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a b s t r a c t
In many developed countries ﬁsh and shellﬁsh are increasingly promoted as healthy alternatives to other
animal protein. We analysed how much ﬁsh was available to UK and global populations after accounting
for processing losses, and compared this to recommended levels of ﬁsh consumption. In 2012, UK domestic ﬁsh landings per capita fell 81% below the recommended intake, although declines were masked by
increased imports and aquaculture from the 1970s onwards. Global wild ﬁsh supply per capita declined
by 32% from its peak in 1970. However, overall ﬁsh supplies per capita increased by 10% over the same
period due to rapidly expanding aquaculture production. Whilst aquaculture has so far prevented a
downturn in global ﬁsh supplies, many developed nations continue to aspire to consume more ﬁsh than
they produce. Until demand is balanced with sustainable methods of production governments should
consider carefully the social and environmental implications of greater ﬁsh consumption.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction
Fish constitute a major source of animal protein in many
nations, with some countries, for example Bangladesh, the Solomon Islands and Indonesia, relying on ﬁsh for over half their animal protein intake (Kawarazuka, 2010). However, in recent years
a crisis has developed in global ﬁsh supply (Watson et al., 2013).
Commercial ﬁsh stocks are experiencing widespread collapses
and the rate is accelerating (Worm et al., 2006). Predator species
are particularly vulnerable to the effects of ﬁshing, with estimates
of more than 90% decline in predator biomass in coastal areas of
the North Atlantic and North Paciﬁc in the last 50 years
(Tremblay-Boyer et al., 2011). The last 50 years have also seen
expansion of ﬁsheries across the Southern Hemisphere and further
offshore (Swartz et al., 2010), whilst demersal ﬁsheries have
expanded to targeting species at greater depths, for example, deep
water species such as orange roughy (Hoplostethus atlanticus) and
blue ling (Molva dypterygia) (Morato et al., 2006). These patterns
demonstrate that current exploitation rates are unsustainable. In
addition, as marine biodiversity declines the quality of ecosystem
services we receive are reduced and future recovery of marine
communities becomes less likely (Sala and Knowlton, 2006).
⇑ Corresponding author at: Marine Palaeoecology Lab, Gehrmann Bld, University
of Queensland, St. Lucia, QLD 4072, Australia. Tel.: +61 (0) 450 586 263.
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In recent decades the health beneﬁts of eating ﬁsh have also
become better appreciated. Fish protein (including shellﬁsh) is typically lower in saturated fats than red meat, whilst oily ﬁsh is high
in essential fatty acids (Calder, 2004). Research suggests that a diet
rich in ﬁsh protein lowers the risk of cardiovascular disease, whilst
omega-3 fatty acids are critical for neurological development and
health (Daviglus et al., 2002). Fish is also high in dietary nutrients
such as calcium, selenium and zinc (Sheeshka and Murkin, 2002).
These properties have led to recommendations by various national
and international bodies on how much ﬁsh we should eat to
beneﬁt health, with examples we found ranging from 97 to
550 g capita 1 week 1 (Table 1).
In this paper we explore historical patterns of ﬁsh supply to ask
whether there are enough ﬁsh to go around to meet health aspirations, both now and into the future. In the United Kingdom, records
of domestic ﬁsh landings and imports were recorded annually from
1888, presenting a useful case study to illustrate broader patterns
in developed nations’ ﬁsh consumption. These records allow us to
determine patterns in ﬁsh availability (i.e. quantity of ﬁsh per
capita) over a period of 124 years as national landings have
declined and the UK’s population has increased. We examine these
patterns in the context of national recommendations on how much
ﬁsh people should consume for good health. We then use ﬁsh production data published by the World Food and Agriculture Organisation and other literature to quantify global ﬁsh supply from 1950
to 2012. Using these global data alongside detailed historical
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records from the UK, we consider the global implications of ﬁshimporting nations recommending higher levels of ﬁsh consumption than they can meet from domestic supplies.
2. Methods
2.1. UK ﬁsheries supply
To quantify UK (including Ireland until 1921, and Northern Ireland thereafter) ﬁsh supplies for the period 1888 to 2012, we
obtained ﬁgures for domestic landings of ﬁnﬁsh and shellﬁsh by
UK vessels from annual ﬁsheries statistical tables (Table 2). Landings of ﬁnﬁsh were reported as the weight of head on, gutted ﬁsh.
Prior to 1965 many shellﬁsh landings were provided in numbers of
individuals rather than weight. We converted these to metric tonnes either using guidelines present in the statistical tables or by
estimating the average weight per specimen based on the results
of literature searches. We gathered ﬁgures on UK aquaculture production from the FAO FishStat Plus database (FishStat, 2013); these
included marine, freshwater and brackish aquaculture production.
To adjust UK ﬁsh supply for imports and exports, we gathered
import and export data for the whole of the UK from the Ministry
of Agriculture, Fisheries and Food (MAFF) statistical tables. We did
not include ﬁsh products such as ﬁsh meals and oils as the vast
majority are used for livestock and aquaculture feeds rather than
direct human consumption (Naylor et al., 2009).
Fish supply is usually quoted as gross tonnage (FAO, 2012), but
such ﬁgures overstate what is available for consumption. To determine the overall weight of ﬁsh actually available for human consumption, we converted landed weight of ﬁsh to processed
weight using conversion weight ratios produced by HM Revenue
and Customs (2010) (HMRC) in consultation with the National Federation of Fishmongers. We used HMRC estimations of the proportion of usable whiteﬁsh (cod, codling, haddock, hake, ling, whiting,
lemon sole and plaice) and herring after conversion to ﬁllets as a
proxy conversion factor for all ﬁnﬁsh. The conversion factor from
whole ﬁsh (head on, gutted except for herring which is usually
landed whole) to ﬁllets with skin averaged 0.49 (S.E. 0.02) edible
proportion by weight. Shellﬁsh conversion weights were an average of the different conversion rates for all shellﬁsh provided (lobster, prawn, langoustine, shrimp, cockle, mussel, oyster, scallop,
whelk and winkle). The average conversion factor for shellﬁsh
was 0.28 (S.E. 0.05) edible proportion by weight. Whilst some
imports include whole ﬁsh, many are already prepared in some

