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PREPARATION OF THIS DOCUMENT

These Guidelines were originally drafted by the Technical Consultation on the
Precautionary Approach to Capture Fisheries (Including Species Introductions) organized by the
Government of Sweden in cooperation with FAO in the Fisheries Laboratory of Lysekil
(Sweden, 6-13 June 1995) with the participation of the following experts:

Devin Bartley, Åsmund Bjordal, John F. Caddy, Kee-Chai Chong, Engel J. De Boer,
William De la Mare, Chris Francis, Serge Garcia, Henrik Gislasson, Olle Hagström,
Ray Hilborn, Mikael Hildén, Daniel Huppert, Eskild Kirkegaard, Geoffrey Kirkwood,
Christian Lévêque, Armin Lindquist, Jordi Lleonart, Alec MacCall, Jean-Jacques Maguire,
Robin Mahon, Dan Minchin, Randall Peterman, John Pope, Andrew Rosenberg,
Keith Sainsbury, Juan Carlos Seijo, Fred Serchuk, Ross Shotton, Michael Sissenwine,
Tony Smith, Ziro Suzuki, Jan Thulin, Per Wramner.

The Code of Practice on the Introduction and Transfer of Marine Organisms (1994) is
included in the Report as Annex A, by courtesy of the International Council for the Exploration
of the Sea (ICES).  The Guidelines for Preventing the Introduction of Unwanted Aquatic
Organisms and Pathogens from Ships' Ballast Water and Sediment Discharges (1994) is
included in the Report as Annex B by courtesy of the International Maritime Organization
(IMO).

The Guidelines, originally published as FAO Fisheries Technical Paper, No. 350, Part 1,
Rome, FAO, 1995 are reproduced in this new FAO Series (FAO Technical Guidelines for
Responsible Fisheries) with minor editing.

The scientific contributions by experts attending the Technical Consultation in Lysekil,
which represent a very useful corpus of additional information on the precautionary approach to
fisheries have been published as FAO Fisheries Technical Paper, No. 350, Part 2, Rome, FAO,
1996.

Cover page: the logo of the Institute of Marine Research, Lysekil:

Bronze-age rock carving from the parish of Kville, Bohuslän, Sweden.  From
thousands of rock-carvings in western Sweden this is the only known scene
showing fishing.  Originally described by Åke Fredsjö, 1943: En fiskescen på en
bohuslänsk hällristning - Göteborgs och Bohusläns Fornminnesförenings tidskrift
1943: 61-71.  Later documentation by the same author in: Hällristningar i Kville
härad i Bohuslän.  Kville socken.  Del 1 och 2. - Studier i nordisk arkeologi
14/15, Göteborg 1981, 303 pp., Pl. 158 II.  Published by Fornminnesföreningen i
Göteborg.
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ABSTRACT

Starting from Principle 15 of the Rio Declaration (UNCED, 1992), the document
proposes a definition of the precautionary approach to fisheries as well as an
elaboration on the burden of proof.  It also contains detailed guidelines on how to
conduct fishery management and research and how to develop and transfer fishery
technology in a context of uncertainty and responsible fisheries.

Guidelines are also provided on species introduction, voluntary or accidental
(including through ballast water and sediment discharge), recognizing the difficulty
of ensuring a precautionary approach in relation to that issue.  The guidelines are
aimed at the governments, fisheries authorities, fishery industry, regional fishery
management bodies, NGOs and other interested parties, in order to: (a) raise their
awareness about the need for precaution in fisheries, by providing them with
background information on the main issues and implications, and (b) provide
practical guidance on how to apply such precaution.

Distribution:

All FAO Members and Associate Members
Participants
Institute of Marine Research, Lysekil, Sweden
Other interested Nations and International Organizations
FAO Fisheries Department
FAO Fishery Officers in FAO Regional Offices
Non-governmental Organizations
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BACKGROUND

1. From ancient times, fishing has been a major source of food for humanity and a provider
of employment and economic benefits to those engaged in this activity.  However, with
increased knowledge and the dynamic development of fisheries it was realised that
aquatic resources, although renewable, are not infinite and need to be properly managed,
if their contribution to the nutritional, economic and social well-being of the growing
world's population was to be sustained.

2. The adoption in 1982 of the United Nations Convention on the Law of the Sea provided
a new framework for the better management of marine resources.  The new legal regime
of the oceans gave coastal States rights and responsibilities for the management and use
of fishery resources within their EEZs which embrace some 90 percent of the world's
marine fisheries.

3. In recent years, world fisheries have become a dynamically developing sector of the food
industry and coastal States have striven to take advantage of their new opportunities by
investing in modern fishing fleets and processing factories in response to growing
international demand for fish and fishery products.  It became clear, however, that many
fisheries resources could not sustain an often uncontrolled increase of exploitation.

4. Clear signs of over-exploitation of important fish stocks, modifications of ecosystems,
significant economic losses, and international conflicts on management and fish trade
threatened the long-term sustainability of fisheries and the contribution of fisheries to
food supply.  Therefore the Nineteenth Session of the FAO Committee on Fisheries
(COFI), held in March 1991, recommended that new approaches to fisheries
management embracing conservation and environmental, as well as social and economic,
considerations were urgently needed.  FAO was asked to develop the concept of
responsible fisheries and elaborate a Code of Conduct to foster its application.

5. Subsequently, the Government of Mexico, in collaboration with FAO, organised an
International Conference on Responsible Fishing in Cancún, in May 1992.  The
Declaration of Cancún endorsed at that Conference was brought to the attention of the
UNCED Rio Summit in June 1992, which supported the preparation of a Code of
Conduct for Responsible Fisheries.  The FAO Technical Consultation on High Seas
Fishing, held in September 1992, further recommended the elaboration of a Code to
address the issues regarding high seas fisheries.

6. The One Hundred and Second Session of the FAO Council, held in November 1992,
discussed the elaboration of the Code, recommending that priority be given to high seas
issues and requested that proposals for the Code be presented to the 1993 session of the
Committee on Fisheries.
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7. The Twentieth Session of COFI, held in March 1993, examined in general the proposed
framework and content for such a Code, including the elaboration of guidelines, and
endorsed a timeframe for the further elaboration of the Code.  It also requested FAO to
prepare, on a "fast track" basis, as part of the Code, proposals to prevent reflagging of
fishing vessels which affect conservation and management measures on the high seas.
This resulted in the FAO Conference, at its Twenty-seventh Session in November 1993,
adopting the Agreement to Promote Compliance with International Conservation and
Management Measures by Fishing Vessels on the High Seas, which according to FAO
Conference resolution 15/93 forms an integral part of the Code.

8. The Code was formulated so as to be interpreted and applied in conformity with the
relevant rules of international law, as reflected in the United Nations Convention on the
Law of the Sea, 1982, as well as with the Agreement for the Implementation of the
Provisions of the United Nations Convention on the Law of the Sea of 10 December
1982 Relating to the Conservation and Management of Straddling Fish Stocks and
Highly Migratory Fish Stocks, 1995, and in the light of inter alia the 1992 Declaration of
Cancún, the 1992 Rio Declaration on Environment and Development, in particular
Chapter 17 of Agenda 21.

