
DOI: 10.1126/science.1137362 
, 1713 (2007); 316Science

  et al.J. R. Beddington,
Fisheries
Current Problems in the Management of Marine

 www.sciencemag.org (this information is current as of December 12, 2009 ):
The following resources related to this article are available online at

 http://www.sciencemag.org/cgi/content/full/316/5832/1713
version of this article at: 

 including high-resolution figures, can be found in the onlineUpdated information and services,

 http://www.sciencemag.org/cgi/content/full/316/5832/1713/DC1
 can be found at: Supporting Online Material

 http://www.sciencemag.org/cgi/content/full/316/5832/1713#otherarticles
, 6 of which can be accessed for free: cites 16 articlesThis article 

 30 article(s) on the ISI Web of Science. cited byThis article has been 

 http://www.sciencemag.org/cgi/content/full/316/5832/1713#otherarticles
 5 articles hosted by HighWire Press; see: cited byThis article has been 

 http://www.sciencemag.org/cgi/collection/ecology
Ecology 

: subject collectionsThis article appears in the following 

 http://www.sciencemag.org/about/permissions.dtl
 in whole or in part can be found at: this article

permission to reproduce of this article or about obtaining reprintsInformation about obtaining 

registered trademark of AAAS. 
 is aScience2007 by the American Association for the Advancement of Science; all rights reserved. The title 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
 (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by theScience

 o
n 

D
ec

em
be

r 
12

, 2
00

9 
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org/cgi/content/full/316/5832/1713
http://www.sciencemag.org/cgi/content/full/316/5832/1713/DC1
http://www.sciencemag.org/cgi/content/full/316/5832/1713#otherarticles
http://www.sciencemag.org/cgi/content/full/316/5832/1713#otherarticles
http://www.sciencemag.org/cgi/collection/ecology
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org


Current Problems in the Management
of Marine Fisheries
J. R. Beddington,1* D. J. Agnew,1 C. W. Clark2

The public perception of fisheries is that they are in crisis and have been for some time. Numerous
scientific and popular articles have pointed to the failures of fisheries management that have
caused this crisis. These are widely accepted to be overcapacity in fishing fleets, a failure to take
the ecosystem effects of fishing into account, and a failure to enforce unpalatable but necessary
reductions in fishing effort on fishing fleets and communities. However, the claims of some
analysts that there is an inevitable decline in the status of fisheries is, we believe, incorrect. There
have been successes in fisheries management, and we argue that the tools for appropriate
management exist. Unfortunately, they have not been implemented widely. Our analysis suggests
that management authorities need to develop legally enforceable and tested harvest strategies,
coupled with appropriate rights-based incentives to the fishing community, for the future of
fisheries to be better than their past.

The United Nations Food and Agriculture
Organization (FAO), which monitors the
state of world fisheries, has estimated that

since 1990 approximately one-quarter of fish
stocks have been overexploited, depleted, or are
recovering from depletion (17%, 7%, and 1%,
respectively) (1), with the Northeast and North-
west Atlantic, the Mediterranean, and the Black
Sea being the areas with the largest number of
depleted stocks (2). Many authors have elabo-
rated on these conclusions, documenting
the poor state of fisheries worldwide (3).
Nevertheless, the situation, although seri-
ous, is not catastrophic, and there are
grounds for optimism. There have been
successes of fisheries management, and
there is an understanding of what is in-
volved in successful fisheries management
and of the requirements for its implemen-
tation. These issues are explored in this
review.

The management of commercial fish-
eries clearly requires a good scientific
understanding of the behavior of the ex-
ploited stock or stocks. The science that is
used to assess commercially exploited
species is still dominated by the popula-
tion models developed by Beverton and
Holt for single-species assessments some
50 years ago (4). The availability of sub-
stantial computing power has meant that
sophisticated estimation methods can be used,
and an appreciation of the way in which fish
stocks respond to environmental variability is
readily incorporated in scientific advice (5). Calls
for a more ecosystem-orientated approach have
been voiced for some while, but the paucity of

data and the demands of multiparameterized
multispecies models means that most ecosystem
considerations in practical stock assessment tend
to be ad hoc manipulations of the single-species
approach (6).

