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ABSTRACT

TheUS is theworld’s largest seafood importer byvalue,with an increasing shareof imports composedof farmed

seafood. Despite numerous policy initiatives, production andgrowth in theUS aquaculture sector is limited, and

there is a significant literature discussing potential explanations. In this paper the recent success of imported

branzino is used to show that the market is not a constraint. Branzino is a portion-sized white-fleshed fish pri-

marily farmed in the Mediterranean, with no obvious equivalents produced in the US. Since the turn of the cen-

tury, imports havegrown fromzero to almost 10,000metric tons, a quantity thatwould havemade it the fourth-

largest farmed fish species if produced in the US, and all is imported fresh. From 2015 when the quantities

became more significant, the species entered the large whitefish market, although with a significant price pre-

mium relative to tilapia, the largest species in this market, indicating that the opportunity to create separate

niches in the seafood market is limited.
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INTRODUCTION

The US is the world’s largest seafood importer by value, and imports are rapidly increasing
(Shamshak et al. 2019). Even though the US is the world’s sixth-largest fishing nation, imports
dominate the market as imports are estimated to make up between 65% and 90% of total US
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seafood consumption (Gephart, Froehlich, and Branch 2019). US fisheries landings have been
relatively stable for decades, and as most stocks are well managed but fully exploited there is little
opportunity for increased supply from this sector (Shamshak et al. 2019; Smith 2019; Hilborn et al.
2020). This is particularly true for fresh fish, as limited quantities of domestic wild-caught fish
are marketed fresh. The increase in imports suggests strong seafood demand, which in general
creates good conditions for aquaculture production to grow (Asche and Smith 2018). Globally,
the aquaculture sector has grown rapidly as the landings of wild fish have stagnated. However,
this has not impacted the US aquaculture sector very much (Garlock, Asche, et al. 2020), indicat-
ing that the opportunity created by increased seafood demand is not being exploited by US aqua-
culture producers. In this paper we will use the developments in the imports of one niche species,
European sea bass (Dicentrarchus labrax), which is marketed as branzino in the US, to show that
the market is not one of these constraints.

While there are numerous barriers to aquaculture production in the US (Knapp and Rubino
2016), increased production is a priority. The NOAA Fisheries Priorities and Annual Guidance
calls “increasing marine aquaculture production” a high-priority objective (NOAA 2019), and
theWhite House issued an executive order onMay 7, 2020, calling for the aquaculture permitting
process to be streamlined and unnecessary regulations to be removed (Federal Register 2020).
These are the latest in a number of attempts to support increased aquaculture production in
the US. However, the sector is controversial because of its environmental impacts and perceived
competition with the commercial fishing industry, and an extremely complicated permitting sys-
tem has contributed to making it very difficult for aquaculture producers to succeed (Engle and
Stone 2013; Chu and Tudur 2014; Knapp and Rubino 2016; Anderson, Asche, and Garlock 2019;
Van Senten et al. 2020).

The US was well positioned to benefit from the blue revolution as the world’s third-largest
aquaculture producer until the mid-1970s. US producers, however, have largely not participated
in the blue revolution on the production side, and the country is now the 17th-largest aquaculture
producer (Garlock, Asche, et al. 2020). However, US contributes significantly to the blue revolu-
tion globally by providing capital, technologies, and input factors to the industry elsewhere (Chu
et al. 2010; Kumar et al. 2021), and also by being a major importer of farmed seafood, creating a
market for export-oriented producers in other countries (Anderson, Asche, and Garlock 2019;
Garlock, Asche, et al., 2020). Four of the five most consumed seafood species (shrimp, salmon,
tilapia, and pangasius/catfish) are primarily imported and from aquaculture, with tuna as the only
top five species primarily supplied from wild fisheries (Shamshak et al. 2019; Love et al. 2020).

Figure 1 shows US aquaculture production bymain species groups from 1980. Production has
an increasing trend from 168,000metric tons (mt) in 1980 to 490,000mt in 2019. Production was
declining in the years 2004–11, primarily due to a reduction in US catfish production during that
period, and 2004 is so far the peak year for total production with 607,000 mt. The two most im-
portant species groups are mollusks and freshwater fish, which make up 43.5% and 33.7% of the
production, respectively. Mollusks are primarily oysters, although there are also smaller quanti-
ties of farmed clams, while freshwater fish species are mostly composed of catfish. The crustacean
group is dominated by crayfish production, and diadromous species contains two species, Atlan-
tic salmon and rainbow trout, with trout having a slightly larger share than salmon. US produc-
tion of marine fish is minor at 4,317 mt and is primarily red drum. It is also notable that these
species are dominating their categories throughout the period, and accordingly, there has been
no new successful species. With the exception of Atlantic salmon, these industries consist of
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many small companies (Van Senten, Engle, and Smith 2021). This implies that the US aquacul-
ture industry is in general not operating on a scale that would allow it to compete on cost with
imports of global commodities like shrimp, salmon, and tilapia, as economies of scale and pro-
ductivity growth leading to cost reductions are the main drivers for the competitiveness of the
global aquaculture industry (Asche 2008; Kumar and Engle 2016).