measure (e.g. frozen ﬁsh ﬁllets, processed ﬁsh cakes, shelled
prawns, etc.), so no conversions were applied to imported weight
(Agriculture and Agri-Food Canada, 2011; Seaﬁsh Industry
Authority, 1991; United Nations, 2010).
To calculate UK annual ﬁsh supply per capita we acquired British
human population data from censuses produced by Histpop (2010)
and the Ofﬁce of National Statistics (2014) for the period 1881–
2011. Histpop provided census data every 10 years from 1881 to
1931 and the Ofﬁce of National Statistics provided census data
every 10 years from 1971 onwards. We interpolated between data
points to provide yearly population estimates of adults and numbers of children under 15 years old. The Central Statistics Ofﬁce
(2014) provided annual Irish and Northern Irish population data
for the period 1891–2008 (until 1921 the population of the UK
included all of Ireland, from 1922 just Northern Ireland).
2.2. Global ﬁsh supply
To quantify global ﬁsh supplies, we obtained data on global capture ﬁsheries and aquaculture (freshwater, brackish and marine)
production from the United Nations Food and Agriculture Organisation (FAO, 2009, 2012) and FAO FishStat Plus (FishStat, 2013).
We disregarded landings of aquatic plants, marine mammals and
inedible species (e.g. corals, sponges) from the analysis, as these
are not sources of ﬁsh protein and thus were assumed not to contribute to ﬁsh intake recommendations. Fish production was separated into ﬁnﬁsh and invertebrates and corrected for processing
losses using the formula from HMRC. Whilst we recognise that processing losses will vary around the world as a result of the different
species landed, cultures, markets and processing techniques, we
used these conversion rates to account for the fact that some
degree (however variable) of processing loss will occur. To calculate ﬁsh supply per capita we obtained annual world population
estimates from 1950 to 2012 from the Population Reference
Bureau (PRB, 2013). The global population was also adjusted to
account for the assumption that children under 15 need to consume half the quantity of ﬁsh.
2.3. Quantifying ﬁsh production needs based on health
recommendations
The UK Food Standards Agency recommends that people eat
280 g of ﬁsh/shellﬁsh per week (Food Standards Agency, 2010).
To determine whether the UK’s ﬁsh supplies are sufﬁcient to meet

Table 1
National dietary guidelines for ﬁsh consumption.
Country

National guidelines

Recommended amount
(g wk 1)

Source

United
Kingdom
United States

2 portions (140 g each) per week, one of which should be oily

280

Food Standards Agency (2010)

2 average meals (6 oz each) per week, not including species high in
mercury
2–3 servings per week (150 g each) not including species high in
mercury
2–3 servings per week (150 g each) not including species high in
mercury
At least 150 g each week
200–300 g ﬁsh per week
300 g ﬁsh per week
1–2 portions per week (total 150 g)
1 portion of seafood per week
5–6 servings per week
12.8–15 g ﬁsh per day
20 g ﬁsh per day
2–3 servings per week (50 g each)
30 g ﬁsh per day

340

U.S. Food and Drug Administration (2014)

375

Food Standards Australia New Zealand
(2013)
Food Standards Australia New Zealand
(2013)
Health Canada (2011)
WHO (2003)
Gunnarsdottir et al. (2009)
WHO (2003)
WHO (2003)
WHO (2003)
WHO (2003)
WHO (2003)
WHO (2003)
WHO (2003)

Australia
New Zealand
Canada
Denmark
Iceland
Austria
Germanya
Greecea
Georgia
Ukraine
Estonia
Armenia
a

375
150
250
300
150
100
550
97
140
125
210

Speciﬁc portion size not provided, assumed that one portion equals 100 g.
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Table 2
UK ﬁsh landings data statistical table sources.
Years published

Source

Country the records relate to

1888–1902
1903–1919
1920–1954
1955–1964
1903–1964
1903–1921
1922–1962
1965–1998
1999–2008
2009–2012

Board of Agriculture and Fisheries
Board of Agriculture and Fisheries
Ministry of Agriculture and Fisheries (MAF)
Ministry of Agriculture, Fisheries and Food (MAFF)
Fishery Board for Scotland
Department of Agriculture and Technical Instruction for Ireland
Department of Commerce: Report on Sea and Inland Fisheries
MAFF
Department for Environment, Food and Rural Affairs (DEFRA)
Marine Management Organisation

United Kingdom and Ireland
England and Wales
England and Wales
England and Wales
Scotland
Ireland
Northern Ireland
United Kingdom
United Kingdom
United Kingdom

3. Results
3.1. Historical trends in UK ﬁsh supplies
The quantity of ﬁsh landed by UK vessels peaked in 1913 and
then declined throughout the remainder of the 20th century to
the present, although large declines in landings also occurred during the two World Wars when boats were put to other uses and it
became dangerous to ﬁsh (Fig. 1a). Our time series ran until 2012;
during the last 5 years of our time series, landings were the lowest
at any point in the last 120 years except during the Second World
War, with domestic landings in 2012 falling 69% below their 1913
peak. Although invertebrate landings have increased since the
1960s these have not compensated for the decline in ﬁnﬁsh
(Fig. S1, supplementary ﬁgures).
Signiﬁcant proportions of ﬁsh landed by UK vessels are landed
abroad and are thus classed as exports. In 2012, the quantity of
wet ﬁsh and shellﬁsh landed abroad by UK vessels came to
234,100 t, equivalent to 60% of the domestic landings by UK vessels
that same year (Fig. S1, supplementary ﬁgures). These exports are
mostly made up of pelagic species such as herring and mackerel (in
2012 pelagic species comprised 73% of UK landings abroad), for
which historically there has been little UK market but for which
human consumption and ﬁsh reduction markets exist in northern
Europe (Marine Management Organisation, 2013). If these quantities are included in UK domestic production, landings fell 51%
below their peak in 1913.

