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Ireview the state of current knowledge with respect to the requirements for
achieving sustainable fisheries. Iconsider the range of objectives for fisheries
and identify conflicting objectives as a major issue in achieving sustainability.
Next Ireview historical and current practice in allocation of fish resources and
regulation of harvest and highlight existing knowledge. Evidence suggests that
both restriction of access and maintenance of biological productivity are nec-
essary conditions to achieve biological, economic and social sustainability.
However, the tools appropriate to achieve these differ greatly across fisheries
and societies, and for both elements of fisheries management local solutions
are needed in most cases. Attempts to impose standardized solutions to ei-
ther issue frequently result in ineffective solutions. Evidence also suggests that
involvement of consumptive users through appropriate incentives is an essen-
tial element in achieving sustainability.
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1. Introduction

As we survey the world of fisheries man-
agement in 2008 we can find many notes of
optimism and hope, and many of despair.
Depending on where we look and the per-
spective of tlie viewer, we can find fisheries
improving in biological abundance, eco-
nomic performance and contribution to com-
munities (Hilborn 2007b). Similarly in other

places we find fish stocks continuing to de-
cline in abundance, economic performance
is poor and declining, and communities are
in severe trouble (Pauly 2007).

Even the same fishery, viewed with dif-
ferent disciplinary lenses, may appear to be
headed in different directions. For instance,
the commercial salmon fisheries of Alaska
are widely regarded as examples of well
managed fisheries whose biological
sustainability remains unthreatened and
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produces at ornear the biological maximum.
Yet many of these same fisheries are suffer-
ing economically and socially. Economic
returns to fishermen poor, many individuals
have left the fishery and communities are
suffering for loss of income and tax base
(Hilborn 2006).

The purpose of this paper is to explore
what has been learned about how to manage
fisheries well and where this evolution of
fisheries management is leading. The ques-
tion I ask is do we now have enough knowl-
edge to move the world’s fisheries to an era
of sustainable management? [ begin by first
exploring many of the conflicts in the defi-
nition of “well managed.” Can we even move
to better fisheries management if we have
conflicts in our basic objectives. Then I con-
sider the elements of fisheries management
with my emphasis being that fisheries man-
agement consists of a broad range of activi-
ties, many of which are often overlooked by
outsiders. Then I discuss the evolution and
lessons from fisheries management in indus-
trial fisheries and small-scale fisheries. Fi-
nally I consider what has been learned, and
tlie extent to which we know how to move
forwards to more sustainable fisheries and
communities.

2. Objectives and Defining
"Well Managed"

Before we can consider moving towards a
better fisheries future and having most fish-
eries being well managed, we must recog-
nize the range of perspectives regarding the
objectives of fisheries management and what
would constitute success or being “well man-
aged.” There are a wide range of
“stakeholders” who are involved in fisher-
ies, including industrial, artisanal, subsist-
ence and recreational fishermen, suppliers
and workers in allied industries, managers,
scientists, environmentalists, economists,
politicians and the general public (Hilborn

2007a). Each of these groups has an interest

in particular outcomes from fisheries and the
outcomes that are considered desirable by
one stakeholder may be undesirable to an-
other group.

For example, economist often cite the
use ofindividual transferable quotas (ITQ’s)
and related tools (Pearse 1992; Norse e/ al.
2003) as the key to making fisheries profit-
able and “successful.” Others consider the
outcome of ITQ systems that often lead to
profitability and wealth for ITQ holders as
undesirable, and indeed recently the UN
Commission on Human Rights has called the
ITQ system in Iceland “unfair” and the Ice-
landic Green Party has called for abandon-
ment of the county’s ITQ system.

Other obvious conflicts in objectives
occur between fishing groups who are inter-
ested in sustainable exploitation, and con-
servation groups interested in protecting eco-
systems from disturbance. The current con-
troversies over establishment of Marine Pro-
tected Areas closed to fishing is the most
obvious sign of this conflict. Other exam-
ples occur over by-catch of non-target spe-
cies, where there is no intrinsic interest for
fishermen to protect species of little or no
value to them, but these species are often
highly valued by conservation stakeholders.

