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Offshore mussel aquaculture: strategies for farming in the changing
environment of the Northeast U.S. shelf EEZ

Darien D. MIZUTA*" Mark S. DIXON™, Edward J. MANEY Jr.*), Mark FREGEAU™,
and Gary H. WIKFORS™

Abstract: In many aquaculture producing countries, there is increased interest in moving

aquaculture offshore, in particular to areas within national Exclusive Economic Zones. Off the US

northeast Atlantic coast, the blue mussel, Mytilus edulis, is a promising candidate for cultivation.

Environmental research has revealed the area to be suitable for successful mussel farming; yet

commercial activity has been slow to develop. This paper offers a brief overview of current

knowledge relevant to commercial blue mussel offshore aquaculture, focusing on U.S. Northeast

areas and addressing several points related to the activity as a potentially pivotal contributor to

American seafood production and safety.
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Introduction

The northeast region historically has been an
economic hub for fisheries in the United Sates. The
region has a legacy of fisheries for lobster, cod, sea
scallops, groundfish, and quahogs. More recently,
shellfish aquaculture, mainly oysters and clams in
coastal areas, is expanding to occupy a central role
in regional fisheries and local cuisine. Increasing
interest in expanding shellfish aquaculture to
offshore areas prompted requests for lease permits
with regulatory agencies, the Arms of Corps and
NOAA, for mussel farms. As with any new activity,
the initiative was anticipated to cause controversies;
however, the perception of offshore aquaculture
is particularly negative in US because of a serious
misunderstanding about the different kinds of risks
associated with different forms of aquaculture and
cultured species (Froelich et al., 2017). Concurrently,
the American situation concerning seafood demand
and safety is unsettling. Domestic production meets

only 10 % of the national seafood demand; in 2014 the
US spent more than 20,317 million dollars on seafood
imports. This trade imbalance marks the United
States as the largest seafood importer in the world,
ahead of the past leader Japan, because of the nation’s
limited domestic production (Kapetsky et al., 2013;
Fig.1). Imported species include salmon, shrimp, and
several shellfish, including the blue mussel, especially
from Prince Eduard Island (PEI) in Canada, now the
top bivalve import (USDA, 2018; Fig.2).

Offshore aquaculture activities are proposed to be
located in federal waters of the Exclusive Economic
Zones (EEZ), between 3 and 200 NM from shore
(Environmental Law Institute, 2015), but shore-
based access requirements limit the activity to areas
with 100 m maximum depth (Kapetsky et al, 2013;
Fig.3). Another possible limitation for aquaculture
development is climate change. Expected
warming and salinity changes, decreased pH, and
accompanying indirect effects, are expected to

present many risks to farming operations, including:
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Fig. 1. Map of New England area and the Long Island
with depths up to 100 m that are prospective sites for
offshore aquaculture development, especially mussel
farming.
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Fig. 2. American bivalve shellfish imports for the
period of 2013 to 2017 (Department of Commerce,
2018).
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Fig. 3. Comparison of US, Japan and China annual
expenditures with seafood imports. Values between
brackets show variation between both years (FAO,
2016).

increased incidence of diseases and mortalities, shifts
in local biodiversity, declining primary production,
altered time of spawning, increased harmful algal
blooms, and a variety of physiological responses
affecting mussel performance (Allison et al., 2011;
Jo et al, 2012; Pershing et al, 2015; Hare et al., 2016;
Gobler et al., 2017).

Although research conducted at trial farms
addressed many fundamental aspects of mussel
farming with encouraging results (Langan and
Horton, 2003; Lindell, 2016), these studies lacked the
ability to secure the development and establishment
of an offshore aquaculture industry that is essentially
non-existent more than a decade after initial
research. In part, stalled commercial development
can be attributed to failure to convince prospective
entrepreneurs that risks can be managed and
that policy makers are ready to implement a
predictable permit process. Such communication
among diverse sectors is usually a long-term process.
This reticence on the part of both commercial and
regulatory participants, and the aforementioned
risks associated with expected environmental
change, justifies the necessity for contemporary
research to address persistent doubts and knowledge
gaps and to encourage industry development;
while at the same time assuring protection of the
environment at prospective farming areas. This
paper clarifies recurrent concerns about offshore
mussel farming feasibility and builds on the current
state of knowledge to encourage the development of
sustainable offshore mussel farming activities in the

New England area and worldwide.

