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1 | INTRODUCTION

Aquatic food systems are undergoing a rapid transformation:
30vyears ago, just 12% of aquatic foods came from aquaculture,
while today, over 50% of aquatic foods are farmed (Edwards
et al., 2019; FAO, 2020; Naylor et al., 2021a). Demand for fish is
projected to double again by 2050, and the aquaculture sector is
poised to respond to that growing demand (Naylor et al., 2021b).
Increased fish availability is projected to reduce prices and make
aquatic foods more affordable for consumers, potentially increas-
ing access to aquatic foods and the critical nutrients they supply
(Golden et al., 2021a). Yet the expansion of aquaculture heralds a
range of risks, including to aquatic ecosystems, small-scale fishing
communities and through diversion of fish that might otherwise be
consumed to use as aquaculture feed. Paradoxically, while aqua-
culture may increase fish availability and herald nutritional gains
broadly, within small-scale fishing communities, there may be
complex trade-offs for nutritional and livelihood consequences
of aquaculture expansion (e.g. Bogard et al.,, 2017a; Bogard
et al., 2017b; Filipski & Belton, 2018; Heilpern et al., 2021b). The
interactions between a quickly growing aquaculture sector and the
world's small-scale fishers, which in some cases will rely on the
same physical spaces and water (e.g. Aura et al., 2019), exemplify
the challenges of shifting aquatic food systems. More than 60% of
aquaculture production currently comes from freshwater systems
(FAO, 2020), and small-scale fishers within fresh waters are partic-
ularly reliant on fishing to meet food security and nutritional needs
(Brummet, 2022; Mclntyre et al., 2016; O'Meara et al.,, 2021).
Understanding interactions between wild fishing and aquacul-
ture sectors is critical to the timely development of aquaculture
policy that improves human well-being for small-scale fishers and

aquaculture producers, fosters sustainable resource use, and in-
creases global aquatic food access.

The small-scale aquaculture and fisheries sectors collectively
harvest half of global fish and supply two-thirds of the aquatic foods
destined for direct human consumption (FAO, 2020). This contri-
bution comprises aquatic foods for one billion people and provides
livelihoods for 100 million small-scale fishers and producers (Short
et al., 2021). While data regarding small-scale actors are often rela-
tively scarce compared with large-scale and industrialised sectors,
small-scale harvesters are numerous, diverse and among the sec-
tor's most vulnerable actors (Short et al., 2021). While many key
questions about aquaculture's trajectory remain to be answered, its
ascendency promises to further impact our global fresh water and
marine ecosystems, patterns of fish production, and who has access
to fish for consumption (Fiorella et al., 2021b). This comment focuses
on two recurrent lessons about aquatic foods—first, aquatic foods
provide both food and income, and, second, aquatic foods and the
food systems that supply them are diverse—and how these lessons
might inform monitoring of the food system transitions underway as
aquaculture advances.

2 | DIVERSE AQUATIC FOODS SUPPLY
FOOD AND INCOME

First, aquatic foods are a source of both food and income, and con-
tribute to nutrition and food security through both roles. Aquatic
foods are widely traded, providing high-quality food in regions far
from their origins (Gephart & Pace, 2015), and aquatic food con-
sumption has traditionally been especially high near coasts and in-
land waters (FAO, 2018). When fishers or aquaculturalists subsist on
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what they catch or produce, the quantity and nutritional quality of
household harvests directly impact household nutrition. When fish-
ers and aquaculturalists sell what they produce and use the income
to purchase other fish or other high-quality foods (e.g. vegetables
and eggs), the aquatic foods available in local markets, prices, and
nutritional quality impact household nutrition. Regardless of where
aquatic foods are accessed (i.e. through harvest or markets) and
the system that produces them (i.e. wild fisheries or aquaculture),
the regular inclusion of animal source foods, such as fish, is often
a hinge point that determines whether a diet is of high quality or
not. Access to animal source foods can reduce rates of stunting, a
form of chronic malnutrition in which growth and development are
restricted (Headey et al., 2018). Further, the varied and often sub-
stantial micronutrients supplied by aquatic foods are increasingly
being tabulated and recognised for their potential role in reducing
micronutrient malnutrition (Byrd et al., 2020; Golden et al., 2021a;
Heilpern et al., 2021a; Heilpern et al., 2021b; Hicks et al., 2019).
Inland fisheries may play a particularly important role in diet quality
in sub-Saharan Africa, and especially for young children (O'Meara
etal., 2021).

