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Introduction

The culture of marine organisms requires the supply
of environmental resources which vary according to
the culture species and method. As culture methods
are diverse and a very large and growing number of
species are cultured, it is not possible to make many
wide generalizations on environmental effects. In
broad terms, noncarnivorous species have relatively
low environmental demands whereas carnivorous
species may make high demands; the culture of
autotrophs, e.g., seaweeds, is not considered here. In
the case of noncarnivorous species, e.g., bivalves,
interactions arise from extraction of nutrients which
are largely exported from the system in the product,
although there may be a local residual impact
through local concentration of wastes. For carnivor-
ous species in open culture systems, nutrition comes
from external sources, e.g., from agriculture and
capture Rsheries, and the local environment is used
directly for the processing of waste products. The
most obvious environmental resources used for
aquaculture include the provision of nutrients and
oxygen and the processing of wastes. If a whole
system approach is taken then the environmental
costs of constructing infrastructure such as cages,
nets, boats, roads (often through remote areas) and
buildings, as well as the potential ecological costs
associated with transmission of diseases and para-
sites, the effects of escaped culture organisms and
conSicts with wild predators, e.g., piscivorous birds
should be included.
Artisanal aquaculture is less important in the mar-

ine environment than in fresh water so the main
drivers of aquaculture expansion are economic
rather than social, although the social consequences
may be profound. Both the socioeconomic and
environmental aspects of mariculture are best under-
stood for the cage production of salmon in high
latitudes and for the marine and brackish water
pond culture of shrimps in low latitudes. Both cul-
ture methods require large inputs of external nutri-
ents and carbon and both are essentially cash crops
relying on global markets. The giant tiger shrimp

Penaeus monodon and the Atlantic salmon Salmo
salar had ex-farm values of 3.86 and 2.16 billion
US$, respectively in 1998. Much of world salmon
production takes place in relatively remote areas
traditionally dominated by coastal Rsheries and
small-scale agriculture, taking advantage of a rela-
tively pristine, nonindustrial environment. Similarly,
shrimp culture has utilized coastal areas tradition-
ally reliant on artisanal coastal Rsheries. In both
cases, what was formerly a resource held in com-
mon by those exploiting capture Rsheries has been
transferred to private ownership, although this is
more often explicitly a problem in the case of
shrimp culture in mangrove fringes. The beneRts to
remote communities from the employment caused
may be considerable although, where companies are
not locally owned, proRts may also be exported.

Harvesting of Wild Seedstocks

The collection of wild seed is widespread in
aquaculture and may be at a range of scales. Where
spat are passively collected for bivalve culture on
a small scale compared to the total spat abundance,
there is likely to be comparatively little impact on
sustainability. On the other hand, broodstock for
some species are either difRcult or expensive to
maintain and seed supplies are harvested from the
wild either as larvae, fry or berried females. Capture
methods are often indiscriminate and very large
numbers of by-catch are killed in the process, which
may have signiRcant implications for Rsheries and
ecosystems more generally. It has been estimated
that for every giant tiger shrimp captured for pond
culture in India and Bangladesh, 160 Rsh and
shrimp fry are discarded. This process may also lead
to scarcity of local seed necessitating the importa-
tion of foreign stock with attendant risks of disease
and parasite transfer.

Feedstocks

The culture of carnivorous species requires inputs of
protein, lipids, vitamins, pigments, and other trace
components. These are typically Rsh meal based and
this has led to some controversy regarding the
actual contribution that this type of culture makes
to world food supply. Capture Rsheries landings are
now around 95Mt (million metric tonnes) per an-
num of which around 30Mt is converted into Rsh
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Wild fish
17% protein,
7_10% oil,
75% water

