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Sustainable use is a widely accepted goal 
for renewable resource management. It 
"meets the needs of the present without 
compromising the ability of future genera- 
tions to meet their own needs" (I) .  How- 
ever, natural variability, scientific uncer- 
tainty, and conflicting objectives (or val- 
ues) can cause difficulties in achieving sus- 
tainable resource use. In a recent Policv 
Forum article, Ludwig et al. (2) argued that 
claims. of sustainability should not be trust- 
ed and that populations are inevitably over- 
exploited (often irreversibly), in part be- 
cause scientific consensus on resource status 
cannot be attained. We maintain that the 
history of fisheries management provides 
both positive examples of sustainable re- 
source use and lessons for future improve- 
ments. Our conclusions have the potential 
for broader application to other renewable 
resources. Specifically, we argue that (i) 
there is a sound theoretical and empirical 
basis for sustainable use, (ii) overexploita- 
tion is not inevitable or necessarily irrevers- 
ible nor is it generally the result of inade- 
quate scientific advice, and (iii) the tradi- 
tion of open-access management systems 
coupled with risk-prone management deci- 
sions under uncertainty are the principal 
obstacles to achieving sustainability. We 
conclude that sustainable use of renewable 
resources can be attained. 

Theoretical and Empirical Basis for 
Sustainable Yield 

The scientific basis for sustainable use of 
renewable marine resources evolved during 
the first half of this centurv to counter the 
prevailing view that oceanic resources were 
inexhaustible (3). Hjort et al. (3) defined 
the "optimum catch" (later called the max- 
imum sustainable yield) as the yield taken 
under the maximum rate of production. 
This concept is based on a fundamental 
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ecological principle-density-dependent 
population regulation. As the abundance of 
a density-regulated population is reduced by 
harvesting, per capita net production in- 
creases, until the population cannot com- 
pensate for additional mortality. There is 
extensive documentation of compensatory 
changes in fecundity, maturation, individ- 
ual growth, and survival rate for marine 
populations (4). The production generated 
through compensation, which is known as 
"surplus production," can be harvested on a 
sustainable basis. Because the amount of 
surplus production depends upon how much 
the population is reduced by harvesting, 
there are feasible sustainable yields ranging 
from zero as population size approaches 
zero, to some maximum occurring at an 
intermediate level of population size. 

Marine populations typically vary widely 
under fluctuating environmental condi- 
tions, and the implications of variability 
have received considerable attention in the 
development of sustainable harvesting 
strategies (5). In a randomly varying envi- 
ronment, theory predicts a probability dis- 
tribution of sustainable yields at each level 
of population abundance. Harvest rates sus- 
tainable under one set of environmental 
conditions may not be sustainable, howev- 
er, if a directional shift in the environment 
occurs. Environmental effects and harvest- 
ing interact with respect to population pro- 
duction. In the development of a sustain- 
able harvest policy, both environmental 
conditions and exploitation rates must be 
taken into account. Directional changes in 
environmental conditions pose a major 
challenge to the development of sustainable 
harvesting policies. Monitoring programs 
designed to measure population trajectories 
and selected environmental variables have 
been implemented in many areas to track 
these shifts. 

Harvesting a sustainable yield does not 
imply that the catch will be constant, nor is 
sustainable yield synonymous with maxi- 
mum sustainable yield (MSY). Ludwig et al. 
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are in place for major fisheries in North 
America and Europe. The exceptions are 
cases where precautionary catch quotas are 
set to facilitate monitoring of fisheries 
where there is little information on which 
to base management decisions. The most 
common fishery management strategy spec- 
ifies a constant harvest rate. The amount 
removed through harvesting will therefore 
vary as population size fluctuates. For exam- 
ple, of 95 regulated fishery resources in the 
United States, none are managed by con- 
stant catch strategies. A strategy of main- 
taining a constant fishing mortality rate is 
used for two-thirds of the resources, and 
"overfishing" is defined by scientific con- 
sensus as a rate in excess of sustainability 
(8). In Europe, fishery managers have also 
focused on a target harvest rate. The Inter- " 
national Council for the Exploration of the 
Sea annually provides European Communi- 
ty and other managers with options based 
on a range of alternative harvest rates by 
consensus of scientists from about 20 coun- 
tries, for about 100 fishery resources. 

