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Seafood is widely considered to be either fished or farmed. In contrast to this perception, many types of
seafood are produced by enterprises using a combination of techniques traditionally ascribed to either
fisheries or aquaculture. Categorizing seafood as either fished or farmed obfuscates the growth
potential and environmental impacts of global seafood production. To better capture seafood data,

FAO national and international record-keeping organizations should add a new hybrid category for seafood

Sustainable seafood
Typology

produced using both fisheries and aquaculture methods.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Demand for seafood is currently at an unprecedented high and
is predicted to increase in the future [1]. Apparent annual per
capita seafood consumption has risen from 9.9 kg in the early
1960s, when the global population size was around 3 billion, to
17.1 kg in 2008, in a world of almost 7 billion people [2,3].
Seafood is a key component of global food security [4]. In 2007,
fish and shellfish contributed at least 15% of the average per
capita animal protein consumed by 3 billion people (many in food
insecure countries). Additionally, in 2008 the seafood sector
provided livelihoods for an estimated 540 million people [2].
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Understanding and tracking global seafood production has high
social, economic, and environmental importance.

In recent years, the growth in seafood production has generally
not come from capture fisheries, whose production has effectively
plateaued, but from rapid expansion of aquaculture [2]. Aqua-
culture provided 46% of global seafood for human consumption
(i.e. excluding wild catches used for fishmeal and fish oil produc-
tion) in 2008, and farmed seafood production is expected to soon
exceed food fish production by capture fisheries [2,5]. Farming
fish and shellfish is generally an inherently different way to
produce seafood than fishing: while fisheries traditionally interact
with their target population only at the time of capture, aqua-
culture, in its “purest” state, controls the entire lifecycle of the
organism. Broadly speaking, it is accurate to conceptualize finfish
and shellfish fisheries as akin to hunting and gathering and
aquaculture as akin to agriculture. Yet global oceans, lakes, rivers,
and ponds are populated by seafood operations that often employ
methods characteristic of both production systems.

Understanding global seafood production to occupy a spec-
trum between notions of “pure” fisheries and “pure” aquaculture
enables better accounting of the global seafood sector, including
its growth potential and impacts on aquatic ecosystems. This
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paper examines the inadequacy of the current seafood production
typology - fished or farmed - to meet public policy needs for
understanding seafood production. To help better meet these
needs, an intermediate category is proposed for describing both
fisheries production that uses one or more aquaculture techni-
ques and aquaculture production that uses one or more fisheries
techniques.

2. The inadequacy of the fished or farmed dichotomy and a
new production category

Fisheries often employ production methods more typically
attributed to aquaculture. Likewise, some aquaculture operations
rely on techniques generally attributed to fisheries [6,7].
Tables 1 and 2 highlight examples of seafood species produced with
a hybrid assortment of production techniques.

Many well-known fisheries use techniques more commonly
associated with aquaculture to attain greater control over their
harvests (Table 1). For example, to relax natural limits on their
target species’ population size, fisheries for American lobster

Table 1
Examples of “fisheries” that use aquaculture techniques.

American lobster

Aquaculture techniques:

Feeding Lobster biomass is significantly augmented through the
consumption of bait by small lobsters that repeatedly enter
and escape lobster traps until they reach legal catch size
[20]. During a fishing season, the volume of bait inputs to the
fishery often equals or exceeds the total lobster catch by a
factor of two [41].

Hatcheries have been used for over 100 years in an effort to
bolster lobster populations by rearing and releasing juvenile
lobsters into the fishery. The impacts of hatchery additions
on lobster populations are unclear [57].

Overfishing has extirpated most lobster predators in the Gulf
of Maine [21].

Hatchery
additions

Predator
control

Chesapeake Bay Eastern oysters
Aquaculture techniques:

Habitat To encourage settlement by juvenile oysters (called
modification “seed”) and to improve survivorship, old oyster beds are
often dredged, and new beds are constructed [22].
Hatchery Hatchery inputs to the Chesapeake Bay fishery are
additions considerable. To increase survivorship of juvenile oysters,

newly settled oyster juveniles are often collected on old
oyster shells, which are then transferred to fishermen’s
leased lands for grow-out before harvest [58,59].
Chesapeake Bay oyster harvesters use suction dredges and
mops to remove predatory oyster drill snails and sea stars
from oyster beds [60].

Predator control

North American and New Zealand scallops

Aquaculture techniques:

Habitat Since the late 1990s, United States and Canadian scallop
modification fisheries management increasingly bears a resemblance to

plantation-style forestry, as fishing areas are often closed

for one to two years after dredging to allow populations to

re-grow [24].