There is an extensive literature on consumer preferences for seafood showing that in general
wild fish is preferred to farmed fish, domestic to imported, and certified sustainable to not cer-
tified. This can be nuanced somewhat by species (Garlock, Nguyen, et al. 2020). Brayden et al.
(2018) show that farmed species are preferred for shellfish, and Kecinski et al. (2017) show that
frequent oyster consumers prefer farmed oysters. Anderson and Bettencourt (1993) show that
even if there is a preference for wild over aquaculture, this can be overcome if farmed fish score
better than wild fish on quality attributes. In general, fresh and relatively unprocessed fish pro-
vides higher value to the producer (Asche and Smith 2018), suggesting that US producers may
have a competitive advantage in such high-quality segments because of higher transportation
costs and shorter travel time that is required for fresh delivery. This is supported by the fact that
fresh tilapia imports are primarily from Central America while frozen imports are from Asia
(Norman-López and Asche 2008), and whole fresh salmon tend to be imported from Canada
while more processed and frozen forms travel farther distances (Xie and Zhang 2014). More gen-
erally, in international trade fresh product forms are more responsive to distance than are more
storable or shelf-stable product forms (Straume et al. 2020; Yang, Anderson, and Asche 2020).

US imports of fresh sea bass have gone from basically zero to nearly 10,000 mt product weight
in about 10 years. In this paper, we will show that sea bass provides an interesting illustration of
how strong the US demand for high-quality seafood is when it can be supplied with the right
characteristics. The key characteristics for sea bass appear to be delivery reliability of fresh never
frozen products, not low price, sustainability certification, a strong resemblance to popular

Figure 1. US Aquaculture Production, 1980–2019. A color version of this figure is available online.

Source: FAO (2021).
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species, or any of the attributes that most often are investigated when studying competition in the
seafood market. However, when quantities become large enough, the sea bass market becomes
integrated with one of the larger species categories, although with a price premium.

The paper is organized as follows: In the next section, we give a brief overview of the produc-
tion of European sea bass in the Mediterranean before we show the development of US imports.
This is followed by a discussion and concluding remarks.

SEA BASS AQUACULTURE IN THE MEDITERRANEAN

European sea bass is the most important farmed fish in the Mediterranean region. Sea bass is
grown in marine sea-pens, and reaches a market size of 300–500 g in 15–18 months (Llorente
et al. 2020). According to the FAO (2021), farmed sea bass production reached 263,215 mt in
2019. Turkey is the main producer with 52% of the production, followed by the EU with 32%
and Egypt with 12% (figure 2). The share of Turkish production of sea bass has been rapidly in-
creasing since the early 2000s, as Turkish sea bass production has been increasing much faster. In
the EU, the main farmed sea bass producers are Greece (16% of the total sea bass production),
followed by Spain (10%) and Croatia (2%). Wild sea bass catches are minor, accounting for
5,206 mt in 2019.

Total sea bass production has grown at an annual rate of 7.6% but this varies considerably by
country, with the highest annual growth rate of 12.5% in Turkey and amuch lower growth rate of
4.0% in the EU. Aquaculture production in the EU has increased slightly, despite significant in-
vestment aimed to boost aquaculture production (Guillen et al. 2019). Lower growth in the EU
aquaculture sector can bemainly explained by heavy regulatory burden in terms of both time and
impact assessments required, difficulties in access to space and water with competing sectors
contributing to higher costs (Abate, Nielsen, and Tveterås 2016), together with keen market

Figure 2. Global Farmed Production of Sea Bass by Country. A color version of this figure is available online.

Source: FAO (2021).
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competition as increased imports from Turkey put downward pressure on prices (Guillen et al.
2019). The sea bass aquaculture in Turkey has lower production cost and is more profitable than
in the EU (Bjørndal, Guillen, and Rad 2019).

