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The presence of invasive lionfish in the U.S. Virgin Islands and the difficulties experienced by commercial fishers
and concerned stakeholders presents an oddly complementary set of dilemmas. Local stakeholders have diffi
culties implementing a financially sustainable means of reducing the lionfish population. Meanwhile, commer
cial fishers are frustrated by the decline in traditional fisheries. In many cases, this decline is in part accelerated
by the presence of lionfish outcompeting the native species for the same prey. In other words, the successful
development of a market for lionfish could solve several problems including: providing an additional fishing
target for commercial fishers, increasing the diversity and amount of fresh fish landed and consumed locally,
providing a stable income stream to supplement commercial fishing related businesses (i.e., fishing/dive sup
pliers, restaurants, etc.), and reduce pressure on wild stocks and the coral reefs (i.e., improve and protect the
diversity and resilience of the ecosystem). This study examines the barriers and opportunities in developing a
lionfish market for local consumption in the USVI.

1. Introduction
Lionfish were first sighted in the United States off the coast of Florida
in 1985 but were not seen again until 1992 [1]. In 2000, eight lionfish
were seen in the Southeastern Atlantic, and by 2002 they were
more-or-less continuously sighted from Miami, Florida to Cape Hatteras,
North Carolina [2]. Lionfish were first documented in the USVI in 2008
[3]. Since Experts explained that not only were they the first marine fish
species to invade the West Atlantic and Caribbean waters, but the li
onfish were “one of the most rapid marine finfish invasions in history”
[4]. The Indo-pacific lionfish (Pterois volitans and P. miles) is the first
reef fish invasive species to become established in the wider Caribbean
[5]. It is widely known that the invasion of the lionfish is a serious threat
to local coral reef ecosystems, biodiversity, fish stocks, and endemic
species, which are all assets to the local economy and culture in the
islands of St. Croix and St. Thomas.
With its intimidating and venomous fins, the lionfish attacks its prey,
often consuming fish that is up to half its size [1]. Focusing on fish,

shrimp, lobster, and crab, 50 different species of fish have been found in
lionfish stomachs [6]. Lionfish consume up to six percent of their body
weight each day but can also survive without any food for twelve weeks
[7]. Significant predators, lionfish are capable of removing up to 79% of
the prey community on an isolated part of a reef [8]. Because lionfish
have such a fast reproduction rate (12–15000 eggs every four days),
have no known predators in the Caribbean, and are voracious eaters,
they damage Caribbean ecosystems, reducing coral cover and pop
ulations of native fish that are often the greatest draws for tourism in the
islands [9]. When present, lionfish can reduce native fish recruitment by
nearly 80% and can reduce local reef fish biomass by about 65% in about
2 years [10,11,12]. This presents an issue, if left unaddressed, that could
negatively impact dive and recreational fishing tourism for the USVI.
Analyses of the lionfish invasion in the Caribbean and South Atlantic
often discuss the need to move beyond targeted interventions (such as
fishing derbies), and towards a socially and financially sustainable so
lution such as creating a market for lionfish [13]. But at the time of this
project’s start, there were no research-based analyses of whether or how
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work exclusively with restaurateurs in the U.S. Of these three ap
proaches, derbies (many of them grass-roots endeavors) appear to be the
most common, and have found success at short term reductions in li
onfish populations [31–34].
Derbies and similar localized lionfish removal efforts have shown
some effects in temporarily reducing local populations [35]. However,
studies show longer term impacts depend on regular culling. Regular
removal of lionfish occurring over long term periods of time not only
reduces lionfish population but also influence the size, age and density
indicating progress toward reducing invasive stocks [9,33,36,37]. For
example, in 2013 one southern Caribbean study found lionfish pop
ulations to be 2.76 times lower in Bonaire where harvesting was
encouraged than in areas where it wasn’t; and 4.14 times lower than
lionfish populations in Curacao where the government had not yet
launched lionfish control programs [38]. However, regular control ef
forts can be expensive, and many governments and non-profits lack the
financial resources. Consequently, eating lionfish from the Caribbean
has significant benefits. It suppresses lionfish population, provides
consumers an additional protein choice and an opportunity to protect
reefs, and diversifies income for commercial fishers.
The potential market for lionfish in the United States and parts of the
Caribbean is already being demonstrated. In the United States, lionfish
have become increasingly popular, being sold at the Charleston, SC
restaurant Fleet Landing for $28 a plate, and flown to New York for sale
at Norman’s Cay for $44 a dish. Grocery chains like Whole Foods and
Wegmans find it hard to keep enough of lionfish to meet demand [13].
Seafood suppliers such as Sea to Table and Traditional Fisheries support
lionfish orders, with product going to restaurants that are promoting the
fish as an “artisanal food” [22]. Lionfish was the focus of NOAA’s 2010
“Eat Lionfish” campaign, which promoted consumption, noting “it
would be a great success to eat them out of existence in these areas” of
the Caribbean [39]. Lionfish is also successfully marketed in other parts
of the Caribbean, particularly in the Bahamas and the Florida Keys.
Marketing campaigns have engaged the restaurants, general public, and
fishers, resulting in lionfish being listed on menus [40]. In the Bahamas,
a “You Slay, We Pay” campaign at the Cape Eleuthera Institute buys
lionfish from local fishers at $11 per pound for scaled fillets and $5 per
pound for whole fish [34].
Lionfish were first documented in the USVI in 2008 [3]. Since their
appearance in 2008 there has been conflicting information about lion
fish, creating a fear of lionfish as ‘poisonous’. Early local research
literature focused on ciguatera in lionfish [41] Public awareness cam
paigns across the islands emphasized a ‘warning’ or ‘stay away’ message
which created fear of the species (Fig. 1). More recently, researchers,
nonprofits and dive shops began shifting the image of the lionfish. Local
dive shops and groups like Caribbean Oceanic Restoration and Educa
tion Foundation (CORE) encourage adventures like ‘lionfish hunting’
and groups like Nature Conservancy promote “invasivorism” (eating
invasive species for ethical reasons (Fig. 1)).