9. The development of the Code was carried out by FAO in consultation and collaboration
with relevant United Nations Agencies and other international organisations including
non-governmental organisations.

10. The Code of Conduct consists of five introductory articles: Nature and Scope;
Objectives; Relationship with Other International Instruments; Implementation,
Monitoring and Updating; and Special Requirements of Developing Countries.  These
introductory articles are followed by an article on General Principles which precedes the
six thematic articles on: Fisheries Management, Fishing Operations, Aquaculture
Development, Integration of Fisheries into Coastal Area Management, Post-Harvest
Practices and Trade, and Fisheries Research.  As already mentioned, the Agreement to
Promote Compliance with International Conservation and Management Measures by
Fishing Vessels on the High Seas forms an integral part of the Code.

11. The Code is voluntary.  However, certain parts of it are based on relevant rules of
international law, as reflected in the United Nations Convention on the Law of the Sea of
10 December 1982.  The Code also contains provisions that may be or have already been
given binding effect by means of other  obligatory legal instruments amongst the Parties,
such as the Agreement to Promote Compliance with Conservation and Management
Measures by Fishing Vessels on the High Seas, 1993.

12. The Twenty-eighth Session of the Conference in Resolution 4/95 adopted the Code of
Conduct for Responsible Fisheries on 31 October 1995.  The same Resolution requested
FAO inter alia to elaborate as appropriate technical guidelines in support of the
implementation of the Code in collaboration with members and interested relevant
organisations.
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PREAMBLE

Sustainable development has been defined as "the management and conservation of the
natural resource base, and the orientation of technological and institutional change in
such a manner as to ensure the attainment and continued satisfaction of human needs for
present and future generations.  Such development conserves land, water, plant genetic
resources, is environmentally non-degrading, technologically appropriate, economically
viable and socially acceptable." (FAO Council, 94th Session, 1988).

Principle 15 of the Rio Declaration of the UN Conference on Environment and
Development (Rio de Janeiro, 1992) states that "In order to protect the environment, the
precautionary approach shall be widely applied by States according to their capabilities.
 Where there are threats of serious or irreversible damage, lack of full scientific certainty
shall be not used as a reason for postponing cost-effective measures to prevent
environmental degradation."

The General Principles and Article 6.5 of the FAO International Code of Conduct for
Responsible Fisheries adopted by the FAO Conference in 1995, prescribe a precautionary
approach to all fisheries, in all aquatic systems, and regardless of their jurisdictional
nature, recognizing that most problems affecting the sector result from insufficiency of
precaution in management regimes when faced with high levels of uncertainty.

The United Nations Conference on Straddling Fish Stocks and Highly Migratory Fish
Stocks (New York, 1992-1995) developed a consensus on the need to introduce or
strengthen the precautionary approach to fishery management, imbedding the concept in
the draft text of its outcome, and outlining elements for its implementation.

Because uncertainty affects all elements of the fishery system in varying degrees, some
degree of precaution is required at all levels of the system: in development planning,
management, research, technology development and transfer, legal and institutional
frameworks, fish capture and processing, fisheries enhancement and aquaculture.
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Purpose of the Guidelines

The following guidelines have been developed by the Technical Consultation on the
Precautionary Approach to Capture Fisheries (Lysekil, June 1995), for the governments,
fisheries authorities, the fishing industry, regional fishery management bodies, NGOs,
and others interested in fisheries, in order to: (a) raise their awareness about the need for
precaution in fisheries, by providing them with background information on the main
issues and implications, and (b) provide them with practical guidance on how to apply
such precaution.

These Guidelines are preliminary and will be evaluated and revised as information
accumulates through their implementation.
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INTRODUCTION

1. In line with its commitment towards environmental conservation and sustainable use of
natural resources, the Government of Sweden (through its Ministry of Agriculture)
decided to organize, in close cooperation with FAO, a Technical Consultation on the
Precautionary Approach to Capture Fisheries (including Species Introductions).  The
meeting was hosted by the Institute of Marine Research, Lysekil, Sweden at the invitation
of the Swedish National Board of Fisheries and was formally opened by her Excellency
the Swedish Minister of Agriculture, Mrs Margareta Winberg. 

2. The meeting was chaired by Per Wramner (Swedish National Board of Fisheries),
assisted by Armin Lindquist (Swedish National Board of Fisheries) and Serge Garcia
(FAO, Vice-Chairman). The participants attended in their personal capacity and were
selected on the basis of their technical  competence and level of expertise.  Their
deliberations were based on 7 background documents prepared specifically for the
purpose, as well as on a number of other documents considered of relevance.  Four
Working Groups were established to discuss and prepare the sections of the draft
guidelines related to: Research, Management, Technology and Species Introductions.

3. The Administrative Report of the meeting, including Agenda, List of Participants,
background documentation, opening address by the Swedish Minister of Agriculture, and
composition of Working Groups, has been published as FAO Fisheries Report, (527),
1995.

4. The following document first characterises the concept of precaution, then defines some
of the important terms used in the Guidelines, and provides specific guidelines for
management, research, technology development and transfer, and species introduction.
Under each of these topics, a discussion is provided on its specific aspects, followed by
specific guidance for implementation.
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1.  PRECAUTIONARY APPROACH AND BURDEN OF PROOF

5. Within the framework outlined in Article 15 of the UNCED Rio Declaration, the
precautionary approach to fisheries recognises that changes in fisheries systems are only
slowly reversible, difficult to control, not well understood, and subject to changing
environment and human values.

6. The precautionary approach involves the application of prudent foresight. Taking account
of the uncertainties in fisheries systems and the need to take action with incomplete
knowledge, it requires, inter alia:

a. consideration of the needs of future generations and avoidance of changes that
are not potentially reversible;

b. prior identification of undesirable outcomes and of measures that will avoid them
or correct them promptly;

c. that any necessary corrective measures are initiated without delay, and that they
should achieve their purpose promptly, on a timescale not exceeding two or three
decades;

d. that where the likely impact of resource use is uncertain, priority should be given
to conserving the productive capacity of the resource;

e. that harvesting and processing capacity should be commensurate with estimated
sustainable levels of resource, and that increases in capacity should be further
contained when resource productivity is highly uncertain;

f. all fishing activities must have prior management authorization and be subject to
periodic review;

g. an established legal and institutional framework for fishery management, within
which management plans that implement the above points are instituted for each
fishery, and

h. appropriate placement of the burden of proof by adhering to the requirements
above.

7. Key concepts in past discussions of the precautionary approach have been the burden of
proof and the standard of proof (i.e., the responsibility for providing the relevant evidence
and the criteria to be used to judge that evidence). Often, the precautionary approach has
been taken as requiring that human actions are assumed to be harmful unless proven
otherwise (reversal of the burden of proof). In regard to these concepts, it is recognised
that:
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a. all fishing activities have environmental impacts, and it is not appropriate to
assume that these are negligible until proved otherwise;

b. although the precautionary approach to fisheries may require cessation of fishing
activities that have potentially serious adverse impacts, it does not imply that no
fishing can take place until all potential impacts have been assessed and found to
be negligible;

c. the precautionary approach to fisheries requires that all fishing activities be
subject to prior review and authorization; that a management plan be in place that
clearly specifies management objectives and how impacts of fishing are to be
assessed, monitored and addressed; and that specified interim management
measures should apply to all fishing activities until such time as a management
plan is in place, and

d. the standard of proof to be used in decisions regarding authorization of fishing
activities should be commensurate with the potential risk to the resource, while
also taking into account the expected benefits of the activities.