What has developed is a realization that
effective management requires an understanding
of how the fishery system is performing relative
to reference points. The most commonly used
reference points are those relating to the size of

the stock itself and the fishing mortality that will
result in these stock sizes, given existing re-
lationships between the stock, recruitment, nat-
ural mortality, and growth (Fig. 1). A typical
“target reference point” is the biomass neces-
sary to produce maximum sustainable yield
(BMSY). However, such targets do not explic-
itly recognize threats to the stock. To address this
issue, stock size “limit reference points” are
usually defined or interpreted as the stock bio-
mass below which recruitment becomes subs-
tantially reduced. Clearly, it is important to avoid

situations where the stock is at or below this
level. Accordingly, management should aim to
have as a target a level of stock size that carries a
low risk (allowing for scientific uncertainty) of
the stock dropping below the limit reference
point (7). This could mean having a target level
of fishing mortality that provides stock sizes
above BMSY.

Understanding Fisheries Management
Competent scientific advice based on appropriate
data is far from ubiquitous in the fisheries world,
and even in ideal situations, fisheries manage-
ment has often been unsuccessful. The success of
a management system is often defined in terms of
biological, economic, social, and political objec-
tives. Clearly, economic and social objectives will
not bemet while a stock is in such a depleted state
that the long-term sustainability of the fishery is
threatened, but equally, biological objectives are
unlikely to be met without consideration being
given to economic and social objectives. Hence,
we argue that an understanding of the fishery
management process can only come from ana-
lyzing the capacity and incentives of the two key
stakeholders: the fishing community and the
management authority. This is not to belittle the
importance of other stakeholders, such as recrea-
tional fishers and environmental groups, who
have important roles in the management of cer-
tain fisheries.

Where management is weak or non-
existent, the economic factors underlying
overfishing in commercial fisheries have
been generally understood since the
1950s (8). In short, when multiple fishers
compete to catch fish from a given pop-
ulation, each fisher maximizes his net
income by continuing to fish as long as
the value of his catch exceeds the cost of
catching it. An equilibrium, called the
bionomic equilibrium, is reached only
when fishing has reduced the fish popu-
lation to a level at which catch rates are
barely sufficient to cover the costs of
fishing. The population is then main-
tained at this level through biological
processes of natural growth and repro-
duction. Thus, if the price:cost ratio is
high, the bionomic equilibriumwill result
in a low stock of fish, and hence a low
annual catch level; two characteristic

features of overfishing. In addition, the so-called
economic rents (total revenue minus total costs)
from the fishery will equilibrate at zero, resulting
in minimal overall economic efficiency.

Many management authorities seek to meet
their objectives by setting output controls in terms
of a total allowable catch (TAC) for the year and
closing the fishery when the year’s cumulative
catch has reached the TAC. Restrictions on fish-
ing gear, fishing season, and fishing areas, as a
supplement to the TAC, may also be imposed. If
the TAC is correctly specified and enforced, this
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Fig. 1. Typical reference points and stock status definitions
for stock biomass and fishing mortality. The limit of fishing
mortality that generates biological extinction is F extinction.
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method should maintain a stock level well
above that of bionomic equilibrium. If, however,
the TAC and the science behind it are not re-
spected by fishermen and not adequately en-
forced by authorities, widespread illegal fishing
can occur. A recent example is in the eastern
Baltic cod fishery where illegal fishing contrib-
utes to true catches being some 35 to 40% higher
than reported (9).

Efficient enforcement can be difficult. Put
simply, fishers will be deterred from breaking
fishing regulations if their expected loss from
detection and successful prosecution exceed
their expected gain. In many fisheries, the prob-
ability of detection of illegal activity and the
penalties are not sufficiently high to act as a
disincentive (6).

Strong management can ensure that bio-
logical targets are met, but it is essential that
regulations are enforceable, and this has often
proved to be difficult. Less-than-perfect enforce-
ment can lead to illegal fishing, poor scientific
data, and a failure to meet biological targets.
Input measures, such as limiting the number of
vessels or restricting available season length,
are usually more easily enforceable than output
measures such as TAC (10). However, control
via input measures is vulnerable to effort creep,
whereby operators increase the fishing power of
their vessels through technical means. Never-
theless, monitoring of vessel performance over
time and adjusting the allowable level of effort
have allowed successful effort control to be
implemented (11).

Overcapacity
Simplistically, it would seem that positive eco-
nomic rents should also emerge in a TAC-
regulated fishery. In reality, many TAC-regulated
fisheries have experienced an unexpected in-
crease in fishing capacity, as additional vessels
enter the fishery in response to (temporarily)
positive rents. Economic models (12, 13) then
predict a regulated bionomic equilibrium, in
which economic rents (net of fixed costs) again
equilibrate at, or near, zero. This situation cur-
rently exists in many of the world’s regulated
fisheries; overcapacity of fishing fleets is wide-
ly perceived as a major impediment to achiev-
ing economically productive fisheries (14). It is
thus ironic that such overcapacity is usually
generated by the management system itself,
although it can also result from high profitabil-
ity during the initial phase of a newly developing
fishery.