The supply of fish is often equated with the provision of food
security and nutritious diets. Yet securing access to animal source
foods, even within contexts such as inland fisheries where they are
ostensibly abundant, is far more complex in reality. Ironically, par-
ticipating in the harvest of aquatic foods may or may not increase
access to them for consumption. Around Lake Victoria, Kenya, fish-
ers do not necessarily enjoy privileged access to fish for consump-
tion, and income is the factor that determines fish access (Fiorella
et al., 2014). Within the Senegalese pelagic fishery (dominated by
Sardinella aurita), about half the benefits of the fishery are attribut-
able to income opportunities and the other half to consumers hav-
ing food access (Lancker et al., 2019). Aquatic foods remain most
critical to diets where market access is limited and the high-quality
food that fisheries provide are not easily substituted by international
or domestic imports. As aquaculture expands, monitoring impacts
within regions highly reliant on aquatic foods for food and income as
well as settings where aquatic foods have been traditionally unavail-
able will be vitally important to assess shifts in equitable access to
employment opportunities, food security and nutritious diets.

Second, substantial strides have been made in disentangling a
once homogenous category of “fish” or “seafood” to recognise the
biodiversity of aquatic foods. This biodiversity is paralleled by the
diversity of ecosystems on which it relies, production methods used
to harvest and produce aquatic foods, and people engaged in har-
vest and production. Such systems range from wild-capture fisheries
to high-intensity systems to the continuum of production strategies
between these extremes (e.g., stocking in wild fisheries, rice field
fishery production systems; Welcomme & Bartley, 1998). In many
instances, the resource and physical space demands of aquacul-
ture are likely to have direct trade-offs with wild-capture fisheries.
Fundamental to understanding and planning for the ways that ex-
panding aquaculture will interact with broader food systems is rec-
ognising their present complexity and interconnections.

While growth in aquaculture will play a key role in meeting in-
creased demand for aquatic foods, it may also lead to substantial
shifts within the ecosystems that supply aquatic foods, affect people
engaged in aquatic food production, and alter the species of aquatic
foods consumed. Growth of aquaculture has already substantially
changed the shares of fish consumed and produced from both fresh-
water and marine systems, with aquaculture driving expansion in
freshwater aquatic food consumption (FAO, 2020). Geographically,
approximately 90% of all aquaculture production originates in Asia,
with China producing the largest share (FAO, 2020). Due to such
geographic factors, the people that work in aquaculture and fishery
sectors may differ; for example, hundreds of thousands of small-
scale fishers in sub-Saharan Africa do not yet have a robust aqua-
culture industry to turn to as an alternative. Even as aquaculture
develops, in many cases, switching between aquaculture and fishing
may be unlikely or impossible given the capital, knowledge, and land
or water rights required to enter aquaculture. Finally, thousands of
wild aquatic species are consumed, yet only 27 species are widely
farmed and 4 of those comprise over a third of global aquaculture
production (FAO, 2020).

The reduced number of aquatic species produced through aqua-
culture is important because of differences in nutrient composition
of aquatic foods. Recent databases providing detailed information
on nutrient composition of diverse aquatic foods (Byrd et al., 2020;
Froese & Pauly, 2021; Golden et al., 2021b) have advanced the con-
versation about aquatic food nutrition beyond their contribution to
protein supplies to consider the micronutrients and omega-3 fatty
acids aquatic foods provide. Such data expansions have also sup-
ported analyses of the relatively wide variation in nutrients supplied
by different aquatic foods (Byrd et al., 2020; Golden et al., 2021b;
Hicks etal., 2019). Differences in nutrients available are compounded
by differences in how aquatic foods are consumed. While some spe-
cies are eaten as fillets, many small fish are consumed whole and
thus provide much higher quantities of micronutrients concentrated
in the head, eyes, and bones of fish (Bogard et al., 2015a; Bogard
et al., 2015b). Because of this nutrient variation, even when holding
the total amount of aquatic foods consumed constant, an increase
in the diversity of aquatic species consumed can also increase nu-
trient intake (Bernhardt & O'Connor, 2021). If aquatic biodiversity
declines, however, the impact on nutrients supplied to people will
depend on ecological factors, including food web dynamics and
functional diversity (Heilpern et al., 2021a).