2.  DEFINITIONS

8. Decision Rule: Specification of how  pre-agreed management actions will respond to
estimated or perceived states of nature.

9. Fishery Technology: The equipment and practices used for finding, harvesting,
handling, processing and distributing aquatic resources and their products.

10. Genetically Modified Organism: An organism in which the genetic material has been
altered anthropogenically by means of gene or cell technologies.

11. Genetically selected organism: An organism produced by selective breeding.

12. Introduced Species: Any species intentionally or accidentally transported and released
by humans into an environment beyond its present range.

13. Management procedure: A description of the data to collect, how to analyze it, and how
the analysis translates into actions.

14. Risk: The probability of something undesirable happening (note that when a technical
definition in a decision theoretic framework is needed, it would be appropriate to use the
terms "expected loss" or "average forecasted loss", not risk)

15. States of Nature: A description of a condition and dynamics of the resource and the
fishery including parameters such as stock abundance, age structure, fishing mortality,
the economic condition of the industry and the state of the environment. 
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16. Statistical uncertainty: Stochasticity or error from various sources as described using
statistical methodology.

17. Transferred species: Any species intentionally or accidentally transported and released
by humans into an environment inside its present range.

18. Uncertainty: The incompleteness of knowledge about the state or processes of nature.

3.  PRECAUTIONARY APPROACH TO FISHERY MANAGEMENT

3.1  Introduction

19. Management according to the precautionary approach exercises prudent foresight to
avoid unacceptable or undesirable situations, taking into account that changes in fisheries
systems are only slowly reversible, difficult to control, not well understood, and subject to
change in the environment and human values.

20. An important element of the precautionary approach is to establish legal or social
management frameworks for all fisheries, which is not the current situation. At a
minimum, such frameworks should establish rules controlling access to fisheries (e.g., all
boats must be licensed), data reporting requirements, and processes for planning and
implementing more comprehensive fishery management. Plans for management
institutionalize prudent foresight that takes into account potential consequences of fishery
development and events affecting it. Comprehensive plans for fisheries can take a long
time to develop. For this reason the legal or social management framework should
include interim measures that safeguard the resources until such plans are adopted.

21. The precautionary approach gives due concern to long-term effects in the specification of
management objectives and in the development of management frameworks, procedures,
and measures.  The consequences of management and fishery development are evaluated
to reduce the possibilities of changes that are not potentially reversible on a 2 to 3 decade
time scale. Processes for determining acceptable changes and impacts are  used to
support the precautionary approach. Thus, a precautionary approach links fisheries
management intimately with general environmental management.

22. Precautionary management involves explicit consideration of undesirable and potentially
unacceptable outcomes and provides contingency and other plans to avoid or mitigate
such outcomes. Undesirable or unacceptable outcomes include overexploitation of
resources, overdevelopment of harvesting capacity, loss of biodiversity, major physical
disturbances of sensitive biotopes, or social or economic dislocations. Undesirable
conditions can also arise when a fishery is negatively influenced by other fisheries or
other activities and when management fails to take action in the face of shifts in the
external conditions affecting, for example, the productivity of the fish stocks.
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23. The operational interpretations of precautionary management will depend on the context.
 Different interpretation may be appropriate depending on the scale of the fishing
operations (artisanal or small-scale fisheries vs. highly capitalized and technologically
advanced fisheries) and on the state of the exploited system (early stages of exploitation
versus systems in a state of obvious overexploitation).

24. The precautionary approach is included in all stages of the management process. Thus,
precaution should be identifiable in the different stages of management, from planning
through implementation, enforcement and monitoring to re-evaluation. These issues are
covered in the following paragraphs organized according to the different stages in a
management process.

3.2  Management Planning

25. A precautionary approach to managing a fishery involves developing, within
management strategies and plans, explicit consideration of precautionary actions that will
be taken to avoid specific undesirable outcomes.  As over-development of harvesting
capacity is a common cause of undesirable outcomes, a management plan should include
mechanisms to monitor and control that capacity.  Consideration needs to be given to
how uncertainty and ignorance are to be taken into account in developing and varying
management measures. For all fisheries, plans should be developed or revised to
incorporate precautionary elements.  The plans, even where no additional precautionary
elements are considered necessary, should be re-evaluated in accordance with the process
outlined below.  Where there are multiple fisheries, plans will also be required to
implement precautionary approaches to their aggregate impact on the marine
environment.  The plans should consider time scales of at least two to three decades, or
longer in the case of long-lived species.

26. To ensure broad acceptance, all stages of planning should involve consultation with the
fishing industry, conservation groups, and other interested parties. Fisheries  plans should
also be coordinated with integrated coastal-area management plans.  In order to identify a
management plan that has broad acceptance, it is best to consider a range of alternatives,
each of which has been developed and evaluated through the components set out below. 
The range of alternatives may differ in their basic approach or in detail.  For example, a
basic approach using total allowable catches (TACs) could be contrasted with one using
effort controls.  Variations in detail might involve different decision rules for the TACs.

Specifying management objectives
27. The first step is to identify the broad management objectives to be achieved.  The

management objectives need to consider both the manner in which the benefits from the
fishery are to be realized, as well as the possible undesirable outcomes which are to be
avoided.  Broad objectives include considerations of long-term  interests and the
avoidance of irreversible or slowly reversible changes. Typically, the catches are to be as
large as possible, so long as the probability of substantial stock depletion is below an
acceptably low level and catches can be kept reasonably steady.  
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28. The general objectives could be taken as the starting point for setting the more specific
objectives for a particular fishery.  To be precautionary, priority should be accorded to
restoration of already overfished stocks, to avoidance of overfishing, and to avoidance of
excessive harvesting capacity. Objectives should also include restricting the
environmental impacts of fishing to acceptable levels.  Some examples are limiting or
eliminating bycatch and incidental mortality of non-target species and containing the
possible effects of some types of fishing gear on bottom communities.

Specifying operational targets and constraints

29. Targets identify the desired outcomes for the fishery.  For example, these may take the
form of a target fishing mortality, or a specified level of average abundance relative to the
unfished state.  In some cases, these targets are likely to be identical with those that would
be specified for fisheries management, regardless of  whether a precautionary approach
was to be adopted.  In other cases, targets may need to be adjusted to be precautionary,
for example, by setting the target fishing mortality lower than FMSY.

30. The operational constraints explicitly define the undesirable outcomes that are to be
avoided.  For example, to avoid the risk of declining recruitment, a minimum spawning
stock biomass, range of ages, or geographic range could be set to define safe limits within
which the stock should be maintained with a specified high probability.  Specific limits
may also be required to deal with ecosystem effects, with bycatches and with other side-
effects of the fishery. 

31. Operational targets and constraints should be expressed in measurable terms such as
target reference points and limit reference points (refer to FAO documents). The details
of what can be measured will often vary with different species and fisheries, and so the
operational targets and constraints will need to be expressed in ways that take this into
account.  The specification of operational targets and constraints cannot be separated
from consideration of the types of data and methods that can be used to assess the status
of the stocks. In all cases attention should be given to the rate at which targets are
approached so as to avoid overshooting them and hence violating the constraints.

