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A portion of 150 g of fish can provide about 50–60 percent of an adult’s daily 
protein requirements. In 2010, fish accounted for 16.7 percent of the global 
population’s intake of animal protein and 6.5 percent of all protein consumed. 
Moreover, fish provided more than 2.9 billion people with almost 20 percent of their 
intake of animal protein, and 4.3 billion people with about 15 percent of such protein. 
Fish proteins can represent a crucial nutritional component in some densely populated 
countries where total protein intake levels may be low.

Table 1
World fisheries and aquaculture production and utilization

2007 2008 2009 2010 2011 2012

(Million tonnes)

PRODUCTION

Capture

Inland 10.1 10.3 10.5 11.3 11.1 11.6

Marine 80.7 79.9 79.6 77.8 82.6 79.7

Total capture 90.8 90.1 90.1 89.1 93.7 91.3

Aquaculture

Inland 29.9 32.4 34.3 36.8 38.7 41.9

Marine 20.0 20.5 21.4 22.3 23.3 24.7

Total aquaculture 49.9 52.9 55.7 59.0 62.0 66.6

TOTAL WORLD FISHERIES 140.7 143.1 145.8 148.1 155.7 158.0

UTILIZATION1

Human consumption 117.3 120.9 123.7 128.2 131.2 136.2

Non-food uses 23.4 22.2 22.1 19.9 24.5 21.7

Population (billions) 6.7 6.8 6.8 6.9 7.0 7.1

Per capita food fish supply (kg) 17.6 17.9 18.1 18.5 18.7 19.2

Note: Excluding aquatic plants. Totals may not match due to rounding. 
1 Data in this section for 2012 are provisional estimates.
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Figure 2

World fish utilization and supply

Fish utilization 
(million tonnes) 

Population (billions)
and food supply (kg/capita)

Food
Non-food uses
Population
Food supply

Un	
  appé/t	
  croissant	
  pour	
  les	
  poissons	
  
(Fao	
  Sofia	
  2014)	
  



3
WORLD REVIEW OF FISHERIES AND 

AQUACULTURE

Status and trends

OVERVIEW
Global fish production has grown steadily in the last five decades (Figure 1), with 
food fish supply increasing at an average annual rate of 3.2 percent, outpacing 
world population growth at 1.6 percent. World per capita apparent fish consumption 
increased from an average of 9.9 kg in the 1960s to 19.2 kg in 2012 (preliminary 
estimate) (Table 1 and Figure 2, all data presented are subject to rounding). This 
impressive development has been driven by a combination of population growth, rising 
incomes and urbanization, and facilitated by the strong expansion of fish production 
and more efficient distribution channels.

China has been responsible for most of the growth in fish availability, owing to the 
dramatic expansion in its fish production, particularly from aquaculture. Its per capita 
apparent fish consumption also increased an average annual rate of 6.0 percent in the 
period 1990–2010 to about 35.1 kg in 2010. Annual per capita fish supply in the rest of 
the world was about 15.4 kg in 2010 (11.4 kg in the 1960s and 13.5 kg in the 1990s).

Despite the surge in annual per capita apparent fish consumption in developing 
regions (from 5.2 kg in 1961 to 17.8 kg in 2010) and low-income food-deficit 
countries (LIFDCs) (from 4.9 to 10.9 kg), developed regions still have higher levels of 
consumption, although the gap is narrowing. A sizeable and growing share of fish 
consumed in developed countries consists of imports, owing to steady demand and 
declining domestic fishery production. In developing countries, fish consumption tends 
to be based on locally and seasonally available products, with supply driving the fish 
chain. However, fuelled by rising domestic income and wealth, consumers in emerging 
economies are experiencing a diversification of the types of fish available owing to an 
increase in fishery imports.
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World capture fisheries and aquaculture production
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period, this corresponds to a 130% increase, suggest-
ing that there are now more than twice as many prey
fish in the global ocean as there were a century ago.

Spatial biomass distributions

Results of the global spatial biomass distributions
of predatory fish highlighted notable changes with
time (Fig. 7), especially evident in the Northern
Hemisphere and main upwelling systems. Predicted
predatory fish biomass during the 1950s showed
higher values of biomass in the Northern Hemi-
sphere and upwelling systems (Fig. 7a). Results from
2010 showed large changes in these areas, with a
general decrease of biomass spatially notable in the
north and generally in coastal areas and shelf eco -
systems (Fig. 7b).