New Zealand scallop fisheries managers allocate rights to

groups of fishermen to operate in specific areas, similar to

granting a lease to an aquaculture facility. In these areas,

fishermen are allowed to catch and re-seed larval scallops

to bolster the populations and their catches [23].

Hatchery
additions

Pacific salmon

Aquaculture techniques:

Hatchery Hatchery-born fish accounted for about 38% of 2000-2002

additions  salmon landings in Alaska, and there are also significant

hatchery programs in British Columbia, the United States west
coast states, Japan, and Russia [19,61]. Extensive recreational
fisheries for Pacific salmon in the Great Lakes are also largely
supported by hatchery programs in both the US and Canada
[62,63].

Table 2
Examples of “aquaculture” operations that use fisheries techniques.

Bluefin tuna

Fishery techniques:

Fishing for Bluefin tuna farms are stocked with juveniles and adults
stock caught by purse-seine fisheries [52,53].

Fishing for Bluefin tuna farms use 10-20 kg of fish as feed for every 1 kg
feed of tuna that they produce [52].

Extensive tropical shrimp

Fishery techniques:

Fishing for Extensive shrimp farms are generally stocked with wild-
stock caught juveniles and adults [31].

Fishing for Shrimp farms generally use fish-derived feeds [31].
feed
Eel
Fishery techniques:
Fishing for  Eel farms in Asia and Europe are stocked with wild-caught

stock juveniles and adults [32,64].
Fishing for  Eel farms often use fish-derived feeds [32,64].
feed

(Homarus americanus) modify habitats and provide additional
food resources. In other examples, fisheries for Pacific salmon
(Oncorhynchus spp.) in Alaska, New Zealand scallops (Pecten
novaezelandiae) in New Zealand, and eastern oysters (Crassostrea
virginica) in the Chesapeake Bay employ hatcheries to stock target
populations with juveniles. The oyster and American lobster
fisheries also remove sources of natural mortality via predator
exclusion or culling.

Some aquaculture operations, including extensive shrimp farms
(primarily giant tiger prawns, Penaeus monodon), bluefin tuna
ranches (Thunnus thynnus, T. orientalis, and T. maccoyii), and eel
farms (Anguilla spp.) use wild-caught animals to stock their opera-
tions (e.g., brood stock, juveniles, or adults that are caught and then
cultured) (Table 2). Aquaculture of omnivorous and carnivorous fish
and shellfish also uses wild inputs for feed. Fishmeal and fish oil
from reduction fisheries are used in formulated feeds and whole fish
are fed directly to cultured organisms [7].

Despite the frequently blurred lines between fisheries and
aquaculture, they are generally managed, studied, and assessed
separately. A spectrum, not a duality, more accurately describes
modern seafood production; and this spectrum is not accommo-
dated by the current dual seafood production typology (Table 3).
Yet, as the fished-farmed typology is the basis for national and
global data collection, the degree to which it confounds accurate
understanding of the global seafood production sector is unknown.

The fished or farmed typology used to classify seafood produc-
tion should be amended by adding a new intermediate produc-
tion category to illuminate the gray area between fisheries and
aquaculture. “Hybrid seafood production” would characterize
capture fisheries that employ one or more aquaculture production
techniques and aquaculture operations that rely on wild inputs.

A higher threshold for what constitutes hybrid production was
considered but rejected. For instance, if a particular aquaculture
operation employed two or more wild inputs, it would be reclassi-
fied as hybrid. However, this definition would exclude aquaculture
systems that are “pure” but rely on fishmeal and fish oil for feed.
Since the use of wild inputs for feed is an important linkage between
fisheries and aquaculture production [8], the hybrid category should
accommodate it. The addition of two new production categories,
aquaculture-enhanced fisheries and fishery-enhanced aquaculture,
was considered. However, discerning whether a particular seafood
operation should be classified as one or the other could be proble-
matic. For instance, consider a fishery slowly incorporating techni-
ques more generally attributed to aquaculture: at what point would
the manager or scientist distinguish that an aquaculture-enhanced



D.H. Klinger et al. / Marine Policy 38 (2013) 369-374 371

Table 3

Common seafood species in the global market and the fisheries and/or aquaculture techniques they employ. Dark gray denotes species generally caught by fisheries that do
not use aquaculture techniques — “pure fisheries”; white indicates species generally farmed by aquaculture operations that do not use fishery techniques - “pure
aquaculture”; and, light gray marks species that are generally produced by hybrid operations that use some combination of fishery and aquaculture techniques - “hybrid

seafood production”.