Is the purpose of a fishery to make
money or to provide jobs? In many places
tlie best way to maximize profit from a fish-
ery appears to be to sell access rights to for-
eign fleets, or to arrange charter/lease agree-
ments with foreign fleets. In these fisheries
tlie country or quota holders achieve profit-
ability but there is little if any employment
generated for the domestic economy.

Wi ithin fishing groups there are frequent
and long-standing battles over allocation—
within the U.S. and in many other countries,
recreational fishing groups have repeatedly
attempted to have commercial fishing re-
stricted to allow greater access to fish for
their groups.

Thus there is substantial disagreement
on what we want from fisheries and what
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would constitute successful management.
However, I do believe there are many com-
mon elements of success across most
stakeholders, including primarily biological
and economic sustainability.

2.1. Biological sustainability

The long-term persistence of a fishery de-
pends upon maintaining the productivity ca-
pacity of the stocks being exploited. No
stakeholder’s objectives can be achieved by
extirpating the resource. Almost all of tlie
criteria that are currently applied in various
forms of fisheries certification, such as tlie
Marine Stewardship Council (Phillips e/ al.
2003), focus on the biological sustainability
of the management system. Within the realm
of biological sustainability, one does find
conflicting objectives when we consider
other elements of the ecosystem. For exam-
ple, in the New Zealand hoki fishery, which
is largely mid-water and bottom trawl, there
is an incidental catch of fur-seals. To tlie fish-
ermen the by-catch of seals is unintentional,
but of no real consequence, they come up
dead and the deck and are thrown overboard.
To conservationists this by-catch is a con-
cern, and have repeatedly argued that fur-
ther efforts should be taken to restrict the by-
catch of seals. Several groups objected to the
certification of the NZ Hoki fishery by tlie
MSC with one of the issues raised being tlie
by-catch of fur-seals.

Another area of conflict is around the
level of ecosystem modification considered
appropriate. Fishing often transfonns ecosys-
tems. At tlie very least fishing reduces the
abundance of the target species, in the ex-
treme fishing can totally transform the na-
ture of the ecosystem. For example, the
overfishing of groundfish in a number of
ecosystems has led to major increases in
abundance and catch of several invertebrate
species such shrimp, crabs and lobster
(Worm and Myers 2003). These ecosystems
can be thought of as being transformed from
a groundfish dominated, to invertebrate

dominated. The economic value of the in-
vertebrates is often higher than the
groundfish they replaced. While it is not clear
that these transformed ecosystems are sus-
tainable in the long term, they may be, and
if they are then there is an obvious conflict
between the economic value of these fisher-
ies and tlie fishermen that depend on them,
and tlie traditional objectives of maintain-
ing ecosystem structure and function.

2.2. Economically viability

The economic viability of fishing fleets and
communities would be accepted as a desired
outcome by almost all stakeholders. Most
environmental NGOs say that they support
fishing communities. Thus we could evalu-
ate any fishery where the fishing fleets are
bankrupt and communities in distress as not
successful or well managed. Again however,
as soon as we look deeper there are consid-
erable conflicts between stakeholders. Com-
munity-oriented groups tend to see any form
of large-scale industrial fishing and large
firms as an anathema, and their vision of eco-
nomic viability is small-scale community-
based fisheries. Some countries such as New
Zealand have made clear decisions to favor
economic profitability, and if that profitabil-
ity is found by a few large firms harvesting
the majority of the catch, that is considered
consistent with national fisheries objectives.

There is similar conflict on the role of
subsidies to individuals and communities. In
some places such as eastern Canada, subsi-
dies in the form ofunemployment insurance
are amajor elementin the fisheries policy to
maintain communities, yet in many other
countries (Australia, New Zealand) such
approaches would be considered inconsist-
ent with good economic management of fish-
eries.

