based on a common multiplier
applied throughout all levels of the supply chain. It is worth noting that the methodology
used by NOAA differed from the analysis-by-parts approach utilized in the estimates
for Virginia. This study offers values derived from primary data gathered directly from
industry sources, which remains pertinent despite the assumption that these economic
values are conservative and likely underestimated. Through successful survey activities,
comprehensive data were obtained to conduct an economic contribution analysis for the
Virginia seafood industry. The findings were aggregated across each level of the supply
chain for the entirety of Virginia and were not delineated by county or region to safeguard
the confidentiality of respondents.

5. Conclusions

Obtaining primary data through surveying industry stakeholders relies heavily on
the investigator’s interpersonal skills to build trust and clearly explain the benefits the
study can provide to the industry, including its potential to provide insights to guide
policy decisions. This study’s methods provide a comprehensive framework for assessing
seafood supply chains using secondary data and estimating economic contributions in
seafood industries through primary data. Researchers can generate comparable results
by applying this framework in future studies, enabling accurate data comparison and
benchmarking against our findings. The estimated total economic contributions of the
Virginia seafood industry in 2019 were USD 1.1 billion. The Virginia seafood industry
provides valuable employment opportunities for watermen and citizens in coastal areas of
the Commonwealth, benefiting 7187 people, with a direct effect of 6050 jobs, an indirect
effect of 523 jobs, and an induced effect of 614 jobs. Moreover, the influence of the Virginia
seafood industry extends beyond its immediate economic sector, supporting various other
industries. Direct expenditures by seafood businesses contribute to supporting polystyrene
foam product manufacturing, boat building, sporting and athletic goods manufacturing,
as well as commercial and industrial machinery, equipment repair, and maintenance.
Additionally, wages and salaries paid to employees across the seafood supply chain have
a multiplier effect on Virginia’s economy. This economic ripple effect benefits sectors
such as nondepository credit intermediation, owner-occupied dwellings, and real estate.
In addition, future research capturing the economic contributions from seafood sales
in restaurants and retail stores will provide a complete understanding of the seafood
industry’s role in shaping the state’s economic landscape.
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