(a)
UK landings and imports
(thousand tonnes)

this recommendation for the UK population as a whole, available
ﬁsh from all sources (i.e. capture and aquaculture production after
correction for processing losses, plus imports but minus exports)
was converted to g capita 1 week 1. The UK shortfall was then
calculated assuming that children under 15 require half the
recommended amount. To calculate shortfalls in global ﬁsheries
production, we used current health advice on levels of ﬁsh
consumption from all the countries that we could ﬁnd information
for (a total of 14 countries, Table 1). This produced an average
recommendation of 246 g capita 1 week 1 for ﬁsh consumption.
Whilst we acknowledge that this ﬁgure will differ between nations
(some countries are very dependent upon ﬁsh protein whilst
others consume very little ﬁsh), we used it as a benchmark to
explore how much ﬁsh are theoretically required to provide the
global population with a healthy quantity of ﬁsh protein. Global
capture and aquaculture production (freshwater and marine) after
correction for processing losses was converted to g capita 1
week 1 based on the adjusted global population. Recognising that
a signiﬁcant proportion of global ﬁsheries landings are not
recorded in FAO statistics, we also reviewed the scientiﬁc literature
(using keyword searches in Google Scholar and Thomson Reuters
Web of Science) to determine how much extra ﬁsh are potentially
available from other sources.
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Fig. 1a. UK ﬁsh landings and imports. Domestic landings of ﬁnﬁsh and shellﬁsh
(closed circles) by UK vessels and imports of ﬁsh and ﬁsh preparations (open
circles) into the UK (these include direct landings of ﬁsh by foreign vessels, but
exclude ﬁsh meals and oils), 1888–2012.

UK capture ﬁsheries only represent one source of ﬁsh for UK
consumers, the others being imports and aquaculture. Imports
have increased dramatically since the 19th century, whilst exports
(which include UK vessel landings abroad) have ﬂuctuated (Fig. S2,
supplementary ﬁgures). There was a sharp upward trend in
imports from the 1970s onwards when domestic landings began
to fall steeply (Fig. 1a). Hence, imports made up some of the
expanding deﬁcit left by declining landings. Domestic aquaculture
production (marine and freshwater) has also increased in importance in the last ﬁfty years, rising from 30 t in 1950 to 203,000 t
in 2012 (Fig. S2, supplementary ﬁgures).
Taking all sources (but excluding landings abroad and exports),
the quantity of ﬁsh available (before processing) to UK consumers
increased from 621,000 t yr 1 in 1888, peaking shortly after the
Second World War at 1.29 mt yr 1 (Fig. 1b). Fish supply gradually
declined after this period before dropping swiftly in the 1970s,
after which increasing imports stabilised overall ﬁsh supply at
around 900,000 t yr 1 before processing (Fig. 1b).
After correcting for the increasing human population, UK
domestic ﬁsh supply has been in decline since prior to World
War I (Fig. 1c), although high exports during the early 20th century
meant that many of these ﬁsh were not, in fact, available to UK
consumers. Since 1970, imports have ﬁlled some of the growing
gap between supplies and the Food Standards Agency recommended intake of 280 g capita 1 week 1 (dashed line in Fig. 1c).
Total supplies today meet only 64% of the recommended intake;
if UK landings abroad are included this ﬁgure is increased to 77%.
UK citizens have only had sufﬁcient supplies of ﬁsh to meet the
recommended level of intake twice since 1889, once in the early
20th century and again after World War II, covering just 10 years
out of 120. These ﬁgures also likely overestimate the supply of
ﬁsh to UK consumers, as they do not distinguish ﬁsh that is landed
but is destined for non-human consumption (i.e. ﬁsh meals and
oils).

Please cite this article in press as: Thurstan, R.H., Roberts, C.M. The past and future of ﬁsh consumption: Can supplies meet healthy eating recommendations? Mar. Pollut. Bull. (2014), http://dx.doi.org/10.1016/j.marpolbul.2014.09.016

4

R.H. Thurstan, C.M. Roberts / Marine Pollution Bulletin xxx (2014) xxx–xxx

(a)

(b) 1400

60

Global fish supply
(million tonnes)

UK fish supply
(thousand tonnes)

1200

70

1000
800
600
400
200

50
40
30
20
10

0
0
Fig. 1b. UK ﬁsh supply prior to processing losses. Supply of ﬁsh to UK consumers
prior to processing losses (domestic landings plus imports and aquaculture, minus
exports), 1888–2012.
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Fig. 2a. Global supplies of ﬁsh after processing. Global supply of ﬁnﬁsh and
invertebrates 1950–2012 after applying processing conversions. Closed circles
show wild capture ﬁsheries supply, and open circles show total ﬁsh supply when
aquaculture is included. Source: FishStat (2013)
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Fig. 1c. UK ﬁsh supply per capita. Fish supply per capita (g capita 1 week 1) on an
annual basis in the UK after adjustment for proportion of children in the population.
The closed circles show ﬁsh supply from capture ﬁsheries alone after processing.
Open circles show ﬁsh supply when imports minus exports are included, the grey
circles when aquaculture is added to the latter. Open triangles show available
quantities if landings abroad by UK vessels are included. The dashed line shows the
amount of ﬁsh UK citizens should eat according to the UK Food Standards Agency
(280 g capita 1 week 1).