There appear to be well-integrated markets for sea bass and its cousin sea bream in the sense
that the law of one price holds for fish from different producer countries (Bjørndal, Guillen, and
Rad 2019; Fernández-Polanco, Llorente, and Asche 2021). Real global prices of farmed sea bass
reached a bottom in 2001 and 2002, mainly because of major production increases from 2000.
Average global ex-farm prices for farmed European sea bass fell to $4.3 per kg in 2002, thereby
stabilizing afterward at around $6 per kg, and seeing a decrease below $5 per kg in 2018. Profit-
ability in the sector varies with significant price oscillations, due to cyclical mismatches between
supply and demand (Fernández-Polanco and Llorente 2019). These mismatches often lead to
overproduction, resulting in prices falling below production costs, and more so and for longer
periods in the western European countries, where there is little or no production growth. These
challenges have been exacerbated by the fact that limited product development is possible with
the portion-sized fish that is themain output (Asche et al. 2011). This has causedmajor economic
crises in the sea bass aquaculture sector and has resulted in consolidation of the industry
(Llorente et al. 2020) as well as a search for new markets.

There are three differentiated types of countries from a sea bass production and consumption
point of view. Egypt and Tunisia produce to supply their domestic demand; Greece and Turkey
produce for both their domestic market and export markets; while the remaining producing
countries in Southern Europe with more modest productions (Italy, Spain, France, and Portugal)
produce for their local markets but are increasingly being supplied by imports from Greece and
Turkey. Sea bass is mainly consumed fresh, and frozen consumption is almost negligible. The
Russian embargo on certain food products (including fish) from several countries and regions
(including the EU) following the CrimeaWar discontinued EU sea bass exports to Russia, which
was the main extra-EU destination, and led to a significant increase of Turkish sea bass exports to
Russia. About 10% of Turkish sea bass exports are currently going to Russia (Llorente et al. 2020).
In recent years, the US has become the main extra-EU destination for sea bass exports.

THE US MARKET FOR SEA BASS

European sea bass is commonlymarketed by US chefs under its Italian name, branzino. It is a fish
with white, flaky meat and a mild, sweet flavor, and it is popular on menus of upscale restaurants
in the Northeast US and Southern California (Love et al. 2021). In the 1990s, a US market for
European sea bass was almost nonexistent, with as little as 37 mt imported annually (figure 3)
and virtually all of this was frozen. As aquaculture of sea bass gained momentum in the Medi-
terranean and producers there faced increasing competition and lower prices (Llorente et al.
2020), they started looking for new markets. The US became one of these as imports of sea bass
slowly increased in the 2000s.

In the US import data, sea bass is not separately identified until 2012. However, there are lim-
ited imports of any other species from Greece, Italy, and Spain. Hence, it is reasonable to assume
that fresh imports of sea bass from Greece, Italy, and Spain are classified as nonspecified marine
fish prior to 2012 in the US trade data. As shown in figure 3, this provides an almost seamless
transition between 2011 and 2012. It was not until the early 2010s that fresh sea bass markets
in the US became better established, as illustrated by the rapid increase in fresh imports (figure 3).
Imports of sea bass increased more than threefold from 2,977 mt in 2012 to 9,650 mt in 2019.
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Nearly 90% of sea bass imports were whole fresh, gutted fish at so-called portion size (1lb to
1.5 lb). Using a live weight conversion factor of 1.12, this is equivalent to 10,005 mt live weight of
fresh sea bass. This is significant, as it is comparable to US farmed Atlantic salmon production
(16,107 mt) and about half of US rainbow trout production (22,370 mt). Similarly, fresh imports
of sea bass were valued in 2019 at $52.4 million, which is slightly less than the value of US farmed
salmon production ($67.3 million) and more than half of the value of US farmed rainbow trout
($95.7 million). This is a quantity and value that would make sea bass the fourth-largest farmed
finfish species by value if it had been produced domestically in the US.

The trends in US imports of sea bass largely reflect where the production takes place as well
as market competition. The increase in exports to the US was led by Greece, whose producers
faced increasingly keen competition from Turkish producers targeting the EU market. In 2004,
Turkey overtook Greece as the largest producer of sea bass. As Turkey’s total production has
increased, Turkey has steadily taken market share from Greece, including in the US, and in
2018 Turkey became the largest supplier of sea bass in the US market. The rapid development
of the US sea bass market is indicative of the strong demand for fresh fish in the US. Moreover,
being sold as portion-sized fish is a clear indication that the market is open to nonstandard
product forms as long as the product is competitive on price and quality.

Many authors have noted how aquaculture producers increase their competitiveness in the
supply chain by being able to supply products of stable quality with a high degree of reliability
(Asche, Roll, and Tveterås 2007; Kvaløy and Tveterås 2008; Olson and Criddle 2008; Asche
and Smith 2018; Oglend, Asche, and Straume 2022). Birkenbach et al. (2020) provide a model
that shows how the market demand for stable supply depends on the demand elasticity, which
tends to be more inelastic for fresh products. Figure 4 shows the average import volume of sea

Figure 3. US Imports of Fresh Sea Bass and NonspecifiedMarine Fish by Exporting Country. A color version

of this figure is available online.