Overcapacity is widely recognized as a major
problem affecting world fisheries. With its at-
tendant social and economic problems, over-
capacity can, via the political process, lead to the
erosion of management control (15). It is also
understood to be one of the results of subsidizing
fisheries, which even today is estimated to be
several tens of billion U.S. dollars per year (16).
Such subsidies directly undermine the sustain-
ability of fisheries because they lead to a bio-

economic equilibrium with high levels of fishing
and low stock size. In several fisheries, govern-
ment funds have been used to buy out excess
fishing capacity. For various reasons, such buy-
back programs have been less effective than ex-
pected. First, often only the least efficient vessels
are bought up, leaving total fishing capacity
largely intact. Second, the buyback program by
itself does not remove the economic incentives
underlying overcapacity, which tends to increase
once the buybacks are completed (12, 17).

Thus, the underlying cause of the dual crisis
of overfishing and overcapacity, as well as other
undesirable outcomes, such as habitat destruction
and incidental kills of untargeted species, can be
found in the economic incentives of fishers who
compete for their annual catches. These incen-
tives are not affected by management strategies
that retain the competition between fishers for a
common-pool resource. Perhaps the most impor-
tant development in fisheries management over
the past 20 years has been the recognition of this
fact and the introduction of rights-based man-
agement in several regimes. Indeed, it has been
argued that of the tools at the disposal of man-
agers, more emphasis needs to be placed on
incentive-based approaches that better specify
community and individual harvest or territorial
rights, in additional to public research, monitor-
ing, and effective administrative oversight (18).

Transferable Quotas
An alternative management strategy based on
individually allocated transferable annual catch
quotas (ITQs, or individual transferable quotas) is
now in effect in several fishing nations, including
Australia, New Zealand, Iceland, Canada, and
Namibia. A well-organized rights system alters
the economic incentives of fishers, who no longer
compete for their catches, so that highly com-
petitive fishing no longer takes place. The guar-
antee to fishers of a certain proportion of the
catch allows them to make rational economic
choices about where and when they catch fish.
An ITQ system goes further, allowing the
industry to settle on a fleet capacity that optimizes
individual economic yield to vessels or cooper-
atives, although this of course can still be dis-
torted by inappropriate subsidies.

In addition, ITQ fishers may often be
expected to favor management actions that pro-
tect and enhance fish populations, because the
value of a quota share increases as stocks become
more abundant. Problems that may arise, such as
misreporting or high-grading of catches, have
been successfully countered by the use of ob-
servers, required by the management system but
paid for by the industry; observers are used ex-
tensively in the U.S. Pacific fisheries, Australia,
and New Zealand. Experience with ITQ systems
shows that many fishers willingly support and
adhere to conservative management strategies
and may also avoid fishing practices that en-
danger habitat or threaten other species, so long
as they are guaranteed long-term rights. But this

does not mean that enforcement and scientific
monitoring are unnecessary in ITQ systems; both
are essential unless catch levels are set at pre-
cautionary low levels. It is thus unsurprising that
the two countries with perhaps the most fully de-
veloped ITQ systems, New Zealand and Iceland,
have some of the highest costs of management
per fishing vessel (19)

Several authors have pointed to instances of
successful fisheries management in both the de-
veloped (20, 21) and developing (22) world.
Among their conclusions are that incentive struc-
ture, institutional capacity, and participation of
stakeholders are of key importance. However, in
some studies, a rights-based approach is seen as
the primarymechanism to deliver this (18), where-
as in others, severe top-down controls with very
limited participation of fishing communities in
the management process are advocated (23). We
argue here that a necessary condition for success-
ful management contains all these elements: a
competent management authority able to set and
enforce regulations and monitor the status of the
stock, together with some form of rights-based
allocation to fishing operators (either collectively
or individually) to avoid the situation where
overcapacity produces economic hardship and
erodes management capacity.

Evidence from Fisheries Performance
Reviews of successful fishery management are
of necessity specific to individual fisheries and
sometimes anecdotal. However, in some large
areas, a combination of strong state governance
and wealth, substantial scientific activity, and
different types of fishery management offer the
opportunity of some comparison between dif-
ferent types of fishery management that goes
beyond the anecdotal.