3.2. Patterns in global ﬁsh supply
On a global scale, available wild capture ﬁsh supply (i.e. ﬁnﬁsh
and invertebrate quantities after correction for processing losses)
has stabilised since the late 1980s after a period of rapid growth
during the 1950s and 1960s, that slowed through the 1970s and
1980s (Fig. 2a). Continued increases in overall ﬁsh supply are the
result of expanded aquaculture production, which increased from
604,000 t in 1950 to 65.8 mt in 2012 (FishStat (2013) before processing). When human population growth is taken into account
(Fig. 2b) per capita wild capture ﬁsh supply declined by 32% since
1970. An overall decline in ﬁsh supply has been checked by the
rapid growth in aquaculture over the last three decades. This rise
resulted in a 10% increase in per capita global ﬁsh supply over
the same period because aquaculture growth has outpaced human
population increase (Fig. 2b). However, these patterns do not distinguish between ﬁsh destined for food and ﬁsh destined for processing into ﬁsh meal and oils. Whilst the quantity of ﬁsh
sourced for non-human use is signiﬁcant, since the 1980s the proportion of global ﬁsh supply directed towards human use has
increased: in 2011, 15% of ﬁsh was destined for non-human uses,
down from about 32% in the 1980s (FAO, 2012).
3.3. Fish supply versus health aspirations
FAO (2012) provided data on global landings and consumption
in 2011. Total world ﬁsheries production (including inland and
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Fig. 2b. Global ﬁsh supply per capita. Fish supply per capita (g capita 1 week 1) on
an annual basis after adjustment for proportion of children in the population.
Closed circles show ﬁsh supplies from capture ﬁsheries alone after processing. Open
circles show ﬁsh supplies when aquaculture is added to the latter.

marine capture ﬁsheries and aquaculture) was estimated at
154 mt (FAO, 2012): this included 131 mt for direct human consumption and 23 mt for other uses, such as manufacture of ﬁsh
meals and oils. Fish available for human consumption converts to
359 g capita 1 week 1 landed weight equivalent per year (i.e.
unprocessed) for a human population of 7.0 billion in 2011 (FAO,
2012). When processed weight conversions were applied and the
percentage of children in the world population corrected for
(who require only half portions), this converts to 181 g capita 1
week 1, 65 g less than the average amount of 246 g capita 1
week 1 recommended by the 14 countries for which we could ﬁnd
dietary recommendations (Table 1).
Whilst FAO statistics provide us with an overview of ﬁshery
production, they are unable to capture additional supplies of ﬁsh
that remain unrecorded but which contribute to overall supply.
For example, FAO statistics under-represent small-scale ﬁsheries,
many of which go unrecorded. Chuenpagdee et al. (2006) estimated that small-scale ﬁsheries landed around 21 mt per year,
although how much of that is included in FAO landings data is
uncertain. If none are recorded in ofﬁcial statistics, this would provide an extra 21 mt of available ﬁsh.
Illegal ﬁshing should also be factored into present global ﬁsh
supplies in order to make a full account of landings. Agnew et al.
(2009) estimated that the worldwide extent of illegal ﬁshing was
between 11 and 26 mt yr 1 (mean 18.5 mt) in recent years. Whilst
not all illegally caught ﬁsh will become available for human consumption (some will be discarded, for example), the highest levels
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of illegal ﬁshing are reported to be associated with high value
demersal ﬁsh and invertebrates (Agnew et al., 2009). The majority
of these catches likely end up being consumed directly by humans.
Therefore, if we assume the mean value calculated by Agnew et al.
(2009) is available for human consumption, it would provide
18.5 mt of additional ﬁsh. Together illegal and small-scale ﬁsheries
would provide an additional 61 g capita 1 week 1, a conservative
estimate since we assumed no small-scale ﬁsheries landings are
included in ofﬁcial statistics. This is just 4 g capita 1 week 1 or
2% less than the average intake level recommended by the 14
countries in Table 1.