Why go offshore?

Seafood security can be met only with a national
fishery strategy that incorporates aquaculture
production, which thus far is mainly limited to
coastal areas. Space limitations and competition in
coastal areas has triggered interest in expanding
aquaculture offshore (Klingler and Naylor, 2012).
Additionally, offshore areas also are considered to be
more advantageous locations because of potentially
compromised coastal water quality and sanitary
safety, as well as concerns about negative visual
impact and improved spatial use (Kapetsky et al., 2013).

Ecological concerns have been raised about shellfish
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density in near-shore farms possibly contributing to
top-down phytoplankton depletion starving local food
webs (see for example: Gibbs, 2004). Such concerns
are relatively small in areas with considerable water
exchange, such as the open ocean (Comeau, 2013).
Furthermore, there is a consensus among the pioneer
researches on the topic that damaging bottom
sedimentation resulting from shellfish farming in
offshore areas is unlikely because of higher water
circulation and greater depth facilitating dispersal of
organic matter prior to sedimentation (Crawford et al,
2003; Cheney et al., 2010; Gallardi, 2014). Comparisons
between inshore and offshore sites also revealed the
increased distance from shore contributed to superior
mussel quality related to epibiontes because offshore
there are impoverished fouling communities, which
is largely attributed to limited dispersal abilities
(Atalah et al., 2016). Offshore, the probability of
disease spread also is diminished (Rockmann et al.,
2017), and parasites such as trematodes, commonly
found in coastal mussels, were not present in farms
off Massachusetts where little biofouling was found
(Maney and Fregeau, 2018, pers. obs.). These results
are similar to successful crops obtained from offshore
farms in Germany, where health conditions with
regard to parasites and fitness were described as
excellent (Brenner et al.,, 2012; Buck et al., 2017).

The Native Blue Mussel as a suitable species

There are environmental and economic benefits
to targeting mussels, in this case the Blue mussel
Mytilus edulis, as a species for offshore aquaculture
in the study area. Mussels, as suspension-feeding
bivalves, require no artificial feeds - the origin of most
negative perceptions towards aquaculture. Mussels
assimilate in situ primary production, growing fast,
and promoting nutrient assimilation (Cheney et al,
2010; Galimany et «l., 2017). In high-energy, open-
ocean environments, mussel culture is performed
with submerged long-lines in middle-depths to avoid
the harsh conditions at the surface (Buck, 2007).
Mussel attachment to hard substrate by byssus
organs and threads constitutes another advantageous
characteristic of the species to suit offshore culture
(Cheney et al., 2010). When exposed to high levels of
toxicity during a harmful algal bloom (HAB) event,

which are common in the study area, the blue mussel

can recover quickly from the toxic effects after
ingesting another non-toxic phytoplankton (Galimany
et al., 2008). For domoic acid, produced by indigenous
Pseudo-nitzschia species (Fuentes and Wikfors,
2013), the recovery takes place in a matter of hours
(Novaczek et al., 1992), thus significantly shortening
security-related harvest closures and related costs
of those delayed harvests in comparison to other
bivalve species such as oysters that accumulate and

eliminate toxins at slower rates (Shumway, 1990).

Encouraging prospects, even in the face of climate
change challenges

The blue mussel was identified as a highly
vulnerable species in an assessment conducted
considering climate-change-induced projections for
several environmental factors such as temperature,
salinity, air exposure, pH, and others (Hare et al.,
2016). Pershing et al. (2015) considered a section of
the study area, the Gulf of Maine, as the quickest-
warming oceanic area in the world, with 3 possible
seawater warming scenarios ranging from 0.02
to 0.07 °C/year. Considering these alarming
forecasts, a “habitat suitability assessment” was
warranted to project the long-term sustainability
of offshore aquaculture enterprises in this region.
The importance of environmental conditions as a
critical step in site selection was already portrayed
in an FAO publication summarizing global offshore
aquaculture potential assessments, dedicated in its
entirely to environmental conditions rather than
prohibited/permitted areas based upon policy
(Kapetsky et al., 2013).