Plus 0.8 2.3 kg
extra for oil

_
2.8 kg for
protein

Fish feed
40% protein
30% oil
9% water
1200 g
N 96 g
P 18 g
C 660 g

Soluble wastes
N 46 g
P 4.9 g
C 323 g

Particulate
wastes
N 22 g
P 9.5 g
C 185 g

Mortalities
and escapes
N 1.9 g
P 0.4 g
C 13 g

Harvest
fish 1 kg
N 26 g
P 3.2 g
C 139 g

Figure 1 A budget for the flow of nutrients from oceanic wild
caught fish to the coastal environment for a harvest of 1 kg of
farmed salmon assuming no substitution with vegetable protein
or oil and a ratio of fish feed to product of 1.2 : 1.

meal and Rsh oil giving around 6}7Mt and 1.2Mt
of Rsh meal and Rsh oil, respectively. The share of
this production that is consumed by aquaculture is
increasing over time, from about 10% in 1988 to
33% in 1997, as aquaculture production increases.
Some of the Rsh species used for Rsh meal produc-
tion are suitable for human consumption and it is
possible that these will, therefore, become unavail-
able for Rsh meal production in the future. This may
be compensated for by an increased use of Rsh
currently regarded as a by-catch and discarded at
sea.
The crucial argument here is whether aquaculture

adds to the pressure on wild Rsheries. Many wild
Rsheries are thought to be overexploited but these
are mostly for large, high value species, e.g., cod.
There is little evidence to support the view that the
demand caused by aquaculture has any effect on the
sustainability of the Rshery which supplies the Rsh
meal industry as most of these species are small,
have relatively short life spans, are currently not
overexploited and appear to be resilient to even
dramatic environmental changes such as El Nin� o.
When supply is reduced, as in El Nin� o years, the
proportion used by aquaculture increases due to
a move away from Rsh meal by the other main
consumers, the pig and poultry industries. Neverthe-
less, it is generally accepted that, in the long term,
there will have to be a move to supplement Rsh
meal, and more importantly Rsh oil, with other
protein and oil sources and research in this Reld is
very active.
It takes around 1200g of Rsh feed (9% water) to

produce 1 kg (weight) of farmed salmon. Salmon
feed typically contains 40% protein. If this is all
from Rsh meal and this is derived from wild Rsh
with a 17% protein level then this will require
0.4�1.2/0.17"2.82kg wild Rsh per kg salmon.
This Rgure can be considerably reduced if proteins
from vegetable sources are used as partial substi-
tutes. Salmon feed typically contains 30% oil. If
this is all from Rsh meal derived from wild Rsh
with an oil content of 7}10% (depending on source)
then this will require 0.3�1200/0.07 or 0.1"
3.6}5.14kg wild Rsh per kg salmon. Again this can
be substituted with vegetable oils but this will cause
a change in the lipid proRle of the Rsh and reduce
the health beneRts for consumers. Fish oil is present-
ly cheaper than many vegetable oils, which is a
disincentive to substitution. A budget of feed
utilization is given in Figure 1.
Less research has been done on other marine

species but many have a higher demand for Rsh
meal than salmon (but often lower oil demands) as
their food conversion efRciency is as yet suboptimal,

which may be due to there being less well-developed
feeds to meet their speciRc needs. For example,
European sea bass Dicentrarchus labrax and gilt-
head sea bream Sparus aurata have typical food
conversion ratios (weight of feed to weight of Rsh
product) during on-growing of 2}3:1 compared to
0.9}1.2:1 typical for salmon culture. Shrimps re-
quire much lower incorporation of oils in their diets
(around 4%).

Wastes from Cage Culture

In cage culture, a variety of methods are used to
feed Rsh, from simple hand feeding to sophisticated
computer-controlled activation of automatic feeders
with in situ sensors to detect uptake. The methods
will vary with the size and species and the available
technology. Feeding method is important as it can
have a direct bearing on two important sources of
wastage: overfeeding and mechanical damage to
feed pellets. Overfeeding can occur during hand
feeding by poorly motivated staff (well trained and
motivated staff will observe Rsh reactions to offered
feed), or when an automatic system is wrongly pro-
grammed either by an overestimate of the biomass
of Rsh in the cage or by a failure to consider factors
which might reduce appetite, e.g., temperature or
disease. There are particular problems when feeding
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diseased Rsh with medicated feed as many diseases
result in reduced appetite. SigniRcant percentages
of pelleted feed can be turned into dust by being
inappropriately handled by badly set up delivery
systems.
A wide range of medicines are used in Rsh farm-