3. Elements of Management

In most popular and scientific discussions
fisheries management has become almost
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synonymous with the regulation of harvest
and maintenance of stock levels. When one
considers whether fisheries management has
succeeded or failed, the focus is almost in-
variably on whether catches have been too
high and how and what are tlie trends in tlie
abundance of the stock.

However, fisheries management is a

much more diverse activity, and tlie other
elements of fisheries management are often
neglected, or at least undervalued. However,
if we wish to consider tlie success of fisher-
ies management, and indeed the trends in
fisheries management in different parts of the
world, we must look to a broader range of
fisheries management activities. If we look
to what fisheries management agencies ac-
tually do, tlie activities they perform, I can
identify six types of activity; (1) access to
fishing, (2) regulation ofharvest, (3) data col-
lection and research, (4) enforcement and
compliance, (5) artificial propagation, and
(6) habitat protection. Due to limitation of
space I am only going to consider the first
two elements of fisheries management.
Access to fishing and gear—who fishes
with what and where: Fisheries manage-
ment agencies, by design or default, deter-
mine who gets to fish, what gears they can
use, and when and where they can fish. We
generally call this process allocation, and
distinguish between allocating the catch to
alternative users, and tlie regulation of catch
levels.
Regulation of catch: Agencies frequently at-
tempt to regulate tlie levels of catch by a
variety of means usually either direct regu-
lation of the total allowable catch (TAC), or
restricting the amount of fishing effort, the
efficiency of tlie gear, or the time and space
opportunities for fishing.

4. Historical Evolution of Management
Practice

In this section I wish to review trends in fish-
eries management practice comparing indus-

trial fisheries with small-scale fisheries. The
emphasis will be on what has been learned.

4.1. Industrial fisheries

This group of fisheries constitutes tlie liigh-
volume fisheries of the world and includes
fisheries in western countries, international
waters and some Asian and African coun-
tries. The common characteristic of these
fisheries is that they involve many vessels,
catch large volumes of fish, and are of
enough economic value that management
agencies can often devote considerable re-
sources to their management. The industrial
fisheries of the North Atlantic fonned the
basis for the modem “theory of fishing” as
codified in the classic Beverton and Holt
book from the 1950’s (Beverton and Holt
1957) and described in Smith (1994). A very
large portion of tlie world’s fish catch comes
from these fisheries, and most discussion of
“state of the worlds fisheries” (Hilborn e/ al.
2003) would focus on these fisheries. How-
ever, we recognize that most of the people
in the world who earn their livings fishing
are in Asia and Africa and most of them de-
pend on tlie small-scale fisheries described
in the next section.

4.1.1. Access to fishing

Almost all industrial fisheries began as open
access, where anyone with tlie ability to pur-
chase a vessel could participate. Within tlie
last 50 years a wide range of mechanisms
for providing access have been tried and
much has been learned. Open access fisher-
ies have almost uniformly resulted in devel-
opment of excess fishing capacity to tlie point
where profitability of fishing becomes close
to zero. This problem is especially acute
when there are cycles in price and abun-
dance. During tlie periods of high profitabil-
ity, more participants enter the fishery, and
when there is a downturn in abundance, or
price, or an increase in costs, most of tlie
vessels operate at a loss.
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A common step beyond open access is
limited entry, where the number of licenses
or vessels is fixed, but the ability of the li-
cense-holders to increase their catching
power is usually not. In such systems the
result is commonly tlie same as with open
access, a highly overcapitalized fishery with
poor economic performance. The exception
is in fisheries where there are ways to effec-
tively constrain the ability of increased in-
vestment to increase the catching power of
vessels. In these cases, if the fleet size is
capped before it is too large, the tendency of
capital to increase catching power and ulti-
mately reduce profits may be controlled and
fleets may be profitable for considerable
periods of time.