DISCUSSION

Through this study, we further refined a methodo -
logy we originally introduced to describe how the
biomass of predatory fish has changed in the North
Atlantic, West Africa, and Southeast Asia (Christen -
sen et al. 2003a,b, 2004). Extending this meth odo -
logy, the aim was to provide a first global estimate for
how fish biomass has changed over the last century,
drawing on a vast amount of information made avail-
able through data-rich ecosystem models (Chris-
tensen & Pauly 1992, Christensen & Walters 2004) to
add to the general discussion of the status of marine
resources worldwide.

Our results show major declines in the biomass of
predatory fish (i.e. of the larger fish that humans tend
to eat), amounting to a decline of two-thirds over the
last century, with 55% of the decline occurring in the
last 40 yr. Indications are that the decline was shar -
pest during the period between 1970 and 1990, and
has since leveled off somewhat. This does not mean,
however, that conditions have started to improve
globally; we found no indications of increase in bio-
mass of predatory fish. There may be regional im -
provements (Worm et al. 2009, Lotze et al. 2011),
however, this is not evident yet at a global scale.

These results could indicate that we have been
fishing past the maximum sustainable yield (MSY)
level (Hilborn & Walters 1992). Productivity for high -
er trophic level fish populations (e.g. tuna) may in -
deed be maximized when populations are reduced to
between one-third and half of their original biomass,
but our study shows that this reduction is an overall
average. The implication is that some higher trophic
level species (notably the larger species) may likely
be reduced even more, while smaller species will
have declined less, yet the overall average indicates
a large reduction. This is in accordance with one of
the most thorough studies of top predator abundance

162

1880−1969 1970−1989 1990−2010

Intercept 0.5489 76.5400 51.5800
Year −0.0021 −0.0411 −0.0293
loge(distance) −0.1054 −0.1183 −0.0700
loge(prim. prod.) 1.1000 1.0530 1.1950
Temperature −0.1917 −0.1008 −0.0335
Upwelling index 0.0001 0.0001 0.0004
r2 0.9117 0.6721 0.6562

Table 3. Regression coefficients for predictor variables for
the 3 time periods considered, used to estimate the loge(bio-
mass) of predatory fishes (trophic level >3.5). Coefficients 

for FAO areas are not listed for clarity

Estimate t

Intercept −14.5200 54.8
Year 0.0085 −69.7
loge(distance) −0.5958 −28.0
loge(prim. prod.) 0.7790 142.8
Temperature −0.1269 −69.6
Upwelling index 0.0001 42.4
r2 0.5572

Table 4. Regression coefficients for predictor variables for
prey fish (trophic level between 2.0 and 3.0) covering the
 entire time period. Coefficients for FAO areas are not listed 

for clarity

0

20

40

60

80

100

120

1910 1930 1950 1970 1990 2010

Bi
om

as
s (

%
)

Fig. 6. Global biomass trends for predatory fish during 1910
to 2010 as predicted based on 200 ecosystem models and
1000 times random resampling of 30% of data points. The
lines indicate median values and 95% confidence intervals
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purse-seine fishery suffered severe declines of about 48% during 
the same event owing to changes in sea surface temperature, which 
resulted in an estimated decline in revenues of about US$6.2 million 
in 1998 (ref. 62).

Impact on prices and ex-vessel revenues. Everything being equal, 
when climate change reduces fish supply, fish price should increase, 
which could be large enough to balance out the loss in gross rev-
enues due to reduced catches. However, consumers may seek sub-
stitutes as prices increase, thereby dampening the demand for fish 
and reducing the potential for price increases. It is worth noting that 
price increases would come at a cost to consumers through loss in 
consumer surplus, that is, the welfare that consumers gain from the 
consumption of goods and services. How much consumer surplus is 
lost under various scenarios and what are the real deadweight losses 
as a result of climate change impacts on fisheries? To our knowledge, 
these economic questions have not yet been addressed in the litera-
ture, and therefore deserve attention.