such a market could function. Our project directly addresses this gap by
investigating the viability of developing a market for lionfish as food in
the USVI.
The primary control methods for invasive lionfish in the USVI are
fishing derbies and recreational diver led lionfish hunts, and for a short
time the local government offered a bounty program, though these
tactics provide only temporary results. Globally, there are more emer
gent control tactics such as mechanical removal devices, and creating
market demand for lionfish as food [12,14,15,16,17]. This study ana
lyzes the latter, which is a market-based solution that reduces the need
for government or non-profit support.
2. Background
2.1. Controlling invasive lionfish through consumption
Developing a lionfish fishery in the USVI has the potential to increase
supply, quality, and diversification of domestic seafood. Specific bene
fits to creating a demand for lionfish in the local market of the USVI
include a new focus on abundant low-value, and underutilized species,
creation of new marketing opportunities, and regular removal of an
invasive species.
Introducing invasive species into the food market to control their
population is not a new idea. The invasive Northern Snakehead fish was
first brought into the United States by aquaculture farms to keep water
clean in the 1970 s, but then made their way into the wild, first docu
mented in the Potomac River in 2004 [18]. Asian Carp was first recorded
in North American Rivers in the 1980s [19]. The development of seafood
markets was one effort to curb impacts on local ecosystems, local fish
stocks, and even public safety [20]. While eating invasives is not new,
the popularity of this approach has more recently become widely
considered by government agencies, nongovernmental agencies, and
popular culture lionfish management plans [21,22,23]. The assumption
is, promoting invasives as food introduces a new trophic level (humans),
to an invasive species’ ecosystem, and thus, the demand can drive spe
cies into controlled numbers, or even extinction by placing sufficient
predatory pressure on the invasive [24,25]. Proponents of this approach
point to the (unfortunate) success of markets and fishers in over
harvesting species in a variety of setting such as Atlantic Cod [26] Queen
Conch [27], Southern Atlantic Coast Red Snapper [28]. Creating a
market for invasives is met with some concern. Critics of this approach
warn that as the demand for a species increases, so does the risk of
creating a need to maintain the supply. Also, turning an invasive species
into an economic resource could trigger the spread of the species by
other communities relocating invasive species to their areas. If local
communities incorporate a species into their culture, they can make it
impossible to eradicate because of emergent cultural attachments [24].
However, as described above, in the case of the lionfish invasion, due to
the species’ extraordinary rate of reproduction it is unlikely that future
demand for lionfish in the USVI is ever going to exceed supply. Thus,
even while reducing their numbers to more manageable levels, com
mercial fisheries are unlikely to fully extirpate the species from the re
gion. Lionfish be managed using traditional regulatory approaches
where suppression is maintained by fishing up to MSY and population is
reduced by fishing above MSY [29]. Managers should be taken in
developing these markets in coordination with fishers to avoid a fishery
boom and bust, such as Malpica-Cruz et al. documented in Quintana
Roo, Mexico [30].
Due to the swift and impactful invasion of Lionfish in the Caribbean,
several approaches have been tried to control lionfish populations.
These approaches include (1) tournaments or “derbies” whereby anglers
are challenged to harvest the most lionfish and rewarded with prizes,
and recreational dive hunts;(2) creating demand for households to eat
lionfish (i.e., education, marketing, and exempting the species from
default harvest regulations); and (3) relying on entrepreneurs to find
suppliers (e.g., co-ops in the Yucatan and fishers in the Bahamas) to

2.2. Lionfish and ciguatera
An additional issue with encouraging a consumption market for li
onfish is ciguatera toxin. Lionfish can carry ciguatera toxin (Robertson
et al., 2014) a neurotoxin which, in large enough doses, can result in
ciguatera poisoning of humans who consume fish. (In the US Virgin
Islands, this is frequently called “fish poisoning”.) Reef fish (such as li
onfish and snapper) that consume ciguatera toxin found in the macro
algae on some reefs bioaccumulate the toxin. Ciguatoxins are tasteless
and not destroyed by freezing or cooking the fish. When toxin levels
exceed the FDA guideline amount, they can cause gastrointestinal,
neurological, and cardiovascular symptoms [40,42,43].
The risk of ciguatera poisoning is not exclusive to lionfish, but
ciguatera poisoning is a risk for people consuming large amounts of any
reef fish that predate on other fish [42–44]. There is evidence that un
cooked lionfish may be prone to false positive tests for ciguatera toxin,
2

T. Yandle et al.

Marine Policy 143 (2022) 105103

Fig. 1. Comparison of "Danger" Messaging and “Invasivorism” Messaging.