ing to treat infections and parasitic infestations.
Ideally these are administered with the feed without
overfeeding but bath treatments are also common
where the whole Rsh is immersed in a solution of
the medicine. In this case the solution is usually
discharged directly to the environment. Antibiotics
and antiparasitics have received the most research
attention. A wide range of antibiotics is used in
aquaculture including oxytetracycline, chlortetra-
cycline, oxolinic acid, furazolidone, sulfadiazene,
trimethoprim, sulfadimethioxine, ormetoprim,
chloramphenicol, and a host of others although for
each species only a subset of these will be used and
these will vary by country owing to different regula-
tions. For example, nitrofurans, e.g., furazolidone,
are only permitted in countries where regulation
is not well developed due to their carcinogenic
or mutagenic properties. Many importing countries
have monitoring programs which test for the pres-
ence of antibiotics and other chemicals. The risk is
that the presence of small doses of antibiotics might
cause the development of antibiotic resistance but it
is probable that this is a relatively minor contributor
to this phenomenon compared to the misuse of
antibiotics in human medicine.
Antibiotics are typically admixed with the feed

and Rnd their way into the environment either dir-
ectly through feed wastage or indirectly after excre-
tion by the culture organism. Antibiotics differ in
terms of their uptake, residence in tissues, stability
and clearance rate but in most cases a large percent-
age of the medicine enters the environment. On
entering the environment the fate of an antibiotic
medicine will depend on its decay kinetics (half-life)
in a particular matrix and its bioavailability. Oxy-
tetracycline is among the best-studied of these prod-
ucts. It appears to have a relatively short half-life in
water but can persist in sediments for considerable
periods (several months) although it can be rendered
unavailable through complexation with divalent
cations. Bacterial populations can develop resistance
to oxytetracycline although it is not clear whether
this presents any human or environmental hazard.
Residues have been found in populations of adjacent
animals, such as mussels, which could potentially
enter the human food chain along with any asso-
ciated resistant bacteria. Antibiotics have been
shown to affect biogeochemical processes in sedi-
ment, e.g., oxygen uptake/sulfate reduction rates,

but this is a poorly researched area. Vaccines have
reduced the routine usage of antibiotics during
the 1990s but, as production levels have drama-
tically increased, it is likely that the total quantities
are still signiRcant. In tropical mariculture, it is
more difRcult to obtain accurate information on
usage rates.
Fish feed also ends up in the water column as the

products of metabolism and excretion or through
remineralization in sediments. These products
include inorganic phosphorus and nitrogen
compounds and organic carbon, nitrogen, and phos-
phorus. The former are highly available for autot-
rophic consumption and the latter may stimulate
bacterial production with consequences for micro-
zooplankton bacterial grazers. In many areas, Rsh
farms may represent the largest regional input of
nutrients to the marine environment. For example,
in Scotland, as a crude estimate, 6900 tonnes of
nitrogen and 1240 tonnes of phosphorus enters the
marine environment per year from a production of
about 120000 tonnes salmon. Thus, it has been
hypothesized that efSuents from farms may cause
perturbations in algal communities as they are rich
in nitrogen, which may be limiting in summer and
autumn, and are deRcient in silicon, and that this
can increase the development of toxins in certain
algae. This is generally thought unlikely as advective
processes usually lead to the exchange of local water
and the dispersion of nutrients on a timescale faster
than phytoplankton reproduction, although more
research is required in this area. In the more open
coastal environment, inputs of nutrients from the
ocean appear to swamp inputs from Rsh farms and
only a small percentage of algal production has been
attributed to these nutrients. The situation with
other more rapidly reproducing organisms, such as
bacteria, is less clear. Although only a little work
has been done in this area it seems reasonable that
for some sites bacterial production will be stimu-
lated by the efSuent organic nutrients from cage
culture.
The distribution of organic wastes on the seaSoor