Mizuta and Wikfors (in review) performed a
habitat suitability assessment of southern New
England and Long Island EEZ areas, using NOAA’s
open source climatological and remote-sensing data
of temperature and chlorophyll a from the period
of 2005 to 2012. The rationale for this work is
based upon direct and indirect temperature effects,
controlling energy allocation to reproduction, as
well as affecting byssus tenacity and adherence to
farming ropes (Lachance et al., 2008). This study
provided new insights into the necessity that long-
lines in an offshore farm be submerged to depths
where temperature is suitable for the species. Results
suggested mussel ropes be submerged during
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summer to a minimum of 15 m depth in northern
areas and 20 m depth in southern areas of New
England where temperature is between 10-14 °C
and phytoplankton biomass is also abundant. During
winter, temperatures are around 5 °C, which do not
inhibit filtration and are thus consistent with positive
growth. From those thresholds, deeper deployments
could be used to adapt to future warming scenarios,
providing confidence that mussel farming offshore
of southern New England and New York is resilient
to climate change by simple adjustment of culture
depth to adapt to changing seasonal conditions.

Phytoplankton to sustain growth is available in the
area, where winter/summer averaged concentrations
were above the limiting level of 0.5 mg/m?® determined
for offshore mussel farming according to FAQO’s
assessment (for details please refer to Kapetsky
et al., 2013, page 53). Based upon the ideal depths
previously mentioned, mussels would take advantage
of maximum chlorophyll concentrations that are well
above the limiting level. For instance, in initial trials in
offshore areas in New Hampshire, mussels achieved
harvest size in 1.5 year and a 900-m rope produced
up to 12,000 kg mussel/year (Langan and Horton,
2003). In an offshore experimental farming site off
Cape Ann, Massachusetts, mussels grew better than
coastally at a rate of 0.5 mm/month (Maney et al,
2018). Similarly, mussels of different species, blue,
Mediterranean, and greenshell mussels, reportedly
grew faster offshore in comparison to inshore control
sites, a result attributed to better water exchange
and relatively more stable environmental conditions
(Cheney et al., 2010). Nevertheless, there are ongoing
plans for validation of suitability of selected sites by
assessing the performance of mussels in situ with
a portable flow-through device employed in several
mussel research projects near shore (described in
details in Galimany et al., 2013).

One of the industry’s known challenges is seed
availability; mussel seeds are rarely produced
in hatcheries, and natural variation in wild spat
availability is inevitable (Buck et al., 2017). In
Massachusetts experimental spat collection has been
successful; abundant seed could be collected during

summer in 2016 on submerged, longline ropes at

Fig. 4. Successful spat settlement on the header line
of the Cat Cove Marine Laboratory trial farm, proving
local availability of seeds and future possibility of
seed collection. The naturally set spats grew to 5.5
cm in 10 - 12 months.

15 m depth that after 10-12 months of deployment
produced 7 kg/m of mussels of good quality and taste
(Maney et al., 2018). With the possibility of changes
in spawning season resulting from climate change,
research is ongoing to better assess recruitment.
Previous spat collection experiments conducted
offshore New Hampshire also showed seed collection
feasibility, reaching 2,000 seed/m when seed size was
25 mm in shell length! (Langan and Horton, 2003).
(Fig.4)

The extreme rainfall and river flow events
associated with climate change prediction in coastal
areas is expected to decrease resilience of mussels
in coastal estuaries, thus offshore allocation of
aquaculture can also mitigate for the decreased in
suitable framing areas on the coast (Allison et al.,

2011). In relation to the robustness of the mooring

1

Length here is defines as the distance between shell umbo and extremity in the same valve.
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system, until present, the offshore farm system and
attached mussels in the experimental off Cape Ann

have withstood the local storms.

