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Global view on water and fish production

World's water resources
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Kolding & van Zwieten (2006)



Some basic facts
ÅOver 90% of the world's living biomass is contained in the 

oceans, which cover 71% of the Earth's surface. 

ÅAt present, we harvest about 0.2% of marine production. 
(You might think that there is room for growth). 

ÅMarine sources provide å 20% of the animal protein eaten 
by humans. Another 5% is from livestock fed with fish.

Å60% of fish consumption is by the developing world. In Asia, 
about 1 billion people rely on fish as their primary source of 
protein. 

ÅThe fishing enterprise employs some 200 million people 
worldwide. 90% of these are artisanal fisheries.

ÅEstimates suggest that seafood production from wild fish 
stocks will be insufficient to meet growing global demand for 
seafood products in the next century.

http://www.globalchange.umich.edu/globalchange2/current/lectures/fisheries/fisheries.html



Worldôs fishing grounds

Watson & Pauly (2001), based on FAO statistics

Considered over

reported

Most production is nearshore or 

shallow waters

High seas are comparatively 

desserts



Capture fisheries production ï

principal marine fishing areas 2002

(SOFIA  2004)



Marine and inland capture fisheries 

ïtop 10 producers 2002

(SOFIA  2004)



Number of decked fishing 

vessels in the world fleet

(Garcia & Grainger 2005)



Distribution of decked fishing 

vessels by continent

(SOFIA  2004)



World fishers and fish farmers by 

continent

The number of fishers and fish farmers has tripled in 35 years, increasing from 13 

million in 1970 to 33 million in 1995 and to 38 million in 2002

http://www.oceanservice.noaa.gov/websites/retiredsites/natdia_pdf/2grainger.pdf



World fisheries trends

Review of the state of world marine fishery resources (FAO 2005)

Potential for expansion

Probably maximized



World fisheries trends

Review of the state of world marine fishery resources (FAO 2005)



World marine catch (million tonnes) 

by main species groups 2002

Review of the state of world marine fishery resources (FAO 2005)



World marine catches, main species 

groups by major marine fishing areas in 

2002

Review of the state of world marine fishery resources (FAO 2005)

50% of landings are composed of just 20 species



Capture fisheries production ïtop 

10 species in 2002

(modified from SOFIA  2004)

P/B ratio

high

medium

low

3

5

8

7

4

16

n = rank in 1997



0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Developing countries

or areas

Developed countries or

areas

World Fish Trade Export Value
- in 1000 US$ -

http://www.wto.org/english/forums_e/public_forum_e/wto_symp_greenpeace.ppt



0

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

12,000,000

14,000,000

16,000,000

1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Developed countries or
areas

Developing countries
or areas

World Fish Trade Export Volume
- in MT -

http://www.wto.org/english/forums_e/public_forum_e/wto_symp_greenpeace.ppt



Global buyers (USA, EU, China, Japan)

Major fishing grounds for demersal (table) fishes, represented here through the EEZ 

(blue) of key exporting countries, and the countries (red) where the bulk of these 

fishes are consumed. (Pauly et al. 2005)



Import value distribution 

Main markets (% 2004)
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http://www.wto.org/english/forums_e/public_forum_e/wto_symp_greenpeace.ppt



Trade flows
(2002 Export values %)

High value species/products flow North
(shrimp, salmon, tuna, grounfish, lobster, octopus)

North ᵐNorthᵎSouth

(42 %)                 (43%) 

Low value species/products flow South

(pelagics/fishmeal & oil)

North ᵐSouthᵎSouth

(6.5%)                  (8.5%)

http://www.wto.org/english/forums_e/public_forum_e/wto_symp_greenpeace.ppt



Fisheries takes 1.2% of global fuel 

consumption

Distribution and intensity of fuel consumption by marine fisheries in 2000. 

