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Implications

Fish or aquatic foods are an important but often little recognized
element in food security and nutrition, and fish supply will have to
be expanded significantly if future population needs are to be met.

Prices will probably rise with increasing demand, and there are
concerns that fish can be accessible and affordable to poorer and
more vulnerable people, particularly those who are highly
dependent on fish for nutrition or income.

Capture fisheries are under increasing pressure from overfishing,
climate change, and other impacts, and future supply increases will
have to come from aquaculture, which may have to double or triple
in output.

This is potentially feasible with available land and water resources,
but dependence on fish-based feeds, a significant feature of the
recent growth of aquaculture, will have to be reduced substantially,
using species feeding lower in the aquatic food chain, and more
terrestrially derived feeds for more demanding species.

With a diverse range of species, and a well placed selection of
systems and production approaches, access to lower cost aquatic
foods also has the potential to be sustained and expanded.
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Introduction

Food security can be based on food or grain self-sufficiency, as in China,
where a 95% grain self-sufficiency level has recently been adopted as a
strategic goal for agricultural output (Ye et al., 2012). More broadly however,
as defined by the 1996 World Food Summit, food security is a “situation that
exists when all people, at all times, have physical, social, and economic access
to sufficient, safe, and nutritious food that meets their dietary needs and
preferences for an active and healthy life.” Various indicators have since been
used to quantify global food security, its overall status, and its regional
discrepancies (Schmidhuber and Tubiello 2007). With a primary policy focus
on access to food calories, fish or aquatic foods have been relatively under-
recognized in their contribution to global food supply and food security (FAO,
2012a). However, in 2009, fish accounted for 16.6% of the world’s intake of
animal protein and 6.5% of all protein consumed, providing around 4.3 billion
people with about 15% of their animal protein. With growing recognition of the
need to define global targets of food sufficiency and security by nutritional
quality (Shetty, 2009, FAO, 2012a), particularly in maternity and early life
stages, the role of fish is becoming much more clearly appreciated.

The story of fish and food security is complex. There are more than 29,000
aquatic species, and more than 1,500 recorded species are caught globally, in
inland, coastal, and marine waters (Figure 1). Traditionally supplies have been
based on capture fisheries, subject to substantial temporal and spatial
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variation, and increasingly burdened by overfishing, often in areas where
dependence on fish for food and livelihoods is at its greatest (FAO/SFLP,
2008). Aquaculture is now estimated to produce more than 600 food fish and
algal species in more than 190 countries (FAO, 2012a, 2012b), and is
increasingly assuming a dominant role in supply. In 2010, capture fisheries
and aquaculture supplied about 148 million tonnes of fish, valued at $217.5
billion, of which about 128 million tonnes was directly consumed. Initial data
for 2011 suggest an increase to 154 million tonnes, with direct use of 131
million tonnes (FAO, 2012a, 2012b). Supplies have grown at an average of
3.2% annually over 1961–2009, exceeding the world’s 1.7% annual population
growth. The sector also provides important employment and purchasing
power, offering direct livelihoods and income for some 54.8 million people in
2010, 16.6 million of whom were in aquaculture. Employment in fisheries has
grown faster than that in agriculture, reaching some 4.2% of the 1.3 billion
people economically active in global agriculture by 2010, from 2.7% in 1990.
Employment in capture fisheries rose by 0.8% per year while that in
aquaculture rose by 5.5% annually (FAO, 2012a).

Figure 1.Figure 1.

A woman in South Korea
considers her options at a
local fish market. (source:
flickr.com/hoks)

In the face of continued population growth, potentially negative impacts of
climate change, and growing resource constraints, and with increasing
concern about volatile food prices and the potential impacts of food access
and security among poorer and more vulnerable communities, a number of
recent reviews and strategic projections have been developed to explore
growth and productivity options in the food sector (see e.g., Godfray et al.,
2010; Foresight, 2011; Godfray, 2011; Tilman et al., 2011). While terrestrial
production justifiably occupies an important role, the role fisheries play is also
coming into view (see also Frid and Paramor, 2012). This paper highlights
some of the emerging issues concerning the sector, its potential contributions
to food security, and the routes by which these may be better established in
coming decades.