Ex-vessel revenues can be affected by climate change through 
effects first on the quantity, quality and distribution of catches, 
and then, on ex-vessel prices of fish. Climate change research pre-
dicts that catches in high-latitude countries may increase, thus it is 

expected that fisheries in countries in these regions (for example, 
Iceland) would benefit economically from climate change, at least 
in the short term17. However, revenues from fisheries are not only 
dependent on the quantity of catches, but also on catch composi-
tion. For example, in spite of the increased catches in the Celtic 
Sea, the total landed value decreased because a larger proportion 
of the catch consisted of smaller, lower-priced species63. In the 
Southern Hemisphere, the reduction in landings of pelagic fisher-
ies in Peru as a result of changes in sea surface temperature during 
the 1997–1998 El Niño event caused more than US$26 million of 
revenue loss64.

Impact on fishing costs. Capital costs, that is, the cost of ves-
sels, fishing gear, processing plants and so on, would be affected 
by climate change if additional capital for fishing and process-
ing operations is required to adapt to climate change impacts on 
the quantity, composition and distribution of fisheries resources65. 
Changes in migratory routes and fish distribution would affect 
travel time, which can lead to increases or decreases in fuel and ice 
cost depending on catch levels and patterns, and the management 
regime in place. It is estimated that under a scenario of a 1.2 °C sea 
surface temperature increase — which corresponds to the ENSO 
event of 1983 — the number of active boats landing sablefish in 
Monterey Bay, California could decrease by 60% (ref. 66). Decadal 
oceanographic changes affected the distribution of tuna in the cen-
tral western Pacific, which in turn impacted how the tuna purse-
seine fleet operated, and thus increased fishing costs67. Most of the 
world’s large, fuel-consuming fishing vessels1 are from developed 
countries, implying that these vessels would face the much higher 
cost of rising fuel and climate change mitigation than small fish-
ing vessels. Developed countries may be forced to engage in the 
expensive business of scrapping their large vessels as climate change 
impacts intensify.

Impact on resource rent and other indicators. With the expected 
changes in landed values and costs under climate change, earnings 
to fishing companies and the resource rent generated through fish-
ing will be altered, with the direction and magnitude of change 
varying across regional fishing zones. For example, earnings to 
the European sardine fishery are estimated to decrease by up to 
1.4% on average per year with rising temperatures68. Owing to 
increased sea temperatures, the reduction in coral cover and its 
associated fisheries production is expected to lead to a potential 
net revenue loss of between US$95 million and 140 million (cur-
rent net revenue is US$310 million) per year in the Caribbean 
basin by 2015 (ref. 69). A World Bank report estimated the annual 
economic impact of climate change on the coast of Viti Levu, Fiji 
to be US$0.1 million to 2 million for subsistence fisheries, and 
US$0.05 million  to 0.8 million for commercial coastal fisheries 
by 2050 (ref. 70). For a small country such as Fiji, these numbers 
are significant.

In contrast, resource rent from fishing Pacific sardine (Sardinops 
sagax) could increase — sardine is known to be more productive 
during warm-water regimes in the California Current ecosystem71. 
The fisheries impacts of global warming on both Iceland’s and 
Greenland’s gross domestic product are likely to be positive, with 
the economy of Greenland projected to benefit substantially17. 
Paradoxically, this situation could worsen if governments use 
climate change as a cover for increasing harmful subsidies to the 
fisheries sector72. However, to be certain about the impact of climate 
change on economic rent globally, we need more information about 
seafood demand elasticity and the degree of substitution between 
seafood and other protein sources.

Another important consideration is how climate change may 
affect the stream of benefits that fisheries resources are expected to 
generate over time, and how beneficiaries are likely to discount future 
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Figure 3 | Summary of the approach and key results of a modelling study 
that assesses the impacts of climate change on potential catches from 
global fisheries. a, First, by applying a spatial dynamic model (dynamic 
bioclimate envelope model) to 1,066 species of exploited fishes and 
invertebrates, future distributions of species under climate change 
are projected. Second, by combining these projections with projected 
primary productivity through an empirical model58 and fisheries economic 
data, changes in future maximum potential catch and their economic 
implications are projected. b, Projected changes in maximum potential 
catch under the Intergovernmental Panel on Climate Change’s A1B 
scenario. Reproduced with permission from ref. 12, © 2010 Wiley. 
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Approche écosystémique mise en oeuvre 
depuis 20 ans en Afrique du Sud avec des 
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