A rarely used alternative to granting of
permanent or long-term fishing rights is tlie
sale of short-term fishing rights, either to
domestic fishermen or to foreign fleets. Such
systems are rare in industrial fisheries, and
are generally unpopular with domestic fish-
ermen who almost uniformly argue for fish-
ing rights to be given to them at little if any
cost. However, where implemented, such
mechanisms have proven to provide consid-
erable revenue to states or management agen-
cies and have avoided tlie problem of devel-
opment of excess fishing capacity.

A method that is growing in use is the
granting of catch shares to individuals or
vessels in systems commonly called Indi-
vidual Transferable Quotas (ITQ) or Indi-
vidual Vessel Quotas (IVQ). New Zealand
and Iceland have adopted these systems for
most of their fisheries, and within the U.S.,
Canada, Australia, South Africaand Namibia
they are now in common use. ITQ systems
have long been advocated by economists as
a way to prevent, or to reduce overcapitali-
zation. ITQs do this by eliminating any in-
centives for increased catching power: if a
vessel has a fixed share of the catch it can-
not increase its catch share by technological
means. In ITQ systems tlie incentives are to
reduce the cost of fishing and to increase tlie

quality and price of the product, leading to
increased profitability. Another common re-
sult of ITQ systems is a reduction in total
fleet size, effectively concentrating the har-
vest to a smaller number of vessels. Such
concentration is frequently decried by soci-
ologists and anthropologists because of the
loss ofjobs and concentration of catch, while
economists generally view this outcome as
a desirable aspect of economic efficiency.
Others object to the fact that ITQ systems
often generate considerable wealth in the
quota holders, and since tlie common prac-
tice has been to allocate ITQ to vessels
largely based on their catch histories, many
decry this practice as socially inappropriate.

Another approach is sector allocation,
in which a fixed share of'tlie catch is assigned
not to individual vessels but to groups of
vessels. Perhaps tlie most common applica-
tion of sector allocation is in international
fishing agreements where nations are granted
a certain share of the total allowable catch.
Alternatively, in some cases specific fishing
fleets in national fisheries are allocated a
fixed share. An example of this is the fac-
tory trawler fleet for pollock in the Bering
Sea (Mansfield 2004). This fleet has a fixed
share, and tlie companies who own the ves-
sels have worked out an agreement on how
much of the allowable catch each vessels is
allowed to catch, effectively making the sys-
tem like an ITQ system. The consequences
of sector allocation differ markedly. When
the size of the sector is small and they have
been able to cooperate in how the catch is
internally allocated, sector allocation has
proven to promote considerable economic
efficiency. When the sectors who receive al-
location are large, or not well organized,
there often remains a competitive race within
the sector members and the outcome is not
dissimilar to open access.

Experience with industrial fisheries has
taught us that the economic performance of
the fishing fleet is largely determined by the
method used to allocate access to tlie fishery.
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Open access and limited entry have gener-
ally resulted in poor economic performance,
while ITQ/IVQ systems, and state sale of
short-term fishing rights generally result in
much more profitable fisheries. Sector allo-
cation has a very mixed track record, but
when tlie groups are small and working to-
gether, sector allocation can achieve eco-
nomic profitability.

The biological sustainability of tlie re-
source is much less directly influenced by
tlie allocation method. Numerous fisheries
have achieved biological sustainability while
remaining in open access or limited entry.
The biological success depends much more
on the management agencies’ choice of har-
vest levels and their ability to enforce these
limits.

Discussion of access in industrial fish-
eries does always lead to a direct confronta-
tion of the tradeoff between economic prof-
itability, and employment and equity. If you
want to make fisheries profitable you always
want to use fewer boats and people than
would naturally happen in open access.

4.1.2. Regulation of catch

The level of knowledge regarding harvest
levels in industrial fisheries has evolved over
tlie last 100 years, beginning with initial de-
bates about whether overharvesting of such
fisheries was even possible. Thomas
Huxley’s viewed these fisheries as one of
unending surplus. “... that the cod fishery,
tlie herring fishery, the pilchard fishery, tlie
mackerel fishery, and probably all the great
sea-fisheries, are inexhaustible; that is to say
that nothing we do seriously affects the
number of fish. And any attempt to regulate
these fisheries seems consequently... to be
useless” (Huxley 1884).