Traditional category

“Fisheries” “Aquaculture”
Anchoveta Alaskan American Eastern American and NZ Alaskan Bluefin  Extensive Eel Mussels Silver
pollock lobster oysters scallops salmon tuna shrimp carp
Aquaculture techniques
Habitat modification v P P A P
Feed augmentation 7 s P A Pl
Hatchery additions 174 % 174 e L P
Predator exclusion or culling 7 7 17 17 7 17 A e
Fisheries techniques
Reliance on aquatic 7 7 7 7 7 7 7
ecosystems for feed

Reliance on aquatic I v v P P P P

ecosystems for stock

fishery had shifted to being a fishery-enhanced aquaculture
operation?

3. The collection of global seafood production data

Production that incorporates both aquaculture and fishery
techniques has previously been identified in the literature (e.g.,
capture-based aquaculture, ranching, and stock enhancement
[6,9]), but an extensive review revealed no estimates of the extent
to which the global seafood market is supplied by operations that
use a mixture of fisheries and aquaculture methods. National and
international systems for seafood production record-keeping
generally do not accommodate information about hybrid produc-
tion. Thus, to generate an accurate estimate of the amount of fish
and shellfish produced by hybrid methods would require the
concerted efforts of hundreds, if not thousands, of fisheries and
aquaculture managers and scientists, each with specialist knowl-
edge of particular seafood production systems. A tripartite typol-
ogy (i.e., fished, farmed, and hybrid) built into national and
international protocols for collecting seafood production data
would enable national and international institutions to quantify
trends in seafood production systems that use hybrid techniques
and distinguish their products (in volume and value) from those
produced by “pure” fisheries and “pure” aquaculture (see Table 3
for examples of “pure” fisheries, “pure” aquaculture, and hybrid
production).

The central source of data about the world’s fisheries and
aquaculture operations is the United Nation’s Food and Agricul-
ture Organization (FAO). Article 1 of the FAQO’s Constitution
mandates that the organization collect, analyze, and distribute
data about the world’s agricultural production, which for the
purposes of the Constitution includes fisheries and aquaculture
[10]. With fisheries catch and aquaculture production data going
back to 1950, the FAO’s seafood database is an invaluable source
of temporal information about the quantity, value, and geo-
graphic location of global seafood production [10,11]. However,
the database reports annual seafood production via the tradi-
tional production typology and cannot accommodate inquiry
about the extent and character of global seafood production that
uses hybrid methods.

The biannual FAO State of World Fisheries and Aquaculture
Report strives to provide “a comprehensive, objective, and global
view of capture fisheries and aquaculture, including associated

policy issues” [12], but scholars outside of the FAO have raised
formidable concerns with the report and the data on which it is
based. The more specific of these concerns lay outside the scope
of this paper (e.g., unchecked production inflation by China and
the under-reporting of small-scale fisheries catches, sharks, and
bluefin tuna [11,13-15]), but a key general concern is that of data
quality. To highlight and improve data quality issues, Jacquet
et al. propose supplementing global wild-capture fisheries reports
with metadata concerning whether a nation’s fisheries catches are
known and whether they are reported accurately [16]. This
proposal should be extended to cover hybrid and aquaculture
production statistics as well.

Though the FAO compiles global seafood production informa-
tion, the parties ultimately responsible for the data are the FAO’s
member and associated nations, not the FAO itself. Annually the
FAO sends out paper and electronic questionnaires to appropriate
ministries and agencies of all of its member countries [10].
Submissions by member countries are compared to data of other
origins and supplanted, if the other data are better. According to
Garibaldi, in 2009, 24% of developed countries did not submit
adequate fisheries catch data; for developing countries, that
proportion was 61% [10].

Were the FAO to add another category of production to the
questionnaires, would it provide a hurdle for countries that
already have trouble submitting their data annually? According
to Garibaldi, countries fail to report their fisheries catches because
it is costly for their officials to collect reliable catch statistics, and
doing so requires skilled personnel distributed across landing and
production sites [10]. Jacquet et al., acknowledge this human
and financial resources limitation but argue that science priorities
and politics can also prevent or distort reporting [16]. In the case
of countries that fail to report due to cost or human resources
limitations, an additional category of production could hinder
their reporting by requiring information beyond how they have
traditionally tracked fisheries and aquaculture operations under
their jurisdiction. However, in the case of countries that misreport
their fisheries and aquaculture statistics for political reasons,
another category of production would not likely influence their
reporting. For the 52% of countries that submit adequate fisheries
data (information regarding the FAO'’s view of the adequacy of
aquaculture data submissions by country is not available [10]),
adding a hybrid production category would help elucidate their
national understanding of domestic seafood production, as well as
enhance global understanding of an important food sector.