Fig. 2. Reference Maps of USVI.
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thus making large scale testing for the toxic in lionfish problematic [45].
There is no evidence that lionfish are a greater risk for ciguatera
poisoning of humans than other predatory reef fish, and it appears that
USVI consumers are already aware of and compensate for the risk of
ciguatera poisoning from predatory reef fish by limiting the amount of
these species they consume. In the context of the US Virgin Islands,
consumers address this risk by both limiting the amount of predatory
reef fish they consume and by purchasing fish only from fishers with
whom they have established relationships and rely on to provide healthy
fish.

Gathering, Data Analysis, and Outreach/Information Dissemination.
The team collected and summarized geographic data on regulations
(protected areas, gear use restrictions, etc.), stock/habitat information
(e.g., bathymetry, ciguatera locations, lionfish distributions – current
and projected), and market chains (landing sites, community hubs, retail
outlets, etc.). The team also reviewed existing regulations regarding the
development of a managed fishery; as well as surveys and interviews to
better understand the preferences and concerns of commercial fishers
(suppliers) and local buyers (residents, tourists and restaurants)
regarding the harvest, handling, consumer preferences, and value of
lionfish as a seafood product. In addition, a key goal of the project was
ensuring that the information and insights developed during the project
were shared with stakeholder communities in culturally relevant for
mats and appropriate venues.

2.3. Fisheries of St. Croix and St. Thomas
Located in the upper Caribbean Sea, St. Croix (STX) and St. Thomas
(STT) make up two of the three United States Virgin Islands (Fig. 2). St.
Croix is an island of about 50,000 residents living in about 84 mi2 of
semi-mountainous area and St. Thomas is home to approximately
52,000 residents on an island of about 32 mi2 of a mountainous area. In
addition to the local communities, the USVI draws over 2 million visitors
every year [46]. The island of St. Thomas has a consistent cruise ship
tourism industry whereas the island of St. Croix draws more long-term
visitors who stay for days to weeks on the island.
At the time of this study, there were approximately 180 commercial
fishing licenses permitted in total across the USVI. Traditional fisheries
are red hind (Epinephelus guttatus), parrotfish (Scaridae), triggerfish
(Balistes vetula), and snappers. Trap fishing is the primary fishing
method although handlines are used to target yellowtail snapper
(Ocyurus chrysurus) and blue runners (Caranx crysos), and trolling is used
to target wahoo (Acanthocybium solandri) and kingfish (Scomberomorus
cavalla) [47].
The most recent studies to focus on commercial fisheries in the USVI
show characteristics of fishers, fisheries, consumers, and markets that
are relevant to our study [47,48]. These studies document (and our
observations confirm) that fish are sold every day in scattered marketing
areas, especially on Saturdays. Fish are primarily sold by the fisher
directly to local consumers (with only a small share going to restau
rants); a direct informal relationship that is not frequently seen else
where in U.S. but is common in the Caribbean. These relationships
between fishers and consumers tend to be long-standing, even
multi-generational relationships.
Local residents prefer “plate fish” since the cultural tradition was to
cook and serve an entire fish per serving. Alternatively, both islands also
consume “pot fish”, an assortment of small reef fish that can fit and be
prepared whole in a stew pot. Other popular seafood styles include
whole fish fry, and fish with curry sauce. In general, locals believed that
filleting fish and discarding the rest was “wasteful and unnecessary”
[49]. Thus, filets are more common in high-end restaurants or for the
elite classes.
This local demand for smaller reef fish for food, coupled with other
physical marine factors like coral loss, and natural disaster, creates a
stressed environment for vulnerable species [50], as well as a chal
lenging environment for fishing communities [51]. A market for lionfish
would create demand and regular harvest for the species and could
become one way to alleviate stress on all of the local reef fish and ju
veniles in local waters [52,53].

3.1. Data gathering
Structured, intercept surveys approached both the supply and de
mand end of the potential lionfish market, focusing on the three key
stakeholder groups (consumers, restaurants, and fishers) during the
summer of 2016. (Methods varied by stakeholder group and are sum
marized in Table 1. The field team interacted with over 730 participants
between May and August of 2016. In-depth fishers and restaurant in
terviewees were identified through intercept surveys, then fishers were
interviewed during a follow-up meeting.
Comparison of resident survey respondent demographics and 2010
US Census reported demographic characteristics of St. Croix (Table 1)
shows that the sampled population had a higher proportion of males
with a higher education but lower household income that the popula
tion. Age distribution appears similar between the resident survey and
census data. These differences do not appear to be large enough to
compromise our findings. No data is available on the demographics of
St. Croix tourists; thus, no comparison is presented for these results.
However, comparison of tourist and resident results shows (not sur
prisingly) that tourist reported higher education levels and a higher
household income than local residents.
Data on the knowledge and preferences of local and tourist con
sumers was gathered using structured intercept surveys. Intercept sur
veys were conducted at all major supermarkets and the two major public
tourist gathering spots across St. Croix. Supermarkets were selected as a
primary focus for local consumer surveying because they are the pri
mary location where food buyers congregate. In contrast, fish sellers are
spread out in may locations across the island and often maintain irreg
ular hours that make surveying challenging (Table 2). Furthermore,
interviewing consumers within sight of their fisherman could have
introduced bias into finding.
St. Croix was selected for consumer research because it was the
Table 1
Descriptive statistics of St. Croix census data and survey samples.
Residents