depends on the settling velocity of the waste feed
and fecal pellets and the current velocity proRle
(both of which show temporal variance) and the
depth. Input rates will vary over time both on
a daily basis depending on feeding regime and
throughout the growing cycle of the Rsh on site.
Most large salmon farm sites now operate on
a single year class basis to minimize disease transfer
between year classes. This effectively means that
sites are on a 2-year waste cycle with small Rsh
and a relatively low input at the beginning rapidly
increasing until maximum biomass is reached and
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maintained from the middle of the cycle with
harvesting completed at the end of year 2. The
distribution of wastes will thus change over time
and may be continuously redistributed by resuspen-
sion that may be tidal and/or storm driven and
which is strongly site speciRc. The degree of the
impact may also vary according to the receiving
environment and there is growing evidence that im-
pacts on the sea bed are less than might be predicted
at sites in the Mediterranean and the Red Sea. Fur-
ther work is ongoing in these areas to establish the
causes and generality of these observations but this
lower than expected impact is probably caused by
temperature-enhanced bacterial activity and by the
more efRcient utilization of waste organics by wild
populations, particularly of Rsh, in oligotrophic
environments.
All culture systems require a supply of oxygen. In

open systems, e.g., cages, this is supplied by the
environment and is brought to the Rsh by water
movements. Thus, the scale of the culture operation
must be matched to the lowest expected supply rate,
i.e., during slack tides and/or calm weather and high
temperatures otherwise problems through hypoxia
may result. This may be compounded by organically
enriched sediments which themselves may exert
a considerable oxygen demand leading to hypoxia
or even anoxia in bottom waters. Open culture of
carnivorous species essentially uses the coastal envi-
ronment to oxidize large amounts of highly reduced
Rsh feed input. The main effects on the sediments
are simply a consequence of their use as a site for
the processing of highly reduced material. The bio-
geochemistry of sediments beneath marine cages in
quiescent environments is dominated by the avail-
ability of labile reduced carbon. These sediments
therefore exert a strong oxygen demand. When the
demand for oxygen exceeds supply from the overly-
ing water for even a few hours, anoxia and azooic
conditions are created. Where supply and demand
are more balanced the presence of Begiattoa sp.
bacterial mats is common. These bacteria form
part of the sulRde cycle where sulRde released by
sulfate reduction in anoxic sediments is re-oxidized
to sulfate using oxygen from the overlying water.
Sulfate reduction is the main process by which or-
ganic material is oxidized in anoxic marine sedi-
ments although, in extreme cases, fermentative
methanogenesis is likely and is characterized by
out-gassing. Such out-gassing is potentially a prob-
lem as this can facilitate the delivery of toxic hydro-
gen sulRde to the water column and to cages
moored above.
The benthic ecology of heavily polluted sediments

from cage culture is typically described as falling

into four zones. Under the cages may be totally
azooic but on the next radial zone, typically at
the edge of the cage group, a few sulRde-tolerant,
opportunist polychaetes species (e.g., Capitella sp.)
proliferate in huge numbers (of order 105 indi-
viduals m�2). These play an import role in mixing
the substrate and making it more available to bac-
terial action } experiments have even been done to
culture these worms to seed impacted seabed in
order to enhance recovery rates. Beyond this, a zone
of increased diversity and high biomass takes ad-
vantage of the carbon supply and this is succeeded
by the fourth zone where benthos typical of the
local environment dominates. The areas of these
zones vary over time reSecting the changing supply
rate from the farm; at well-Sushed sites the azooic
zone is often absent.