4. Discussion
UK ﬁshery records dating from 1888 provide an opportunity to
explore long-term patterns in ﬁsh availability at a national scale.
Although ﬁsh was rarely a preferred source of protein for UK consumers, ﬁsh consumption initially increased prior to World War I
as distant water ﬂeets expanded, with a gradual decline in per
capita consumption witnessed in the decades after World War II
(Reid, 2003). The supply from domestic ﬂeets dwindled throughout
the 20th century. By the 1970s a decrease in ﬁsh supplies from distant water sources, competition from other food sources and an
increase in retail price meant that ﬁsh consumption had nearly
halved compared to pre-war consumption levels (Reid, 2003).
Since the 1980s, ﬁsh consumption has increased, although the ﬁsh
commodities most favoured by the UK public have altered greatly
since the early 20th century. That current ﬁsh supplies only make
up 64% of the present recommended intake indicates that the
demand for ﬁsh from consumers is still lower than government
recommendations. However, if demand were to increase, either
from population growth, continued decline in domestic landings
or an increase in per capita consumption, the bulk of this deﬁcit
would likely have to be sourced from imports. In recent years, scientiﬁc and nutrition bodies have increasingly emphasised the need
to encourage ﬁsh consumption (Food Standards Agency, 2010), yet
the UK already imports large quantities of ﬁsh. Whilst increasing
amounts of imports are not necessarily an indication of unsustainability, also reﬂecting shifts in consumer preference and an
increasingly globalised trade in ﬁsh and ﬁsh products, it clearly
shows the potential for developed countries to mask domestic
shortfalls through increased imports and aquaculture.
After a steep downturn in the fortunes of the domestic ﬂeet in
the 1970s the UK stepped up imports, which rose 305% between
1970 and 2012, whilst domestic aquaculture became more significant from the 1980s (FishStat, 2013). The largest categories of
these imports comprised demersal species such as cod and haddock (21% by weight in 2012 (Marine Management Organisation,
2013)), caught in the waters of Northern Europe, or shrimp and
prawns (11% of imports by weight in 2012) imported from countries like Thailand (Marine Management Organisation, 2013).
Whilst late 20th century domestic ﬁshery declines can be partly
attributed to the loss of traditional ﬁshing grounds as countries
extended their national waters (Kerby et al., 2012), similar declines
in landings have also occurred throughout Europe. For example,
capture ﬁshery (ﬁnﬁsh and invertebrates) landings by European
and Russian ﬂeets declined from 22.7 mt in 1988 to just 13.3 mt
in 2009 (FishStat, 2013). The situation facing the UK is emblematic
of wider trends in developed nations: the European Union as a
whole now imports an estimated 60% of the ﬁsh it consumes
(European Commission, 2008), while the United States imported
86% of its ﬁsh in 2011 (NOAA, 2012).
At the global scale, we found that per capita wild ﬁsh supply has
been in decline since 1970. This predates by nearly two decades
the much-reported inﬂexion in global ﬁsh landings of 1988 that
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signalled the transition from continuous increase in supply to
decrease (Watson and Pauly, 2001). However, the rapid growth
of aquaculture has so far shielded consumers from the consequences of overﬁshing and human population growth.
Whilst our metric of ‘per capita ﬁsh supply’ does not reﬂect the
complexities of ﬁsheries demand and supply (FAO, 2012; Garcia
and Rosenberg, 2010), the reality is that many developed nations
such as the UK continue to aspire to eat more ﬁsh in a world full
of malnourished people. They increasingly source imports from
places where many poor people rely upon ﬁsh protein, such as
West Africa (Atta-Mills et al., 2004). Fish is currently a vital source
of animal protein (almost 20% of intake) to 3 billion people (FAO,
2012) and as the human population continues to grow this number
is likely to rise. In the next section we explore ways in which the
gap between supply and demand can be reduced.
4.1. Closing the gap between supply and demand
(i) Improved ﬁsheries management
Many ﬁsheries around the world are exploited at intensities
that have driven stocks far below maximum sustainable yield levels. Fishing less intensively is expected to lead to stock recovery,
which would deliver higher catches sustainable over the long-term
for less cost (Roberts, 2012). Watson et al. (2012) estimated that
despite an average 10-fold increase in global ﬁshing intensity since
the 1950s, ﬁshery landings had halved over the same period, whilst
Sumaila et al. (2012) calculated that to rebuild global ﬁsheries (i.e.
maximise sustainable catch) ﬁshing effort would need to be
reduced by 40–60%. A different approach adopted by Costello
et al. (2012) showed that rebuilding global ﬁsheries could increase
ﬁshery yields by 8–40%.
(ii) Reduced discards
Discarded ﬁsh could be utilised more fully in a future in which
discarding is prohibited, as has been a successful policy in Norway
(Diamond and Beukers-Stewart, 2011). According to the Norwegian model, unsaleable ﬁsh are converted to ﬁshmeal and oil rather
than discarded. Global discards are estimated to be 7.3 mt
(Kelleher, 2005), a substantial amount of which could potentially
be made available for direct human consumption or indirectly
through aquaculture.
(iii) Consumption of animals from lower trophic levels
As demand for ﬁsh grows, there is likely to be increasing
demand for ‘forage’ ﬁsh (small pelagics like herring and anchoveta)
for direct human consumption rather than as industrial feed for
agriculture and aquaculture, for which the majority of such ﬁsh
landings are currently destined (Tacon and Metian, 2009). Direct
consumption could reduce feed supplies and thus aquaculture production. The alternative is to increase exploitation of forage ﬁsh.
Although prey species naturally sustain higher levels of mortality
than their larger, less abundant predators and hence may be considered more resilient to high levels of ﬁshing, the complex biological systems these species support means that increased
exploitation of forage ﬁsh may have substantial knock-on effects
on the rest of the ecosystem, including other target species
(Smith et al., 2011). Forage ﬁsh species already make up more than
30% of global capture ﬁsh landings (Smith et al., 2011) but are also
subject to enormous ﬂuctuations from year to year. Hence major
increases in landings may result in both large-scale ecosystem
alterations and greater uncertainty in annual ﬁsh production.
In some ecosystems consumption of lower trophic levels
already occurs as a result of overﬁshing and even extirpation of
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predatory species, known as ﬁshing down the foodweb (Pauly
et al., 1998) or ﬁshing through the foodweb (Essington et al.,
2006). For example, Gulf of Maine lobsters (Homarus americanus)
dramatically increased in abundance as their predators declined.
Now, lobster landings produce over 80% of the total value of all
ﬁsheries in Maine (Steneck et al., 2011). However, many of these
altered ecosystems are at increased risk of disease and environmental perturbations, making their long-term viability uncertain
(Howarth et al., in press).
(iv) Aquaculture
Given human population growth, reformed ﬁsheries management and increased efﬁciency may not be enough to ensure ﬁsh
supplies meet future demand. Aquaculture will likely need to contribute substantially more than today. It has so far spared the
world a downturn in ﬁsh supplies by outpacing human population
growth since the 1950s, averaging a remarkable growth of
8.8% year 1 since 1980 (FAO, 2012). At current rates of growth,
keeping up with future demand looks achievable, but present practises are not always sustainable (Liu and Sumaila, 2008). Aquaculture operations must reduce impacts and transition to sustainable
methods of production to be viable in the long term.
The environmental costs of aquaculture expansion to date are
evident across the world. Around 30% of the world’s mangrove forests have been cleared since the mid-20th century, much of it to
make way for prawn and ﬁsh ponds (Alongi, 2002; Murray et al.,
2014). Nearly a third of seagrass beds have gone since the late
19th century and the rate of decline has increased to 7% per year
since 1990 (Waycott et al., 2009). Loss of these coastal habitats
not only imperils wildlife, but may also bear some responsibility
for wild ﬁsheries decline as they constitute vital nurseries for commercial species (Aburto-Oropeza et al., 2008). Aquaculture also
causes pollution from feeds, pesticides, prophylactic drugs and
wastes (Azad et al., 2009; Biao and Kaijin, 2007), while wild ﬁsh
may be threatened by parasites, disease and competition from
escaped farmed species (Krkosek et al., 2006; Cottee and
Petersan, 2009).
The use of wild ﬁsh for feed is well documented (FAO, 2009). If
present growth rates continue, aquaculture production will require
more wild ﬁsh for feed. Fish stocks that depend upon wild ﬁsh protein include piscivorous ﬁnﬁsh and crustacean species. However,
the feed of many omnivorous cultures is now being supplemented
with wild ﬁsh protein in order to raise production, often from
highly unsustainable sources such as ‘trash’ ﬁsheries in India
(Naylor et al., 2009; Lobo et al., 2010). If these practises continue,
wild ﬁsh demand could increase still further. However, recent
improvements in feed conversion ratios, substitution of wild ﬁsh
for non-ﬁsh ingredients (such as genetically modiﬁed crops and
feeds created from waste recycling (Kroekel et al., 2012)), as well
as a shift to obtaining ﬁsh meal from ﬁsh processing waste have
substantially reduced the ratio of wild ﬁsh input to farmed ﬁsh
output (Naylor et al., 2009). These developments may help to
counter increasing demand from the aquaculture sector.
Whilst some aquaculture operations exhibit a heavy environmental cost, there are more sustainable methods. For example,
most mollusc culture requires no or little additional feed input,
whilst many freshwater ﬁsh are fed on low-protein, grain-based
diets (Bostock et al., 2010). Mollusc culture operations and bivalves
in particular, have fewer of the environmental problems associated
with carnivorous or intensively farmed ﬁnﬁsh or crustacean species (Dumbauld et al., 2009). Such culture methods often also
involve low impact techniques, for example, suspended culture,
although these methods vary and some shellﬁsh culture and harvesting methods can cause localised disturbance to the benthos
(Dumbauld et al., 2009). Currently, the growth rate of mollusc