3. Methods
This project was multi-disciplinary (anthropology, economics, policy
analysis) research focused on assessing the viability of developing a
commercial lionfish fishery in the U.S. Virgin Islands, and the stake
holder and regulatory outreach necessary for it to succeed. Research for
this project was designed and supervised by the project primary in
vestigators (names here after review?), and data was collected by
graduate and undergraduate student researchers from Emory University
and the University of Florida. The project consisted of three phases: Data

Tourists

Variable

Sample (%)

Census (%)

Sample (%)

Gender
Male
Female
Education
High school graduate
College graduate
Income
> Mediana
Age
18–24 years
25–54 years
55–64 years
> 64 years

51
49

46
54

52
48

85
36

75
36

99
76

52

50

89

8
43
23
26

8
48
18
25

6
68
17
9

a
Median annual household income for USVI and US was $34,600 and
$43,500, respectively
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Table 2
Summary of Data Sources.
Data Source
Intercept
Surveys:
Fishers
Local residents
Restaurants
Tourists
Interviews:
Fishers
Restaurant
Participant
Observation:
Fishers
Council
Community

Description

Application

Number of
observations

Structured paper survey conducted at local fish market stalls,
selling spots, launch sites, etc.

Fishers perceptions of harvest requirements, including obstacles and
opportunities, and price points for willingness to harvest. Current
fisheries practices.
Local resident perceptions of eating lionfish. Current seafood
practices, willingness to try and willingness to pay for lionfish.
Local restaurant perceptions of buying and serving lionfish. Local
trends in cost, style, and popularity of seafood, willingness to pay for
lionfish.
Tourist perceptions of buying and eating lionfish, willingness to pay
for lionfish. Predominant seafood interests when visiting St. Croix
and St. Thomas.

151

Through the survey process, fishers were identified to discuss the
study topics in more detail.
Through the survey process, restaurant owners were identified to
discuss the study in more detail

Fisher perspectives on commercial fishing in the USVI.

15

Food industry and consumer perspectives on the seafood culture in
the USVI.

27

Throughout the study period researchers participated in local
fishing practices, including scaling and fileting, diving, market
hours, and cooking.
Researchers attended and presented in council meetings for St.
Croix Fisheries Management Committee and Caribbean Fisheries
Management Council.
Researchers maintained day to day observations of local
perceptions and activities regarding lionfish and seafood.

Observation of local fisheries characteristics.

N/A

Observations of interaction between management and fishers.

N/A

Local perceptions seafood and lionfish activity.

N/A

Structured paper survey conducted at grocery stores, and in the
towns of Frederiksted and Christiansted.
Structured paper survey conducted at restaurants through the
island of St. Croix.
Structured paper survey, at the Henry E. Rohlson airport, and
downtown Frederiksted pier and Christiansted boardwalk.

largest population and thus the largest base of consumers. Surveys
addressed consumers’ knowledge of issues with seafood and lionfish,
their interest in new food (generally and more specifically lionfish),
their willingness to pay for lionfish, location, and socio-economic in
formation about themselves and their household.
Similarly, data on restaurants was gathered using structured, indepth surveys that sought quantitative, qualitative, and economic
data, specifically assessing their knowledge of seafood and lionfish

346
59
193

issues, interest in new food (specifically lionfish), their willingness to
pay for lionfish, and the characteristics and preferences of their clien
tele. The restaurant data gathered during the survey phases was sup
plemented with interviews that gathered more nuanced qualitative data
from participants identified during the survey phase of data gathering
(Table 2).
As with restaurants, multiple data collection methods were used for
the fisher population across the St. Croix and St. Thomas. The study team

Fig. 3. Local consumer vs tourist preference in seafood.
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consuming were distrust of the lionfish because they thought they are
unsafe to eat. This is illustrated by quotes such as “I would rather be
cautious. I don’t want to eat poisonous stuff.” (Local #11) and “I’m
afraid of getting sick or poison. I don’t want to risk it, so I would let
others try first and wait to see the reaction.” (Local #133). However,
many study subjects were also curious about the fish or were familiar
with people who recommended the fish. Among those interested in
consuming lionfish, most were likely to believe themselves knowl
edgeable about the fish, and about seafood in general. This is illustrated
by quotes such as "Lionfish are destroying the ocean so if it’s edible, why
not eat them?" (Local #28) and “It’s something different. The meat is
good if cleaned and the spines are taken off. Would rather eat [lionfish]
then have them kill the other fish." (Local #168). Consumer’s confidence
in their own existing seafood knowledge made them more likely to try
lionfish. Among those local consumers interested in trying lionfish, the
average price they would be willing to pay (using the conservative
non-parametric Turnbull Lower-Bound method) was $11.80/lb. for raw
lionfish to be cooked at home and $17.70 for a restaurant entrée [56].
In addition to gathering information about local and tourist con
sumer preferences, we also collected spatial data from potential cus
tomers and restaurants to allow for mapping of latent demand. The map
below indicates the areas of the highest levels of interest via the percent
of surveyed consumers in an estate (smallest available spatial unit,
equivalent to census tract) who said they were interested in trying li
onfish– the darker the area, the higher the interest. This information was
provided to fishers to help them assess demand in planning where to sell
lionfish (Fig. 5). By aggregating data to the estate level, we were able to
identify spatial patterns of interest while also preserving participating