Detailed data on the status of different
fisheries are published for U.S., Northeast At-
lantic, Australian, and New Zealand fisheries.
The approach to management taken by these
authorities is varied. New Zealand has the most
developed and widespread application of indi-
vidual user rights (ITQs), which have been in
place from 1986 and have spawned other devel-
opments such as collaborative and alternative
research by stakeholders (24). ITQs are present
also in some Australian fisheries, a very few U.S.
fisheries, and some Northeast Atlantic fisheries.
(The Faroes, Norway, Iceland, and United King-
dom have rights-based systems, and some fleets,
notably the Dutch flatfish and Spanish Grand
Sole fleets, are also managed via ITQ.)

If a broad view is taken of these management
areas, the evidence for the positive benefits of
ITQs in supporting sustainable resource use is
mixed. Only 15% of New Zealand’s stocks with-
in the quota management system, for which the
stock status is known, are substantially below the
target reference level. For other administrations,
the percentage of stocks that are below the limit
reference level (i.e., overfished), out of the total
number of stocks for which the status is currently
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known, is 19% for Northeast Atlantic fisheries
managed by non–European Union (EU) admin-
istrations (Iceland, Faroes, and Norway), 25% for
federally managed U.S. fisheries, 30% for North-
east Atlantic fisheries managed primarily by the
EU, and 40% for Australian Commonwealth
fisheries (25, 26) (see supporting online material).
Evenwithin the United States, there are very large
regional differences: 40% of major Fish Stock
Sustainability Index (FSSI) stocks managed by
the New England and Mid-Atlantic Fishery
Management Councils, for which the stock status
is known, are overfished, and 30% are subject to
overfishing. By contrast, only 13%of FSSI stocks
managed by the Pacific, West Pacific, and North
Pacific Management Councils are overfished,
with 6% suffering from overfishing.

Only the United States has seen an improve-
ment in performance over the past several years;
in 2000, 38% of U.S. stocks for which the status
was known were classified as overfished. All
other areas have experienced some increases in
the number of overfished stocks in the past
decade, although the increases in New Zealand
have been very small and are offset by recov-
eries in some inshore stocks. However, these
statistics disguise a quite dynamic situation with-
in each region; for example, of 74 U.S. stocks
requiring rebuilding, biomass is increasing in
48% of them even if they have not yet achieved
rebuilt status (27).

More detailed examination of the U.S. situ-
ation reveals that although ITQs are not generally
applied, West Coast fisheries are managed by
quota controls with fishing rights assigned to
fishing companies or sectors, whereas in the
northeast, fisheries are managed by a days-at-sea
scheme and other effort controls (28). In terms of
their current performance and the stock recovery
required by the Magnusson-Stevens Act, West
Coast management systems appear to be more
effective than northeast coast systems: Only two
of the 18 New England stocks that were over-
fished in 1995 have now recovered, compared to
4 of 9 stocks similarly categorized by the Pacific
Fisheries Management Council (27).

Clearly, non-ITQ management systems do
not always fail to maintain sustainable stocks,
and management systems using ITQs are not
always successful. The critical additional require-
ment appears to be a formally adopted manage-
ment strategy with predefined rules for what to
do in different circumstances. In New Zealand,
in addition to an ITQ system, a formal harvest
strategy embedded in the Fisheries Act (1996)
means that rebuilding is statutorily required when
the stock is below its target level (29). By
contrast, the lack of a formally adopted harvest
strategy in the Australian Southern and Eastern
Scalefish and Shark fishery has led to an increase
in the number of overfished stocks in that fishery
over the past 10 years, despite operating with an
ITQ system since 1992 (30). EU fisheries also
lack a formal harvest strategy; although there is a
commitment under the 2002 revision of the

Common Fisheries Policy to develop multi-
annual management plans for all stocks, such
plans are only currently defined for 17 of the 94
stocks that fall under EUmanagement, and many
of these have had to be negotiated during periods
of stock collapse.

The key problems, i.e., the need to provide
incentives to fishers to engage constructively in
fisheries management and the need to have
strong legal support for predefined harvest strat-
egies, apply equally to management of stocks
under national control and those in international
waters under the control of Regional Fisheries
Management Organisations. To our knowledge,
none of the latter currently allocate rights to in-
dividual fishers, and only a few have defined and
tested effective harvest strategies. Allocation prob-
lems continue to beset these high-seas fisheries
and influence compliance, data availability, and
transparency (31–33).

The recovery of depleted fish stocks is a
key issue and one to which most countries
committed themselves in 2002 as part of the
World Summit on Sustainable Development.
An effective reduction in fishing effort, the
participation of fishers and other stakeholders
in the science and decision-making process,
and the biology of the species are important
factors affecting successful recovery (34).
However, unless a harvest strategy is defined,
with pre-agreed, legally binding decision rules
requiring reductions of effort when stock sizes
decline below limit reference points, most
management authorities will still delay taking
action to recover stocks. Some of this delay
may arise from uncertainty in the science, but
mostly it arises from an unwillingness to take
decisions that will create hardship for fishers,
and usually a delay will exacerbate stock de-
cline (35).