Source: NOAA (2021).
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bass per month to the US for the period 2012 to 2019. The figure shows a steady supply of fresh
products with virtually no seasonal variation. Hence, it is the market and not the natural produc-
tion cycle that is determining the supply profile, and the exporters can deliver the same volume
year-round. This is often a challenge for aquaculture producers in the US, where the harvest is
dependent on the growth cycle (Surathkal and Dey 2020; Hanson 2020). The parallel to fisheries
with a race to fish is obvious (Anderson 2002; Homans and Wilen 2005).

Garlock, Nguyen, et al. (2020) discuss in the case of US aquaculture production how potential
production faces three competitive scenarios: it can create newmarket segments, it can win mar-
ket share from domestic wild fish, and it can winmarket share from imports. In the first scenario,
the price determination process for the species is independent of other species, but price will tend
to decline rapidly with increasing supply. In the other two scenarios, the competitive situation is
impacted by the degree of substitutability and production cost relative to the species one com-
petes with. If the species are perfect substitutes or the law of one price holds, any change in pro-
duction cost will translate into changes in market shares, which can be an advantage for new spe-
cies as this limits the price decline when supply is increasing. In an international trade setting, the
competitiveness will also be impacted by exchange rates.

A potential importer faces similar scenarios. Figure 5 shows the price development for sea bass
together with the price development for tilapia, the most consumed farmed whitefish species in
the USmarket (Shamshak et al. 2019). Two features are apparent. There is a sharp decline in unit
price of imported sea bass between 2012 and 2019. The average unit price in 2012 was $10.00 per
kg, which fell to $5.90 per kg in 2019. This is steeper than the price decline in Europe (Llorente et al.
2020), suggesting that exchange rates have been beneficial in addition to productivity growth
for the competitiveness of sea bass in the US. The declining trend in the sea bass price follows
a very similar pattern as the price of fresh imported tilapia fillets from 2015, indicative of market
integration. However, while the price of sea bass averaged $5.90 per kg in 2019, which is similar

Figure 4. Average Monthly Import Volume of Fresh Sea Bass from 2012 to 2019. A color version of this fig-

ure is available online.
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to the average price of $6.02 per kg for tilapia fillets, this implies a significantly higher price for
round sea bass as it is head-on fish.1

In recent decades, increased trade has made the seafood market global for most species, as
seafood has become the most highly traded food category (Anderson, Asche, and Garlock 2018).
Several studies investigating market integration for specific species or groups of species report
that there is a global market for most species groups, but that the markets for different species
groups are not integrated (Anderson, Asche, and Garlock 2018), with Landazuri-Tveteraas et al.
(2021) and Salazar and Dresdner (2021) as some recent examples. In a global market, the price de-
velopment over time is similar in all regions, even though there may be differences in price levels
because of transportation costs and quality differences, as a shortage in one region is corrected by
increases in imports from other regions. However, there are exceptions as discussed by Bjørndal
and Guillen (2017) in the case of wild relative to farmed fish for some species. Factors that may
prevent market integration include high transportation costs leading to a lack of trade, or differ-
ences in product characteristics.

The main tool used in the literature to investigate the degree of market integration is to inves-
tigate the relationship between the prices of different markets (Asche, Bremnes, and Wessells
1999). The basic equation to be estimated is the following:

ln P1,t p a 1 b ln P2,t 1 et , (1)

where P1,t and P2,t are the prices of two different goods at time t, 1 and 2. The parameter a is a
constant term that captures transportation cost and/or quality differences. Other factors that

Figure 5. Monthly Unit Price for Imported Whole Fresh Sea Bass and Fresh Tilapia Fillets. Unit prices are

adjusted for inflation. A color version of this figure is available online.

1. While the US imports significant quantities of fresh tilapia fillets from South America, most of the imports are frozen fillets
from Southeast Asia at lower prices (Norman-López and Asche 2008).
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influence price are assumed random with expectation zero and are captured in the error term, et.
The main interest is related to the parameter b (Asche, Gordon, and Hannesson 2004). Perfect or
full market integration implies that bp 1, so that the two prices move proportionally over time
and the relative price is constant. This is often labeled as the law of one price. If bp 0, there is no
relationship between the prices and the price determination processes for the two products are
independent. If 0 ! b ! 1, there is a relationship between the prices, indicating that the two prices
influence each other, but not completely. Hence, there is market integration, but it is incomplete;
alternatively, the two products are imperfect substitutes.