Trends in Fish Consumption

Over the last half century, in human benefit terms, global fish consumption
can be seen as a major success, average per capita food fish supply increasing
from some 9.9 kg (live weight equivalent) in the 1960s to 18.4 kg in 2009.
However there are distinct regional differences; the lowest consumption is in
Africa (9.1 kg/capita; Figure 2), followed by 9.9 kg for Latin America and the
Caribbean, 20.7 kg for Asia, 22.0 kg for Europe, 24.1 kg for North America,
and 24.6 kg for Oceania (FAO, 2012a, 2012b). Although consumption has
grown steadily in developing regions (5.2 kg in 1961 to 17.0 kg in 2009) and
in low-income food-deficit countries (LIFDCLIFDC; 4.9 kg in 1961 to 10.1 kg in
2009), levels are still considerably less than in more developed regions.

Figure 2.Figure 2.

A local fish market in Libya,
North Africa. Africa has the
world's lowest per capita
food fish supply at 9.1
kg/capita (source:
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flickr.com/16675423@N07/).

These aggregate figures cover a very wide variation in consumption,
influenced by location, tradition, household customs, fish access, trade
connections, market power, and emerging consumption drivers such as
urbanization, income distribution changes, and retail development. Here also,
specific issues such as poverty and wider indices of vulnerability are important
(FAO/SFLP, 2008), and access to fish, even in small quantities, can create
significant benefits. However, unless bartered, available through social
exchange, or unmarketed for quality or other reasons, the purchasing power
of specific consumer groups is critical, and the price of fish, from whatever
source, becomes an essential issue in whether today’s consumption can
translate into further or better opportunities in the future.

Though food-price mediated linkages between consumption, population, and
income growth have been modeled for major crops and livestock
commodities, the IFPRI Fish 2020 program was the first to incorporate fish
consumption within wider food markets (Delgado et al., 2007). This provided
regional projections for prices and consumption levels for broad product
category groups across a number of scenarios for capture fish supply and
aquaculture growth, and is currently being updated. A key feature, consistent
with other food groups, is that prices will rise in real terms, and consumption
will be strongly influenced by regional economic growth. The FAO Fish Price
Index (Tveteras et al., 2012) showed that after falling 7% from 2008 to 2009,
prices increased by 9% in 2010 and more than 12% in 2011 (FAO, 2012a,
2012b). It was proposed that prices for fished species increased more than
those for farmed species due to higher fuel prices for vessels, but market
impacts of aquaculture expansion may also have been important. More
detailed price and supply projections become more difficult to define, and
income distribution associated with economic growth will have significant
effects on consumption opportunities. Though fish is generally found to have
a positive consumption response to rising income, this varies strongly with
income, emerging food preferences, and the influence of social and economic
trends. Whether associated with concern for health, animal welfare, carbon, or
other environmental footprint, there may be strong drivers toward higher fish
consumption, particularly as economic growth moves to medium–income
countries (see e.g., Foresight 2011)

Closely associated with global and regional patterns of consumption is the
growing trade in aquatic products, already the most widely traded food group,
with substantial flows from lower to higher income countries. World imports
reached $111.8 billion in 2010, 12% greater than 2009 and 86% more than
2000, with a further 15% growth projected to 2011 (FAO, 2012a, 2012b) The
EU is by far the largest single market, with imports reaching $44.6 billion in
2010, accounting for some 40% of total world imports. The US and Japan are
the largest single country importers, depending on imports for some 60% and
54% of their consumption, respectively. China, the world’s largest fish
producer and exporter, is the third largest importer, partly due to strong
growth in domestic demand, but also due to Chinese processors importing
raw material from all major regions for re-processing and export. In 2010,
developed countries accounted for 76% of the total import value, compared
with 86% in 1990, reflecting the greater importing presence of a wider range
of countries. However, developed countries accounted for only 58% of traded
volume (live weight equivalent), due to the greater unit value of their imports.
The overall pattern of wealthier countries importing greater value fish, and
poorer countries retaining lower value species for domestic consumption
looks set to continue, though lower and middle-income countries with large
and growing populations are likely to exert increasing demand on low to mid
value species if current consumption levels are to be sustained.