Escaped Cultured Organisms

When cultured organisms escape, a range of out-
comes are possible depending on whether there are
native wild conspeciRcs or close relatives in the
receiving environment and on whether the escapee
is reproductively competent in that environment.
Direct ecological risks are possible where escaped
organisms may compete for resources with wild
populations. This will depend on the number of
escapees relative to wild competitors, and on
whether the escapees can reproduce to found a new
population. Where there are local populations of
conspeciRcs, the possibility for outbreeding depress-
ion exists, which might cause a loss of local adapta-
tion. There are many possible permutations and
scenarios when considering the genetic interaction
of escapees and wild populations and some of these
are likely to be either improbable or relatively be-
nign as a consequence of the generally reduced Rt-
ness for life in the wild that comes with
domestication, i.e., traits selected for during culture
are unlikely to be advantageous in the wild but
much depends on the scale of the escape. However,
there are signiRcant risks. For example, one devasta-
ting scenario is that of the so-called Trojan gene,
which has been developed through consideration of
the possible implications of escaped transgenic Rsh:
if a transgene resulted in a mating advantage (e.g.,
due to size) but with low reproductive viability it
could spread quickly through a wild population
leading to extinction. This is purely speculative but
there is real concern that the continuous escape of
domesticated, maladapted genes into wild popula-
tions will result in signiRcant damage. Many species
have important population genetic diversity which
would be lost if these genes were homogenized with
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large numbers of escapes. This has two major im-
plications: (1) that wild populations with reduced
genetic diversity would be less able to cope with
environmental (e.g., climatic) change; and (2) that
this genetic diversity is lost to future culturists ulti-
mately leading to inbreeding depression within do-
mesticated stocks, perhaps originating from only
a few families.

Transfer of Diseases and Parasites

Problems of disease transfer are probably most com-
monly experienced from wild populations to farmed
rather than vice versa as diseased animals are hard
to Rnd in the environment and diseases can spread
much more easily through conRned animals in high
density. However, there are several cases where
disease has spread from a farmed stock to a wild
population. One notorious example is that of the
monogenean parasite Gyrodactylus salaris which
was transferred with hatchery reared Baltic salmon
onto the Atlantic coast of Norway in the 1970s. The
Baltic Atlantic salmon race has developed resistance
to this parasite, but their Atlantic cousins were very
susceptible and many wild populations became
extinct. The disease furunculosis, caused by the
bacterium Aeromonas salmonicida, was believed to
have been reintroduced to Norway in 1985 via
transfer of cultured stocks from Scotland and led to
severe damage to both farmed and wild populations.
Sea lice infestations are endemic in many

salmonid culture areas and, in recent years, declines
in wild salmonid populations have led to the wide-
spread belief that there is a link with farming. On
their Rrst visit to sea in the spring of the year after
hatching, sea trout Salmo trutta smolts may be con-
fronted with very high numbers of infective sea lice
larval stages and quickly become infested with up to
several hundred lice. A burden of only 10 adult lice
is sufRcient to cause mortality, especially in Rsh
which may not have fully developed their osmo-
regulatory system. Results from Norway indicate
that 50}90% of the wild postsmolts of Atlantic
salmon were killed as a direct consequence of sea-
lice infections during migration from two Rords in
spring 1999. Although the relationship between
sea-lice infection and the decline of wild populations
is striking, there is no deRnitive proof of a causal
link as the origin of lice on wild Rsh has not been
clearly established. There is, however, some genetic
evidence that at least some lice on wild Rsh are of
farmed Rsh origin and further evidence will come
if wild populations recover once lice management
improves through the use of more efRcacious
medicines.