The results of market integration tests are reported in table 1 using data starting in January
2015.2 The results indicate that one cannot reject the null hypothesis of one cointegration vector.
Moreover, as one cannot reject the law of one price hypothesis, the two species share the same
price determination process from 2015. Hence, a successful new aquaculture product does not
seem to be able to maintain a separate niche for very long but seems to be rapidly driven into
an established market segment, where the best it can do is to obtain a premium associated with
quality or other characteristics that consumers prefer.3 However, the premium can be significant.
This is potentially of great importance for US aquaculture producers.

Asche, Bjørndal, and Young (2001) argue that entering an established market segment is pos-
itive, as the larger quantity in this segment limits the price impact of the increased supply for the
producers in question. However, entering established markets also links the competitiveness of
the product to the cost and price development of the competitors. Bronnmann, Ankamah-Yeboah,
and Nielsen (2016) show that farmed species like pangasius and tilapia compete with traditional
whitefish species like cod and pollock in the German market. However, this is the first time to our
knowledge that sea bass is linked to the larger whitefish market, and it will be an interesting future
research topic as to whether this is also the case in Europe. There is evidence of productivity growth
in sea bass production (Fernández-Sánchez, Llorente-García, and Luna 2020; Nielsen, Ankamah-
Yeboah, and Llorente 2021), but the continuous economic crises in the industry (Llorente et al. 2020)
may make the task of maintaining productivity growth on par with that of tilapia a real challenge.

The local food movement provides a potential market opportunity for US producers to
achieve such premiums while also lowering transportation cost and travel time required for fresh
delivery to high-quality market segments. There exists a significant literature on consumer will-
ingness to pay for locally or domestically produced seafood. For instance, Fonner and Sylvia
(2015) show that consumers in the Pacific Northwest indicate a willingness to pay higher prices
for locally produced chinook salmon and Dungeness crab in niche markets; Shamshak, Tookes,
and Yandle (2020) identify price premiums for locally caught Georgia seafood; and Davidson
et al. (2012) find that consumers in Hawaii are willing to pay higher prices for locally produced
tilapia than for imported fish. Garlock, Nguyen, et al. (2020) show that US wholesale buyers pre-
fer domestic fish to imported fish, and there is no preference for wild fish to farmed fish among
buyers. The tendency for US consumers to prefer domestically produced fish to imports, and with

2. The dataset contains 54 observations. Following standard practices, the market integration tests are carried out on the log-
arithms of the prices. As with most price series, Dickey-Fuller tests indicate that the prices are nonstationary in levels and station-
ary in first differences. Cointegration tests are then the appropriate statistical tool, where the trace test for cointegration is the most
commonly reported. The number of lags is chosen using Akaike’s information criterion, and in all cases, the null hypothesis of no
autocorrelation in the system is not rejected using an LM test (p-value 0.148).

3. Price premiums in an integrated market can be found in different product attributes, such as freshness, that can have value
(Pettersen and Asche 2020).
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a limited preference for wild fish, is important if domestically farmed seafood is to be competitive
and maintain a price premium relative to imports.

CONCLUDING REMARKS

Sea bass is a recent addition to the US seafood market, and the species appears to have been well
received given the rapid increase in imports. This strongly suggests that there is still room for new
species in the market, and it is not too hard to introduce them if the price and quality point is
reasonable. Hence, demand does not appear to be a significant constraint for potential US aqua-
culture producers. Moreover, it strongly suggests that it is possible to develop niches for new spe-
cies and product forms even in a market that is dominated by a few, mostly imported, species.
However, at a relatively moderate quantity, imported sea bass started to compete in the larger
whitefish market where tilapia is the leading species, although obtaining a premium. This shows
that there is relatively little room to develop new independent market segments, as most products
in the US get pulled into one of the large species groups for which there are global markets. For an
expanding industry this may be an advantage, though, as the price effect is limited by the larger
quantity in the market that one enters (Asche, Bjørndal, and Young 2001).