Contribution of Fish to Human Health and Food Security

The consequences for fish access are therefore critical, and if the future world
of 9 billion people contains 2 to 3 billion people with inadequate or marginal
incomes, their potential for gaining benefits from fish consumption will
require close attention. The specific role of fish varies widely with the social
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and economic context, with culture and traditions, and with the changing
access to supplies. Consumption can play a key role in access to proteins,
minerals, and essential fatty acids, and can have a significant impact for
maternal and early child health (see e.g., Kawarazuka and Béné, 2011). The
role of small indigenous fish species, often given less prominence in fishery or
aquaculture development, can also be very critical for poorer households (see
e.g., Thilsted et al., 1997), and programs can be targeted with specific
objectives such as reducing vitamin and mineral deficiencies (Roos et al.,
2007). However, not all species are similar with respect to food value, and the
processes of cooking and post-harvest treatment also have an impact. Intra-
household distribution can also have an important bearing on nutritional
impact of fish (Gomna and Rana, 2007), particularly for access by children.
Nonetheless, the use of whole small fish in soups or stews, the sale of small
portions of fish products in markets, or as street foods, all have important
nutritional potential for poorer households.

Interactions between fishing and food security are also critical in many parts
of the world, where small-scale and often seasonal fishing activity provides
both income and household food supply, and there is common concern that
over-zealous regulation and removal of fishing capacity may cause more
negative social and nutritional impact than the resource efficiency gains being
sought (Béné et al., 2010). However, though aquaculture might supplement or
compensate for capture fisheries, Beveridge et al. (2010) note its constraints
of meeting lowest income social objectives, as small- and medium-scale
commercial producers and wealthier market/retail consumers are more likely
to benefit. However, through market displacement, by producing smaller
indigenous species in polycultures, and/or by providing occasional
employment for cash or food, additional benefits may be provided for poorer
groups.

There are also important consequences of trading fish for other food items,
either locally or at the market economy level (Kurien, 2004). In favorable
conditions this can create advantages for all parties, widening and expanding
nutritional options for catchers/producers of fish while improving access to
key foodstuffs. This is particularly valuable for peri-urban supplies and urban
markets, though there may be issues of reduced local market access where
higher urban prices drive out purchasing options. The development of
infrastructure–road access, ice production, and market facilities may also
accelerate the shift to urban markets. However, there are also specific
challenges with meeting needs of poor urban dwellers (see e.g., Ruel et al.,
2008), particularly where urbanization is rapid and is not accompanied by
strong employment opportunities.

It is clear that expansion of fish supplies will be essential to meet future food
needs. However, given that 80% of 523 world fish stocks for which assessment
data are available are reported as fully or over-exploited, with continued
problems of IUU (illegal, unregulated, and unreported) fishing (Agnew et al.,
2009), major disruptions associated with climate change (Cheung et al.,
2010), and abounding challenges of governance and management (Österblom
et al., 2010, O’Leary et al., 2011), prospects for expanding or even retaining
current output from capture fisheries are at best uncertain (see e.g., Garcia
and Rosenberg, 2010). Though there are likely to be substantial levels of
unrecorded output in inland fisheries, the prospects for further expansion are
unlikely, with increasing demands for water for food supplies (Jägerskog and
Jønch Clausen, 2012), urban and industrial use, and increasing functional
disruption of aquatic habitats (Welcomme et al., 2010). The questionable
issues of stock recovery apart (see Worm et al., 2009), or the limited
enhancement of specific fisheries through restocking and habitat
improvement (Lorenzen, 2008), the primary expectation is therefore that
aquaculture (Figure 3) will contribute the bulk of future needs (STAQ, 2009,
Muir et al., 2010, Bostock et al., 2010, Hall et al., 2011).

Figure 3.Figure 3.

Aquiculture research being done at Ohio State University's
Agriculture Research and Development Center (source: OARDC).
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Based on current human use levels of some 128 million tonnes, and
dependent on income and food preference projections, total consumption
levels of some 200 to 250 million tonnes could be foreseeable by 2050. Given
that capture fisheries might not supply more than 70 million tonnes of food
fish, aquaculture production would need to rise to some 130–180 million
tonnes annually, two to three times the present output. In 2010, the top ten
producing countries accounted for 87.6% by volume and 81.9% by value of
global aquaculture output. Asia accounted for 89% of this (Table 1), led by
China, with more than 60% of global output. Other major Asian producers are
India, Viet Nam, Indonesia, Bangladesh (Figure 4), Thailand, Myanmar, the
Philippines, and Japan. Much of the production is based on relatively simple
pond-based production of carp and tilapia, together with coastal mollusc
culture, neither system requiring substantial feeding input. Growth in output
and value over the last decade has been relatively strong, and with the
exception of Africa, value per unit output has also increased (FAO 2012a,
2012b). Outside Asia, key producer countries are Norway and Chile (Atlantic
salmon), and Egypt (tilapia).