performed structured intercept surveys throughout the summer in St.
Croix, and during mandatory commercial fisher registration on both St.
Croix and St. Thomas. The study team also conducted in-depth, semistructured interviews with fishers on both islands. The study team
engaged in participant observation throughout the entire summer of
2016, by spending extended periods of time participating in daily ac
tivities in natural settings with local fishers, to understand perspectives
and experiences beyond those shared in formal interviews [54]. Using
these varied methods, we investigated fishing behavior, knowledge of
lionfish and what fishers observed of lionfish, their willingness to har
vest lionfish, economic data on willingness to harvest, and the spatial
and demographic characteristics of this group on both islands (Table 2).
4. Findings
4.1. Local consumers
For local consumers, the most important factors influencing their
interest in consuming lionfish is their confidence in their knowledge
about lionfish and whether they perceive lionfish as safe to eat. The
majority of local consumers were interested in trying new types of
seafood, but they were not interested in lionfish at the same rate.
However, nearly half (41%) were at least a little willing to try lionfish
(Fig. 3). To better understand what is driving this dynamic, a thematic
analysis of qualitative, open-ended responses allowed determination of
the key concepts that arose in people’s own phrasings (Fig. 4). The re
searchers coded their responses using grounded theory [55]. Overall, the
most common categories that arose among people not interested in

Fig. 4. Common Barriers and Opportunities to Lionfish Consumption Among Local Consumers.
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Fig. 5. Spatial Distribution of Consumer Lionfish Interest.

consumers’ anonymity.

folks, try new seafood, it’s fresh, I like to try new things” (Tourist #200).
While there is a higher interest for lionfish among tourist consumer
(75% vs 42%), the tourists are a vastly smaller percentage of the pop
ulation, and a population with a rapid turnover, which would thus
require consistent intensive education efforts.

4.2. Tourist consumers
Analysis of tourist survey respondents shows that nearly all were at
least “a little” interested in trying seafood (Fig. 3). When asked about
lionfish, 75% were at least “a little” interested in trying lionfish When
asked about barriers to consuming lionfish, tourists mentioned reasons
such as distrust of an unknown fish, with many saying that the fish name
is frightening. Quotes such as “Because of its name it seems bad” (Tourist
#7) and "Only eat what you know." The response by Tourist #8 illus
trates these concerns (Fig. 6). However, while there was a lack of
awareness, they were open to new fish and are seeking the exotic for
their vacation. Tourists stated “They look pretty. I love seafood and
would like to try new seafood” (Tourist #105) and “I like to try different
seafood" (Tourist #10). Similar to the resident consumers, those with
real or perceived knowledge of lionfish were also more interested in
consuming. This is illustrated by this tourist who stated “I know that
they are edible, and it is fine to eat lionfish. And they are harmful to
other fish.” (Tourist #58) and another stated “I like to support local

4.3. Restaurants
Analysis of restaurant data showed interest in purchasing lionfish for
restaurant use (Fig. 7). In the six restaurant surveys, the data shows that
price significantly impacts the interest in product. Over 80% of restau
rant respondents said they were interested in serving lionfish in the
future. For example, “I’m highly interested in it” (Restaurant #61).
Restaurants expressed concerns about pricing but were interested in
serving lionfish. If the price was right, 85% of restaurants say they would
prepare and sell lionfish: “I think they are good. Have to have a higher
price. $12–15/lb. whole would get them up and going. Nothing less”
(Restaurant #10).
Qualitative analysis of the responses to the restaurant survey’s openended questions shows that most restaurants on St. Croix do not have

Fig. 6. Common barriers and opportunities to lionfish consumption among tourists.
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Fig. 7. Location of restaurants interested in purchasing lionfish.

employees experienced in handling lionfish and restaurateurs are con
cerned about employee safety when removing the spines. However,
restaurant preferences about the level of processing of the lionfish
ranged from those who wanted the fish filleted before they would accept
it in their kitchens, to one restaurant that would not trust anyone other
than their own employees to correctly remove the spines and would
prefer to purchase whole un-processed lionfish. The overwhelming
concern among this study population was the cost of the fish and the
amount of labor that would be required to make it usable in their
restaurant. This labor concern (along with the need to turn a profit) may
explain why restaurants had a relatively low average WTP of $5.71/lb.
[57]. Spatial analysis showed that the restaurants interested in the li
onfish are clustered primarily around Christiansted and Frederiksted,
the two major urban areas on the island, as illustrated in Fig. 7. (Note:
All restaurants identified in this map requested to be identified to help
them source lionfish, as this information was also provided to fishers.
Not all restaurants that participated in this survey are identified on this
map, as several preferred anonymities.).
As described above, local consumers, tourists, and restaurants all
have markedly different perspectives on seafood consumption and
various levels of interest in consuming lionfish. They also have varying
amounts they are willing to pay for lionfish. These differences are
summarized in Table 2, and some of the implications of these differences
are discussed in our conclusions. Table 2 also summarizes the price that
fishers are willing to accept for lionfish. The context for fishers’ will
ingness to accept prices is in the next section below.