culture is slower than overall aquaculture production. In 1988,
molluscs made up 22% of recorded production, which dropped to
18.5% by 2009 (FishStat, 2013). Increasing the rate of bivalve
culture or other low-impact aquaculture will require incentives
to boost shellﬁsh culture or a shift in consumer preferences
towards lower trophic level aquaculture species (Bostock et al.,
2010). Other possibilities include offshore pelagic cage culture,
which would reduce coastal habitat loss and pollution (Holmer,
2010). However, the high costs of transport and management of
offshore areas means that coastal space will likely be viewed as a
more economic alternative for decades to come (Holmer, 2010).
5. Conclusions
Our historical analysis shows that global wild capture ﬁsh
supply per capita has been in decline for over 40 years, and that
supplies have only kept up with population growth as a result of
rapid growth in aquaculture. Consumers in the UK have been
partially protected from falling domestic production by increasing
imports, a situation typical of many high-income countries. Such
an approach is not sustainable, however, and demand from developed countries has been ﬁlled at a high social and environmental
cost, encouraging overexploitation farther aﬁeld and undermining
supply of ﬁsh protein to local communities (Kaczynski and
Fluharty, 2002; Smith et al., 2010). Despite these trends, countries
such as the UK aspire to consume still greater quantities of ﬁsh on
health grounds. We have highlighted the need for governments of
nations with limited domestic ﬁsh supplies to think carefully about
the implications of promoting greater ﬁsh consumption in a world
where many are already protein deﬁcient.
Our ﬁndings also have interdisciplinary implications. Future
trends in aquaculture practises hold the key as to whether we will
be able to provide enough ﬁsh to meet aspirations for healthy
nutrition. However, national policy measures must adopt a global
outlook and strive to balance consumption with sustainable
methods of production, while safeguarding marine biodiversity
and ocean health. Closer collaborations between the ﬁelds of
marine and medical research (e.g. joint conferences or special
issues in medical journals on the conﬂicts between healthy eating
and food security) would aid in this endeavour and promote the
importance of considering how our national policy measures
resonate at the global level.
Acknowledgement
The authors would like to thank Julie Hawkins, Bryce Stewart,
Lee Raby and members of the Marine Palaeoecology Lab for their
helpful comments on early drafts. Also our thanks go to three
anonymous reviewers who considerably improved this and earlier
versions of the manuscript.
Appendix A. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.marpolbul.2014.
09.016.
References
Aburto-Oropeza, O., Ezcurra, E., Danemann, G., Valdez, V., Murray, J., 2008.
Mangroves in the Gulf of California increase ﬁshery yields. Proc. Natl. Acad.
Sci. USA 105, 10456–10459.
Agnew, D., Pearce, J., Pramod, G., Peatman, T., Watson, R., et al., 2009. Estimating the
worldwide extent of illegal ﬁshing. PLoS One 4, 1–8.
Agriculture and Agri-Food Canada, 2011. Inside the United Kingdom seafood trade:
market indicator report. <http://www.gov.mb.ca/agriculture/market-prices-

Please cite this article in press as: Thurstan, R.H., Roberts, C.M. The past and future of ﬁsh consumption: Can supplies meet healthy eating recommendations? Mar. Pollut. Bull. (2014), http://dx.doi.org/10.1016/j.marpolbul.2014.09.016