Table 1.Table 1.

Aquaculture production,
value: 2000–2009.

Figure 4.Figure 4.

Top: Fish harvest ready for
market in Bangladesh, a key
fish producer in Asia.
Bottom: Fresh fish are then
sold in fish markets like this
one in Khulna, a large city
in Bangladesh (source:

flickr.com/theworldfishcenter).

Feeding Future Fish Supplies

The primary issues for the expansion of aquaculture are where and how this
might be done. Here the concept of sustainable intensification (Foresight,
2011) is likely to apply, in that yields from existing production locations and
systems could be increased before significant extension would be required
into new systems or zones. Closely related to this is the issue of feed
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requirements associated with increased yields (see e.g., Deutsch et al., 2007,
Naylor et al., 2009), and whether or how these could be met.

To date aquaculture has been a major user of fish as food. From 1970 to 2006
the volume of fish for non-food use increased from 26.7 to 33.3 million
tonnes, and aquaculture was estimated to use some 24 million tonnes of small
pelagic forage species in 2006, much greater than the 4.25 million tonnes of
global imports of small pelagic food fish for human consumption (Tacon and
Metian, 2009). From only 10% of global fishmeal being used in aquaculture
feeds in 1980, this had risen to 60% by 2008 with an average annual increase
in fishmeal prices of 6 to 8% over 1992 to 2006.

However, while feed is widely considered to be a major constraint to further
expansion, some 20 million tonnes of current aquaculture output, one-third
of the total, is not fed. This includes oysters, mussels, clams, scallops and
other bivalve species feeding on planktonic feeds, and fish such as silver and
bighead carp feeding on plankton in fertilized ponds or water bodies, or using
wastes and leftover feed materials of fed species grown in the same
multispecies systems (FAO, 2012a, 2012b). However, the percentage of non-
fed species in world production has declined from more than 50% in 1980,
strongly influenced by intensification in Asia, with faster growth of production
of fed species, and wider availability of formulated feeds.

In terms of fish input, Bostock et al. (2010) note that up to 25% of fish meal is
now derived from fish processing waste, and ingredient substitution is also
increasing the efficiency of fish meal and oil utilization. Compared with
theoretical trophic level conversions of 10:1 in the wild (fish intake to fish
output, FIFO), input/output ratios for salmon improved from 7.5 to 4.9, trout
from 6.0 to 3.4, marine fish from 3.0 to 2.2, and shrimp from 1.9 to 1.4.
Herbivorous and omnivorous finfish and some crustacean species show net
gains in output, with ratios in 2006 of 0.2 for non-filter feeding Chinese carp
and milkfish (Figure 5), 0.4 for tilapia, 0.5 for catfish, and 0.6 for freshwater
crustaceans. Quoted FIFO values for the global aquaculture industry include
0.7 (Tacon and Metian 2008), 0.63 (Naylor et al. 2009), and 0.52 Jackson
(2009).

Figure 5.Figure 5.

Milkfish hatchery in
Hazipur, Bangladesh.
(source:

flickr.com/theworldfishcenter)

Based on lowest current FIFO values of 0.52, an additional 100 million tonnes
of output would require more than 50 million tonnes of extra fish; more
realistically the average FIFO for an expanded level of 160 million tonnes,
using no more fish than at present, would need to fall to around 0.2. Much of
the future direction in feed use for aquaculture will depend on future
consumer preferences, with tradeoffs between cost of production based on
lower cost species such as carp, tilapia, or catfish using mainly terrestrially
derived feeds, and higher market and/or nutritional quality, with marine
species using fish-based diets. With a distinct shift toward lower food-chain
species and more terrestrial feed sources and the possible use of genetically
modified technologies to enhance options for key nutrients (McAndrew and
Napier, 2010), expanded production could be viable. Though sourcing
terrestrial feeds would have to compete with other parts of the livestock
sector, the quantities are not overwhelming, and the efficiency of feed used
would make aquaculture an effective user of these raw materials.

Environmental Implications

The sustained delivery of greater quantities of aquatic foods has a number of
environmental implications beyond those of feeds alone (Asche et al., 2008),
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chief of which would be that of water supplies (Verdegem and Bosma, 2009;
Turral et al., 2011) and their quality and access. Greater integration of land
and water use, and increased production in coastal margins, particularly in
areas becoming more salinized due to hydrological changes and/or sea level
rise, would all be important in widening options.