Problems and Remedies 

Despite the general validity of the concept 
of sustainability and many examples of sus- 
tainable use of fishery resources (9), there 
are also many instances of overexploitation. 
In the United States, approximately 45% of 
156 populations for which an assessment of 
resource status is available are currentlv 
classified as overutilized; within European 
waters, 59% of 78 stocks have been classi- 
fied as overutilized (10). Of these, however, 
few have been exploited to the point where 
a viable fishery is no longer possible. Un- 
certainty in resource status and in the eco- 
logical processes that control population 
dynamics have undoubtedly led to inade- 
suate scientific advice in some cases. How- 
ever, overexploitation often results from 
the failure of resource managers to follow 
scientific advice. For example, postmortem 
analyses of declines of pelagic fish popula- 
tions by Saetersdal (1 I) contrasts the se- 
quence of consensus scientific advice with 
actual management decisions. Managers 
consistently allowed higher catch levels 
than indicated by consensus scientific ad- 
vice. For haddock on Georges Bank, off the 
New England coast, a relatively stable do- 
mestic fishery was sustained from its incep- 
tion in the 1930s until the arrival of foreign 
fishing fleets in the 1960s. When the har- - 
vest rate was allowed to increase markedly 
against scientific advice, the stock declined 
to a much lower level (1 2). Stock declines 
are not necessarily irreversible. Many in- 
stances of stock rebuilding following deple- 
tion and a subsequent reduction in fishing 
have been documented (1 3). Among the 
most dramatic examples are the broad-scale 
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recoveries in fish populations documented 
in the North Atlantic following the curtail- 
ment of fishing during the first and second 
world wars. 

Historically, marine fish populations 
were considered to be too vast to be de~ le t -  
ed by harvesting. As a result, the burdin of 
proof that regulation was necessary to sus- 
tain renewable resources was placed on 
resource managers (14). Further, de facto 
open-access systems in which entry to the 
fishery was unrestricted were prevalent. In 
open-access systems, the cost of harvesting 
is driven up by participants competing to 
catch a limited supply of the resource. The 
inevitable result is for the economic value 
of the resource to be dissipated (15). The 
solution to this problem is to recognize that 
property rights must be well defined and 
that rights imply duties and responsibilities 
(1 6). Under open access, no property rights 
to the resource exist and overexploitation is 
highly probable. 

Substantial progress has been made in 
addressing factors that have jeopardized sus- 
tainable use in the past. Management in 
most develoued countries has evolved to- 
ward systems that control access to fishery 
resources, although the process is far from 
complete. In addition, New Zealand, Can- 
ada, Iceland, Australia, and the United 
States among other countries have adopted 
systems that grant individual quotas in 
some fisheries. These quotas are transfer- 
able and eliminate competition among fish- 
ers for the resource. These systems can 
promote more economically viable fisheries 
(17). Open-access resource use is still a 
major problem in developing countries, 
which now account for more than over half 
of the global fisheries harvest. 

Evolving Trends in Scientific Advice 

The inherent variability in the dynamics of 
marine fish stocks, the difficulty and ex- 
pense of measuring abundance and demo- 
graphic parameters of widely distributed 
populations, and the complexity or high 
dimensionality of ecological systems virtu- 
ally assure uncertainty in resource status. 
When confronted with uncertainty, fishery 
managers have been under enormous pres- 
sure to allow continued harvest levels and 
scientific advice has been discounted (1 8). 
Considerable progress has been made, how- 
ever, in directly confronting uncertainty 
and in developing probabilistic approaches 
to providing management advice (1 9). Risk 
assessments that explicitly consider vari- 
ability in resource abundance and produc- 
tivity have become an integral component 
of scientific advice to managers. Formal risk 
assessments are now routinely incorporated 

in many stock evaluations in the United 
States, Canada, Europe, and New Zealand. 
Resource managers in some areas now often 
make conservative decisions in the face of 
uncertainty (10). International manage- 
ment agencies and commissions such as the 
International Whaling Commission have 
adopted methods that explicitly account for 
uncertainty (20). The resulting scientific 
advice is framed in terms of the probability 
of certain outcomes under alternative man- 
agement actions. There are important ex- 
amples of relatively new fisheries in which 
access and fishing effort have been con- 
trolled from the start and in which scientific 
advice and management policy have been 
integrated to achieve sustainable harvesting 
(2 1) - 

The experience in fishery management 
suggests that the problems in achieving 
sustainable resource use are challenging but 
not insurmountable. To meet these chal- 
lenges we must address fundamental eco- 
nomic biases against sustainability, particu- 
larly in open-access management regimes; 
continue the development and application 
of methods that directly integrate sources of 
uncertainty into scientific advice; and learn 
from past management failures and suc- 
cesses. Sustainable development is achiev- 
able if scientific advice based on biological, 
social, and economic considerations is an 
integral part of the development of policies 
for renewable resource use. 
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