R.H. Thurstan, C.M. Roberts / Marine Pollution Bulletin xxx (2014) xxx–xxx
and-statistics/trade-statistics/pubs/united_kingdom_mi_seafood_trade_en.pdf>
(accessed 02.09.14).
Alongi, D.M., 2002. Present state and future of the world’s mangrove forests.
Environ. Conserv. 29, 331–349.
Atta-Mills, J., Alder, J., Sumaila, U.R., 2004. The decline of a regional ﬁshing nation:
the case of Ghana and West Africa. Nat. Resour. Forum 28, 13–21.
Azad, A.K., Jensen, K.R., Lin, C.K., 2009. Coastal aquaculture development in
Bangladesh: unsustainable and sustainable experiences. Environ. Manage. 44,
800–809.
Biao, X., Kaijin, Y., 2007. Shrimp farming in China: operating characteristics,
environmental impact and perspectives. Ocean Coast. Manage. 50, 538–550.
Bostock, J., McAndrew, B., Richards, R., Jauncey, K., Telfer, T., et al., 2010.
Aquaculture: global status and trends. Philos. Trans. R. Soc. B 365, 2897–2912.
Calder, P.C., 2004. N-3 fatty acids and cardiovascular disease: evidence explained
and mechanisms explored. Clin. Sci. 107, 1–11.
Central Statistics Ofﬁce, 2014. <http://www.cso.ie/en/statistics/> (accessed
01.03.14).
Chuenpagdee, R., Liguori, L., Palomares, M.L.D., Pauly, D., 2006. Bottom-up, global
estimates of small-scale marine ﬁsheries catches. Fisheries Centre Research
Reports 14(8). Fisheries Centre, University of British Columbia, Vancouver,
105p.
Costello, C., Ovando, D., Hilborn, R., Gaines, S.D., Deschenes, O., et al., 2012. Status
and solutions for the world’s unassessed ﬁsheries. Science 338, 517–520.
Cottee, S.Y., Petersan, P., 2009. Animal welfare and organic aquaculture in open
systems. J. Agric. Environ. Ethics 22, 437–461.
Daviglus, M., Sheeshka, J., Murkin, E., 2002. Health beneﬁts from eating ﬁsh.
Comment Toxicol. 8, 345–374.
Diamond, B., Beukers-Stewart, B.D., 2011. Fisheries discards in the North Sea: waste
of resources or a necessary evil? Rev. Fish. Sci. 19, 231–245.
Dumbauld, B.R., Ruesink, J.L., Rumrill, S.S., 2009. The ecological role of bivalve
shellﬁsh aquaculture in the estuarine environment: a review with application
to oyster and clam culture in West Coast (USA) estuaries. Aquaculture 290,
196–223.
Essington, T.E., Beaudreau, A.H., Wiedenmann, J., 2006. Fishing through marine food
webs. Proc. Natl. Acad. Sci. USA 103, 3171–3175.
European Commission, 2008. Reﬂections on further reform of the Common
Fisheries Policy. Commission Working Document. <http://www.cfp-reformwatch.
eu/pdf/reﬂection_cfp_08_mid.pdf> (accessed 01.03.14).
FAO, 2009. The State of World Fisheries and Aquaculture 2008. Food and Agriculture
Organisation of the United Nations, Rome, 196p.
FAO, 2012. The State of World Fisheries and Aquaculture 2012. Food and
Agriculture Organisation of the United Nations, Rome, 230p.
FishStat, 2013. Fisheries and Aquaculture Department, Food and Agriculture
Organisation of the United Nations, Rome, Italy. <http://www.fao.org/ﬁshery/
statistics/software/ﬁshstat/en> (accessed 12.05.14).
Food Standards Agency, 2010. Eat well: your guide to healthy eating.
<www.food.gov.uk/sites/default/ﬁles/multimedia/pdfs/publication/
eatwell0708.pdf> (accessed 01.03.14).
Food Standards Australia New Zealand, 2013. <http://www.foodstandards.gov.au/
consumer/chemicals/mercury/documents/mif%20brochure.pdf>
(accessed
01.03.14).
Garcia, S.M., Rosenberg, A.A., 2010. Food security and marine capture ﬁsheries:
characteristics, trends, drivers and future perspectives. Philos. Trans. R. Soc. B
365, 2869–2880.
Gunnarsdottir, I., Gustavsdottir, A., Thorsdottir, I., 2009. Iodine intake and status in
Iceland through a period of 60 years. Food Nutr. Res. 59.
Health Canada, 2011. <http://www.hc-sc.gc.ca/fn-an/alt_formats/hpfb-dgpsa/pdf/
food-guide-aliment/view_eatwell_vue_bienmang-eng.pdf> (accessed 01.03.14).
Histpop, 2010. Online historical population reports. <http://www.histpop.org>
(accessed 12.04.13).
HM Revenue and Customs, 2010. Business Economic Note 24. <http://
webarchive.nationalarchives.gov.uk/20100512173947>, <http://www.hmrc.gov.uk/
bens/ben24.htm#f> (accessed 01.03.14).
Holmer, M., 2010. Environmental issues of ﬁsh farming in offshore waters:
perspectives, concerns and research needs. Aquacult. Environ. Interact. 1,
57–70.
Howarth, L.M., Roberts, C.M., Thurstan, R.H., Stewart, B.D., in press. The unintended
consequences of simplifying the sea: making the case for complexity. Fish
Fish. http://dx.doi.org/10.1111/faf.12041 (in press).
Kaczynski, V.M., Fluharty, D.L., 2002. European policies in West Africa: who beneﬁts
from ﬁsheries agreements? Mar. Policy 26, 75–93.
Kawarazuka, N., 2010. The contribution of ﬁsh intake, aquaculture, and small-scale
ﬁsheries to improving nutrition: a literature review. Working Paper No. 2106.
The WorldFish Center, Penang, 61p.
Kelleher, K., 2005. Discards in the world’s marine ﬁsheries: an update. Food and
Agriculture Organisation of the United Nations, Rome, 132p.