The environmental issues concerning the development of aquaculture have
been widely discussed (e.g., Barbier, 2007; Naylor et al., 2009; Hall et al.,
2011), and the extent of necessary tradeoffs for further expansion can be
explored if not yet fully committed into policy and action. Key areas of
strategic interaction concern large production zones, major ecosystem health
issues (e.g., Buschmann et al., 2009), and the means by which ecosystem risks
can be effectively identified and managed.

A wide range of issues concern the potential impacts of broader external
change on the means by which fish production can be sustained, whether
through fisheries or aquaculture. The impacts of climate change are of
significant concern, and constitute the primary source of uncertainty about
future production potential, as well as that for food security in general (Parry
et al., 2005; FAO, 2008; Cochrane et al., 2009). A number of scenarios have
already been developed to set out potential impacts (e.g., Allison et al., 2009,
Cheung et al., 2010). In combining potential oceanic climate change impacts
with food security related vulnerability, Table 2 identifies those countries most
at risk (Huelsenbeck, 2012). Though not specifically addressed, such analyses
can also be ranked in terms of potential numbers of people impacted.

Table 2.Table 2.

Countries most vulnerable
to climate change and
ocean acidification food

security risk.

In practice, these interactions are yet to be fully understood or explored, and
it is likely that some regions will become more favored for fisheries and
aquaculture than before. Given adequate political will and with specific
strategies for protecting and rebuilding fishery stocks, the potential resilience
of these important ecosystems could be enhanced (Worm et al., 2009;
California Environmental Associates, 2012; Pikitch et al., 2012) to complement
expanded aquaculture output.

Conclusions and Future Directions

Within the overall context of global to community level food security, aquatic
foods deserve much greater attention, due both to their importance in the
overall mix of nutrition aims and outcomes, and to their critical dependence
on ecosystem function, management, and interactions with other food system
processes. It is feasible for fish supplies to be increased to meet forthcoming
demands, whether to meet the needs of expected population growth, or to
expand further to respond to demand arising from income growth and/or
shifts in preference against other animal protein foods. Although climate
change is likely to have notable impacts across the sector, and will create
much greater variability in ecosystem conditions, productivity responses and
social benefit, there is at least the adaptation potential for most of the
definable processes and outcomes over the first half of this century.

In this respect, fisheries’ stocks, substantially redistributed in many areas, are
likely to have broadly similar levels of potential productivity, though some
stocks may be lost, and ocean acidification will have critical impacts in some
ecosystems. Inland fisheries’ resources are also likely to be increasingly
pressured, not just by hydrological shifts, but by human impacts of water
extraction, soil erosion, and waste discharges (Welcomme et al., 2010). As
noted in Foresight (2011), governance of aquatic natural resource systems will
be an increasing challenge, and will need to be purposefully addressed. The
consequent growth in aquaculture will demand extensive and increasing
interactions with other resource systems. While not as important a driver of
resource demand as many forms of biofuel, plant crop raw materials will
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assume a greater importance as aquaculture expands, and will be influenced
in turn by climate-change-crop interactions (Tubiello et al., 2007)

While the issues of food security associated with aquatic foods can be set out,
the future development of the sector and the greater focus on aquaculture will
require specific attention in policy and practice to ensure that vulnerable
groups are not further disadvantaged. To date there has been little direct
involvement of the fishery sector in various food supply and hunger reduction
commitments, nor in practical areas of nutrition delivery, though the
opportunities and potential benefits could be significant. Also in this respect,
a range of community based options linking aquatic foods with climate
change adaptation and mitigation, and responsible resource management,
could be valuable in widening opportunities for poorer households and
societies to gain from better livelihoods and food access.

In discussing adaptation in marine fisheries, Perry et al. (2011) note that over
the long term, adaptive changes in policy and fisheries governance can
interact with social and ecological change toward new fisheries and economic
diversification, and that robust governance approaches, maintaining the
diversity of response capabilities on short and longer time scales, among both
ecological and human fishing systems, should be a key policy objective. In a
wider sense this concept applies equally to the more holistic challenges of
linking future fish supplies, from whatever source and process, with resource
systems, human and institutional capacities, through supply, value, and
benefit chains toward positive and durable outcomes of food security.
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