Habitat Destruction

Although cage farming causes little habitat destruc-
tion apart from the immediate surrounding benthos,
the destruction of mangrove forests for the farming
of shrimps is of serious concern. Shrimp farming
is only a relatively small contributor to global
mangrove destruction although locally it can be
devastating. Mangroves provide a rich matrix that
supports high levels of diversity providing nursery
areas for a wide variety of juvenile Rsh and crusta-
cean species. Mangroves also provide a buffer be-
tween the coast and sea protecting the coast from
storm erosion and processing material Sowing from
land to sea thereby improving water quality. In
many shrimp farming areas (e.g., in Ecuador and
Indonesia) mangroves have been cut for the creation
of ponds at densities beyond the carrying capacity
of the environment. This is especially so when
ponds are emptied at the end of a growing cycle
releasing a pulse of highly enriched sedimentary
material into the system. Intensive systems also rely
on large amounts of chemicals and medicines to
maintain shrimp health and these can contaminate
the wider environment when discharged either
routinely or during pond clearance. Shrimp culture
has been dominated by a boom and bust cycle (e.g.
in Taiwan, China, and Indonesia) where initial high
productivity is replaced by massive mortality caused
by disease and reduced water quality. Regulations
are now in place in many shrimp-farming countries
which prohibit the cutting of mangroves for shrimp
farming but, in several cases, the necessary enforce-
ment infrastructure is lacking. There are continued
efforts to improve shrimp-farming practices to
reduce environmental damage, e.g., reductions in
stocking density can lead to improved growth and
reduced incidence of disease with less chemical
usage.

Interactions with Predators

Cultured animals may represent an attractive food
source for predators including seals and birds. These
may result in signiRcant losses either directly, by
taking or damaging farmed stock or indirectly, such
as when seals damage nets allowing Rsh to escape.
Farmers attempt to minimize such losses with
a range of deterrents. These include shooting, erect-
ing a barrier, e.g., an antipredator net, or using
sonic devices. For example, eider ducks Somateria
mollissima predate farmed mussels Mytilus edulis
and may be deterred by submerged nets and by
acoustic scarers mounted on Soating structures.
Similarly, seals may be deterred by nets or by sub-
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Table 1 Farm gate value of giant tiger shrimp Penaeus
monodon for the top 12 producing countries (values in 1000
US$, FAO Statistics)

Producer Value (1000 US$) in 1998

Thailand 1 597 199
Indonesia 754 090
India 585 144
Viet Nam 417 600
Philippines 268 804
Malaysia 72 316
Sri Lanka 53 820
Taiwan 44 245
Madagascar 32 283
Saudi Arabia 13 448
Australia 11 254
Seychelles 7399

Table 2 Mariculture national products that exceeded 250
million US$ farm gate value in 1998 (FAO statistics)

Product Producing country Value 1000US$

Pacific cupped oyster China 2 549 856
Japanese carpet shell China 1 825 776
Giant tiger shrimp Thailand 1 597 199
Japanese amberjack Japan 1 081 395
Atlantic salmon Norway 999 641
Fleshy prawn China 987 293
Yesso scallop China 881 122
Mandarin fish China 814 125
Giant tiger prawn Indonesia 754 090
Whiteleg shrimp Ecuador 648 000
Giant tiger prawn India 585 144
Silver seabream Japan 497 338
Giant tiger prawn Viet Nam 417 600
Atlantic salmon Chile 374 731
Penaeus shrimps Bangladesh 351 083
Marine crabs China 348 949
Atlantic salmon United Kingdom 332 751
Razor clams China 332 026
Yesso scallop Japan 295 392
Coho salmon Chile 292 425
Giant tiger prawn Philippines 268 804
Milkfish Indonesia 266 220
Pacific cupped oyster Japan 251 406

merged acoustic devices. Such devices may also dis-
turb cetaceans, which are generally more sensitive
than seals to underwater noise. Research into the
impacts of seal scarers on cetaceans is urgently re-
quired. What limited evidence there is suggests that
cetaceans may be excluded from areas up to several
kilometers from Rsh farms with high-powered
acoustic deterrents. Fish and mammals are shot but
it is difRcult to quantify the impacts of this activity
on wild populations as records may not be accurate.
In the developed world, at least, shooting is accep-
ted only as a last resort.