The result that foreign aquaculture producers of a new species can create a new market seg-
ment in the US with relative ease suggests that this is also an avenue that is open to US aqua-
culture producers. One company in Connecticut has started US production of sea bass in re-
circulating aquaculture systems, which are arguably more environmentally friendly than the
sea-cage farming used to produce imported sea bass, but production is minor. That US producers
are not able to exploit this opportunity is a strong indication that their main challenges are to be
found in other places in the supply chain. Knapp and Rubino (2016) strongly suggest that the
regulatory system is the main culprit, and this is substantiated in recent work (Van Senten et al.
2020). However, this does not appear to be an easy issue to solve, and Guillen et al. (2019) show
how the EU struggles with similar challenges in relation to its aquaculture industry and similarly
ends up with increasing demand being served by imports. Hence, while increased aquaculture
production is an economic opportunity, as observed by Garlock, Asche, et al. (2020), it is an op-
portunity that developed countries fail to exploit despite struggling coastal communities and in-
creasing demand for sustainably produced protein.

REFERENCES

Abate, T. G., R. Nielsen, and R. Tveterås. 2016. “Stringency of Environmental Regulation and Aquaculture

Growth: A Cross-Country Analysis.” Aquaculture Economics and Management 20 (2): 201–21.

Anderson, J. L. 2002. “Aquaculture and the Future: Why Fisheries Economists Should Care.” Marine Re-

source Economics 17 (2): 133–51.

Anderson, J. L., F. Asche, and T. Garlock. 2018. “Globalization and Commoditization: The Transformation

of the Seafood Market.” Journal of Commodity Markets 12:2–8.

Table 1. Johansen Cointegration Tests for Market Integration between Branzino and Tilapia

Test Statistic P-value Law of One Price P-value

H0: No cointegration 26.74** 0.005 0.325 0.568
H0: One cointegration vector 7.63 0.098

Note: ** significant at the 5% level.

230 | MARINE RESOURCE ECONOMICS | VOLUME 37 NUMBER 2 2022



———. 2019. “Economics of Aquaculture Policy and Regulation.” Annual Reviews of Resource Economics

11:101–23.

Anderson, J. L., and S. U. Bettencourt. 1993. “A Conjoint Approach to Model Product Preference: The New

England Market for Fresh and Frozen Salmon.” Marine Resource Economics 8:31–49.

Asche, F. 2008. “Farming the Sea.” Marine Resource Economics 23:527–47.

Asche, F., T. Bjørndal, and J. A. Young. 2001. “Market Interactions for Aquaculture Products.” Aquacul-

tural Economics and Management 5:303–18.

Asche, F., H. Bremnes, and C. R. Wessells. 1999. “Product Aggregation, Market Integration and Relation-

ships between Prices: An Application to World SalmonMarkets.” American Journal of Agricultural Eco-

nomics 81:568–81.

Asche, F., R. E. Dahl, D. V. Gordon, T. Trollvik, and P. Aandal. 2011. “Demand Growth for Salmon in the

European Market.” Marine Resource Economics 26 (4): 255–65.

Asche, F., D. V. Gordon, and R. Hannesson. 2004. “Tests for Market Integration and the Law of One Price:

The Market for Whitefish in France.” Marine Resource Economics 19:195–210.

Asche, F., K. H. Roll, and R. Tveterås. 2007. “Productivity Growth in the Supply Chain—Another Source of

Competitiveness for Aquaculture.” Marine Resource Economics 22:329–34.

Asche, F., and M. D. Smith. 2018. “Induced Innovation in Fisheries and Aquaculture.” Food Policy 76:1–7.

Birkenbach, A. M., A. L. Cojocaru, F. Asche, A. G. Guttormsen, and M. D. Smith. 2020. “Seasonal Harvest

Patterns in Multispecies Fisheries.” Environmental and Resource Economics 75:631–55.

Bjørndal, T., and J. Guillen. 2017. “Market Integration between Wild and Farmed Species in Spain.” Aqua-

culture Economics and Management 21:433–51.

Bjørndal, T., J. Guillen, and F. Rad. 2019. “Are Farmed European Seabass (Dicentrarchus labrax) Prices in

European Union Markets Affected by Turkish Exports of Farmed European Seabass?” Aquaculture Eco-

nomics and Management 23:341–57.

Brayden, W. C., C. L. Noblet, K. S. Evans, and L. Rickard. 2018. “Consumer Preferences for Seafood Attri-

butes of Wild-Harvested and Farm-Raised Products.”Aquaculture Economics andManagement 22:362–

82.

Bronnmann, J., I. Ankamah-Yeboah, and M. Nielsen. 2016. “Market Integration between Farmed and Wild

Fish: Evidence from the Whitefish Market in Germany.” Marine Resource Economics 31 (4): 421–32.

Chu, J., J. L. Anderson, F. Asche, and L. Tudur. 2010. “Stakeholders’ Perceptions of Aquaculture and Im-

plications for Its Future: A Comparison of the USA and Norway.”Marine Resource Economics 25:61–76.

Chu, J., and L. Tudur. 2014. “Looking to Grow Outside the United States.” Marine Resource Economics

29:323–37.