Since Huxley’s time much has been
learned and it is now widely accepted that
there are limits to the potential harvest of all
fisheries in tlie ocean, and that catch levels
in most fisheries need to be regulated. There
has now evolved in most managed industrial

fisheries a process of management that of-
ten occurs on an annual basis. The elements
of'this cycle are (1) data collection and moni-
toring of the fishery and the stock, (2) as-
sessment of stock status from the data avail-
able usually using population dynamics mod-
els, (3) determination of catch limits or other
regulations for tlie next year or period of tlie
management cycle, an (4) implementation of
the regulations and pursuit of the fishery
(Hilborn 2003). Almost all international
RFMOs, and governments in Europe, North
America, Namibia, South Africa, Pera, Chile,
Argentina, Australia and New Zealand, all
have processes with these elements for most
of their most significant industrial fisheries.

The first two elements of the cycle are
highly fishery specific and I won’t go into
any details. However, in determining the
catch limits there are some near-universal
themes. In tlie second phase of the cycle tlie
data are used to estimate the stock size and
productivity, from that assessment tlie catch
limits are set usually based on “reference
points.” One kind ofreference points are “tar-
gets” which may be as simple as a target
exploitation rate (Hilborn 2002; Koeller
2003). From the assessment, one obtains an
estimate of tlie total population size, that is
multiplied times the target exploitation rate
to obtain the annual allowable catch. In other
fisheries, tlie targets are stock abundance lev-
els, and if the stock is below the target abun-
dance, catches are reduced, if abundance is
above tlie target it might be increased.

A second type ofreference point is “lim-
its.” Limit reference points are levels beyond
which management does not wish to oper-
ate. For instance a common limit reference
point is a minimum stock size, and if this
limitis exceeded, then more drastic manage-
ment action is taken, either the fishery is
closed, or a new set of harvestrales are con-
sidered to assure stock rebuilding. There are
also exploitation rate limit reference points,
exploitation rates which the agency does not
want to exceed.
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Figure 1 shows a typical harvest nile
adopted by the Pacific Fisheries Manage-
ment Council known as the 40:10 nile. The
target population size is 40% of a theoreti-
cal “unfished population size” and the limit
populadon size, below winch any directed
fishing is stopped is 10% of the unfished
population size.

A refinement on the cycle of manage-
ment described above are more fonnal “man-
agement procedures” in which not only is
there a fixed harvestnile, but the assessment
process is also completely specified. In most
management agencies tlie assessment pro-
cedure evolves from year to year as new
methods or assumptions are tried, new data
become available of staff turns over or staff
changes. Tins can lead to dramatic “revi-
sions” in stock assessments, where estimated
abundance changes as much as 2-3 fold from
year to year (Parma 2002). In management
procedures, tlie assumptions are fixed for sig-
nificant periods of time such as 5 years. A
major advantage of management procedures
is they allow computerized simulation test-
ing of the entire procedure to determine the
consequences of using that procedure across
arange of assumptions about tlie true stock
biology. Much more extensive discussion of
the experience with management procedures
is found in a paper in this book by
Butterworth (2008).

There are significant exceptions to the
annual cycle of management describe above.
Tins process applies primarily to industrial
fisheries where an annual allowable harvest
is specified. In some fisheries, such as the
Maine lobster fishery (Acheson and Gardner
2004), there are no catch limits, but limits
on the minimum size, season length, type and
amount of fishing gear. These regulatory
rules have proved sustainable over many
decades and indeed in the Maine fishery
yields have risen dramatically in the last
20 years. Systems regulated by effort rather
than catch are theoretically more robust to
uncertainty in stock size, although they are
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Fig. 1. The 40:10 harvest rule of the Pacific

Fisheries Management Council.

vulnerable to increasing technological effi-
ciency leading to growing exploitation rates.