Socioeconomic Aspects

There is no doubt that mariculture can have enor-
mous Rnancial beneRts which may run into billions
of dollars. For example, the 1998 farm gate value of
giant tiger shrimps is given in Table 1. Table 2
shows the value of individual products to nations
and includes those products where the national
value exceeded 0.25 billion US$ in 1998. Many of
these products are sold to export markets although,
for some, there are signiRcant internal markets.
Wherever the market, the contribution of mari-
culture is clearly immense and forms a signiRcant
proportion of national income for many countries.
The socioeconomic beneRts at the local level are,

however, highly variable and there are many instan-
ces where mariculture comes into conSict with
a variety of other stakeholders including inshore
Rsheries, tourism, and navigation. Different culture
methods may also cause conSict, for example,
where chemicals are used in Rn-Rsh culture, appro-
priate separations must be maintained with Rlter
feeding shellRsh culture to prevent cross-contamina-
tion. There may be serious conSict when local users
of a particular common resource, e.g., mangrove

forests, are not consulted prior to the development
of ponds that may have serious implications for
their livelihood. The coastal zone is regarded as
the most valuable on earth and it is not surprising
coastal aquaculture is at the forefront of such
conSicts as it is a relatively new industry. Many
countries are now moving towards coastal zone
management as an equitable method of allocating
resources to avoid conSicts. This involves educating
all stakeholders as to the environmental needs of
each use type and setting up a framework of regula-
tion and mitigation in order to protect legitimate
rights.
Many of the largest mariculture industries are

now owned by multinational companies and there is
a possibility of the proRts being exported from the
producing area while the environmental risks are
not. Most countries are now moving towards regu-
lations which enhance the sustainability of aqua-
culture and it is by such regulation, together with
monitoring and enforcement, that companies can be
obliged to accept responsibility for local impacts. In
addition, particularly for exported products, con-
sumer pressure is becoming more sophisticated and
there are already campaigns against products from
sectors that have poor practice. Although this is
a rather blunt instrument, which relies on the avail-
ability of clear, balanced information to be truly
effective, it is likely to become a major factor in
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controlling the production of cultured organisms
from the sea.

See also

El Nin� o Southern Oscillation (ENSO). Fishery
Management, Human Dimension. Mangroves.
Mariculture Diseases and Health. Mariculture
Overview. Salmonid Farming.
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Introduction

The Rsheries department of the Food and Agricul-
ture Organization (FAO) monitors the state of
world marine Rshery resources and presents every
two years to the FAO Committee on Fisheries
(COFI) a report on The State of Fisheries and
Aquaculture (SOFIA). This article draws signiR-
cantly from a section of SOFIA 2000 on the state of
world Rsheries and uses the information available
from 1974 to 1999 (the last year for which informa-
tion is available).
With the view to offering a comprehensive de-

scription of the global state of world stocks, the
analysis provided below considers successively: (1)
the relation between 1998 and historical production
levels; (2) the state of stocks, globally and by re-
gions according to data collected up to 1999; and
(3) the trends in state of stocks since 1974, globally
and by region.

Relative Production Levels

The data available for 1998 for the 16 FAO statist-
ical regions (Table 1) of the world’s oceans indicate
that four of them are at their maximum historical
level of production: the Eastern Indian Ocean as
well as the Northwest, Southwest and Western Cen-
tral PaciRc Oceans. All other regions are presently
producing less than their historical maximum, for
various reasons (Figure 1). Although this might
result, at least in part, from natural oscillations in
productivity (e.g., due to El Nin� o 1997 in the South-
east PaciRc Ocean), the lowest values observed may
indicate that a high proportion of the resources are
overRshed (e.g., in the Antarctic, as well as in the
Southeast and Northwest Atlantic Oceans).

Global Levels of Exploitation

At the end of 1999, FAO had some information on
590 ‘stock’ items. For 441 (or 75%) of them, there
was some more-or-less recent information on the
state. These ‘stock’ items are classiRed as under-
exploited (U), moderately exploited (M), fully
exploited (F), over exploited (O), depleted (D), or
recovering (R) depending on how far they are from
‘full exploitation’ in terms of biomass and Rshing
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