Davidson, K., M. Pan, W. Hu, and D. Poerwanto. 2012. “Consumers’ Willingness to Pay for Aquaculture

Fish Products vs. Wild-Caught Seafood—A Case Study in Hawaii.” Aquaculture Economics and Man-

agement 16:136–54.

Engle, C. R., and N. M. Stone. 2013. “Competitiveness of US Aquaculture within the Current US Regu-

latory Framework.” Aquaculture Economics and Management 17:251–80.

FAO (Food and Agriculture Organization). 2021. FishStatJ. Accessed March 5, 2021. http://www.fao.org

/fishery/statistics/software/fishstatj/en.

Federal Register. 2020. Exec. Order No. 13921, 85 Fed. Reg. 28,471 (May 12).

Fernández-Polanco, J., and I. Llorente. 2019. “Price Transmission and Market Integration: Vertical and

Horizontal Price Linkages for Gilthead Seabream (Sparus aurata) in the Spanish Market.” Aquaculture

506:470–74.

Fernández-Polanco, J., I. Llorente, and F. Asche. 2021. “Gilthead Seabream Price Dynamics in the Spanish

Market: The Role of Retailers and International Trade on Price Linkages.” Aquaculture 530:735801.

Fernández-Sánchez, J., I. Llorente-García, and M. Luna. 2020. “Technical Efficiency of Sea Bass and Sea

Bream Farming in the Mediterranean Sea by European Firms: A Stochastic Production Frontier (SPF)

Approach.” Aquaculture Economics and Management 24 (4): 526–39.

Market Opportunities for US Aquaculture | 231



Fonner, R., and G. Sylvia. 2015. “Willingness to Pay for Multiple Seafood Labels in a Niche Market.”Marine

Resource Economics 30:51–70.

Garlock, T., F. Asche, J. L. Anderson, T. Bjørndal, G. Kumar, K. Lorenzen, A. Ropicki, M. D. Smith, and R.

Tveterås. 2020. “A Global Blue Revolution: Aquaculture Growth across Regions, Species, and Coun-

tries.” Reviews in Fisheries Science and Aquaculture 28:107–16.

Garlock, T., L. Nguyen, J. L. Anderson, and M. Musumba. 2020. “Market Potential for Gulf of Mexico

Farm-Raised Finfish.” Aquaculture Economics and Management 24:128–42.

Gephart, J. A., H. E. Froehlich, and T. A. Branch. 2019. “To Create Sustainable Seafood Industries, the United

States Needs a Better Accounting of Imports and Exports.” Proceedings of the National Academy of Sci-

ences 116:9142–46.

Guillen, J., N. Carvalho, J. M. F. Fernández-Polanco, I. Llorente, R. Nielsen, M. Nielsen, S. Villasante, and

F. Asche. 2019. “Aquaculture Subsidies in the European Union: Evolution, Impact and Future Potential

for Growth.” Marine Policy 104:19–28.

Hanson, T. R. 2020. “Catfish Processing and Feed Deliveries.” Report prepared for the Catfish Institute.

Various months of 2013–20. Jackson, MS: Catfish Institute.

Hilborn, R., R. O. Amoroso, C. M. Anderson, J. K. Baum, T. A. Branch, C. Costello, C. L. de Moor, et al.

2020. “Effective Fisheries Management Instrumental in Improving Fish Stock Status.” Proceedings of the

National Academy of Sciences 117:2218–24.

Homans, F. R., and J. E. Wilen. 2005. “Markets and Rent Dissipation in Regulated Open Access Fisheries.”

Journal of Environmental Economics and Management 49:381–404.

Kecinski, M., K. D.Messer, L. Knapp, and Y. Shirazi. 2017. “Consumer Preferences for Oyster Attributes: Field Ex-

periments on Brand, Locality, and GrowingMethod.” Agricultural and Resource Economics Review 46:315–37.

Knapp, G., and M. C. Rubino. 2016. “The Political Economics of Marine Aquaculture in the United States.”

Reviews in Fisheries Science and Aquaculture 24:213–29.

Kumar, G., and C. R. Engle. 2016. “Technological Advances that Led to the Growth of Shrimp, Salmon, and

Tilapia Industries.” Reviews in Fisheries Science 24:136–52.

Kumar, G., C. Engle, J. Avery, L. Dorman, G. Whitis, L. A. Roy, and Y. Xie. 2021. “Characteristics of Early

Adoption and Non-adoption of Alternative Catfish Production Technologies in the US.” Aquaculture

Economics and Management 25 (1): 70–88.