The primary lessons that have been
learned in harvest levels are first that
overexploitation is possible for almost all
stocks and we now have a considerable body
ofknowledge on what levels of fishing mor-
tality and stock size lead to loss of potential
yield (Myers et al. 1994). Secondly, when
managing by annual catch limits, a feedback
management system is required and updates
in the allowable catch need to be made in a
timely fashion consistent with the biology
ofthe species. I believe there is a broad con-
sensus that application of harvest control
rules without implementation in a manage-
ment procedure leads to highly uncertain
outcomes, and harvest control rules should
be evaluated in the context of a management
procedure.

An outstanding issue is what quantity to
have on the A-axis of the harvest control
rules. The U.S. has been at tlie forefront of
tlie kind of harvest control rales as described,
and commonly the A-axis is tlie stock size
relative to the estimated unfished level. This
often leads to great complications as the
unfished level is often difficult to estimate,
and as tlie importance of systematic environ-
mental changes to stock productivity is more
broadly accepted, we recognize that the
unfished level in one production regime is
different from the unfished level in another
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production regime. There is considerable
active research on how to find robust strate-
gies across production regimes.

A further area of considerable discussion
is the appropriate spatial scale of manage-
ment. The traditional assumption has been
tlie regulation of catch on the basis of tlie
“unit stock” (Hilborn and Walters 1992), a
theoretical self-contained population. As we
have learned more about the biology of fish
stocks we discover more and more structure
within stocks that leads to the potential to
try to manage dozens, or even hundreds of
stock units separately. Management agencies
rarely would have tlie resources or ability to
control fishing on such small spatial scales.
The best approach with such spatially struc-
tured stocks is one of considerable debate,
but one promising solution is to think of such
fisheries not as large-scale industrial fisher-
ies, but rather as many small-scale fisheries,
and move to management methods appro-
priate for such stocks as discussed in tlie next
major section.

Most of the basic theory of industrial
fisheries management has been derived from
management of single stocks. Many of tlie
industrial fisheries of the world harvest a mix
of stocks, and even many of the large single
species fisheries, catch significantly amounts
of other species. There remains considerable
discussion and debate about how best to
manage the non-target species in such fish-
eries.

4.2. Small-scale and community-based
management

At the other end of technology, spatial scale
and volume are the many small-scale fisher-
ies of the world. These fisheries employ tlie
majority of the people in tlie world engaged
in fishing, and are the backbone of fishing
communities throughout the world, often
including industrialized countries. These
fisheries have seen an evolution of fisheries
management systems very different from tlie
industrial fisheries of the world, and many

argue that many of the lessons learned in
these fisheries should be applied much more
broadly. My personal experience is prima-
rily in industrial fisheries, and I will draw
on lessons learned in small-scale fisheries
primarily from the Chilean artisanal fisher-
ies (Gonzalez 1996; Castilla and Fernandez
1998; Castilla et al. 1998), South Pacific Is-
land nations (Johannes 1978; Johannes 1981;
Johannes 2002), and Japanese coastal fish-
eries (Akimichi 1984; Akimichi and Ruddle
1984; Ruddle 1989, 1994, 1998a, b, c).

4.2.1. Access to fishing

The most important lesson from the small-
scale fisheries of the world is that limiting
access, usually to local participants, is tlie
key to biological, economic and social
sustainability. It is now almost 30 years since
Johannes wrote ‘The Words of the Lagoon”
and the lessons he described ring more truly
every day.