Total fuel inputs amount to 50 billion L, with most of this being expended in 

nearshore fishing grounds of the Northern Hemisphere. Tyedmers et al. 2005



Status of world fish stocks 2004

Review of the state of world marine fishery resources (FAO 2005)
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State of exploitation of selected stock or 

species groups, by major marine fishing 

areas, 2004

Review of the state of world marine fishery resources (FAO 2005)



5 general fishery phases and

historic development
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200 marine fishery resources

Garcia & Grainger (2005)

One fish stock



Expansion of the fishing grounds

Fraction of the sea bottom and adjacent waters contributing to the world fisheries 

from 1950 to 2000 and projected to 2050 by depth (logarithmic scale). 

Pauly et al. (2003)

Mesopelagic fish

is the largest stock in 

the world and still

unexploited



Percentage of stocks exploited beyond MSY levels, at MSY

levels (F), and below MSY levels by FAO statistical areas in 

2004

Review of the state of world marine fishery resources (FAO 2005)



Percentage of stocks exploited beyond MSY in the 

Central and Southern (Tropical) Atlantic and Pacific 

Oceans, and in the Southern Ocean, 1974-2004

Review of the state of world marine fishery resources (FAO 2005)



Future predictions

Garcia & Grainger (2005)



Another prediction

Pauly et al. (2002, 2003)

Estimated global marine fish landings Future projections

Best case

Worst case



Will fish become a luxury commodity?



Possibilities for increasing yields 

Deep scattering layer (DSL) consisting 

mainly of mycthophids (lantern fish). 

This is the largest oceanic fish resource.

Not utilised due to low availability (dispersal)

Krill from the Southern oceans. Annual 

production exceeds total global fish landings

(60-200 g wt weight m-2 yr-1), standing stock 

= 100-800 million tonnes.

Species interactions? 

Aquaculture. Food constraints. Piscivorous

fish consume on average 4 kg food (fish) to 

produce 1 kg.

Lots of research into bioengineering for 

making synthetic proteins



Is there a fisheries crisis?

ÅñWe estimate that large predatory fish biomass today is only 

about 10% of pre-industrial levels. We conclude that 

declines of large predators in coastal regions have 

extended throughout the global ocean, with potentially 

serious consequences for ecosystems.ò 

ÅñHuman-dominated marine ecosystems are experiencing 

accelerating loss of populations and species, with largely 

unknown consequences.ò

Å "'Only 50 years left' for sea fish", BBC News. 2 November 2006.

Worm et al. SCIENCE 314(3) NOVEMBER 2006

Myers & Worm NATURE 423 15 MAY 2003



The doomsday predictions

Global loss of species from LMEs. Trajectories of collapsed fish and invertebrate 

taxa over the past 50 years (diamonds, collapses by year; triangles, cumulative 

collapses). Worm et al. (2006).



The ócollapseô of marine communities

Myers & Worm (2003)



Yield and CPUE as a function of effort

Fishing effort

Yield

or

CPUE

System yield

CPUE

Jul-Larsen et al. (2003)

A decrease in CPUE is

NOT a sign of overfishing

A decrease in Yield is

a sign of overfishing!



Density dependence 

(Logistic growth)

Max growth rate at BÐ/2
K

2

Carrying capacity = BÐ= K

dB

dt
 0

Surplus = yield = 0

Surplus = yield = Max

Reducing the biomass to half its virgin state

is where the stock has highest regenerative rate

Density



Mark N. Maunder, John R. Sibert, Alain Fonteneau, John 

Hampton, Pierre Kleiber, and Shelton J. Harley 

The Pacific tuna fishery

http://www.soest.hawaii.edu/PFRP/large_pelagics/maunder.ppt

See also

http://www.soest.hawaii.edu/PFRP/large_pelagics/large_pelagic_predators.html



ñélarge predatory fish biomass today is 

only about 10% of pre-industrial levels.ò

Myers and Worm 2003
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data



Geographical distribution
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Abundance of tunas in the Pacific
Integrated models
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