Table 4
Summary of local fish observed for sale.

$11.80
$10.09
$5.71

$17.70
$22.83
N/A

$4.37

N/A

Common
Common
Common

Trunkfish, Shellfish
Barracuda, Barrow
Tuna

Infrequent
Infrequent
Infrequent

Skipjack
Snapper
Yellowtail

Infrequent
Infrequent
Infrequent

Mahi
Wahoo
Lobster
Slipper lobster, Slipper, Spanish
Lobster
Hind, Lucky

Infrequent
Infrequent
Common
Infrequent
Common

4.4.2. Surveys and interviews
To ascertain the potential supply of lionfish, the study team con
ducted 166 interviews and surveys with fishers on both St. Croix and St.
Thomas and asked if they had ever caught lionfish. As summarized in
Fig. 7, the vast majority of fishers had but most were not targeting li
onfish. When further asked if they knew how to catch lionfish and if they
had the necessary gear, both received predominately affirmative re
sponses. However, only approximately half knew how to handle and
prepare it for sale or consumption. This demonstrates a need for edu
cation on lionfish handling and sales, which this project worked to
address through subsequent outreach. Additionally, fishers expressed a
lack of existing opportunities to sell lionfish, with 73% of those surveyed
(n = 138) saying that the price of lionfish is not high enough to cover
their costs, and 74% reporting that they do not have buyers for lionfish.
When asked what price they would be willing to harvest lionfish, fishers
reported a mean average price of $4.37 per pound. [57] As is illustrated
in Table X, this is significantly below the average price local consumers
and tourists are willing to pay, and more than a dollar per pound below
what restaurants are willing to pay.
The majority (88%) of fishers interviewed had some experience with
invasive lionfish. Fishers frequently (78%) found lionfish in their path as

Table 3
Summary of Willingness to Pay (WTP)/ Accept (WTA)Analysis for Lionfish.
Restaurant

Availability

Parrot Fish, Pot Fish
Blue Runner
Old Wife

have the infrastructure to support an export business on either island.
Smaller reef fish, like parrotfish (Scaridae), are sold whole and by the
pound, with an additional cost of about $2.00 per pound to be cleaned
(or scaled).

4.4.1. Participant observations
Utilizing participant observation methods throughout the summer of
2016, we noted that for fishers the primary catch in these islands is an
assortment of smaller reef species and lobster, all of which the re
searchers found daily. Some larger fish like barracuda, snapper, tuna,
and wahoo (Acanthocybium solandri) were found infrequently (Tables 3
and 4). All fish are sold locally because St. Croix and St. Thomas do not

Market

Local name (s)

Parrotfish (Scaridae)
Blue Runner (Caranx crysos)
Queen Triggerfish (Balistes
vetula)
Trunkfish (Ostraciidae)
Barracuda (Sphyraena)
Yellowfin Tuna (Thunnus
albacares)
Skipjack (Katsuwonus pelamis)
Mutton Snapper (Lutjanus analis)
Yellowtail Snapper (Ocyurus
chrysurus)
Mahi (Coryphaena hippurus)
Wahoo (Acanthocybium solandri)
Spiny Lobster (Palinuridae)
Slipper Lobster (Scyllaridae)
Red Hind (Epinephelus guttatus)

4.4. Fishers

Willingness to Pay (WTP)
Local Consumer
Tourist
Restaurant
Willingness to Accept (WTA)
Fisher

Fish sold
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they were spear-diving in St. Croix or pulled them up in traps on St.
Thomas. The fisher responses to these unintentional catches varied from
alarm and fear to utter indifference. Many respondents expressed fear of
the species, explaining that the fish could cause everything from paral
ysis to death for anyone who was stung by a venomous spine. However,
with increased contact, alarm seemed to decrease among the study
population, with some fishers reporting matter-of-fact interactions with
the fish, such as shooting and leaving the ones they saw in the water to
decrease the population.
When asked about ciguatera/fish poisoning’s influence on fishing
areas, most fishers did not feel it was an obstacle. Only 25% of all re
spondents said there are areas they do not fish because of fish poisoning.
Conversely, in an in-depth interview with one participant, we were told
he would never eat or serve lionfish because he was hospitalized with
fish poisoning (from eating barracuda). Respondent #6 also noted that
ciguatera is not as much of an issue in St. Croix waters as it is off St.
Thomas.