Specifying the procedure to apply
and adjust management measures

32. A management plan must indicate which management measures are to be applied, and
the circumstances under which the measures are to be varied.  This should involve the
formulation of decision rules, which specify in advance what action should be taken
when specified deviations from the operational targets and constraints are observed.  The
specification should include minimum data requirements for the types of assessment
methods to be used for decision-making. 

33. Precautionary  management measures listed below under "Examples of Precautionary
Measures" could  be included in the plan. To be precautionary, decision rules are required
for responding to unexpected or unpredictable events with minimum delay.
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All foreseeable contingencies should be considered when developing the plan.   For
example, plans should include explicit effort-reduction measures that apply in response to
unpredicted, marked decline in recruitment.

34. It is highly desirable that the procedure makes regular small adjustments to the
management measures so as to maintain acceptably low levels of probability that the
constraints are violated.  It is not always possible to simultaneously attain a target (desired
outcome) for a fishery and respect constraints designed to prevent undesirable outcomes.
 For example, a specified target fishing mortality such as FMSY may reduce the spawning
stock biomass to a level near the levels where there should be a precautionary constraint
designed to avoid the probability of declining recruitment.  If, for example, the constraint
is to maintain spawning stock biomass above 30% of the average unfished level with
high probability, then a FMSY target that would reduce the spawning stock biomass to 35%
of the unfished level could have a too high probability of violating the constraint.
Precautionary management must adjust targets to be consistent with the constraints.

Prospective evaluation
35. A precautionary approach requires that the feasibility and reliability of the management

options be evaluated.  A management plan should not be accepted until it has been shown
to perform effectively in terms of its ability to avoid undesirable outcomes. The
evaluation can be used to determine whether the data and assessment methods available
for management are sufficient to meet the management objectives.  The evaluation
should attempt to determine if the management plan is robust to both statistical
uncertainty and to incomplete knowledge on factors such as uncertain stock identity and
abundance, stock dynamics, and the effects of environmental variability and trends.  As
well, evaluations should consider the dynamic behaviour of the harvesting sector and
managers  ability to change harvest levels.

36. For economically valuable fisheries, and where substantial scientific expertise is
available, there will usually be substantial benefits from employing powerful evaluation
techniques such as simulation modelling.  Such analyses will often reveal which sources
of uncertainty are critical to achieving satisfactory results for the various objectives.  The
evaluation will also need to take into account the practicality of implementing, and
securing compliance with, the range of management measures included in the plan.

37. For small fisheries and artisanal fisheries, computationally intensive management
analyses are often not possible or cost-effective.  In such cases, management measures
will probably not depend on quantitative analyses, but rather on assessing the practicality
of ensuring that the precautionary measures are accepted and observed by the fishing
community.  An example would be closing certain areas to fishing to protect a sufficient
proportion of the stock.  Another example would be to establish a community-based
fisheries management system.  This would decentralize fisheries
management authority to resource users and could reduce the cost of fisheries
management and enforcement.  Other examples of simple precautionary measures
applicable to such fisheries are given in the section "Examples of Precautionary
Measures" below.  
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38. If management options are found to be inadequate with respect to precaution, then one or
more of the following aspects can be modified and then re-evaluated until the
management  system is judged to be adequate. These aspects may include:
a. modification of the operational targets and constraints;
b. re-specification of the procedure to apply management measures;
c. further research to reduce critical uncertainties, or
d. consideration of more powerful assessment and monitoring methods.

3.3  Implementation, Monitoring, and Enforcement
39. Management plan implementation puts in place all planned decision rules. This involves

the practical interpretation of  objectives and procedures, and the implementation of
detailed instructions for compliance, monitoring of the fishery, and enforcement tactics.
Elements of the implementation phase include: stock assessments, rule setting, economic
assessments, and communication of decisions and rationale to the public and fishing
industry. Because the public and industry are more inclined to understand and support
measures on which they are consulted, public participation in the implementation phase is
important.  Peer review of stock assessments and a transparent process help to guard
against error, which is essential to effective implementation of the planned measures.
Independent auditing of the monitoring procedures should also be a regular feature of the
management system.  The effect of the measures on compliance should be studied
specifically. 

40. Monitoring of a fishery involves collection of all information relevant to ensuring that the
plan is being executed and that it is achieving the desired results. In particular, data are
needed to determine whether that precautionary decision rules are being violated.  A
precautionary approach to monitoring will use many and various sources of information,
including environmental and socio-economic data. 

41. Precautionary monitoring of fishing should seek to detect and observe a variety of
ancillary impacts, e.g., environmental changes, fish habitat degradation, and effects on
birds, mammals and other biota. This monitoring function could use information from
fishing participants, indigenous people, and other public groups, and have appropriate
procedures to process and analyze this information.

42. In a precautionary management system, contingency rules should be implemented to
ensure compliance with operational targets and constraints in the face of major adverse
events with low probability.  There should also be mechanisms for revising targets and
constraints in the light of unexpected events.

43. A precautionary system of enforcement and the penalties for non-compliance should
have the flexibility for prompt action by redeployment of monitoring and enforcement
resources. For example, the first signs of bycatch problems should be followed by more
extensive sampling in problem areas according to an agreed procedure or enhanced
surveillance of the fishery.  In the case of emergency, it should be possible to rapidly
modify regulations. 
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3.4  Re-evaluation of Management Systems

44. The level of precaution in the management system needs to be re-assessed periodically.
This includes: (1) the degree of precaution in the objectives, operational targets and
constraints in relation to observed changes in the fishery and the environment, (2) the use
of scientific information and other information in the management process, (3) the
applicability of the contingency plans for unexpected conditions, and (4) auditing of all
procedures in the fisheries management system. Special re-evaluations should be initiated
as soon as it becomes apparent that the fishery inadvertently violates the limit reference
points established in the plan.

3.5  Implementation guidelines

45. There are several precautionary measures that fisheries management agencies should take
in order to avoid undesirable or unacceptable outcomes in the development of fisheries. 
Some of these will apply to all types of fisheries, whereas others will be useful only in
specific situations such as overexploited fisheries.  For illustrative purposes, we list
precautionary measures for four typical situations: (1) new or developing fisheries;
(2) overutilized fisheries; (3) fully utilized fisheries; and (4) traditional or artisanal
fisheries.

46. The listed measures could be included in comprehensive fisheries plans, but could also be
used in the interim for immediate precautionary action.  An example interim measure in
the case of new fisheries would be a conservative cap on fishing effort.  In overutilized
fisheries an interim measure would be a rapid reduction of fishing mortality.   Once
various proposed management plans have been evaluated by the methods discussed
above, the approved plan can replace the interim action. 