372 D.H. Klinger et al. /| Marine Policy 38 (2013) 369-374

If the FAO is to fulfill its mission to “facilitate and secure the
long-term sustainable development and utilization of the world’s
fisheries and aquaculture” [17], it must collect more nuanced data
from national agencies, including what seafood production is
produced with hybrid techniques. By ignoring the spectrum-like
nature of seafood production, the growth potential of seafood as
an important source of animal protein in many people’s diets, as
well as the ecosystem impacts of the variety of seafood produc-
tion methods, will continue to be obscured.

4. Better understanding of the growth potential of a critical
global food source

A hybrid category of seafood production would help identify
the growth potential of different types of production. Growth in
fisheries production is restricted by ecosystem productivity,
population size and physiology of target species, marketability
of products, and regulatory, vessel design, and gear technology
limitations [18]. But there is opportunity for potential growth in
fisheries production when aquaculture techniques are used to
reduce fisheries limitations. For example, hatcheries producing
smolt and juveniles have artificially augmented wild populations
of Pacific salmon, leading to increased yields [19]. Likewise, the
bait additions and predator control to American lobster fisheries
have likely increased the lobster population size and annual
catches [20,21]. Careful engineering of eastern oyster habitat in
no-fishing zones is showing the first signs of success in decades of
work to rebuild the Chesapeake Bay eastern oyster population
[22]. American scallop populations have rebounded in response to
fisheries regulations allowing areas of the seabed to “fallow”
(much like some aquaculture operations fallow ponds or net pen
sites). Finally, regulations in New Zealand have recently allowed
the augmentation of wild scallop populations with hatchery-
reared seed [23,24]. Fisheries that incorporate aquaculture tech-
niques may have greater growth potential than fisheries that do
not incorporate these techniques. Designating these “fisheries” as
“hybrid seafood production” would help identify fisheries that are
potentially increasing their catches via aquaculture techniques in
contrast to expanding their level of exploitation of a wild
population.

Meanwhile, aquaculture is the fastest growing food sector and
is expected to increase by 1.4 to 5.3% annually to maintain global
per capita seafood consumption at current levels through 2020
[25]. Growth in aquaculture production is typically thought to be
limited by capital, technology, regulatory constraints, market-
ability of products, environmental externalities, freshwater avail-
ability, and the availability of suitable space in aquatic and
terrestrial environments [8,26-28]. However, growth in aquacul-
ture operations that include fishery inputs may be constrained by
issues commonly associated with fisheries. For example, bluefin
tuna, extensive shrimp, and eel farms are limited by the avail-
ability of fishery-caught juveniles, adults, and feed inputs, and
overfishing has occurred in many wild-capture fisheries for these
species [29-33]. In these systems, production cannot increase
beyond what source populations can sustain.

Development of a hybrid category of seafood production will
help distinguish aquaculture systems that are dependent on
shrinking wild populations from operations that are hatchery-
based. Hatchery production systems likely have greater potential
growth in the immediate future. Though efforts are underway to
spawn and raise bluefin tuna in hatcheries to reduce reliance on
wild populations, none has been commercially successful [34,35].
Efforts to reproduce eel in captivity are also underway [36].
However, in the case of farmed shrimp, successes in captive-
breeding have allowed the majority of shrimp farms to move

away from hybrid production techniques and stock their ponds
with hatchery-raised juveniles [37].

Failure to acknowledge the mixture of techniques used in
current seafood production could lead to double-counting of
seafood production. For example, both Atlantic herring and
American lobster are consumed directly by humans. But an
estimated 70% of all Atlantic herring caught in the Gulf of Maine
is used as bait in US and Canadian fisheries for American lobster
[20]. If fishery production of both herring and lobster landings are
summed when determining total edible seafood production, the
herring biomass that is used as bait and not for direct human
consumption is counted twice. Drawing attention to bait use in
fisheries through a hybrid category of seafood production can
help scientists, managers, and policymakers more accurately
understand the net amount of seafood being produced and
predict future growth trends in particular seafood production
systems, as well as in global seafood supplies.