5.1. Fishers
Lionfish can command a price acceptable to fishes. Local consumers
are willing to pay nearly triple what fishers are willing to accept, and
tourists are willing to pay more than double fisher WTA at the market,
and a hefty premium for lionfish at a restaurant. Thus, the fundamentals
of WTA/WTP between fishers and consumers are sound. However, there
are concerns that need to be addressed before a market can develop.
Fishers have important concerns that prevent them from harvesting
lionfish. Fundamentally, they report that there is not enough interest
among consumers to motivate them to harvest. Furthermore, while
survey data shows that the price they are willing to accept for lionfish is
in line with what consumers report they are willing to pay, presently,
fishers report the price they receive for lionfish is not worth harvesting
since the fish have venomous spines that require additional work. They
also are concerned about ciguatera because selling any fish with
ciguatera toxin potentially risks their reputation and, thus, their
livelihood.
Fortunately, both concerns can be addressed. Our research shows
that lionfish can command a price acceptable to fishers. Most impor
tantly, with education, handling lionfish can be easy and quick as it is
not much different from scaling and cleaning any other fish. In the USVI,
ciguatera is perceived as a species-based problem, when in fact it is
found in geographic areas not limited to specific fish [58]. Instead, it is
linked to over 400 known species, with the risk being greatest in
carnivorous, predatory fish e.g. barracuda, grouper, snapper, and amber
jack [59]. While sharing the findings with stakeholders, we noted
(through discussion) that with education many obstacles currently
perceived by local fishers as obstacles, can be overcome. The briefings
occurred in July of 2017 on both islands. In St. Croix stakeholder
meetings occurred at the USVI Agricultural Center, Balter, Fisheries
Registration Meeting and Rainbow Beach. On St. Thomas meetings
occurred at the Frenchtown Fish Market and Fisheries Registration
Meeting.

“Catch is not the problem the demand is the problem. If the demand
is there I sell. I want to try them to eat. People tell me they are good
to eat but I would have to try them first to make sure they are safe to
eat but I’ve never heard of anyone getting sick from eating them”.
Most fishers have caught lionfish and overwhelmingly say they know
how to catch lionfish. They know about the venomous spines, and some
have already been stung at least once. Of the 151 fishers who responded,
the most common response (48%) cited their ability to sell lionfish as the
biggest obstacle to creating a lionfish market (Fig. 8). The availability of
lionfish is a contested issue; 48% of fishers said they saw enough fish to
make harvesting worth their time, but 44% said they don’t see enough
(Fig. 8). Only 36 of the 138 (26%) surveyed fishers say they have cus
tomers right now for lionfish. Of the fishers who have caught and sold
lionfish locally, only 27% say the price is high enough to cover their
costs. In the case of lionfish costs, the higher risk of handling and need
for protective gear increase the cost per catch compared to other reef
species. One fisher who thought the availability was sufficient noted, “If
they pay - well we will catch lionfish every day $9 a pound won’t cover
anything - too low if they want us to take a chance then they need to pay
us well for it” (Fisher #38).

5.2. Restaurants
Restaurants surveyed and interviewed pointed out two primary
factors which influence their interest in serving lionfish in their estab
lishments. Most restaurant owners and chefs would be interested in
serving lionfish is the price is right. Fortunately, the price restaurants are
willing to pay is slightly more than $1.00 above what fishers are willing
to accept. Thus, while not the most profitable market for lionfish, res
taurants could still be steady customers for fishers. The second most
recorded concern was preparation; restaurant owners and chefs were
either not sure of how to handle lionfish and or were concerned for their
staff’s knowledge of handling the fish. Through education of the food
handling sector, lionfish preparation issues can be dealt with system
atically and effectively.

5. Discussion and recommendations
Invasive lionfish in the Caribbean present a significant ecological
threat to the reefs, and by extension, the communities that depend on
the reefs for food and income. Advocates of creating a market for lionfish
as food argue that it would provide a financially sustainable means of
culling lionfish and suppressing the population – while also providing an
additional local source of food for consumers and income for fishers.
This research sought to assess the viability of creating a market for li
onfish on the islands of St. Croix and St. Thomas in the US Virgin Islands.

Fig. 8. Fisher perception of challenge and opportunity.
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5.3. Local consumers

Table 5
Summary of Stakeholders Educational Needs and Potential Providers.

Local consumer surveys show that among those willing to consume
lionfish, the price they are willing to pay is significantly higher (nearly
triple) the price fishers need to enter the market and restaurants to offer
lionfish entrees (Table 4). Thus, local consumers could represent a
strong market for lionfish. However, a high proportion of local con
sumers currently are not interested in eating lionfish. A key insight of
survey results is that many of the concerns keeping local consumers from
trying lionfish are inaccurate (e.g., lionfish are not “poisonous”).
Because willingness to try lionfish is largely motivated by consumers’
knowledge, a targeted consumer education campaign aimed at local
consumers is key to increasing the size of the market and, thus, its longterm viability.
The USVI custom of direct purchasing between fisher and consumer
are an important opportunity to help build a lionfish fishery. Because of
the presence of ciguatera in the USVI, the relationships between fishers
and consumers are important to assuring food safety. As a result, local
consumers regularly engage with their fishers to decide what fish is safe
to eat. These relationships should be encouraged by emphasizing to
consumers the importance of purchasing fish from a knowledgeable,
trusted fisher. By building upon this trust relationship, educated fishers
could cultivate a lionfish market among their own customers by
dispelling concerns and showing them how to handle and prepare the
fish.