New or developing fisheries

47. Some of the precautionary measures listed below for new or still-developing fisheries will
also apply to fully utilized, overutilized, or artisanal fisheries, as described later.  Most of
these recommendations also apply to existing fisheries that are not yet managed:

a. always control access to the fishery early, before problems appear.  An open
access fishery is not precautionary;

b. immediately put a conservative cap (or default level) on both fishing capacity and
the total fishing mortality rate.  This could be achieved by limiting effort or total
allowable catch.  As well, attention should be paid to preventing excessive
investment in the processing sector.  The conservative caps should remain in
place until analyses of data justify an increase in fishing effort or fishing
mortality.  The objective is to prevent that the development of the fleet's fishing
power and capacity outpaces the ability of management to understand the effect
of existing fishing effort;
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c. build in flexibility so that it is feasible to phase vessels out of the fleet, if this
becomes necessary. To avoid new investments in fishing capacity,  temporarily
license vessels from another fishery;

d. to limit risks to the resource and the environment, use area closures, which are
relatively quick to implement and are easily enforceable. Closures provide
refuges for fish stocks, protect habitat, and provide areas for comparison with
fished areas;

e. establish precautionary, preliminary biological limit reference points (e.g.,
spawning stock biomass less than 50% of the initial biomass) in the planning
stage as described above;

f. encourage fishing in a responsible manner to ensure long-term persistence of a
productive stock or other parts of the ecosystem.  For instance, encourage
voluntary agreements on conduct in the fishery through co-management,
community management, or some form of tenure of fishing rights;

g. encourage development of fisheries that are economically viable without long-
term subsidies;

h. establish a data collection and reporting system for new fisheries early in their
development;

i. immediately start a research programme on the stock and fisheries, including the
response of individual vessels to regulations.  When issuing a fishing license,
require a vessel to report detailed information, including standard biological data
and economic information, and

j. take advantage of any opportunities for setting up experimental situations to
generate information on the resources.   This could be done by contrasting
different harvesting strategies on subpopulations, for instance.

Overutilized fisheries

48. Most of the above recommendations also apply to fish stocks that are already
overutilized, but in addition, special precautionary measures need to be taken for such
stocks.  These are:

a. immediately limit access to the fishery and put a cap on a further increase in
fishing capacity and fishing mortality rate; 

b. establish a recovery plan that will rebuild the stock over a specific time period
with reasonable certainty.  This will include several of the components below;
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c. reduce fishing mortality rates long enough to allow rebuilding of the spawning
stock. If possible, take immediate short-term action even on the basis of
circumstantial evidence about the effectiveness of a particular measure. In some
cases this can be accomplished by entirely closing some areas to fishing;

d. when there is a good year class, give priority to using the recruits to rebuild the
stock rather than increasing the allowable harvest;

e. reduce fishing capacity to avoid recurrence of over-utilization.  Remove
excessive fishing capacity from the fishery; do not provide subsidies or tax
incentives to maintain fishing capacity. If necessary, develop mechanisms to
eliminate some fishing effort;

f. alternatively, allow vessels to move from an overutilized fishery into another
fishery, as long as the pressure from this redeployment does not jeopardize the
fishery that the vessels are moving into;

g. do not use artificial propagation as a substitute for the precautionary measures
listed above;

h. in the management plan, establish biological reference points to define recovery,
using measures of stock status, such as spawning stock biomass, spatial
distribution, age structure, or recruitment, and

i. for species where it is possible, closely monitor the productivity and total area of
required habitat to provide another indicator of when management action is
needed.

Fully utilized fisheries

49. These are fisheries that are heavily harvested but not yet overexploited. Regulatory
agencies must particularly watch for signs that the population is becoming overexploited.
 While some precautionary measures from the above lists apply here, additional measures
to take in this situation are:

a. ensure that there are means to effectively keep fishing mortality rate and fishing
capacity at the existing level;

b. there are many “early-warning signs” that a stock is becoming overutilized (e.g.,
age structure of the spawners shifting to an unusually high proportion of young
fish, shrinking spatial distribution of the stock or species composition in the
catch).  These warning signs should trigger investigative action according to
prespecified procedures while interim management actions are taken, as noted
below;
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c. when precautionary or limit reference points are approached closely, prespecified
measures should be taken immediately to ensure that they will not be exceeded
(i.e., do not wait until violation of a limit point is imminent to start deciding what
to do about it);

d.  if limit reference points are exceeded, recovery plans should be implemented
immediately to restore the stock.  The recommendations for overutilized stocks
described above should then be implemented;

e. to prevent excessively reducing the reproductive capacity of a population, avoid
harvesting immature fish, unless there is strong protection of the spawning stock.
  For example, if immature fish exceed a specified percentage of the catch, close
the local area to all harvesting.

Traditional or artisanal fisheries

50. These are low-technology fisheries carried out by large numbers of small vessels, often
where there is no central management agency.  Again, many of the recommendations
above apply to these fisheries.  The following precautionary steps can also apply to some
recreational fisheries:

a. keep some areas closed to fishing in order to obtain the benefits noted above as
item (d) under "New or Developing Fisheries".  Also ensure that excessive
fishing effort does not develop in the open areas;

b. delegate some of the decision-making, especially area closures and entry
limitations, to local communities or cooperatives;

c. ensure that fishing pressure from other (e.g., industrial) segments of the fishery
does not deplete the resources to the point where severe corrective action is
needed, and

d. investigate the factors that influence the behaviour of harvesters to develop
approaches that can control fishing intensity.  For example, improving incomes of
individual harvesters may reduce pressure on resources. 

4.  PRECAUTIONARY APPROACH TO FISHERY RESEARCH

51. Application  of  the precautionary approach to fishery management depends on the
amount, type and reliability  of information  about  the  fishery and how this information
is used to achieve management objectives.  The precautionary approach to fishery
management is applicable even with very limited information.  Research to increase
information  about a  fishery usually  increases potential  benefits while reducing the risk
to the resource.  The scientific and research input that is required for the precautionary
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approach to  fisheries is  considered under the following headings; management
objectives, observations and information base, stock assessment  and analysis  and
decision processes.

4.1  The Role of Research in Establishing Management Objectives

52. There is a valid scientific role in helping managers develop objectives, so that scientific
input to the overall management process is as effective as possible in achieving
management intent. The precautionary approach requires continuing and anticipatory
evaluation of the consequences of management actions with respect to management
objectives. Scientific evaluation of consequences with respect to management objectives
requires explicit definition of quantifiable criteria for judgement. An important scientific
contribution is in the development of operational targets, constraints and criteria that are
both scientifically usable and have management relevance.

53. Research is required to help formulate biological objectives, targets and constraints
regarding the protection of habitat, the avoidance of fishing that significantly reduces
population reproductive capacity, and reduces the effects of fishing on other (e.g., non-
target) species. Combined with biological research, research on socio-economics and the
structure of fishing communities is needed to formulate management objectives.

54. Until stock specific research leads to the establishment of alternative operational target
based on research and practical experiences, a precautionary approach would seek to:  (a)
maintain the spawning biomass at a prudent level (i.e., above 50% of its unexploited
level), (b) keep the fishing mortality rate relatively low (i.e., below the natural mortality
rate), (c) avoid intensive fishing on immature fish, (d) protect the habitat.

4.2  Observation Processes and Information Base

55. A precautionary approach to fisheries requires explicit specification of the information
needed to achieve the management objectives, taking account of the management
structure, as well as of the processes required to ensure that these needs are met.  Periodic
evaluation and revision of the data collection system is necessary.