3 | CHALLENGES FACING FRESHWATER
AQUACULTURE EXPANSION

Interconnected aquatic food systems will likely see multiple rever-
berations as aquaculture expands. These shifts are likely to be highly
situational, and examples from major inland fisheries around the
world exemplify some of the possible challenges.

Differences in nutrients supplied by wild and aquaculture fish
are likely to have complex implications for the nutritional outcomes
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of aquaculture expansion. Amid broader trends, there is also a key
equity question regarding who will be affected by nutritional trade-
offs. In the Peruvian Amazon, replacement of wild fish with afford-
able substitutes such as aquaculture fish or chicken can have mixed
impacts on nutrients supplied to consumers; while protein and
zinc supplied could increase, iron and omega-3 fatty acids supplied
could decline (Heilpern et al., 2021b). Evidence from aquaculture in
Bangladesh shows that households consumed more fish as aqua-
culture expanded, yet the lower nutritional quality of aquaculture
species also meant that calcium and iron intake decreased (Bogard
etal., 2017a).

Interactions between wild fisheries and fishers with aquaculture
production may be particularly contentious where production sys-
tems physically overlap. Environmental concerns about aquaculture
broadly include nitrogen and phosphorus pollution, disease spread,
genetic pollution, invasive non-native species, habitat destruction
and freshwater use (Gephart et al., 2021). These issues are acute
when aquaculture is situated directly within fresh waters, as is the
case for Lake Victoria's cage culture. The production of over 3000t
of tilapia is already happening within cages positioned inside Lake
Victoria's waters, which are also home to multi-million dollar small-
scale fisheries (Njiru et al., 2019) that produce 8% of the world's
inland fish harvest (FAO, 2020). Cages have been located in near-
shore areas that overlap with fish breeding grounds and conflict
with spaces fishers use, waste feed is a substantial concern in an
already eutrophied lake, and isolated fish disease and kills have been
observed, which have all fomented concern over cage management
and lead to calls for improved policies (Njiru et al., 2019). While
direct physical interactions demonstrate these trade-offs, interac-
tions between wild fisheries and aquaculture extend throughout
food systems and ecosystems. Water bodies are widely connected,
and basin- or catchment-wide environmental interactions are likely.
Further afield, increased demand from urban and international mar-
kets may also have geographically far-reaching impacts on facets of
aquatic food systems ranging from job creation to ecosystem im-
pacts as production increases.

External factors to aquaculture systems, such as climate change
and upstream development, may also create challenges for freshwa-
ter aquaculture production systems. Pangasius catfish cultivation in
the Mekong Delta of Vietnam is a centuries-old practice. The rapid
expansion of this production has generated a lucrative export indus-
try that supports some 200,000 livelihoods (Halls & Johns, 2013).
Given that Pangasius cultivation is within the lower Mekong basin,
however, the quantity and quality of water that reaches this re-
gion is highly dependent on upstream uses (Halls & Johns, 2013).
Hydropower, irrigation, and other water diversions are already al-
tering Mekong flows, and large-scale development is driving further
shifts (Halls & Johns, 2013). Climate change is predicted to increase
wet and especially dry season water availability, with a net increase
of water in the Mekong Delta, and predicted sea-level rise may alter
salinisation of the Delta too (Halls & Johns, 2013). Especially when
interactions between aquatic food systems occur over large geo-
graphic scales, as is the case for the more than 4350-km Mekong
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River, monitoring and addressing these interactions—such as by the

Mekong River Commission—will continue to be crucial to support-
ing aquatic food systems. Fresh waters have considerable advan-
tages for aquaculture expansion compared with marine ecosystems
(Belton et al., 2020). Still, the direct and immediate threats facing
freshwater ecosystems and the failure to address urgent priorities
needed for their recovery (Tickner et al., 2020) also means increased
growth of freshwater aquaculture may both exacerbate threats fac-

ing freshwater ecosystems and be affected by them.