Ultimately, the most successful management
approaches are likely to combine rights-based
systems, creating incentives for fishers to operate
efficiently and with long-term sustainability in
mind, with a strong legal structure that requires
the development of pre-agreed harvest strategies
and decision rules that are triggered and adhered
to as reference points are passed. As indicated
earlier, an adequate control of fishing activities is
also necessary (19).

Addressing Ecosystem-Based Management
In recent years, there have been many calls for
much wider use of Marine Protected Areas to
address the need for ecosystem-based manage-
ment. We see these as a useful part of fishery
regulation, but they are not a universal solution
because unless the basic issues of capacity, reg-
ulation, and rights are solved, protected areas will
simply displace the problem elsewhere. In this

we concur with recent reviews (18, 20, 36, 37)
that emphasize the primary importance of
conventional measures to control fishing mortal-
ity and the secondary but essential role that
marine protected areas (or other area-based man-
agement, such as local prohibitions on particular
gears such as bottom trawls) have in dealing with
specific issues of ecosystem conservation, such
as bycatch and habitat damage.

The simple creation of rights-based incentives
does not automatically deal with ecosystem prob-
lems, because fishers have little incentive to
minimize bycatch or habitat damage that does not
affect their target species. An interesting recent
development is the creation of additional incen-
tives for fishers through market measures, such
as the creation of sustainable fisheries certifica-
tion schemes and pressure from environmental
nongovernmental organizations for responsible
fisheries. Fishers have a major incentive to im-

Higher management costs Minimum management costs

Y
ie

ld

Fishing effort
(people, boats, nets, etc)

Low High

Economic cost
High cost of fishing for less return

Social cost 
Resource user conflicts

Biological cost
Overfishing, loss of biodiversity, local extinctions

Fig. 2. The fishery management dilemma is illustrated with a simple stock production curve
showing sustainable yield varying with effort. Low effort reduces biological risks and enhances
economic profits at the cost of low employment and higher management costs. High effort
increases employment at the cost of low economic profits and increased biological and social risks,
but with low management costs (40).
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prove fisheries to satisfy certification conditions,
and so far most of the conditions raised inMarine
Stewardship Council certifications have concerned
the ecosystem effects of fishing, often related to
quantifying and reducing deaths of bycatch spe-
cies and damage to habitat (see supporting online
material).

Even in the statistics documented for some of
those states with appreciable management capac-
ity, what is striking is for how many stocks, the
status is uncertain or not determined. In the
United States, the stock status of 30% of the 230
major (FSSI) stocks and stock complexes was
undetermined in 2006; in Australia (48%), New
Zealand (78%), and the Northeast Atlantic
(61%), the numbers are even higher (38).

Given the problems that most authorities have
in deriving reliable quantitative assessments of
their stocks of major commercial importance,
the large numbers of small, commercially unim-
portant stocks present in most areas, usually as
bycatch, cannot realistically be assessed. Under a
comprehensive ecosystem approach, risk assess-
ment methodologies should be used to identify
those bycatch species in need of special measures
(39), andmonitoring programs, for instance using
scientific observers, need to be implemented to
monitor trends in all bycatch species. The appli-
cation of these approaches is in its infancy even
in the most advanced management schemes;
many simply respond by setting untested but
hopefully precautionary effort or catch limits (10).

These considerations apply evenmore strong-
ly to fisheries operators in developing countries.
In a situation of little or no management capacity,
some form of bioeconomic equilibrium is the
likely result, but in such cases the management
priorities may be different. Indeed, high employ-
ment with relatively modest economic rent, as
long as it is compatible with the sustainability of
the resource, may be a perfectly legitimate man-
agement goal (Fig. 2). In other cases, the de-
velopment of Territorial Use Rights (TURFS)
within local communities can lead to effective
management control and rights-based operations,
resulting in successful management (20, 21).

Concluding Remarks
There is no doubt that there is a major problem
with the world’s fisheries, and, despite serious
attempts to improvemanagement and to facilitate
recovery of depleted stocks, the success has been
limited. The key issue that we highlight in this
review is that for successful management a dual
approach is required, one in which authorities
provide incentives for conservation based on
fishers’ rights and which is supported by strong

management incorporating legally enforced and
tested harvest strategies.
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