7

Kerby, T.K., Cheung, W.W.L., Engelhard, G.H., 2012. The United Kingdom’s role in
North Sea demersal ﬁsheries: a hundred year perspective. Rev. Fish Biol.
Fisheries 22, 621–634.
Krkosek, M., Lewis, M.A., Morton, A., Frazer, L.N., Volpe, J.P., 2006. Epizootics of wild
ﬁsh induced by farm ﬁsh. Proc. Natl. Acad. Sci. USA 103, 15506–15510.
Kroekel, S., Harjes, A.-G.E., Roth, I., Katz, H., Wuertz, S., Susenbeth, A., Schulz, C.,
2012. When a turbot catches a ﬂy: evaluation of a pre-pupae meal of the black
soldier ﬂy (Hermetia illucens) as ﬁsh meal substitute – growth performance and
chitin degradation in juvenile turbot (Psetta maxima). Aquaculture 364–365,
345–352.
Liu, Y., Sumaila, U.R., 2008. Can farmed salmon production keep growing? Mar.
Policy 32, 497–501.
Lobo, A.S., Balmford, A., Arthur, R., Manica, A., 2010. Commercializing bycatch can
push a ﬁshery beyond economic extinction. Conserv. Lett. 3, 277–285.
Marine Management Organisation, 2013. UK Sea Fisheries Statistics 2012. National
Statistics, UK Government, 182p.
Morato, T., Watson, R., Pitcher, T.J., Pauly, D., 2006. Fishing down the deep. Fish Fish.
7, 24–34.
Murray, N.J., Clemens, R.S., Phinn, S.R., Possingham, H.P., Fuller, R.A., 2014. Tracking the
rapid loss of tidal wetlands in the Yellow Sea. Front. Ecol. Environ. 12, 267–272.
Naylor, R.L., Hardy, R.W., Bureau, D.P., Chiu, A., Elliott, M., et al., 2009. Feeding
aquaculture in an era of ﬁnite resources. Proc. Natl. Acad. Sci. USA 106, 15103–
15110.
NOAA, 2012. NOAA Fishwatch. <http://www.ﬁshwatch.gov/wild_seafood/
outside_the_us.htm> (accessed 01.03.14).
Ofﬁce of National Statistics, 2014. <http://www.statistics.gov.uk/hub/index.html>
(accessed 01.03.14).
Pauly, D., Christensen, V., Dalsgaard, J., Froese, F., Torres Jr., F., 1998. Fishing down
marine food webs. Science 279, 860–863.
PRB, 2013. Population Reference Bureau. <www.prb.org> (accessed 12.04.14).
Reid, C., 2003. ‘A common delicacy:’ UK ﬁsh consumption in the Twentieth Century.
Stud. Atlantica 5, 168–188.
Roberts, C.M., 2012. Ocean of life: how our seas are changing. Penguin Publishing,
London, 416p.
Sala, E., Knowlton, N., 2006. Global marine biodiversity trends. Ann. Rev. Environ.
Res. 31, 93–122.
Seaﬁsh Industry Authority, 1991. Norﬁsh: imported ﬁsh supplies and the UK
industry. Seaﬁsh Report No. 397. 48p.
Sheeshka, J., Murkin, E., 2002. Nutritional aspects of ﬁsh compared with other
protein sources. Comment Toxicol. 8, 375–397.
Smith, M., Roheim, C., Crowder, L., Halpern, B., Turnipseed, M., et al., 2010.
Sustainability and global seafood. Science 327, 784–786.
Smith, A.D.M., Brown, C.J., Bulman, C.M., Fulton, E.A., Johnson, P., et al., 2011.
Impacts of ﬁshing low-trophic level species on marine ecosystems. Science 333,
1147–1150.
Steneck, R.S., Hughes, T.P., Cinner, J.E., Adger, W.N., Arnold, S.N., et al., 2011.
Creation of a gilded trap by the high economic value of the Maine lobster
ﬁshery. Conserv. Biol. 25, 904–912.
Sumaila, U.R., Cheung, W., Dyck, A., Gueye, K., Huang, L., et al., 2012. Beneﬁts of
rebuilding global marine ﬁsheries outweigh costs. PLoS One 7, e40542.
Swartz, W., Sala, E., Tracey, S., Watson, R., Pauly, D., 2010. The spatial expansion and
ecological footprint of ﬁsheries (1950 to present). PLoS One 5, e15143.
Tacon, A.G.J., Metian, M., 2009. Fishing for feed or ﬁshing for food: increasing global
competition for small pelagic forage ﬁsh. Ambio 38, 294–302.
Tremblay-Boyer, L., Gascuel, D., Watson, R., Christensen, V., Pauly, D., 2011.
Modelling the effects of ﬁshing on the biomass of the world’s oceans from
1950 to 2006. Mar. Ecol. Prog. Ser. 442, 169–185.
U.S. Food and Drug Administration, 2014. <http://www.fda.gov/food/
foodborneillnesscontaminants/metals/ucm351781.htm> (accessed 01.03.14).
United Nations, 2010. United Nations Commodity Trade Statistics Database. <http://
comtrade.un.org/db/default.aspx> (accessed 02.09.14).
Watson, R., Pauly, D., 2001. Systematic distortions in world ﬁsheries catch trends.
Nature 414, 534–536.
Watson, R., Cheung, W.W.L., Anticamara, J.A., Sumaila, R.U., Zeller, D., et al., 2012.
Global marine yield halved as ﬁshing intensity redoubles. Fish Fish. 14, 493–
503.
Watson, R., Zeller, D., Pauly, D., 2013. Primary productivity demands of global
ﬁshing ﬂeets. Fish Fish. 15, 231–241.
Waycott, M., Duarte, C.M., Carruthers, T.J.B., Orth, R.J., Dennison, W.C., et al., 2009.
Accelerating loss of seagrasses across the globe threatens coastal ecosystems.
Proc. Natl. Acad. Sci. USA 106, 12377–12381.
WHO, 2003. Food Based Dietary Guidelines in the WHO European Region. Nutrition
and Food Security Programme, World Health Organisation, Copenhagen.
Worm, B., Barbier, E., Beaumont, N., Duffy, J., Folke, C., et al., 2006. Impacts of
biodiversity loss on ocean ecosystem services. Science 314, 787–790.

Please cite this article in press as: Thurstan, R.H., Roberts, C.M. The past and future of ﬁsh consumption: Can supplies meet healthy eating recommendations? Mar. Pollut. Bull. (2014), http://dx.doi.org/10.1016/j.marpolbul.2014.09.016