56. A precautionary approach would include mechanisms to ensure that, at a minimum,
discarded catch, retained catch and fishing effort data are accurate and complete. These
mechanisms could include use of observers and identification of incentives for industry
co-operation.

57. Recognizing that resource users have substantial knowledge of fisheries, a precautionary
approach makes use of their experience in developing an understanding of the fishery and
its impacts.

58. The precautionary approach is made more effective by development of an understanding
of the sources of uncertainty in the data sampling processes, and collection of sufficient
information to quantify this uncertainty.  If such information is available it can be
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explicitly used in the management procedure to estimate the uncertainty affecting
decisions and the resulting risk.  If such information is not available, a precautionary
approach to fishery management would implicitly account for the unknown uncertainty
by being more conservative.

59. Precautionary fishery monitoring is part of precautionary research.  It includes collection
of information to address issues and questions that are not only of immediate concern but
which may reasonably be expected to be important for future generations on in case
objectives are changed. Information should be collected on target species, bycatch,
harvesting capacity, behaviour of the fishery sector, social and economic aspects of the
fishery, and ecosystem structure and function.  Measures of resource status independent
of fishery data are also highly desirable.

60. The precautionary approach relies on the use of a history of experience with the effects of
fishing, in the fishery under consideration and/or similar fisheries,  from which possible
consequences of fishing can be identified and used to guide future precautionary
management. This requires that both data and data collection methods are well
documented and available.

61. There are many management processes and decision structures used throughout the
world, such as regional management bodies, co-management, community-based
management, and traditional management practices.  Research  is needed to determine
the extent to which different management processes and decision structures promote
precaution.

4.3  Assessment Methods and Analysis

62. Biological reference points for overfishing should be included as part of a precautionary
approach.

63. A precautionary approach specifically requires a more comprehensive treatment of
uncertainty than is the current norm in fishery assessment. This requires recognition of
gaps in knowledge, and the explicit identification of the range of interpretations that is
reasonable given the present information.

64. The use of complementary sources of fishery information should be facilitated by active
compilation  and scientific analysis of the relevant traditional knowledge.  This should be
accompanied by the development of methods by which this information can be used to
develop management advice.

65. Specifically the assessment process should include:

a. scientific standards of evidence (objective, verifiable and potentially replicable),
should be applied in the evaluation of information used in analysis;

b. a process for assessment and analysis that is transparent, and
c. periodic, independent, objective and in-depth peer review as a quality assurance.
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66. A precautionary approach to assessment and analysis requires a realistic appraisal of the
range of outcomes possible under fishing and the probabilities of these outcomes under
different management actions. The precautionary approach to assessment would follow a
process of identifying alternative possible hypotheses or states of nature, based on the
information available, and examining the consequences of proposed management actions
under each of these alternative hypotheses. This process would be the same in data-rich
and data-poor analyses. A precautionary assessment would, at the very least, aim to
consider: (a) uncertainties in data; (b) specific alternative hypotheses about underlying
biological, economic and social processes, and (c) calculation of the theoretical response
of the system to a range of alternative management actions.  A checklist of issues for
consideration under these headings is found in the following paragraphs.

67. Sources of uncertainty in data include: (a) estimates of abundance; (b) model structure;
(c) parameter values used in models; (d) future environmental conditions;
(e) effectiveness of implementation of management measures; (f) future economic and
social conditions; (g) future management objectives, and (h) fleet capacity and behaviour.

68. Specific alternative hypotheses about underlying biological, economic and social
processes to be considered include: (a) depensatory recruitment or other dynamics giving
rapid collapse; (b) changes in behaviour of the fishing industry under regulation,
including changes in coastal community structure; (c) medium-term changes in
environmental conditions; (d) systematic underreporting of catch data; (e) fishery-
dependent estimates of abundance not being proportional to abundance; (f) changes in
price or cost to the fishing industry; and (g) changes in ecosystems caused by fishing.

69. In calculating (simulating) the response of the system to a range of alternative
management actions, the following should be taken into account:

a. short-term (1-2y) projections alone are not sufficient for precautionary
assessment; time frames and discount rates appropriate to inter-generational
issues should be used, and

b. scientific evaluation of management options requires specification of operational
targets, constraints and decision rules. If these are not adequately specified by
managers, then precautionary analysis requires that assumptions be made about
these specifications, and that the additional uncertainty resulting from these
assumptions be calculated.  Managers should be advised that additional
specification of targets, constraints and decision rules are needed to reduce this
uncertainty.

70. Methods of analysis and presentation will differ with circumstances, but effective
treatment of uncertainty and communication of the results are necessary in a
precautionary assessment. Some approaches (see also the Appendix to this section) that
could prove useful are:
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a. where there are no sufficient observations to assign probabilities to different states
of nature that have occurred, decision tables could be used to represent different
degrees of management caution through the Maximin and Minimax criteria;

b. where the number of different states of nature and the number of potential
management actions considered are small, but probabilities can be assigned,
decision tables can be used to show the consequences and probabilities of all
combinations of these, and

c. where the range of states of nature is large, the evaluation of management
procedures is more complex, requiring integration across the various sources of
uncertainty.

71. A precautionary approach to analysis would examine the ability of the data collection
system to detect undesirable trends.  When the ability to detect trends is low,
management should be cautious.

72. Since concern regarding the reversibility of the adverse impacts of fishing is a major
reason for a precautionary approach, research on reversibility in ecosystems should be an
important part of developing precautionary approaches.

4.4  Implementation Guidelines

73. The following measures could be applied in order to implement a precautionary approach
to fishery research:

a. take into account the best scientific evidence available when designing and
adopting management and conservation measures, in accordance with the
provisions of the 1982 UNCLOS Convention. In the context of precautionary
management, the best scientific evidence is described in section 4.3;

b. require a minimum level of information to be made available for any fishery to
start or continue;

c. ensure that the "lack of full scientific certainty shall be not used as a reason for
postponing cost-effective measures to prevent environmental degradation"
(principle 15 of the Rio Declaration);

d. reduce critical uncertainties in the management plan;

e. take measures aimed at eliminating or reducing non-reporting and misreporting,
inter alia, by ensuring that the fisheries sector cooperates in data collection and
the public is fully informed of the results and uncertainty in the assessment;
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f. systematically analyze various possible management options using the whole
range of available models (bioeconomic, multispecies and behavioural), showing:
(a) the likely direction and magnitude of the biological, social and economic
consequences; (b) the related levels of uncertainty and the potential costs of the
proposed action (risk assessment), and of no action (status quo scenarios);

g. promote multidisciplinary research, including: (a) social, economic and
environmental sciences, and (b) research on management institutions and
decision-making processes;

h. develop scientific information on multispecies and ecosystem processes as a
foundation for identifying acceptable degrees of disturbance;

i. identify biological limit and target reference points for affected species and
stocks, habitats and the ecosystem at large;

j. identify bioeconomic reference points to address the objectives of the fishery
management plan;

k. improve methods for quantification of direct and indirect impacts of fishing;

l. improve understanding of the performance of different management structures in
relation to precaution;

m. develop methods for optimizing the monitoring system, and

n. develop research and development programmes aiming at improving the
performance of fishery technology in relation to environmental impacts and
precautionary management.