5. Better management of environmental impacts of seafood
production

A hybrid category of seafood production would also help
identify the environmental impacts of different types of produc-
tion. Aquaculture operations can affect ecosystems through use of
marine resources as feed or source stock, pollution, habitat
conversion, competition and interbreeding of escaped farm-raised
animals with wild populations, and amplification and transmis-
sion of diseases and parasites [8,38,39]. However, the environ-
mental impacts of employing aquaculture techniques in fisheries
are often overlooked by fisheries scientists and managers. For
instance, the environmental impacts of using wild-caught animals
for feed in aquaculture operations has received much study
[8,33], but a similar practice in fisheries — using bait or chum to
lure target animals to traps, hooks, or nets - has not.

In some fisheries in which bait is used, bait can potentially
enhance yields while causing negative ecological impacts [9]. For
example, management plans for American lobster fisheries do not
incorporate consideration of the large amount of bait used in the
fisheries, despite the fact that bait inputs (via baited pots that
juvenile lobsters enter and exit at will [40]) often exceed by a
substantial margin the mass of lobsters landed [41,42]. Bait
additions have likely relaxed natural limits to growth of lobster
populations in parts of the Gulf of Maine, altered lobster physiol-
ogy, and changed competitive dynamics among species in the
ecosystem [20,43]. But, because American lobster is the subject of
a “fishery,” feed inputs are not incorporated into the science and
management that support lobster production. Considering lobster
as a hybrid production class highlights the need to include the
biomass of bait fed to American lobsters in scientists’ population
and ecosystem models. These externalities will likely continue to
be invisible if data are not collected to quantify the use of
aquaculture techniques in fisheries.

The ecological consequences of fisheries have also been well
documented. They include: overfishing, which can impact marine
food webs and lead, in extreme cases, to commercial extinction of
target populations; selective removal of large individuals, which can
cause demographic and evolutionary changes in target populations;
unintended by catch and mortality of juveniles and/or other species;
and, habitat alteration and destruction [44-50]. Both aquaculture
and fisheries managers often overlook the environmental impacts of
stocking aquaculture operations with wild-caught individuals. For
example, bluefin tuna ranching operations, which are responsible
for the majority of bluefin currently available in the market,
generally do not communicate the size and age information of the
tuna they capture to international tuna fisheries management
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agencies [51-54]. Though this information is vital for accurately
measuring total fishing effort and monitoring the size of bluefin
tuna populations, much of it remains proprietary to ranching
operations [52,53]. Meanwhile, populations of Southern and Atlantic
bluefin tuna have declined precipitously, and there has been a
recent increase in the targeting of juvenile Pacific bluefin for tuna
ranching [29,30,55]. Coordination between policymakers and man-
agers of global bluefin fisheries and farming operations, with
enforced reporting of bluefin caught for ranching firms, will be
necessary to halt the decline of bluefin species. Categorizing bluefin
farms as hybrid seafood production would help highlight the need
for coordination.

6. Conclusion

Numerous seafood species are produced for the global market-
place using a spectrum of methods and cannot be cleanly ascribed
as either fisheries or aquaculture. National and global data
continue to be collected only along the lines of the fished or
farmed typology, and the extent (in volume and value) of global
hybrid seafood production remains elusive. The fished or farmed
dichotomy obscures the growth potential and environmental
impacts of global seafood production. We propose adding a new
category of seafood production, “hybrid seafood production,” to
be used in national and international assessments of seafood
production.

The goal of any typology is that it is “based on clear and
objective criteria” and is “generalizable across regions” [56]. No
typology is perfect and “definitions and classifications most often
involve compromises and may not satisfy all needs,” but moving
beyond the traditional typology of seafood production to a
tripartite categorization will engender a more accurate depiction
of global seafood production [56]. Through improved data cate-
gorization, enabled by deploying an intermediate category of
seafood production, it will be possible to better understand the
growth potential of the global seafood sector, as well as unmask
and better mitigate the environmental impacts of seafood pro-
duction. Additionally, an important next step will be to quantify
the proportion of global seafood production that is produced
using hybrid fisheries and aquaculture techniques.

In 2002, Anderson proposed that the difference between fisheries
and aquaculture was based only on the degree of control and
property rights asserted by harvesters and that increasingly fisheries
were becoming more and more like aquaculture via the application
of a variety of property rights to their management institutions [26].
Without data to quantify how much seafood is being produced by a
hybrid of techniques, Anderson’s hypothesis remains untested. To
achieve a clearer picture of global seafood production, a tripartite
typology for seafood production statistics is needed. Without these
data, transformations in the market for a critical food and livelihood
source for billions of people could occur, with global analysts and
policymakers being the last to know.
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