4 | MONITORING AQUATIC FOOD
SYSTEM TRANSITIONS

The preponderance of global fisheries are harvested at or above ca-
pacity (FAQ, 2020). Climate and environmental changes are likely to
reduce fish availability (Cheung et al., 2016; Free et al., 2019), with
the potential to also reduce nutrient availability globally (Golden
et al, 2016; Heilpern et al.,, 2021a) and shift fisher behaviour
(Fiorella et al., 2021a). In the face of these challenges, aquaculture
holds tremendous promise to increase fish availability, create jobs
and improve diets. Yet, major questions remain about the interac-
tions between aquaculture and wild fisheries, and where and to
whom the nutritional and food security benefits of aquaculture ex-
pansion will accrue. Aquaculture promises to impact both the peo-
ple that join the aquaculture sector and those that remain focussed
on the wild fisheries with which aquaculture interacts (e.g., Belton
et al., 2014; Belton & Thilsted, 2014; Filipski & Belton, 2018). As
aquaculture ushers in transformations of wild fishing grounds into
farmed spaces, aquatic food systems around the world stand on the
precipice of change.

As this transition progresses, monitoring of aquatic food system
shifts will be fundamental to analysing food system performance
and supporting accountability (Fanzo et al., 2021). To do this, an in-
tegrated effort is needed to understand the aquatic foods produced
through aquaculture and wild fisheries, with consideration for their
full value chains, the people who access aquatic foods produced
through both sectors, jobs across these sectors, and ecological im-
pacts. To understand the global implications of aquatic food system
shifts, we must carefully monitor how the complexity of these tran-
sitions plays out within local food systems (e.g., Belton et al., 2014;
Heilpern etal., 2021b). Such monitoring efforts require reconciliation
of data gaps within small-scale sectors to better recognise these sec-
tors contribution to the quantity and diversity of aquatic foods (e.g.,
Mclintyre et al., 2016; Schubert et al., 2022). Newly compiled nutrient
composition data (Byrd et al., 2020; Froese & Pauly, 2021; Golden
et al., 2021b) offers opportunities to integrate monitoring of nutri-
tional impacts of aquatic food system shifts (Golden et al., 2021a).
However, limited overlap in the environmental concerns facing wild
fisheries (e.g., overharvest) compared with aquaculture (e.g., disease
spread; Gephart et al., 2021) mean environmental sustainability in-
dicators and data must also reconcile monitoring across harvests of
both wild and farmed aquatic foods.
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Effective monitoring of aquatic food system transitions is reg-

uisite to ensuring accountability that food system transitions within
the aquatic sector are sustainable and just (Fanzo et al., 2021).
Aquaculture producers and fishers at all scales should be closely en-
gaged, with goals of creating incentive structures and policies that
promote a “race to the top” of sustainable production. Monitoring
efforts should be further integrated into on-going global agenda,
such as the Sustainable Development Goals and their 2030 tar-
gets (Thilsted et al., 2016), and food systems-specific efforts, such
as the Food System Monitoring project (Fanzo et al., 2021). Yet,
they must also directly engage the communities where natural re-
sources are managed and aquatic foods are harvested and farmed.
Regional bodies already providing for international monitoring and
management of key waters, such as the Mekong River Commission
or Lake Victoria Fisheries Organization, are ideally positioned to
actively engage in generating the most pressing questions about
aquatic food system transitions and to work with national policy-
makers and fishery co-management organisations to respond to
findings. Researchers within academia, the Consortium for Global
International Agricultural Research (CGIAR), UN-FAO, and others
should mobilise to support these research needs with toolkits that
facilitate data collection using standardised measures, data inter-
pretation, policy evaluation, and decision-making (e.g., FAO, 2009).
Looking to the decades of lessons from land-based agricultural sys-
tems may also yield valuable insights that advance important goals
in aquaculture development, such as the literature on adoption of
sustainable technology by small- and mid-sized operations (e.g.,
Abegunde et al., 2019). Furthermore, supporting regional and na-
tional fishery and food system managers to compare experiences
and lessons learned, particularly across continents given more exten-
sive aquaculture capacity in Asia and its quick development within
Africa, could further propagate the most effective approaches to
sustainable aquatic food system transitions.

The expansion of aquaculture is well underway. The pace at
which we understand and respond to societal or environmental
trade-offs and develop strategies to mitigate these must match this
expansion. A backdrop of climate change and persistent inequality
in diet quality requires increased attention to food security, ecosys-
tem resilience, and fish access—which, in turn, demands improved
and coordinated aquatic food system governance. The time is now
to ensure aquaculture expansion provides not only increased aquatic
food production but also increased nutrient access among the most
nutritionally vulnerable, equitable employment opportunities, and

aquatic ecosystem sustainability.
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