Appendix

74. The Minimax/Maximin approach is a way of examining uncertainty and guiding
decisions without the need for explicit statements of probabilities on the alternative
hypotheses (Schmid, A. 1989, Cost-benefit analysis,  West View Press). In the table
below, S1 and S2 represent the alternative hypotheses about the resource (sometimes
called "the different states of nature"). In this example, S1 is a hypothesis that implies a
higher level of resource productivity and sustainable yield than S2. In the table rows, D1
to D3 represent alternative decisions. In this example D1, D2 and D3 broadly represent
respectively a high, medium, and low level of fishing effort. The Ps represent the
probabilities being placed on hypotheses being true.  Values in the table represent the
relative value of the outcome of a decision as applied to a given state of nature. In the
example, these values could be regarded as representing sustainable catch.
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Decision S1
p=?

S2
p=?

D1 100 5

D2 50 40

D3 70 20

75. The Maximin Values Criterion is a cautious approach that leads to selects the
maximum (highest) of the minimum outcome.  The following table gives the relative
value of outcomes for decisions given the hypothesis being true.  Decision 2 would be
chosen by this approach.

Decision S1
p=?

S2
p=?

Minimum
Value

D1 100 5 5

D2 50 40 40

D3 70 20 20

76. The Minimax Regret Criterion is a less cautious approach that selects the minimum of
the maximum regret. The following table give a measure of regret for each decision
when the hypothesis is true.  Decision 3 would be chosen by this approach.

Decision S1
p=?

S2
p=?

Minimum
Regret

D1 100-100=0 40-5=35 35

D2 100-50=50 40-40=0 50

D3 100-70=30 40-20=20 30

77. The decision table approach uses the probabilities of alternative hypotheses of the state
of nature, along with the values of the outcomes of decisions to give an expected value
and variance of each action across all alternative hypotheses.

Decision S1
p=0.7

S2
p=0.3

Expected
Value

Variance

D1 100 5 71.5 1895.25

D2 50 40 47.0 21

D3 70 20 55.0 525

78. The decision is to select the desired trade-off between the variance and the expected
value of  the  outcome.  The variance is  a  measure  of uncertainty  and the expected
value
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gives the expected result of choosing a given policy.  Policy D1 has a high expected
outcome with the highest uncertainty, and a 0.3 probability of a very poor outcome.  On
the other hand, policy D2 has a much lower expected outcome with lower uncertainty,
and no probability of a poor outcome.  

79. Methods that integrate across uncertainty: Where the number of possible states of nature
is large, as is almost always the case, a mathematical equivalent operation to that
described above for a simple decision table can be carried out.  This results in the
calculation of outcome probabilities for each possible decision, integrating across
uncertainties.

5.  PRECAUTIONARY APPROACH TO FISHERY TECHNOLOGY

5.1  Objective
80. Recognizing that many aquatic resources are overfished and that the fishing capacity

presently available jeopardize their conservation  and rational use, technological changes
aimed solely at further increasing fishing capacity would not generally be seen as
desirable.  Instead a precautionary approach to technological changes would aim at:

a. improving the conservation and long-term sustainability of living aquatic
resources;

b. preventing irreversible or unacceptable damage to the environment;

c. improving the social and economic benefits derived from fishing, and

d. improving the safety and working conditions of fishery workers.

5.2  Introduction

81. Fishery technology consists of the equipment and practices used for finding, harvesting,
handling, processing and distributing of aquatic resources and their products.

82. Different fishery technologies will have different effects on the ecosystem, the social
structure of fishing communities, the safety of fishery workers and the ease, effectiveness
and efficiency of management of the fishery.  It is the amount and context in which
fishery technology is used (e.g. when, where and by whom) that influence whether the
objectives of fisheries management are reached, and not the technology.  For instance,
the current overfishing of many aquatic resources is the product of both the efficiency of
the finding and catching technologies and of the amount used.  Similarly, building a
fishmeal plant might involuntarily result in severe changes in the way the fishery is
conducted, and in the community's social structure.
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83. Fishery technology is constantly evolving and its efficiency in catching fish will increase
over time.  For example, a 4% increase in efficiency per year would cause a doubling of
the fishing mortality rate in 18 years if the fishing effort remained constant.  A
precautionary approach to management should take such increases into account.

84. A precautionary approach should be adopted for the development of new technologies or
the transfer of existing technologies to other fisheries to avoid unplanned abrupt changes
in fishing pressure or social structures.  Certain technologies will be considered
undesirable,  if they create unacceptable effects (e.g., poison or explosives) or if their
adoption leads to wasteful use (e.g., at sea, sorting machines have been banned where
they might increase discarding).

85. Fishery technologies produce side effects on the environment and on non-target species. 
These effects have often been ignored but, in the context of a precautionary approach,
some technologies may warrant a review.  Similarly, a precautionary approach would
encourage careful consideration of the side effects of new fishery technologies before
they are introduced.

86. Each fishery technology has advantages and disadvantages that should be balanced in a
precautionary approach, and it may be better to have a mixture of technologies.  When
new fishery technology is introduced, it should be carefully evaluated to assess its
potential direct and indirect effects.  If a mix of fishery technology representing "best
current practice" in an area can be identified, precautionary management would
encourage its adoption while it would discourage damaging ones.  Responsible fishery
technology achieves the specific fishery management objectives with the
minimumdamaging side effects.  These concepts (of responsible fishing and best current
practices) were addressed by the UN General Assembly1 and in the Cancun Declaration2.

87. A precautionary  approach  would provide for  a process  of initial  and on-going review
of the effects of fishery technology as it is introduced or evolves in local practice.
However, the extent to which  a precautionary approach can be applied to the
management  of  technological  changes depends  on the existing  level  of management.
In some cases,  education  of fishermen  and  consumers towards responsible practices
may be the only possible approach.  Where elaborate research, management and
enforcement  systems  are  in place, a wider variety of options are available for
application  of  the precautionary  approach.  However,  although some gears and

                                               
1General Assembly resolution 44/228 of 22 December 1989 on UNCED referred instead to
"environmentally sound technology" , stressing the need for socio -economic constraints to be taken
into account.  The wording does not pretend to limit the choice to a single "best" or soundest
technology, implying that many "sound" technologies may be used together, depending on the
socio-economic context of their introduction

2 The Cancun Declaration (Mexico, 1992) provides that " States should promote the development
and use of selective fishing gear and practices that minimise waste of catch of target species and
minimise by-catch of non-target species", focusing on only one aspect of responsible fishing
technology
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practices are prohibited they may continue to be used.  The adoption of a precautionary
approach to the management of new fishery technology depends on the ability to achieve
compliance through education and/or enforcement.  The following sections assume that
institutional arrangements exist to achieve compliance.

5.3  Evaluating the Impacts of Technologies

88. A precautionary approach to developing and selecting responsible technologies for
fishing requires an appropriate understanding of the consequences of their adoption and
use. These consequences, particularly the impacts on non-target species and ecosystems,
may be highly uncertain. Nevertheless, some information exists and more can be
obtained. The problem of evaluating impacts is relevant both to the use of existing
technologies and to the development of new ones, as well as to the introduction of
existing technologies to new areas.  The description of a given technology would state its
relative impacts and advantages for a given species in  a specific environment.  Target
fishery, environmental and ecosystem, socio-economic and legal factors should be
considered when evaluating the impacts of fishery technologies.