Kvaløy, O., and R. Tveterås. 2008. “Cost Structure and Vertical Integration between Farming and Process-

ing.” Journal of Agricultural Economics 59:296–311.

Landazuri-Tveteraas, U., A. Oglend, M. Steen, and H.-M. Straume. 2021. “Salmon Trout: The Forgotten

Cousin?” Aquaculture Economics and Management 25 (2): 159–76.

Llorente, I., J. Fernández-Polanco, E. Baraibar-Diez, M. D. Odriozola, T. Bjørndal, F. Asche, J. Guillen,

et al. 2020. “Assessment of the Economic Performance of the Seabream and Seabass Aquaculture Indus-

try in the European Union.” Marine Policy 117:103876.

Love, D. C., F. Asche, Z. Conrad, R. Young, J. Harding, and R. Neff. 2020. “Food Sources and Expenditures

for Seafood in the United States.” Nutrients 12:1810.

Love, D. C., E. Nussbaumer, J. Harding, J. A. Gephart, J. L. Anderson, J. S. Stroll, A. L. Thorne-Lyman, and

M. Bloem. 2021. “Risks Shift along Seafood Supply Chains.” Global Food Security 28:100476.

Nielsen, R., I. Ankamah-Yeboah, and I. Llorente. 2021. “Technical Efficiency and Environmental Impact of

Seabream and Seabass Farms.” Aquaculture Economics and Management 25 (1): 106–25.

NOAA (National Oceanic and Atmospheric Administration). 2019. “NOAA Fisheries Priorities and Annual

Guidance 2019.” Silver Spring, MD: NOAA.

———. 2021. “Foreign Fishery Trade Data.” Accessed March 22, 2021. https://www.fisheries.noaa.gov

/national/sustainable-fisheries/foreign-fishery-trade-data.

Norman-López, A., and F. Asche. 2008. “Competition between Imported Tilapia and US Catfish in the US

Market.” Marine Resource Economics 23:199–214.

232 | MARINE RESOURCE ECONOMICS | VOLUME 37 NUMBER 2 2022



Oglend, A., F. Asche, and H.-M. Straume. 2022. “Estimating Pricing Rigidities in Bilateral Transactions

Markets.” American Journal of Agricultural Economics 104 (1): 209–27.

Olson, T. K., and K. R. Criddle. 2008. “Industrial Evolution: A Case Study of Chilean Salmon Aquaculture.”

Aquaculture Economics and Management 12:89–106.

Pettersen, I. K., and F. Asche. 2020. “Hedonic Price Analysis of Ex-vessel Cod Markets in Norway.”Marine

Resource Economics 35 (4): 343–59.

Salazar, L., and J. Dresdner. 2021. “Market Integration and Price Leadership: The US Atlantic Salmon Mar-

ket.” Aquaculture Economics and Management 25 (3): 243–68.

Shamshak, G. L., J. L. Anderson, F. Asche, T. M. Garlock, and D. Love. 2019. “US Seafood Consumption.”

Journal of the World Aquaculture Society 50:715–27.

Shamshak, G. L., J. S. Tookes, and T. Yandle. 2020. “Evaluating the Economic Viability of Inland Seafood

Markets in Georgia: A Two-Pronged Approach.” Marine Resource Economics 35 (1): 21–42.

Smith, M. D. 2019. “Subsidies, Efficiency, and Fairness in Fisheries Policy.” Science 364:34–35.

Straume, H.-M., J. L. Anderson, F. Asche, and I. Gaasland. 2020. “Delivering the Goods: The Determinants

of Norwegian Seafood Exports.” Marine Resource Economics 35:83–96.

Surathkal, P., and M. M. Dey. 2020. “Import Penetration and Price Relationships: An Empirical Analysis of

the US Catfish Market.” Aquaculture Economics and Management 24:143–60.

Van Senten, J., C. R. Engle, B. Hudson, and F. S. Conte. 2020. “Regulatory Costs on Pacific Coast Shellfish

Farms.” Aquaculture Economics and Management 24:1–33.

Van Senten, J., C. R. Engle, and M. A. Smith. 2021. “Effects of COVID-19 on US Aquaculture Farms.” Ap-

plied Economic Perspectives and Policy 43 (1): 355–67.

Xie, J., and D. Zhang. 2014. “Imperfect Competition and Structural Changes in the US Salmon Import Mar-

ket.” Marine Resource Economics 29 (4): 375–89.

Yang, B., J. L. Anderson, and F. Asche. 2020. “Determinants of China’s Seafood Trade Patterns.” Marine

Resource Economics 35:97–112.

Market Opportunities for US Aquaculture | 233