The most important form of marine conserva-
tion used in Palau, and in many other Pacific
islands, was reef and lagoon tenure. The
method is so simple that its virtues went al-
most unnoticed by Westerners. Yet it is prob-
ably the most valuable fisheries management
measure ever devised. Quite simply, the right
to fish in an area is controlled and no outsiders
are allowed to fish without permission.
(Johannes 1981)

Where such tenure of marine fishing grounds
exists it is in the best interest of those who con-
trol it not to overfish . .. Self-interest thus dic-
tates conservation. In contrast, where such re-
sources are public property, as is the general
case in Western countries, it is in the best in-
terest of the fisherman to catch all he can. Be-
cause he cannot control the fishery, the fish he
refrains from catching will most likely be
caught by someone else. (Johannes 1981)

In his last paper on fisheries manage-
ment practices in the Pacific (Johannes 2002)
Johannes describes how many oftlie traditional
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village-based practices that had been abol-
ished under Colonial governments were re-
emerging and leading to tlie re-establishment
ofvillage-based tenure and rebuilding oflo-
cal fish stocks that had been depleted when
access was not regulated.

In the Japanese coastal fishery, tlie ac-
cess is limited to members in the local coop-
eratives. Similarly in the Chilean artisanal
fisheries, control of the near-shore resources
has been granted to local community coop-
eratives and they can exclude any others from
fishing in their areas. Local tenure is not a
sufficient condition to ensure sustainability,
local people can for various reasons over-
exploit or in other ways not effectively use
their resources. However, it does appear that
for small-scale resources’ local control, at
least to the extent of being able to exclude
others, is a necessary condition for biologi-
cal, economic or social sustainability.

In Chile, prior to the advent of the local
control system, the major fishery for “loco”
a valuable snail, was regulated with tlie tra-
ditional methods of industrial fisheries, size
limits, season limits and allowable catches.
This system totally failed, primarily due to
tlie inability to enforce any of'the regulations,
and the fishery was legally closed in an at-
tempt to rebuild the resource. Again enforce-
ment of this ban was ineffective, and the sys-
tem of local control was established which
has, in general, been very effective and pro-
viding for much better biological and eco-
nomic performance.

Within small communities across the
three areas discussed above, and around tlie
world, there are a multitude of methods used
to allocate fish within communities, and I
know of no summaries of the relative suc-
cess and failure of these methods.

4.3. Other elements of management

Itis impossible to summarize or describe the
other elements of management across the
range of small-scale fisheries around the
world. Perhaps tlie most important lesson is

that there is no single solution, and what is
appropriate in one community for a specific
species may be totally different for another
species or community. A characteristic of
small-scale fisheries around the world is the
reliance on local communities for the actions
of management such as setting harvest lev-
els, data collection, and enforcement. The
top-down approach developed and applied
in industrial fisheries simply cannot work at
small spatial scales and these systems are by
their nature dependent on either local man-
agement or co-management where the state
organizations simply have a small role as-
suring that some guidelines are met by the
local communities.

Similarly, few of tlie models of assess-
ment and regulation from industrial fisher-
ies apply to small-scale fisheries. Complex
computer models have little role and can be
replaced by simple rules of thumb. In small-
scale fisheries there is considerable poten-
tial for good catch monitoring and fishery
independent surveys of abundance to provide
the information for harvest rules, but these
rules would need to be data based rather than
model based.

5. Discussion

I believe the most important lesson learned
in fisheries management is that any attempts
to achieve biological, economic and social
sustainability require limiting access to the
resource. This is as true for tlie large indus-
trial fisheries of Europe as it is for the small-
scale fisheries of Oceana. This is true regard-
less of the objectives of the stakeholder. The
appropriate mechanism for limiting access
will differ enormously across societies and
objectives. A society may chose to have a
few individuals take most of tlie catch of a
species, or spread the catch broadly over
many users. If economic efficiency is the
social goal, then the answer will almost al-
ways be for a small number of individuals
specializing in their gear and talents for that
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species. The limitation on access can take
tlie fonn of legal mandates, or social con-
ventions.