89. The factors to consider when evaluating the impacts of fishery technology include:
a. target-fishery factors such as selectivity by size and species (e.g., target, non-

target, and protected species; discards; survival of escapees; "Ghost fishing"; and
b. environmental and ecosystem factors such as bio-diversity; habitat degradation;

contamination and pollution; generation of debris and rubbish disposal; direct
mortality; predator-prey relationships;

c. socio-economic factors such as safety and occupational hazards; training
requirements; user conflicts; economic performance; employment; monitoring
and enforcement requirements and costs; and techno-economic factors (i.e.,
infrastructure and service requirements; cost and technological accessibility;
product quality; and energy efficiency), and

d. legal factors such as existing legislation; need for new legislation; international
agreements; and civil liberties.

90. These factors could be used to identify beneficial new technologies or damaging ones, to
assess the ability of a fishery to accommodate increased use of an established technology
and to help direct monitoring and special reporting procedures towards important
questions. Technologies for aids to navigation, fish-locating devices, processing and
distribution could also be described and evaluated using the above criteria.  This will
require a suitable description of technologies, cross-referenced against a range of possible
impacts.  Other elements relevant to the specific technology/area evaluated would also be
included.

91. The approaches used to evaluate impacts will vary according to the human and financial
resources available to  collect  information.  If resources  are limited, it may be possible
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to make decisions based on existing information on the impacts of similar technologies in
similar environments. Monitoring of existing fishing practices (for example recording of
bycatch) will provide additional information.

92. Where financial and human resources are limited, existing information on impacts  could
be used to do desk studies following the approach to evaluation suggested above. 
Although some general guidelines can be given, based on known characteristics of types
of resources and technology, the most appropriate mix of technologies to be used in a
particular fishery should be established on a case-by-case basis, following evaluations
made at appropriate regional and national levels.  Such evaluations could be refined with
practical experience and weighed in accordance with local social and economic values.

93. In the case of new technologies, or technologies new to an area, pilot studies may be
cost-effective in evaluating the impacts and can be useful in demonstrating the benefits of
new technology.  For example, the introduction of escape ports in lobster traps for
undersized individuals demonstrated to fishermen that catch rates of large lobsters
increased. On the other hand, pilot studies cannot demonstrate long-term gains such as
increased yield per recruit, but they will show the short-term losses. 

94. Considerable resources are required for major experiments to measure effects of fishery
technology on the marine environment, but well-designed experiments of this type (either
as research projects or via experimental management) will provide the most useful
information on which to judge the impacts of technologies in particular areas or habitats.
This information may be relevant in other areas than the study sites or fisheries from
which the data were derived.

95. Procedures developed in other contexts for protecting the environment3 could also be
suitable when evaluating new technologies in fisheries or major alterations to existing
ones. This would be particularly necessary when there are vulnerable resources or fragile
ecosystems, that must be protected.  In a precautionary approach, proponents of new
fishery technology would be required by the State to provide for a proper evaluation of
the potential impacts of new techniques before authorization is given.

96. The maximum cost that could be justified for evaluating new fishery technology or
practices should be in proportion to the expected benefits and impacts.

                                               
3Before introducing a possibly dangerous technology or discharging pollutants, industries have to
provide information on the potential impact in order to obtain a permit from  authorities. Usually a
number of special measures are prescribed for monitoring the effect and limiting the possible
impacts on the environment. A softer approach is the Prior Informed Consent (PIC), a more
stringent one the Prior Consultation Procedures (PCP);  the former mainly requires a consent from
those who could possibly become affected, while the latter is a more formal procedure. Those
mechanisms however are efficient only when there is a powerful and competent environmental
authority
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5.4  Implementation

97. In a precautionary approach to managing fishery technology, a designated lead authority
should have the mandate to evaluate and decide on the acceptability of a proposed new
technology, or changes to existing technology, and oversee the impact evaluation
procedure.  Proponents and other stakeholders should be able to appeal if the proper
procedure has not been followed or if the decision by authorities does not appear to agree
with the conclusions of the review.

98. As authorization procedures in the majority of cases would be for minor technical
improvements, the procedures could be kept simple and administration costs held at a
relatively low level.  However, minimal progressive improvements will accumulate over
time and periodic reviews of the impacts of existing technology will be necessary. 
Increases in catching efficiency result from the rapid growth in the use of modern
information technologies in most fisheries around the world ( acoustic fish detection and
identification, gear and vessel monitoring, satellite-based environmental sensing and
navigation, and easy inter-vessel communication).  However, information, formally
treated as “a measure of the reduction of uncertainty”, can also potentially improve
selectivity, safety and profitability of fishing operations and thus create beneficial effects.

99. Restricting the use of improved information technologies will rarely be justified or
successful and there should be a positive attitude towards technical progress in fisheries
in general especially with regards to safety at sea and fishermen's health.

100. The benefits of technological improvements need adequate extension work and
education to encourage their adoption.  The promotion of the best technology would
benefit from improvement in international cooperation regarding technology transfer, as
underscored in UNCED's Agenda 21.  The successful international efforts in the Eastern
Central Pacific in training crews in effectively avoiding bycatches of dolphins through
the use of specifically designed technology is a good example of what can be achieved in
this respect.

5.5  Technology Research and Development

101. Fishery technology research in support of a precautionary approach would encourage the
improvement of existing technologies and promote the development of appropriate new
technologies. Such research would not just concentrate on gears used for capture; for
example, research into the cost-effective purification of water supplies to ice plants might
considerably reduce post-harvest losses and improve product quality and safety.

102. Technological developments such as satellite tracking may also help precautionary
management by improving monitoring of commercial operations and by enabling
research to reduce uncertainty about relevant aspects of fisheries science.
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5.6  Implementation Guidelines

103. The following measures could be applied in order to implement a precautionary approach
to fishery technology development and transfer.

Authority

a. Effective mechanisms to ensure that the introduction of technology is subject to review
and regulation should be established.

Evaluation procedures
b. A first step in the evaluation procedure is the documentation of the characteristics and

amount of the fishery technology currently used.

c. Procedures for the evaluation of new technologies with a view to identify their
characteristics in order to promote the use of beneficial technologies and prevent usage of
those leading to difficult-to-reverse changes should be established.

d. These procedures should evaluate with appropriate accuracy the possible impacts of the
proposed technology in order to avoid wasteful capital and social investments.

e. Authorities should ensure that proponents and other stakeholders understand their
obligations and their rights regarding such procedures.

f. The extent of the evaluation procedures should match the potential effects of the
proposed technology, e.g., from desk study through full scale impact studies, possibly
including or leading to pilot projects.

Implementation
g. Authorities should implement technology gradually to minimize the risk of irreversible

damage or overinvestment.

h. Existing technologies and their effect on the environment should be reviewed
periodically.

i. Technological developments may modify the practices of fishery workers.  To achieve
the full benefits of the technology and to ensure the safety of fishery workers, training in
the proper use of the new technology should be provided.

j. In fisheries that are being rehabilitated, the opportunity should be taken to review the mix
of technologies used.

k. Research into responsible fishery technology should be encouraged.

l. Technology research for the reduction of uncertainty in stock assessment and monitoring
should be encouraged.
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