Opportunities for multifunctional marine structures

Pressures for adoption of clean energy in the
Northeast area has led to adoption of offshore
wind farm construction plans by Maine and New
Hampshire, and Massachusetts has at present an
offshore area leased, but still not in use (Baranowski
et al., 2017), while Rhode Island hosts an active
windfarm off of Block Island. Thus, co-siting of wind
power and aquaculture offers an opportunity for
clean energy and seafood production to be performed
in the same area. The idea is not new and was
proposed as early as the 1990’s in association with
oil and gas platforms (Caswell, 1991; Kaiser et al.,
2011) and most recently more focused mainly in
co-location with windfarms (Van Den Burg et al.,
2017). Aquaculture would take advantage of platform
structures to moor farming systems and use space
between turbines, a multi-use marine spatial planning
initiative already being promoted in both Germany
and The UK. (Corbin et al., 2017; Stelzenmuller et al,
2017). Concurrently, production of multiple species,
especially in different trophic levels, referred to as
integrated multitrophic aquaculture or IMTA, has
been widely discussed. Species such as bivalves, fish,
deposit feeders, and marine plants each consuming
different artificial food, available phytoplankton,
organic particulates, or dissolved nutrients, could, in
theory, maintain background nutrient levels through

recycling.

Offshore mussel as a potential “niche-market”
product

Despite the scientifically-based environmental
suitability of waters offshore of the Northeast for
mussel culture, investments in aquaculture may be
awaiting even more favorable economic prospects.
Although required farming technology is more
elaborate than coastal long-lines, and expectedly more
costly, economic analysis proved the offshore culture
feasibility, provided that good production is achieved
(Kite-Powell, 2011). Offshore mussel farming has been
characterized by a shorter grow-out period, lower

intensity of biofouling, and less risk of predation losses,

which should decrease production costs. In truth, to
be economically feasible domestic aquaculture needs
to match neither cost nor production dictated by
competitors (Knapp, 2008), but it can take advantage
of the shift to value-added markets. There are other
approaches to guarantee profit by exploring niche-
markets (Knapp, 2008), such as the selection for
traits possibly valued by consumers (for example a
golden shell color) and informative labels that appeal
to the increased willingness of US consumers to
pay for environmentally-friendly and local products
(Coddington, 1990; Kecinski et al., 2018), compensating
the relative lower value of common mussel products
in relation to other shellfish. Because mussel
cultivation is relatively more sustainable than other
types of aquaculture, cultivated mussels are naturally
“green.” The shift to cultivation in cleaner, US
open-ocean areas and away from imports to locally-
produced seafood increases traceability, boosting
the potential for offshore-produced seafood to be
marketed as “sustainably-sourced” and “premium” in

seafood markets and restaurants.

Discussion

Shellfish consumers tend to prefer seafood
produced in their own nation (see for example
Anacleto et al., 2014); therefore, increasing seafood
production in the U.S. is positive for the national
economy and is expected to increase product quality
available to American seafood consumers. Historically,
fishery activities were mostly conducted with
respect to demand, often overlooking environmental
sustainability. In the present, such a careless attitude
has no place in local markets; therefore, it is in the
best interest of seafood producers, policy makers,
scientists, and the general public that aquaculture
production is increased in the most sustainable way
and be resilient to environmental changes, because
growth in seafood production is dependent upon
aquaculture. This is especially true for the U.S.
Northeast where fisheries and shellfish production
have been important historical economic activities
fostering many jobs and local culture.

Offshore aquaculture studies in the U.S. have
pointed to the technical, ecological, and economic
feasibility of the activity that is already in advanced
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development in other nations such as Germany,
Belgium, Italy, UK, and France (Buck et al., 2017).
Even in face of climate change, offshore aquaculture
of blue mussels seems to be adaptable and resilient
with proper management. Accordingly, it should
not be a question of “whether to,” but a question
of “how to” best promote development of offshore
aquaculture. Each country is expected to identify
most suitable species, locations, and cultivation
systems (Cheney et al., 2010). For example, in Japan,
where eating mussels is not part of the tradition,
offshore culture can be performed with the Japanese
scallop (Pactinopecten yessoensts), using the already
established knowledge developed for pearl oyster
culture. The sharing of offshore aquaculture related
knowledge will allow for more rapid development of
activity.

This research article compiling updated offshore
scientific knowledge and generalizing research
findings is expected to support management and
contribute to awareness in stakeholders and the
general population. Puzzling problems such as
farming designs that guarantee the safety of marine
protected species - should interactions occur - that
are abundant in the areas are still to be solved.
With fast-developing technology and current
integrated science-based management that follows
an environmental sustainability framework, however,
offshore mussel aquaculture can be developed
with the benefit of lessons learned from decades
of incremental improvements in management of

capture fisheries (Finley, 2017).
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