Stakeholder

Educational need

Potential providers

Fishers

Handling & preparation
Ciguatera
Lionfish non-poisonous
Market opportunities
Environmental benefits of harvest
Financial benefits of harvest
Handling & preparation
Ciguatera
Lionfish non-poisonous
Market opportunities
Environmental benefits
Handling & preparation
Ciguatera
Lionfish non-poisonous
Environmental benefits of harvest
Availability (where to buy)
Ciguatera
Lionfish non-poisonous
Environmental benefits of harvest
Availability (where to buy)

Non-Profits
Government
Peers

Restaurants

Local Consumers

Tourist Consumers

Fishers
Non-Profits
Government
Peers
Fishers
Restaurants
Non-Profits
Government
Peers
Non-Profits
Government
Restaurants
Dive Shops

Served Here” program or social media effort to reach their tourist
customer base. Because there is not infrastructure to support an export
fishery at this time, educational efforts should focus on building a local
lionfish market.

5.4. Tourists

6. Conclusion

In contrast to the local consumer responses, there is a high level of
interest among tourists in eating lionfish, but still not universal. As with
local consumers, they report being willing to pay a price high enough to
satisfy suppliers, and the most interested tourists were those who
perceived themselves as knowledgeable about lionfish. Interested tour
ists were drawn to lionfish as an exotic species, which also has an
environmental benefit. Thus, tourists could be an important market for
lionfish. Furthermore, tourists are the people booking trips to hunt li
onfish with local charters. However, while tourists are a market more
initially inclined to try lionfish, the high rate of turnover in this popu
lation would require a more continuous investment in education efforts.

Lionfish are recognized as an invasive species that poses a significant
threat to the reef ecosystems of the Caribbean and Atlantic. Efforts to
control the lionfish population through culls and derbies are ad hoc and
have proven expensive. Given the positive qualities of lionfish as food
(taste, texture, nutrition), observers have speculated about the possi
bility of creating commercial markets for lionfish as a means of sup
pressing the invasive lionfish population. This multidisciplinary
research in the islands of St. Croix and St. Thomas, U.S. Virgin Islands, is
the first to systematically examine the viability of creating a market for
lionfish as food in the United States Virgin Islands market. This team
included the expert lens of economic and political science, anthropol
ogy, development, and biology, providing an important contribution to
other Caribbean and Meso-American studies like 2019–2023 Belize
National Lionfish Management Strategy [60]. However, limitations on
this research are that it focused on a limited geographic area, and within
that area, consumer information was only gathered for the larger market
of St. Croix. Since this research was conducted, Hurricanes Irma and
Maria and the Covid 19 pandemic severely impacted the region. It is
unknown how these events change potential market characteristics.
Our analysis shows that while a relatively small proportion (41%) of
local consumers are willing to try lionfish, 75% of tourists and 80%
restaurants are interested in buying lionfish Those who are interested
are also willing to pay a price sufficient for fishers to harvest lionfish.
Indeed, local consumers who are willing to try lionfish are willing to pay
a price nearly three times more than what fishers are willing to accept.
This suggests that the economic fundamentals of a lionfish market are
sound. The primary concern is having a market sufficiently large to
encourage fishers to target lionfish. Our research also shows that accu
rate, species-specific knowledge of lionfish is associated with higher
rates of willingness to try lionfish as food. Thus, a carefully targeted
educational campaign, such as the one described above, could increase
the proportion of consumers willing to try and purchase lionfish and
thus, increase the size and success of the market. We conclude that a
local commercial market for lionfish as food is indeed possible, and the
viability of such a market can be increased by a targeted education
campaign aimed at both fishers and consumers in the resident, tourist,
and restaurant sectors.

5.5. The role of education in market creation
A key step for supporting the development of a market for lionfish in
St. Croix and St. Thomas is education about lionfish aimed specifically at
fishers, local consumers, and tourist consumers. As described above, this
research project included educational outreach efforts as part of our
commitment to share information with stakeholder. Copies of educa
tional materials are available at {website redacted to preserve blind peer
review}. Based on this outreach experience, the following insights were
developed to guide future research efforts.
While there is some commonality between the educational needs of
each stakeholder sector, each will require somewhat different
messaging, and potentially different people providing the information.
Table 5 (below) summarizes these stakeholders and their needs. These
efforts could be undertaken by a variety of entities, including local nonprofits; local government agencies; or fishers, restaurants, dive shops,
and residents with the knowledge and status within their communities.
Because it is fishers who best know their local market, are trusted by
local consumers, and know the local food preparation styles best; they
would be a vital component of any local consumer educational
campaign. The educational component could include ways to handle,
prepare, and market lionfish. Many tourists want to connect with the
local restaurant experiences and enjoy the idea that when they eat a
lionfish, they are protecting the reef and fish. As a result, restaurants
would be important to tourist education. Restaurants who carry lionfish
could be recognized through a marketing device, such as a “Lionfish
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