What remains uncertain is how best to
achieve limiting access in a wide range of
societies given the constraints of their infra-
structure and governance. Restricting access
always involves winners and losers, and it is
often difficult to find a mechanism within a
society that can achieve a socially accept-
able result. We know we need to restrict ac-
cess, what we have not yet worked out is how
to achieve this in different societies. There
is no single solution, and even in the same
country we will find a method working well
in some fisheries and failing in others. A sec-
ond lesson is that every fishery needs to be
understood as unique and access solutions
crafted for the special circumstances of that
fishery. We now know of a large “toolkit” of
methods for limiting access, and what is
needed is a broader systematic understand-
ing ofhow these work in local circumstances.

An obvious reason for the need for lo-
cal adaptation of the tools of restricting ac-
cess is tlie difference in objectives. There can
be no global solutions because there are no
global objectives. This is tlie reason I devoted
significant space to objectives at tlie begin-
ning of this paper. Recognizing the diversity
in objectives we must then seek a diversity
in solutions.

The second most important lesson is the
need to maintain the biological productivity
ofresources. The use of target and limit ref-
erence points as essential elements of a har-
vest strategy has emerged from the North At-
lantic fisheries and is rapidly being adopted
in a range of countries, often as a legal re-
quirement. However, these fisheries are in
many ways a special case, being some of tlie
most over-exploited and most intensively re-
searched fisheries in the world. This means
that there is usually a good idea of what tlie
fonner biomass was—because the exploita-
tion rates were so high tlie caught all the fish.
There is also both in Europe and Atlantic

North America a long history of research
surveys. These two conditions are unusual
in tlie world scene, where research surveys
are much less common, and exploitation
rates may be lower or catches undocumented
so we don’t know historical biomass. The
result is that I doubt that the “reference points
linked to harvest strategies” approach is
broadly applicable to most of'tlie worlds fish-
eries. This is especially true when tlie refer-
ence points are defined in terms of an
unfished stock size, and it is assumed we
know stock size and exploitation rate well
enough to base ourrales on these quantities.

However, there are many fisheries where
this approach is being applied, at least in
theory, and one must ask why many ofthese
fisheries remain overexploited. The answer
is simply that the consumptive stakeholders
have failed to accept the process and resist it
through their political power, and through
non-compliance. In Europe and New Eng-
land it has been common for the political
process to set tlie catch limits higher than
management strategies would suggest, and
in Europe at least, overcatch of quota is com-
mon.

Achieving maintenance of the produc-
tive capacity of the resource appears to re-
quire enough cooperation with consumptive
users that they accept and cooperate with tlie
management process. This implies a level of
local adjustment of tlie management process
to the circumstances of the local fishery. The
measures used to track abundance need to
be consistent with the knowledge of the lo-
cal fishery and accepted by them.

While maintaining biological productiv-
ity is essential for sustainability, there is a
wide range of ways that productivity can be
maintained. Should tlie ecosystem be man-
aged to maintain a large groundfish popula-
tion, or should we allow continued heavy
fishing on groundfish in order to maintain
larger invertebrate populations? Should ma-
rine mammals be exploited to reduce their
predation on valuable fish? Should large
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areas of habitat be devoted to various forms
of marine aquaculture?

In summary, we have accumulated a
great deal of knowledge around the world
about how to achieve successful fisheries
management. The lessons I see are that ac-
cess needs to be restricted and biological
productivity of tlie stocks maintained. The
best way to do either of these tasks depends
greatly upon the local circumstances, particu-
larly the specific objectives of the society
associated with the fishery. We have a broad
range of tools for achieving limited access
and biological productivity and we these
tools need to be crafted for local solutions.

consider, data collection and research, en-
forcement and compliance, artificial propa-
gation and habitat protection, we see coop-
eration with local stakeholders as almost
universally essential to success. I and others
have written extensively about tlie role of
incentives in leading to successful fisheries
(Hilborn el al. 2005; Grafton e/ al. 2006) so
I will not elaborate on this further here. How-
ever, if you look around tlie world for well
managed fisheries that are biologically, eco-
nomically and socially successful you will
almost always find these three elements, re-
stricted access, maintenance of biological
productivity, and cooperation of stakehold-

In all aspects of fisheries management,  ers.
including the areas I have not had space to
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